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THE AIM
O F T HIS  CO URS E

The course provides students with a 

comprehensive understanding of 

human genetics and genomics, 

emphasizing their applications in 

personalized medicine.
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LEARNING OBJECTIVES
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COURSE MATERIAL IN MOODLE



THE EXAM

❖ Individual, oral examination.

❖ Duration: 20 min including assessment.

❖ Preparation time: 20 min with aids.

❖ Internal censor. Course coordinator will be responsible for 

the exam.

❖ Grading: Passed/Not passed.

❖ Re-examination is oral.



WHAT IS GOOD 

TEACHING?
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INTRODUCTION TO 
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4. Semester batchelor curriculum 

The centrale dogma

Codons and open reading frame

Genotype, haplotype, locus, allelle

DNA variants

coding, intronic, splice-site

synonymous and nonsynonymous

missense, frameshift, nonsense, stop-gain, stop-loss

GOF and LOF

Monogenic disease, punnett square

Pedigree symbols and inheritance patterns

Penetrance-expressivity

Ploidy and non-disjunction

PCR-Array-Exome-Genome sequencing

Where to start ? 

Previous 

curriculum

Modul: Videregående 

biokemi og genetik 

MS (M 4.2)

This 

course

Refresh key concepts

https://www.moodle.aau.dk/course/view.php?id=40841
https://www.moodle.aau.dk/course/view.php?id=40841
https://www.moodle.aau.dk/course/view.php?id=40841
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OUTLINE

08:15 – 08:30 Welcome (15 min)

08:30 – 08:55 Exercises 1 (25 min) [figure recap]

08:55 – 09:20 Lecture - What is personalised medicine? (25 min)

09:20 – 09.35 Break

09:35 – 10:05 Exercises 2 (30 min) [1-6]

10:05 – 10:20 Plenum (15 min) [solutions]

10:20 – 10:45 Lecture - Genetic variation (25 min)

10:45 – 11:00 Break

11:00 – 11:30 Exercises 3 (30 min) [7-9 + R intro]

11:30 – 11:45 Plenum (15 min) [solutions]

11.45 – 12:00 eBoard evaluation + Crossword
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PERSONALISED 

MEDICINE

❑  What is Personalised Medicine?

❑  Why do we need it?

❑  Why so much focus on genetics?

❑  How is it presented to society?
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What do you think, when someone 

says personalised medicine ?

- can you think of an example?
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… PM is not new
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WHAT IS PERSONALISED MEDICINE?
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IMPLEMENTATION OF PRECISION MEDICINE
E P P OS  [ e v i d e n c e - b a s e d  p r e c i s i o n  p e r s o n a l i s e d  o b j e c t i v e  s u b j e c t i v e ]

The Novo Nordisk Foundation, Precision medicine for cardiometabolic disease 2022

Franks et al, 2023, Lancet Diabetes Endocrinol; 11: 822–35

Evidence-based Medicine Precision Medicine Personalised Medicine Individualised Medicine
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Tailoring medical decisions and 

interventions to the individual patient 

based on genomic data.

Move away from a one-size-fits-all 

policy to customising treatments for 

each patient.

Diagnostics, prognosis, treatment

WHAT IS PERSONALISED MEDICINE?



Because people are different 

→ different disease risk

→ respond differently to medication

→ different side effects 

Diagnostics, prognosis, treatment

WHY PERSONALISED MEDICINE?



IMPRECISION MEDICINE

Schork, N. Personalized medicine: Time for one-person trials. Nature 520, 609–611 (2015).

The top ten highest-grossing drugs in the US help 

between 1 in 25 and 1 in 4 of the people who 

take them.



Some medications are directly harmful for certain individuals

HLA-B*1502 in Chinese

HLA-A*3101 in Caucasians

ADVERSE DRUG REACTIONS

Carbamazepine-induced [used to treat Epilepsy and nerve-pain in diabetes] Stevens-Johnson syndrome in 

patients with specific genotypes in the MHC region.



YOUR TURN
When you see this

Is this Evidence – Precision – Personalised or  Individualised medicine ?



Microbiomics

Genes Genomics

Transcripts Transcriptomics

Protein Proteomics

MetabolomicsMetabolites

E.g., gut bacteria

Which of these omics technologies can be used 

in personalised medicine? 

DNA methylation Methylomics

YOUR

TURN



Microbiomics

Genes Genomics

Transcripts Transcriptomics

Protein Proteomics

MetabolomicsMetabolites

E.g., gut bacteria

DNA methylation Methylomics

YOUR

TURN



1) DNA is the Blueprint – identical from cradle-to-grave

2) Driven by technological development – price per base

3) One way causation [sickle cell disease]

 

BECAUSE …

Better understanding of 
human sequence variation

Sample collections of adequate size

Advances in genotyping and 
sequencing technologies

Large-scale human studies 
linking genetic variation with 

disease suceptibility



(1) Take a look at EUs definition on Personalised medicine https://ec.europa.eu/health/medicinal-products/personalised-medicine_en

(2) How does this agree with our definition Evidence – Precision – Personalised  or Individualised ? 

YOUR 

TURN

Precision 

medicine

https://ec.europa.eu/health/medicinal-products/personalised-medicine_en


How is personalised medicine 

presented to the

society



”Delivering the right treatments, 

at the right time, every time 

to the right person"





Danish society spent >100 mio kr over three years 

to establish Nationalt Genom Center

https://www.regioner.dk/sundhed/medicin/personlig-medicin National handleplan 2021
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PERSONALISED 

MEDICINE

❑ What is Personalised Medicine?

❑ Why do we need it?

❑ Why so much focus on genetics?

❑ How is it presented to society?

SUMMARY
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BREAK



P A G E
3 7

OUTLINE

08:15 – 08:30 Welcome (15 min)

08:30 – 08:55 Exercises 1 (25 min) [figure recap]

08:55 – 09:20 Lecture - What is personalised medicine? (25 min)

09:20 – 09.35 Break

09:35 – 10:05 Exercises 2 (30 min) [1-6]

10:05 – 10:20 Plenum (15 min) [solutions]

10:20 – 10:45 Lecture - Genetic variation (25 min)

10:45 – 11:00 Break

11:00 – 11:30 Exercises 3 (30 min) [7-9 + R intro]

11:30 – 11:45 Plenum (15 min) [solutions]

11.45 – 12:00 eBoard evaluation + Crossword



P A G E
3 8

OUTLINE
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08:30 – 08:55 Exercises 1 (25 min) [In pairs figure recap]
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09:20 – 09.35 Break

09:35 – 10:05 Exercises 2 (30 min) [1-6]

10:05 – 10:20 Plenum (15 min) [solutions]
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10:45 – 11:00 Break

11:00 – 11:30 Exercises 3 (30 min) [7-9 + R intro]

11:30 – 11:45 Plenum (15 min) [solutions]

11.45 – 12:00 eBoard evaluation + Crossword
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GENETIC 

VARIATION

❑ Different types of variation

❑ The genetic architecture plot

❑ The journey from monogenic 

diseases to complex diseases



YOUR TURN

What generates genetic 

variation?
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MUTATIONS GENERATE 

GENETIC VARIATION
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MUTATIONS GENERATE 

GENETIC VARIATION
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MUTATIONS GENERATE 

GENETIC VARIATION
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GENETIC DIVERISTY

Human evolution is driven by several different (evolutionary) factors

❖ Genetic mutations

❖ Migration

❖ Natural selection

❖ Genetic drift

The product is genetic diversity within a population.

Understanding the genetic diversity and how it has arisen is a 

necessary precursor to understand the genetics of complex traits.



P A G E
4 5

GENETIC TERMINOLOGY 1/2

❖ The genome refers to the complete set of genetic information found in a 

cell and includes 22 pairs of autosomal chromosomes plus XX or XY.

❖ The human genome of made up of >20,000 genes, and the location of 

a gene is refered to as a locus. 

❖ Genetic variation at a locus is referred to as allelic variation, where the 

different forms are known as alleles.

❖ Underlying genetic variation are changes in DNA sequence.
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GENETIC TERMINOLOGY 2/2

❖ Traditionally, the term mutation has been used in two ways;

• an event that produces a change in the base sequence

• the outcome of the process, the altered DNA sequence.

❖ The great majority of mutations are neutral on the phenotype, thus more 

neutral terms are now preferred:

• DNA variant or genetic variant

❖ In population genomics, a DNA variant is classified as common (>5%), 

low frequent (0.5-5%), or rare (<0.5%).

• Single Nucleotide Polymophisms (SNPs, DNA variant freq of >1%)

• Single Nucleotide Variants (SNVs)
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SIZES OF GENETIC VARIATION
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GENETIC VARIATION
CH RO MO SO ME  A BNO RM ALI T IE S

Trisomi 21

Chromosome abnormalities can be numerical or structural.



P A G E
4 9

GENETIC VARIATION
TA NDE M RE P E ATS

Advantage: 
many many 
alleles exists

Micro satellites 
(2-5 bp) - STRs

Mini satellites 
(15–100 bp) - 

VNTR

Forensic DNA analysis

United States, 13 autosomal Short Tandem Repeat 

(STR) loci are now accepted as the system used for 

forensic purposes.

Herrera, R. J.,  and Garcia-Bertrand, R.

Ancestral DNA, Human Origins, and Migrations
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GENETIC VARIATION
CO P Y NUMB E R VAR IAN TS  ( CN V ) 50 bp - kromosom

1.8x more likely to 
develop schizophrenia
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GENETIC VARIATION
S IN GL E NUC LE O TID E P OLY MO RP HI SM S ( SN P s)

A common change in a single base pair; ~1/1000 bp

Accounts for ~90% of all variation in the human genome

All (known) SNPs has a unique identifier 

(independent of alleles)

 rsXXX – Ref-SNP cluster ID number 
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GENETIC VARIATION

Genetic variation arise as a consequence 

of changes in the DNA sequence

Can change the order of amino acides

The structure of the protein is changed



P A G E
5 3

GENOTYPE TO PHENOTYPE
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SIZES OF GENETIC VARIATION
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GENOMIC COVERAGE

Adapted from Uitterlinden A. (2016) An Introduction to Genome-Wide Association Studies: 

GWAS for Dummies. Seminars in Reproductive Medicine, 34(4): 196-204. 

