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INTRODUCTION

Lavender (L. angustifolia Mill.), lavandin (Lavandula x intermedia), and broadleaf
lavender (L. latifolia Medik.) are among the most widely cultivated representatives of the
genus Lavandula worldwide. In Bulgaria, industrial cultivation focuses mainly on L.
angustifolia, for the production of essential oil and, to a lesser extent, for concrete and
hydrolate production. In the 21st century, the leading producers of lavender oil are
Bulgaria, France, and China, with Bulgaria becoming the world’s top producer and
exporter since 2014. The quality of the oil is the key factor for its successful
commercialization and is assessed according to the international standard ISO 3515:2002.
The expansion of lavender cultivation in Bulgaria has been associated with planting in
new regions, which often differ in soil and climate from traditional areas, leading to
variability in yield and oil quality. Currently, industrial cultivation relies on varieties
developed in the second half of the 20th century, which are not always well adapted to
new conditions or to mechanized cultivation and processing. This underlines the need for
accelerated breeding programs using molecular markers to create new varieties ensuring

high yields and oil quality under specific growing and processing conditions.

The biosynthesis and accumulation of volatile compounds in lavender flowers have been
extensively studied, focusing on genes involved in specific stages of the biosynthetic
pathway and regulatory factors. These studies have been complemented by
transcriptomic analyses and genome-wide investigations of terpenoid biosynthesis-related
gene families. Genome sequences of three lavender cultivars have been published, and
applications of EST-SSR, SRAP, and RAPD molecular markers for characterizing
genetic resources have been reported. However, to date no genetic map of lavender has
been constructed, nor have QTL loci controlling biosynthesis and accumulation of
volatile compounds contributing to oil composition been identified. This emphasizes the
need for systematic application of molecular markers and targeted genomic studies for
effective characterization, utilization of genetic resources, and accelerated breeding in

lavender.



This dissertation presents the development of an extended set of SSR markers and the
construction of the first genetic map of L. angustifolia cv. Hemus, as well as its
application for QTL analysis and identification of loci controlling the accumulation of
volatile compounds in lavender flowers. The results provide a foundation for marker-
assisted accelerated breeding of lavender lines with high essential oil quality and

improved agronomic traits.



AIM AND OBJECTIVES

The growing interest in the industrial cultivation of lavender and production of lavender
oil in Bulgaria necessitates the application of accelerated breeding programs using
molecular markers to develop high-yielding varieties with superior oil quality, suitable for

mechanized processing and cultivation in diverse regions.

Main Aim:
The primary aim of this dissertation is the construction of a genetic map of lavender
(Lavandula angustifolia) and the identification of QTL controlling the accumulation of

volatile compounds in lavender flowers.

Objectives:

1) To determine, test, and select a set of polymorphic SSR markers for the
characterization of a segregating population of L. angustifolia cv. Hemus.

2) To genotype the segregating population of L. angustifolia cv. Hemus using SSR and
SRAP markers.

3) To construct a genetic map of L. angustifolia cv. Hemus.

4) To determine the composition of volatile compounds in flower extracts of the studied
segregating population through GC/MS analysis.

5) To identify and characterize QTL loci associated with volatile compound
accumulation in lavender flowers.

6) To identify and map QTL loci determining the ratio of linalool to linalyl acetate in

flowers of the segregating population.



MATERIALS AND METHODS

IV.1. Plant material

For the development of the segregating population, a plant of the 'Hemus' variety was
cultivated in the area of the village of Zagore, Thracian Plain. During this period, no
other lavender plants were found in the region. After the flowering period in 2020, seeds
were collected. They were stratified for 12 weeks at 4°C. Germination took place in a
tray placed on soil. The obtained seedlings were transplanted into pots and grown in a
greenhouse for 10 weeks before being planted in the experimental field of the
Agrobiological Institute in Kostinbrod. The varieties L. angustifolia var. Hidcote Blue, L.
latifolia, and the interspecific hybrid L. x heterophylla 'Big Boy James' were purchased
from Bastin Nursery, Aalbeek, Netherlands, and are grown in pots in the greenhouse of

the Agrobiological Institute in Kostinbrod.

For the study, material from fresh, young leaves of 96 plants was collected. From each
plant, approximately 20-25 young leaves were collected, placed in 15 ml test tubes, and
rapidly frozen by immersion in liquid nitrogen. The samples were then transported to the
laboratory at the Agrobiological Institute in Sofia, where they were stored in a freezer at -

80°C until the genomic DNA was isolated.

For the analysis of volatile compounds, flowers were collected from each plant. Samples
for genomic DNA isolation were taken from these flowers. Thirty fully opened flowers
were collected from each plant in 10 ml glass vials. After adding 3 ml of hexane (Sigma)
and 200 mg of anhydrous sodium sulfate (Sigma), the vials were tightly closed using
rubber septa, aluminum caps, and crimpers. The samples were then transported to the
Agrobiological Institute in Sofia and stored at 4°C until the analysis of volatile

compounds by GC/MS.

IV.2. Genomic DNA Isolation



For genomic DNA isolation, material from young leaves, frozen in liquid nitrogen and
ground into a fine powder in pre-cooled steel beads and a laboratory mill (Qiagen Tissue
Lyser II Mill), was used. Genomic DNA extraction was performed using a modified
protocol according to Murray and Thompson (1980). Briefly, 100 mg of the ground leaf
material was extracted with 0.75 ml extraction buffer (2% cetyltrimethylammonium
bromide (CTAB), 1.4M NaCl, 20 mM EDTA (pH 8.0), 10 mM Tris-HCI (pH 8.0), 1%
polyvinylpyrrolidone), and the resulting mixture was incubated in a water bath at 60°C
for 30 minutes. After that, the samples were centrifuged for 10 minutes at 12,000 rpm,
and the supernatant was transferred to a clean test tube. A chloroform and isoamyl
alcohol mixture (24:1, v/v) was added to the samples, and the mixture was incubated by
shaking for 10 minutes at room temperature, followed by centrifugation for 10 minutes at
12,000 rpm. The upper phase was transferred to a clean test tube, and the chloroform and
isoamyl alcohol step was repeated. The aqueous phase was then mixed with an equal
volume of cold (4°C) isopropanol. The isolated genomic DNA was precipitated by gently
shaking for 10 minutes at room temperature and centrifuging for 10 minutes at 12,000
rpm. The resulting DNA was purified with 70% ethanol, dried at room temperature, and
dissolved in Mili-Q water. The concentration of genomic DNA in the samples was
measured spectrophotometrically with a Nanodrop 2000 (Thermo Scientific) at a
wavelength of 260 nm and the frequency was determined from the ratio of A260/A280.
The concentration of genomic DNA in each of the samples was adjusted to a working
concentration of 25 ng/pl by adding the required amount of Mili-Q water. The quality of
the isolated genomic DNA was determined after agarose gel electrophoresis and

fluorescent staining with GelRed™.
IV.3. Construction of SSR Primers
IV.3.1. Construction of SSR Primers Based on NGS Sequencing

Microsatellite sequences from L. angustifolia, Hemus variety, were identified as a service
from Ecogenics GmbH, Switzerland. After NGS sequencing of a sample of genomic
DNA isolated from the plant, it was used for the development of a segregating
population. The [llumina TruSeq nano DNA library was sequenced on the Illumina

MiSeq platform, using a nano v2 sequencing chip with 500 cycles. The resulting



nucleotide sequences, passing the [llumina frequency filter, were subjected to
demultiplexing and trimming of Illumina adapter residues. The quality of the reads was
checked with FastQC v0.11.8. In the next step, the nucleotide sequences were filtered by
quality and merged using USEARCH v.11.0.667 for the in silico reconstruction of the
sequenced molecules. The merged reads were analyzed with the software Tandem
Repeats Finder v.4.09. Those containing microsatellite inserts with tetranucleotide or
trinucleotide repeat units with at least six repeats, as well as dinucleotide repeat units
with at least ten repeats, were used for further analysis. The design of primers for SSR
region amplification was performed using the Primer 3 software. The sequencing data
from the NGS sequences are available in the NCBI Sequence Read Archive, accession
number PRINA1207064. In addition to the SSR primers identified based on NGS and
reference genome data, five EST-SSR primer pairs—LAF1, LAFS5, LAF8, LAF9, and
LAF15—described by (Adal et al., 2015), were also used. All primers were synthesized
by Macrogen Europe BV, Netherlands. The sequences of the primer pairs for genotyping
the plants from the segregating population are presented in Table 5. The theoretical
positions of the applied SSR markers were determined through BLAST search in the
reference genomic sequence of L. angustifolia, Munstead variety, using the primer

sequences of SSR regions obtained from the NGS data for the Hemus variety.

IV.3.2. Construction of SSR Primers After Searching the Reference Genomic

Sequence of L. angustifolia, Munstead Variety

The reference genomic sequence of L. angustifolia, Munstead variety, was downloaded
from the NCBI website (https://www.ncbi.nlm.nih.gov/datasets/genome/?taxon=39169,
GenBank acc. No GCA_028984105.1). The genomic sequence contains a total of
795,075,733 bp, including 25 sequences corresponding to the number of chromosomes in
L. angustifolia, Munstead variety. The downloaded genomic sequences were analyzed for
SSR motifs using the Krait Microsatellite Identification and Primer Design tool (v1.5.1).
The parameters for SSR identification were set to 12 for mononucleotides, 7 for
dinucleotides, 5 for trinucleotides, and 4 for tetra-, penta-, and hexanucleotides. Primer
pairs flanking the selected SSR regions were designed with the following parameters:

primer length from 18 bp to 27 bp, optimal length 20 bp; melting temperature (Tm)



between 58°C and 65°C, with an optimal temperature of 60°C; GC content between 30%
and 70%, with an optimal content of 50%:; predicted PCR products between 100 bp and
300 bp.

IV.4. PCR amplification of SSR and SRAP markers

IV.4.1. PCR amplification of SSR markers for fragment analysis with Agilent 5200

Fragment Analysist

To test the transferability of PCR amplification of SSR regions from genomic DNA, the

Agilent 5200 Fragment Analyzer System was used to analyze the results.

The PCR reactions for analysis were performed in a volume of 16 pL, including: 1.3 pL -
genomic DNA with a concentration of 25 ng/ul 1 uL Forward - forward primer with a
concentration of 10 pmol/ul 1 uLL Reverse - reverse primer with a concentration of 10
pmol/ul 1 puL Tail - tail primer with a concentration of 10 pmol/pul 8 puL - 2x MyTaqTM
Mix (Meridian Bioscience) 4.7 uL - ultrapure (Mili-Q) water The parameters of the PCR

amplification included:

- initial denaturation of DNA at 95 °C for 3 min,
- 33 cycles of

- 95 °C for 15 sec,

- Tm 57°C for 30 sec.

- 72 °C for 30 sec.

- final extension at 72°C for 10 min.

The resulting PCR products were separated on 1.8% agarose gels by electrophoresis and
observed under UV light. For fragment analysis and genotyping of the plants from the
segregating population. The PCR products were analyzed with the Agilent 5200
Fragment Analyzer System (Agilent Technologies, Inc.) using the dsSDNA 905 Reagent
Kit (1-500 bp).
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IV.4.2. PCR amplification of SSR regions with primers including additional tails

For fragment analysis of PCR-amplified SSR regions of genomic DNA, a fluorescent
capillary sequencer was used. The analysis was performed with specially designed
reverse primers, tails, and forward primers containing tails at their 5’ ends, enabling the
detection of the amplified DNA fragments.

The tails applied to the forward primers at the 5’ end were as follows:

- M13 tail, when the melting temperature (Tm) of the reverse primer was <58 °C;

- C or D tails, when 58 °C < Tm < 62 °C;

- A and B tails, when the Tm of the reverse primer was >62 °C.

The tails were synthesized and labeled at their 5’ ends with the fluorescent dyes FAM,
JOE, ROX, and TAMRA, as a service provided by Macrogen Europe BV, the
Netherlands. Based on the specific tails used, the annealing temperature (Ta) of the PCR
reactions was as follows: Ta = 54 °C for M 13, Ta = 57 °C for tails C and D, and Ta = 59
°C for tails A and B. The five different types of tails used are presented in Table 3. All

combinations of primer pairs and tails employed in this study are listed in Appendix 1.

The PCR reactions for SSR analysis were carried out in a final volume of 16 L,
containing:

- 1.2 pLL genomic DNA at a concentration of 25 ng/uL

- 0.8 puL forward primer at a concentration of 3 pmol/uL

- 1 pL reverse primer at a concentration of 10 pmol/puL

- 1 pL tail primer at a concentration of 10 pmol/uL

- 8 uL 2x MyTaq™ Mix (Meridian Bioscience)

- 4 pL ultrapure (Milli-Q) water

The PCR amplification parameters were as follows:
- Initial denaturation at 95 °C for 3 min
- 33 cycles of:
- 95 °C for 15 sec
- Tm (54 °C, 57 °C, or 59 °C, depending on the tail used, as indicated in Table 5) for 30
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sec
- 72 °C for 30 sec

- Final extension at 72 °C for 10 min

Table 3. Tail primers for PCR amplification of SSR fragments and corresponding
annealing temperatures. The primers were labeled at their 5’ ends with fluorescent dyes
(FAM, JOE, ROX, and TAMRA). All forward primers used for PCR amplification of
SSR fragments contained, at their 5’ ends, the sequence of one of the tail primers, as

shown in Appendix 1.

"Tail" Sequence Tm - annealing temperature
Tail A GCCTCCCTCGCGCCA 580C
Tail B GCCTTGCCAGCCCGC 580C
Tail C CAGGACCAGGCTACCGTG 570C
Tail D CGGAGAGCCGAGAGGTG 570C
M13 GTAAAACGACGGCCAGT 540C

IV.4.3. PCR Amplification of SRAP Markers

In addition to genotyping with SSR markers, eleven pairs of SRAP markers were used for
the amplification of SRAP fragments from the genomic DNA of L. angustifolia, cv.

Hemus, and plants from the segregating population.

PCR amplification of SRAP markers with plant genomic DNA was performed using
combinations of “ME” forward and “EM” reverse primers, designed according to Li and
Quiros (2001) and shown in Table 4. Each forward “ME” primer was fluorescently
labeled at its 5" end with FAM (carboxyfluorescein), enabling the detection of the

amplified DNA fragments.

PCR reactions for SRAP amplification were performed in a final volume of 20 pL,

containing:

e 1.5 uL genomic DNA sample at a working concentration of 25 ng/uL
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e 1 uL “EM” reverse primer at a working concentration of 10 pmol/uL

e 1 uL “ME” forward primer at a working concentration of 10 pmol/pL

e 10 puL 2x MyTaq™ Mix (Meridian Bioscience)

e 6.5 pL ultrapure water (Milli-Q)

PCR amplification parameters:

o Initial denaturation at 95 °C for 3 min

e 3 cycles of:

o 94 °C for 1 min

o 35°C for 1 min

o 72°C for 1 min

e 35 cycles of:

o 94 °C for 1 min

o 50°C for 1 min

o 72 °C for 3 min

¢ Final extension at 72 °C for 10 min

Table 4. Primer pairs and their nucleotide sequences used for genotyping with SRAP

markers (Li & Quiros, 2001). The “ME” primers are 5’ labeled with the fluorescent dye

FAM.
SRAP
No markers Forward Primer (5'-FAM labeled) Reverse Primer
1 E2M10 ME10 - TGAGTCCAAACCGGTGA EM2 - GACTGCGTACGAATTTGC
2 E3M1 ME1 - TGAGTCCAAACCGGAAA EM3 - GACTGCGTACGAATTATT
3 E3M6 ME6 - TGAGTCCAAACCGGAGA EM3 - GACTGCGTACGAATTATT
4 E3M10 ME10 - TGAGTCCAAACCGGTGA EM3 - GACTGCGTACGAATTATT
5 E4AM1 ME1 - TGAGTCCAAACCGGAAA EM4 - GACTGCGTACGAATTATA
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ME3 - TGAGTCCAAACCGGTAA

EM5 - GACTGCGTACGAATTCAA

ME4 - TGAGTCCAAACCGGACC

EM6 - GACTGCGTACGAATTTTT

MES - TGAGTCCAAACCGGAAG

EM6 - GACTGCGTACGAATTTTT

ME10 - TGAGTCCAAACCGGTGA

EM6 - GACTGCGTACGAATTTTT

ME10 - TGAGTCCAAACCGGTGA

EM7 - GACTGCGTACGAATTAGC

6 ESM3
7 E6M4
8 E6M5
9 E6M10
10 E7M10
11 E10M8

MES8 - TGAGTCCAAACCGGCTG

EM10 - GACTGCGTACGAATTTCA

IV.5. Fragment Analysis of SSR and SRAP Markers

PCR products obtained from SSR amplification were directly used for fragment analysis,

while SRAP-PCR products were diluted 1:10 with ultrapure (Milli-Q) water. Preparation

of PCR products for analysis included: 1 pL of PCR reaction mixture, 0.2 pL. GeneScan

500 LIZ dye Size Standard (Applied Biosystems) for fragment size determination, and 9

uL Hi-Di Formamide (Applied Biosystems).

The prepared mixtures were analyzed by capillary electrophoresis using an Applied

Biosystems 3130 Genetic Analyzer with 36 cm capillaries and POP-7 polymer (Applied

Biosystems). The size determination of SSR and SRAP fragments in each sample was

performed with GeneMapper Software v4.0 (Thermo Fisher). For SSR markers, results

were compiled in a format suitable for linkage group (LG) analysis.

For SRAP markers, fragments with lengths between 50 and 600 bp were considered. The

fluorescence threshold was set to 350 RFU. In the analysis, fragments between 50 and 90

bp were taken into account. Data from SRAP marker analysis were summarized in a

working table used in further stages of genetic map construction.

IV.6. PCR Amplification and Sequencing of DNA Sequences

PCR amplification of genomic DNA sequences of the LiIAAT4 gene was performed using
specific primers: AAT4-F (5'-TCGACCAAATCCAAGCACCA) and AAT4-R (5'-
TTCCCCCAACCAAAGTCCAC). Amplified PCR fragments were separated by

electrophoresis on a 1.2% agarose gel prepared with 1x TAE buffer, which was also used

as the running buffer.
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For sample preparation, one-fifth volume of DNA Gel Loading Dye (6x) (Thermo Fisher
Scientific, R0611), containing SYBR Green I dye, was added to the PCR products. After
electrophoresis, PCR fragments were visualized under a UV transilluminator. Desired
DNA fragments were excised with a scalpel and purified using the innuPREP GEL
Extraction Kit (Analytik Jena).

The purified DNA fragments were sequenced by nanopore sequencing to identify single
nucleotide polymorphisms (SNPs) in the sequences of both alleles of the LIAAT4 gene in
cv. Hemus. To determine allele configurations in segregating population plants with
respect to identified SNPs, classical Sanger sequencing (chain termination method) was
applied. Sanger sequencing was carried out by Macrogen Europe BV according to the
company’s instructions, using 5 pL purified DNA and 5 pL of either AAT4-F or AAT4-R
primer (10 pmol/uL).

Nanopore sequencing was performed at the Agrobioinstitute, Sofia, using the MinlON™
Mk1C DNA/RNA Sequencing Device (Oxford Nanopore Technologies) with the
Ligation Sequencing Kit (Oxford Nanopore Technologies), following the manufacturer’s
instructions. Obtained nucleotide sequences were analyzed using Vector NTI software

and the MinlON™ Mk1C software (Oxford Nanopore Technologies).

IV.7. GC/MS Analysis of Volatile Compounds in Floral Extracts of Individual
Plants

GC/MS analysis of volatile compounds accumulated in flowers of segregating population
plants was performed mainly according to the method described by Zagorcheva et al.,
2016. From each plant, thirty fully opened flowers were carefully collected with sterile
tweezers and placed in 10 mL glass vials. After adding hexane as the extraction solvent,

the vials were tightly sealed with aluminum caps and septa using a crimper.

Extraction of volatile compounds was facilitated by vortexing the samples for 30 min
using a Multi-tube Vortexer (VWR). Then, 200 mg anhydrous sodium sulfate (Sigma)
was added to each sample to remove residual water, followed by an additional 10 min

vortexing. From each extract, 1 mL was transferred into a GC/MS vial.
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Analyses were carried out using a Gas Chromatography—Mass Spectrometry (GC/MS)
system Agilent 7890A/5975C. Separation was achieved using a polar Agilent HP-
INNOWax column (30 m length, 0.25 mm i.d., 0.25 pm PEG stationary phase). Helium
5.0 (purity 99.999%) was used as the carrier gas at a flow rate of 3 mL/min. A 1 pL

sample was injected at an injector temperature of 250 °C.

The oven temperature program was: initial 65 °C, increased to 170 °C at 2 °C/min, then
held at 240 °C for 15 min. The mass spectrometer operated at a transfer line temperature

of 250 °C with electron ionization (EI) at 70 eV.

Chromatographic peak areas were determined using MSD ChemStation software
(Agilent). Retention indices (RI) were calculated with AMDIS v2.73 (NIST, USA),
calibrated using a standard mixture of n-alkanes (C10—-C40, Sigma). Compound
identification was performed using AMDIS and a mass spectral (MS) library of

compounds previously identified in lavender essential oil.
V.8. Data Analysis and Software

The data obtained from genotyping the plants of the segregating population with SSR and
SRAP markers were analyzed using the specialized software JoinMap v5.0 (Kyazma
B.V., Netherlands), following the manufacturer’s recommendations. The analysis enabled
the detection of linkage between the studied loci and the formation of linkage groups
(LGs). The analysis was performed in a stepwise manner, incorporating the accumulating

genotyping data from the segregating population.

QTL analysis was conducted using the specialized software MapQTL v6.0 (Kyazma
B.V., Netherlands), also according to the manufacturer’s guidelines. Both the constructed
genetic map and the phenotypic data of the segregating population, including GC/MS

analysis of volatile compounds accumulated in the flowers, were used for QTL detection.

For the identification of homologous sequences in the reference lavender genome, the

BLAST software (https://blast.ncbi.nlm.nih.gov/Blast.cgi) was employed, based on the

nucleotide sequence of the Munstead reference genome available in the NCBI database

(https://www.ncbi.nlm.nih.gov/datasets/genome/GCA_028984105.1/). The identified
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homologous sequences were further analyzed using Vector NTI (Thermo Fisher

Scientific).

Nucleotide sequences of PCR primers for amplifying selected genomic regions were

designed using Primer3Plus (https://www.primer3plus.com/index.html) or Vector NTI.
Graphical representation of the results, including box plot diagrams and calculation of
statistical values, was performed using Excel 2021 (Microsoft Office). For more in-depth
statistical analysis, an analysis of variance (ANOVA) (Karneva et al.) was conducted

using IBM SPSS Statistics 25.
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RESULTS AND DISCUSSION

V.1. Testing and Selection of Polymorphic SSR Markers for Genotyping

Successful application of SSR markers requires precise fragment analysis of PCR-
amplified DNA fragments containing SSR sequences. The most effective approach
involves fragment analysis using a capillary DNA sequencer and the use of a 5'-

fluorescently labeled primer for amplification and visualization of the analyzed regions.

To select an effective PCR amplification procedure for the targeted SSR region of
genomic DNA with a 5'-fluorescently labeled primer, three different procedures were

tested:

1. Two-step PCR amplification
The SSR region was amplified in two consecutive PCR steps. In the first step, the
SSR region was amplified using a pair of unlabeled primers, with the forward
primer containing a 17-nucleotide 5’ “tail”. A portion of the PCR product
containing the amplified DNA fragments was used in a second PCR reaction with
a universal 5'-fluorescently labeled tail primer as the forward primer and the same

reverse primer from the first PCR reaction.

2. Two-step multiplex PCR amplification
This procedure was similar to the two-step PCR, but the first PCR step was
performed in multiplex, amplifying 3—4 SSR regions simultaneously in a single
reaction using different primer pairs. As in the two-step amplification, a portion of
the first PCR reaction was used for a second PCR with the fluorescently labeled

tail primer and the reverse primers from the first reaction.

3. One-step PCR amplification
The one-step PCR amplification used three primers simultaneously: two primers

specific for the SSR region (a forward primer with a 5’ tail and an unlabeled
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reverse primer) and a third additional tail primer matching the sequence of the

forward primer’s tail.

As a result of testing these three procedures, the third procedure was selected, as it
showed effective amplification of the tested SSR regions and low levels of nonspecific
amplification of other DNA fragments. Accordingly, for the amplification of each SSR
region, a forward primer with an added 5’ tail was used. A total of five different tails
were used, depending on the hybridization temperature of the reverse primer. The tails
used and the hybridization temperatures of the primers for the one-step PCR

amplification are presented in Table 5.

To enable simultaneous fragment analysis of multiple SSR markers, tail primers labeled

with different fluorescent dyes (FAM, JOE, ROX, and TAMRA) were used.

Preliminary testing of all primers was performed in two consecutive steps. The first step
involved confirming successful PCR amplification of the targeted genomic DNA region
from L. angustifolia, cultivar Hemus. The tests were performed using the three primers in
a one-step PCR reaction, as described above. Fragment analysis of the amplified SSR
regions and determination of their sizes was performed using an automatic capillary DNA

sequencer.

SSR primers that showed successful amplification were included in the second step, in
which each validated SSR primer pair was used to genotype eight plants from the
segregating population. Following fragment analysis of the amplified SSR regions,
markers displaying segregation of alleles were selected for subsequent genotyping of the

full segregating population.

