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An Introduction to Molecular Markers
Used in DUS Research
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DNA structure

DNA

=== Adenine
=== Thymine
=== Cytosine

=== Guanine -

TececceecTeseATTECGEEaTC
TTEAGCCCTEANGCGTAGTAGAATA
SETCCoRcTCaACTCTCCEACCEAR
KETAARACTTTCARCARCGGATETE
T CANCCCTCARGETCTOCTTGOTA
CACGOACGECETTANAGAEETCRS
GTCaECCOCCaaACaARCCTTTOAR
GACCTCGOATCATCGAGAAGTTCCR
CGaToAGGGaCATTTTGaT66TEa0
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Molecular markers: principle

Amarker is a piece of DNA which can be made visible
Markers can be:
+ locus specific
(well known position on the chromosome)
+ non-specific
(random, no known position)
Molecular markers reflect DNA composition
DNA composition varies between genotypes
Patter of a set of molecular markers is description of
genotype
+ Analogous to a set of morphological characteristics
being a description of a phenotype
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Types of molecular techniques

+ Non-PCR* based techniques
+ requires isolation of large quantities of pure
genomic DNA
. « eq RFLP
+ PCR based techniques
? + requires only small quanities of DNA
- + eg. RAPD, AFLP, microsatelites (SSR,
STMS), SNP

“PCR = polymerase chain reaction: a technology that
‘amplifies DNA
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Types of DNA markers

There are many different
DNA marker technologies,
.. RAPD, RFLP, CAPS, ]

VNTR, SCAR efc. etc. e

In DUS the most widely
used techniques are:
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AFLP®: Principle
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AFLP®: Principle
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AFLP®: Principle

Separation of different fragments
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AFLP®: Principle
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+ Restriction enzymes can be adjusted
(in type as well as number) for each plant
species

« The products resulting from specific
restriction enzymes etc. reflect the genetic
composition of a variety
=different varieties give different

combination of products

+ The combined result of more restriction
enzymes etc. will increase information on
variation between varieties
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AFLP®: Principle

« Markers are distributed omomn

- throughout the chromosomes,
wherever the enzymes can
at

+ Markers cannot be allocated
to a specific position in the
genome
= + It is not known where the
efc

amplified fragment originated





image13.png
AFLP®: Different detection systems

Licor ALF express
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AFLP®: From gel (or peaks) to data matrix
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Determination of similarities (painvise
comparison)- e.g. Jaccard coeficient

dendrogram
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Similarity indices

« There are many similarity indices:
+ Jaccard, Dice, Nei, Cityblock, Euciidian, Simple
matching, etc.
+ The choice depends on i.a. the type of data
« Forthese binary data we use Jaccard:

My (distance = 1-])

similarity ] = eSS

with:
My = total numberwhere Aand B are both 1
My = total numberwhere A= 0 and8 = 1
My = total numberwhere A= 1 andB =0
Mg = total number where AandB are both 0
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/ AFLP®: Pair wise comparison (BioNumerics)
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AFLP®: Similarities for variety pairs

Example: Rose

frequency
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AFLP®: Part of a UPGMA dendrogram
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AFLP®: Characterisation

« Universally applicable
(no sequence info required, stitable for all species)

+ Large discrimination power

+ Dominant (one “allele’, heterozygotes not visible)

* Muti-locus

(many datapoints distributed over genome)

Flexible in experimental set-up

High reproducibility within lab

Moderate reproducibility between labs

Stitable for databasing
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AFLP®: Characterisation

Technically demanding
Labor-ntensive (expensive)

Not stitable for automation

Sensitive for interpretation (dependent on
the person)
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« Synonyms:
+ Sequence Tagged Microsatelite Sites (STMS)
+ Simple Sequence Repeats (SSR's)
+ Short Tandem Repeats (STR's)
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Microsatellites: Principle

+ Each marker has a specific location in the

genome (locus, plural=loci)

At this location repeats of a specific short

sequence occur

Examples of repeat sequences: TCC, GATA,

GT,

+ eq. (GT)s = GTGTGTGTGTGTGTGTGT

+ These locations can be found by developing a
primer that finds the flanking regions of the
repeat sequence

+ Marker=primer+microsatelite
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Microsatellites: Principle

+ Aspecific number of repeats is called an
“allele’
+ eq. (GT)s, (GT)yo, (GT)z are different
alleles of the same microsatelite marker

+ The number of alleles per marker can vary
from 2-50(?), depending on the marker