Time

TaqMan

SNP array

SNP array with imputation

Whole Exome Sequencing (WES)

Whole Genome Sequencing (WGS)

0%

0.1%

0.5%

1%

95%

Genome coverage
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GENOTYPING VS SEQUENCING
AGCTGAAGGAGTGTGGCCAATCTGCCTCCACCTCCCCGCGGACCCCCTACTCTCAGGACCTCCTGCAGCACCCCAAACTGGAAGTGGCCGCTGCAGACCCAAGGACGAGGGGCACGCGGGAGCCG GCAGCCCTAGTGGAGCGGTTGGAGATGTTGAGGTGGGAGGGTCACCC
AGGTGGGGTGAGGCTGGGGTAGGTAGCGGAGTGAACGGCTTCCGAAGCTCTGGGCCGCCCCCAGGTTGGACTAAGCAGGCGCTCTGTCTTCGCCCCCGCCCAGGGTGGGCGTCTCCTGAGGACTCCCCGCCACACCTGACCCGAGACCGCGCGCCCAGCCTAGAACGCTTCCC
CGACCCAGCGTAGGGCCGCCGCGACTGGCGCGCAGGGGGCGGCGGGAGGCCTGGCGAACCCGGGGGCGGGACCAGGCGGGCAAGGCCCGGCTGCCGCAGCGCCGCTCTGCGCGAGGCGGCTCCGC CGCGGCGGAGGGATACGGCGCACCATATATATATCGCGGGGCGC
AGACTCGCGCTCCGGCAGTGGTGCTGGGAGTGTCGTGGACGCCGTGCCGTTACTCGTAGTCAGGCGGCGGCGCAGGCGGCGGCGGCGGCATAGCGCACAGCGCGCCTTAGCAGCAGCAGCAGCAGCAGCGGCATCGGAGGTACCCCCGCCGTCGCAGCCCCCGCGCTGGTG
CAGCCACCCTCGCTCCCTCTGCTCTTCCTCCCTTCGCTCGCACCATGGTAGGTCGGGAGTGGCAAATGCCGGCGTAGCAGCTGCCCGAGATTTCTTCCCAGATTTCTAGTTGTTTTGTTTGTTTTTTGTTTGTTTTTGGTTCTTGGAGGTTTTTCTTTTCTGAGTGTTACGCAGCAGCTG
CGCTTAAAGGAGGTTGCATTTTGGATTTGCATCTCGGCGACCTCTGCCAGGGAGCTTCATTTATTGGTTCCCCTTGGAGCTGGACTTGGTCGTAGGCCGTCCACGGGCAGGGGCTCCGGCCGCAA CTGCAGCGGGGGTTTCTGCATCCAATCCCCCTGCCCCCCGCCCAGCCCCG
CACCCACTGCATCCACTAGCGCCGCACCCGGGCTGCCTGCAGCGCAGCGTTTCGGCCTGGGAGCCGGGCGGGGCCGGGCACTAGACCCCCCCCCCCGGCCCGCCCCTCCCCACCCCGCTTCTCCG CCGGCGCGAAGGTGGCAGGTCGGGCGGGCAGTGGAGAATGAATGGGCT
GGAGCTGGCCGGTGGCGCACATTGTTCCGGCCGGGTGTTGAGGGGCGCAGTCAGCGCCCGCCACCTCCCCACTTTGGCCGGCCCTGCTGGGCGCCCTCCCTCGGTCGCTCTCCCCTCCTTCTTCCCGGGGGGCGCGGCGCGGGCGTGGGCTGGGAAGGAAGGAGCCGGGGAA
GGGTGGGGTTGGGGGCAGGAAGGCGAGGGGTTGGGGGCGGAGAGGGCGGAAGCGGCGGCCGGGCCGCCCTGCGCCCGGGCGGGGCCCTGCGGTGTGGCCGTGGCTTGTTCCTGCCGCTTTCGCAC CCTGCGGCCCCCCACCCAGTGCAGCAGTGCGGGCGGGCGTGAGC
CTCGGTGCACCAGGAGGCACTTCCCGCGGGAGGCGCTGGGCTCGCGCTAATTGGGGCGGGGGGGGGGGGCGGCGGGGGAGGAGGGAACTGGCGCGCGGCTTGGTTTCCATTAGAGACGCAAAGTTTCTGCTCCGGGAGGAGGCGGCGGCGCCGCGGGCTCGTCGCCTGG
GGGAGCAGAAGCGGGTGGGAGGTGCGGGTGGCCTTGGCCTCAGCCCTGGTGCGCGGGGGCCGGGGGTGGTGACCCTCCTGGCCGAGGAGGGGCGGCGTCCAGACGCCCGCTCGGGGGCCGCCTTC CCCCCCACGCCTGCCCCCGGGCACGCGCCCTGCCCGGTCCCTCGCC
CCGCGCCACTTCCAGTCCGCAGAGAGATGCCCTCCACGTTTCTGCTTTCTCTGCAGCCTCTAGATTGCCAGATGCGACTGTGCGCCTCGCTGGGTGTGTTTTCCACAGCCCCTTCCTCCTCGGCGTGCAGGGCTGACATCACCGACTGCGTTTCTGGTTTGGCGGGTGGGGAGATG
GTTCCCCGCAGGGTTCTGGTACACCTTTGCCCCCAGGGCTAGCGCCATTTGGGGGAGGAGGTTTTCGTTGTCGAGAAAGTTGGATGCTCCTGGTAACCCCTCTAACAAGAGAGTTCTGTAGCGAGGTGGGACTGTTCTCCCCATAAGGTGACAGTTTCTCTTGCGAGGTGTGGCA
GCGCTTCCTGTTGTACAAGACAGATGTTGCCTTGGCGTTACGTAAATCATCGTGTCTCCGTCATTTAAAGAAAGCCAATTTTTAGTGATTGAGGTAGAAAGAAAGATCCGTTTATAATTTGTAAAAACAAATTTTCACCCAGAATCAATATATTGGAACACCATTCCTACTGTTAAA
GTTTTCACTTAAGAGTATAAACTTCATCAGCTTTCTATTAGGACTTATTTTGTAATTGGCTTCTTAGGCATCCTTCTTTAAAAGAGAAATCCACGTTAGCTCTCCTTGAGGTCTCGAGTTCCCTCGGCTGGAGGCACAGGTTCAGTGGAGACCAAATAATGCAGGTGAATTACCTTCG
TGGCCATTACTGCCTCCAACGAAGTGTGTTTATTAAGAACAGTTCTTATGTCATTCTTAAGGTAGGTAGGGTTAATACTCTCCAGCAAATTTAGTAGATACTCTTTGCCAGAAAAGAGAGGAGTATATATAGTTTGATAATTATTGTGTAGTTTTCTGTGTACTTAATTTTTGCAGTT
TTGTAACACTTCATTTGTAAGATGGTACCATTTTTTCCTGGCTTCTGAATCATAGGATAGTTTGACCCAGGGCATTAGCCATTGTAATGGTAGGCTTTTAACAAATAACTGCCTAATTTAAAGGATTGGAAAGCATTTGTTACATGGAAATGAAGTTGGTGGCGTACCCAGTTGCTG
TATCTTTATTTTTTCTACTTAATTATTTCTCATAAAATGGATATAAAAGCCTGTTAATCCAACCCAATGCCATTATGTAACGCCAGTTTGGAGATTTCGAGGGCCTGGAGCAGTGCGCAAGGTGCGCTGAAAGCCTGCCCCTGGATGAGATCCTTATCCTGGCTGTGATGGCAGTGG
CAGTGGGCTGGGTCCCTTGTTGAGTGGAAAGGGGGACTGCGGTGTCCATGGTGCAGTAGGTGGCGCTCTTCTGTCTTAGAGCCTGCCGCCACTGCAGCTGGTGCCAAGGGGCCTTCTGCCACTAGAGGTGCCATTTTTCACATGATGAACTTAGCCTAGTTAGATCGCAGAGCA
AGCTGTAAGCCATGGGCCCAGAAAAGAAAACTTGAAGTGAGCAGATGTTGTCACTTCCTTGTAATCCTTTGTTAAAATAGCATAAGGAGTTTTCTTTATTCTATTTACTTTCATTAAATGACCGTGCTACAGGTTTCAAAGGATTTTAAGATTGATTTTTGAAAGATCACAATATTAA