Examples of chromatogram regions obtained after analysis of allele segregation at the
studied SSR loci are shown in Figure 6 for two-allele segregation and Figure 7 for an

SSR locus with a null allele.
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Figure 6. Allelic configurations of plants from the segregating population for an SSR
locus with two alleles (DNA fragments): “a” = 228 bp and “b” = 236 bp. (Cultivar

Hemus; heterozygous plants display the presence of both alleles.)
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Figure 7. Allelic configurations of plants from the segregating population for an SSR
locus with a null allele: “a” indicates no amplification of the SSR fragment (plants are
homozygous for the null allele “a”), and “c” indicates amplification of a 262 bp SSR
fragment. Plants showing “c” include heterozygotes carrying both the null allele and the
262 bp allele, or homozygotes for the 262 bp allele. The original Hemus cultivar plant is
heterozygous, carrying both the null and the 262 bp allel
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V.2. Genotyping of Plants from the Segregating Population with SSR Markers

For genotyping the segregating population with SSR markers, two groups of SSR primers
were tested, which were expected to amplify SSR regions from the genome of the Hemus
cultivar. The first group consisted of a total of 471 primer pairs, selected to hybridize on
both sides of SSR regions identified after NGS sequencing of Hemus genomic DNA. The
second group included 22 primer pairs for amplification of EST-SSR regions published
by Adal et al. (2015).

The complete set of selected primers and the sizes of the amplified polymorphic SSR

fragments are presented in Supplementary Table 1.

The genotyping results for each SSR marker were formatted for subsequent analysis of
linkage groups (LGs). For plants with two alleles, the following notations were used:
“a” — homozygous for allele “a”, “b”” — homozygous for allele “b”, and “h” —
heterozygous, i.e., both alleles present. Chromatograms illustrating these three allelic

states are shown in Figure 6.

In the case of a null allele, where only one allele segregates, the following notations were
applied: “a” —homozygous for the null allele (absence of amplified SSR locus), and “c” —
when amplification is present. Chromatograms illustrating these two allelic states for an

SSR locus with a null allele are shown in Figure 7.

All genotyping data were summarized in an allelic configuration table, which was used
for analysis of allele linkage and construction of the genetic map. For better visualization,
alleles were color-coded: plants homozygous for allele “a” — red; homozygous for allele
“b” — green; heterozygotes “h” — yellow. In the presence of a null allele, plants
homozygous for allele “a” were shown in red, while plants homozygous for allele “b” or
heterozygous for allele “b” and the null allele “a” were represented as “c” and shown in

blue. A portion of the allelic configuration table is presented in Table 5.
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Table 5. General layout of the allelic configuration table for the analyzed SSR and SRAP
loci in plants from the segregating population. SSR loci are listed with the locus number
and the name of the tail primer used for amplification. SRAP loci are listed with the

primer names (EM and ME) and the size of the amplified SRAP fragment.
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V.3. Genotyping of plants from the segregating population with SRAP markers

To saturate the genetic map with additional markers (loci), SRAP markers with
“universal” primer pairs were used. Following amplification tests with individual SRAP
primer pairs and gDNA from Hemus variety and subsequent fragment analysis with a
capillary sequencer, SRAP primer pairs were determined, providing chromatograms with
low background and good peak separation. The selected primer pairs were used to
analyze 8 plants from the population, resulting in a total of eight combinations of SRAP
primers that amplified polymorphic SRAP fragments. These eight combinations were
used to analyze the plants from the segregating population. Polymorphic SRAP fragments
amplified with one SRAP pair are considered as separate loci with the following
designations: “a” — homozygous state with respect to the null allele (i.e., there is no
amplification of the corresponding SRAP fragment), and “c” — when there is
amplification of the corresponding SRAP fragment. Figure 8 presents chromatograms
illustrating allelic states of plants. Part of the data, including alleles of SRAP markers of
plants from the segregated population, is presented in Table 5. For better visualization of
the result, the alleles were presented in different color designations: the absence of an

(194

allele was designated by “a” — in red, and the presence of an allele “c” — in blue.

Figure 8. Labeling of plants from a segregating population after amplification with
SRAP markers. The arrow indicates an SRAP fragment that segregates in plants from the

segregating population
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V.4. Construction of a genetic map in lavender

The results of the testing and selection of molecular markers show that NGS-SSR primers
are the most effective in the development of polymorphic SSR markers. On the other
hand, tests with EST-SSR markers led to the identification of a significantly smaller
number of polymorphic loci, which confirms the higher efficiency and informativeness of
genome-based SSR markers, an observation confirmed by other authors (Alekseeva et al.,
2023; Manco et al., 2020). Testing with SRAP markers showed that this type of markers
can be applied simultaneously for genotyping a large number of loci, due to the
possibility of identifying and analyzing multiple polymorphic alleles using a single
primer pair. Therefore, SRAP markers are an effective tool for increasing marker density
in genetic maps constructed using microsatellite markers. The tests conducted for the

development and selection of molecular markers are shown in Table 6.

Table 6. Development and selection of polymorphic SSR and SRAP markers

Total number

Markers showingNumber of polymorphicjof loci
Total number
Type of markers positive markers (% of total markers|identified
of markers
tested d amplification (% oftested) [% of markers with|(average
teste
total markers tested) |positive amplification] number of loci
er marker)
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NGS-SSR 471 442 (93,8%) 255 (54,1%) [57,7%)] 282 (1,11)

GEN-SSR 170 154 (90,6%) 79 (46,5%) [51,3%)] 90 (1,14)
EST-SSR 22 17 (77,3%) 5 (22,7%) [29,4%] 5 (1,0)
SRAP 11 11 (100%) 11 (100%) [100%] 33 (3,0)

O6mo 3a SSR
663 613 339 377
MapKepu

A total of 411 loci were analyzed for the construction of the genetic map, of which 377
loci were obtained by genotyping with three groups of SSR markers, and 34 loci
identified by analysis using SRAP markers. The construction of the genetic map was
carried out in two stages. Initial construction was carried out before the publication of the
reference genome sequence of L. angustifolia, cultivar Munstead, which included
genotyping a segregating population with 5 EST-SSR markers and 255 NGS-SSR. After
the publication of the reference genome sequence, a BLAST search was performed with
the SSR primer sequences, which allowed the linkage of the groups with the
corresponding chromosomal sequences and determination of the physical positions of the
mapped SSR loci. Based on the obtained data, a second stage was carried out - expansion
of the genetic map by testing and selecting GEN-SSR primer pairs for amplification of
SSR regions located in areas with a low density of NGS-SSR markers used until then.
This process resulted in the mapping of an additional 90 loci after analysis with 79 GEN-
SSR markers. Finally, the segregating population was genotyped with 11 SRAP markers,
resulting in the mapping of 34 SRAP loci. The final stage of map construction involved
comprehensive data analysis and quality control of the resulting genetic map. After
analysis of the full data set and application of allelic designation corrections, the first
genetic map of L. angustifolia, cultivar Hemus, was created. The map includes 25 linkage
groups containing a total of 375 loci, covering 2631.57 cM of the genome. The average
distance between markers in the map is 7.01 ¢cM. The number of markers in each linkage

group ranges from 7 (LG23) to 29 (LG3) with an average number of 15 markers per
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group. The length of individual linkage groups ranges from 25.23 cM (LG25) to 180.24
cM (LG 6) with an average length of 105.26 cM.

It is important to note that the number of identified 25 linkage groups was obtained at a
LOD value of 5.0, corresponding to the number of chromosomes in the haploid
chromosome set of L. angustifolia, cv. Hemus and cv. Munstead. This correspondence
confirms that the constructed genetic map covers the entire chromosome set of lavender,
providing a comprehensive representation of the genetic structure of the species.
Additional analysis at a higher stringency of the LOD value (LOD=7.0) showed stability
of the identified LGs, except for LG7 and LG15, which are divided into two subgroups
(LG7-1, LG7-2; LG15-1, LG15-2). The constructed genetic map is presented in its
entirety in Figure 9 (a-f). The main features are presented in Appendix 1, and the detailed

positions of each locus are described in Appendix 2.

A total of 36 loci were not included in the genetic map. Of these, 14 loci did not show a
clear affiliation to the established linkage groups (Appendix 2). The remaining 22 loci,
which were initially associated with different groups, were excluded from the final
version of the map because they showed segregation distortion that changed the
arrangement of the markers. The appearance of loci that show segregation distortion and
change the established map upon their inclusion is a phenomenon that has been reported
in various plant species (Garavello et al., 2020; Ma et al., 2020; Martin et al., 2020;
Mittelsten Scheid, 2022). This can also be expected in lavender varieties that reproduce
vegetatively, such as the Hemus variety. The BLAST analysis revealed that two of the
NGS-SSR markers — ABIL245 (LG4) and ABIL247 (LG19) are located on two different
scaffold sequences in the reference genome: scaffold 293 (according to
JAPVEC010000093) and scaffold 515 (according to JAPVEC010000026), which were
not included in the final map. Conversely, genotyping of the marker ABIL587, which is
located on an SSR region on scaffold 246 (acc. JAPVEC010000206) links it to the LG18
locus. On the other hand, the marker ABIL588, which targets an SSR region on scaffold
229 (acc. JAPVEC010000199), corresponds to two different loci — LG10 (ABIL588A,
ABIL588B) and LG23 (ABIL587C, ABIL588D). The comparison of the positions of the

SSR sequences in the reference genome and the position in the LG showed good
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compatibility. This indicates that the developed map can be used to specify and
complement the chromosomal organization of the reference genome by adding scaffolds
to the corresponding chromosomes — an approach that has been successfully applied in
other species (Canaguier et al., 2017; Howe et al., 2021; Li et al., 2019). All genotyping

data are presented in Appendix 2.

Figure 9. (a-f) Genetic map of lavender, cultivar Hemus. To the right of each linkage
group are indicated the loci, and to the left the distance in cM. NGS-SSR primers are
indicated only by the loci numbers shown in Appendix 1. EST-SSR loci are indicated by
“LAFNe”. SRAP loci are indicated by “ENeMNe-N”, where ENe - EM, MNe- ME primers
used to amplify the SRAP fragment, and “N” is the size of the polymorphic SRAP
fragment corresponding to the SRAP locus.

Figure 9.a (Linkage groups 1-4)
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Figure 9.d (Linkage groups 13—16)
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Figure 9.e (Linkage groups 17-20)
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Figure 9.f (Linkage groups 21-25)
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V.5. Consistency Between the Constructed Genetic Map and the Assembled

Lavender Genome Sequence

Despite earlier reports of assembling large genomic sequences from short reads obtained
after NGS sequencing of lavender genomic DNA, a reference nuclear genome sequence
of lavender was deposited in the NCBI database only in the first half of 2023 (GenBank
assembly: GCA 028984105.1,
https://www.ncbi.nlm.nih.gov/datasets/genome/GCA_028984105.1/).

The published genome sequence resulted from the assembly of shorter nucleotide
sequences obtained through NGS (Oxford Nanopore MinlON) sequencing of genomic
DNA from the cultivar Munstead. The genome sequence was assembled to the
chromosome level and includes a total of 25 chromosomes, corresponding to the haploid
chromosome set of L. angustifolia, cv. Hemus. The sequencing coverage of the genome
was 80x%, and the total length of the assembled DNA sequence reached 794.5 Mbp
(million base pairs). The published genome sequence is the first version of the assembly
that has not been validated with other methods and approaches to genome sequencing. It
should be noted that due to the advice on the sequencing method (Oxford Nanopore
MinlON, with a relatively high error rate, e.g. >1-3%) and the problems associated with

the assembly of genomic sequences (presence of repeated genomic sequences,
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transposons, etc.), the sequence of the published genomic sequence contains inaccuracies
that should be anticipated when using it. However, its availability in Genbank provides
an opportunity to compare the location of the SSR loci in the constructed genetic map

with their locations in the genomic sequence by BLAST search.

In the study, all primers used to amplify SSR loci included in the genetic map of the

Hemus variety were proposed in the BLAST search in the published genomic sequence.
In sequence analysis, the use of SSR primers can be divided into three main groups:

* Primers that have homologous sequences at a small number (1-3) of sites in the

genonﬁcsequence;

* Primers that have homologous sequences at more sites (>3) in different chromosomes

and/or within one chromosome;

* Primers that have only partial homology with short sections of the published genomic

sequence.

Appendix 2 demonstrates the result of a BLAST search performed with primers from the

three groups mentioned.

These results indicate that the constructed genetic map and additional genotyping of
selected SSR markers can help clarify some discrepancies in the current version of the
assembly and link the definition of scaffolds to specific chromosomes. BLAST analysis
localized the SSR sequence in the reference genome, and comparison of these positions
with those on the gene map showed that the order of the SSR loci in several LGs largely
corresponded to the predicted order of the chromosome sequence assemblies. This was

the case for LG6, LG9, LG15, LG18, LG19, LG20, LG22, LG24 and LG25,

shown in Appendix 2. For other LGs, such as LG7, LG10 and LG12, there is partial
correspondence, with the order of the loci from the genetic map corresponding to the
positions of the primers in the corresponding chromosomal sequences only in certain
regions of the respective linkage group and chromosome. Thus, subgroups (sub-LG) are

observed in these LGs, in which parts of the loci correspond to the intended arrangement,
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and the rest differ in order or orientation. The reasons for these discrepancies are not
completely clear and may be due to chromosomal changes and discrepancies in the
sequence of individual segments in the chromosomes of the Hemus variety and the
Munstead variety, local errors in the genome assembly leading to incorrect assembly of
the chromosome sequences and incorrect arrangement of some regions of them, as well
as being the result of insufficient saturation with molecular markers of certain regions of
the genetic map. This, together with the presence of 16 loci without clear affiliation to a
particular LG, as well as the presence of neighboring markers with large inter-marker

distances in some LGs, indicate the need to saturate the map with additional markers.

The comparison between the identified LGs and the corresponding marker positions in
the reference genome allows to estimate the extent of genome coverage of the map. The
analysis shows that the map covers between 37.2% and 99.4% of the reference
chromosome sequences, with an average coverage of 82.6% = 16.7% per chromosome,
shown in Table 7. This level of saturation of the genetic map is sufficient to conduct an
effective QTL analysis, since even the earlier version showed the successful
identification of a QTL associated with the ratio of linalool to linalyl acetate in the

flowers of the Hemus cultivar, L. angustifolia.
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Table 7. Summary of the genetic map of Lavandula angustifolia var. Hemus and

positioning of the loci on the reference genomic sequence.

V.6. Intraspecific and interspecific application of the obtained SSR markers
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LG1 22 154.23 7.01 17.69 43.13 1.64 40.38 89.8%
LG2 19 123.38 6.49 19.68 40.25 1.08 39.51 95.5%
LG3 29 127.30 4.39 8.93 39.13 1.54 39.09 96.0%
LG4 22 141.74 6.44 24.50 37.48 0.30 34.65 91.6%
LG5 12 116.89 9.74 22.92 35.70 1.86 34.68 91.9%
LG6 21 180.24 8.58 26.06 35.32 0.08 35.18 99.4%
LG7 21 160.20 7.63 18.83 34.57 0.05 34.21 98.8%
LG8 15 80.21 5.35 26.38 33.58 1.31 33.47 95.8%
LG9 12 75.12 6.26 15.83 33.03 10.06 30.87 63.0%
LG10 14 146.12 10.44 27.91 32.61 0.14 32.21 98.3%
LG11 12 86.21 7.18 21.59 31.76 0.78 31.00 95.2%
LG12 22 171.62 7.80 26.10 31.37 0.02 26.38 84.0%
LG13 8 71.03 8.88 19.81 30.09 7.42 26.93 64.8%
LG14 23 153.85 6.69 11.26 29.44 0.25 28.75 96.8%
LG15 11 51.39 4.67 8.46 28.69 1.16 27.98 93.5%
LG16 9 93.88 10.43 29.89 28.47 1.04 15.06 49.2%
LG17 12 68.54 5.71 15.70 27.94 2.54 22.52 71.5%
LG18 13 113.77 8.75 14.26 27.54 2.61 27.51 90.4%
LG19 14 76.30 5.45 12.75 27.40 0.11 19.59 71.1%
LG20 11 99.86 9.08 25.05 27.08 4.13 26.87 84.0%
LG21 13 92.03 7.08 18.86 27.05 5.20 26.54 78.9%
LG22 12 70.64 5.89 20.45 26.81 0.59 25.15 91.6%
LG23 7 25.23 3.60 7.07 26.63 14.18 24.09 37.2%
LG24 10 85.09 8.51 14.64 23.28 1.45 17.98 71.0%
LG25 11 66.70 6.06 14.25 22.94 1.37 16.55 66.2%

Minimal
value for LG 7 25.23 3.60 37.2%
Maximal
value for LG 29 180.24 10.44 99.4%
Average 15 105.26
value per LG *- +/- 82.6%
5.67 40.73 +/-16.7%

Total value
for the map 375 2,631.57 7.01
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The possibility of applying SSR markers developed for a line or variety of a plant
species, as well as for other lines and varieties of the same species (intraspecific
transferability), and for those belonging to different species of the same genus
(interspecific transferability) is essential for the successful use of these markers. A
genetic map created using these markers finds application in various fields, including:
characterization of the genetic diversity of natural populations and collections of genetic
resources, comparative mapping of regions of the genome of different lines and varieties,
creation of reference maps for the species, as well as QTL analysis and application of
markers for accelerated selection - MAS. To assess the possibility of intraspecific and
interspecific application of the SSR markers included in the constructed genetic map, the
corresponding SSR primer pairs were tested for PCR amplification of genomic DNA
isolated from L. angustifolia var. Hidcote Blue, two lines of L. latifolia and the
interspecific hybrid L. x heterophylla var. Big Boy James. The results obtained show a
high degree of intraspecific and interspecific applicability of the tested SSR markers,
with over 93% of the tested SSR primer pairs giving positive PCR amplification in var.
Hidcote Blue, and over 78% of the markers showing positive PCR amplification in DNA
samples from other Lavandula species. The results obtained are presented in Table 8. The
observed high intraspecific and interspecific applicability of the markers suggests that the
developed set of SSR markers can be effectively used to assess genetic diversity in
natural populations and collections of lavender genetic resources. In addition, a large part
of the tested markers can be applied to create reference genetic maps based on SSR
markers for species of the genus Lavandula, with the potential for wider application in

modern plant breeding.

Table 8. Results of testing the intraspecific and interspecific transferability of SSR

markers used in the constructed genetic map. Notations: (+) successful amplification; (w)

37



weak amplification; (-) lack of amplification; The results of testing each SSR marker are

presented in detail in Appendix No. 3.

Results of SSR amplification from DNA of the tested plants**
L. x heterophylla
PCR L. angustifolia, var. L. latifolia L. latifolia, var. Big Boy James
amplification Hidcote Blue Ll_abi2 Bastin Nursery
)
(+) 291 243 172 251
93,9% 78,4% 78,5% 81,0%
(w) 10 15 7 10
3,2% 4,8% 3,2% 3,2%
) 9 52 40 49
2,9% 16,8% 18,3% 158%
Total
number of 310 310 219 310
tested SSRs

* (+) distinct PCR amplification similar to that of L. angustifolia var. Hemus, used as

positive control; (w) weak PCR amplification; (-) no PCR amplification observed;

** - percentage from the total number of tested plants

V.7. Identification of QTL controlling the accumulation of volatile compounds in the

flowers of L. angustifolia cultivar Hemus

Lavender oil contains a wide range of different volatile compounds that are synthesized

and accumulated mainly in the flowers. Some of these compounds present in the

produced lavender oil are subject to an international quality standard, including linalool,

linalyl acetate, lavandulol, lavandulyl acetate and others. The varieties, used for industrial

cultivation are distinguished by different content and composition of volatile compounds.

The amount of synthesized and accumulated volatile compounds is controlled and

regulated by various genetic factors associated with certain quantitative trait loci (
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QTLs). The constructed genetic map provides an opportunity for QTL analysis,
identification of QTL loci and use of SSR markers located in their vicinity for accelerated
selection. To conduct such a QTL analysis, in addition to the constructed genetic map, it
is also necessary to determine the composition and content of individual volatile

compounds in flowers of plants from the segregating population.

V.7.1. Gas chromatographic analysis of volatile compounds in flowers of plants from

the segregating population

The use of a precise method for comparative quantitative analysis of volatile compounds
accumulated in the flowers of individual plants is fundamental for identifying loci
controlling their biosynthesis and accumulation. This allows metabolic characterization
of segregating populations, conducting QTL analysis and accelerated selection using
molecular markers (Stanev et al., 2016). Such a method should minimize the influence of
external factors, including collection time, storage conditions and differences in sample
preparation, which could cause additional variability in the results. Published studies
related to the characterization of natural populations, selection and cultivation of lavender
cultivars use gas chromatography/mass spectrometry (GC/MS) analysis of the
composition and content of volatile compounds in lavender oil distilled from the
inflorescences of the studied plants (C. Hassiotis et al., 2014; Hassiotis et al., 2010). To
increase the precision and reproducibility of the comparative analysis of the content of
volatile compounds accumulated in the flowers of single plants, Zagorcheva and co-
authors use GC/MS analysis of extracts with an organic solvent (hexane or ethyl acetate)
of a certain number of flowers from the same developmental phase, collected from each
studied plant (Zagorcheva et al., 2016; Zagorcheva et al., 2013). The same method of
sample preparation and GC/MS analysis was used to determine the content of volatile
compounds in fully developed flowers of plants from the segregating population.
Summary of the results obtained The results for the content of individual volatile
compounds accumulated in flowers of plants from the segregating population are

presented in Table 7.
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The GC/MS analysis of flowers from the segregating population led to the identification
and quantification of 34 volatile compounds. From the obtained data, it was observed that
the main volatile compounds with the largest share in the essential oil of L. angustifolia,
Hemus variety are Linalool (24.79%) and Linalyl acetate (44.44%). They constitute about
70% of the volatile compounds and have the highest average concentrations, with LA
being the leading compound, constituting almost half of the volatile components. This is
in line with the expected results, since these two components are key to the aromatic
profile and quality of lavender oil. Their relatively lower variability (Max/Average ratio:
182.7% for L and 138.8% for LA) and good control of the standard deviation define them
as genetically stable components that are suitable for selection for aroma stabilization.
Other compounds that occur in higher concentrations are f-Caryophyllene (4.74% =+
2.82) Lavandulyl acetate (2.74% = 2.16) and trans-f-Ocimene (2.04% + 1.08),
contributing to the good profile of lavender oil, despite their secondary importance. The
compounds with the lowest average concentration are -Pinene (0.045 +/- 0.031), a-
Bergamotene (0.080% + 0.073) and Camphor (0.088% =+ 0.039). These compounds are
present in the oil composition, but in insignificant amounts. The low camphor content in
the composition is particularly important for the quality of the essential oil of L.

angustifolia.

Analysis of the standard deviations and coefficient of variation (CV) showed significant
differences in the concentration of some compounds. Compounds such as Lavandulol
(0.148%) and 3-Octanol, acetate (0.070%) were among the compounds with the highest
variability, with the ratio of the maximum average value (%oMax/Average) based on the
segregating population reaching 668.9% for Lavandulol and 566.4% for 3-Octanol,
acetate. This means that the content of these compounds varies significantly between

samples, which may be due to genetic factors or environmental influences.

The calculation of the coefficient of variation of the compounds was performed using the
formula CV=(Mean value (average)/Standard deviation (+/- stdev ) )x100, where high
CV values mean that there is high variability between samples. Compounds with the
highest variability (>60% CV) include Camphene, -Pinene, 3-Caren, Lavandulyl

acetate, Lavandulol, y-Cadinene tau.-Cadinol. This means that their concentration is
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unstable in the essential oils from the population samples. On the other hand, L and LA,

although they are the most abundant compounds in the essential oil composition, show

relatively less variability, suggesting that they are relatively stable.

