INTRODUCTION TO
MOLECULAR GENETICS

Andrew McQuillin
Molecular Psychiatry Laboratory
UCL Division of Psychiatry
22 Sept 2017



Learning Objectives

Understand:

The distinction between Quantitative Genetic and
Molecular Genetic research

The structure of DNA

How DNA functions as the hereditary material
— How DNA is packaged
— How DNA function is regulated, etc

The different types of genetic diversity in human
populations

Common terms used
The broad types of genotype-phenotype relationships



What are the origins of individual differences in
human behaviour and complex traits?

Quantitative Genetic research

 How much do genetic (and environmental)
factors contribute to individual differencesin a
measured trait or susceptibility to disease?

e Nature AND Nurture
— and the correlation and interaction between the two



Why do we estimate heritability?

Quantitative Genetic studies tell us:

The importance of genetic and environmental
Influence

Provides a best case scenario for genetic prediction

Allows us to estimate the success of gene
identification efforts
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Molecular Genetic Research

e The study of the structure and function of
genes at the molecular level

e Builds on Quantitative Genetics research to
tell us:

— What are the specific genetic factors?

How big Is their effect?
How do they influence human trait variation or

lability to disease?



Why do we estimate heritability?

e Quantitative Genetic studies tell us:
— The importance of genetic and environmental influence
— Provides a best case scenario for genetic prediction
— Allows an estimate the success of gene identification efforts

* They do not tell us:
— Number of genes
— Where they are located
— Mechanism of action
— Magnitude of effect
— Types of genes



An atlas of genetic correlations across human diseases
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GWAS of Anorexia
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3,495 cases and 10,982 controls; Duncan et al 2017 Am J Psych
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DNA to mRNA to Protein
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ranscription (DNA to RNA)

¢ DNA

* The process of producing
GAOT o M RNA from the DNA
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Translation

Second letter

P,
Met f1e v c
uuu UCU) UAU UGU U
0 T i (71555 . UAC}Tyr UGC}CyS C
UUA}Leu UCA UAA Stop|UGA Stop| A
Large ribosomal UuG UCG J UAG Stop|UGG Trp |G
subunit
: Ccuu cecu CAU} 2 leal U
5  mRNA JAUGUGGUUC. His
cuc CCC CAC CGC C
©— Small ribosomal = c CUA Leu CCA Pro }Gln CGA Arg Al o
subunit = CUG CCG | CAG CGG G| ¥
pot =
7] AUU ACU ) AAU AGU Ul E
Arm y i | a|Auc tie [Acc | Jasn |22 Jser | & g
i~ ~mino acl AUA ACA AAA}LyS AGA}Arg A
AUG ™~ Met | ACG AAG AGG &
tRNA GUU Gellh GAU}Asp GGU U
ol GYC Ly | GCC LA, [GAC GGC |~ [C
, GUA GCA }Gm GGA (=Y A
Anticodon GUG GCG GAG GGG G

Several codons code for the same amino acid
“Third Base Wobble”

Codon This means that some DNA variants in coding

image: regions do not lead to an amino acid change
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Translatlon

Second letter
A Amino Acids with Electricaly Charged Side Chains

Pos)i}ive c
‘ Arginine Histidine Lysine h r.P\spar(ic Acid Glutamic Acid
(Arg) 0 (His) @ (Lys) o (Asp) Q (Glu) G =

uuu ucu UAU uGuU U

AOmn A0 i A 40 y | UUC }Phe ucc | .. [UAC }Ty’ UGC }Cys C

= ° » =\ UUA }Leu UCA UAA Stop|UGA Stop| A

pl-?o?: p«-wzv uuﬂlzo —~K UCG i UAG StOp UGG Trp G

- Cuu ‘Qgg; CAU}HiS CGU U

NH N AH cuc C CAC CGC €
HN—( ) w [l cua [t8! | cca O AA]in [CGA A9 Al g
@NH, e £| |cuc CCG | CAG CGG G|E
. i ids wi i i g ecial Cases : - =}
: Se‘:i'::':m‘c”js M:WUMMW f—mm Gl i Cyftei::' 'cSeIenocysteine Glycine F;roline 'g AUU ACU U }Asn AGU }Ser U '.E
ls«le (Thr) o (Asn) m (Glnl@ mme (Sec) 0 (Gly) @ (Pro) 0 L A AUC "e ACC .Thr C AGC C =

