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Recommendations for approaching the
reading materials

* For the Supplemental material:
* Not about memorizing/learning ALL the different mutations, etc.

 Meant to help appreciate the scope of just how many ways genetic variation,
acting through RNA and protein functionally, can contribute to disease

* Pick a couple sections that sound most interesting and do a deep dive on
those. But don’t worry about absorbing the details of all of it

* For the journal club
* Primary goal to translate the 6 major mechanism stages we’re about to
discuss to describe the specific approach/details of the paper



Why do we perform scientific research?

* In your previous two sessions, you’'ve learned about some tools we
have at our disposal to perform research.

* But why do we do it?



What is disease?
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Complex diseases/traits

Monogenic diseases
* Muscular dystrophy
* Werner syndrome

* Type 2 diabetes
» Cardiovascular disease
* Cancer

* Height

One risk variant

Accidental injury
* Traffic accident
» Disaster

* Body weight

Many risk variants throughout genome

Tanisawa et al., 2016



What is a “molecular mechanism”?
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How to establish a convincing molecular
mechanism

* *The journal club paper follows this construct, so if you can isolate
the different stages of their analysis and associate them with each of
these steps, it will make understanding and presenting it a little
easier*



1. Choose your disease/phenotype of interest

Leading causes of death globally

2000 @ 2019

1. Ischaemic heart disease

2. Stroke

3. Chronic obstructive pulmonary disease
4. Lower respiratory infections
5. Neonatal conditions

@ O

6. Trachea, bronchus, lung cancers

{ )

7. Alzheimer's disease and other dementias

( O

8. Diarrhoeal diseases

@ O

9, Diabetes mellitus

10. Kidney diseases
— _.
0 2 4 6 8 10
Number of deaths (in millions)

@ Noncommunicable @ Communicable @ Injuries

Source: WHO Global Health Estimates,

Adrenoleukodystrophy (ALD)
Fatal nerve disease

Azoospermia

Muscular Dystrophy Absence of sperm in semen

Progressive deterioration

of the muscles Gaucher Disease ®

A chronic enzyme deficiency
occurringfrequently among
Ashkenazi Jews

® DNA test currently available

HemophiliaA ®
Clotting deficiency
Ehlers-Danlos Syndrome
Glucose-Galactose ® Connecuve tissue disease
Malabsorption Syndrome
Potentially fatal digestive

disorder Relmms Pigmentosa ®

Prugresswe degeneration

Amyotrophic Lateral Sclerosis (ALS) ® of the retina
Late-onset lethal
degenerative nerve disease Hummglnn Disease ®

Lethal late-onset, nerve
ADA Immune Deficiency ® degenerative disease
First hereditary condition
treated by gene therapy

Familial Adenomatous Polyposis (FAP) ®
Familial Hypercholesterolemia ® Inles(ina] polyps leading to colon cancer
Extremely high cholesterol
nxY12

Hemochromatosis ®
Myotonic Dystrophy e Abnormally high absorption

Form of adult 2 of iron from the diet

muscular dystrophy %Q 20 5
19 Spinocerebellar Ataxia ®

Amyloidosis ® Human 6 Destroys nerves in the brain and spinal

_
Accumulation in the tissues > 13 chromosome 7 e — cord, resulting in loss of muscle control
of an insoluble fibrillar protein 17 number 8 \

/ Cystic Fibrosis ®
Neurofibromatosis (NF1) @ 16 9 Mucus in lL!"gS’ interfering

Benign tumors of nerve

5 10 with breathing
tissue below the skin 14 43 45 11 \
‘Werner Syndrome ®
Breast Cancer ® Premature aging
5% of all cases \
S . Melanoma e
Polycystic Kidney Disease ® Tumors originating in the skin
T Multiple Endocrine Neoplasia, Type 2 ®
& Tumors in endocrine gland and other tissues

Tay-Sachs Disease ®
Fatal hereditary disorder Sickle-Cell Anemia @
involving lipid metabolism Chronic inherited anemia, in which

