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Why is it important?

Tay-Sachs is a genetic disorder
Babies do not sit or crawl
Followed by seizures, hearing loss
Death occurs before 15

The cause?

4 bases out of 3,088,286,401 bases

http://www.curetay-sachs.org/



Got milk?




rs4988235 on chr2

genes:

SNPs:

Scale

LCT/NM_002299.4
MCM6/NM_005915.6

rs112742092 G/A
rs62159034 G/A/C
1151106212 G/A/C
rs146923162 T/C
rs80335569 G/A
rs78141345 G/A
rs60298631 delins
55996003 T/G
rs139164062 T/TT
1s79270171 G/A
564681487 -/C
rs574109977 T/G
rs544313797 A/G/T
rs1553436023 -/C
544992319 T/C
15560235196 T/A/G
rs80221869 T/A

rs10928552 A/G/T

5 kb}

| hg3s
135,840,000

135,845,000

135,850,000
| RefSeq genes, curated subset (NM_*, NR_*, NP_* or YP_*) - Annotation Release NCBI Homo sapiens Annotatiofj Release 110 (2022-0
K1

L ERRORAL i b
Common (1000 Genomes Phase 3 MAF >= 1%) Short Genetic Variants from dbSNP Release 1
| rs72972164 T/C|  rs6742283 G/A| 154988275 C/T|  rs4988260 C/T| rs74266308 C/G| rs4988243 TR |
|  rs113381635 C/T|  rs3087347 T/C/G| 1s60946352 G/A|  rs78526058 C/-| rs2082730 G/T | 4988232 G/A |
| rs56211644 T/C|  rs3087350 C/T | 154988272 G/A|  rs4988262 C/T | rs4988245 A/G | || rs4954493 T/C |
| rs56064699 G/A|  rs2070069 A/G | rs3739020 T/C/G | 154988255 C/T|  rs4954490 QA
[ 1574323833 G/A/C|  rs4988280 T/C| rs80091508 T/C | 154988252 A/C|  rs2304469 G/A/C|
| 1511898588 A/G|  rs4988279 -/C | rs3754687 C/G | rs4988251 A/C/T | rs8088231 G/C|
| rs34464986 delins | rs3820790 A/T | 153754686 T/C | 154988242 G/A |
| rs11903319 G/T|  rs4988276 A/G | 153729569 G/T | 156752360 A/T |
r$113198705 G/A | 1$55800728 G/A | rs3769005 C/G |
|  rs4988289 (TCT)2T/TCTT | 154988274 T/A/C|  rs3769004 G/A |
| 154988288 T/C | 154988265 C/T |
| 154988287 T/A | 1$3769003 T/C | G/A/C]]
| rs4988286 C/G | 154988264 AGAG/AG | 154988229 A/G |
| 154988285 T/A/C/G | 154988263 A/G | rs4988228 (AAAG)2A/AAAGA |
| 1555710286 delins | rs140159427 G/A |
| rs3769006 T/A/C/G | rs4988261 A/G |
rs58710177 C/T | rs4988260 A/G |
rs76097170 C/T | 154988258 G/A/T |
| 15201049000 (A)9/(A)10/(A)11 |
15201648112 T/A | 154988257 A/C |
rs11895269 T/A | 15117529441 T/A/C|
rs148053295 A/G | 1576304929 G/A |
1511895319 T/C | 1556179960 T/C |
1555634455 T/C | 154988256 A/G/T |
rs140039043 C/G | rs10648294 -/C/CTC/CTCTC |
rs6730196 G/C/T |
15200832647 C/- |

r$11899099 G/C |

1114525655 C/G/T |

rs34307240 G/A/C |

15148142676 AGAGA/AGA |
rs149319151 GTG/GTGTG |

RepeatMasker NNEEEEN] W

Repeating Elements by RepeatMasker
N



rs4988235

chr2:136608646 A/~

Orientation minus
Stabilized minus

Geno ¢# Mag ¢ Summary &
likely to be lactose intolerant
(CC)
as an adult
likel I i il
) ikely to be able to digest milk
as an adult
(T;7) can digest milk

source: snpedia

source: Geography of Genetic Variants Brows
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Variations: Mutations and Polymorphisms

Point




Variations: Mutations and Polymorphisms

- Changes in the sequence of DNA.

Single Nucleotide Variation (SNV):
- single nucleotide is altered
- UV, chemicals, tobacco... Point

Polymorphism (SNP):
- Implies presence in population (>1%)
- Allele frequencies: Major / Minor
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Why are mutations
important?