. ", o AUA ACA Lys AGA } Arg A

e AUG~ Met | ACG ] AGG G

prasse NH, NH:

? ? 2% :é? GUU GCU) GAU}Asp GGU U

G GUC val GCC LA GAC GGC Gly C

GUA GCA }Glu GGA A

GUG GCG GAG GGG G

D. Amino Acids with Hydrophobic Side Chain
Alanine Isoleucine Leucine Methi Ph vine Tr han Tyrosine Valine

wa]o ) 0 (Lev) o (Met) @ (Phe) e (Trp) (@ (iy) o wauo
»

Amino acids can be grouped into chemically
or structurally similar groups.

Some DNA variation that leads to an amino
acid change has little or no impact on protein
structure/function

PRa 233
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oK Dati: CRC Handibook of Chemistry, %2010
Dan Cojecari. Deparimert ol Medical Siophysis. University of Toronto, 2011



From DNA to protein

Histone

http://www.yourgenome.org/video/from-dna-to-protein
https://www.youtube.com/watch?v=gG7uCskUOrA
Slightly more “out there”: https://www.youtube.com/watch?v=-ygpqVr7 xs&t=3s




Why are gene based studies important?
Genes to Behaviour

» Fundamental insights into biology of traits and disease
« Diagnosis
— Gene-based (rather than symptom-based) diagnoses.

— Disease heterogeneity.
Same aetiology, different phenotype

— Genetic heterogeneity.
Different aetiology, same phenotype

* Prevention (more likely, prediction)

— DNA as early warning system for behavioural and environmental (not genetic engineering)
e Treatment

— Allow new directions for therapy

— Tailored to individuals

(e.g., pharmacogenetics)

— Relevant environments

(e.g., Tailoring Of Lifestyle choices)



Why are gene based studies important?
Genes to Behaviour
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Discovery of the Structure of DNA
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X-ray images of DNA




DNA Structure

DNA: Deoxyribonucleic Acid
Structure: double helix

DNA molecule is made up of sugar

residues phosphate groups and
Base pairs [ SRS bases

Adenine Thymine

Attached to carbon atom 1’ of
each sugar is a nitrogenous base:

— ) )

N i
Guanine (G)
Thymine (T)

Sugar phosphate
backbone Watson-Crick base-pairing rules:
A:T, C:G (hydrogen bonds)




The Human Genome Project

Size of the Human Genome
The Number of Genes
Variation between individuals



The Human Genome

e Published in 2003

e 3.1x10%bases (3 billion)
» 22,000 protein coding genes (~2%)
e $3 billion USD, 15 years
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Navigating the Genome

 (Genome Browsers
— Gene Annotations
— Phenotype Associations
— Gene Expression
— Etc...

— http://genome.ucsc.edu/
— http://www.ensembl.org/index.html
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We vary genetically

* No two people are
genetically identical,
except for MZ twins (with
caveats)

 Humans are ~99.9%
genetically identical

* We mostly know where
the ~0.1% (3 million
bases) of DNA variation
resides

* Variation makes us
unique

https://www.nigms.nih.gov/Education/pages/Factsheet_studyinggenes.aspx



Classification of Genetic Variation

e ‘Mutation’ Change in DNA sequence from

wild type. Often used as short-hand for
pathogenic variant

e ‘Polymorphism, or DNA variant’ A variation of
the DNA sequence (at a specific locus) that is
present in more than 1% of the population
(minor allele frequency; MAF >1%)

* ‘Non-polymorphic’ The DNA base does not
vary in the population



Glossary of Terms

Genes:

— Units of inheritance that are passed down to the next generation
Locus:

— Specific position in the genome
Alleles:

— The genes found at the same locus on different homologous
chromosomes are alleles.