AAGTATAACTGGAAAACCTATGTTGAAATCAACCAAACATGTCGTGGACTGAATGATAACCTTTTCTTTCTTCATATAGGCTGATCAGCTGACCGAAGAACAGATTGCTGGTAAGTTGACAACTCCAAGGAGTCCCCAGAAGGCCAGAACTAGGCACTGACTCAGTTTTGGTGAC
TCCTCTGTTCCTCCCCGCTACAGTCTGGGCAGTTTTCTAAGAATTTATTTAAATAAGAACAGTAAGCAGAAACACTGAGGTCAGATGTTATTCTTGCCAGTACTTTATAGATGAGGTGAAAGGAAGTAAAACTAAGGATGCCCACATGTTAAACTCTGGAGAATTTGACCATGTTTC
ACAATGTGCAAAGTTTGCGTATGATTAATTGTACTGAGCCTGCTACTCAGCGGTTTAGTTTACAATTCTTATGCCATGGGTCTTTCAGTAATCTGCCACGAAAGCTTGTGCTCGCTATCCTAAAATAAATGGAAATGGGTGAATATGAGTGTTAGGACCACTGTAGTAATTGGGAA
GAAAGTTACATTAGTTAAACTCTGTTGCCCAGGCTGGTCTCTAACTCCTGGGCTCAAGCAATCCTCCTGCCTCAGCCTCCTGAGTAGCTGGGACTACAGGCATGTGCCACCACGTCTGGCAGATTTTAGCTTTTTAATATTCCTGGAGGACTTGTTTTGAGACTGTTTCTCGTTAGGA
AACCAGGAATGCTTCTGAAATATTCTAAAAGTCATGTGGAGAGAGTTTACCTGGGAATGTACATTTCTAGTAACCATTTTATTTGTTATGAAACAAGGGATTCTTATGGCTTTAGAAATGTAACAGGAAGGGATTTGAAGGGGGCACATGGACCAATCTTGTCAGATTGGATTTA
GTCCCTTGAACCTGGGAGGCAGGGGTTGTAGTGAGCTGAGATTGCACCACTGCACTCCAATCTCGGTGACAGAGCGAGACTCCATTGTTTAAAAAAAAAAAAAAAGATTGGATTTAGGACTAATT TAAGCATGTTCCAGCTTAGCCGCCTTGAAACCTTTGGGAATATTGTGGTG
TGTGGCACTGTTTATTGGGAGCAGTGTTTGCTTTATGGGCTGCTGTATGAAGGCCAGTCCAACAGGACTATTGTGGTCATTATTTCAGTAGATAAAGACCAGACTTCTGATACGTTGCACAACTTGAATGGCTGGCTTTGGCAAGCCCCCGGCAAGTGTGTATTGTGACTGGGTTG
GATAAAGACATTGATTCTAACGGGTCAACTTTTGTTTTCAGAATTCAAGGAAGCCTTCTCCCTATTTGATAAAGATGGCGATGGCACCATCACAACAAAGGAACTTGGAACTGTCATGAGGTCACTGGGTCAGAACCCAACAGAAGCTGAATTGCAGGATATGATCAATGAAGTG
GATGCTGATGGTAAGAGCTTTAAAACCATGAATGAGGGCCATTGTTGTGTAATTCAAGTTCAGACATGTTACAGGATTGTCTTTCAGGTCCCCAGAGCAAAGCAAATGTGCAAAGATCCTTTCTGTGGTTGCCCCAGGGCCATTGACAATTAAAATAGAAGATGATGGGCCTTGC
GTCCATCCTGCTTAGTGTCTAGAATGTTTTCTGCATGGGATCACTATTGTTTTCTTCCTGCTTGGTGCGACCTAGAGCTCAAATCTATTTTTTTTTTTTTTTTTGGAGACGGAGTCTCGCCCTGTCGCCCAGGCTGGAGTGGCACTGGCGCGATCTCGGCTCACTGCAACCTCTGCCTC
TTGGGTTCCAGCGATTCTCCTGCGTCAGCCTTCTGAGTAGCTGGAATTACAGGCGTGTGTCGCCACGCCCAGTTAGTGTTTTGTATCTTTAGTAGAGATGGGGTTTCACCATGTTGGCCAGGCTGGTCTCAAACTCCTGACCTCGTGATCCGCCCTCCCCGGCCTCCCAAAGTGCTG
GGATTACAGGCGTGAACCACTGCTCCTGGCCGAGCTCAAAGCTTTTATCAACTGGCCCATGAGTCTGCACTGAGTCTTGAGGGGGGAGGTGAAATTAAATAGCCATAGAAAGTGCTTTTTAACAAACTTACTGTGTTTAAAGAGGAGGAGGAACCCCCAGATGAAGTAGGTGAC
GAGCACTCTTAGAAGTTACCATAAAAGTGAGTACAGTGTGAGCTGTAGATGTGTTTGCTGCAGAGGAGCATGTGAGGTTTGGAGGCGGATGTGTGGTGACTCCAGGGGATAGATTTGCAGAACCTAACGGAAAGGGAAGCTGTAAGGTGCAGGGCCAGAGGGAACCAGCAG
TAACCCTGATAGCGGTCTGTCATCTGTTCCTCTCGACTCTACAGCAGCGGACAACAGAACTTTGATTGCTGATTTCCATCAGTAAGCAGGCTTTGAAGCACACTTCCCCACCCCTAAAAAAAAACCACGTATTTTGGTAAATCCTATATATATTCTAATGTACTGTATGACAGTATAG
AACATGATTTTTAAAAGATGAGTTGGGAGGAGAAAAGGATAAAAGAAAAAATAAAAGAAGCATTAAGAATAAACAATTCGGATCTAGATTTTACTTTCTAGATGATTGACTCGAGGGTGGTGTAGTAAAATCGCTTGTCTGGTCACAAACATTTGGCAGCAGAGCTTTTGATTA
GGTTCTTTGACAAAGCCTTCAGCACGTTAGAGTGGTTTTCACTAATAGTGTTTTGGAAAGAAAAGGTTGTCCATAGTTCTCTAGTTTGCTAAGATGATCAGCTACCCAGGAACGTGGAGTAACTTCCTCTTGTTTGTGGGAGCCCCGGGAATCTGTGCCTGGGGAGGGGAGAAGT
CTGTTAGGCTCTTGGATTGTGTGGAAGAAGGAGAAGTTGTGCCAGGCTACAGAATCCTGTGTTTGCACTGAGAAAACAGGATGGTACCTGACCTTCTCTGCATGGCTGTGAGATAGCTTAAAATA ATTTCTTTTGTTTTTGATGAATATGAACAATATCTTAAAATTTTTGAGGCTA
AAAAAGTCTTGAAGGGATCCCTGAGGTATTTTCTTTGAAAGGTACTGGTGAAAATGAGTAACTTAACCTAAGGGTTTTTCTTTCTAATTTTATTTCCATTTAGTTCAATGACACTGTTAGTCTGGAGTGCTTGTCTTTGGGGGTATTCATCTCTTAGTTTTAAAGAGGAGTTGTTTGG
AGTACTGGCCGTAGAACAGATTGTTCTGACAGTTCCCTAAGTGTTACTAGTCTGAGCTGTGAGAATGCTCCTGAGCTTTTCCCTTAATGGGAAATAAAGATACTGAGTTGGAAGAAAACAGGTGG CTAACCATCATAGCGTGGCCAAGAAATGATCCTGGAGAAGACTTGGTAA
GACTTCATGGCCCATGCATGGCATAACAGAATCAATGTTCCTCTCTCATAATCTTTTCTCCTCTGAAACACTTTATACACTTAACCTGCAGCTCAGTTCTAGGCCTTTTTGTGTTACTGCTGTCACTAACCAAGGCAGAGTGAGACCTGAGTGATTTCCCTAACTCAGGGATGGCAGT
CGGGGGCGCTTTCTTCCCTCGGAGTGGAAAGATTCAGCCTGCGGAGTGGTGTATGCTATTTTTCTCTTGAACTGTACAGCCCTTCATGACCCTTCCATGGGCTTGAATCCAGATGTGCAGTTTCCTTTGTATAATTAAATACTATCCTGGGCACTGATGATGAGTTTGAAATTATGT
GAAATTGCCCTGTGAAGTGTTT



