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Genotyping

- A very brief overview -
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What is a marker?

“A measurable biological feature used to identify or track genetic variation,

biological state, or trait association.”

Visible mutants: eye colour, body colour, wing shape in Drosophila, ...
Blood group markers: ABO and other inherited blood types, ...
Biochemical markers: haemoglobin variants, enzyme variants, ....

Plant markers: flower colour, seed colour, waxy starch, ...




The first steps — Biomarkers to describe genetic variation

A MOLECULAR APPROACH TO THE STUDY OF GENIC
HETEROZYGOSITY IN NATURAL POPULATIONS.
I. THE NUMBER OF ALLELES AT DIFFERENT
LOCI IN DROSOPHILA PSEUDOOBSCURA*
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https://academic.oup.com/genetics/article/54/2/577/5988209
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595, position 5 ins Exterase-51-4%, and position 4 contains Esterase-5%, Esternse- 5411,
nl-nbdxumhmunlhuhwi 8, and 9 contain Esterase-57-17 and positions
10 and 11 contain K 51 and E; 5, A ute of activity midway betwoen the latter
two is barely discernible. In all the figures the direction of migration of the protein is dewn
toward the anode.
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From few to many markers — Molecular markers (DNA markers)

* arise from different classes of DNA mutations such as substitution mutations
(point mutations), rearrangements (insertions or deletions) or errors in
replication of tandemly repeated DNA

* are often located in non-coding regions of DNA

* arevirtually unlimited in number and are not affected by environmental
factors and/or the developmental stage of the plant/animal/human

e RFLP, AFLP, RAPD, SSR (microsatellites), CNV, InDel, SNP, ...




From few to many markers — Molecular markers (DNA markers)

Euphytica (2005) 142: 169-196
DOI: 10.1007/s10681-005-1681-5 © Springer 2005
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Genotyping Systems

Marker gel

(a few markers)

SNP array

(100s -1,000,000s )

illumina

CTTT T o

Genome sequencing

(1,000,000s +)




Genotyping for GWAS — Common Technologies I

Technology
Marker arrays

Reduced Representation Sequencing
(GBS, RADseq)

Low-coverage WGS (skim sequencing)

Whole Genome Sequencing (WGS)

Description
Fixed set of known SNPs

Sequence a repeatable subset of the genome (same
restriction enzyme cuts - “semi reproducible”)

Sequence the whole genome shallowly, usually with
imputation

Sequence the genome more completely (for dense
variant discovery)



SNP array genotyping %—
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Figure 1: Infinium Assay Protocol
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Reduced representation sequencing — Genotyping-by-Sequencing (GBS) @ uuuuuuu

4. Pool DNAs & Clean up

6. Clean up PCR

1. Plate DNA &
adapter pair

)

PCR

Primers
1&2
é
5. Perform I —
PCR
7. Evaluate
2. Digest DNA with ApeKI A
] fragment sizes
3. Ligate adapters
doi: https://doi.org/10.1371/journal.pone.0019379.g002 ¢

sequencing

Elshire et al. 2011
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https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0019379

The Next Generation Sequencing Revolution

The Human Genome Project
(1990-2003)

USD 2.7 billion

Today

< USD 1,000 per genome
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Millions of polymorphisms in the genome sequences...
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https://link.springer.com/chapter/10.1007/10_2017_46

Genotyping

- Why SNP? -



The diploid genotype matrix — “additive” effect modeling

Additive Allele Effect Model

Individuals
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The diploid genotype matrix — “dominance” effect modelingd

Individuals
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Dominance Genotype Effect Model

A = reference allele

B = alternative allele

Effect on Phenotype