— Allele frequency refers to the number of alleles in the population
Genotype:

— Combination of the two alleles at a specific locus.

— Alleles can be the same (homozygous) or different (heterozygous)



Many types of genetic variation

Small scale:

— Single base change (SNPs)

Medium scale:

— Copy number variation (CNVs), indels
Large scale:

— Chromosomal abnormalities
e Change in the number of chromosomes (whole)
* Change in the arrangement chromosomes (part)

And everything in between...



SNPs: Alleles and Genotypes

3
(- .
: 5 z R t
: : -:"-I'Eﬁr
: § Vot A
= ‘1.'?5.?"}{?*
< LL
Amount of C fluorescence
Genotypes CC CT TT
Controls 500 400 100
Cases 400 500 200




Genotypes to Alleles and MAFs

Genotypes CC CT TT
Controls 500 400 100
Cases 400 500 200
Alleles T
Controls 1400 70% 600 30%
Cases 1300 59% 900 41%

Association Testing
Chi-square 54.303 p=1.72x1013

Odds ratio 1.615 (95% CI 1.421-1.836)

TT individuals have two T alleles
=200 T alleles in the controls.
CT individuals have one T allele
=400 T alleles in the controls.
There are 600 T alleles in the
controls.

The total number of allele in
the controls is 2000 (each
person has two alleles.
600/2000 = 30%.



Genome Wide Association Studies

ARTICLE

d0i:10.1038/nature13595

Biological insights from 108
schizophrenia-associated genetic loci

Schizophrenia Working Group of the Psychiatric Genomics Consortium*
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36,989 cases
113,075 controls
83 new loci

DRD?2

several genes
involved in
glutamatergic
neurotransmission

Significance of association (Hog,, P)
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2,601 cases, 3,345 controls
0 genome wide significant sites
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Schizophrenia GWAS 2011

9,394 cases, 12,462 controls
5 genome wide significant sites
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Schizophrenia GWAS 2012

25,785 cases, 28,441 controls
62 genome wide significant sites




Schizophrenia GWAS 2013

35,476 cases, 46,839 controls
97 genome wide significant sites




Genome Wide Association Studies

ARTICLE

d0i:10.1038/nature13595

Biological insights from 108
schizophrenia-associated genetic loci

Schizophrenia Working Group of the Psychiatric Genomics Consortium*
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Alterations in Chromosomal Number

 Polyploidy:
— Individuals have three copies of the autosomes,

plus an extra sex chromosome (karyotype: 69,
XXX, 69 XXY, 69 XYY)

* Aneuploidy:
— One or more chromosomes are lacking or present
IN excess
Examples: Trisomy 21 (Down’s Syndrome),

Klinefelter’s syndrome (47, XXY), and Turner’s
syndrome (45, X)



Chromosomal Abnormalities
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Copy Number Variation

Chromosomal micro-duplications and deletions

Deletion Normal Duplication
- —
+— B —

1 copy 2 copies 3 copies



CNV In schizophrenia

www.sciencemag.org  SCIENCE VOL 320 25 APRIL 2008 nature e e et s

Rare Structural Variants Disrupt LETTERS
Multiple Genes in Neurodevelopmental
Pathways in Schizophrenia

Tom Walsh,™* Jon M. McClellan,2*1 Shane E. McCarthy,® Anjené M. Addington, **
Sarah B. Pierce,' Greg M. Cooper,” Alex 5. Nord,® Mary Kusenda,»® Dheeraj Malhotra,?

