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What is DNA?

e DNA

— Chemical
» Deoxy-Ribonucleic Acid

- Structure el

= Ineimaien atmroinofni
» Sequence — order of bases

. Genetic Code — protein sequence | information

— How to get it (Isolation, extraction)
« DNA from strawberries video

— How fragile is it?

Confusing points

onapeoxrbonuseicacy  — Double Helix — two strands

— Strands have opposite direction

— Double stranded vs. single stranded

— Two gene copies vs. one gene copy
» (diploid vs. haploid)
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https://www.youtube.com/watch?v=hOpu4iN5Bh4

Double Stranded DNA- Base Pairing

Deoxyribonucleic Acid (DNA)

Sugar-

Electron
; Sugar-
phosphate Base Pairs phosphate
backbone

backbone

http://socratic.org/questions/how-many-valence-electrons-does-hydrogen-have

Note: In chemistry, a valence electron is an electron that is associated with an atom,
and that can participate in the formation of a chemical bend
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http://socratic.org/questions/how-many-valence-electrons-does-hydrogen-have

http://femsle.oxfordjournals.org/content/227/1/87



http://femsle.oxfordjournals.org/content/227/1/87

All the genetic material in the nucleus,

lus the mitochondrial genome Sugar
P g — Phosphate
Backbone

Molecules of DNA that contain the coded
instructions for how to build, maintain, and
replicate a human being (1t 33 seconds)

Base pair

Adenine Thymine

Is not identical in anyone but identical twins

_ Guanine
Cytosine

Always contains both benign variation and

variation that can cause or contribute to
disease(s)

Its big! 3,300,000,000 base pairs (x2)



https://www.youtube.com/watch?v=7Av1wbCARks&list=PL1ay9ko4A8slRBMQp4yiBGZdst8X-673M&index=1

Genome Structure: Chromosomes

NEZV N2
DNA (Deoxyribonucleic Acid) W&\\
#C
: U G

/7 ¢
CA/G/& _

e 23 pairs (pairs!)
— 22 pairs of autosomes
— 1 pair of sex chromosomes J

e Packages of DNA
e (Consistent structure
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' Storing DNA Sequence Information

>gi]568815575:c49269727-49250436 Homo sapiens chromosome X, GRCh38.p2 Primary Assembly