Table 9. Results of GC/MS analysis of the composition of volatile compounds in the

flowers of plants from the segregating population

Average* +/- stdev Minimal* |Maximal*| Min/ Max /

No Compounds RT(s) | RI %) content | content |Average®*|Average**

(%) (%) (%) (%)

1 | Toluene 527.8 {1,039.0, 0.329 +/-0.117 0.007 0.778 2.0 236.8
2 | Camphene 563.2 {1,055.2| 0.131+/-0.079 0.027 0.416 20.8 317.2
3 | B-Pinene 657.8 (1,098.8| 0.045+/-0.031 0.007 0.186 16.0 411.5
4 | Sabinene 688.3 |1,112.9| 0.068 +/- 0.025 0.025 0.134 37.5 198.4
5 | 3-Carene 756.1 (1,144.2| 0.082 +/- 0.072 0.010 0.371 11.9 453.1
6 | B-Myrcene 795.3 |1,162.3| 0.188 +/- 0.086 0.079 0.614 422 326.4
7 | D-Limonene 893.6 [1,204.9] 0.453 +/-0.178 0.181 1.050 40.0 231.9
8 | Eucalyptol 916.4 [1,211.8] 0.403 +/- 0.446 0.000 1.442 0.0 357.8
9 | B-Phellandrene 921.7 |1,213.4] 0.627 +/- 0.889 0.000 3.678 0.0 586.7
10 | trans-fB-Ocimene 1,003.9(1,238.2| 2.040 +/- 1.082 0.477 5.561 234 272.6
11| B-Ocimene 1,057.7|]1,254.4) 1.572 +/- 1.464 0.048 6.102 3.1 388.2
12 | 3-Octanone 1,065.7{1,256.9| 1.108 +/- 0.723 0.000 2.878 0.0 259.7
13 | Hexyl acetate 1,124.2|/1,274.5| 0.285 +/-0.117 0.093 0.566 32.5 198.7
14 | 3-Octanol, acetate 1,337.2|1,338.8| 0.070 +/-0.075 0.000 0.395 0.0 566.4
15 | 1-Octen-3-yl-acetate 1,489.7|/1,384.8| 0.828 +/- 0.468 0.069 2.016 8.3 243.4
16 | 1-Octen-3-ol 1,742.7\1,457.0{ 0.190 +/- 0.132 0.035 0.618 18.4 324.8
17 | Camphor 1,965.3|1,519.6| 0.088 +/- 0.039 0.037 0.232 42.4 263.3
18 | Linalool 2,096.0[1,556.4| 24.788 +/- 8.364 7.457 45.286 30.1 182.7
19 | Linalyl acetate 2,130.8|1,566.2| 44.435 +/- 9.455 19.247 | 61.662 433 138.8
20 | a-Santalene 2,168.2/1,576.7| 0.387 +/- 0.345 0.000 1.511 0.0 390.1
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21 | Borneol acetate 2,198.9/1,585.4| 0.176 +/-0.119 0.000 0.534 0.0 302.7
22 | a-Bergamotene 2,209.6/1588.4| 0.080 +/- 0.073 0.000 0.312 0.0 388.2
23 | B-Caryophyllene 2,248.0(1,599.2| 4.739 +/-2.819 1.457 16.888 30.7 356.3
24 | Lavandulyl acetate 2,299.1/1,614.4| 2.739 +/-2.158 0.170 11.249 6.2 410.7
25| a-Humulene 2,496.7|1,673.3| 0.991 +/- 1.581 0.000 6.266 0.0 632.6
26 | Crypton 2,503.6(1,675.4| 0.433 +/- 0.384 0.000 1.129 0.0 260.6
27 | Lavandulol 2,540.6/1,686.4| 0.148 +/-0.153 0.000 0.987 0.0 668.9
28 | Borneol 2,614.7|1,708.5| 0.512 +/- 0.266 0.016 1.443 32 281.6
29 | y-Cadinene 2,793.5|1,761.9| 0.226 +/- 0.188 0.004 0.801 1.9 355.1
30| P 2,880.7|1,787.9| 0.200 +/- 0.051 0.099 0.313 49.6 156.0
[sopropylbenzaldehyde
31| Caryophyllene oxide 3,293.1/1,994.5| 0.408 +/- 0.205 0.127 1.274 31.2 312.6
32 | p-Cymen-7-ol 3,406.22,123.2| 0.299 +/- 0.134 0.054 1.232 18.2 412.4
33 | tau.-Cadinol 3,465.82,194.7| 0.953 +/- 0.634 0.153 2910 16.0 305.2
34 | Coumarin 3,791.12,510.7| 0.590 +/- 0.219 0.186 1.308 31.6 221.8

V.7.2. QTL analysis and identification of loci controlling the accumulation of

volatile compounds in the flowers of plants from the segregating population

The quantity and composition of the compounds in lavender oil are subject to genetic
control, and their variation can be mapped using QTL analysis. It allows the
identification of regions that are responsible for the quantitative differences in volatile
compounds during their accumulation. Mapping of QTLs associated with the
accumulation of volatile compounds in flowers is an important step in the selection for
obtaining lines and varieties of lavender with high content and quality of essential oil.
Using the data from the GC/MS analysis and the constructed genetic map, a QTL
analysis was conducted to identify loci in the genome controlling the accumulation of
volatile compounds in the flowers of plants from the segregating population. As a result
of the QTL analysis, a total of 43 QTLs controlling the accumulation of 25 volatile

compounds were identified, shown in Table 9. For nine of the analyzed compounds, no
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QTL loci with a significant effect on their accumulation were found. The LOD values of

the identified QTLs loci ranged from 4.03 to 17.35. The number of QTLs associated with

the accumulation of individual volatile compounds ranged from 1 to 4.

The percentage of phenotypic variance explained (PVE) of the identified QTLs ranges

from 20.1% to 62.7%. The moderate density of the constructed genetic map and the

obtained results show that it can be effectively used to identify QTLs associated with

important breeding traits in lavender. In addition, the high transferability of the SSR

markers included in the map allows for the application of the markers in other

populations to verify the presence and influence of the identified QTLs, as well as to

assess the effect of the determined allelic combinations of these QTLs. Such an analysis

can be easily performed by SSR genotyping and determining the allelic configurations of

two SSR loci located on both sides of the region including the studied QTL, followed by

comparing the phenotypic characteristics of the different groups of plants with the same

allelic combinations.

Table 10. Summary of the identified QTL loci associated with the content of terpene

volatile compounds

No Trait QTL name| LOD* LG |Peak (cM)|Left marker|Right marker|PVE (%)** A((:/:i)l:::’
1 Toluene q01-5.1 5.27 5 2.00 ABIL527A | ABIL103 25.9 - 0.083
q01-5.2 5.26 5 95.82 ABIL531 ABIL164 25.6 -0.075
2 Camphene q02-11.1 4.80 11 81,94 ABIL416B ABIL77 23.9 - 0.064
q02-20.1 458 20 48.52 ABIL505 ABIL15 22.6 -0.025
3 -Pinene q03-11.1 5.35 11 86.12 ABIL416B ABIL77 26.2 -0.024
4 Sabinene q04-3.1 4.04 3 54.74 ABIL506 | ABIL456A 20.1 -0.019
q04-3.2 4.79 3 61.19 ABIL322 ABIL63 23.8 -0.022
q04-19.1 417 19 38.07 |E10MS8-344| ABIL429 21.1 0.015
5 3-Carene q05-5.1 15.61 5 38.45 ABIL330 E4M1-85 58.8 0.083
6 D-Limonene q06-19.1 5.43 19 32.53 ABIL11 E10M8-344 26.6 0.121
7 [-Phellandrene q07-2.1 4.67 2 38.20 ABIL473 | ABIL530A 23.3 -0.563
q07-19.1 4.81 19 31.53 ABIL11 E10M8-344 23.9 0.605
8 trans-p-Ocimene q08-2.1 4.45 2 14.08 ABIL163 ABIL519 22.3 -0.644
q08-2.2 4.03 2 49.02 ABIL91B ABIL268 20.5 - 0.660
q08-6.1 6.96 13.00 ABIL517A | ABIL538 32.7 0.811
q08-24.1 4.09 24 33.42 ABIL393B ABIL585 20.7 -1.042
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9 3-Octanone q09-1.1 12.20 1 6.96 ABIL510 ABIL14 50.0 0.681
q09-1.2 6.24 1 52.47 ABIL388 ABIL361 29.8 0.565
q09-1.3 4.49 1 106.83 ABIL371 ABIL352 22.8 0.471
10 | 3-Octanol acetate ql0-1.1 6.20 1 17.72 ABIL14 ABIL512 29.7 0.057
11 | 1-Octen-3-yl-acetate | ql11-4.1 4.10 4 128.91 ABIL323 ABIL245 20.8 0.317
ql1-8.1 6.03 8 33.40 ABIL550 ABIL548 29.0 0.206
12 1-Octen-3-ol ql2-8.1 4.39 8 59.13 | ABIL554A | ABIL408 22.1 0.105
13 Linalool q13-6.1 4.33 6 21.09 ABIL538 ABIL66 21.8 -5.217
ql3-8.1 12.17 8 34.01 ABIL550 ABIL548 50.2 9.134
14 Linalyl acetate ql4-8.1 11.95 8 33.40 ABIL550 ABIL548 49.3 - 10.57¢
15 a-Santalene ql5-12.1 | 4.04 12 165.01 ABIL409 | E2M10-214 20.5 0.384
16 Borneol acetate qle-11.1 4.86 11 82.96 ABIL416B ABIL77 24.2 -0.092
17 a-Bergamotene ql7-12.1 4.44 12 165.01 ABIL409 | E2M10-214 22.8 0.048
17 | B-Caryophyllene ql8-6.1 5.46 6 61.64 ABIL251 | ABIL539A 274 2.180
ql8-12.1 | 6.39 12 101.13 ABIL210 ABIL48 30.5 1.878
ql8-12.2 5.41 12 168.01 ABIL409 | E2M10-214 26.5 1.859
19 | Lavandulyl acetate | q19-3.1 17.35 3 84.29 ABIL312 ABIL27 62.7 -2.187
20 a-Humulene q20-6.1 5.30 6 19.09 ABIL538 ABIL66 26.0 1.053
q20-12.1 7.26 12 82.97 ABIL61A ABIL560 33.8 -1.262
q20-12.2 8.15 12 125.52 ABIL332 ABIL187 37.1 -1.252
21 Lavandulol q21-3.1 8.47 3 84.29 ABIL312 ABIL27 38.2 -0.135
q21-8.1 6.16 8 16.05 ABIL552 ABIL339 29.5 0.122
22 Borneol q22-11.1 | 3,50* 11 82.96 ABIL416B ABIL77 18.1 -0.179
q22-20.1 | 450 20 44.52 ABIL505 ABIL15 22.6 -0.034
23 v-Cadinene q23-5.1 11.58 5 58.69 ABIL112 | ABIL503B 48.2 -0.175
24 p- q24-6.1 4.65 6 25.09 ABIL538 ABIL66 21.3 0.035
Isopropylbenzaldehy
de
25 tau.-Cadinol q25-5.1 11.67 5 58.69 ABIL112 | ABIL503B 48.5 -0.594

A closer analysis of the markers surrounding the QTLs showed that some of them

overlapped completely, although they were associated with different volatile compounds.

This suggested the involvement of common biosynthetic pathways, as shown in Table 10.

To test this hypothesis, the positions of the QTL loci were mapped to genomic regions

that are homologous to already known genes from metabolic pathways involved in the

biosynthesis of the respective plants. The results showed that a significant proportion of

the QTL regions contained such homologous genes, which further confirmed the

functional significance of the identified QTLs. For example, the 622 kbp genomic region

encompassing q13-8.1 (linalool) overlapped with q14-8.1 (linalyl acetate) and contained

a sequence homologous to the AAT4 gene, a member of the BAHD acyltransferase
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family, which has been reported to catalyze the conversion of lavandulol to lavandulyl

acetate (Jingrui Li et al., 2023a). Some of the genomic regions associated with

overlapping QTL loci contain clusters of sequences homologous to previously described

genes involved in the biosynthesis of the relevant volatile compounds. For example, the

3.6 Mbp genomic region in which q23-5.1 (y-cadinene) and q25-5.1 (tau-cadinol) overlap

includes four sequences homologous to the LaCADS gene, an enzyme catalyzing the

production of secondary metabolites, including y-cadinene and tau-cadinol. The presence

of a cluster of candidate genes within a QTL region raises the question of the functional

role and individual contribution of each of the cluster members in the processes of

biosynthesis and accumulation of the relevant aromatic compounds. On the other hand,

this provides a valuable opportunity for direct application of SSR markers located in the

vicinity of the relevant QTL.

Table 11. Chromosomal localization of QTL loci controlling the accumulation of volatile

compounds in lavender flowers and nucleotide sequences of candidate genes known to be

involved in the biosynthesis of these compounds

Chromos Trait (QTL name) QTL markers and | Chromosome Comment
ome Candidate gene(s) |locations, kBp References
Left QTL marker
ABIL416B 30,426
30,794
30,802 LaBPPS (L. angustifolia bornyl diphosphate
30,819 synthase)
Camphene (q02-11.1) 30,831 LaBPPS catalyzes the production of various
CHI1 [-Pinene (q03-11.1) LaBPPS-like 30,834 by-produ?ts 1nclud1ng borneol, camphene
Borneol acetate (q16-11.1) 30,841 and -pinene (Despinasse et al., 2017).
Borneol (q22-11.1) 30,855 BLAST search with sequence acc. number
30,872 KMO015221.
30,880
30,922
Right QTL marker
ABIL77 31,003
Left QTL marker
-Santal 15-12.1 26,385 o
cHi2 [0 Z;r;isge ( 17_1) 21y | ABIL409 LaBERS (L. angustifolia trans-alpha-
& s LaBERS-like 28,836 bergamotene synthase)
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[B-Caryophyllene (q18- 28,848 LaBERS catalyzes the production of various
12.2) 30,868 by-products including a-santalene, a-
30,899 bergamotene and 3-caryophyllene
. (Landmann et al., 2007).
Right QTL marker SRAP marker | BLAST search with sequence acc. number
E2M10-214 DQ263742
Left QTL marker 29 985 LaCADS (L. angustifolia tau-cadinol
ABIL112 ! synthase), Jullien et al. 2014 .
30,139 LaCADS catalyzes the production of various
'y-Cadinene (q23-5.1) . 30,143 by-products including y-cadinene and tau.-
CH> | au-Cadinol (q25-5.1) LaCADS:like 30,154 cadinol (Jullien et al., 2014).
30,158 BLAST search with sequence acc. number
Right QTL marker JX401282
ABIL503B 32,864
Left QTL marker 20961 LiATT4 (Lavandula x intermedia alcohol
ABIL550 ’ acetyltransferase) (Lukman S Sarker &
LiAAT4 20,389 Soheil S Mahmoud, 2015).
CHS Linalool (q13-8.1) LiATT4 catalyzes the production of linalyl
Linalyl acetate (q14-8.1) ) acetate from linalool as substrate (Jingrui Li
Right QTL marker
ABIL548 20,883 et al., 2023b).
BLAST search with sequence acc. number
KM275344.
Left QTL marker o7 LaLINS (L. angustifolia linalool synthase)
ABIL538 LaLINS catalyzes the production of linalool
CH6 [Linalool (q13-6.1) LaLINS 362 from geranyl dipho;g(l)n%te (Landmann et al.,
Right QTL marker 548 BLAST search with sequence acc. number
ABIL66 DQ263741
Left QTL marker 15.474 Li3CARS (L. x intermedia 3-carene
ABIL330 ’ synthase)
26,547 Li3CARS catalyzes the production of 3-
CH5 [3-Carene (q05-5.1) Li3CARS 26,570 carene (Adal et al., 2017).
26,605 BLAST search with sequence acc. number
Right QTL marker 28,143 KX024762

E4M1-85 / ABIL13

V.7.3. Evaluation of the effect of the allelic configuration of q24-3.1 on the

accumulation of lavandulyl acetate in the flowers of L. angustifolia, cultivar Hemus.
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Lavandulyl acetate is one of the components determining the quality of lavender oil and
included in the ISO3515:2002 standard for Bulgarian lavender oils. As a result of the
QTL analysis, the locus q24-3.1 controlling the accumulation of lavandulyl acetate in the
flowers of L. angustifolia, cultivar Hemus was identified. The localization of q24-3.1 was
determined between the SSR markers 312 and LAF8, which corresponds to the region
with a size of 20.05 cM on LG3 in the genetic map and 9.17 Mbp on chromosome 3 of
the reference genome. Genotyping of plants from the segregating population of L.
angustifolia cultivar Hemus allows the identification of three genotypic groups, classified
based on the allelic configurations of the two markers. Plants homozygous (AA) for the
312267 and LAF8241 alleles showed the highest levels of lavender acetate accumulation
in flowers, with a mean value of 5.15% +/- 2.20%. In heterozygous plants (Aa) for these
markers, intermediate levels were observed with a mean value of 2.15% +/- 1.03%, while
plants homozygous for the recessive alleles (aa) for the 312265 and LAF235 markers had
the lowest levels of lavender acetate compared to the other two groups and a mean value
0f 0.34% +/- 0.11%, Figure 10, Table 12. These results demonstrate the potential for
application of the selected SSR markers and information on the identified QTL for direct
selection of lines with high or low content of certain secondary metabolites. Along with
this, the successful selection and application of new SSR markers in a specific region of
the genome demonstrated earlier in the dissertation provides an additional opportunity for
genotyping and saturation with new SSR markers of a region of an identified QTL and,
accordingly, more precise mapping of the q24-3.1 locus and correct identification of a

candidate gene for this QTL locus.

Figure 10. The accumulation of linalyl acetate in the flowers of groups of plants with
different allelic configurations of the SSR markers 312 and LAF8 and the QTL locus
q24-3.1
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Table 12. Content (%) according to allelic configurations of SSR markers located at both
ends of the region including QTL q24-3.1

Alleles of SSR loci located onp . sumed allelictontent (%) of linalyl acetate in plants with different
both sides of QTL q24-3.1 configuration Ofconfigurations in the QTL q24-3.1 region

SSR 312* SSRLAFg*  [QTLq24-3.1 Average ** Minimum  |Maximum

AA AA AA 5,15% +/- 2,20% 2,22% 10,97%

Aa Aa Aa 2,15% +/- 1,03% 0,83% 4,86%

aa aa aa 0,34% +/- 0,11% 0,16% 0,64%

*SSR marker alleles: 312 = A267 bp; a=265 bp. SSR marker alleles: LAFS8: A=241 bp;
a=235 bp.

** Mean values different at p < 0.001

V.8. Identification and characterization of QTL controlling the ratio of linalool and

linalyl acetate (L/LA) in flowers of L. angustifolia, cultivar Hemus.
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The content of linalool (L) and linalyl acetate (LA), as well as the ratio of L/LA content,
are key parameters determining the quality of lavender essential oil. It is believed that
high-quality lavender oils have a high LA content, as well as an optimal ratio between
LA/L of 1:0.7. The content of both components is part of the standard for Bulgarian
lavender oils ISO3515:2002, with L having to be within the range of 22-34%, and LA
having to be within the range of 30-42%, i.e. the content of L is less than LA.
Maintaining the high content of LA, as well as the higher content of LA compared to L,

is mandatory in the selection and breeding of new lavender varieties.

V.8.1. Identification of QTL controlling the ratio of linalool and linalyl acetate

(L/LA) in flowers of L. angustifolia, cultivar Hemus.

To identify QTL controlling the ratio of L/LA in flowers of plants from a segregating
population, a QTL analysis was initially conducted on a population of 95 plants. The
population was genotyped with 289 SSR and SRAP markers. For each plant in the
population, an analysis of the composition of volatile compounds accumulated in the
flowers was performed by GC/MS analysis of hexane extracts of fully bloomed flowers.
The obtained results were used to determine the ratio between the content of linalool and
the content of linalyl acetate for each plant. As a result of the QTL analysis conducted
with the obtained data, one QTL controlling the L/LA ratio (designated as L/LA-QTL)
was identified, which is located in a region of LGS, between SSR markers 339 and 481A

from the constructed genetic map of the Hemus variety, Figure 11.

Figure 11. Results of QTL analysis. Identification in linkage group 8 (LGS8) of an L/LA-
QTL locus controlling the ratio of linalool to linalyl acetate (L/LA) content in flowers of

L. angustifolia, cultivar Hemus
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V.8.2. Mapping and evaluation of the effect of L/LA-QTL, after analyzing an

expanded set of plants from the segregating population.

To better characterize the identified L/LA-QTL, an additional QTL analysis was
performed including genotyping and GC/MS analysis of the content of L and LA in an
expanded segregating population of a total of 252 plants obtained after self-pollination of
L. angustifolia cultivar Hemus. Genotyping was performed with four SSR markers (123,
257,339 and 481A) and one SRAP marker (EM6ME4-177), located in the identified
region of the L/LA-QTL (Figure 11.a). The QTL analysis conducted with the genotyping
data and the L and LA content for the plants from the expanded segregating population
confirmed the presence of the identified L/LA-QTL in a 6.8 cM region located between
the loci of the SSR markers 123 and 481A, Figure 12a. The analysis of the allelic
combinations of the used markers led to the identification of: 41 plants homozygous for
allele (A) for the four analyzed markers 123, 257, EM6ME4-177, 481A; 54 plants
homozygous for allele (B), as well as 124 plants heterozygous for the alleles of all

markers, Figure 12b and Table 13. The allelic configurations of the remaining 33
plants showed the presence of recombination at different sites in the studied

L/LA-QTL region between markers 123 and 481A, Figure 12b and Table 13.
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Further analysis of the data on the L/LA ratio in plants without detected recombination in
the L/LA-QTL region showed significantly higher L/LA values in plants homozygous for
allele A (AA) compared to heterozygous plants (AB) or homozygous for allele B (BB),
Table 13 and Figure 13. Furthermore, the heterozygous group of plants demonstrated a
significantly higher L/LA ratio compared to the group of plants homozygous for allele B.
To understand the reason for the observed differences in the L/LA ratio, the average
values of the relative content of linalool and linalyl acetate for each of these groups were
calculated and compared. The results showed a significantly higher content of linalool in
the flowers of plants homozygous for allele A (AA), compared to those of heterozygous
or homozygous plants for allele B (BB). Conversely, the content of linalyl acetate was the
lowest for the group of plants homozygous for allele A (AA) compared to the other two
groups. At the same time, no significant difference was found in the total content of
linalool and linalyl acetate, i.e. the sum of the content of the two components taken
together, between the three analyzed groups of plants, Table 13. The obtained results
support the hypothesis that the L/LA-QTL is associated with the enzymatic conversion of
linalool to linalyl acetate, as the studied plants do not differ significantly in the total
content of L + LA, but there is a significant difference between the ratio of the two
components in plants with different allelic configurations of the L/LA-QTL locus that
controls the conversion of L to LA. Accordingly, the parent plant of the Hemus variety
used to create the segregating population includes two alleles of the L/LA-QTL locus: an
allele (A) associated with a lower rate of linalool to linalyl acetate conversion and an
allele (B) providing a high rate of linalool to linalyl acetate conversion. Thus, plants from
group (A) convert linalool to linalyl acetate significantly slower, resulting in a
significantly higher L/LA ratio, compared to the other two groups, Table 13.
Accordingly, the presence of allele B in heterozygous plants (AB) results in a higher
content of linalyl acetate. On the other hand, the presence of two B alleles in homozygous
plants (BB) provides the highest rate of linalool to linalyl acetate conversion, the highest

level of linalyl acetate accumulation and the lowest ratio

L/LA in this group of plants, Table 13.
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Figure 12. Mapping of L/LA-QTL and allelic configuration of loci in the L/LA-QTL

region in recombinant plants from a segregating population of the Hemus variety.
12.a. LOD profile and locations of molecular markers in the L/LA region of LG8

12.b. Genotypes of plants according to the allelic loci of SSR, SRAP, AAT4 located in
the L/LA-QTL region. The values (high - high / low - low) of the ratio of the content of
linalool to linalyl acetate (L/LA) for the individual groups of recombinant plants are

shown on the right of the diagram and presented in detail in Table 13.
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Table 13. Allelic configurations located in the L/LA-QTL region, relative content of
L/LA and total relative content of the sum of linalool and linalyl acetate (L+LA). The
genotype (allelic combination) of the analyzed loci in the L/LA-QTL region for the
individual plant groups is shown in bold. With AB/BB the possible allelic combinations
of the dominant markers 257 and E6M4-117 for individual plant groups are shown.

Loci Groups of plants with specific allele combinations of loci within the LILA-QTL region
(Alleles) AA AB BB R1 R2 R3 R4 RS R6
123
(A=252, B=244) AA AB BB AA AA AB AB AB AA
257" .
(A=0, B=115) AA | ABBB* | AB/BB | AA AA | ABBB | ABBB | AA | AB/BB
( A=T|8-(:°\AABT=40 4G) AA AB BB AA AA AA AB AB AB
E6M4-177*
(A=0, B=177) AA AB/BB | AB/BB AA AB/BB | AB/BB | AB/BB | AB/BB AA
431A

(A=257, B=247) AB BB AB AB AA AA AA AB

AA
Number of plants 4 54 124 2 8 1 1 1 2
1,182 | 056 | 039 | 1,04 1,22 0,43

ULAratio | 1"035 | 41,022 | +-011 | +-008 | +-023 | 0% | 040 | 032 1 %46
3918= | 25710 | 20,80 | 3696 | 38,08 19,94
L (%) o-577 | +-633 | +-481 | +-404 | «651 | 4070 | 1607 | 1526 | oup
" 360 [47700 | 5397 | 39,88 | 3167 | 4100 | 4024 | 48611 | 46.93
+-631 | +-715 | +/-6,18 | +/-087 | +/-5,51 +/-596
Lelagy | 7698 (734t [747r | 7684 | 6073 | 8170 | 5631 | 6337 | 6687
+-709 | +/-772 | +/-724 | +-491 | +/-999 +/-548

Figure 13. Values of the L/LA ratio in groups of plants that are homozygous for allele A
(AA), heterozygous (AB) or homozygous for allele B (BB) of all markers 123, 257,
EM6ME4-177, 481A, located in the region of the identified L/LA-QTL locus
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V.9. Identification of LiAAT4 as a candidate gene underlying the L/LA-QTL locus
controlling the ratio of linalool to linalyl acetate.

The ratio of linalool to linalyl acetate in plants depends on the rate of enzymatic
conversion of linalool to linalyl acetate. Sarker and Mahmoud reported the cloning and
functional characterization of two monoterpene acetyltransferase genes (L1IAAT3 and
LiAAT3), which efficiently produce geranyl acetate, lavandulyl acetate, and neryl acetate
from their respective monoterpene substrates. However, the purified recombinant protein
did not convert linalool to linalyl acetate (L. S. Sarker & S. S. Mahmoud, 2015) . In a
recently published study by Li et al. (J. Li et al., 2023), the enzymatic activity of the
genes Lal4G01394 and La06G01094 from L. angustifolia, homologous to the genes
LiAAT3 and LiAAT4, was reported. The results showed that the purified recombinant
protein La06G01094 successfully converts linalool to linalyl acetate (J. Li et al., 2023).