P A G E
5 7

GENOTYPING VS SEQUENCING
AGCTGAAGGAGTGTGGCCAATCTGCCTCCACCTCCCCGCGGACCCCCTACTCTCAGGACCTCCTGCAGCACCCCAAACTGGAAGTGGCCGCTGCAGACCCAAGGACGAGGGGCACGCGGGAGCCG GCAGCCCTAGTGGAGCGGTTGGAGATGTTGAGGTGGGAGGGTCACCC
AGGTGGGGTGAGGCTGGGGTAGGTAGCGGAGTGAACGGCTTCCGAAGCTCTGGGCCGCCCCCAGGTTGGACTAAGCAGGCGCTCTGTCTTCGCCCCCGCCCAGGGTGGGCGTCTCCTGAGGACTCCCCGCCACACCTGACCCGAGACCGCGCGCCCAGCCTAGAACGCTTCCC
CGACCCAGCGTAGGGCCGCCGCGACTGGCGCGCAGGGGGCGGCGGGAGGCCTGGCGAACCCGGGGGCGGGACCAGGCGGGCAAGGCCCGGCTGCCGCAGCGCCGCTCTGCGCGAGGCGGCTCCGC CGCGGCGGAGGGATACGGCGCACCATATATATATCGCGGGGCGC
AGACTCGCGCTCCGGCAGTGGTGCTGGGAGTGTCGTGGACGCCGTGCCGTTACTCGTAGTCAGGCGGCGGCGCAGGCGGCGGCGGCGGCATAGCGCACAGCGCGCCTTAGCAGCAGCAGCAGCAGCAGCGGCATCGGAGGTACCCCCGCCGTCGCAGCCCCCGCGCTGGTG
CAGCCACCCTCGCTCCCTCTGCTCTTCCTCCCTTCGCTCGCACCATGGTAGGTCGGGAGTGGCAAATGCCGGCGTAGCAGCTGCCCGAGATTTCTTCCCAGATTTCTAGTTGTTTTGTTTGTTTTTTGTTTGTTTTTGGTTCTTGGAGGTTTTTCTTTTCTGAGTGTTACGCAGCAGCTG
CGCTTAAAGGAGGTTGCATTTTGGATTTGCATCTCGGCGACCTCTGCCAGGGAGCTTCATTTATTGGTTCCCCTTGGAGCTGGACTTGGTCGTAGGCCGTCCACGGGCAGGGGCTCCGGCCGCAA CTGCAGCGGGGGTTTCTGCATCCAATCCCCCTGCCCCCCGCCCAGCCCCG
CACCCACTGCATCCACTAGCGCCGCACCCGGGCTGCCTGCAGCGCAGCGTTTCGGCCTGGGAGCCGGGCGGGGCCGGGCACTAGACCCCCCCCCCCGGCCCGCCCCTCCCCACCCCGCTTCTCCG CCGGCGCGAAGGTGGCAGGTCGGGCGGGCAGTGGAGAATGAATGGGCT
GGAGCTGGCCGGTGGCGCACATTGTTCCGGCCGGGTGTTGAGGGGCGCAGTCAGCGCCCGCCACCTCCCCACTTTGGCCGGCCCTGCTGGGCGCCCTCCCTCGGTCGCTCTCCCCTCCTTCTTCCCGGGGGGCGCGGCGCGGGCGTGGGCTGGGAAGGAAGGAGCCGGGGAA
GGGTGGGGTTGGGGGCAGGAAGGCGAGGGGTTGGGGGCGGAGAGGGCGGAAGCGGCGGCCGGGCCGCCCTGCGCCCGGGCGGGGCCCTGCGGTGTGGCCGTGGCTTGTTCCTGCCGCTTTCGCAC CCTGCGGCCCCCCACCCAGTGCAGCAGTGCGGGCGGGCGTGAGC
CTCGGTGCACCAGGAGGCACTTCCCGCGGGAGGCGCTGGGCTCGCGCTAATTGGGGCGGGGGGGGGGGGCGGCGGGGGAGGAGGGAACTGGCGCGCGGCTTGGTTTCCATTAGAGACGCAAAGTTTCTGCTCCGGGAGGAGGCGGCGGCGCCGCGGGCTCGTCGCCTGG
GGGAGCAGAAGCGGGTGGGAGGTGCGGGTGGCCTTGGCCTCAGCCCTGGTGCGCGGGGGCCGGGGGTGGTGACCCTCCTGGCCGAGGAGGGGCGGCGTCCAGACGCCCGCTCGGGGGCCGCCTTC CCCCCCACGCCTGCCCCCGGGCACGCGCCCTGCCCGGTCCCTCGCC
CCGCGCCACTTCCAGTCCGCAGAGAGATGCCCTCCACGTTTCTGCTTTCTCTGCAGCCTCTAGATTGCCAGATGCGACTGTGCGCCTCGCTGGGTGTGTTTTCCACAGCCCCTTCCTCCTCGGCGTGCAGGGCTGACATCACCGACTGCGTTTCTGGTTTGGCGGGTGGGGAGATG
GTTCCCCGCAGGGTTCTGGTACACCTTTGCCCCCAGGGCTAGCGCCATTTGGGGGAGGAGGTTTTCGTTGTCGAGAAAGTTGGATGCTCCTGGTAACCCCTCTAACAAGAGAGTTCTGTAGCGAGGTGGGACTGTTCTCCCCATAAGGTGACAGTTTCTCTTGCGAGGTGTGGCA
GCGCTTCCTGTTGTACAAGACAGATGTTGCCTTGGCGTTACGTAAATCATCGTGTCTCCGTCATTTAAAGAAAGCCAATTTTTAGTGATTGAGGTAGAAAGAAAGATCCGTTTATAATTTGTAAAAACAAATTTTCACCCAGAATCAATATATTGGAACACCATTCCTACTGTTAAA
GTTTTCACTTAAGAGTATAAACTTCATCAGCTTTCTATTAGGACTTATTTTGTAATTGGCTTCTTAGGCATCCTTCTTTAAAAGAGAAATCCACGTTAGCTCTCCTTGAGGTCTCGAGTTCCCTCGGCTGGAGGCACAGGTTCAGTGGAGACCAAATAATGCAGGTGAATTACCTTCG
TGGCCATTACTGCCTCCAACGAAGTGTGTTTATTAAGAACAGTTCTTATGTCATTCTTAAGGTAGGTAGGGTTAATACTCTCCAGCAAATTTAGTAGATACTCTTTGCCAGAAAAGAGAGGAGTATATATAGTTTGATAATTATTGTGTAGTTTTCTGTGTACTTAATTTTTGCAGTT
TTGTAACACTTCATTTGTAAGATGGTACCATTTTTTCCTGGCTTCTGAATCATAGGATAGTTTGACCCAGGGCATTAGCCATTGTAATGGTAGGCTTTTAACAAATAACTGCCTAATTTAAAGGATTGGAAAGCATTTGTTACATGGAAATGAAGTTGGTGGCGTACCCAGTTGCTG
TATCTTTATTTTTTCTACTTAATTATTTCTCATAAAATGGATATAAAAGCCTGTTAATCCAACCCAATGCCATTATGTAACGCCAGTTTGGAGATTTCGAGGGCCTGGAGCAGTGCGCAAGGTGCGCTGAAAGCCTGCCCCTGGATGAGATCCTTATCCTGGCTGTGATGGCAGTGG
CAGTGGGCTGGGTCCCTTGTTGAGTGGAAAGGGGGACTGCGGTGTCCATGGTGCAGTAGGTGGCGCTCTTCTGTCTTAGAGCCTGCCGCCACTGCAGCTGGTGCCAAGGGGCCTTCTGCCACTAGAGGTGCCATTTTTCACATGATGAACTTAGCCTAGTTAGATCGCAGAGCA
AGCTGTAAGCCATGGGCCCAGAAAAGAAAACTTGAAGTGAGCAGATGTTGTCACTTCCTTGTAATCCTTTGTTAAAATAGCATAAGGAGTTTTCTTTATTCTATTTACTTTCATTAAATGACCGTGCTACAGGTTTCAAAGGATTTTAAGATTGATTTTTGAAAGATCACAATATTAA
AAGTATAACTGGAAAACCTATGTTGAAATCAACCAAACATGTCGTGGACTGAATGATAACCTTTTCTTTCTTCATATAGGCTGATCAGCTGACCGAAGAACAGATTGCTGGTAAGTTGACAACTCCAAGGAGTCCCCAGAAGGCCAGAACTAGGCACTGACTCAGTTTTGGTGAC
TCCTCTGTTCCTCCCCGCTACAGTCTGGGCAGTTTTCTAAGAATTTATTTAAATAAGAACAGTAAGCAGAAACACTGAGGTCAGATGTTATTCTTGCCAGTACTTTATAGATGAGGTGAAAGGAAGTAAAACTAAGGATGCCCACATGTTAAACTCTGGAGAATTTGACCATGTTTC
ACAATGTGCAAAGTTTGCGTATGATTAATTGTACTGAGCCTGCTACTCAGCGGTTTAGTTTACAATTCTTATGCCATGGGTCTTTCAGTAATCTGCCACGAAAGCTTGTGCTCGCTATCCTAAAATAAATGGAAATGGGTGAATATGAGTGTTAGGACCACTGTAGTAATTGGGAA
GAAAGTTACATTAGTTAAACTCTGTTGCCCAGGCTGGTCTCTAACTCCTGGGCTCAAGCAATCCTCCTGCCTCAGCCTCCTGAGTAGCTGGGACTACAGGCATGTGCCACCACGTCTGGCAGATTTTAGCTTTTTAATATTCCTGGAGGACTTGTTTTGAGACTGTTTCTCGTTAGGA
AACCAGGAATGCTTCTGAAATATTCTAAAAGTCATGTGGAGAGAGTTTACCTGGGAATGTACATTTCTAGTAACCATTTTATTTGTTATGAAACAAGGGATTCTTATGGCTTTAGAAATGTAACAGGAAGGGATTTGAAGGGGGCACATGGACCAATCTTGTCAGATTGGATTTA
GTCCCTTGAACCTGGGAGGCAGGGGTTGTAGTGAGCTGAGATTGCACCACTGCACTCCAATCTCGGTGACAGAGCGAGACTCCATTGTTTAAAAAAAAAAAAAAAGATTGGATTTAGGACTAATT TAAGCATGTTCCAGCTTAGCCGCCTTGAAACCTTTGGGAATATTGTGGTG
TGTGGCACTGTTTATTGGGAGCAGTGTTTGCTTTATGGGCTGCTGTATGAAGGCCAGTCCAACAGGACTATTGTGGTCATTATTTCAGTAGATAAAGACCAGACTTCTGATACGTTGCACAACTTGAATGGCTGGCTTTGGCAAGCCCCCGGCAAGTGTGTATTGTGACTGGGTTG
GATAAAGACATTGATTCTAACGGGTCAACTTTTGTTTTCAGAATTCAAGGAAGCCTTCTCCCTATTTGATAAAGATGGCGATGGCACCATCACAACAAAGGAACTTGGAACTGTCATGAGGTCACTGGGTCAGAACCCAACAGAAGCTGAATTGCAGGATATGATCAATGAAGTG
GATGCTGATGGTAAGAGCTTTAAAACCATGAATGAGGGCCATTGTTGTGTAATTCAAGTTCAGACATGTTACAGGATTGTCTTTCAGGTCCCCAGAGCAAAGCAAATGTGCAAAGATCCTTTCTGTGGTTGCCCCAGGGCCATTGACAATTAAAATAGAAGATGATGGGCCTTGC
GTCCATCCTGCTTAGTGTCTAGAATGTTTTCTGCATGGGATCACTATTGTTTTCTTCCTGCTTGGTGCGACCTAGAGCTCAAATCTATTTTTTTTTTTTTTTTTGGAGACGGAGTCTCGCCCTGTCGCCCAGGCTGGAGTGGCACTGGCGCGATCTCGGCTCACTGCAACCTCTGCCTC
TTGGGTTCCAGCGATTCTCCTGCGTCAGCCTTCTGAGTAGCTGGAATTACAGGCGTGTGTCGCCACGCCCAGTTAGTGTTTTGTATCTTTAGTAGAGATGGGGTTTCACCATGTTGGCCAGGCTGGTCTCAAACTCCTGACCTCGTGATCCGCCCTCCCCGGCCTCCCAAAGTGCTG
GGATTACAGGCGTGAACCACTGCTCCTGGCCGAGCTCAAAGCTTTTATCAACTGGCCCATGAGTCTGCACTGAGTCTTGAGGGGGGAGGTGAAATTAAATAGCCATAGAAAGTGCTTTTTAACAAACTTACTGTGTTTAAAGAGGAGGAGGAACCCCCAGATGAAGTAGGTGAC
GAGCACTCTTAGAAGTTACCATAAAAGTGAGTACAGTGTGAGCTGTAGATGTGTTTGCTGCAGAGGAGCATGTGAGGTTTGGAGGCGGATGTGTGGTGACTCCAGGGGATAGATTTGCAGAACCTAACGGAAAGGGAAGCTGTAAGGTGCAGGGCCAGAGGGAACCAGCAG
TAACCCTGATAGCGGTCTGTCATCTGTTCCTCTCGACTCTACAGCAGCGGACAACAGAACTTTGATTGCTGATTTCCATCAGTAAGCAGGCTTTGAAGCACACTTCCCCACCCCTAAAAAAAAACCACGTATTTTGGTAAATCCTATATATATTCTAATGTACTGTATGACAGTATAG
AACATGATTTTTAAAAGATGAGTTGGGAGGAGAAAAGGATAAAAGAAAAAATAAAAGAAGCATTAAGAATAAACAATTCGGATCTAGATTTTACTTTCTAGATGATTGACTCGAGGGTGGTGTAGTAAAATCGCTTGTCTGGTCACAAACATTTGGCAGCAGAGCTTTTGATTA
GGTTCTTTGACAAAGCCTTCAGCACGTTAGAGTGGTTTTCACTAATAGTGTTTTGGAAAGAAAAGGTTGTCCATAGTTCTCTAGTTTGCTAAGATGATCAGCTACCCAGGAACGTGGAGTAACTTCCTCTTGTTTGTGGGAGCCCCGGGAATCTGTGCCTGGGGAGGGGAGAAGT
CTGTTAGGCTCTTGGATTGTGTGGAAGAAGGAGAAGTTGTGCCAGGCTACAGAATCCTGTGTTTGCACTGAGAAAACAGGATGGTACCTGACCTTCTCTGCATGGCTGTGAGATAGCTTAAAATA ATTTCTTTTGTTTTTGATGAATATGAACAATATCTTAAAATTTTTGAGGCTA
AAAAAGTCTTGAAGGGATCCCTGAGGTATTTTCTTTGAAAGGTACTGGTGAAAATGAGTAACTTAACCTAAGGGTTTTTCTTTCTAATTTTATTTCCATTTAGTTCAATGACACTGTTAGTCTGGAGTGCTTGTCTTTGGGGGTATTCATCTCTTAGTTTTAAAGAGGAGTTGTTTGG
AGTACTGGCCGTAGAACAGATTGTTCTGACAGTTCCCTAAGTGTTACTAGTCTGAGCTGTGAGAATGCTCCTGAGCTTTTCCCTTAATGGGAAATAAAGATACTGAGTTGGAAGAAAACAGGTGG CTAACCATCATAGCGTGGCCAAGAAATGATCCTGGAGAAGACTTGGTAA
GACTTCATGGCCCATGCATGGCATAACAGAATCAATGTTCCTCTCTCATAATCTTTTCTCCTCTGAAACACTTTATACACTTAACCTGCAGCTCAGTTCTAGGCCTTTTTGTGTTACTGCTGTCACTAACCAAGGCAGAGTGAGACCTGAGTGATTTCCCTAACTCAGGGATGGCAGT
CGGGGGCGCTTTCTTCCCTCGGAGTGGAAAGATTCAGCCTGCGGAGTGGTGTATGCTATTTTTCTCTTGAACTGTACAGCCCTTCATGACCCTTCCATGGGCTTGAATCCAGATGTGCAGTTTCCTTTGTATAATTAAATACTATCCTGGGCACTGATGATGAGTTTGAAATTATGT
GAAATTGCCCTGTGAAGTGTTT