CAGAGGGCCAATGGGCAGCCATGCACGGATGACGTACAGCGAATTGAGAGCCGGAGAAGCACGCAGCCAA
TGGGGATGCCCGGGAGTGGGCGGTGTAGGGGGCGGGATGATCGAGGAATCAATGGAGAGGCCGGAATGGEG
GGTGGTGCGAAATCCATGATGAAGAAAACAGAAGCAGACAGCTAATGCGGAAGTCTGAGCGAGAGAGGCA
TGTGGGCGGTGGGAAAAGTGGAATGGCTACAGGCGATGAGGGCAGCCGGGAACGAACGCAGAGGCCCAAA
AAGTGGGAGATCCCGCGGGTTGCGTAGGCGGTGGAACGGTAGCTAGAGAGAGAGAACAGCCAATGGAGAG
CCACGCGTGGGATGACGACAATGGCTGCAGCGAGCCAATGGGGAGGCTTGTGAGCGTGCACTGCGGCTTC
GAAGGGGTGGTGCCAAGGTGGAGCTAGCCAATACGAAGGCTAAAAGGAGACCAAGAGGCGGGTGTGTAGG
GAGCCGAGCCAATGGAGGTGGAGGCTGAAGGCGGGAGCGAGGACGAGAGCTGGCGGATAGCCAATGAGGG
AGCCAGGGTGAAGGCGTAGAGACCTCAAAGGACAGTACTAGTATGGGATGAGCCAATGCCGAGGCTAGAT
AGTGCAGCGGGACGGAGGGAGGACTTGGAGGCAAGATGGGGAAAAAAGCAGAGCCGACGGGGGCAGTGTA
GGTGGTGTGAAGGGAGGCATGAGTAGCCAATAAGGAGGCTGGAGAGGAGGACGCTGTGTAGACAGAGTCT
GAGGTATTGGGTGGCCGGACAGCAGAACCATAGAACGCAGGCAGCCATTAGGAAAAATGTGCTTCTCAGG
GATGGGGTTACCCTCTCCCTAACCCTCCGTGACTCCCCATTGCCCCAGGAATACCCAGAGCCCCTGAAGG
CCTAGACCACACCTTGGTGTGTGAACTAGGAAAGTGAAAATGACTGTCCTGTTGCAGTTAGTTACTTACT
GGGTCCTCCCTGCCCAACTACAACCTTTTCTTGAGCAGTGCCACAAGCCAAGAATGCCCCTGATTGTTAG
CCGCAAGCACTCTCCAGGACTTGATACTATTGTTGAATGAATGGCCGAATAGGAAATTTAACTTTCTGAA
GGATTCACTTTTTTAAATTTCAGCTCAGCAAACACTGACCTGACTGTGTGCTACCAGAAGTTGATTGGGC
ATATGGGTAGCTTCTGACTAATGGAATCACAATCAAAGCCCTGTCCTTCTTGCCCAACCTGACACTCCAC
ACCCCACAGGGGCCTCACCTCCCTTCTTTCTGTCCCCCCATCTCTGCTTCTACTGTTCCCTCTCCCAAGA
GTGCTGTTCCTTCTGCTGCTTCCATCTAGTAAACTCCTTTCGCTCTCCCTTTGGGGTCTCACCTTCTGTG
GGAACTCAACTGCAGCTTTTGTCCGCTGAACACATCCATTCATACATTCCTTCTCCATCCTGGGAAGATT
TACTGAACACCTACTGAGTGCCAGGTTCTGAGCATGCTGTTATCTCATTAGAACCTCACAGCATCCTAGG
AGGGAGGTGATCCTTCCAGCAGCCCCTCTCCCCAGGTCTCCATGTTCAGGATGTCCATGAGTTAGAAATG
AATATGTTCAGCTGCAAGTAACAGAAAAATCATAAAATAATGGGGGCTTAAGCAAGACAGAACTTTATTT
TTTTCTCACCTAAAAGTTCAAGCTGGCAAATAGTCCAGGGACTCCTTCCTGCCCACCTGGTTTGGGCATT
GTCTGTCCCGATCTGGCTCCAAGACTCTCAGTCTTCAACAAATCCTTTTGGCTGTCTATTAAAAATATTT
ACCAAATCCATCCTCTTCTCACCACCTCCACTGCCAGCACTATCACCAGTCACCTAGACTACTGCAGTAG
CCAGCTCCTTGCTGGTCCCCTGCTTCCACATTCAGGCCCTAGACCCCATTGTACACTCAGCATTCAGGGG
CTTCCTGTTAAATCCTAACACGGTTTGTGTTTCTCCTCTGCTTGCAACCCTGTCATGCCTTCCTCCTCAC
TCAGCGTTGAAGCCAAAGTCCTTACCATGGCCTACAAGGTCCTGCGTGGTCTAACCTCCGAGTCCCCTTT
CTGACCTCACCTCCAGCTTCTCTTCTTGCTCTCTCCACACTAACCACACCAGCCCCCTTGTAGACCTTGA
ACAAATCAGGTACATTCCCACCTCAGGACCTTTGCCCTGGCTGTTTCCTTTGGAGTTCCTCAGATATCTA
GCTGGCTCCCTCCCTCATCTCCTTCAAGTCTTTGTCAGAGGCCCCTGTCTCTGGGGACTTTTCCTGACCC
GTTTAATCTTGCCTACTCACCCCCAACTCCCAGCCCTCCCAGTCTCCTTCCCGAGAAGCCCTCCATGAGA
GAGGATATAGTCCAGTATAGAGGGGAGGTAGCGACCTCTACCCCTCTCTGCCCTCCTGACCCCAGCCCCC
ATTCTGCAAGGATCTTGGCTTTCAGCAGCCGTAGCATTTCCCTCTCACACCCTGGGCCTGCCCAAGGGGC
CAGCTCACATTCTCGGCCACCATCCTCACTTCGTTTGCCTCCTATATCTCTGGCCACTCTCTTTCATGGA
GTGAGTGACAGTAAGGGACAGATGGTCTGGGGAAGGTATAAGGAGAATGCAGCCCACACCTCTGATCCTG
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Genome data storage size discussion
(Reid Robison):
https://medium.com/precision-

medicine/how-big-is-the-human-genome-

€90caa3409b0#.9p7kf0Ok9g



https://medium.com/precision-medicine/how-big-is-the-human-genome-e90caa3409b0#.9p7kf0k9g

