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What iIs a genetic marker?

W

“A genetic marker is an easily identifiable piece of genetic
material, usually DNA, that can be used in the laboratory to tell
apart cells, individuals, populations, or species.”(The United
States Department of Agriculture (USDA), 2006)

”ldeally, a genetic marker is an inherited variant that can be easily
scored, varies within and between populations, and has a negligible
effect on phenotype and, in particular, on fitness” (Baron et al.
(2007) Evolution, New York, USA)

“A genetic marker is a gene or DNA sequence with a known
location on a chromosome that can be used to identify cells,
individuals or species. It can be described as a variation (which
may arise due to mutation or alteration in the genomic loci) that
can be observed.” (www.wikipedia.org)



What can we use genetic markers for?

...all sorts of things, really

Ecological inferences (e.g. track individuals)

Population genetic inferences (e.g. estimate
connectivity/levels of gene flow)

Evolutionary inferences, i.e. the effects of
evolution on the genomes of individuals,

populations and species

Evolutionary forces?
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Genetic markers D1

iE

Phenotypes, e.g. enzymes
Used as a proxy for genetic variation

Organelles, e.g. mitochondria, chloroplasts
MtDNA is maternally inherited, haploid and without recombinatio

4 Ne of nuclear DNA
Only tracks female gene flow
Behaves as a single locus

MtDNA has been widely used in phylogeographic studies
One particular gene, COI, used for species separation
(barcoding)

Nuclear DNA

Diploid, inherited from both parents, codes most the genes,
harbours lots of variation
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Genetic markers

NE

Relative popularity

[ Alezymes (R [ Micrasstallitss O aArs

[ DMa ssquencing B ReFDa [ Minieatelitza & RFLPe

 Biochemical/Protein level
Allozymes (Variants of an enzyme coded by one particular locus)
Haemoglobin variants

e Molecular/DNA level
Repeat variation (e.g. microsatellites)
Single nucleotide polymorphisms (SNPs)

Schlotterer 2004
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Electrophoresis .

i

Use electrical current to separate proteins or DNA or based on charge
and/or size

Enzymes: Enzyme specific dyes ( \
DNA: Ethidium bromide + UV | Negative pole
Power
supply
25| Initial position
“] of proteins
Positions of
proteins after
Gel migration

\ J Positive pole




Genetic markers - Biochemical

Haemoglobin as an example
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Sick 1961; Andersen et al. 2009
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Genetic markers

i

Biochemical/Protein level

* Low number of alleles/low
level of genetic variation

» Only detects a proportion of
present variation

Relative popuarity

* May be under selection

» Easy to apply (but difficult to
master!)

Virtually abandoned today.....
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Schlotterer 2004



PCR

eDeveloped by Kerry Mullis in 1983
eNobel prize in 1993

"What if 1 had not taken LSD ever; would | have
still invented PCR?I don't know. | doubt it. |
seriously doubt it.“

eEnzymatic amplification of DNA
eEssentials:

—Heating and cooling

—A thermo-stabile DNA polymerase

10 DTU Aqua, Danmarks Tekniske Universitet Introduction and PCR

06.06.2016
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Polymerase chain reaction (PCR)

HE

Flanking sequence, known Target sequence Flanking sequence, known
\ \ \

{ | I \
AGCCGTGCTCAGCAATXAAKKXAXKAXKAXKXAAXKXAXXAKXAGGCATAAACGTTGGAC...

DNA duplex
to be amplified
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0000
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First cycle

Primer
oligonucleotides

11 Third cycle
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Sanger seguencing

i

e Sequencing method described by Sanger and Coulson in
1977

* For the next 25 years, ‘Sanger sequencing’ was practically
the only DNA sequencing method used
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Sanger sequencing
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PCR reaction mix
Incl.
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PCR reaction mix

dNTP’s (black)

ddNTP’s (coloured)
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Incl.