Genotyping



P A G E
5 8

GENOTYPING VS SEQUENCING
AGCTGAAGGAGTGTGGCCAATCTGCCTCCACCTCCCCGCGGACCCCCTACTCTCAGGACCTCCTGCAGCACCCCAAACTGGAAGTGGCCGCTGCAGACCCAAGGACGAGGGGCACGCGGGAGCCG GCAGCCCTAGTGGAGCGGTTGGAGATGTTGAGGTGGGAGGGTCACCC
AGGTGGGGTGAGGCTGGGGTAGGTAGCGGAGTGAACGGCTTCCGAAGCTCTGGGCCGCCCCCAGGTTGGACTAAGCAGGCGCTCTGTCTTCGCCCCCGCCCAGGGTGGGCGTCTCCTGAGGACTCCCCGCCACACCTGACCCGAGACCGCGCGCCCAGCCTAGAACGCTTCCC
CGACCCAGCGTAGGGCCGCCGCGACTGGCGCGCAGGGGGCGGCGGGAGGCCTGGCGAACCCGGGGGCGGGACCAGGCGGGCAAGGCCCGGCTGCCGCAGCGCCGCTCTGCGCGAGGCGGCTCCGC CGCGGCGGAGGGATACGGCGCACCATATATATATCGCGGGGCGC
AGACTCGCGCTCCGGCAGTGGTGCTGGGAGTGTCGTGGACGCCGTGCCGTTACTCGTAGTCAGGCGGCGGCGCAGGCGGCGGCGGCGGCATAGCGCACAGCGCGCCTTAGCAGCAGCAGCAGCAGCAGCGGCATCGGAGGTACCCCCGCCGTCGCAGCCCCCGCGCTGGTG
CAGCCACCCTCGCTCCCTCTGCTCTTCCTCCCTTCGCTCGCACCATGGTAGGTCGGGAGTGGCAAATGCCGGCGTAGCAGCTGCCCGAGATTTCTTCCCAGATTTCTAGTTGTTTTGTTTGTTTTTTGTTTGTTTTTGGTTCTTGGAGGTTTTTCTTTTCTGAGTGTTACGCAGCAGCTG
CGCTTAAAGGAGGTTGCATTTTGGATTTGCATCTCGGCGACCTCTGCCAGGGAGCTTCATTTATTGGTTCCCCTTGGAGCTGGACTTGGTCGTAGGCCGTCCACGGGCAGGGGCTCCGGCCGCAA CTGCAGCGGGGGTTTCTGCATCCAATCCCCCTGCCCCCCGCCCAGCCCCG
CACCCACTGCATCCACTAGCGCCGCACCCGGGCTGCCTGCAGCGCAGCGTTTCGGCCTGGGAGCCGGGCGGGGCCGGGCACTAGACCCCCCCCCCCGGCCCGCCCCTCCCCACCCCGCTTCTCCG CCGGCGCGAAGGTGGCAGGTCGGGCGGGCAGTGGAGAATGAATGGGCT
GGAGCTGGCCGGTGGCGCACATTGTTCCGGCCGGGTGTTGAGGGGCGCAGTCAGCGCCCGCCACCTCCCCACTTTGGCCGGCCCTGCTGGGCGCCCTCCCTCGGTCGCTCTCCCCTCCTTCTTCCCGGGGGGCGCGGCGCGGGCGTGGGCTGGGAAGGAAGGAGCCGGGGAA
GGGTGGGGTTGGGGGCAGGAAGGCGAGGGGTTGGGGGCGGAGAGGGCGGAAGCGGCGGCCGGGCCGCCCTGCGCCCGGGCGGGGCCCTGCGGTGTGGCCGTGGCTTGTTCCTGCCGCTTTCGCAC CCTGCGGCCCCCCACCCAGTGCAGCAGTGCGGGCGGGCGTGAGC
CTCGGTGCACCAGGAGGCACTTCCCGCGGGAGGCGCTGGGCTCGCGCTAATTGGGGCGGGGGGGGGGGGCGGCGGGGGAGGAGGGAACTGGCGCGCGGCTTGGTTTCCATTAGAGACGCAAAGTTTCTGCTCCGGGAGGAGGCGGCGGCGCCGCGGGCTCGTCGCCTGG
GGGAGCAGAAGCGGGTGGGAGGTGCGGGTGGCCTTGGCCTCAGCCCTGGTGCGCGGGGGCCGGGGGTGGTGACCCTCCTGGCCGAGGAGGGGCGGCGTCCAGACGCCCGCTCGGGGGCCGCCTTC CCCCCCACGCCTGCCCCCGGGCACGCGCCCTGCCCGGTCCCTCGCC
CCGCGCCACTTCCAGTCCGCAGAGAGATGCCCTCCACGTTTCTGCTTTCTCTGCAGCCTCTAGATTGCCAGATGCGACTGTGCGCCTCGCTGGGTGTGTTTTCCACAGCCCCTTCCTCCTCGGCGTGCAGGGCTGACATCACCGACTGCGTTTCTGGTTTGGCGGGTGGGGAGATG
GTTCCCCGCAGGGTTCTGGTACACCTTTGCCCCCAGGGCTAGCGCCATTTGGGGGAGGAGGTTTTCGTTGTCGAGAAAGTTGGATGCTCCTGGTAACCCCTCTAACAAGAGAGTTCTGTAGCGAGGTGGGACTGTTCTCCCCATAAGGTGACAGTTTCTCTTGCGAGGTGTGGCA
GCGCTTCCTGTTGTACAAGACAGATGTTGCCTTGGCGTTACGTAAATCATCGTGTCTCCGTCATTTAAAGAAAGCCAATTTTTAGTGATTGAGGTAGAAAGAAAGATCCGTTTATAATTTGTAAAAACAAATTTTCACCCAGAATCAATATATTGGAACACCATTCCTACTGTTAAA
GTTTTCACTTAAGAGTATAAACTTCATCAGCTTTCTATTAGGACTTATTTTGTAATTGGCTTCTTAGGCATCCTTCTTTAAAAGAGAAATCCACGTTAGCTCTCCTTGAGGTCTCGAGTTCCCTCGGCTGGAGGCACAGGTTCAGTGGAGACCAAATAATGCAGGTGAATTACCTTCG
TGGCCATTACTGCCTCCAACGAAGTGTGTTTATTAAGAACAGTTCTTATGTCATTCTTAAGGTAGGTAGGGTTAATACTCTCCAGCAAATTTAGTAGATACTCTTTGCCAGAAAAGAGAGGAGTATATATAGTTTGATAATTATTGTGTAGTTTTCTGTGTACTTAATTTTTGCAGTT
TTGTAACACTTCATTTGTAAGATGGTACCATTTTTTCCTGGCTTCTGAATCATAGGATAGTTTGACCCAGGGCATTAGCCATTGTAATGGTAGGCTTTTAACAAATAACTGCCTAATTTAAAGGATTGGAAAGCATTTGTTACATGGAAATGAAGTTGGTGGCGTACCCAGTTGCTG
TATCTTTATTTTTTCTACTTAATTATTTCTCATAAAATGGATATAAAAGCCTGTTAATCCAACCCAATGCCATTATGTAACGCCAGTTTGGAGATTTCGAGGGCCTGGAGCAGTGCGCAAGGTGCGCTGAAAGCCTGCCCCTGGATGAGATCCTTATCCTGGCTGTGATGGCAGTGG
CAGTGGGCTGGGTCCCTTGTTGAGTGGAAAGGGGGACTGCGGTGTCCATGGTGCAGTAGGTGGCGCTCTTCTGTCTTAGAGCCTGCCGCCACTGCAGCTGGTGCCAAGGGGCCTTCTGCCACTAGAGGTGCCATTTTTCACATGATGAACTTAGCCTAGTTAGATCGCAGAGCA
AGCTGTAAGCCATGGGCCCAGAAAAGAAAACTTGAAGTGAGCAGATGTTGTCACTTCCTTGTAATCCTTTGTTAAAATAGCATAAGGAGTTTTCTTTATTCTATTTACTTTCATTAAATGACCGTGCTACAGGTTTCAAAGGATTTTAAGATTGATTTTTGAAAGATCACAATATTAA
AAGTATAACTGGAAAACCTATGTTGAAATCAACCAAACATGTCGTGGACTGAATGATAACCTTTTCTTTCTTCATATAGGCTGATCAGCTGACCGAAGAACAGATTGCTGGTAAGTTGACAACTCCAAGGAGTCCCCAGAAGGCCAGAACTAGGCACTGACTCAGTTTTGGTGAC
TCCTCTGTTCCTCCCCGCTACAGTCTGGGCAGTTTTCTAAGAATTTATTTAAATAAGAACAGTAAGCAGAAACACTGAGGTCAGATGTTATTCTTGCCAGTACTTTATAGATGAGGTGAAAGGAAGTAAAACTAAGGATGCCCACATGTTAAACTCTGGAGAATTTGACCATGTTTC
ACAATGTGCAAAGTTTGCGTATGATTAATTGTACTGAGCCTGCTACTCAGCGGTTTAGTTTACAATTCTTATGCCATGGGTCTTTCAGTAATCTGCCACGAAAGCTTGTGCTCGCTATCCTAAAATAAATGGAAATGGGTGAATATGAGTGTTAGGACCACTGTAGTAATTGGGAA
GAAAGTTACATTAGTTAAACTCTGTTGCCCAGGCTGGTCTCTAACTCCTGGGCTCAAGCAATCCTCCTGCCTCAGCCTCCTGAGTAGCTGGGACTACAGGCATGTGCCACCACGTCTGGCAGATTTTAGCTTTTTAATATTCCTGGAGGACTTGTTTTGAGACTGTTTCTCGTTAGGA
AACCAGGAATGCTTCTGAAATATTCTAAAAGTCATGTGGAGAGAGTTTACCTGGGAATGTACATTTCTAGTAACCATTTTATTTGTTATGAAACAAGGGATTCTTATGGCTTTAGAAATGTAACAGGAAGGGATTTGAAGGGGGCACATGGACCAATCTTGTCAGATTGGATTTA
GTCCCTTGAACCTGGGAGGCAGGGGTTGTAGTGAGCTGAGATTGCACCACTGCACTCCAATCTCGGTGACAGAGCGAGACTCCATTGTTTAAAAAAAAAAAAAAAGATTGGATTTAGGACTAATT TAAGCATGTTCCAGCTTAGCCGCCTTGAAACCTTTGGGAATATTGTGGTG
TGTGGCACTGTTTATTGGGAGCAGTGTTTGCTTTATGGGCTGCTGTATGAAGGCCAGTCCAACAGGACTATTGTGGTCATTATTTCAGTAGATAAAGACCAGACTTCTGATACGTTGCACAACTTGAATGGCTGGCTTTGGCAAGCCCCCGGCAAGTGTGTATTGTGACTGGGTTG
GATAAAGACATTGATTCTAACGGGTCAACTTTTGTTTTCAGAATTCAAGGAAGCCTTCTCCCTATTTGATAAAGATGGCGATGGCACCATCACAACAAAGGAACTTGGAACTGTCATGAGGTCACTGGGTCAGAACCCAACAGAAGCTGAATTGCAGGATATGATCAATGAAGTG
GATGCTGATGGTAAGAGCTTTAAAACCATGAATGAGGGCCATTGTTGTGTAATTCAAGTTCAGACATGTTACAGGATTGTCTTTCAGGTCCCCAGAGCAAAGCAAATGTGCAAAGATCCTTTCTGTGGTTGCCCCAGGGCCATTGACAATTAAAATAGAAGATGATGGGCCTTGC
GTCCATCCTGCTTAGTGTCTAGAATGTTTTCTGCATGGGATCACTATTGTTTTCTTCCTGCTTGGTGCGACCTAGAGCTCAAATCTATTTTTTTTTTTTTTTTTGGAGACGGAGTCTCGCCCTGTCGCCCAGGCTGGAGTGGCACTGGCGCGATCTCGGCTCACTGCAACCTCTGCCTC
TTGGGTTCCAGCGATTCTCCTGCGTCAGCCTTCTGAGTAGCTGGAATTACAGGCGTGTGTCGCCACGCCCAGTTAGTGTTTTGTATCTTTAGTAGAGATGGGGTTTCACCATGTTGGCCAGGCTGGTCTCAAACTCCTGACCTCGTGATCCGCCCTCCCCGGCCTCCCAAAGTGCTG
GGATTACAGGCGTGAACCACTGCTCCTGGCCGAGCTCAAAGCTTTTATCAACTGGCCCATGAGTCTGCACTGAGTCTTGAGGGGGGAGGTGAAATTAAATAGCCATAGAAAGTGCTTTTTAACAAACTTACTGTGTTTAAAGAGGAGGAGGAACCCCCAGATGAAGTAGGTGAC
GAGCACTCTTAGAAGTTACCATAAAAGTGAGTACAGTGTGAGCTGTAGATGTGTTTGCTGCAGAGGAGCATGTGAGGTTTGGAGGCGGATGTGTGGTGACTCCAGGGGATAGATTTGCAGAACCTAACGGAAAGGGAAGCTGTAAGGTGCAGGGCCAGAGGGAACCAGCAG
TAACCCTGATAGCGGTCTGTCATCTGTTCCTCTCGACTCTACAGCAGCGGACAACAGAACTTTGATTGCTGATTTCCATCAGTAAGCAGGCTTTGAAGCACACTTCCCCACCCCTAAAAAAAAACCACGTATTTTGGTAAATCCTATATATATTCTAATGTACTGTATGACAGTATAG
AACATGATTTTTAAAAGATGAGTTGGGAGGAGAAAAGGATAAAAGAAAAAATAAAAGAAGCATTAAGAATAAACAATTCGGATCTAGATTTTACTTTCTAGATGATTGACTCGAGGGTGGTGTAGTAAAATCGCTTGTCTGGTCACAAACATTTGGCAGCAGAGCTTTTGATTA
GGTTCTTTGACAAAGCCTTCAGCACGTTAGAGTGGTTTTCACTAATAGTGTTTTGGAAAGAAAAGGTTGTCCATAGTTCTCTAGTTTGCTAAGATGATCAGCTACCCAGGAACGTGGAGTAACTTCCTCTTGTTTGTGGGAGCCCCGGGAATCTGTGCCTGGGGAGGGGAGAAGT
CTGTTAGGCTCTTGGATTGTGTGGAAGAAGGAGAAGTTGTGCCAGGCTACAGAATCCTGTGTTTGCACTGAGAAAACAGGATGGTACCTGACCTTCTCTGCATGGCTGTGAGATAGCTTAAAATA ATTTCTTTTGTTTTTGATGAATATGAACAATATCTTAAAATTTTTGAGGCTA
AAAAAGTCTTGAAGGGATCCCTGAGGTATTTTCTTTGAAAGGTACTGGTGAAAATGAGTAACTTAACCTAAGGGTTTTTCTTTCTAATTTTATTTCCATTTAGTTCAATGACACTGTTAGTCTGGAGTGCTTGTCTTTGGGGGTATTCATCTCTTAGTTTTAAAGAGGAGTTGTTTGG
AGTACTGGCCGTAGAACAGATTGTTCTGACAGTTCCCTAAGTGTTACTAGTCTGAGCTGTGAGAATGCTCCTGAGCTTTTCCCTTAATGGGAAATAAAGATACTGAGTTGGAAGAAAACAGGTGG CTAACCATCATAGCGTGGCCAAGAAATGATCCTGGAGAAGACTTGGTAA
GACTTCATGGCCCATGCATGGCATAACAGAATCAATGTTCCTCTCTCATAATCTTTTCTCCTCTGAAACACTTTATACACTTAACCTGCAGCTCAGTTCTAGGCCTTTTTGTGTTACTGCTGTCACTAACCAAGGCAGAGTGAGACCTGAGTGATTTCCCTAACTCAGGGATGGCAGT
CGGGGGCGCTTTCTTCCCTCGGAGTGGAAAGATTCAGCCTGCGGAGTGGTGTATGCTATTTTTCTCTTGAACTGTACAGCCCTTCATGACCCTTCCATGGGCTTGAATCCAGATGTGCAGTTTCCTTTGTATAATTAAATACTATCCTGGGCACTGATGATGAGTTTGAAATTATGT
GAAATTGCCCTGTGAAGTGTTT