?ﬂen occuring in Ashkenaz red blood cells sickle, clogging
SHE Alzheimer Disease arterioles and capillaries

o e e Pl (K0 o
An inborn error of metabolism;
Retinoblastoma @ if untreated, results in mental retardation
Childhood tumor of the eye

Cysts resulting in enlarged kidneys
and renal failure

Wikipedia



2. Choose the genetic variation (DNA) you have reason
to believe might be involved

Deletion Duplication Inversion

Point Mutation
AKA: Single nucleotide polymorphism (SNP)

AKA: Single nucleotide variant (SNV)

Insertion Translocation

Deletion Mutation

LibreTextsBiology
https://learn.genetics.utah.edu/content/genetics/mutate/



Strategies for identifying genetic variation that may be
relevant to disease phenotype

Advantages Advantages Advantages

* Focuses on genes with

known or proposed *Only genes of biological = gﬁ;:}-mwlewl Wive
i i e o * A complets, unbiased coverage per varint
subjects) are limiting number of samples picture of the genome * An individual needs

« Capable of identifying «The lation * No prior hypotheses only to be sequenced
polymorphisms with low- information obtained on meauRel . g;o:,denﬁfy causative
allele frequency genes known to be SNP

* Allows deep resequencing relevant to drug

on interesting candidate
genes in the post-GWAS
phase

Disadvantages

Disadvantages

« Missing variations
* Large numbers of within large stretches
« May potentially miss « Not comprehensive samples are required of highly duplicated
impontant genes « A priori knowledge of * Lack of information DNA
* A priori knowledge of candidate genes and/or about gene function « High levels of noise
candidate gene pathways required * Insensitive to both « Large numbers of
required structural and rare samples are required
variants « Lack of information
about gene function
* Overall cost
TRENDS in Genetics

Disadvantages

Disadvantages

Madian et al., 2012, Trend in Genetics



Relating genetic variation to "function” is one of the biggest
and most active fields in current genetics research

& :: o °Oo (("’5 l"-L i
National Human Genome /2 Q = 5o '). ':'Q Gl

Research Institute ABOUT RESEARCH  RESEARCH ABOUT CAREERS & NEWS &
GENOMICS ~ FUNDING AT NHGRI HEALTH TRAINING EVENTS

Home / Research Funding / Funded Programs and Projects / Impact of Genomic Variation on Function (IGVF) Consortium

Impact of Genomic

Variation on Function
(IGVF) Consortium

The IGVF will develop a framework for systematically understanding the effects of X
genomic variation on genome function and how these effects shape phenotypes. *

https://www.genome.gov/Funded-Programs-Projects/Impact-
of-Genomic-Variation-on-Function-Consortium



https://www.genome.gov/Funded-Programs-Projects/Impact-of-Genomic-Variation-on-Function-Consortium
https://www.genome.gov/Funded-Programs-Projects/Impact-of-Genomic-Variation-on-Function-Consortium

3. Consider how your favorite variant may impact
transcription (gene expression)

Transcriptional regulation

Polymorphism in Transcription factor binding site
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Ramsuran et al., 2018, Frontiers in Immunology



upstreamORFs (UORFs) and translation initiation

A o

Met

AAAAAAA

40S reee wneas
4A Scanning for
start codon

Open reading frame (ORF):

Any genomic region that has the correct
upstream sequence motifs to be recognized
by and translated

Dodbele and Wilusz, EMBO Journal, 2020



upstreamORFs (UORFs) and translation initiation

: D Ty

rh AAAAAAA
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4A Scanning for

start codon
B j

Met
|‘I‘| uORF ORF AAAAAAA
2058 -+ > -

4A \

uORF translation
inhibits translation of
the canonical ORF

Open reading frame (ORF):

Any genomic region that has the correct
upstream sequence motifs to be recognized
by and translated

Dodbele and Wilusz, EMBO Journal, 2020



What is haploinsufficiency and how does it impact
transcription?

hg
m

sitn.hms.harvard.edu

Matharu et al., 2018, Science

Phenotype

Normal



What is haploinsufficiency and how does it impact
transcription?

Parent 1 Parent 2
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Matharu et al., 2018, Science



What is haploinsufficiency and how does it impact
transcription?