&

Sanger sequencing

.

cC
G

A

G A

dye Laboel
chve -linked termination wath ddG TP

5'- TCCTCCE
3" -GEAGACTTACAGGAAAGAGATTCAGEATTC AGEAGGCCTACCATGAAGATCAAG-5 '

dye-linked termination with ddATP

5'- TCCTCC GG?
3" -GEAGACTTACAGGAAAMGAGATTCAGEATTC AGEAGGCCTACCATGAAGATCAAG-5"

dyve linked terrination with ddTTF ’

5'- TCCT
3 -GEAGACTTACAGEAAAGAGATTCAGGATTCAGGAGGCCTACCATGAAGATCAAG-5 '

dye dinked termination with ddCTP ’

5'- TCC
3 -GEAGACTTACAGEAAAGAGATTCAGEATTC AGEAGGCCTACCATGAAGATCAAG-5'
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Sanger sequencing

: www.dnalc.org
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Sanger sequencing

NE

PCR sequence products are analysed
by electrophoresis.

Distinguishes DNA fragment lengths
by 1 bp precision and records the

fluorescent dye at the terminal
ddNTP.

CEE

G ATC

age
GATC W output read O

Output read as a chromatogram

a-ga1-g-gga11ag“1ag1agg1gggg1aa“ g c
170 180 180

W
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Genetic markers - genes

Haemoglobin as an example
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Genetic markers - genes o

The DNA version
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Andersen et al. 2009



Genetic markers —repeat variation

WE

Flanking sequence, always the same

Microsatellite

Allele 1 ACCGTGTAGTCACAGCAGCAGCAGCAGTGGGGCCAATGAACGG

[CAG] X 5
Allele2  ACCGTGTAGTCACAGCAGCAGCAGCAGCAGTGGGGCCAATGAACGG

[CAG] X 6

« High number of alleles/high level of genetic variation

 Often polymorphic in closely related species

e Need to know flanking sequence in focal or related species

e Takes time to develop

 Length variants may be difficult to separate in the lab and calibrate across labs

19
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DNA
Extraction

D=

Genomic DNA 10ug

Next Generation Sequencing

Roche 454 GS—FLX titanum
(1/4 region)

260,467 sequence reads

microsatellite
repeated motif
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Picking
nucleotide repeats
and
Designing primers

17,206 dinucleotide
repeats
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12,471 primer pairs
were designed

Amplication
Test
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400 primer pairs
were tested

{

106 markers were
amplified

Verification

79 polymorphic loci
(2-11 alleles/locus)
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Genetic markers
— Single nucleotide polymorphisms (SNPs)

Flanking sequence SNP Flanking sequence

AAGGCGTACAGGCCATTGACCATCCGGTACCAAGACTCGAAAGTC

AAGGCGTACAGGCCATTGACTATCCGGTACCAAGACTCGAAAGTC

* Only two alleles (mostly)

« Often species specific

* Need to know flanking sequence and SNP in focal species
« Abundant in the genome (in genes and outside genes)

« Variants easy to identify in the lab

e Good for high throughput genotyping

 Easy to calibrate

i



SNP development in herring

Primer design

Helyar et al. 2012
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454 G5 FLX Sequencing

De-multiplexed by ID

Removal of mtDNA

Repeat masking and
clean up

Clustering assembly

Blast®nnotation

Marker development

Removal of terminal
SHPs

Remaowval if ADT <0.4

Intron exon
screening

Final selection for
genotyping
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Next generation sequencing

i

« Generates thousands of randomly amplified sequences in one run
 The methodologies have been available since 2005

« Human genome was sequenced with the Sanger method over 10 years
for a total cost of ~ $3 billion

e A new version was sequenced in 2007 with the 454 technology (next
generation technology) in 2 months for ~ $2 million

 In 2019 the prize is approximately $1500 using lllumina technology

23



Cost per genome

Moore's Law

N IH National Human Genome
Research Institute

genome.gov/sequencingcosts

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
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”NGS” sequencing 2019

Fragmentation of DNA
(sonication or enzymatic)

OO0 00000 2000

Ligation of adapter and
primer (or barcode)

300000 ACOCOCOCO00
00000000  XOP00000000000 oo
2000000000000 200000000

1 Size-select the fragments

XOCOCOTOCOOT [ o000
[ 2000000000000 | XOTOTOTCOTOTOTX
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lllumina Novaseq 6000. 20 billion reads of
150 bp