Genotyping

WES



P A G E
5 9

GENOTYPING VS SEQUENCING
AGCTGAAGGAGTGTGGCCAATCTGCCTCCACCTCCCCGCGGACCCCCTACTCTCAGGACCTCCTGCAGCACCCCAAACTGGAAGTGGCCGCTGCAGACCCAAGGACGAGGGGCACGCGGGAGCCG GCAGCCCTAGTGGAGCGGTTGGAGATGTTGAGGTGGGAGGGTCACCC
AGGTGGGGTGAGGCTGGGGTAGGTAGCGGAGTGAACGGCTTCCGAAGCTCTGGGCCGCCCCCAGGTTGGACTAAGCAGGCGCTCTGTCTTCGCCCCCGCCCAGGGTGGGCGTCTCCTGAGGACTCCCCGCCACACCTGACCCGAGACCGCGCGCCCAGCCTAGAACGCTTCCC
CGACCCAGCGTAGGGCCGCCGCGACTGGCGCGCAGGGGGCGGCGGGAGGCCTGGCGAACCCGGGGGCGGGACCAGGCGGGCAAGGCCCGGCTGCCGCAGCGCCGCTCTGCGCGAGGCGGCTCCGC CGCGGCGGAGGGATACGGCGCACCATATATATATCGCGGGGCGC
AGACTCGCGCTCCGGCAGTGGTGCTGGGAGTGTCGTGGACGCCGTGCCGTTACTCGTAGTCAGGCGGCGGCGCAGGCGGCGGCGGCGGCATAGCGCACAGCGCGCCTTAGCAGCAGCAGCAGCAGCAGCGGCATCGGAGGTACCCCCGCCGTCGCAGCCCCCGCGCTGGTG
CAGCCACCCTCGCTCCCTCTGCTCTTCCTCCCTTCGCTCGCACCATGGTAGGTCGGGAGTGGCAAATGCCGGCGTAGCAGCTGCCCGAGATTTCTTCCCAGATTTCTAGTTGTTTTGTTTGTTTTTTGTTTGTTTTTGGTTCTTGGAGGTTTTTCTTTTCTGAGTGTTACGCAGCAGCTG
CGCTTAAAGGAGGTTGCATTTTGGATTTGCATCTCGGCGACCTCTGCCAGGGAGCTTCATTTATTGGTTCCCCTTGGAGCTGGACTTGGTCGTAGGCCGTCCACGGGCAGGGGCTCCGGCCGCAA CTGCAGCGGGGGTTTCTGCATCCAATCCCCCTGCCCCCCGCCCAGCCCCG
CACCCACTGCATCCACTAGCGCCGCACCCGGGCTGCCTGCAGCGCAGCGTTTCGGCCTGGGAGCCGGGCGGGGCCGGGCACTAGACCCCCCCCCCCGGCCCGCCCCTCCCCACCCCGCTTCTCCG CCGGCGCGAAGGTGGCAGGTCGGGCGGGCAGTGGAGAATGAATGGGCT
GGAGCTGGCCGGTGGCGCACATTGTTCCGGCCGGGTGTTGAGGGGCGCAGTCAGCGCCCGCCACCTCCCCACTTTGGCCGGCCCTGCTGGGCGCCCTCCCTCGGTCGCTCTCCCCTCCTTCTTCCCGGGGGGCGCGGCGCGGGCGTGGGCTGGGAAGGAAGGAGCCGGGGAA
GGGTGGGGTTGGGGGCAGGAAGGCGAGGGGTTGGGGGCGGAGAGGGCGGAAGCGGCGGCCGGGCCGCCCTGCGCCCGGGCGGGGCCCTGCGGTGTGGCCGTGGCTTGTTCCTGCCGCTTTCGCAC CCTGCGGCCCCCCACCCAGTGCAGCAGTGCGGGCGGGCGTGAGC
CTCGGTGCACCAGGAGGCACTTCCCGCGGGAGGCGCTGGGCTCGCGCTAATTGGGGCGGGGGGGGGGGGCGGCGGGGGAGGAGGGAACTGGCGCGCGGCTTGGTTTCCATTAGAGACGCAAAGTTTCTGCTCCGGGAGGAGGCGGCGGCGCCGCGGGCTCGTCGCCTGG
GGGAGCAGAAGCGGGTGGGAGGTGCGGGTGGCCTTGGCCTCAGCCCTGGTGCGCGGGGGCCGGGGGTGGTGACCCTCCTGGCCGAGGAGGGGCGGCGTCCAGACGCCCGCTCGGGGGCCGCCTTC CCCCCCACGCCTGCCCCCGGGCACGCGCCCTGCCCGGTCCCTCGCC
CCGCGCCACTTCCAGTCCGCAGAGAGATGCCCTCCACGTTTCTGCTTTCTCTGCAGCCTCTAGATTGCCAGATGCGACTGTGCGCCTCGCTGGGTGTGTTTTCCACAGCCCCTTCCTCCTCGGCGTGCAGGGCTGACATCACCGACTGCGTTTCTGGTTTGGCGGGTGGGGAGATG
GTTCCCCGCAGGGTTCTGGTACACCTTTGCCCCCAGGGCTAGCGCCATTTGGGGGAGGAGGTTTTCGTTGTCGAGAAAGTTGGATGCTCCTGGTAACCCCTCTAACAAGAGAGTTCTGTAGCGAGGTGGGACTGTTCTCCCCATAAGGTGACAGTTTCTCTTGCGAGGTGTGGCA
GCGCTTCCTGTTGTACAAGACAGATGTTGCCTTGGCGTTACGTAAATCATCGTGTCTCCGTCATTTAAAGAAAGCCAATTTTTAGTGATTGAGGTAGAAAGAAAGATCCGTTTATAATTTGTAAAAACAAATTTTCACCCAGAATCAATATATTGGAACACCATTCCTACTGTTAAA
GTTTTCACTTAAGAGTATAAACTTCATCAGCTTTCTATTAGGACTTATTTTGTAATTGGCTTCTTAGGCATCCTTCTTTAAAAGAGAAATCCACGTTAGCTCTCCTTGAGGTCTCGAGTTCCCTCGGCTGGAGGCACAGGTTCAGTGGAGACCAAATAATGCAGGTGAATTACCTTCG
TGGCCATTACTGCCTCCAACGAAGTGTGTTTATTAAGAACAGTTCTTATGTCATTCTTAAGGTAGGTAGGGTTAATACTCTCCAGCAAATTTAGTAGATACTCTTTGCCAGAAAAGAGAGGAGTATATATAGTTTGATAATTATTGTGTAGTTTTCTGTGTACTTAATTTTTGCAGTT
TTGTAACACTTCATTTGTAAGATGGTACCATTTTTTCCTGGCTTCTGAATCATAGGATAGTTTGACCCAGGGCATTAGCCATTGTAATGGTAGGCTTTTAACAAATAACTGCCTAATTTAAAGGATTGGAAAGCATTTGTTACATGGAAATGAAGTTGGTGGCGTACCCAGTTGCTG
TATCTTTATTTTTTCTACTTAATTATTTCTCATAAAATGGATATAAAAGCCTGTTAATCCAACCCAATGCCATTATGTAACGCCAGTTTGGAGATTTCGAGGGCCTGGAGCAGTGCGCAAGGTGCGCTGAAAGCCTGCCCCTGGATGAGATCCTTATCCTGGCTGTGATGGCAGTGG
CAGTGGGCTGGGTCCCTTGTTGAGTGGAAAGGGGGACTGCGGTGTCCATGGTGCAGTAGGTGGCGCTCTTCTGTCTTAGAGCCTGCCGCCACTGCAGCTGGTGCCAAGGGGCCTTCTGCCACTAGAGGTGCCATTTTTCACATGATGAACTTAGCCTAGTTAGATCGCAGAGCA
AGCTGTAAGCCATGGGCCCAGAAAAGAAAACTTGAAGTGAGCAGATGTTGTCACTTCCTTGTAATCCTTTGTTAAAATAGCATAAGGAGTTTTCTTTATTCTATTTACTTTCATTAAATGACCGTGCTACAGGTTTCAAAGGATTTTAAGATTGATTTTTGAAAGATCACAATATTAA