To identify a candidate gene associated with the L/LA-QTL locus, a BLAST search was
performed on chromosome 8 of the lavender reference genome with reported sequences
of alcohol acetyltransferases, including those of LIAAT3 and LiAAT4. The results
showed the presence of a sequence on chromosome 8 homologous to that of the LIAAT4
gene and located in the studied region of the identified L/LA-QTL locus.
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To determine the alleles of the LIAAT4 gene in the Hemus variety and the allelic
configurations of the gene in plants from the segregating population, PCR amplification
and sequencing of a genomic region of the LIAAT4 gene was performed. Analysis of the
obtained genomic nucleotide sequences of the studied region of the LIAAT4 gene in the
Hemus cultivar revealed that the LiAAT4 gene has two alleles, differing by two
nucleotide substitutions, Figure 14. The nucleotide sequence of one of the alleles,
designated as “LiAAT4(B)”, is identical to the reported sequence from (L. S. Sarker & S.
S. Mahmoud, 2015). The other allele, designated as “LiAAT4(A)”, differs by two
nucleotide substitutions in the coding region, leading to the predicted amino acid
substitutions A258>V and A296>T in the corresponding LiAAT4 protein, Figure 14. The
identified two SNPs were used to determine the allelic configurations of LIAAT4 in the
analyzed plants from the segregating population. The allelic combinations of the used
SSR and SRAP markers and of the LiAAT4 gene for each plant were compared with the
L/LA ratio. The results showed that plants with a high L/LA ratio were homozygous for
the LIAAT4(A) allele, while heterozygous LiAAT4(AB) or homozygous LiAAT4(B)
plants had a lower L/LA ratio, associated with a higher rate of linalool to linalyl acetate
conversion. The involvement of the LiIAAT4(B) allele in the observed higher rate of
linalool to linalyl acetate conversion was further supported by comparing the L/LA ratio
and allelic configurations of six groups of recombinant plants from the studied expanded
population. The genotypes of these plants for the studied SSR, SRAP and AAT4 loci
resulted from recombinations in the studied region of the L/LA-QTL locus, Figure 12b.
The results show that higher levels of linanol to linalyl acetate conversion, and
correspondingly lower L/LA ratio, in plants from groups R4, RS and R6 are always
associated with the presence of at least one LiAAT4(B) allele, but not with the presence
of the “B” alleles of markers 123, 257 and 481A located on both sides of the LiIAAT4
locus, Figure 12b, Table 13. Conversely, low linalyl acetate production and high L/LA
ratio were observed in plants from groups R1, R2 and R3, which were homozygous for
the LIAAT4(A) allele, despite the presence of allele B of marker 481A in plants from
group R1, allele B of markers 481A and E6M4-117 in plants from group R2 and allele B
of marker 123 in plants from group R3, Figure 12b, Table 13. The presented results
support the assumption that LiAAT4 is a candidate gene associated with the identified
QTL locus L/LA-QTL controlling the conversion of linanol to linalyl acetate and,
accordingly, the L/LA ratio.

The results of the present study show that plants homozygous for the LiAAT4 allele still
produce and accumulate linalyl acetate, but at a significantly lower rate of conversion of
linalool to linalyl acetate. Accordingly, the lower linalyl acetate content may be a result
of the lower enzymatic activity of the LIAAT4(A) allele as a result of the identified
amino acid substitutions in this allele, changes in the expression levels of the LIAAT4(A)
allele, or a result of the expression of other alcohol acetyltransferase genes in the L.
angustifolia genome.

55



Figure 14. Nucleotide sequence of alleles of the LiIAAT4 gene in the cultivar Henus, L.
angustifolia. The nucleotide substitutions between allele “A” (AAA GCCGAG and CCA
GCT TCT) and allele “B” (AAA GTC GAG and CCA ACT TCT) are indicated, as well
as the well-predicted A258>V and A296>T amino acid substitutions.

(B) Nucleotide sequence of alleles of LiAAT4 gene in in L. angustifolia var. Hemus. The nucleotide substitutions between allele “A” (AAA GCC
GAG and CCA GCT TCT) and allele “B” (AAA GTC GAG and CCA ACT TCT) are pointed out, as well predicted A>**>V and A?*>T amino
acid substitutions.

M -y M I I T K Q I L R P s ] P T P Q - F K N H K L 5 b4 L D
1 ATG GCG ATG ATT ATT ACA ARR CRA ATT TTG AGG CCA TCA TCT CCA ACT CCA CAA GCC TTC AARR ARC CAC AAR CTA TCA TAC CTC GAC CAR
I Q A E I Y I P L L F F b4 K N E E L] K Y P D Q I s Q R F K Q
91 ATC CRR GCA CCA ATC TAT ATA CCC CTC CTA TTT TTC TAC AARA AAT GAR GRA TCT AAG TAC CCT GAC CAA ATC TCT CAG CGC TTT AAAR CAR
] L s E I L T I F b4 P L -\ G T M R H N L] F v D C N D R G v E
181 TCA TTA TCT GAA ATC TTA ACT ATC TTC TAT CCG TTA GCA GGG ACA ATG AGA CAC AAC TCA TTT GTT GAT TGC AAC GAT AGA GGC GTT GAG
F v E v R v H -y Rk L A Q F I Q D E K M E E L K Q L I P v D C
271 TIC GTG GAA GTC CGA GTC CAT GCT CGC CTC GCA CAG TTC ATC CAR GAT CCC AAA ATG GAG GAR CTC AAA CAR TTA ATC CCT GTG GAC TGC
I ] H T D D D F L L L v K I L] b4 F D C G E v v v G v C M L] H
3el ATT TCG CAC ACT GAC GAC GAC TTC CTT CTA TTA GTG AAA ATA AGC TAC TTC GAC TGT GGA GAR GTT GTT GTT GGC GTC TGC ATG TCG CAT
K I G D G I s L A -\ F M H A W -\ A T C R G E L] 5 L E I I H P
451 ARAR ATC GGA GAT GGG ATA TCT CTG GCC GCC TTT ATG AAT GCA TGG GCA GCC ACT TGC CGG GGA GRA AGT AGT TCT GAG ATC ATC CAT CCT
] F D L A L H F P P K D H L L] s A L] s F R v A I L Q E H I M
541 TCC TTT GAT CTG GCA CTC CAT TTT CCT CCC ARA GAC CAT CTA AGT TCG GCC TCT TCA TTC CGT GTG GCT ATT GCA CAA GAG AAC ATC ATG
T K Rk L v F D R E K L E K L Rk K R I N A 5 s D G v R D b L] R
631 ACAR RAR AGG TTA GTT TTC GAC CGG GAG AAG TTG GAA AAG CTG AGG ARR CGA ATT GCT GCA TCT AGT GAC GGG GTG AGG GAT CCG TCT AGR
v E A v ] v F I W K ] L I E A H E AW E L] H M T E T P A v L] I
721 GTG GAA GCT GTT TCG GTT TTC ATC TGG AAG AGT CTC ATT GAG GCT CAT ARA GCC GAG TCC CAC ATG ACA GAR ACG CCG GCA GTG TCC ATC
B
-y ] H -y v N L R P R T v P Q M D Q T F G N C Y A P A>T 5 Y v v
411 GCC AGT CAT GCA GTG AAT TTG AGG CCA AGA ACA GTC CCC CAG ATG GAT CAG ACC TTC GGA AAC TGC TAT GCA CCA GCT TCT GCA GTT GTA
A
] W D E D Y v H H s R L R A A L R E I D D D Y I H K v L K A
901 TCG TGG GAC GAA GAT TAT GTG CAT CAT TCG AGA TTG AGG GCC GCC TTA AGA GAA ATC GAT GAT GAT TAT ATC AAT AAA GTT TTG AAG GCT
D N N ¥ L T Q D Q I G D L F K P E N s v L s L] W W R F b v b4
991 GAC RAC RAC TAT CTA ACA CAR GAC CAA ATT GGT GAT CTA TTT AAG CCA GAA AAC AGT GTA CTT TCAR AGT TGG TGG AGG TTT CCG GTG TAC
K v D F G W G K P v W v s T T T I Q b4 M N L I I F T L] T P L]
1081 ARR GTG GAC TTT GGT TGG GGG ARG CCG GTT TGG GTT TCC ACT ACG ACC ATA CAG TAC ATG AAT CTT ATT ATA TTT ACG AGC ACT CCA TCT
E D G I E i W v T T T H N F F Q v L Q A N ¥ N K L D T *
1171 GARR GAT GGT ATT GARA GCT TGG GTT ACA ACT ACT CAC ARAC TTC TTC CRR GTG CTC CRAR GCC AAT TAC RAT RARR TTG GAT ACT TGA

V.10. Possibilities for application of the obtained results for accelerated selection
with molecular markers in lavender.
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The results obtained in this dissertation, as well as a large part of the experimental
procedures used, can be applied and serve as a basis for further systematic application of
accelerated selection with molecular markers in lavender, with the main directions of
application including:

- direct use of the information and molecular markers for the alleles of the QTL loci
controlling the accumulation of linalyl acetate, lavandulyl acetate and the ratio of linalool
and linalyl acetate for further selection of lines with a high content of these components
and high quality of the lavender oil produced

- use of the information on the identified QTL loci controlling the accumulation of
volatile compounds in the flowers of plants from the segregating population to identify
alleles of these loci and markers for them associated with the accumulation of high and
low levels of these compounds in plants from the segregating population. The obtained
information and molecular markers can be directly used for selection of lines with a
specific composition of volatile compounds and the lavender oil obtained from them

- use of the constructed genetic map, information on the identified QTL loci and closely
located molecular marker loci for characterization of new segregating populations of
other lines and varieties in order to identify valuable alleles of QTL loci controlling the
accumulation of compounds of interest for selection in lavender.

- use of the constructed genetic map for QTL analysis and identification of QTL loci for
economically important commercial traits in lavender, e.g. oil yield, flowering period,
tolerance to abiotic stress, etc.

The detailed information about the molecular markers used, the experimental procedures
for their application, as well as the information about the constructed genetic map
presented in the dissertation work enable the effective implementation of the possible
applications mentioned above.

CONCLUSIONS

1. The nucleotide sequences determined by NGS sequencing of genomic DNA, as well as
the reference DNA sequence of the L. angustifolia genome, can be used as a basis for
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effective identification and selection of new polymorphic SSR markers in lavender, and
within the framework of the dissertation work, a total of 255 polymorphic NGS-SSR
markers determined after analysis of NGS sequences from L. angustifolia variety Hemus
and 79 polymorphic GEN-SSR markers determined after analysis of the reference
genomic sequence of L. angustifolia variety Munstead were selected.

2. Comparing the efficiency of detection of polymorphic SSR markers after testing three
groups of SSR markers shows: the highest efficiency for NGS-SSR markers (total 57.7%
polymorphic markers from those with successful PCR amplification); lower but
comparable efficiency for GEN-SSR markers (total 51.3%); and significantly lower
detection efficiency of polymorphic EST-SSR markers, amounting to 29.4% of the tested
EST-SSR markers determined in previous studies by other authors after analysis of EST
nucleotide sequences from lavender.

3. Test PCR amplification with selected NGS-SSR and GEN-SSR markers of genomic
DNA from different varieties and species of lavender show the possibility of high
intraspecific (97.1% of the tested markers) and interspecific (81.7%) transfer and
applications of the selected SSR markers in various molecular genetic studies.

4. As a result of genotyping of a segregating population obtained after self-pollination of
L. angustifolia variety Hemus, a genetic map was constructed, including a total of 25
linkage groups, corresponding to the haploid chromosome set of the Hemus variety. The
constructed genetic map includes a total of 375 loci, of which 343 loci are SSR markers
and 32 loci are SRAP markers. The total size of the constructed map is 2518.91 cM with
an average distance between loci of 6.72 cM.

5. The comparative analysis conducted shows a high degree of correspondence between
the order of the SSR marker loci in the individual linkage groups of the genetic map and
the location of the corresponding DNA sequences of PCR primers and SSR regions of
these markers in the chromosome sequences of the reference genome of lavender. The
comparative analysis also shows a high coverage of the genetic map in terms of the
nucleotide sequences of the corresponding chromosomes, amounting to an average of
84.4% +/-14.2% for the chromosomes from the genome of L. angustifolia.

6. The results of genotyping with

SRAP markers of the segregating population and mapping of polymorphic SRAP loci
allow for effective general additional saturation of the constructed genetic map. The
targeted selection of new SSR markers in certain regions of the reference genome can be
successfully applied for local saturation of regions of the linkage groups of interest.

7. GC/MS analysis of flower extracts from plants from the studied segregating population
of the Hemus variety shows significant variation in the content of a large part of the
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analyzed volatile compounds, including the compounds included in the assessment and
applied standards for lavender oil quality.

8. The QTL analysis conducted based on the constructed genetic map and the results of

the GC/MS analysis of flower extracts from plants from the segregating population of the
Hemus variety, identified a total of 43 QTL associated with the levels of accumulation of

25 volatile compounds in the flowers of the studied plants.

9. As aresult of the QTL analysis, a single QTL locus was identified controlling the ratio

between the content of linalool and linalyl acetate in flower extracts of the studied

lavender plants, which is an important parameter determining the quality of the obtained

lavender oil.

10. Comparative analysis of the content of linalool and linalyl acetate in the flowers of an

extended set of plants with different allelic configurations of SSR loci located in the
region of the identified QTL for the ratio between linalool and linalyl acetate confirms
the results of the QTL analysis and shows that the corresponding SSR markers can be
used for marker-assisted selection of lines with high linalyl acetate content.

11. Analysis of the genomic sequences in the region of the identified QTL for the ratio
between linalool and linalyl acetate in lavender flowers points to the LiIAAT4 gene,
encoding acetyl transferase, as a candidate gene associated with this QTL locus.

12. Comparison of the nucleotide sequences of the reading frames of the two alleles of
the

LiAAT4 gene in the Hemus cultivar show differences between them in two single
nucleotide (SNP) positions, determining two substitutions of amino acid residues in the
proteins corresponding to these alleles.

CONTRIBUTIONS

1. A large set of polymorphic SSR markers was created, showing a high degree of

intraspecific and interspecific transfer and with the possibility of effective application for
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characterization of genetic diversity and marker-assisted selection in L. angustifolia and
other species of the genus Lavandula.

2. For the first time, a genetic map of lavender was constructed using a segregating
population of L. angustifolia cultivar Hemus and a set of SSR and SRAP markers

3. For the first time, QTL analysis was conducted and QTL loci were identified,
controlling the accumulation of volatile compounds in the flowers of lavender cultivar
Hemus.

4. For the first time, a QTL locus was identified, controlling the ratio of linalool and
linalyl acetate, which is an important parameter determining the quality of lavender oil.
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Appendix 1. SSR loci, alleles and PCR primers for their amplification, which were used

for genotyping the segregating population and constructing the genetic map in the Hemus

variety. The letter added to the SSR loci numbers indicates which primer tail was used for

PCR amplification and fragment analysis with the capillary sequencer. The sequence of
the primer tail within the forward primer is underlined. The size of the alleles is presented
in base pairs. Null alleles are indicated by “0”

Primers 5
SSR SSR

Ne marker Forward primer (5'-) Reverse primer (5°-) primer f

name type (1) |
1 ABIL1 | TCAAGCGCACATGCTAAGTC GAGGTAAAATCGGCTGCCAC NGS-SSR
2 ABIL2 | CTTGTTTAGTGAGACACCCCG GCTCGGACCTTTTGATCTGTG NGS-SSR
3 ABIL4 | TGTAATGGTAGATACTTAGTCAAGCAG | TGAATTGGTAAAAAGTCGCGTAAG NGS-SSR
4 ABIL7 | AACAGTCTGCGTGTGGTTTG CGTCTCGACACAGGCATTTC NGS-SSR
5 ABIL8 | TGTGATACTGAGCGTTCCCC AGCCAATTTCACCCTACCCC NGS-SSR
6 ABIL9 | CTAAAAGTCCTGCCATGCTCC ATAGAGGCCACTTCCACAGG NGS-SSR
7 ABIL11 | GCTCTGTTAAGGACCGAGAAG AATGTGAATCCTCCCCAGCC NGS-SSR
8 ABIL12 | ACCTCGAGTGTCTAGATGCG GAGGAGCCTCGCCATTTTTG NGS-SSR
9 ABIL13 | AGGGAAGGTGAGTTTTATGCAC GCAAGTCGGATCGTAAACCC NGS-SSR
10 ABIL14 | CCATGGCTCGTGCTGATATG ATACCTTCTGCTGGCAGGTC NGS-SSR
11 ABIL15 | CTTGTCACTGCCGCTATTCG CACCCACTTTGCTTATTCTTTCG NGS-SSR
12 ABIL16 | TGCCGTTATCAATTCCACCC TCCAAATAGGGTCGTTGAATGC NGS-SSR
13 ABIL17 | ACTAGTTAGCATCGCTTGCAG TTCGTGTGCAACTACTTGGG NGS-SSR
14 ABIL19 | GATGAAGAAACCCGCGCATC AACACGATTAGAGATTGACGTATC NGS-SSR
15 ABIL20 | TCCACGTCCCACCTGTTATC TCCGTTGAGGAATCCAAAAACC NGS-SSR
16 ABIL23 | AGTGCCAACGATAATTGAAGTC GGTAGGATGTTGCAGTGCTC NGS-SSR
17 ABIL24 | GGTTCGTGGAAGTTTACGGC CAAGAAGCCCTTGGATCACC NGS-SSR
18 ABIL26 | GACAGGTAATCCACCAATCTCG GTTAAAATTGATCACTGTGGACG NGS-SSR
19 ABIL27 | CGGACCAATTACCCTTGCAG ACAAGTCAAGAACGCACCTC NGS-SSR
20 ABIL32 | GCTTACATGAGGCTTTTGTGC AGCCACAAATATTGGGACGG NGS-SSR
21 ABIL34 | CAACTCAGCAGATGACACGC AGTTCTGAAACAATTTTCCATGCTC NGS-SSR
22 ABIL36 | TGGCTATTCATGGGAGGAGC AACGACTCACCTTGTGTTGC NGS-SSR
23 ABIL39 | TCGGCAACTTCCAGATACGG GATCGCTATGACGTGCAAGG NGS-SSR
24 ABIL40 | GCAGAGACAGAAGTTTATCCGC CACTTGGATGCTTCTGGTGC NGS-SSR
25 ABIL41 | CTTTTTCAGCCGGAGTGTGC TGGCGCTGCAGATTTTATCG NGS-SSR
26 ABIL43 | TTCCCATATTTTCCGGTGGC TGAGTCCCCAGAGGTTGAATAC NGS-SSR
27 ABIL44 | ACTTCACAGTAATATTTGGATGGTG AGGCTCATAGAGGAGGAATGG NGS-SSR