Change in the coding sequence

DNA

phenotype

’ mRNA protein
4

/ (//
3



Change in the expression

DNA




Germline vs Somatic Mutations




Some protein coding gene:

gets transcribed as precursor
messenger RNA

gets translated as protein



Some protein coding gene:

gets transcribed as precursor
messenger RNA

anslated as protein

exon



Some protein coding gene:

introns

gets transcribed as prg€ursor
messenger RNA

exon



Some protein coding gene:

introns

gets transcribed as prg€ursor
messenger RNA

anslated as protein

untranslated
regions
(UTRs)



Some protein coding gene:

introns

gets transcribed as prg€ursor
messenger RNA

anslated as protein

|

regulatory
region

untranslated
regions
(UTRs)



Coding vs Non-Coding variations

e There are different regions in the
genome

e Mutations in different regions will have

different consequences

T 1 .

* regulatory region
* TF binding site

* 5 prime UTR
* initiator codon

* splice donor
* splice acceptor

* intergenic
* upstream

synonymous

missense

inframe insertion
inframe deletion

stop gained

frameshift

coding sequence variant

transcript/regulatory region /TF
binding site ablation

mature miRNA

NMD transcript

non-coding exon / transcript

T I

+ splice region * 3 prime UTR

* intron

* downstream

* stop lost
+ stop retained
* incomplete terminal codon



RNA codons

Normal

Open reading frame

Amino acids Met Thr Asp

AUGACGGAU

Codons

MRNA

DNA ATGACGGAT

source:. genome.gov




Consequences of coding mutations

Silent
ACG —-> ACA
Threonine
Threonine

Normal

Open reading frame

Amino acids Met Thr Asp

MRNA AUGACGGAU

DNA° ATGACGGAT

source:. dgenome.qgov



Consequences of coding mutations

Degeneration of the genetic code

Non-Synonymous (missense)
AAC —-> CAC
Asparagine Histidine

- Different chemical properties
- Altered protein structure




Consequences of coding mutations

Normal Protein
‘Open reading frame (o
Amino acids Met Thr Asp Gin Pro Gin Tyr Glu Leu Ala Phe Lys Ala —
| | [ | ] 1 | | | | | | |
AUGACGGAUCAGCCGCAAUACGAAUUGGCGUUUAAGGTCG
mRNA ! I L J L J L I L Jiek J L J 1 7L 1 7D € J L 7L JL J AI..I.
Codons

Antisense strand (Non-coding strand)

TACTGCCTAGTCGGCGTTATGCTTAACCGCAAATTCCGC
ATGACGGATCAGCCGCAATACGAATTGGCGTTTAAGGCG

Sense strand (Coding strand)

DNA

7t

Frameshift mutation Protein

Open reading frame

Amino acids Met Thr Asp GIn Pro @ @ @ @ @ lSTOP — &
| | |

| |
AUGACGGAUCAGCCGCAAUACGAAUUGGCGUU\UAAGGCG

L T g T 3t s i Il s T

Codons

mRNA

Antisense strand (Non-coding strand) fa\
TACTGCCTAGTCGGCGTt“TATGCTTAACCGCAAATTCCGC

ATGACGGATCAGCCGCA/ ADATACGAATTGGCGTTTAAGGCG
- c /L LLLTT]
Sense strand (Coding strand) U\ Ihsortion

DNA

source: genome.gov



Consequences of coding mutations

Amino acids

mRNA

DNA

Amino acids

mRNA

DNA

Normal

‘ Open reading frame

Met Thr Asp GIn Pro GIn Tyr

Glu Leu Ala Phe Lys Ala
I I I

| | | ] | |
AUGACGGAUCAGCCGCAAUA.

] | |
GAAUUGGCGUUUAAGGCG

,‘IIIII

T L 1)

1 L

T T 1)

Codons

Antisense strand (Non-coding strand)

TACTGCCTAGTCGGCGTTATG®G
ATGACGGATCAGCCGCAATA[C

CTTAACCGCAAATTCCGC
GAATTGGCGTTTAAGGCG

Sense strand (Coding strand)

Nonsense mutation

Open reading frame ‘

Met Thr Asp GIn Pro GIn STOP ‘
| I | I | l —1

AUGACGGAUCAGCCGCAAUAM

GAAUUGGCGUUUAAGGCG

7 LT

/‘IIIII

L L T e 1R 1

Iy g 1 1= T 1)

Codons

Antisense strand (Non-coding strand)

TACTGCCTAGTCGGCGTTATC

CTTAACCGCAAATTCCGC

ATGACGGATCAGCCGCAATA@GAATTGGCGTTTAAGGCG

Sense strand (Coding strand)

Substitution

aiiini

Protein

Protein

source: genome.gov



Consequences of non-coding mutations

1) change in expressions
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expression levels

eQTL =
Expression

Quantitative Trait
Loci = locus

responsible for a
fraction of the
genetic variance
of a gene
expression
phenotype



Consequences of non-coding mutations

1) change in expressions

cis eQTL

eQTL (expression
quantitative trait loci)

locus responsible for a
fraction of the genetic
variance of a gene

expression phenotype

trans eQTL

Nica AC, Dermitzakis ET. Expression
quantitative trait loci: present and
future. Philos Trans R Soc Lond B Biol
Sci. 2013 May

6;368(1620):20120362. doi:
10 100R//retbh 2012 ORAY PMID -



Consequences of mutations.... it’s not easy.

