Types of genetic markers

multilocus markers (RAPD, AFLP, minisatelitte
DNA fingerprinting)

single-locus markers (allozymes, microsatelittes,
SNPs)

dominant markers — scored as present or absent
(RAPD, AFLP, ...)

codominant markers — identification of
homologous alleles, i.e. scoring of homozygote
and heterozygote states (allow estimation of allele
frequencies — SNPs, microsatelittes, ...)




Main markers used 1n molecular ecology

Single | Codominant | PCR assay Overall

locus variability
Minisatellite No No No High
fingerprints
RAPD No No Yes High
AFLP No No Yes High
Allozymes Yes Yes No Low-medium
Microsatellites Yes Yes Yes High

SNPs (sequences) Yes Yes Yes Low-high




Multi-locus genetic markers

« screening of many loci distributed
randomly throughout the genome

» minisatellite DNA fingerprinting

» RAPD (randomly amplified
polymorphic DNA)

» AFLP (arbitrary or amplified
fragment length polymorphism)

* presence vs. absence -
codominant




Minisatellite DNA fingerprinting

* randomly distributed repetitions
(Alu sekvence, SINE, LINE)

* restriction — sequence specific
endonucleases

* electrophoresis
* blotting
* hybridization with probe

 over recent years — shift to - |
PCR-based methods * - —




RAPD (randomly amplified polymorphic DNA)
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AFLP (amplified fragments length
polymorphism)

* cheap, easy, fast and reliable method to generate
hunderds of informative genetic markers

* simultaneous screening of many different DNA
regions distributed randomly throughout the
genome

* more reproducible banding pattern than RAPD




Generating AFLP markers
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Generating AFLP markers

(o) Selective amplification (one of many primer combinations shown)
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Single-locus genetic markers

 allozymes and other
transcribed genes

* SNPs (single nucleotide
polymorphisms)

* microsatelittes (length
polymorphism)




Single nucleotide polymorphisms (SNPs)
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Example of SNP marker

Mus musculus
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Mus domesticus

transition: Pu - Pu or Py - Py

transversion: Pu - Py or Py - Pu




Use of SNPs markers

» species (or genetical group) identification and
analysis of hybridization

* phylogeography

* population genetics (genetic variation,
individual identification — parentage,
relatedness, population structure, population
size, changes in population size)




Advantages

abundant and widespread in many genomes (in both
coding and non-coding regions) — milions of loci

spaced every 300-1000 bp
biparentaly inherited (vs. mtDNA)

evolution is well described by simple mutation models
(vs. microsatellites)

shorter fragments are needed — using in non-invasive
methods




Disadvantages

e ascertainment bias — selection of loci from an
unrepresentative sample of individuals

 low variability per locus (usually bi-allelic)

* higher number of loci is needed in population
genetic applications (4-10 times more loci)




Methods

1. Locus discovery (ascertainment)
2. Genotyping
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CATS PCR products @
Sequencing Sequencing
{individuals and {clones)

DMA pools)
GAACTTTETGGETTT

SLAST ssquences
PR primer design
PCR amplification
Seguence (individuals)

L Identify SMPs J

TRENDS i1 ECoogy & Evouan

CATS loci = comparative
anchor tagged site loci (=
cross amplification)

Genomic library = genome
restriction + cloning

AFLP = alternative to the
genomic library construction
(provide PCR fragments, can

be transformed to informative
SNP)
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Sangrova
dideoxy metoda
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Pouziti novych pristupu
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,,Next generation* sequencing
(Hudson 2008)

A\
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1) Randomly fragment many ; ! \ =
molecules of target DNA : \ \\ \
\
3) Amplify DNA in clonal
‘polymerase colony’

4) Sequence DNA by adding liquid
reagents to immoblized DNA colonies

2) Immoblize individual DNA
molecules on solid support

,polonies”
(polymerase colonies)

5) Interrogate sequence incorporation in situ
after each cycle using fluorescence scanning
or chemiluminescence
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454 pyrosequencing

« emulzni techniky amplifikace
pikolitrové objemy

* simultanni sekvenovani
na destiCce z optickych vlaken
detekce pyrofosfatl uvolfiovanych pfi
inkorporaci bazi

* Prvni generace GS20
— 200 000 reakci najednou
(zhruba 20 milionu bp)
dnes FLX — 400 000 reakci najednou

* Problémy s homopolymery

« Délka jednotlivych sekvenci 100 — 400

DNA polymerase

TGCACCTT TGGCCG--— o
CGGC--~-
dNTPE PPI

ATP- smjfurymse
ATP

Next base Luciferase ’ I
L Apym&.e ] W0 2 2 40 % , @ 70 ) ;

{wash}




Solexa/Illumina 1G SBS technology

(SBS = sequencing by synthesis)

1 Gb (3estinasobek genomu Drosophily)

Vyrazné¢ levn&jsi

Sekvence delky 35 bp

Flourescence, reversibilni
terminatory

SpiS pro resequencing




SOL1D

(sequencing by Oligonucleotide Ligation and Detection)




454 Solexa
pyrosequencing 5BS sequencing

Agencourt / ABISOLID
polony sequencing

All methods ligate single, randomly sheared DNA molecules to support

DMA support surface of ®
flow cell ~1 pm bead

25-36 um bead

Amplification 5 e 2
insitu PCR on
emulsion-phase PCR solid surface emulsion-phase FCR
Sequencing
surface
1 600 000 well plate 8-channel flow cell Single slide
one bead per well clusters of LNA imaged in panels
randomly located beads random
Sequencing
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reversible-terminator
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Ligation of sequence-

pyrosequencing sequencing by synthesis specific labeled oligos
Sequence Chemiluminescence Fluorescence Fluorescance
detection {one channel) {fcur charnel) {tour channel)
Read length 100-400 bp 35bp 25 bp (paired)

and number > 2x 10 reads

~4x 107 reads

> 107 reacs




SNP genotyping - old standards

PCR-RFLP

(restriction fragments length
polymorphism)

Allele T oG ATCAATGCGGCAA

GGCTAGTTACGCCGTT

cutting by restriction endonuclease

Allele 2 . GATCACTGCGGCAA

GGCTAGTGACGCCGTT

4< no cut

' allele 1 allele 2

PCR-SSCP (gel or capillary)

(single strand conformation
polymorphism)

Allele 1 Allele 2
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SNP genotyping — new methods

1) ASPE: allele-specific primer extension

G R
Ny > succesfull PCR
CCGATCAATGCGGCAA

©

CCGATCAATGCGGCAA  no PCR product

» primer extension with deoxy nucleotides and highly
specific polymerase enables allele-specific amplification

« 3’ terminal nucleotide of the two primers contains the SNP
nucleotide

« two PCRs with specific primers are necessary




SNP genotyping — new methods

2) SBE: single base extension

O
O
CCGATCAATGCGGCAA
o o N\ __
CCGATCACTGCGGCAA

_|_ <

only one dideoxy nucleotide is added to the primer




Detection or SBE products
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electrophoresis in a capillary

+ microarrays — multicolor detection
(using of 5’ oligonucleotide tags on

SBE primers)

other methods: flow cytometry, tag\Li ©®
fluorescence polarization CCGATCACTGCGGCAA




