Molecular Markers

Using DNA polymorphisms in plant breeding

A How many genes determine important traits?

A Where these genes are located?

A How do the genes interact?

A What is the role of the environment in the phenotype?

A Molecular breeding: Gene discovery, characterization, and
selection using molecular tools

A Molecular markers are a key implement in the molecular
breeding toolkit



What i1s a Molecular Marker?

Markers are based on polymorphisms

A Amplified fragment length polymorphism
A Restriction fragment length polymorphism
A Single nucleotide polymorphism

A The polymorphisms become the alleles at marker loci

A The marker locus is not necessarily a gene: the
polymorphism may be in the dark matter, in a UTR, in an
Intron, or in an exon

A Non-coding regions may be more polymorphic



DNA Mutations & Polymorphisms

A Changes in the nucleotide sequence of genomic DNA
that can be transmitted to the descendants.

A If these changes occur in the sequence of a gene, it is
called a mutant allele. The most frequent allele Is
called the wild type.

A A DNA sequence is polymorphic if there is variation
among the individuals of the population.



Types of DNA Mutations (1)

Wildtype 5 6 AGCTGAACTC CTCGCGATCCGTAGTTAGACTAG -3 0

Substitution 5 6 AGCTGAACTCGGCCTCGCGATCCGTAGTTAGACTAG -3 6
(transition: Ae>G

Substitution 5 6 AGCTCAACTCGACCTCGCGATCCGTAGTTAGACTAG -3 6
(transversion: G «>C)

/ <
Deletion 5 6 AGCTAACTCGACCTCGCGATCCGTAGTTAGACTAG-3 0

(single bp)

A CAACTCGACC

Deletion 5 0 AGCTTCGCGATCCGTAGTTAGACTAG -3 0
(DNA segment)



Types of DNA Mutation (2)

Wildtype 5 6 AGCTGAACTCGACCTCGCGATCCGTAGTTAGACTAG -3 6
Insertion 5 6 AGCTGAACTACGACCTCGCGATCCGTAGTTAGACTAG -3 0
(single bp)
Insertion 5 6 AGCTGAACTAGTCTGCCCGACCTCGCGATCCGTAGTTAGACTAG -3 ¢
(DNA segment)
Inversion 5 6 AGCAGTTGACGACCTCGCGATCCGTAGTTAGACTAG -3 6
pd N\

Transposition 5 0 AGCTCGACCTCGCGATCCGTAGTTATGAACGACTAG -3 0



Why Use Markers?

A way of addressing plant breeding needs without tackling the
A The large number of genes per genome
A Huge genome sizes

A Technical challenges and costs of whole genome sequencing

Markers may be linked to target genes

OR

Markers be intargetgenes( iper f ect o0 mar ker s)
(What is a perfect marker for a gene deletion?)



DNA Markers

A Polymorphisms can be visualized at the metabolome,
proteome, or transcriptome level but for a number of reasons
(both technical and biological) DNA-level polymorphisms are
currently the most targeted

ARegardless of whether it is a
marker, there are two key considerations that need to be
addressed in order for the researcher/user to visualize the
underlying genetic polymorphism



Key steps for DNA Markers

1. Finding and understanding the genetic basis of the
DNA-level polymorphism, which may be as small as a
single nucleotide polymorphism (SNP) or as large as an
Insertion/deletion (INDEL) of thousands of nucleotides

2. Detecting the polymorphism via a specific assay or
"platform”. The same DNA polymorphism may be
amenable to different detection assays



Applications of Markers

1. Establish evolutionary relations: homoeology, synteny and orthology
A Homoeology: Chromosomes, or chromosome segments, that are similar in terms

of the order and function of the genetic loci.
A Example: the 1A, 1B, 1D series of wheat and the 1H of barley

A Orthology: Refers to genes in different species which are so similar in sequence
that they are assumed to have originated from a single ancestral gene.
A Example: BAD-2 in rice and barley

A Synteny: Conservation of gene orders across species
A Example: Fragaria and Prunus

2. Are trait associations due to linkage or pleiotropy
A Identify markers that can be used in marker assisted selection

3. Locate genes for qualitative and quantitative traits
A A starting point for map-based cloning strategies



Polymorphism Detection Issues

Polymorphisms vs. assays

An ever-increasing number of technology platforms have been,
and are being, developed to deal with these two key
considerations