+ Adiploid variety will show 2 alleles (either
identical or different), a tetraploid variety has
4alleles
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Microsatellites: Principle

« Potato is tetraploid: it has 4 copies of each
chromosome

+ The marker on chromosome VI is located
on a specific position

« Itis exactly known where the amplified
fragments originated
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Microsatellites: Principle

+ E.g. this marker has 7 different alleles,
called AB,..G
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Microsatellites: Principle

: ] « E.g. this marker has 7 different alleles,
called AB,..G

Two copies of chromosome VI carry
allele A, one carries allele D and one

caries allele F
+ Alleles are scored as absent/present

« “allelic phenotype’ = ADF

+ (allelic genotype’ would be AADF)
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Microsatellites: Principle

Variety X Variety Y Variety Z

PCR+ PCR+
elmpmmls elmpmmls

XY Z

results for1 e
marker
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Microsatellites: Detection systems

+ Agarose/Sequencing gel (band patters)
~ Radio-active labeling
~ Silver staining
~ Fluorescent label

+ Capillary electrophoresis (peak patterns)
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Microsatellites: Multiplex* analysis

Example: 3 markers - tetraploid species:

Original variety 1
Mutant of variety 1
Variety 2

Variety 3

Variety 4
Variety 5
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Microsatellites: Data handling

+ Similar to AFLP data:
+ Convert bands/peaks to data matrix
(110001100.....)
+ Calculate similarities
+ Frequency distributions of similarities
+ Dendrograms
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Microsatellites: Data handling

Example of data scoring of a tetraploid species:

Marker 1 Marker 2 Marker 3,
allele[a[b]c[d[e[f [a[b]c[d[ab[c[d]e[f[a]n]i
variety A [1]o[1[1]ofofo[1]1]ofofo]1]1]1]0]o]o]1
varieyB [1]0[1]1]0fo1]o[1]o]o[1[o[1]1]0]0]0]0
varietyC [o]o[1]o[ofoo[1]1]1]o[1]o[1]1]o]o[o]1
varieyD [1]01]1]ofo[1]1[1[1]o[o[1]0[1]0[1]0]0
varieyE__ |0 1[1]o[1]o]1[1]oo]1]o[1]1]0o]o]0[1]0

As the number of copies per alele is usually not known, a profle is called

an allelic phenotype (not genotype)
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Microsatellites: Data handling

Frequency distribution of allelic phenotypes
(300 potato varieties)

marker 1 marker 2
“aleles, 11 phenotypes. 17 allees, 137 phenotypes
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Microsatellites: Characterisation

+ Co-dominant
(neterozygotes visible)
« Muti-allelic
+ Highly discriminative
(depending on number of markers)
+ Reproducible within and between labs
+ Available for many crops
(many not freely available)
« Technically relatively easy (quick)
+ Suitable for exchange/databases
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Microsatellites: Characterisation

Markers need to be developed per crop
Sequence information is required

High development costs

Not so many datapoints (loci)

Sensitive for stutter bands
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SNP’s: Principle

+ SNP= Single Nucleotide Polymorphism
+ Asingle base change in DNA sequence

e
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+ SNP discovery/development through mutation scanning, hybridization
assays, PCR based systems, sequencing
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SNP’s: Detection platforms (1)

Band patiens on gel

MALDI-TOF mass specrometry peakpatterns on capillary system

meltcurves
on realtime
PCR machine
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SNP’s: Detection platforms (2) Micro arrays

N ~N Variety 1
Semple 1

Semle 2

Up to 25.000 SNP's per array
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SNP’s: Data handling

+ Scoring of present/absent in genotypes (veg. prop. species)
Data handiing similar to SSR and AFLP: similarities etc.

+ Description of varieties in terms of SNP frequencies in
populations (outcrossing species!)

phylogram ilustrating
separate genepools in
ryegrass
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SNP’s: Characterisation

+ Robust method, highly reproducible

« Suitable for high throughput analyses

+ Large numbers of possible markers

+ Markers need to be identified per crop

« Technical skillslequipment required

+ High development costs (discovery)

+ Automated and cost effective screening (detection)

+ Suitable for databases

+ Suitable for characterization of genotypes as well as
populations
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SNP’s: Characterisation

Robust method, highly reproducible
Bi-allelic (homozygote/heterozygote)

Stitable for high throughput analyses

+ Large numbers of possible markers

Markers need to be identified per crop

Technical skillslequipment required

Very high development costs (discovery)
Automated and cost effective screening (detection)
Suitable for databases

Stitable for characterization of populations
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Thank you for your attention
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