Parent 1 Parent 2
g Gene mRNA Phenotype
I H 2n
ONARONAN NN NN A &
The DNA is copied

‘ ‘ Wild type Normal

The meiotic proces
results in
4 gametes

n H I CRISPRa rescue of haploinsufficiency Normal

Matharu et al., 2018, Science
sitn.hms.harvard.edu



4. Consider how your favorite variant may impact translation
(protein expression)

Point mutations

No mutation vl |
Silent Nonsense Missense
conservative non-conservative
DNA level TG I ATC TCE TGC
mRNA level AAG AAA UAG AGG ACG
protein level Lys Lys STOP Arg Thr

https://www.ebi.ac.uk/training/online/courses/human-genetic-variation-introduction/what-is-genetic-variation/what-effect-do-variants-in-coding-regions-have/



Protein structure == protein function

https://learn.genetics.utah.edu/content/genetics/mutate/



Frameshift mutations can change the coding sequence
CDS) that gets translated

Possible Amino Acid R S R A FW SPMS A AD S S * KA APV FTNUZRA A SINIRUGOPRTAIK
D =L 46 oR: 5§52 :6: Re Rz Cr=R {R. “P: T B Ls E-R AL-FH (R 5SE R T2 62 RiERGT. 36 Ni ‘Ré .6: Ry R
Sequences (Forward) 2 TR TR e ¢ SR P SV - G o TR R e ) - Y R R T R e o O ¢ 6T o A CCT - eI ¢ M U - N W o VO R <3
CGATCTCGGGCGTITCTGGTICGCCGATGTCGGCGGCCGACTCATCTTGARAGGCTGCACCGTTCACGARCCGGGCGTCGARCCGGCARCCGCGGACGGLGA
NucleotideSequence{....:....[....:....[....:....|....:....|....:....|....:....|....:....|....:....|....:....I....:....|
GCTAGAGCCCGCARGACCAGCGGCTACAGCCGCCGGCTGAGTAGRACTTTCCGACGTGGCARAGTGCTTGGCCCGCAGCTTGGCCGTTGGCGCCTGCCGCT
Possible Amino Acid R D RANOQODGTIUDA AW ASED QT FAAGNV VU FIRAIDT FIZ RTZ CGU RV A
S R P REUPURURUBHIRIRGYVY*¥ R S L S CUREUZRVYVUZPIRIZRVYVYUZPILZRUPRR
Sequences (Reverse) A I E PTI RTOA STUPUPR SMIEKT FUZPOQVT™* S5 G PT S G AV A S P S

S * 8 T KQMTWTTOCRF P E R R C R NG T O T
N R DROQS S K COGILHA ADSTL LI RGO GV VG KWLUL S PRIZ REZPTFAGSOC
Gene 1 L . A V S V S 6 F C R L V G N R S R V
ARTCGTGATCGACARAGCAR A TGTGGACTACATGCAGATTCCCTGAGAGGCGETGTCGGTAAGTIGEGCTTTTIGTICGCCTCGTCGGGRARCCGTTCGEGGETT
o mumnn mmgmim | e 0 nmra e mnt fm e e m e [ e i e m e B e mim e m mb em e [ e g mn e [ e e i mn [ e s | e i e ]
TTAGCACTAGCTGTITCCITTACACCTGATGTACGTICTAAGGGACTCTCCGCCACAGCCATTCACCGARAACAGCGGAGCAGCCCTTIGGCAAGCGCCCR
F D HD VvV FCIHVY YV HIULDNUG SU LIRMHRYTAI KT ATEDUZPVTH RUZPN
F R S R CLILHUP S CA A S EURULUZPUPTOUPILIBHSU KUDGIRUZRSGNA AP
I T I § L A FFT §8 * M C  I'6 @ 8§ A 'T:D.T"L P K Q R:R TP F R E R-T