These platforms lead to a bewildering array of acronyms for
different types of molecular markers. To add to the complexity,

the same type of marker may be assayed on a variety of
platforms

The ideal marker is one that targets the causal polymorphism
(perfect marker) . Not al ways av



Simple Sequence Repeats (SSR)

A Simple sequence repeats (SSRs) (aka microsatellites)
are tandemly repeated mono-, di-, tri-, tetra-, penta-,
and hexa-nucleotide motifs

A SSR length polymorphisms are caused by differences
In the number of repeats

A Assayed by PCR amplification using pairs of
oligonucleotide primers specific to unigue seguences
flanking the SSR

A Detection by autoradiography, silver staining,
sequencingé




Simple sequence repeat in hazelnut
Note the difference in repeat length AND the consistent flanking

seguence

>B777-Barcelona
TGTATTAACTACCACGCGTCGCCACGTAGGCTCGTGGATTACTGAGAATCCTCACCAAAATCT
CGGCGCTATGGGTTTCTTATITGACTCGTACAGTTATGGAAGTTACTCAGAAAGGGAAGGGTG
TAGGACGTICTGGAATAGGGAATATATCAGGAGAAAATGGAGAGAAATTGAGACAGTGAGA
GAGAGAGAGAGAGAGAGAGAGAGAGAGGGTTITGAGGATAAGTITTGACTGAGCCAGGCTGGA
GAGCATTACGTAAGGGAATTTGGTITITGGTITITIGICTTIITTGAGGTITTITGGGGTGCACGGA
AGTGGTGATGTGGAGAAAACGACAAGAACGGTCGCGGAATTGGAGAACGGATCATTACTGAC
AAGCTGTCAGTCCAGCCTGTAATACTIGCAGCACGGAGGACACTCCAACGG

=B777-Negret
TGTATTAACTACCACGCGTCGCCACGTAGGCTCOTGGATTACTGAGAATCCTCACCAAAATCT
|cGGCGCTATGGGTTTCTTATITGACTCGTACAGTTATGGAAGTTACTCAGAAAGGGAAGGGTG
TAGGACGTICTGGAATAGGGAATATATCAGGAGAAAATGGAGAGAAATTGAGACAGTGAGA
GAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGGGTTTGAGGATAAGTTTGACTGAGCC
AGGCTGGAGAGCATTACGTAAGGGAATTITGGTTITGGTTITITIGICTTITITGAGGTITITIGGGG
TGCACGGAAGTGGTGATGTGGAGAAAACGACAAGAACGGTCGCGGAATTGGAGAACGGATC
ATTACTGACAAGCTGTCAGTCCAGCCTGTAATACTTGCAGCACGGAGGACACTCCAACGG

=B777-Gasaway
TGTATTAACTACCACGCGTCGCCACGTAGGCTCGTGGATTACTGAGAATCCTCACCAAAATCT
CGGCGCTATGGGTTTCTTATITGACTCGTACAGTTATGGAAGTTACTCAGAAAGGGAAGGGTG
TAGGACGTICTGGAATAGGGAATATATCAGGAGAAAATGGAGAGAAATTGAGACAGTGAGA
GAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGGGTTITGAGGATAAGTTT
GACTGAGCCAGGCTGGAGAGCATTACGTAAGEGAATTITGGTTIGGTTITITIGICTTITITGAGGT
TITITGGGGTGCACGGAAGTGGTGATGTGGAGAAAACGACAAGAACGGTCGCGGAATTGGAG
AACGEGATCATTACTGACAAGCTGTCAGTCCAGCCTGTAATACTTGCAGCACGGAGGACACTCC
AACGG

=B777-Ratoli
TGTATTAACTACCACGCGTCGCCACGTAGGCTCGTGGATTACTGAGAATCCTCACCAAAATCT
CGGCGCTATGGGTTTCTTATITGACTCGTACAGTTATGGAAGTTACTCAGAAAGGGAAGGGTG
TAGGACGTICTGGAATAGGGAATATATCAGGAGAAAATGGAGAGAAATTGAGACAGT GAGA
GAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGGGTTTIGAGGATAAGITTIGACTGAGCCAG
GCTGGAGAGCATTACGTAAGGGAATTITIGGTITIGGTITTITIGTICITITIGAGGTTITITIGGGGTG
CACGGAAGTGGTGATGTGGAGAAAACGACAAGAACGGTCGCGGAATTGGAGAACGGATCATT
ACTGACAAGCTGTCAGTCCAGCCTGTAATACTTGCAGCACGGAGGACACTCCAACGE