63



28 ABIL45 | GGCCATACAGCCTTTGGAAC GGTCGTGGAGAAAATACGGC NGS-SSR
29 ABIL48 | TCCGAATTGAAGGTATTCGCC GTGTGAGTTCAGCTTGGACG NGS-SSR
30 ABIL54 | TTGCAACGTAGAACACAGCC CAATTAGGCAACTATTGTAAGCCC NGS-SSR
31 ABIL56 | ACGCAGGTTTATTCACCTACTAC AGGATGAAAGCTACATGTTTTTGG NGS-SSR
32 ABIL61 | CTACAGATCTCGGCAGCAAC CTAAACCGCCGTCAGTGTTC NGS-SSR
33 ABIL62 | GCTTCGGCACTTTTCATGTTG CTCAAACTGACGGCGATTCC NGS-SSR
34 ABIL63 | TTCGTGCCTCCCATTTTGAC ACTGGTAAAGGGGCATTTCTTG NGS-SSR
35 ABIL66 | AAAGGCCCTCCACTAGAACG TACTGTAGCTAGCGCAGACC NGS-SSR
36 ABIL70 | GGAATGATCCCGAGCATCAAC AGATGCGCTTCAGTACCCTC NGS-SSR
37 ABIL75 | AGGAAAGGCACGTGATGAAAC AGCCTGCTACATAATCACGAC NGS-SSR
38 ABIL77 | GCGTTGAAGGATTTTTCGCAC ATTGCCATCGACTCCTTCCC NGS-SSR
39 ABIL78 | GGGTAAGCGCAGGAATTACG ACTTTGCGTGCCAAATCCTC NGS-SSR
40 ABIL80 | CCGAACTATCAGATGCACGC GCTAACATCAACGTCCCACC NGS-SSR
41 ABIL81 | TCTCCAGCTTCCACGTATGC TCTAAGCCGAAGCCATCTCC NGS-SSR
42 ABIL85 | TGCAGGCTCAGAAACAGATAC CTGCATTAAAGTATCACAACACAAG NGS-SSR
43 ABIL87 | GCATGGGGAGACAAGGGTAG ACCACGCCAGAACAAATGTC NGS-SSR
44 ABIL88 | GCTTGTCATTGGAGGATGGC ATAACCTAGCATCGGGGGTG NGS-SSR
45 ABIL90 | CTAACCACGTCCCGTGAAAC ATGCTTATCAGGGTGGAGGG NGS-SSR
46 ABIL91 | TTGTCGTAGATGCCTCCCAG AATGTTTGAGCCTCCACCCC NGS-SSR
47 ABIL92 | GCAGATTCACTGCTGCGAC GCGTGGATGAGGAGTTCTTG NGS-SSR
48 ABIL94 | GGCGTCGTATAGACCAAATCC GCCGCTGTTGTCCATCTTAC NGS-SSR
49 ABIL95 | GCAGGGTTTGACCCGTAAAG ACTCTTGTCCGGAGCTGTG NGS-SSR
50 ABIL97 | TTCAAATGTCGCAAGGGCTC TGCTGCATTGAATTCGTCGG NGS-SSR
51 ABIL98 | GCAGAACCAATTGCTCAACG AACGCGCATAGTTTGAGGAC NGS-SSR
52 ABIL101 | TTCGGTCTAGGAATGGAGCC AGCCTGTCTTTATCGCACATC NGS-SSR
53 ABIL103 | AATAAGGGATTCACGGCCCC CTAAATGGGACACCCTCGTG NGS-SSR
54 ABIL104 | CCAGACTATGCCCACCCTAC CTTGGAACAGGCAATCGTCC NGS-SSR
55 ABIL107 | AGCGGATCTATGGCGCTTC TCGAGTTCAAATTCTCCGGC NGS-SSR
56 ABIL108 | TCACCGATATTTCGCACCTC TTACTAAGCCAAAATCCAGACAG NGS-SSR
57 ABIL109 | TCCTATCACGTAAGCCTACCTAC GTTAGCACAGCTCCATGCTC NGS-SSR
58 ABIL112 | TAAGGCAAGGCTGTCGTTTG ACGAGCCTCATAAACCCAAG NGS-SSR
59 ABIL113 | AGTGTGCACTCGTCGATCTC TCCTAGAATGGCACACGACC NGS-SSR
60 ABIL114 | CGAGCCACCGGATTCTAATG TCAAGAAATGCTTAATAGCACCAC NGS-SSR
61 ABIL115 | CTCCAGCGTTTCATTCGGAC CCCACTGTTCAGACCTGGC NGS-SSR
62 ABIL119 | GCATGTTCATAGTTGGGGCG CCCTCCGCATACTCGTAGAC NGS-SSR
63 ABIL120 | TTCTTCGCAGCTACTTGTCC TTGCAGGGTGCTAAATCTGG NGS-SSR
64 ABIL123 | AGGATGATTGCATCACATACTGC AGATTAGCAATGCCGCGAAC NGS-SSR
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65 ABIL125 | TGCAGCACATTGACTGGTATG GAAACTGCTGGTGGATCGTG NGS-SSR
66 ABIL126 | CGAAACTAAAAAGTGAATCAAAACAAG | TGACAACTCCGCGCAATAAC NGS-SSR
67 ABIL128 | CAGTCACCTGCTACCATAACC TTTCCCATTTGACCCCAAGC NGS-SSR
68 ABIL129 | TCATTAGTTAATTGGAAGGTTTTTGAC | ACCCAAAATCAGGTCTTGCTG NGS-SSR
69 ABIL131 | CCTTTATTGACTCAGCTCTGGC CCGTAGCCATTCATTGTGGG NGS-SSR
70 ABIL133 | ACCGAAAAGCTAACAAACTCCC AGGAGAAAGAGTGGCTTCAC NGS-SSR
71 ABIL136 | TAAATGTTGCGCGACTCCAC AATCTGCCTCGGAAGTAGGG NGS-SSR
72 ABIL137 | TAGCCGGACTGGAAAATGGG TGTGCCGGTTTTGAGAACATAG NGS-SSR
73 ABIL138 | CCCTCTCGGTGATGAAGACG AGAAAGGGACAAACATATGCGG NGS-SSR
74 ABIL139 | CGAAGGTTGTGTCTACTGCG TGCGAATCAAGCAAATGCAC NGS-SSR
75 ABIL143 | CAGAGGCACATAAATGGTTTTGC CTGACACAACTCCAGGTTGC NGS-SSR
76 ABIL148 | TCACCGGTAGCATAAGGAGG ACGTGCAGCTTTAGGAGAGG NGS-SSR
77 ABIL150 | GCCTACACATTACCACGTCC CAGTTGTGCTGCGCTGATAC NGS-SSR
78 ABIL153 | CACTAGACATCCTTTCTGAGGC AGCAAATCCGTGCTTCCTAC NGS-SSR
79 ABIL154 | GGATTTTTCCAGTAGCCGCC TTTTCGGCACGGTATGTACG NGS-SSR
80 ABIL156 | ACCTCCCCGAAGTTGATGAC CTATGCGGTTCATGGACGTG NGS-SSR
81 ABIL157 | GGCAATTGGGAAGTGGCG TTTCTCTTATTGACGTGGAGTTC NGS-SSR
82 ABIL158 | AGCCCATTCCTTCTGCTACC TGTGCCCTGCATTTACAACG NGS-SSR
83 ABIL163 | ACTTGAGGAATCAACGAAACCG GGATTAAGTCAGTGTCCGCC NGS-SSR
84 ABIL164 | GTATTTCAGCCACCACACTCC TCCCACGTTGTATGCGTTTG NGS-SSR
85 ABIL166 | TATGGGACGTAGGAAGAAGC TAGAGCCCCACATGAATCCC NGS-SSR
86 ABIL167 | AACTAGCCAATGCGCCAATC GAGTTCATCTCTTGTAGTCGCC NGS-SSR
87 ABIL168 | AAAGCCGCTATGAGTGCAAG AGTAAAATCTCAACGCCCGC NGS-SSR
88 ABIL169 | CCTGAGGCTGGGTAAAAACC TGGACCCCAAGTGCTAATCC NGS-SSR
89 ABIL170 | GTCAGAGCTGTAGACAAGGAAC GCTCGTCAGTGGTAATCAACC NGS-SSR
90 ABIL171 | TCCCGACATTGTTTCTATTTGC TGAGCTAGCACTCACCAATATC NGS-SSR
91 ABIL173 | GCTGCACTCTTCGTCTTAGG CACCGCCATCATCTCGAAAG NGS-SSR
92 ABIL176 | TTACGCCTTCAGATCTTGCG TACCCTGCCTGTGAAGACAC NGS-SSR
93 ABIL180 | AGAGCATCAATGAACTCGCC GCTTTTACGAACATCGCACG NGS-SSR
94 ABIL181 | TGAGTCGGCTCGGTTTACTC AAAGTGCAATGTTCACACGC NGS-SSR
95 ABIL185 | CAGTTGCTATCAAGAAACCGC CGGCTTAACATTCCTTGGGC NGS-SSR
96 ABIL186 | ATTCGCAAAACTGTCGAGGC CAACCAGCTTTCCGGTGTAG NGS-SSR
97 ABIL187 | TCCACCAAATGTCACTGATACG ATTGGGGCGTTACACAAGTC NGS-SSR
98 ABIL188 | TTATTTGCAACGCCTCTGCC TTGCGGTGAAATGACAACAG NGS-SSR
99 ABIL189 | TCTCCCAGCAACAGATGAGG CATGGATGTCCCCTTGAAAGC NGS-SSR
100 | ABIL192 | ACAGATCCAACCTGCTCTCG GTCAAGGGAAGATGGCGTTG NGS-SSR
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101 | ABIL193 | ACTGCTCTTAGTCCTTCGCC ACAGATAGCCCTTCGTCTTTATC NGS-SSR
102 | ABIL195 | TGGATGGTGATAGTGCCTCC AGCGGAATTGCGTTCCTATG NGS-SSR
103 | ABIL197 | CGCAAGTGATCCAGCTTTCC GTATCGCCCAACCCCTTTTG NGS-SSR
104 | ABIL198 | AATCTGCAACTGATGCGTGC GATAAGGGCTGTTCACACGG NGS-SSR
105 | ABIL199 | ACGAGTTCTTTTAGAATGGTTTGAG GCAATCGGATGCACCAAAG NGS-SSR
106 | ABIL200 | TAGCACGAGCATGTGCAAAG ACCAATAAAGGTACATCCTCTGG NGS-SSR
107 | ABIL202 | CTCGGCCAGGATAGTGCTTC TTTATGGGCCTACCGAGCTG NGS-SSR
108 | ABIL203 | AGTGCAACTTGTTTCTTTTAACTTCC CACCTTCGTTGATGACTGCC NGS-SSR
109 | ABIL204 | ATTCTTTGTTGAGCTGGCGG ACCTCACATGGAAATGTGCC NGS-SSR
110 | ABIL205 | TGGAGGATGCTCAGTTGGAG CTCCCCTGCCACGTCATATC NGS-SSR
111 | ABIL208 | ACCCTAGCCTGCAAAAACTATC GTGCTTCAAGAAGAAGCCAAC NGS-SSR
112 | ABIL209 | GCCATACAGCCTTTGGAACTG GGTCGTGGAGAAAATACGGC NGS-SSR
113 | ABIL210 | ACGCCCCCTACATGTTTGAC CTTAGATGTCGGCGGAAACG NGS-SSR
114 | ABIL211 | CGTTCTTCCACGCTATCGAC ACAATCATTTCAGTACACCCTGC NGS-SSR
115 | ABIL212 | GATGGTTTTGGAGCCTCACG ACCTCCAGTGTATAGCAGCC NGS-SSR
116 | ABIL214 | ATTTCTGTCCTGCCAACGTG GTTTCTCGCCATACCTTCAGC NGS-SSR
117 | ABIL221 | AACATGTCGAGTCAGGAAGG GCTGTTGAAATAACCGGGGG NGS-SSR
118 | ABIL224 | AACGATGGTAGTGGGTCATC ACCTGTTCCACTAATTTCATGC NGS-SSR
119 | ABIL225 | ACGAGTTCTTTTAGAATGGTTTGAG GCAATCGGATGCACCAAAG NGS-SSR
120 | ABIL226 | ACACTCAAAACTGCCGATGG TATGACTTCAAGGCCCGCTC NGS-SSR
121 | ABIL227 | AGTAAAACACCCCTACTGCTC TTGAGGATTCCAGCTCCACC NGS-SSR
122 | ABIL228 | GCCTCCTCTTCGGCTATGAC CCTGCAAGACGGTTTTCTCG NGS-SSR
123 | ABIL232 | ACATAGACTGCAACGTTCTAACAG ACTTCGATACATGCACCAGC NGS-SSR
124 | ABIL233 | CAAGCTCAAAGGGTGACGAG ACTCAGTACAACCGGCTCTG NGS-SSR
125 | ABIL234 | CCAGACTATGCCCACCCTAC CTTGGAACAGGCAATCGTCC NGS-SSR
126 | ABIL238 | AGGTGAAGCTCGCCCTATAC TGTGGCCTTTCCCTCAGAAC NGS-SSR
127 | ABIL243 | AGATCTCAAGTACTCAGCCACC ACCGCTTTCGAGCTGATTTG NGS-SSR
128 | ABIL244 | CTGGATACACGTGCCAGAAG CGCCTACAAGCCTCCAATTC NGS-SSR
129 | ABIL245 | TCAGGAAGTGGAAGCTAGTCG TCGATGTCACTTTTGAGGGC NGS-SSR
130 | ABIL246 | GAGCTGTAGATACCCGAGGC CGTGGCTACACCTTTTTCCC NGS-SSR
131 | ABIL247 | ACTTTAGTTGACATCTTGTTCTCC GGATTCCTCACCCAAAAGGC NGS-SSR
132 | ABIL250 | GCATGTGCACCCCATACTTC TGATCAAGAAAATTCCTGCCCAC NGS-SSR
133 | ABIL251 | AGGCAATGAAGATACGGTGC AGCTTGGGGGTGACATAGAC NGS-SSR
134 | ABIL253 | TACCCACTAGCAGTGATCCG TCCTAGTTGAAACGTGGGGG NGS-SSR
135 | ABIL254 | TTGAGTTTCTAGTTTTCAGCGG AAATCCAAGTTGCCAGAAGTAG NGS-SSR
136 | ABIL257 | TATCTGCACCAGCCCTCTTG TCCCTGAAAAGAAGCAAAACCC NGS-SSR
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137 | ABIL261 | TTAGTTTTCCACGAGAGGTTTG ATGCAGACCGTTGAGTTTGG NGS-SSR
138 | ABIL262 | GTTGTCCGACCTTGCAGTTG CGTAGGCGGCACTGATTCC NGS-SSR
139 | ABIL263 | CGGCCGAACAGCTTTATCTC ACCCTAATGACGTAGCACCC NGS-SSR
140 | ABIL264 | CCACCGGCTTCATAGCAAAG CTGCACCAACGTTTCAATCAG NGS-SSR
141 | ABIL265 | TATAGTTGCACCCCTCTCCC GACGAGGGTAGGCGAATGTC NGS-SSR
142 | ABIL268 | TCCCAATGCGAGAGTAGACAG TTGTGGAATCCCTGCGAGAG NGS-SSR
143 | ABIL271 | CCGAATGACAGTAGAAGGCAAC AGTCACAGCTGATTCATCAATTTC NGS-SSR
144 | ABIL272 | GCATCTCTGCGTGGAAGAAC GGTCGTGAAATGCATCGGAG NGS-SSR
145 | ABIL275 | GTCGGGTATTTGAGACAGAAGG CCATACTGTACGCCTCTCCC NGS-SSR
146 | ABIL276 | GAGTACACAGATATGAACTGCC GAATGAAGGTGACAGCACGG NGS-SSR
147 | ABIL277 | TCGTCAGCTCCCAAGATGTG CTTCTGCTGCCGCAAGATAC NGS-SSR
148 | ABIL282 | CGTTCCAGAAACCTCGCTTG AACCGGCATTAAACCCGAAG NGS-SSR
149 | ABIL285 | ACCTCAGTGTAGCCTTGACC CGGCTGATCCCCAACTTTTC NGS-SSR
150 | ABIL289 | ATGGGCGTGAACTGTGTTTC TCTATCATCTGGGTGGACTGC NGS-SSR
151 | ABIL301 | GCTACTGTTGCCAAAGCCTC TTACCCGTCAATGTCCTCTC NGS-SSR
152 | ABIL303 | ATAAGTTGCACACCCTCGTG GTGCAGGCTATACAAGTAGGAC NGS-SSR
153 | ABIL305 | ACATGGAGAGAAATATACTGCACG GTGACCCCCGACTCAAAAATAC NGS-SSR
154 | ABIL308 | CCCATGTCAGCCGAAGATTG AGCCTTCATACCTTTTTAGGGAC NGS-SSR
155 | ABIL310 | TGCAAGACTCTGCCGACC TCGCTACCATTTTGCCCTAC NGS-SSR
156 | ABIL312 | CCTTTCTCAACTGGATGCCG CCCATTATTGGAAAGCACCG NGS-SSR
157 | ABIL315 | GCGTTTGGGACTGGCTTATC GTCGAAAACATCTGCATCACG NGS-SSR
158 | ABIL316 | TCATACTTTTGCGGGTGCTG AACCGTTGTCGAACAAGTGC NGS-SSR
159 | ABIL320 | TGATTAGATTCACGAGCTTGGC ACTTGGTGATGCAGCTAAATG NGS-SSR
160 | ABIL322 | AGCTTCTGACCATCAACTTTTC CTTACGCAGGGTTTCTGTGG NGS-SSR
161 | ABIL323 | AAGCGATTAACTCATGCCCG CACTCCAAGAAGAGACGTGG NGS-SSR
162 | ABIL324 | ATGATTCCGTCCTCGTAGCC GCAATGTTGAACTCAAAGGTGG NGS-SSR
163 | ABIL327 | AGCTGAGGTTAAATATCGGGTTG GCATCGACGTGGTGAAAATG NGS-SSR
164 | ABIL328 | ACGCGTCGAATTCCATCAG TCCAAATCGTCTACTTCTAGGAC NGS-SSR
165 | ABIL329 | TGTTCACACGATAACAGGTTG TGTCCCTTAATTCATAGTCGGC NGS-SSR
166 | ABIL330 | AGATTAAAGTCTGGCAATCAACC GGAGGTCACTACTATATTTGACTAGC | NGS-SSR
167 | ABIL331 | GACATCCTTCATCGCCGTTC ATTGGGAAAACACCTTCCGC NGS-SSR
168 | ABIL332 | ACCCAGGTAGGGCAATCTTC AGGGCCAAGTTGTGGACTTC NGS-SSR
169 | ABIL335 | GGCTGCATGCCTTTAGTCC ATAAGCTGACCAAAAGGGCG NGS-SSR
170 | ABIL336 | GCCTTCTATGGGACAGGGAC AAGGAAAACCAACTGTATCTGG NGS-SSR
171 | ABIL338 | ACATTTCTTTGCAACTGGAGC TGTCATGCAATGGAAGCTTTATC NGS-SSR
172 | ABIL339 | TCAACTATGCAGTCGGAAGC ACTTTGGAGCATCAACGCAG NGS-SSR
173 | ABIL342 | GCGTTAGTTTCACGACCCAG TACCTCCAAGTTCAGCGGAG NGS-SSR
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174 | ABIL344 | AGTGGGGAAGTATCGTGCTG AAATCGTGGGACATGGTTGC NGS-SSR
175 | ABIL346 | CTAGTTCTTGATCCCGTGCC GGAGCCTCAAGATTGGAACC NGS-SSR
176 | ABIL349 | AAACAAGATGCAGCACTCCG CCTTGAAAGGCTAGACATGAAC NGS-SSR
177 | ABIL352 | AGCCCCAATCTGTTCTGTAGG CGCGACGTATTGGACTTACC NGS-SSR
178 | ABIL355 | CAGGCATACTACAACGTGCG GGGGTCGGCTTGAGAATTTG NGS-SSR
179 | ABIL361 | AGTCTAAGCTGAGGGGCAAG GTCGTTAGGATTGGCTGCAC NGS-SSR
180 | ABIL362 | AGAAGCTGGGTAACCAACGG GGTGGAAACTGAGCCAAGATG NGS-SSR
181 | ABIL363 | ACATTTCTTTGCAACTGGAGC TGTCATGCAATGGAAGCTTTATC NGS-SSR
182 | ABIL368 | CTCGACTCTATGCACACGAC ATCCGGCAGTGGGTTATACG NGS-SSR
183 | ABIL369 | ACCCATCTAGCTCACGGTTG AGCGGCTTTTGGATTCACAC NGS-SSR
184 | ABIL370 | ACAGCGTTGGAGAAAATTAGGAC ACCGATTTACATGGTATCAGAGC NGS-SSR
185 | ABIL371 | CCGCCATGTTTCTGCAAAGG ATATGTTCTGTGCAGTGCGG NGS-SSR
186 | ABIL374 | TTATCAGCAAGCCTGCGAAC AGTGTTGGGCCTATCAACTATC NGS-SSR
187 | ABIL375 | CGGCTCAACCTCTTACTGATG ATCCCACTGAAGCCACCAAC NGS-SSR
188 | ABIL376 | ACTGGAAGCAAAGTGAGAAAATC ATGACTCCCATCATCCGTCC NGS-SSR
189 | ABIL377 | AAATGTCCGCAAGCACTCTG TCGTTTACGGCGGATCTGG NGS-SSR
190 | ABIL379 | GCTGTTGATTGCCCAAATCG CAAGACATTCACCTTGGTCCG NGS-SSR
191 | ABIL380 | CCGCAGAGTTAATGCGGAAG CACCGAAAAGCTAACAAACTCC NGS-SSR
192 | ABIL381 | ATCTGTCGACCAGTGGAAGG TCCACAAAGCTCGGAAATCG NGS-SSR
193 | ABIL382 | CGAAGGCGATTACAGTTCCG AATGTGGTAAGGTCCGAGGC NGS-SSR
194 | ABIL384 | TCAATGCAACCAAGAGTTAGAG GTGCTGTGTATCGAGCAACG NGS-SSR
195 | ABIL386 | TGGTTGTTATGGCAACTGCTC TGCATATGTGGCAAAGGAAC NGS-SSR
196 | ABIL387 | CAACCGTGGCAAGCTCTATG GACTTCAAAATTCCTCGCGTC NGS-SSR
197 | ABIL388 | GATGAAAGGCCAATTCGTGC TGACAACCGGTGTAATTGTCG NGS-SSR
198 | ABIL392 | TTCTATTTCGCCACGTTCGG TCCTCACTGCAATAGTCGGC NGS-SSR
199 | ABIL393 | TCGCTAACCCTTTCTTCATGC AGAAAATCTCAGACGCGTGG NGS-SSR
200 | ABIL401 | GGGCCAAAATTGGACTTCAAAC CCCATTGGAGAGTACAAACACG NGS-SSR
201 | ABIL402 | TGATCAAACCATTCGCTGGC GAGAAGGTCAATTTGGCTGG NGS-SSR
202 | ABIL403 | ACATATGCTCCACGCCTCC AGATGGTACCGCACGAATTG NGS-SSR
203 | ABIL404 | GTAAGTACTCATGTGATCCGTTCC AGTGCAATGTTCACATATTTACACG NGS-SSR
204 | ABIL408 | AACTGTCTGAAAAAGTAGACAAAATAC | TACAGAAGGGTGGTTGCCTC NGS-SSR
205 | ABIL409 | GGCTTGTAAAATAGGACCTTCTCG GGAAACGCTCCTGCTAATGG NGS-SSR
206 | ABIL412 | TGGCCAGTGTTCAGAGTACC GCATATTGTGTTCCCCTCGG NGS-SSR
207 | ABIL415 | CGGCACTGTACCCCCATC AATGCGACGTGTGGAATAAG NGS-SSR
208 | ABIL416 | GTAGCCTCGCGATGTATTCG TCCGCTGGCGTTTGATATTG NGS-SSR
209 | ABIL418 | CCTCACACGCCTTGATTACG TGTGTATCGAATCTCCAACCG NGS-SSR
210 | ABIL419 | GGCAGAGAGGCCATACTTTTTG ACCTTGTTGCAAATGAGCAG NGS-SSR
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211 | ABIL421 | GTTCTCCATAGAACCCTCCCC ACAAGAAGGCCATGTGAGTTTC NGS-SSR
212 | ABIL427 | AGTCGCACGAGACTGCATAC ACTCTCTGGATAGCGCGTG NGS-SSR
213 | ABIL428 | AGGCTGTCAAAAATAGCCCC GATGAGTGTGTTGGCCTTCG NGS-SSR
214 | ABIL429 | TCGATTGGTTAGCCCAATTTC TCCGTCCCTGTATAGAGCTG NGS-SSR
215 | ABIL431 | GCCATCTGAACATTTGTAAGCC GCAGTTTTCACACGATAATGGG NGS-SSR
216 | ABIL435 | GCGTTTGTGGGAGTAGCATC GAGAGAGTGACTGGAAACATAGC NGS-SSR
217 | ABIL436 | AGAGGGATGTTCCATGTGCG GCGTCGATTCGCCTTCCTAC NGS-SSR
218 | ABIL437 | TCCCCACATAGCTGTTTCTCC CCCTGTATGACCAAAAGCATCC NGS-SSR
219 | ABIL439 | ACCACCTTTATGAATTTAGTGCAAC TTCCGTACACTTTATGCCTTATC NGS-SSR
220 | ABIL441 | AGTGTGAAAACTGTCTCTACATGC CATTAGCCCCTGCGTTTTGG NGS-SSR
221 | ABIL442 | CCGACTGCATTGTTCCTTGG AGATATGCGTCCACCTCCAG NGS-SSR
222 | ABIL444 | TGCCGTTTCAACGTTTATITTG CCAATGCCGCGATCAAGTAG NGS-SSR
223 | ABIL445 | AGCCCTGATGATCGCCTTAC TCTGAACAAGATCAAGCCCAAG NGS-SSR
224 | ABIL446 | CCGAAGCTCTGCAGTATGTG GCTGGTAGATGTTAAGAAGGTCG NGS-SSR
225 | ABIL448 | ACGTGACATAAGAACAAAGAGAGC CGGTCTCCTTCGCATTTAGC NGS-SSR
226 | ABIL454 | AGACACTCATGCATACGTTCATAC AGATCGAGATCCAACTTTGCG NGS-SSR
227 | ABIL456 | TTGGCCGTACTTTCTCCACG CGACCACAATTTCTCAGCCC NGS-SSR
228 | ABIL4A58 | GGCTAACAACCGAGCATCAC CGGCAAGTGTAAGTTCCCTC NGS-SSR
229 | ABIL465 | AGCCCGAGTATTTTCCTCCC ACCAAAAAGTCCTGCACAGAAG NGS-SSR
230 | ABIL466 | TTGCCACGATAGAGGTAGCC CACTCAAGATCCCGCTCTCC NGS-SSR
231 | ABIL467 | GCCGTACAGAAGCCTTTTCC TTGCAGCTACGGGTTTTCTG NGS-SSR
232 | ABIL468 | GGGACTAAGCATTCAAGTGGC TAGGAGTTGGTTCTCACGGG NGS-SSR
233 | ABIL469 | GGAACCAGCTATCCTGGGAG TACCATTGTCACTGTGTGCG NGS-SSR
234 | ABIL470 | AGATCACTGCAGAAACCTCC TCCACTGGCGGTCATTTTTC NGS-SSR
235 | ABIL471 | ATGGTTTCCGAGCTGAGGTG GCCACGTACCTAAGCATGTC NGS-SSR
236 | ABIL472 | TGCATGTAAGAAGGAAAACAGC TCCACCTTTTTGCAGTGAAG NGS-SSR
237 | ABIL473 | TGCACATTAAGCATGAAGTAACG TCAATTCCGTCTCATAAGCAAAC NGS-SSR
238 | ABIL474 | TGGAACACTCTTGCAGTTCC ACATAGCAAAACAAGTACCTTCC NGS-SSR
239 | ABIL476 | CGAGTTTGAAATTGCTTCTTCCAC AAAAGTTGTCGGCTTCACCG NGS-SSR
240 | ABIL479 | TAGAATGCGCTCTCCACCTC CGACGGTCAATGATGTCTGC NGS-SSR
241 | ABIL480 | CTATGCAATCACGAGGTGCC ATGCCAGTAATAGCGGGACG NGS-SSR
242 | ABIL481 | TCAATACCAGGTGAAGGTTGC CGCCCCAGCTAGAGTTTTTG NGS-SSR
243 | ABIL483 | ATCGCCACAGCCAGAGTATC AATGAGTAACAACGCGAGGC NGS-SSR
244 | ABIL484 | AGCGCTTGATCTTTIGTTCTG TCGGAAATCCGCCACTTG NGS-SSR
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245 | ABIL489 | TCGCTGCAAAAACATCAAAATAAC TGATGCCTTCAAACGTGAGC NGS-SSR
246 | ABIL491 | GAGTGGCTACACTTTCGGTTC TACGTAAGAGCGCATGCAAC NGS-SSR
247 | ABIL493 | AATATGGATATAACTCGTTTITCTGC CACAGTTGGAAGTTCGGTGC NGS-SSR
248 | ABIL494 | GCCGTGATCCAGGCAAGTAG TACTGTCCGGATGCTTCTCC NGS-SSR
249 | ABIL497 | TTTGGACTTACATGCGACAAG GCTGCCCAGAAACGTGAAG NGS-SSR
250 | ABIL498 | TGAAGTACGCTTTCCGTGAG ATGGCATCGTTTTCCGAAGG NGS-SSR
251 | ABIL499 | GGTCCCTTACACAGAAATGGTG TCTATGGTGGACTGCTAAAGTG NGS-SSR
252 | ABIL500 | TACCTCGTGTATGAGCTGCC TTTGACCGTAGCCCTGTCTC NGS-SSR
253 | ABIL501 | ACTTGAAGCAGAGGTAGCGG CGACACGGTCAGCTTTTCTC NGS-SSR
254 | ABILS05 | GAGACATGTGGTTCCTAGCG GGTGCAATCGTGAAGGAGAC NGS-SSR
255 | ABIL506 | ATTCCACTCCAGTTCCCTGC GGCCAGTTTCTGTGTTACCG NGS-SSR
256 | ABIL510 | TTTACCCGAGGTGCCATTCC GGCTCAGTCAAAAGCAACGG GEN-SSR
257 | ABIL511 | GTGACGGGGCATGTTAAAGC TGGACACATTTCATAGAAGGCC GEN-SSR
258 | ABIL512 | CATAAATTGCCATCTTCTGCTGC TGTCCTTTTTGTATGTGGTGTGG GEN-SSR
259 | ABIL513 | ACCGGTTGAGGTTGGTAAGC TCACATGCAGGCTTTCCTCC GEN-SSR
260 | ABIL514 | CGTGTGCATTTTGAAAGTGTTGG TGAAGATTGACGGGCAGACC GEN-SSR
261 | ABIL515 | TTCGATTACCTCTCCCTGTCC TCTAAACTAGAGGGTCTCTTGTGC GEN-SSR
262 | ABIL516 | AAAGCAAGCCGCAATATCGC CTCTACATTCCGCTCCTCCG GEN-SSR
263 | ABIL517 | GATAGAGAAAGAGAGTTGCTGGC GTTTTCCACGTGCTTCTGGG GEN-SSR
264 | ABIL518 | CTTCAGCTCAACTCTCCCCC CATGTTCATACGCACGTCAGG GEN-SSR
265 | ABIL519 | CACCCTCTCAAAGGCCTTCG TGGGCAAGCATACTCATCCG GEN-SSR
266 | ABIL520 | GGCCTGCTGTCACTTTATCG ATGAAGGTAAACTACACGCCG GEN-SSR
267 | ABIL521 | GCTGTGTGTTCTCATGTCGC ACAAACGCACACAAATGAAGG GEN-SSR
268 | ABIL522 | CCAGCAGAGTTCTGTAGCCC TGATTTGTGTTCAATTTCTTCACCC GEN-SSR
269 | ABIL523 | CGGGAAACGGGTATCCATCG GCCCTTCTGATTCAAGAGATTCC GEN-SSR
270 | ABIL524 | CAGCTGAGTGAATTTGAACCCG TGCAGACATAATGCCATTATTCGG GEN-SSR
271 | ABIL525 | ACTCGGAAACCCACAATCTCG AGTATATGTGTTCCCTATGTGCTCC GEN-SSR
272 | ABIL526 | TGGATGAACGACGACGATGG TGCAAAACTCTAGTTTCCCACC GEN-SSR
273 | ABIL527 | GTGATGGAGGTAGGCACACG GAAGGCGGAATAGGCACTCC GEN-SSR
274 | ABIL528 | AAGGGTGGACTTGGAGAAACC ATGTGCTTCACCGTGTCAGC GEN-SSR
275 | ABIL529 | CTCGATTCTCCTGATCGCCC GACTCACCTCTCTCCAACGG GEN-SSR
276 | ABIL530 | GCATCGTGCTTGTGCTATCC GCATCCAAACAAACAAAATGGACG GEN-SSR
277 | ABIL531 | CGAAACAAGGAAATGCACATGG TGTGTCGTATTTCAGCCACC GEN-SSR
278 | ABIL532 | AATTATGCTGGCTTGGGGGC TTTACGTAGGCTGCGGTTGG GEN-SSR
279 | ABIL533 | GCAACGGTGGTGGAAATGG CCCCCACCATTCTTTCCACC GEN-SSR
280 | ABIL534 | AGTTTGATTTCCCAGCACCC TTCTCCACCTCTGTGTTGCC GEN-SSR
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281 | ABIL535 | GAGCTTATCCATTGTCCGGC ATGTGTCGTAGTTGCAGTGG GEN-SSR
282 | ABIL536 | ACCGCAAATTTGGAACGACG AATCTTCAAACGACCACCGC GEN-SSR
283 | ABIL537 | TAGGAGTTGAATCGGCACACC CACACTAGTATGAATTCATTAACCTCG | GEN-SSR
284 | ABIL538 | GAGGAACGACACCAGATTGG GTTCCGCAAATTACTCTCAATTGG GEN-SSR
285 | ABIL539 | GAGGTGGAGGAAGAAGAGCC ACGTAGTAGAAGAGTTGAGAATGC GEN-SSR
286 | ABIL540 | TACCTTATGCGGCGACAGC TCGTAAGTTATGCATAAAATAACGCC GEN-SSR
287 | ABIL541 | TTCAGTAACGGGGAGAAGCG CTCTGTGTTGTAGAACGCCG GEN-SSR
288 | ABIL542 | CACTTTCTTTTGCTCCCCATCC CAATCAATTATACAAACAGTCTTTGCC | GEN-SSR
289 | ABIL543 | TGACACTTTAGCCCATTTAGCC CTCACAAGTCACAAAAACTCAATAGG GEN-SSR
290 | ABIL544 | TGCCCTCACACCAACTGC CTACTCAAGGTGGGACAGGG GEN-SSR
291 | ABIL545 | CCCTTCCAACATCTTCCTCC CTTCTGGGCTCACAAAGATTCC GEN-SSR
292 | ABIL546 | TCTCCTTTTTCACCATTTTCCACC GTTGCAGCTGATCGATCTGG GEN-SSR
293 | ABIL547 | AATTGTGTGTAAAGCGGCGC TTGGCGTCTTCCCAATAAGC GEN-SSR
294 | ABIL548 | GGAATGTAAAGGTGCACGCG ACACACCAAAAGAGTTCATCGC GEN-SSR
295 | ABIL549 | GACACTTTCTTTGGGACACCC CAGTTGACTTGAGGGGTCCG GEN-SSR
296 | ABIL550 | CATGCACACAATCCTTCGGC GCAAGTAAAGATGTCAACAAGATCG GEN-SSR
297 | ABIL551 | TGTGTTCATACGCCACAATTCG GCGGCGAACATGATACTTCC GEN-SSR
298 | ABIL552 | TCAGCAGTTGTAAGAGGCCC CACAATTGGCTCTTTGAATTTAGTGG GEN-SSR
299 | ABIL553 | GGAGATAGTCTTGCCAGGTCC TGTTGTCAGGCCAAATAGCG GEN-SSR
300 | ABIL554 | GAACCAGCGAAACAGAAGCC GGTAGGTCATCTCCCATGTCG GEN-SSR
301 | ABIL555 | CCTCTTCAAGTGCTGCATGC ACAGTGTGGATAGCAGTGGC GEN-SSR
302 | ABIL556 | GTGGCTGAAACTTTGACATTAACG ACAACATGGGGCTGATAATGG GEN-SSR
303 | ABIL557 | TGGCTCTCAACCAAACACCC TTCGACAAAGCAAAATTCGAGC GEN-SSR
304 | ABIL558 | AAACCAAAAGCTTTGGCCGC ATCACTAAGCCTCGTCTCGG GEN-SSR
305 | ABIL559 | AGTTCTCGAACGCCTCTTCC CTCCATAGTTTTTCGAGTCTCGG GEN-SSR
306 | ABIL560 | GAGCATGCATTTGAGAGAGTGG GAGGGCTTTTGGAAACTGGG GEN-SSR
307 | ABIL561 | TGTGTGTAGATGGAGGAACAGG CCACCAAAGCATTCTTGAATTGC GEN-SSR
308 | ABIL562 | ACACTGTGCATAACCTCTCTGG AAGCCTCCACGTCCATTTCC GEN-SSR
309 | ABIL563 | ACTCTGCGTCATTACACTCCC TTGATTTCCTGGCCAGTCCC GEN-SSR
310 | ABIL564 | CAAAGCCTTGTGCCAGTAGG AAATTGATGGAGCAAGTTTATCCG GEN-SSR
311 | ABIL565 | CGAACTTCTCTTACCAAACGCC CCGATTTCAAGCTGCGAACC GEN-SSR
312 ABIL566 | TGGTCGGTATTAAAACTTCTCGC TCGCGTTTTCTTTATTGAGAATGC GEN-SSR
313 | ABIL567 | TTCGGCCAGCAACAACTACG CCATCTCCACCACTCCTTCC GEN-SSR
314 | ABIL568 | ATCAGAATGTTGCGAATTGCG CGCCTCTCTTCTTCTCTCTCG GEN-SSR
315 ABIL569 | TGTTAATTTGAGGCACTAAGTGTGG | CCCCTTTGCAGAAAACAAAATGG GEN-SSR
316 | ABIL570 | TTATCATGGTGGGGACTGCG GTTCATTTGACTTGGAGGATCGG GEN-SSR
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317 | ABIL571 | ACGATGTCCATTTCTGTCGC TGACAAATTACCGACGGATATACC GEN-SSR
318 | ABIL572 | GGAAACCACCCTCCTTCCG ACGATCCGTTCTCACAATCG GEN-SSR
319 | ABIL573 | GAAGGTCTACGGCTCAGAGG GGGAAACACATAGTTGCTCGC GEN-SSR
320 | ABIL574 | GTGATGTCAACTGAGCAGCC TCCAGTGACTTTGATGGGAGG GEN-SSR
321 | ABIL575 | TGTGGGTTCTCACCAGATCC GGATCTTGAGGACGTATCGCC GEN-SSR
322 | ABIL576 | CCTTCAAACTTGTATCTGGCTGC TCTCAGTGTTCCCTTCATGGC GEN-SSR
323 | ABIL577 | GTCCATCTCCTGCATCTCCC CTCCTGCCAGCAGTACTTCC GEN-SSR
324 | ABIL578 | GTATATTTCCGGGGGCAGGG GGAGAGCATTGGCATTATCTGG GEN-SSR
325 | ABIL579 | CATATTGCAAGAACACAACATGGG TACCACCTCCACCACACTGG GEN-SSR
326 | ABIL580 | ACACCGCTCTTATTTGAGGAGG GAGAGCATGTTTACTGCCGC GEN-SSR
327 | ABIL581 | AGAGAACACACACTCTGCCC ATGTGGAAGAGGGCTAAGGC GEN-SSR
328 | ABIL582 | ACCAAACTCAACATCCAGTGC ACTCGCCCCTTCTAATTGGG GEN-SSR
329 | ABIL583 | CATCATTGCATTACAAATGGAAGGC CGGCTCCGAGAAAGAAGTGG GEN-SSR
330 | ABIL584 | TGGTGAAGGGGAGGAGTAGG ACAATCCCACTCCCACAACC GEN-SSR
331 | ABIL585 | GCACATCAAAAGTAACGACAGC ATGAAAGGTGAGAGGTTGTTCC GEN-SSR
332 | ABIL586 | TTCATGGCTTCCCTCTTGGC ACACAGCAAAGAAACACGGG GEN-SSR
333 | ABIL587 | ACTTGGCGTAGGGTTGTACG TTTGTGTCTGTGATGAATCAAACC GEN-SSR
334 | ABIL588 | TCTGCTGCTAGACAAAGCCC GCATCGCATATAAGGAGCTGC GEN-SSR
335 LAF1 GGGATTCGACTGCCTTGATA AATGCCATTTCCCACCACT EST-SSR
336 LAF5 CAAATGACCCCATCAACAA GTATGATCCCATCCCGTGAG EST-SSR
337 LAF8 TGCAATCCTCCTATGTGTTGTC TTGGAGTTGCTGTGGATGAG EST-SSR
338 LAF9 GAGCTGCGAGTGTGAGTCAG TTTACTTGGGGGACGTTGAG EST-SSR
339 LAF15 AAGCGGAAGTGGATTCATGT GCAAGATTGCATTAGCACGA EST-SSR