Gene 2 SEER P AN SFE SPECAT P Q) SReGEE SRS ET S ASE P WOV a5 eMe SES aYE Y ESE SW DROGER: S0 P G SVE SRy R
R A P TV F QPRI RN ASI RICIRBRIRGT CIR RMW S ITRU FG AVYV S P RUCSGA-A
V A P Q HS S A ATHUZRAVAVSGVYVYD GV VLI RUDILA AP S ATRTGA AN - AR
GTCGCGCCCCRARCATTCCAGCGCCGCRAACGCATCGCGLTGTCGCCGTIGGETGTCGATGGAGTATTACGAGATTTGGCGCCEGTCAGCCCGCGETGLGGLGC
o memem mingmim | e o n e metfm e e e e [ e e m e B e m i e B e m e[ e g mn e mmi [ o e s men [ e i | e e e ]
CAGCGCGGGGTTIGTAAGCTCGCGGCETITGCGTAGCGCGACAGCGGCACCCACAGCTACCTCATAATGCTCTAAACCGCGGCAGTCGGGLGCCACGCCGLG
DR GLMGAGTCI RMASDUGHTU DI S Y *»*S I QRURZ*¥ G ATTU RR
Q R A GV NWIPRIBRILADI RUGOQIRIRPHIRMBAHBHILIVILNDNUPATILGI RHZPA
T A 6 W CEUL A AV CURA AT ATU®PT S P TDNWIRSI KA AUGU DA AUZRUPA-A

A SV S CF LU AR R: N: I A QO L Gl k. cH) L ECE R OGK: D: DR AT D R CK R LT DECcHY BPoL GA
R ¢C:R:S5S W R A T S-R"N & ¥ C T € § 5§ AR T M: P-T: A . § G * P. T - T: R: 8§

G VvV VvV P G A Q HRATUZRSAUPVI R AQSGI RTCTR RUPUOQ-AVYVIDUZRUZPUP-AR
GCGGTIGTICEITCCTGGCGCGCARCATCGCGCARCTCGGTCTGCACCTGTITCGAGCGCARGGACGATGCCGACCGCAAGCGETITGACCGACCACCCGCTCG
o mmu i mngmim | e o n e metfm e et e e e [ e e, e i m e B e m i e m B e e e[ e m e mimi [ e s mn [ e i | e i e ]
CGCCACAGCARAGGACCGCGCGTITCTAGCGCGTTIGAGCCAGACGTGGACARAGCTCGCGTITCCTGCTACGGCTGGCGTITCGLCARCTGGCTGGTGGGCGAGC
A T DNIRARILMAC S PR CIRNGSIR RILS S A SR RULUZRNUWVS WG S

R HREOQOQURAWVDIRIULETOQVQEULALVIGVALUPU QG GV YV RE
R P TTOGPACUCIRAVYVIZ RDAGT R ATCTPRUBHBTR RGO C AT SUZ R G GA AR

Wikipedia



Frameshift mutations can change the coding sequence
(CDS) that gets translated

Normal Protein
Open reading frame &
Amino acids Met Thr Asp Gin Pro Gin Tyr Glu Leu Ala Phe Lys Ala —p
I [ I I I I I I I I I I I

AUGACGGAUCAGCCGCAAUACGAAUUGGCGUUUAAGGCG

mRNA L J L J L Iyt 1L ! [ © J L ! [ § L | ¢ | | o L J ’Il.l.
Codons
Antisense strand (Non-coding strand)

ONA TACTGCCTAGTCGGCGTTATGCTTAACCGCAAATTCCGC

ATGACGGATCAGCCGCAATACGAATTGGCGTTTAAGGCG

Sense strand (Coding strand)

/o LLTLT]

Frameshift mutation | Protein

Open reading frame

Amino acids ‘ Met - Thr - Asp -~ GIn — Pro - (His = lle )= Arg ) lle »~(Gly ) ’STOP — &
| | I | | . l
AUGACGGAUCAGCCGCA;!AUACGAAUUGGCGUUUAAGGCG
mRNA Z LT

Codons

/.