=B777-Fimmerman
TGTATTAACTACCACGCGTCGCCACGTAGGCTCGTGOATTACTGAGAATCCTCACCAAAATCT
CGGCGCTATGGGTTITCTTATITGACTCGTACAGTTATGGAAGTTACTCAGAAAGGGAAGGGTG
TAGGACGTICTGGAATAGGGAATATATCAGGAGAAAATGGAGAGAAATTGAGACAGT GAGA
GAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGGGTTTGAGGATAAGTTT
GACTGAGCCAGGCTGGAGAGCATTACGTAAGGGAATTTGGTTTIGGTTIITTIIGICTTITTIGAGGT
TTTITGGGGTGCACGGAAGTGGTGATGTGGAGAAAACGACAAGAACGGTCGCGGAATTGGAG
AACGGATCATTACTGACAAGCTGTCAGTCCAGCCTGTAATACTTGCAGCACGGAGGACACTCC
AACGG



SSR Repeats

Repeat Motifs
A Highly polymorphic

A Highly abundant and randomly dispersed

A Co-dominant
A Locus-specific
A Amenable to high throughput

=B777-Barcelona
TGTATTAACTACCACGCGTCGCCACGTAGGCTCGTGGATTACTGAGAATCCTCACCAAAATCT
CGGCGCTATGGGTTTICTTATITGACTCGTACAGTTATGGAAGTITACTCAGAAAGGGAAGGGTG
TAGGACGTTCTGGAATAGGGAATATATCAGGAGAAAATGGAGAGAAATTGAGACAGT GAGA
GAGAGAGAGAGAGAGAGAGAGAGAGAGGETTITGAGGATAAGTTTGACTGAGCCAGGCTGGA
GAGCATTACGTAAGGGAATTTGGTITGGTTTITITGICTTITITGAGGTITITIGGGGTGCACGGA
AGTGGTCGATGTGGAGAAAACGACAAGAACGGTCGCGGAATTGOAGAACGGATCATTACTGAC
AAGCTGTCAGTCCAGCCTGTAATACTIGCAGCACGGAGGACACTCCAACGG

=B777-Negret
TGTATTAACTACCACGCGTICGCCACGTAGGCTCGTGGATTACTGAGAATCCTCACCAAAATCT
ICGGCGCTATGGGTTICTTATITGACTCGTACAGTTATGGAAGTTACTCAGAAAGGGAAGGGTG
TAGGACGTTICTGGAATAGGGAATATATCAGGAGAAAATGGAGAGAAATTGAGACAGT GAGA
GAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGGGTTTGAGGATAAGTTTIGACTGAGCC
AGGCTOOAGAGCATTACGTAAGGGAATTITGGTTITGGTTITTIGICTTITIGAGGTITITIGGGG
TGCACGGAAGTGGTGATGTGGAGAAAACGACAAGAACGGETCGCGGAATTGGAGAACGGATC
ATTACTGACAAGCTGTCAGTCCAGCCTGTAATACTTGCAGCACGGAGGACACTCCAACGG

>B777-Gasaway
TGTATTAACTACCACGCGTCGCCACGTAGGCTCGTGGATTACTGAGAATCCTCACCAAAATCT
CGGCGCTATGGGTTTICTTATITGACTCGTACAGTTATGGAAGTITACTCAGAAAGGGAAGGGTG
TAGGACGTTCTGGAATAGGGAATATATCAGGAGAAAATGGAGAGAAATTGAGACAGT GAGA
GAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGGGTTTGAGGATAAGTTT
GACTGAGCCAGGCTGGAGAGCATTACGTAAGGGAATITGGTTTIGGTTITTIIGICTTITTIGAGGT
TTTITGGGGTGCACGOAAGTGGTGATGTGGAGAAAACGACAAGAACGGTCGCGGAATTGGAG
AACGGATCATTACTGACAAGCTGTCAGTCCAGCCTGTAATACTTIGCAGCACGGAGGACACTCC
AACGG
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Single Nucleotide Polymorphisms (SNPs)