Large recurrent microdeletions associated with
schizophrenia

Hreinn Stefansson'*, Dan Rujescu™®, Sven Cichon™*, Olli P. H. Pietilainen®, Andres Ingason', Stacy Steinberg’,
Ragnheidur Fossdal', Engilbert Sigurdsson®, Thordur Sigmundsson®, Jacobine E. Buizer-Voskamp’,
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Zugen Chen,” Sean Davis, ™ Carl Baker,” Evan E. Eichler,” Paul 5. Meltzer,™ Stanley F. Nelson, Magnus Haraldsson®, Brynja B. Magnusdottir®, Ina Giegling”, Hans-Jirgen Méller”, Annette Hartmann”,
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CNV in schizophrenia

Table 2 Combined results of previous studies and the current data-set®

1021.1 gel 13x10°° 017 (33/19054 0021 (17/81821) 8.35 (4.65-14.%9) 41x10~™
1G21.1 dup 20x10-* 013 (21/16247) 0037 (24/64044) 3.45 (192-6.20) 99x10-*
NRXN del 79x107° 0.18 (33/18762 0020 (10/51161) 9.01 (4.44-18.29) 13x10°"
3029 cel 23x107" 0.082 (14/17 005) 00014 (1/69965 57.45 (7.58-438.44) 15x10~*
WES dup 55x10-% 0.066 (14/21269) 00058 (2/34455 11.35 (258-49.93 69x10-%
VIPR2 dup 0.006 0.11(1514218) 0069 (17/24815 1.54 (077-309) 027
15q11.2 del 22x10~’ 0.59 (11419 547) 028 (227/81802) 2.15(171-268) 25x10°"
AS/PWS dup 0.014 0.083 (12/14 464) 00063 (3/476864) 13.20 (372-%.77) 56x107
15013.3 cel 21x10°" 0.14 (26/18571) 0019 (15/80422) 7.52 (398-14.19) 40x10°"
16p13.11 dup 0.03 031 (37/12029 0.13 (93/69289) 2.30 (157-3.36) 57x10°°
16p11.2 distal del 00014 0.063 (132073 0018 (5/27045) 3.39(121-952) 0017
16p11.2 dup 32x10° ™ 035 (58/16772 0030 (19/63068) 11.52 (686-19.34) 29x10°*
17p12 del 0.0004 0.094 (12112773) 0026 (17/65402) 362(173-757) 00012
17012 del 0.004 0036 (5/14024) 00054 (4/74447) 6.64 (178-24.72) 0.0072
22011.2 del 10x10°® 0.29 (56/19084) 0.00 (/77 055) NA (28.27-) 44x107%
del, deletion; dup, duplications; NA, not applicable; W8S, Willams-Beuren syndrome; AS/PWS, Angelman /Prader-Willl syndrome.

a. For a more detalled version of this table that includes the ONV frequency, % (/A from previous studies see online Table DS6. P-values are based on Fisher exact test, 2-talled.

Rees et al., British Journal of Psychiatry 2014, 204 (2) 108-114
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Many phenotype associated loci effect
non-coding genomic regions

e There are important non-coding regions that
regulate gene expression (e.g., promoters,
UTRs), and regions of the genome that are
transcribed but not translated

e May alter epigenetic processes and the
structure of chromatin?



Learning Objectives

Understand:

The distinction between Quantitative Genetic and
Molecular Genetic research

The structure of DNA

How DNA functions as the hereditary material
— How DNA is packaged
— How DNA function is regulated, etc

The different types of genetic diversity in human
populations

Common terms used
The broad types of genotype-phenotype relationships



Online Resources

Help Me Understand Genetics — ebook (free) primer on genetics
https://ghr.nlm.nih.gov/primer

Your Genome: Resources on DNA, Genomes and Proteins
http://www.yourgenome.org/

DNA to Protein
http://www.yourgenome.org/video/from-dna-to-protein

DNA Replication
http://www.yourgenome.org/video/dna-replication

DNA Sequencing
http://www.yourgenome.org/video/dna-sequencing

Also: Genetic Science Learning Centre
http://learn.genetics.utah.edu/




Learning Questions

* \WWhy might a genetic variant in a coding region
have no impact on a protein?

 How would you determine whether a gene is
expressed in the brain?

» Describe an experiment that would allow you
to determine whether common genetic
variants were associated with a trait of
Interest.