AAGTATAACTGGAAAACCTATGTTGAAATCAACCAAACATGTCGTGGACTGAATGATAACCTTTTCTTTCTTCATATAGGCTGATCAGCTGACCGAAGAACAGATTGCTGGTAAGTTGACAACTCCAAGGAGTCCCCAGAAGGCCAGAACTAGGCACTGACTCAGTTTTGGTGAC
TCCTCTGTTCCTCCCCGCTACAGTCTGGGCAGTTTTCTAAGAATTTATTTAAATAAGAACAGTAAGCAGAAACACTGAGGTCAGATGTTATTCTTGCCAGTACTTTATAGATGAGGTGAAAGGAAGTAAAACTAAGGATGCCCACATGTTAAACTCTGGAGAATTTGACCATGTTTC
ACAATGTGCAAAGTTTGCGTATGATTAATTGTACTGAGCCTGCTACTCAGCGGTTTAGTTTACAATTCTTATGCCATGGGTCTTTCAGTAATCTGCCACGAAAGCTTGTGCTCGCTATCCTAAAATAAATGGAAATGGGTGAATATGAGTGTTAGGACCACTGTAGTAATTGGGAA
GAAAGTTACATTAGTTAAACTCTGTTGCCCAGGCTGGTCTCTAACTCCTGGGCTCAAGCAATCCTCCTGCCTCAGCCTCCTGAGTAGCTGGGACTACAGGCATGTGCCACCACGTCTGGCAGATTTTAGCTTTTTAATATTCCTGGAGGACTTGTTTTGAGACTGTTTCTCGTTAGGA
AACCAGGAATGCTTCTGAAATATTCTAAAAGTCATGTGGAGAGAGTTTACCTGGGAATGTACATTTCTAGTAACCATTTTATTTGTTATGAAACAAGGGATTCTTATGGCTTTAGAAATGTAACAGGAAGGGATTTGAAGGGGGCACATGGACCAATCTTGTCAGATTGGATTTA
GTCCCTTGAACCTGGGAGGCAGGGGTTGTAGTGAGCTGAGATTGCACCACTGCACTCCAATCTCGGTGACAGAGCGAGACTCCATTGTTTAAAAAAAAAAAAAAAGATTGGATTTAGGACTAATT TAAGCATGTTCCAGCTTAGCCGCCTTGAAACCTTTGGGAATATTGTGGTG
TGTGGCACTGTTTATTGGGAGCAGTGTTTGCTTTATGGGCTGCTGTATGAAGGCCAGTCCAACAGGACTATTGTGGTCATTATTTCAGTAGATAAAGACCAGACTTCTGATACGTTGCACAACTTGAATGGCTGGCTTTGGCAAGCCCCCGGCAAGTGTGTATTGTGACTGGGTTG
GATAAAGACATTGATTCTAACGGGTCAACTTTTGTTTTCAGAATTCAAGGAAGCCTTCTCCCTATTTGATAAAGATGGCGATGGCACCATCACAACAAAGGAACTTGGAACTGTCATGAGGTCACTGGGTCAGAACCCAACAGAAGCTGAATTGCAGGATATGATCAATGAAGTG
GATGCTGATGGTAAGAGCTTTAAAACCATGAATGAGGGCCATTGTTGTGTAATTCAAGTTCAGACATGTTACAGGATTGTCTTTCAGGTCCCCAGAGCAAAGCAAATGTGCAAAGATCCTTTCTGTGGTTGCCCCAGGGCCATTGACAATTAAAATAGAAGATGATGGGCCTTGC
GTCCATCCTGCTTAGTGTCTAGAATGTTTTCTGCATGGGATCACTATTGTTTTCTTCCTGCTTGGTGCGACCTAGAGCTCAAATCTATTTTTTTTTTTTTTTTTGGAGACGGAGTCTCGCCCTGTCGCCCAGGCTGGAGTGGCACTGGCGCGATCTCGGCTCACTGCAACCTCTGCCTC
TTGGGTTCCAGCGATTCTCCTGCGTCAGCCTTCTGAGTAGCTGGAATTACAGGCGTGTGTCGCCACGCCCAGTTAGTGTTTTGTATCTTTAGTAGAGATGGGGTTTCACCATGTTGGCCAGGCTGGTCTCAAACTCCTGACCTCGTGATCCGCCCTCCCCGGCCTCCCAAAGTGCTG
GGATTACAGGCGTGAACCACTGCTCCTGGCCGAGCTCAAAGCTTTTATCAACTGGCCCATGAGTCTGCACTGAGTCTTGAGGGGGGAGGTGAAATTAAATAGCCATAGAAAGTGCTTTTTAACAAACTTACTGTGTTTAAAGAGGAGGAGGAACCCCCAGATGAAGTAGGTGAC
GAGCACTCTTAGAAGTTACCATAAAAGTGAGTACAGTGTGAGCTGTAGATGTGTTTGCTGCAGAGGAGCATGTGAGGTTTGGAGGCGGATGTGTGGTGACTCCAGGGGATAGATTTGCAGAACCTAACGGAAAGGGAAGCTGTAAGGTGCAGGGCCAGAGGGAACCAGCAG
TAACCCTGATAGCGGTCTGTCATCTGTTCCTCTCGACTCTACAGCAGCGGACAACAGAACTTTGATTGCTGATTTCCATCAGTAAGCAGGCTTTGAAGCACACTTCCCCACCCCTAAAAAAAAACCACGTATTTTGGTAAATCCTATATATATTCTAATGTACTGTATGACAGTATAG
AACATGATTTTTAAAAGATGAGTTGGGAGGAGAAAAGGATAAAAGAAAAAATAAAAGAAGCATTAAGAATAAACAATTCGGATCTAGATTTTACTTTCTAGATGATTGACTCGAGGGTGGTGTAGTAAAATCGCTTGTCTGGTCACAAACATTTGGCAGCAGAGCTTTTGATTA
GGTTCTTTGACAAAGCCTTCAGCACGTTAGAGTGGTTTTCACTAATAGTGTTTTGGAAAGAAAAGGTTGTCCATAGTTCTCTAGTTTGCTAAGATGATCAGCTACCCAGGAACGTGGAGTAACTTCCTCTTGTTTGTGGGAGCCCCGGGAATCTGTGCCTGGGGAGGGGAGAAGT
CTGTTAGGCTCTTGGATTGTGTGGAAGAAGGAGAAGTTGTGCCAGGCTACAGAATCCTGTGTTTGCACTGAGAAAACAGGATGGTACCTGACCTTCTCTGCATGGCTGTGAGATAGCTTAAAATA ATTTCTTTTGTTTTTGATGAATATGAACAATATCTTAAAATTTTTGAGGCTA
AAAAAGTCTTGAAGGGATCCCTGAGGTATTTTCTTTGAAAGGTACTGGTGAAAATGAGTAACTTAACCTAAGGGTTTTTCTTTCTAATTTTATTTCCATTTAGTTCAATGACACTGTTAGTCTGGAGTGCTTGTCTTTGGGGGTATTCATCTCTTAGTTTTAAAGAGGAGTTGTTTGG
AGTACTGGCCGTAGAACAGATTGTTCTGACAGTTCCCTAAGTGTTACTAGTCTGAGCTGTGAGAATGCTCCTGAGCTTTTCCCTTAATGGGAAATAAAGATACTGAGTTGGAAGAAAACAGGTGG CTAACCATCATAGCGTGGCCAAGAAATGATCCTGGAGAAGACTTGGTAA
GACTTCATGGCCCATGCATGGCATAACAGAATCAATGTTCCTCTCTCATAATCTTTTCTCCTCTGAAACACTTTATACACTTAACCTGCAGCTCAGTTCTAGGCCTTTTTGTGTTACTGCTGTCACTAACCAAGGCAGAGTGAGACCTGAGTGATTTCCCTAACTCAGGGATGGCAGT
CGGGGGCGCTTTCTTCCCTCGGAGTGGAAAGATTCAGCCTGCGGAGTGGTGTATGCTATTTTTCTCTTGAACTGTACAGCCCTTCATGACCCTTCCATGGGCTTGAATCCAGATGTGCAGTTTCCTTTGTATAATTAAATACTATCCTGGGCACTGATGATGAGTTTGAAATTATGT
GAAATTGCCCTGTGAAGTGTTT