Appendix 2. Comparison of the positions of the analyzed SSR loci in the constructed
genomic map of the Hemus variety and the hybridization sites of the corresponding PCR

72




primers for amplifying the SSR loci in the genomic sequence of the Munstead variety.
The presentation of the loci follows their arrangement in the genetic map in Figure 5. The
positions of the loci in the genetic map are presented in cM. The position of the primers is
presented in Mbd (million base pairs) relative to the beginning of the corresponding

chromosome sequence deposited in Genbank

(https://www.ncbi.nlm.nih.gov/datasets/genome/GCA 028984105.1/). The absence of a
homologous sequence or its presence in another chromosome are indicated in comments.

The size of each chromosome sequence is presented in the legend to each sub-item. For
completeness, the tables also include SRAP loci without indicating their locations in the
genomic / chromosome sequences, as their designation is not correct.

Linkage group 1 corresponds to Chromosome 1.

Number of loci: 23

Length of LG group (cM): 154

Average locus length (cM); 6.71

Length of chromosome sequence (Mbp): 43.13

Coverage of chromosome sequence by LG (%): 89.8%

5 c BLAST Results in Ref.
w & 9O = G
< 3 Ne Marker 83 enorl:noecat'on Comment
= O o ~ |
- = h. Ne
¢ (Mb)
LG1 1 na na
ES5M3-
253 0.000
LG1 2 CH1 1.64
ABIL510 2.207
LG1 3 CH1 357 /-/ - PCR products analyzed with Agilent
ABIL511 6.763 ) 5200 Fragment Analyzer system
several BLAST hits of "F" primer
LG1 4 CH1(m) 9.03 sequence on chromosomes 1;3;10;20;23
and "R" primer on chromosomes
ABIL14 10.718 1;3;10;20
/-/ - PCR products analyzed with Agilent
161 > ABIL512 18.647 CH1 104 5200 Fragment Analyzer system
LG1 6 ESM3- na na
303 25.991
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two BLAST hits of primer sequences on

LG1 7 CH1(m) 15.05 | chromosomes 1(ABIL97A) and
ABIL97A | 32.044 10(ABIL97B)
two BLAST hits of primer sequences on
LG1 8 CH1(m) 18.79 | chromosomes 1(ABIL264D) and 13
ABIL264D | 44.524 (ABIL264A)
LG1 9 ABIL388 51.473 CH1 18.91
two BLAST hits of primer sequences on
161 10 ABIL361 66.839 CH1(m) 23.5 chromosomes 1(ABIL361) and 13
two BLAST hits of "R" primer sequences
161 11 ABIL418 75.036 CH1(m) 31.37 on chromosomes 1(ABIL418) and 12;
LG1 12 ABIL514 83.796 CH1 24.9
LG1 13 CH1 2513 two BLAST hits of "R" primer sequences
ABIL261 90.962 on chromosomes 1(ABIL261) and 19;
LG1 14 CH1 26.61
ABIL371 | 100.834
LG1 15 ABIL352 | 107.193 CH1 26.79
LG1 16 CH1 32.16
ABIL271 | 111.163
LGl 17 ABIL516 117.240 CH1 34.79
two BLAST hits of primer sequences on
LG1 18 CH1(m) | 37.83 | chromosomes 1(ABIL211A) and
ABIL211A | 124.946 12(ABIL211B)
LGl 19 ABIL446 131.170 CH1 40.38
LG1 20 E2M10- na na
122 131.772
LGl 21 ABILS8 149.459 CH1 39.07
LG1 22 CH1 30.38
ABIL515 163.053
*- the marker shows segregation
LG1 ABIL24 " CH10** % distortion and changes in the LG1 map

** _ BLAST hits of primer sequences only
on chromosome 10

Linkage group 2 corresponds to Chromosome 2.
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Number of loci : 19

Length of LG group (cM): 108.82

Average locus length (cM): 5.73

Length of chromosome sequence (Mbp): 40.25

Coverage of chromosome sequence by LG (%) : 95.5

BLAST Results in Ref. Genome
o Neo Marker g Comment
Q0 o 2 -
] ® = Ch. Ne Location (Mb)
€ 90 g =
50 S s
1 1.08
LG2 ABIL163 0.000 CH2
two BLAST hits of "R" primer
2 4.48 sequence on chromosomes 2
LG2 ABIL519 14.079 CH2(m) and 24;
BLAST hits of primer
3 sequences on chromosomes:
3; 20; No clear hits on
LG2 ABIL437 20.013 CH3(m) 4.92 chromosome 2
LG2 4 ABIL26 27.061 CH2 5.08
LG2 5 ABIL327 30.401 CH2 7.4
two BLAST hits on
6 9.51 chromosomes: 2 (ABIL393A)
LG2 ABIL393A | 32.019 CH2(m) and 24 (ABIL393B);
several BLAST hits of "R"
7 13.35 primer sequence on
LG2 ABIL473 34.196 CH2 chromosome 2
BLAST hits of primer
sequences on chromosomes:
8 15.18
2 (ABIL530A); 5 (ABIL530B);
LG2 ABIL530A | 38.941 CH2(m) 11;
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two BLAST hits on
9 20.08 chromosomes: 2 (ABIL91B)
LG2 ABIL91B 47.024 CH2(m) and 5 (ABIL91A);
LG2 10 ABIL268 53.123 CH2 22.94
11 30.04
LG2 ABIL520 63.411 CH2
LG2 12 ABIL181 | 69.125 CH2 31.68
LG2 13 ABIL113 71.298 CH2 35.33
LG2 14 ABIL115 74.303 CH2 35.37
two BLAST hits on
15 37.22
LG2 ABIL263 77.943 CH2(m) chromosomes: 2 and 5;
LG2 16 ABIL125 82.903 CH2 37.36
E7M10-
17 na na
LG2 107 86.136
two BLAST hits of "R" primer
18 38.96 sequence on chromosomes 2
LG2 ABIL310 105.819 | CH2 and 5;
two BLAST hits of "R" primer
19 39.51 sequence on chromosomes 2
LG2 ABIL87 123.379 | CH2 and 5;

Linkage group 3 corresponds to Chromosome 3.
Number of loci : 26

Length of LG group (cM): 103.45

Average locus length (cM): 3.98

Length of chromosome sequence (Mbp): 39.09

Coverage of chromosome sequence by LG (%) : 96
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N c BLAST Results in Ref.
w S 2= Genome
go No Marker "2 - Comment
£06 § - Ch. No Location
(Mb)
1 1.54 two BLAST hits of "F" primer sequence on
LG3 ABIL382 0.000 CH3(m) chromosomes 3 and 20;
LG3 2 ABIL75 6.429 CH3 1.64
LG3 3 ABIL308 15.192 CH3 1.89
4 313 two BLAST hits of "F" primer sequence on
LG3 ABIL381 24.126 | CH3(m) chromosomes 3 and 20;
LG3 5 ABIL315 25.081 CH3 3.27
6 433 two BLAST hits on chromosomes:
LG3 ABIL521 31.107 | CH3(m) 3(ABIL521) and 20;
7 331 two BLAST hits on chromosomes: 3
LG3 ABIL579C | 31.489 CH3(m) (ABIL579C) and 20 (ABIL579A);
LG3 8 ABIL45 35.979 CH3 6.36
LG3 9 ABIL209 38.370 CH3 6.36
LG3 10 ABIL197 41.707 CH3 7.62
11 9.95 two BLAST hits on chromosomes: 3
LG3 ABIL387A | 46.453 | CH3(m) (ABIL387A) and 23 (ABIL387B);
12 10.5 two BLAST hits on chromosomes: 3
LG3 ABIL39 47.980 | CH3(m) (ABIL39) and 23;
LG3 13 ABIL506 50.736 CH3 10.79
* - several BLAST hits on different
chromosomes including BLAST hit on
14 CH(m) ) chromosome 25 (ABILZgISGB) and partial
LG3 ABIL456A | 59.215 hit on chromosome 3 (ABIL456A)
LG3 15 ABIL305 64.244 CH3 11.78
LG3 16 ABIL322 67.422 CH3 12.57
LG3 17 ABIL63 71.696 CH3 20.21
LG3 18 ABIL439 75.335 CH3 20.71
LG3 19 | ABIL312 | 78.670 | CH3 20.79
E10MS-
LG3 20 281 83.286 na na
21 ESMS3- na na
LG3 309 84.776
LG3 22 ABIL27 88.645 CH3 27.25
LG3 23 LAFS8 92.119 CH3 29.96
24 31.94 two BLAST hits on chromosomes:
LG3 ABIL282 99.808 | CH3(m) 3(ABIL282) and 4;
LG3 25 ABIL180 | 104.316 CH3 3591
LG3 26 ABIL523 | 107.927 CH3 38.74
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LG3 na na
E2M10-

27 172 112.066
LG3 39.09

28 ABIL522 | 119.861 CH3

CH(m) 30.98 several BLAST hits on different
chromosomes

LG3 29 ABIL85 127.398

Linkage group 4 corresponds to Chromosome 4.

Number of loci : 22
Length of LG group (cM): 103.61

Average locus length (cM): 4.71

Length of chromosome sequence (Mbp): 38.48

Coverage of chromosome sequence by LG (%) : 91.6

5 c BLAST Results in Ref.
w S S = Genome
2o Ne Marker "2 - Comment
50 - Ch. Ne Location
1 (mb)

1 0.3
LG4 ABIL221 0.000 CH4

5 0.58 two BLAST hits on chromosomes:
LG4 ABIL62 9.991 | CH4(m) ' 4(ABIL62) and 14;
LG4 3 ABIL349 23.299 CH4 1.05
LG4 4 ABIL524 30.549 CH4 1.18
LG4 5 ABIL338 55.132 CH4 5.61

6 5.61
LG4 ABIL363 57.089 CH4

7 10.05 BLAST hits of "R" primer sequence on
LG4 ABIL316 58.999 CH4(m) ' different chromosomes;

8 13.42
LG4 ABIL428 62.924 CH4
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two BLAST hits on chromosomes:

LG4 9 CH14(m) | 14.07 4(ABIL205B) and 14(ABIL205A);
ABIL208B | 68.061
10 * %k
LG4 ABIL445B | 75.110 CH15 ** - BLAST hit on chromosome 15
BLAST hits on chromosomes:
4(ABILA54B); 14(ABIL454A); BLAST hits of
11 CH4(m) 15.95 "R" primer on several chromosomes; The
position was determined after BLAST
LG4 ABIL454B | 75.110 search with the sequence of SSR region
LG4 12 18.27
ABIL526 80.837 CH4
LG4 13 ABIL7 86.556 CH4 24.59
LG4 14 ABIL484 92.728 CH4 25.69
15 2701 two BLAST hits on chromosomes: 4
LG4 ABIL527B | 96.268 CH4 ' (ABIL527B) and 5 (ABIL527A);
16 3116 the position was determined after BLAST
LG4 ABIL480 | 102.278 CH4 ' with the sequence of SSR region
LG4 17 ABIL195 | 112.571 CH4 33.76
18 CH4(m) 343 BLAST hits on different chromosomes
LG4 ABIL586 | 119.698
LG4 19 ABIL323 124,913 CH4 34.65
E3M1-
LG4 20 482 | 129553 | ° na
LG4 21 ABIL245 | 131.812 | sc_293 *k ** _ BLAST hit located on scaffold 246
LG4 22 E3M6-98 | 141.748 na na
BLAST hits on chromosomes:
* * 363 | 4(ABIL208B); 7; 11; 12(ABIL208A) and 19;
*- the marker shows segregation
LG4 ABIL205B CH4(m) distortion and changes in the LG4 map
two BLAST hits on chromosomes:
*- the marker shows segregation
ABIL528 CH4(m) distortion and changes in the LG4 map
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Linkage group 5 corresponds to Chromosome 5.

Number of loci : 12

Length of LG group (cM): 86.01

Average locus length (cM): 7.17

Length of chromosome sequence (Mbp): 35.7

Coverage of chromosome sequence by LG (%) : 94

o s BLAST Results in Ref.
2 S Genome
. Ne Marker s Comment
ge B @ = Location
~ 3 Ch. Ne
5 S (Mb)
1 186 two BLAST hits on chromosomes: 4
LG5 ABIL527A 0.000 CH5(m) ' (ABIL527B) and 5 (ABIL527A);
LG5 2 ABIL103 7.016 CH5 6.25
LG5 3 LAF9 13.386 CH5 6.25
LG5 4 ABIL277 20.371 CH5 9.89
LG5 5 ABIL330 29.445 CH5 15.47
LG5 6 E4M1-85 | 41.079 na na
7 28.14
LG5 ABIL13 48.479 CH5
LG5 8 ABIL112 57.692 CH5 29.29
BLAST hits of primer sequences on
9 32.87 | chromosomes: 2 (ABIL530A); 5
LG5 ABIL530B | 80.630 | CH5(m) (CABIL5308B); 11;
LG5 10 ABIL531 92.823 CH5 34.68
11 34.68
LG5 ABIL164 | 100.519 CH5
**_ BLAST hits after search with the
12 % sequence of SSR region on several
chromosomes, but no hit on chromosome
LG5 ABIL107 | 116.892 (m) 5
* 35.64
*- the marker shows segregation
LG5 ABIL532 CH5 distortion and changes in the LG5 map
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LG5

ABIL529

CH5

8.4

*- the marker shows segregation
distortion and changes in the LG5 map

LG5

ABIL301

CH5(m)

8.02

BLAST hits of "F" primer sequence on
several chromosomes

*- the marker shows severe segregation
distortion and changes in the LG5 map

LG5

ABIL91A

CH5(m)

31.01

two BLAST hits on chromosomes: 2 (91B)
and 5 (91A); Affiliated to LG5 at LODS.
*- the marker shows severe segregation
distortion and changes in the LG5 map

Linkage group 6 corresponds to Chromosome 6.