Antisense strand (Non-coding strand) fé\ -
TACTGCCTAGTCGGCGT"TATGCTTAACCGCAAATTCCGCV
ATGACGGATCAGCCGCAPAMATACGAATTGGCGTTTAAGGCG G

cA '/‘ [ LT

Insertion

DNA

Sense strand (Coding strand)

https://www.genome.gov/genetics-glossary/Frameshift-Mutation



https://www.genome.gov/genetics-glossary/Frameshift-Mutation

5. Come up with a hypothesis for how you think your favorite
variant may be impacting your disease/phenotype of interest

FUNCTIONAL DOMINANT SUB-FUNCTIONAL SUB-FUNCTIONAL

O O NEGATIVE g Q Q

o & g

Favorable Poor Favorable
No disease
clinical outcome clinical outcome clinical outcome

Shao and Wilkinson, 2014, EMBO Mol Med



Wild-type Gain-of-function Loss-of-function Dominant

D

-

.

Toxic

9 : .
| 1 Cou)

- Complex formed - Hyperactivation of - Complex not formed

- Normal cell physiology signalling pathways - Complex function not performed
- Formation of

protein aggregates

Non-functional
protein complex

Segalat, 2007, Orph. J. Rare Dis. Gonzaga-Jauregui et al., 2021, Gen Rare Dis.



dominant negative vs haploinsufficiency

Normal Mutant
fibrillin-1 fibrillin-1
Chromosomes 15 Chromosomes 15 Chromosomes 15

\ \
Expression Expression Expression Expression No expression Expression
Nonserise
A A A AT AATAY A A ATEAAAA
VN AV

: AN
Mediated AAA

AN AAA AN AAAA Decay AAAA
AV AN AN AN ANV
\ J | J \ )
Y Y 1
000005 SAOANA OO0
*Q00000% SO
*QO0000% SRR —
Normal functioning Mutant fibrillin-1 interferes
connective tissue with normal fibrillin-1

Franken R, Expert Opin Orphan Drugs 2014 Aug;2(10):1-14.




6. Design in silico/in vitro/in vivo experiments to test



The signatures of function are passed on through our DNA

T cell T call
(HLA-BB#) (HLA-BB+)
Antigen Presenting Cell
(HLA-BB#)

Recognition No recognition No recognition

Function/trait

\

Sequence _ Fitness

” H.sapiens  TILVIVERIY|AFEG VEIE|T <

S. cerevisiage NI VMPEAY VYEIGVENY(S s
_ M. tuberculosis VIV I L{sBY V AEIN AFNY|S g
. E.coli WV I/GshH(D L T QlY¥|0 g
= Protein amino acid sequence B

Time



Why are the mechanisms we build from our
understanding of basic biology so important for how we
think about disease?



1972

Multiple sclerosis has been considered a disease of the
immune system since the 1970s

lllllll LR R R

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Little success with family-based linkage study

First reported HLA
associated with MS
(linkage analysis)

Human genome project

The International HapMap Project

Lin et al., 2012, Practical Neurology

About 60 non-HLA loci

MS (GWA studies)

identified associated with

One rare variant in
CYP278B1 gene identified
associated with MS
(exome sequencing)

IFN -la

1993

(Avonex)

1996

Natakzimab Fingolimod  Dimethylfumarate

(Tysabri) (Gilenya) (Tecfidera)

2000 2005 2009 2011 2012 2013 2014

(Extavia)

IFN-1a
(Rebif)

Melamed and Lee, 2020, Front. Imm.

IFN-1a Daclizumab
(Plegricy)  (Zymbriaa)

2015 2016 2017

Cladribine
(Mavenclad)

2019

Our interpretation of disease
mechanism shapes clinical
treatment

“Various clinical and experimental
findings suggest a pathogenic role
of antibodies in multiple sclerosis
(MS). Yet, whether antibodies
contribute to the pathogenesis or
progression of MS s still a subject

of intense debate.”
- den Dunnen, et al., 2021, Neural
Regen Res.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8374557/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8374557/

International Multiple Sclerosis
Genetics Consortium, 2019

>200 genome wide risk loci for
multiple sclerosis

system?

Genomic region containing
primary immune risk genes
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_All models are wrong,
 but some are useful.
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We are all just figuring this out as we go, based on what is known at any given
moment... which is constantly changing as we learn more.

So state your assumptions and don’t take things too seriously.



Thanks for your interest!

* Feel free to email me: kristen.wade@ucsf.edu