Bioinformatics

: Reference Genome Sequence
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Next generation sequencing

Applications

 SNP (or other marker) development (example)
e Next generation genotyping (RAD-sequencing)

e Sequence entire genomes (new genomes and re-
sequencing)

27
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Reduced representation sequencing

Sequence flanked by two restriction enzyme cut sites

C GBS - ]

* 1. Digest (one enzyme)

1 2. Ligate adapters

3. Multiplex
4.PCR

28

[ ezRAD b

lllumina kit:
2. End repair
3. A-tailin

4. ligate YCI—adaptors

‘ 5. 5Size select

‘, 6. PCR (skip for PCR-free kit)

7. Multiplex

C ddRAD D

4 1. Digest
(two enzymes)

* 2. Ligate adaptors

3. Multiplex
4. Size select
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200 K SNP Chip for salmon louse
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locus-by-locus Fst

0.4 -
KGAT10 v Bs05

0.3 -

KGAT10 v KGAT13

KGAT10 v KSAT13

KGAT10 v KGAT14

KGAT10 v QMAT 14

5000 10000 15000 20000 25000 30000

SNP index

Messmer et al. 2018



DNA capture (historical material)

Denature DNA
_p- —

I'

Prepped eDNA sequencing library
—— s Hybridize baits
+_—w —

— —gp totargets
Biotinylated baits

— :* Capture target
K g Capture ta
—— # on beads
Streptavidin beads

Recover
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Next generation sequencing

Single molecule sequencing (3" generation sequencing)

31

DNA can be sequenced by threading it through a microscopic pore in a membrane.
Bases are identified by the way they affect ions flowing through the pore from one
side of the membrane to the other.

...'3'_

DNA DOUBLE
HELIX

Hr N

© A flow of ions through
the pore creates a current
Each base blocks the

L1] Qne protein flow to a different degree,

unzips the altering the current.

DNA, helix into

two strands. TGATATIGCTTTTGATGCLG

8 Asecond

protein creates

a pore in the

membrane

and holds

an "adapter”

el © The adapter molecule
keeps bases in place long
enough for them to be
identified electronically.

=
—
=

i

http://www.technologyreview.com



New technology — Oxford Nanopore

» Portable 3rd generation sequencing unit SmidglON
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History

1960s

2000s

2019




Genomic differentiation

34

Sl o AR s iy 20AB E BaiRRiS saiaid

o PEY TR !
Lu aaﬁi’s.{uﬂn -R-..na.hhd aiw-ule Fdadiy Z "

’; &
Lda .na.ﬂr- “l“& 3

i e a0t eS8 o el lend Dl s R |

[ ]

8 9 10 11 12 13 1415 16 17 18 19 20 21 22 23 24 JAFS

Chromosome

Le Moan et al.

=
—
=

i



-Im"'lz _____

mmﬁ#ﬁa’fm%“éWHYﬁm

@%’%\MHAI WHEN?
“WHEREP = = e i i

e 3H0W7

e WHA'I" HOW? WHY?
i g&wmw
=WHAT? HU“P WHW
WHI]? WHERE? WHAT? HOW?
. WHERE? WHICH? WHOSE? WHEN? WHYZ
WH‘F HOW? WHERE?
Pt
ue WHO’
HOW? .
'I'IIEHFWHIEI'P 'I.IHIJSF “IHE;'F WH‘I'?

e WY WHERE? WHTT o

+WHERE?z:.
HOW? WHO?

WHO? WHERE? WHAT? HOW?
WHAT? HOW? WHY?

SHOW?*

T WHERE? et



	Genetics in support of fisheries and aquaculture management
	Genetic and genomic tools�- from proteins to genomes and back
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	PCR
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	SNP development in herring
	Slide Number 23
	Cost per genome
	”NGS” sequencing 2019
	Bioinformatics
	Slide Number 27
	Reduced representation sequencing
	 200 K SNP Chip for salmon louse 
	DNA capture (historical material)
	Slide Number 31
	New technology – Oxford Nanopore
	Slide Number 33
	Genomic differentiation
	Slide Number 35