= oo PAR!

Disease ;lk/;/’%\ YsSLTR2 Bladder Cancer
A //‘V\

Gene P 7

G-protein coupled receptor

G-alpha, beta, gamma family

cAMP-dependent
kinase regulatory chain family

Protein kinase superfamily

Colorectal cancer

Small GTPase superfamily

o) XN NONONONON 4N

Proto-oncogene
Drug-target or disease-gene Liver cancer
association

——— Activation of modification

~— Inhibition of modification

—— Activation of translocation

GN Sass
Downstream genes leading to \\
proliferation, migration, angiogenesis in cancer|\}
v\

P Breast cancer
Gnas
- e
Propranolol S\

Lung cancer



Chromosomal rearrangements

Deletion/Insertion

— QEEEGED
o
= (lost)

Deletion + Duplication:

\
»— A BlcDEFG A B E P @n
—>
* A'B'C'DIE F 'G ~ = A'B C'D'€ D EF &
A

(LIFE 10e, Figure 15.4)



Chromosomal rearrangements

Inversion

g T ¥\

IAB CDIE FGC Eaam e v ABE DG PG

Translocation'

ABGDvE G "“ABLMNO

(LIFE 10e, Figure 15.4)
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The mutation of which position looks more pathogenic?

1

And wh

Are there amino acids better tolerated than other in (red) position?

(Ng, 2001)
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SIFT is based on amino acid conservation across species

Mutation of highly conserved [ Pathogenic
http://blocks.fhcrc.org/sift/SIFT.html

Pathogen

SIFT
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Chimpanzee
Orangutan

Macaque
Mouse

Rat

Tetraodon
Tetraodon
Fugu

Human
Dog
Horse
Cow
Opossum
Zebrafish
Medaka

(Ng, 2001)


http://blocks.fhcrc.org/sift/SIFT.html

Methods to predict pathogenicity

2001 — SIFT, SNP3D-stability
2002 — Polyphen

2003 — Panther

2004 — PMUT, PFAM LogRE
2005 — LS-SNP, SNP3D-seq

2007 — SNAP, CanPredict, SAPRED
Torkamani (Kinases)

2009 — SNPs&GO
2010 — Polyphen-2, MuD

2012 — KinMut (Kinases)
2013 — NetDiseaseSNP
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The future: Personalized/Stratified medicine

Precision Medicine

Stratified Medicine

L Patients are grouped by: Individual patient level:
« Disease Sub-types e Genomics and Omics
» Risk Profiles * Lifestyle
[ ] « Demographics * Preferences
* Socio-economic Factors e Health History
« Clinical Features + Maedical Records
°® « Biomarkers e Compliance
* Molecular Sub-populations + Exogenous Factors
® O o
ﬂwﬂ 2{ § Companion Diagnostic
“w. S (CDx) Biomarker
Eime®
Therapy (mainly Rx) Therapy (mainly Rx)

Therapy (Rx + Dx = CDx)

‘.' @ &G PG

® O o ® O o
Adverse No Benefit Patient groups benefit from more targeted Each patient benefits from individualized
Event Benefit treatment treatment

@ 2] [ ] @



The future: Personalized/Stratified medicine

Hurdles to personalized medicine:
e no 1 mutation -> 1 gene

e rare variants

e variants on the same chr vs different: haplotypes

Regulatory Coding
variant  variant

1 @ Functional allele

_._ |—_—_— e @ > T expression

O | I___ @@“ Coding variant
- ) penetrance

Protein Organism Effect

. l [ - B Functional allele
| EDT expression
— > S RIBSSECY
_@_ I_ N - @ Coding variant

penetrance

Castel, S.E., Cervera, A., Mohammadi, P. et
al. Modified penetrance of coding variants
by cis-regulatory variation contributes to
disease risk. Nat Genet 50, 1327-1334
(2018).
https://doi.org/10.1038/s41588-018-0192-y



The future: Polygenic risk scores

- High risk for disease X
- Low risk for disease X




The future: Polygenic risk scores

PRS = w1 SNP; +wySNPy +~ w3 SNP;+. ..