Number of loci: 21

Length of LG group (cM): 172.22

Average locus length (cM): 7.83

Length of chromosome sequence (Mbp): 35.32

Coverage of chromosome sequence by LG (%) : 99.4

N c BLAST Results in
e = .g = Ref. Genome
~x © Ne Marker g = . Comment
£ 65 g = ch. Ne Location
- | (Mb)

1 two BLAST hits on chromosomes: 1
LG6 ABIL517A 0.000 CH6(m) 0.08 (ABIL517C) and 6 (ABIL517A);

) 0.28 two BLAST hits on chromosomes: 1 and 6
LG6 ABIL538 18.092 | CH6(m) ' (ABIL538)
LG6 3 ABIL66 36.009 CH6 0.55
LG6 4 ABIL251 49.643 CH6 0.59

5 1.88
LG6 ABIL539A | 75.701 CH6
LG6 6 ABIL540 86.570 CH6 3.64

7 na na

E3M1-

LG6 210 86.573
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3 - ** - no BLAST hit on chromosome 6; BLAST
LG6 ABIL458B | 95.155 hits on chromosomes 9 (ABIL458A) and 24;
9 E6M4- na na
LG6 290 97.938
E6M4-
LG6 10 288 98.268 | ° na
LG6 11 ABIL533 | 103.324 CH6 8.03
12 11.72 the position was determined after BLAST
LG6 ABIL376 | 108.562 CH6 with the sequence of SSR region
13 E3M10- na na
LG6 103 113.041
LG6 14 ABIL342 | 120.201 CH6 5.14
15 17.44 BLAST hits of "R" primer sequence on
LG6 ABIL154 | 132.418 CH6 chromosomes 1; 6; 11; 12; and 21;
16 18.22
LG6 ABIL542 | 134.841 CH6
17 . ** - no BLAST hit on chromosome 6; BLAST
LG6 ABIL481B | 137.903 hit on chromosomes 8 (ABIL481A);
18 20.76
LG6 ABIL328 141.218 CH6
19 7.9 BLAST hits of "R" primer sequence on
LG6 ABIL120 145.107 CH6 chromosomes 6; 11; and 21;
LG6 20 ABIL537 154.725 CH6 33.88
LG6 21 ABIL1B 180.243 CH6 35.18
BLAST hits of "R" primer sequence on
chromosomes 1; 3; 5; 6; 7; 12; 17; and 23;
LG6 * CH6 13.86 *- the marker shows segregation distortion
ABIL493 and changes in the LG6 map

Linkage group 7 corresponds to Chromosome 7
Number of loci : 21

Length of LG group (cM): 167.25

Average locus length (cM): 7.96

Length of chromosome sequence (Mbp): 34.57

Coverage of chromosome sequence by LG (%) : 98.8

BLAST Results in

No Mark
arker Ref. Genome

()
oo

Linka
Grou
p
Locati
on
(cM)

Comment
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Ch. Ne

Location

(Mb)
1 CH7 0.05 the pqsition was determined after BLAST
LG7 ABIL265 0.000 with the sequence of SSR region
LG7 2 ABIL214 7.703 CH7 0.22
3 CH7 0.96 BLAST hits of "R" primer sequence on
LG7 ABIL150A | 26.533 chromosomes 7; 13; 15 and 25;
4 CH7 1.03
LG7 ABIL386 33.274
two BLAST hits on chromosomes: 7
5 CH7 1.12
LG7 ABIL41 39.582 (m) (ABIL41) and 15
LG7 6 ABIL546 0.000 CH7 5.23
7 na na
E3M10-
LG7 221 6.011
8 E6M4- na na
LG7 203 13.119
LG7 9 ABIL158 19.921 CH7 7.07
BLAST hits on several chromosomes
10 CH7(m) 7.28 including cromosome 7 (ABIL472A) and
LG7 ABIL472A | 29.561 chromosome 8 (ABIL472B)
LG7 11 ABIL441 32.875 CH7 10.47
two BLAST hits on chromosomes: 7
LG7 12 ABIL554B | 40.466 CH7(m) 1161 (ABIL554B) and 8 (ABIL554A);
LG7 13 ABIL498 49.048 CH7 16.03
LG7 14 ABIL547 53.668 CH7 20.43
15 CH7 22.33
LG7 ABIL109 59.797
BLAST hits on several chromosomes
16 CH7(m) | 27.73 including cromosome 7 (ABIL61B) and
LG7 ABIL61B 65.147 chromosome 12 (ABIL61A)
LG7 17 ABIL136 70.105 CH7 28.84
LG7 18 ABIL171 77.709 CH7 29.78
19 CH7 30.89 BLAST hits of "R" primer sequence on
LG7 ABIL468 82.248 several chromosomes
LG7 20 ABIL133 117.279 CH7 34.21
LG7 21 ABIL380 | 120.615 CH7 34.21
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Linkage group 8 corresponds to Chromosome 8.

Number of loci : 15
Length of LG group (cM): 80.61

Average locus length (cM): 5.37

Length of chromosome sequence (Mbp): 33.58

Coverage of chromosome sequence by LG (%) : 95.8

N c BLAST Results in
w S . Ref. Genome
Lo Ne Marker "= - Comment
£ 6 § = Ch. Ne Location
(Mb)

1 E6M10- na na
LG8 186 0.000
LG8 ABIL552 13.055 CH8 1.31
LG8 ABIL339 17.518 CH8 4.5

BLAST hits on several chromosomes

4 12.37 including cromosome 7 (ABIL472A) and
LG8 ABIL472B | 20.275 | CH8(m) chromosome 8 (ABIL472B)
LGS > ABIL123 21.248 CH8 12.78

6 E6M4- na na
LGS 177 26.512

7 na na

E5M3-

LG8 133 28.143
LGS 8 ABIL549 29.891 CHS8 20.13
LG8 9 ABIL550 33.401 CHS8 20.26

10 20.88
LG8 ABIL548 34.014 CH8

11 27 88 two BLAST hits on chromosomes: 7
LG8 ABIL257 34,964 | CH8(m) (ABIL257) and 10;
LGS 12 ABIL481A | 39.967 CHS8 28.67
LG8 13 ABIL554A | 44.126 CH8 30.62
LG8 14 ABIL408 70.504 CHS8 32.89
LGS 15 ABIL203 80.209 CHS8 33.47
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LGS 20.47
*- the marker shows segregation

ABIL553 * CH8 distortion and changes in the LG6 map

BLAST hits of "R" primer sequence on
several chromosomes
*- the marker shows segregation
LG8 ABIL551 distortion and changes in the LG6 map

* CH8 18.14

Linkage group 9 corresponds to Chromosome 9.
Number of loci : 12

Length of LG group (cM): 73.22

Average locus length (cM): 6.10

Length of chromosome sequence (Mbp): 33.03

Coverage of chromosome sequence by LG (%) : 63.0

o - BLAST Results in
b = .g = Ref. Genome
Z 9 Ne Marker © = Location Comment
50 S~ | Ch.Ne
(Mb)

two BLAST hits on chromosomes: 9
LGS ! ABIL192 | 0000 | CHO(m)| 10.06 (ABIL192) and 17;
LG9 ) CHY(m) 15.61 two BLAST hits on chromosomes: 9

ABIL143A | 7.224 (ABIL143A) and 17 (ABIL143C);
LG9 3 ABIL17 15.552 CH9 16.13
LG9 4 CHO(m) 20.16 two BLAST hits on chromosomes: 9
ABIL243 | 31.386 (ABIL243) and 17;

LGS > ABIL458A 38.849 CHI 20.67
LG9 6 ABIL157 42.843 CH9 20.9
LG9 7 CH9(m) 22.22

two BLAST hits on chromosomes: 9

ABIL34 45.593 (ABIL34) and 17;
LG9 8 CHY(m) 23.95 two BLAST hits on chromosomes: 6 and 9
ABIL541 46.550 (ABIL541);

two BLAST hits on chromosomes: 9

LGS 9 ABIL246 | s1.80g | CHO(M) | 29.25 (ABIL246) and 17;
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LG9 10 CH9 30.51
ABIL556 59.071
L 11 CH .87
9 ABIL419 67.908 9 30.8
E6M5-
LG9 12 217 75118 na na

Linkage group 10 corresponds to Chromosome 10.

Number of loci: 12

Length of LG group (cM): 134.11

Average locus length (cM): 11.18

Length of chromosome sequence (Mbp): 32.61

Coverage of chromosome sequence by LG (%) : 98.3

5 c BLAST Results in Ref.
w S L = Genome
Lo Ne Marker "= - Comment
£ 5 g = Location
= 3 Ch. Ne
(Mb)
two BLAST hits of primer sequences on
1 chromosomes 1(ABIL97A) and
LG10 ABIL97B 0.000 CH10(m) 0.14 10(ABIL97B)
BLAST hits in different chromosomes
including hits located on scaffold 229 and
) sc229 0.66 chromosomes 10 (ABIL229A, ABIL229B)
CH10(m) ' and 23 (ABIL229D). For shromosome 10
there are homologous sequences of the
LG10 ABIL587B | 25.583 three SSR regions.
BLAST hits in different chromosomes
including hits located on scaffold 229 and
3 sc229 0.66 chromosomes 10 (ABIL229A, ABIL229B)
CH10(m) ' and 23 (ABIL229D). For shromosome 10
there are homologous sequences of the
LG10 ABIL587A | 27.753 three SSR regions.
4 12.66 two BLAST hits on chromosomes: 10
LG10 ABIL535A | 55.663 | CH10(m) (ABIL535A) and 11(ABIL535B);
** _no BLAST hit on chromosome 10;
5 *x BLAST hits on chromosomes 1; 2; 7; and
LG10 ABIL401 61.708 24,
6 E2M10- na na
LG10 197 69.551

86




7 14.9
LG10 ABIL128 79.376 CH10

8 18.66 BLAST hits of "F" primer sequence on
LG10 ABIL2 83.891 CH10 several chromosomes

9 E3M1-
LG10 289 92.684 CH10

10 2824 two BLAST hits on chromosomes: 10
LG10 ABIL238 102.599 | CH10(m) (ABIL238) and 1;

11 29.39
LG10 ABIL137 | 107.522 CH10
LG10 12 ABIL16 113.309 CH10 30.98

Linkage group 11 corresponds to Chromosome 25.

Number of loci: 12

Length of LG group (cM): 76.24

Average locus length (cM): 6.35

Length of chromosome sequence (Mbp): 31.76

Coverage of chromosome sequence by LG (%) : 95.2

o c BLAST Results in Ref.
w S 2= Genome
= 9 Ne Marker < = Location Comment
= S 7 |[ch.Ne
(Mb)

1 0.78 two BLAST hits on chromosome 11
LG11 ABIL543A 0.000 CH11(m) ' (ABIL543A and ABIL543B);

2 0.94
LG11 ABIL534 11.318 CH11

3 1.94 two BLAST hits on chromosome 11
LG11 ABIL543B 18.741 CH11(m) ' (ABIL543A and ABIL543B);

4 378 BLAST hits of "F" primer sequence on
LG11 ABIL545 39.966 CH11 ' chromosomes: 3; 11, 21 and 25
LG11 5 ABIL375 43.496 CH11 6.22

6 . ** - no BLAST hits on chromosome 11;
LG11 ABIL581A | 49.274 | CH11(m) BLAST hit on chromosome 21;

two BLAST hits on chromosomes: 11

7 13.15
LG11 ABIL9 52.032 | CH11(m) (ABIL9) and 21;
LG11 8 ABIL43 52.032 CH11 21.96

9 two BLAST hits on chromosomes: 10
LG11 ABIL535B | 55.376 | CH11(m) | 26.34 (ABIL535A) and 11(ABIL535B);
LG11 10 ABIL416B 76.964 CH11 30.43
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LG11

11

ABIL92

76.964

30.45
CH11

the position was determined after BLAST
with the sequence of SSR region

LG11

12

ABIL77

86.212

CH11 31

Linkage group 12 corresponds to Chromosome 12.

Number of loci : 22

Length of LG group (cM): 138.18

Average locus length (cM): 6.28

Length of chromosome sequence (Mbp): 31.37

Coverage of chromosome sequence by LG (%) : 84

c BLAST Results in Ref.
& S L = Genome
g o Ne Marker "2 - Comment
5 0 L2 Location
S S Ch. Ne
(Mb)

1 0.02
LG12 ABIL558 0.000 CH12

2 0.52
LG12 ABIL467 12.111 CH12
LG12 3 ABIL559 17.936 CH12 0.54

4 0.71 two BLAST hits on chromosomes 12
LG12 ABIL557B | 23.395 | CH12(m) (ABIL557B) and 25 (ABIL557A);
LG12 5 ABIL56 45.150 CH12 1.62

BLAST hits on several chromosomes

6 1.99 including cromosome 7 (ABIL61B) and
LG12 ABIL61A 71.252 CH12(m) chromosome 12 (ABIL61A)

7 E2M10- na na
LG12 216 72.577
LG12 8 ABIL560 82.767 CH12 2.79

9 4.2
LG12 ABIL166 90.122 CH12
LG12 10 ABIL561 96.789 CH12 5.46

11 6.37 BLAST hits on chromosomes 1(ABIL211A)
LG12 ABIL210 100.131 | CH12(m) ) and 12(ABIL211B)

12 7.92
LG12 ABIL48 102.875 CH12

two BLAST hits of primer sequences on

13 10.23

LG12 ABIL211B | 104.493 | CH12(m) chromosomes 1 and 12
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LG12 14 ABIL193 107.237 CH12 11.73

LG12 1> ABIL126 | 109.990 CH12 23.88

LG12 16 ABIL332 | 118.417 CH12 13.33

LG12 17 ABIL187 125.523 CH12 17.86

LG12 18 ABIL94 130.832 CH12 18.24

BLAST hits on chromosomes:
cHiam) | 15,90 | 8o of BLAST it of the S5k

LG12 19 ABIL208A | 146.584 region sequence determine after NGS
LG12 20 ABIL379 | 157.006 CH12 18.42

LG12 21 ABIL409 164.011 CH12 26.38

na na
E2M10-
LG12 22 214 171.615

Linkage group 13 corresponds to Chromosome 13.

Number of'loci : 9

LG group length (cM): 105.47

Average locus length (cM): 11.72

Chromosome sequence length (Mbp): 30.09

Chromosome sequence coverage by LG (%) : 64.8

BLAST Results in Ref.

Y o _5 — Genome
20 Ne Marker 523 . Comment
£ 85 S = Location
- | Ch. Ne
(Mb)

LG13 1 ABIL88 0.000 CH13 14.51
LG13 2 ABIL169 | 17.385 CH13 15
LG13 3 ABIL497 | 37.192 CH13 18.03
LG13 4 ABIL563 | 43.674 CH13 20.61

5 E7M10- na na
LG13 549 48.381
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BLAST hits on chromosomes: 1 and

LG13 6 ABIL36 54.865 | CH13(m) 26.93 13(ABIL36)
7 E7M10- na na

LG13 529 60.147

LG13 8 ABIL131 71.023 CH13 7.42
* - ABIL264A is affiliated to LG5 at LOD6

11.56 and was not included. Two BLAST hits of

primer sequences on chromosomes

LG13 ABIL264A * CH13(m) 1(ABIL264D) and 13 (ABIL264A).

Linkage group 14 corresponds to Chromosome 14.

Number of loci : 23

Length of LG group (cM): 109.78

Average locus length (cM): 4.77

Length of chromosome sequence (Mbp): 29.44

Coverage of chromosome sequence by LG (%) : 96.8

BLAST Results in Ref.
gb 2 .§ = Genome
E 8 Ne Marker g E 1o Location Comment

- " | (Mb)
LG14 ABIL565 0.000 CH14 0.25
LG14 ABIL564 16.781 CH14 17.94
BLAST hits on chromosomes:
3 3 4(ABIL454B); 14(ABILA54A); BLAST hits
LG14 ABIL454A | 23.737 | CH14(m) on several chromosomes
LG14 4 ABIL566 34.996 CH14 4.04
LG14 5 ABIL567 37.762 CH14 6.58
LG14 6 ABIL138 46.944 | CH14(m) 7.86 BLAST hits on several chromosomes
LG14 7 ABIL568 56.163 CH14 8.21
LG14 8 ABIL569 60.712 CH14 12.83
LG14 9 ABIL570B 64.353 CH14 16.05
10 15.07 BLAST hits of primer sequence on several

LG14 ABIL544 66.044 | CH14(m) chromosomes
LG14 11 ABIL12 71.683 CH14 15.38
LG14 12 ABIL289 78.125 CH14 15.62
LG14 13 ABIL205C 81.533 CH14 17.31
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two BLAST hits on chromosomes: 4 and

LG14 14 ABIL212 82.912 | CH14(m) 17.59 14(ABIL212);
LG14 15 ABIL23B 90.711 CH14 17.06
LG14 16 ABIL324 | 115.791 CH14 20.03
17 19.75
LG14 ABIL101 | 118.761 CH14
LG14 18 ABIL448 123.281 CH14 20.18
20.25 two BLAST hits on chromosomes:
LG14 19 ABIL186A | 123.281 | CH14(m) ' 14(ABIL186A) and 20(ABIL186B);
21.9
LG14 20 ABIL404 133.719 CH14
21.94 BLAST hits on chromosomes: 8; 12;
LG14 21 ABIL465 135.895 | CH14(m) ' 14(ABIL465) and 22;
25,97 two BLAST hits on chromosomes:
LG14 22 ABIL474A | 143.582 | CH14(m) ' 14(ABIL474A) and 22(ABIL474B);
LG14 23 ABIL571 | 153.852 CH14 28.75
% 17.06 *- the marker shows segregation
LG14 ABIL23A CH14 ' distortion and changes in the LG14 map
two BLAST hits on chromosomes:
LG14 ABIL20SA * CH14(m) | 17.31 4(ABIL205B) and 14(ABIL205A);

*- the marker shows segregation
distortion and changes in the LG14 map

Linkage group 15 corresponds to Chromosome 15

Number of loci: 11

Length of LG group (cM): 80.33

Average locus length (cM): 7.30

Length of chromosome sequence (Mbp): 28.69

Coverage of chromosome sequence by LG (%) : 93.5

BLAST Results in

& o ,5 — Ref. Genome
g o Ne Marker "2 - Comment
£ 5 g2 Location
(Mb)

LG15 1 ABIL402 0.000 CH15 1.16
LG15 2 ABIL344 5.100 CH15 1.53

3 CH15 1.97
LG15 ABIL572 11.273
LG15 4 ABILA45A | 16.127 CH15 6.9
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LG15 5 ABIL153 17.197 CH15 17.44
LG15 6 ABIL188 21.710 CH15 10.59
LG15 7 ABIL254 27.745 CH15 19.86
LG15 8 ABIL501 34.535 CH15 26.09
LG15 9 ABIL499 0.000 CH15 27.66
LG15 10 ABIL150B 8.463 CH15 27.86
LG15 11 ABIL95 16.848 CH15 27.98

Linkage group 16 corresponds to Chromosome 16.
Number of loci : 9

Length of LG group (cM): 78.26

Average locus length (cM): 8.70

Length of chromosome sequence (Mbp): 28.47

Coverage of chromosome sequence by LG (%) : 49.2

c BLAST Results in Ref.
& S 9 = Genome
go No Marker 83 Locati Comment
50 8 Ch. Ne ocation
(Mb)
54 1 ABIL476 0.000 CH16(m) 7.22 BLAST hits on several chromosomes
189 2 1.04
ABIL54 26.501 CH16
BLAST hits of "F" primer sequence on
489 3 ABIL189 | 37.763 CH16 1.29 several chromosomes
374 4 ABIL489 45.687 CH16 6.99
476 5
ABIL374 54.051 CH16 7.11
CcieM4 6 ABIL573 | 54.051 CH16 12.28
368 7 ABIL368 | 58.100 CH16 13.56
403 8 | ABIL403 | 63.998 | cHie | 1°:06
139 9 ABIL139 | 93.883 CH16 3.88

Linkage group 17 corresponds to Chromosome 17.
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Number of loci: 13

Length of LG group (cM): 88.16

Average locus length (cM): 6.78

Length of chromosome sequence (Mbp): 27.94

Coverage of chromosome sequence by LG (%) : 85.5

c BLAST Results in Ref.
@ 2 S = Genome
g o Ne Marker "2 . Comment
< 5 SICH Location
5 O S Ch. Ne
(Mb)
1
LG17 ABIL574 0.000 CH17 2.54
** - BLAST hits on different locations of
2 chromosome 17 (ABIL98) and on several
LG17 ABIL98 5.942 CH17(m) ok other chromosomes
3 BLAST hits of "F" primer sequence on
LG17 ABIL575 9.293 CH17 5.35 several chromosomes
** - BLAST hits on different locations of
4 chromosome 17 (ABIL20) and
LG17 ABIL20 13.794 | CH17(m) ok chromosome 9
5
LG17 ABIL168 23.460 CH17 10.04
6 two BLAST hits on chromosomes: 9
LG17 ABIL143C | 36.002 | CH17(m) 14.23 (ABIL143A) and 17 (ABIL143C);
7 E6M4- na na
LG17 245 36.002
LG17 8 LAF5 37.300 CH17 14.33
9 two BLAST hits on chromosomes: 9 and
LG17 ABIL228 42.893 | CH17(m) 21.77 17 (ABIL228);
LG17 10 ABIL78 47.421 CH17 22.52
** - BLAST hits on different locations of
11 chromosome 17 (ABIL285) and
LG17 ABIL285 52.573 | CH17(m) *k chromosome 9
** _ BLAST hits on different locations of
12 chromosome 17 (ABIL80) and
LG17 ABIL80 68.542 | CH17(m) *k chromosome 9
*- the marker shows segregation
LG17 ABIL335 * CH17 8.81 distortion and changes in the LG17 map
*- the marker shows segregation
LG17 ABIL253 * CH17 26.43 distortion and changes in the LG17 map
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Linkage group 18 corresponds to Chromosome 18.

Number of loci: 13

Length of LG group (cM): 112.34

Average locus length (cM): 8.64

Length of chromosome sequence (Mbp): 27.54

Coverage of chromosome sequence by LG (%) : 90.4

BLAST Results in Ref.
go = S = Genome
g0 Ne Marker "2 . Comment
£ 6 § L Ch. No Location
(Mb)

1 two BLAST hits on chromosomes: 16 and
LG18 ABIL90 0.000 CH18(m) 2.61 18 (ABIL90);

? E7M10- na na
LG18 239 13.321
LG18 3 ABIL536 | 24.352 CHe** *x ** _ BLAST hit only on chromosome 6

4
LG18 ABIL469 35.124 CH18 12.14

5 one BLAST hit after search with the
LG18 ABIL200A | 43.892 CH18 13.92 sequence of the SSR region

6 one BLAST hit after search with the
LG18 ABIL200B | 48.413 CH18 13.92 sequence of the SSR region
LG18 7 ABIL471 59.519 CH18 17.97

3 two BLAST hits on chromosomes: 16 and
LG18 ABIL576 66.703 | CH18(m) 23.1 18 (ABIL576);

two BLAST hits located on scaffold 246

9 CH18(m) | 24.82 and chromosome 18 (ABIL588). Identical
LG18 ABIL588 70.528 sequences of both SSR regions.
LG18 10 ABIL119 80.201 CH18 25.96
LG18 11 ABIL577 94.465 CH18 26.44
LG18 12 ABIL272 103.190 CH18 26.61
LG18 13 ABIL224 113.777 CH18 27.51

1 two BLAST hits on chromosomes: 16 and

ABIL90 0.000 CH18(m) 2.61 18 (ABIL90);

Linkage group 19 corresponds to Chromosome 19.

Number of loci : 15

Length of LG group (cM): 85.91
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Average locus length (cM): 5.73

Length of chromosome sequence (Mbp): 27.4

Coverage of chromosome sequence by LG (%) : 71.1

BLAST Results in Ref.
go S S = Genome
g0 Ne Marker "2 ; Comment
£ 6 § = Ch. Ne Location
(Mb)
1 BLAST hits of "R" primer sequence on
LG19 ABIL198 0.000 CH19 0.11 several chromosomes
2
LG19 ABIL114 8.345 CH19 2.32
LG19 3 ABIL32 10.526 CH19 4.42
4 E3M1- na na
LG19 366 13.548
LG19 ABIL129 18.352 CH19 10.56
LG19 ABIL104 27.642 CH23** *ok ** _ BLAST hit only on chromosome 23
7 two BLAST hits on chromosomes: 14 and
LG19 ABIL11 28.534 | CH19(m) 11.59 19 (ABIL11);
3 E10MS8- na na
LG19 344 35.071
9
LG19 ABIL429 41.364 CH19 12.87
LG19 10 ABIL479 41.364 CH19 15.28
LG19 11 ABIL234 43.472 CH23** *ox ** _ BLAST hit only on chromosome 23
LG19 12 ABIL185 55.655 CH19 19.59
13 E3M1- na na
LG19 367 68.404
LG19 14 ABIL247 76.298 sc515 ** ** _ BLAST hit located on scaffold 515
*- the marker shows segregation
ABILA * . - distortion and changes in the LG19 map
** _ BLAST hits on several chromosomes,
LG19 but not on chromosome 19
% *- the marker shows segregation
LG19 ABIL421 CH19 9.44 distortion and changes in the LG19 map

Linkage group 20 corresponds to Chromosome 20.

Number of loci: 11

Length of LG group (cM): 95.9

Average locus length (cM): 8.72
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Length of chromosome sequence (Mbp): 27.08

Coverage of chromosome sequence by LG (%) : 84

c BLAST Results in Ref.
& = S = Genome
go No Marker 532 Locati Comment
50 S Ch. Ne ocation
(Mb)

1 two BLAST hits on chromosomes:
LG20 ABIL186B 0.000 CH20(m) 4,13 14(ABIL186A) and 20(ABIL186B);
LG20 2 ABIL444 19.516 CH20 9.74
LG20 3 ABIL435 26.605 CH20 10.22

4 two BLAST hits on chromosomes: 3
LG20 ABIL579A | 29.785 | CH20(m) 15.46 (ABIL579B) and 20 (ABIL579A);

E1OMS-

5 na na
LG20 424 30.981
LG20 6 ABIL336 36.260 CH20 16.63
LG20 7 ABIL505 42.524 CH20 17.07
LG20 8 ABIL15 52.816 CH20 23.74
LG20 9 ABIL331 60.814 CH20 24.65
LG20 10 ABIL202 74.811 CH20 25.9
LG20 11 ABIL233 99.863 CH20 26.87

Linkage group 21 corresponds to Chromosome 21.
Number of loci : 13

Length of LG group (cM): 74.46

Average locus length (cM): 5.8

Length of chromosome sequence (Mbp): 27.05

Coverage of chromosome sequence by LG (%) : 78.9

c BLAST Results in Ref.
& S L = Genome
g0 Ne Marker "2 . Comment
<5 S L2 Location
~ i Ch. Ne
(Mb)

1
LG21 ABIL199 0.000 CH21 5.2
LG21 2 ABIL262 5.183 CH21 6.29
LG21 3 ABIL581B 9.682 CH21 8.18

4 ESM10- na na
LG21 201 12.038
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E2M10-

na

na

LG21 321 14.924
LG21 ABIL275 22.065 CH21 17.72
LG21 ABIL81 23.689 CH11** o ** _ BLAST hit only on chromosome 11
LG21 ABIL362 29.217 CH21 18.61

9 two BLAST hits on chromosomes: 1
LG21 ABIL416A | 42.984 | CH21(m) | 22.11 (ABIL416B) and 21 (ABILA16A);

10
LG21 ABIL44 56.013 CH21 22.33
LG21 11 ABIL225 74.874 CH21 26.32
LG21 12 ABIL276 78.788 CH21 26.54

13 the PCR products analyzed with Agilent
LG21 ABIL580 92.027 CH21 6.8 5200 Fragment Analyzer system

Linkage group 22 corresponds to Chromosome 22.