Genotyping

WES

WGS
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WHICH TECHNOLOGY?

The choice of technology fir detecting single nucleotide 

polymorphisms (SNPs) depends upon the application.



Strong effect on phenotype
Weak effect  on phenotype

(or none at all)

GENETIC VARIATION IS LIKE CHILI

Carolina reaper Habanero Lemon Bell pepper

Moderate effect on phenotype



GENETIC VARIATION IS LIKE CHILI

Each genetic variant is both 
necessary and sufficient

Mutation

Each genetic variant is neither 
necessary nor sufficient

+
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ARCHITECTURE PLOT

YOUR TURN 

Where are 

variants causing 

monogenic disease? 

Where are the 

variants causing

complex disease?

Monogenic and complex diseases 

have different genetic architectures 

All genetic variants have a 

spot in the architecture plot

(for a certain phenotype)
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IN THIS COURSE WE LOOK

AT THE FULL SPECTRUM

Monogenic and complex diseases 

have different genetic architectures 



65
GENETIC 

VARIATION

❑ Different types of variation

❑ The genetic architecture plot

❑ The journey from monogenic 

diseases to complex diseases

SUMMARY



66

BREAK
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OUTLINE

08:15 – 08:30 Welcome (15 min)

08:30 – 08:55 Exercises 1 (25 min) [figure recap]

08:55 – 09:20 Lecture - What is personalised medicine? (25 min)

09:20 – 09.35 Break

09:35 – 10:05 Exercises 2 (30 min) [1-6]

10:05 – 10:20 Plenum (15 min) [solutions]

10:20 – 10:45 Lecture - Genetic variation (25 min)

10:45 – 11:00 Break

11:00 – 11:30 Exercises 3 (30 min) [7-9 + R intro]

11:30 – 11:45 Plenum (15 min) [solutions]

11.45 – 12:00 eBoard evaluation + Crossword



P A G E
6 8

SUMMARY

10 sessions - read the readme - prepare before class – this is important

Personalised medicine is not new

We need it because people are different – different response and side effects

Evidence-Precision-Personalised-Individualised

Strong focus on genetics because of blueprint and causality (and price per base)

All genetic variants have a place in the architecture plot

This course will look at all variants – strong and weak
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OUTLINE

08:15 – 08:30 Welcome (15 min)

08:30 – 08:55 Exercises 1 (25 min) [In pairs figure recap]

08:55 – 09:20 What is personalised medicine? (25 min)

09:20 – 09.35 Break

09:35 – 10:05 Exercises 2 (30 min) [1-6]

10:05 – 10:20 Plenum (15 min) [solutions]

10:20 – 10:45 Genetic variation (25 min)

10:45 – 11:00 Break

11:00 – 11:30 Exercises 3 (30 min) [7-9 + R intro]

11:30 – 11:45 Plenum (15 min) [solutions]

11.45 – 12:00 eBoard evaluation + Crossword
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eBOARD EVALUATION

LINK

https://aaudk-my.sharepoint.com/:wb:/g/personal/fs61oo_hst_aau_dk/EXK0xRbMURpMhNITONNJ968B0TRe_w8-apEm9aT3hsYgpg?e=cqVf5G


GENOMICS 

CROSSWORD

https://crosswordlabs.com/embed/pm-genomics-brushup

Hint: Use “-” to indicate a space

https://crosswordlabs.com/embed/pm-genomics-brushup
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