A DNA sequence variations that occur when a

single nucleotide (A, T, C, or G) in the genome
sequence Is altered
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Features of SNPs

A Highly abundant (~ 1 every 200 bp)
A Locus-specific
A Co-dominant and bi-allelic

A Basis for high-throughput and massively parallel
genotyping technologies

A Connectivity to reference genome sequences



SNP Detection Strategies

Locus specific systems

I Many samples with few markers

A Marker assisted selection for key target characters
A Example: KASP

Genome wide systems

I Fewer samples with many markers
A Germplasm characterization

A Genotyping panels for Genome Wide Association Studies
Example: lllumina



KASP™ Genotyping

1) Assay components:

A) KASP Assay mix B)KASPMastermix ™\ 2
KASP uses three components: Allele-specific forward primers: \) i :;: ;
test DNA with the SNP of e = =

interest; KASP Assay mix ’m 2

containing two different, allele- 5 E

specific, competing forward s primer: | |s ¥ |5
primers with unique tail — -

sequences and one reverse

primer, the KASP Master mix C) DNA tempiate (sampie)

containing FRET cassette S =)

plus Taq polymerase in an :D;Emmm:mms
optimised buffer solution. [e1]
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2) Denatured template and annealing components — PCR round 1:

5 3
(allele-2 primer does not elongate) TTTTTITrIrrrrr
A ==meec=- | R ———

(reverse primer elongates 5-3)

c
NENESRERRERRRPARNNENNENNRNEN!
3 L& 5

In the first round of PCR, one of the allele-specific primers matches the target
SNP and, with the common reverse primer, amplifies the target region.

Aliele-1 tail FAM-labelled
oligo sequence

Allele-2 tail HEX-labeSied
oligo sequence

Common reverse primer
FAMdye
HEX dye

Target SNP

3) Complement of allele-specific tail sequence generated
— PCR round 2:

mﬁTrrrrrrrrrrrrmeTrrrrrrrrrr

P00 000

§

2

J &
JJI‘“-’-LLILIJ.IJ.IJ.I.L 1@ I LI il of the allele-1 tail.)
4) Signal generation — PCR round 3:
f"-\l
FAM-labelied oligo binds to new complementary tail g I“. Q"l
é_ sequence and is no longer quenched. s
m""'ﬁ‘ll !1TI'I1T|'I11TI'[ITI'I'I'”'I'I'ITI'I'ITI'
In further rounds of PCR, levels of allele- specific tail increase. The - Doed
fluor labelled part of the FRET cassette is complementary to new tail ey ks ot esicn
sequences and binds, releasing the fiuor from the quencher to generate quenched. quenched.

a fluorescent signal.

More Information;

http://www.lgcgroup.com/services

/genotyping/#.VCMayPIdWJO



http://www.lgcgroup.com/services/genotyping/
http://www.lgcgroup.com/services/genotyping/
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Genotyping by Sequencing

Genomic DNA

digestion
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Oregon Wolfe Barley Map
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Oregon Wolfe Barley Linkaiytap (2383 loct 463RAD = 2846 loci)




Current marker strategy in a major service lab

ADevelopment and phenotyping of biparental populations
AGenotyping-by-sequencing followed by rough linkage mapping and
Arougho QTL mapping. Rough becaus
Sequencing involves errors. Errors mess up marker order, expand map
distances and muck up marker trait-association test statistics

AChoosing large-effect QTL that seem worthy of marker development

for breeders

AConversion of GBS tags into KASP assays



A\pplication of the KASP assays to the population to create dense
and high-quality linkage map of the QTL region

ARedoing the QTL analysis.

Aicking markers near the peak and running them across varieties
to find markers for which alleles are likely to be rare in breeding
germplasm.

MReleasing the markers to breeders for use in selection

But with a good genome assembly, linkage mapping becomes
Increasingly unnecessary we can skip the linkage mapping in step
2 and just plot single-marker test statistics against physical or
consensus-genetic positions. 0O




A start on map-based cloning of quantitative disease resistance gene

A SNP (e.g. 1_1292) mapped in the Oregon Wolfe Barley genotyped in near-isogenic
lines (the BISON) leads to a candidate genes, via a quantitative trait locus (as detected
in the Baronesse x BCD47 doubled haploid mapping population).

resistance to barley stripe rust, a fungal disease.