Number of loci: 12

Length of LG group (cM): 68.54

Average locus length (cM): 5.71

Length of chromosome sequence (Mbp): 26.81

Coverage of chromosome sequence by LG (%) : 91.6

BLAST Results in Ref.
go 2 .§ = Genome
E 8 Ne Marker g\% e Location Comment

- " [ (mb)

LG22 1 ABIL167 0.000 CH22 0.59
LG22 2 ABIL500 20.747 CH22 2.12
LG22 3 ABIL582 24.072 CH22 4.1
LG22 4 ABIL470 28.337 CH22 4.29
LG22 5 ABIL320 31.093 CH22 6.16
LG22 6 ABIL370 33.273 CH22 6.17
LG22 7 ABIL377 33.804 CH22 6.51
LG22 8 ABIL108 36.896 CH22 17.14
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LG22 9 ABIL427 39.352 CH22 18.25

10 two BLAST hits on chromosomes:
LG22 ABIL474B | 46.062 | CH22(m) | 24.38 14(ABIL474A) and 22(ABIL474B);
LG22 11 ABIL40 52.752 CH22 24.37

12
LG22 ABIL583 70.644 CH22 25.15

Linkage group 23 corresponds to Chromosome 23.

Number ofloci: 9

Length of LG group (cM): 80.88

Average locus length (cM): 8.99

Length of chromosome sequence (Mbp): 26.62

Coverage of chromosome sequence by LG (%) : 64.4

BLAST Results in Ref.
go 2 S = Genome
<9 Ne Marker ® 3 Location Comment
30 S Ch. Ne
(Mb)
1 two BLAST hits on chromosomes: 3
LG23 ABIL3878B 0.000 | CH23(m) | 14.18 (ABIL387A) and 23 (ABIL387B);
LG23 2 ABIL226 2.743 CH23 16.14
3 two BLAST hits on chromosomes: 19 and
LG23 ABIL232 4.921 CH23(m) | 18.33 23(ABIL232);
4
LG23 ABIL355 10.679 CH23 23.19
LG23 ABIL303A | 17.752 CH23 24.08
LG23 ABIL303B | 23.759 CH23 24.08
LG23 LAF1 25.323 CH23 24.09
*- affiliated to LG23 at LOD6 and shows
* segregation distortion and changes in
LG23 ABIL584 CH23 8.33 the LG23 map
*- the marker shows segregation
distortion and changes in the LG23 map
**. BLAST hits in different chromosomes
% CH23(m) o including hits located on scaffold 229
and chromosomes 10 (ABIL587A) and 23
(ABIL587C; ABIL587D). For chromosome
23 there are homologous sequences of
LG23 ABIL587C the three SSR regions.
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CH23(m)

* %

*- the marker shows segregation
distortion and changes in the LG23 map
**_ BLAST hits in different chromosomes

including hits located on scaffold 229
and chromosomes 10 (ABIL587A) and 23
(ABIL587C; ABIL587D). For chromosome

23 there are homologous sequences of

LG23 ABIL587D the three SSR regions.
LG23 * - affiliated to LG23 at LOD6 and located
distantly from the main linkage group
ABIL415 * *k ** - no BLAST hits were found

Linkage group 24 corresponds to Chromosome 24.

Number of loci: 10

Length of LG group (cM): 85.09

Average locus length (cM): 8.51

Length of chromosome sequence (Mbp): 23.28

Coverage of chromosome sequence by LG (%) : 71.0

c BLAST Results in Ref.
& S L = Genome
g0 Ne Marker "2 . Comment
<5 o2 Location
= S Ch. Ne
(Mb)

1 two BLAST hits on chromosomes 2 and
LG24 ABIL384 | 0.000 CH24(m) | 1.45 24 (ABIL384);
LG24 2 ABIL436 | 14.637 CH24 1.61

3 two BLAST hits on chromosomes 2
LG24 ABIL393B | 27.420 | CH24(m) 3.3 (ABIL393A) and 24 (ABIL393B);
LG24 4 CH24 485 BLAST hits of "R" primer sequence on

several chromosomes
ABIL585 | 40.497

5 two BLAST hits on chromosomes 4 and
LG24 ABIL173 | 51.262 CH24(m) 8.42 24 (ABIL173);
LG24 6 ABIL431 | 55.701 CH24 10.45

7 two BLAST hits on chromosomes 4 and
LG24 ABIL204 | 61.483 | CH24(m)| 11.3 24 (ABIL204);

3 two BLAST hits on chromosomes 4 and
LG24 ABIL227 | 64.488 CH24(m) 11.33 24 (ABIL227);
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LG24 9 ABIL156 | 76.055 CH24 13.82
10 two BLAST hits on chromosomes 4 and
LG24 ABIL148 | 85.093 CH24(m) | 17.98 24 (ABIL148);
Linkage group 25 corresponds to Chromosome 25:
Number of loci: 10
Length of LG group (cM): 54.04
Average locus length (cM): 5.48
Length of chromosome sequence (Mbp): 22.94
Coverage of chromosome sequence by LG (%) : 66.2
c BLAST Results in Ref.
& S L = Genome
g o Ne Marker "2 , Comment
5 SIS Location
] S Ch. Ne
(Mb)
LG25 ABIL442 0.000 CH25 1.37
LG25 ABIL244 8.075 CH25 1.62
3 162 two BLAST hits on chromosomes 12
LG25 ABIL557A | 13.044 | CH25(m) ' (ABIL557B) and 25 (ABIL557A);
LG25 4 ABIL250 27.297 CH25 3.96
LG25 5 ABIL392 34.907 CH25 7.91
6 838 *- the marker shows segregation
LG25 ABIL346 41.297 CH25 ' distortion and changes in the LG25 map
LG25 7 ABIL494 48.157 CH25 8.62
LG25 8 ABIL70 49.459 CH25 9.76
LG25 9 ABIL170 53.964 CH25 10.99
LG25 10 ABIL456B | 59.997 CH25 12.87
(m) - several BLAST hits on different
chromosomes including BLAST hit on
1 LAF15 CH25(m) | 16.55 chromosome 25 (ABIL456B) and partial
LG25 66.696 hit on chromosome 3 (ABIL456A)

Tags that did not group LG:

Linkage
Group

Marker

BLAST Results in Ref. Genome

Ch. No Location (Mb)

Comment

ABIL1A

CH6

35.18
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NL ABIL19 CH1 9.97
NL ABIL143B CH9 / CH17
CH4 / CH14
NL ABIL176 0,7/ 18,11
CH1/CH13
NL ABIL264B
NL ABIL369 CH3 21.75
NL ABIL412 CH6 13.55
NL ABIL483 CH25 14.77
NL ABIL513A CH1 13.19
NL ABILS13E CH10 31.67
NL ABIL517C CH1(m) 43.05
NL ABIL518 CH3 0.04
NL ABIL562 CH12 31.19
NL ABIL578 CH 19 27.32
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Appendix No. 3. The assessment of the transferability of SSR markers was performed by
PCR amplification of genomic DNA from plants of different genotypes, using DNA from L.
angustifolia var. Hemus as a control comparison. The tested primers were divided into three
main groups according to their origin: NGS-SSR markers - developed based on data from
next-generation sequencing (NGS) of genomic DNA from the cultivar ‘Hemus’; GEN-SSR
markers - created after identifying SSR sequences in the published reference genomic
sequence; EST-SSR markers Based on the results of the PCR reactions, the transferability of
each marker was classified into one of the following categories: + clear and distinct

amplification, comparable to the positive control from var. Hemus; w - weak but present

amplification; - lack of amplification; na - the marker was not analyzed.

Results of SSR amplification from DNA of the tested plants (2

No Msaf'll:er prSilSnIZr L‘;;:gl}llis(;ici:tlia L. latifolia L. latifolia hetell‘;.pjly

type (1) .Blue L1 _abi2 Bastin Nursery | var. Big B

James

1 ABILT | NGS-SSR + + na +
2 ABIL2 | NGS-SSR + - + -
3 ABIL4 | NGS-SSR - + + +
4 ABIL7 | NGS-SSR + + + +
5 ABIL8 | NGS-SSR W W - w
6 ABIL9 | NGS-SSR W w W +
7 ABIL11 | NGS-SSR - + na +
8 ABILI2 | NGS-SSR + + + +
9 ABILI3 | NGS-SSR + - - -
10 | ABILI4 | NGS-SSR + + na +
11 ABIL1S | NGS-SSR + + W +
12 | ABILI6 | NGS-SSR + + + +
13 | ABILI7 | NGS-SSR + + + +
14 ABIL19 | NGS-SSR + - - -
15 | ABIL20 | NGS-SSR + + + +
16 | ABIL23 | NGS-SSR i + + +
17 | ABIL24 | NGS-SSR + + + +
18 | ABIL26 | NGS-SSR i + + +
19 | ABIL27 | NGS-SSR i + + +
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ABIL32

20 NGS-SSR + + + +
21 | ABIL34 | NGS-SSR - + + +
22 ABIL35S | NGS-SSR + + + +
23 | ABIL36 | NGS-SSR + + + +
24 | ABIL3Y | NGS-SSR - + + +
25 ABIL40 | NGS-SSR + + na W
26 | ABIL4l | NGS-SSR - + + +
27 | ABIL43 | NGS-SSR + - - +
28 | ABIL44 | NGS-SSR - + + +
29 | ABIL4S | NGS-SSR + W + W
30 | ABIL48 | NGS-SSR + + + +
31 | ABILS4 | NGS-SSR - + + +
32 | ABILS6 | NGS-SSR + + + +
33 | ABIL6l | NGS-SSR - + + +
34 | ABIL62 | NGS-SSR + + + +
35 | ABIL63 | NGS-SSR + + + +
36 | ABIL66 | NGS-SSR - + + +
37 | ABIL70 | NGS-SSR - - - E
38 | ABILTS | NGS-SSR + - + -
39 | ABIL77 | NGS-SSR + + + +
40 | ABIL78 | NGS-SSR + + + +
41 ABIL80 | NGS-SSR - + + +
42 | ABIL81 | NGS-SSR + + + +
43 | ABIL8S | NGS-SSR i - - +
44 | ABIL87 | NGS-SSR - + na +
45 | ABIL88 | NGS-SSR - + na +
46 | ABIL90 | NGS-SSR + + + +
47 | ABIL91 | NGS-SSR + - - +
48 | ABIL92 | NGS-SSR - + + +
49 | ABILY | NGS-SSR + + + +




ABIL95

50 NGS-SSR + + + +
51 | ABIL97 | NGS-SSR - + + +
52 ABIL98 | NGS-SSR - - - -
53 | ABILI01 | NGS-SSR + + + +
54 | ABIL103 | NGS-SSR - + + +
55 | ABIL104 | NGS-SSR + + + +
56 | ABIL107 | NGS-SSR + - - -
57 | ABILIO8 | NGS-SSR + - - -
58 | ABILI09 | NGS-SSR - + + +
59 | ABIL112 | NGS-SSR - + + +
60 | ABILI13 | NGS-SSR + + + +
61 | ABILI4 | NGS-SSR - + + +
62 | ABILIIS | NGS-SSR + + + +
63 | ABILII® | NGS-SSR - + + +
64 | ABILI20 | NGS-SSR + - - -
65 | ABILI23 | NGS-SSR - - - -
66 | ABILI2S | NGS-SSR + + na +
67 | ABIL126 | NGS-SSR + - - -
68 | ABILI28 | NGS-SSR - + + -
69 | ABILI2Y | NGS-SSR + + + +
70 | ABILI31 | NGS-SSR - + + +
71 | ABILI33 | NGS-SSR - - - +
72 | ABIL136 | NGS-SSR + + + +
73 | ABILI137 | NGS-SSR + + na +
74 | ABILI38 | NGS-SSR + + + +
75 | ABILI39 | NGS-SSR i + + +
76 | ABIL143 | NGS-SSR + + + +
77 | ABIL148 | NGS-SSR + - - +
78 | ABILISO | NGS-SSR i + + +
79 | ABILIS3 | NGS-SSR + + + +




ABIL154

80 NGS-SSR + ; ; ]
g1 | ABILIS6 | NGS-SSR - + + +
82 | ABILIS7T | NGS-SSR + + + +
83 | ABILIS8 | NGS-SSR + + + +
84 | ABIL163 | NGS-SSR - + + +
85 | ABIL164 | NGS-SSR + + na +
86 | ABILI66 | NGS-SSR + - - -
87 | ABILI67 | NGS-SSR + - - -
g8 | ABIL169 | NGS-SSR + - - :
89 | ABILI70 | NGS-SSR - + + +
90 | ABILI71 | NGS-SSR + W na +
91 | ABILI7Z3 | NGS-SSR - + + +
92 | ABILI76 | NGS-SSR + + na +
93 | ABILI80 | NGS-SSR - + + +
94 | ABILI81 | NGS-SSR - - - -
95 | ABILI8S | NGS-SSR + - + +
96 | ABILI8 | NGS-SSR - + + +
97 | ABILI87 | NGS-SSR + W na w
98 | ABILI8S® | NGS-SSR + - + -
99 | ABILI8) | NGS-SSR + + + +
100 | ABILI92 | NGS-SSR - + + +
101 | ABILI93 | NGS-SSR + - - :
102 | ABILI9S | NGS-SSR + + + +
103 | ABILI97 | NGS-SSR - + + +
104 | ABILI9 | NGS-SSR + - - ;
105 | ABILI® | NGS-SSR + - - :
106 | ABIL200 | NGS-SSR + - - :
107 | ABIL202 | NGS-SSR + - - -
108 | ABIL203 | NGS-SSR i + + +
109 | ABIL204 | NGS-SSR + + + +
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ABIL205

110 NGS-SSR + + + +
111 | ABIL208 | NGS-SSR - + + +
112 | ABIL209 | NGS-SSR + + + +
113 | ABIL2I0 | NGS-SSR + + + +
114 | ABIL2I1 | NGS-SSR - + + +
115 | ABIL212 | NGS-SSR + + + +
116 | ABIL2I4 | NGS-SSR - - + -
117 | ABIL218 | NGS-SSR + + + +
118 | ABIL221 | NGS-SSR - + + +
119 | ABIL224 | NGS-SSR + + na +
120 | ABIL22S | NGS-SSR + + + +
121 | ABIL226 | NGS-SSR - + + +
122 | ABIL227 | NGS-SSR + - - +
123 | ABIL228 | NGS-SSR - + + +
124 | ABIL232 | NGS-SSR + + + +
125 | ABIL233 | NGS-SSR + + + +
126 | ABIL234 | NGS-SSR - + + +
127 | ABIL238 | NGS-SSR + - + :
128 | ABIL243 | NGS-SSR + + na +
129 | ABIL244 | NGS-SSR + + + +
130 | ABIL245 | NGS-SSR - + + +
131 | ABIL246 | NGS-SSR - + + +
132 | ABIL247 | NGS-SSR + + na +
133 | ABIL250 | NGS-SSR - + + +
134 | ABIL2S1 | NGS-SSR - + na +
135 | ABIL253 | NGS-SSR i - + -
136 | ABIL254 | NGS-SSR + + + +
137 | ABIL257 | NGS-SSR + - - +
138 | ABIL261 | NGS-SSR + - - -
139 | ABIL262 | NGS-SSR + + + +
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ABIL263

140 NGS-SSR + + + +
141 | ABIL264 | NGS-SSR + + + +
142 | ABIL265 | NGS-SSR + - - -
143 | ABIL268 | NGS-SSR + + na +
144 | ABIL271 | NGS-SSR + + + +
145 | ABIL272 | NGS-SSR + + + +
146 | ABIL275 | NGS-SSR + + + +
147 | ABIL276 | NGS-SSR + + na +
148 | ABIL282 | NGS-SSR + + + +
149 | ABIL285 | NGS-SSR + + + -
150 | ABIL289 | NGS-SSR + + + +
151 | ABIL301 | NGS-SSR + + na +
152 | ABIL303 | NGS-SSR + + na +
153 | ABIL305S | NGS-SSR + + na +
154 | ABIL308 | NGS-SSR + ] ] ]
155 | ABIL310 | NGS-SSR + + na +
156 | ABIL312 | NGS-SSR + + na +
157 | ABIL31S | NGS-SSR + + + +
158 | ABIL316 | NGS-SSR - + + -
159 | ABIL320 | NGS-SSR - W w w
160 | ABIL322 | NGS-SSR + + + W
161 | ABIL323 | NGS-SSR - + + +
162 | ABIL324 | NGS-SSR + + + +
163 | ABIL327 | NGS-SSR - + + +
164 | ABIL328 | NGS-SSR + + + +
165 | ABIL329 | NGS-SSR W - - -
166 | ABIL330 | NGS-SSR - + na +
167 | ABIL331 | NGS-SSR + - + -
168 | ABIL332 | NGS-SSR i + + +
169 | ABIL335 | NGS-SSR + + + +
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ABIL336

170 NGS-SSR - + + +
171 | ABIL338 | NGS-SSR - + + +
172 | ABIL339 | NGS-SSR + - - -
173 | ABIL342 | NGS-SSR + + + +
174 | ABIL344 | NGS-SSR + + + +
175 | ABIL346 | NGS-SSR + + + +
176 | ABIL349 | NGS-SSR - - W -
177 | ABIL352 | NGS-SSR + - - -
178 | ABIL35S | NGS-SSR - + + +
179 | ABIL361 | NGS-SSR + + na +
180 | ABIL362 | NGS-SSR + + na +
181 | ABIL363 | NGS-SSR - + + +
182 | ABIL368 | NGS-SSR + + + +
183 | ABIL369 | NGS-SSR + + na +
184 | ABIL370 | NGS-SSR + W + +
185 | ABIL371 | NGS-SSR + + na +
186 | ABIL374 | NGS-SSR + + na +
187 | ABIL375 | NGS-SSR + + + +
188 | ABIL376 | NGS-SSR - + + +
189 | ABIL377 | NGS-SSR + + + +
190 | ABIL379 | NGS-SSR - + + +
191 | ABIL380 | NGS-SSR + W W w
192 | ABIL381 | NGS-SSR + + na +
193 | ABIL382 | NGS-SSR - + + +
194 | ABIL384 | NGS-SSR + + + +
195 | ABIL386 | NGS-SSR i + + +
196 | ABIL387 | NGS-SSR + + + +
197 | ABIL388 | NGS-SSR + - - -
198 | ABIL392 | NGS-SSR i + + +
199 | ABIL393 | NGS-SSR + + + +
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ABILA401

200 NGS-SSR + + na +
201 | ABIL402 | NGS-SSR - + + +
202 | ABIL403 | NGS-SSR W W W w
203 | ABIL404 | NGS-SSR W - ; ]
204 | ABIL408 | NGS-SSR W - - -
205 | ABIL409 | NGS-SSR w - - -
206 | ABIL412 | NGS-SSR - + na +
207 | ABIL4IS | NGS-SSR + + + +
208 | ABIL416 | NGS-SSR - + + +
209 | ABIL418 | NGS-SSR - + + +
210 | ABIL419 | NGS-SSR + + + +
211 | ABIL421 | NGS-SSR w - - -
212 | ABIL427 | NGS-SSR + + na +
213 | ABIL428 | NGS-SSR + + na +
214 | ABIL429 | NGS-SSR + ] ] ]
215 | ABIL431 | NGS-SSR + ; ; }
216 | ABIL435 | NGS-SSR - + + +
217 | ABIL436 | NGS-SSR + + + +
218 | ABIL437 | NGS-SSR - + + +
219 | ABIL439 | NGS-SSR + : : :
220 | ABIL441 | NGS-SSR - + + +
221 | ABIL442 | NGS-SSR - + + +
222 | ABIL444 | NGS-SSR + + + +
223 | ABIL44S | NGS-SSR - + + +
224 | ABIL446 | NGS-SSR + - + +
225 | ABIL448 | NGS-SSR + : + +
226 | ABIL454 | NGS-SSR + + + +
227 | ABIL456 | NGS-SSR + - - +
228 | ABIL4S8 | NGS-SSR - + na +
229 | ABIL465 | NGS-SSR + + + +
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ABIL466

230 NGS-SSR + + + +
231 | ABIL467 | NGS-SSR - - + W
232 | ABIL468 | NGS-SSR W - - -
233 | ABIL469 | NGS-SSR W W W W
234 | ABIL470 | NGS-SSR - + na +
235 | ABIL471 | NGS-SSR + + + +
236 | ABIL472 | NGS-SSR - + + +
237 | ABIL473 | NGS-SSR + - - -
238 | ABIL474 | NGS-SSR - + + +
239 | ABIL476 | NGS-SSR - + + +
240 | ABIL479 | NGS-SSR - - + :
241 | ABIL480 | NGS-SSR - - + -
242 | ABIL481 | NGS-SSR + + + +
243 | ABIL483 | NGS-SSR + + na +
244 | ABIL484 | NGS-SSR + + + +
245 | ABIL489 | NGS-SSR + + + +
246 | ABIL491 | NGS-SSR - - + :
247 | ABIL493 | NGS-SSR + + + +
248 | ABIL494 | NGS-SSR + + + +
249 | ABIL497 | NGS-SSR + + + +
250 | ABIL498 | NGS-SSR - + + +
251 | ABIL499 | NGS-SSR - + + +
252 | ABILS00 | NGS-SSR + + + +
253 | ABILS01 | NGS-SSR - + + +
254 | ABILS0S | NGS-SSR + + + +
255 | ABILS06 | NGS-SSR i + + +
256 | ABILS10 | GEN-SSR - + na +
257 | ABILSIT | GEN-SSR + - na +
258 | ABILSI4 | GEN-SSR - + na +
259 | ABILS19 | GEN-SSR - + na +
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ABILS520

260 GEN-SSR + + na +
261 | ABIL322 | GEN-SSR + w na +
262 | ABIL323 | GEN-SSR + + na +
263 | ABIL324 | GEN-SSR + + na +
264 | ABIL525 | GEN-SSR + + na +
265 | ABIL326 | GEN-SSR + + na +
266 | ABILS27 | GEN-SSR + + na +
267 | ABIL328 | GEN-SSR + + na +
268 | ABIL331 | GEN-SSR + + na +
269 | ABIL332 | GEN-SSR + + na +
270 | ABIL333 | GEN-SSR + + na +
271 | ABIL334 | GEN-SSR + + na +
272 | ABIL335 | GEN-SSR + + na +
273 | ABIL336 | GEN-SSR + + na +
274 | ABIL337 | GEN-SSR + + na +
275 | ABIL338 | GEN-SSR + + na +
276 | ABIL339 | GEN-SSR + w na +
277 | ABIL340 | GEN-SSR + + na +
278 | ABIL341 | GEN-SSR + + na +
279 | ABIL342 | GEN-SSR + + na +
280 | ABIL343 | GEN-SSR + + na +
281 | ABIL344 | GEN-SSR + + na +
282 | ABIL345 | GEN-SSR + + na +
283 | ABIL346 | GEN-SSR + + na +
284 | ABIL347 | GEN-SSR + W na +
285 | ABIL548 | GEN-SSR + + na +
286 | ABIL349 | GEN-SSR + + na +
287 | ABILSS0 | GEN-SSR + + na +
288 | ABILSS1 | GEN-SSR + + na +
289 | ABIL352 | GEN-SSR + + na +
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ABILSS53

290 GEN-SSR + + na +
291 | ABIL354 | GEN-SSR + + na +
292 | ABIL3S7 | GEN-SSR + + na +
293 | ABIL361 | GEN-SSR + + na +
294 | ABIL563 | GEN-SSR + + na +
295 | ABIL365 | GEN-SSR + + na +
296 | ABIL366 | GEN-SSR + w na +
297 | ABIL367 | GEN-SSR + + na +
298 | ABIL368 | GEN-SSR + w na +
299 | ABIL369 | GEN-SSR + + na +
300 | ABILS70 | GEN-SSR + + na +
301 | ABILS7l | GEN-SSR + + na +
302 | ABILS73 | GEN-SSR + + na +
303 | ABILS7S | GEN-SSR + + na +
304 | ABILS76 | GEN-SSR + + na +
305 | ABILS77 | GEN-SSR + + na +
306 | ABILS78 | GEN-SSR + + na +
307 | ABILS79 | GEN-SSR + + na +
308 | ABILS81 | GEN-SSR + + na +
309 | ABIL3S87 | GEN-SSR + + na +
310 | ABIL388 | GEN-SSR + + na +
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