DNA Replication

DNA
Polymerase

DNA 3’
Polymerase

 DNA Polymerase + Nucleotides + Template
— 5= 3" growth
e Information preserved



DNA Replication Video

dna-replication-basic-detail


https://www.hhmi.org/biointeractive/dna-replication-basic-detail
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How do we use DNA Replication?
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1 Diploid cell
46 Chromosomes (2n)

Prophase +>

Chromatin

Metaphase

>

Replication vs. Mitosis

Interphase

>

DNA

Anaphase

Replication is the process of
making a copy of DNA

Mitosis is the process of
replicating the genome and
separating the two copies
during cell division

2 Diploid cells
46 Chromosomes

Chromosomes

replication

>

centrosome

entromere

4n

Telophase

Interphase



Replication Errors

* Proofreading

* Nobody's perfect'
S




Chemicals (mutagens)
Ultraviolet light
Ionizing radiation
DNA Repeat instability
— e.q. triplet repeats

WARNING:

The Disneyland Resort contains
chemicals known to the state of
California to cause cancer and birth
defects or other reproductive harm.

Proposition 65,

California Health & Safety Code
Section 25249.6 et seq.

www.Wikipedia.org



http://www.wikipedia.org/

The same but different




Variation

“It is found to vary”

‘ Is defined by reference to a “standard,” which may or may not be “normal”
‘ Occurs normally without regard to functional consequence
‘ Is subject to selective pressures

‘ Originates in one member of population. Some descendants will inherit that and

pass it on. Results in frequency differences in different population lineages



Variation

 Consequences

None Worse

Environment-

Bene dependent

Phenotype

Evolution ..
variation

Disease

The akiapola'au
forages forinsects,
often under bark L
The jivi
feads on nectar
fram ohia flawers
The "Apapane
feads oninzects
and ohia nectar

The Maui parrothill
tears back bark in
search of beetlas

>

The Nihoa finch

uzes itz heawy bill

The original species, to crush seeds
now edtinct,

prabably ate

insects and nectar The Amakihi

iz a nectar-feedar,
like the iiwi



Mutation

de novo

(New)

The molecular and
chemical processes
that result in new
variation

Otherwise avoid!

new variation (from
mutation)

Altered between
the last generation
and this one

Polymorphism

e Variation that exists in “the
(normal) population” at 1%
frequency or higher

e Assumed (not proven) to
have no disease significance

e E.g. Single Nucleotide
Polymorphism (SNP)

e Variation that is used to
trace inheritance of DNA
segments, or suggest linkage
to disease genes

e E.g. Genome-Wide
Association Studies (GWAS)

e E.g Linkage analysis



Mutation

Micro /Mutagenic event
DNA * .GTCGAGTCTACGCTATCGCT. . .
. . .CAGCTCAGATCGGCTATCGCT. ..
Deletion Insertion Substitution
3 A
. . .GTCGAGTCTAQCGCTATCGCT. . . .. .GTCGAGTCTARGCGCTATCGCT... ...GTCGAGTCTAGCGCTATCGCT...
. . . CAGCTCAGAT GGCTATCGCT... . . . CAGCTCAGATRCGGCTATCGCT. .. ...CAGCTCAGATCGGCTATCGCT. ..
\% &
Macro
Deletion Duplication Inversion Substitution Translocation

20

20
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| 'Geotype "codes for” Phenotype

e The genetic code e The physical
describing an individual manifestations of
genotype in an individual

w ) (W alleles W) (w alleles W)_(\N alleles
v

- Wy QY- - e §- -y

Genotypes Homozygous Heterozygous

Phenotypes Normal Wings Normal Wings Normal Wings Wrinkled Wings



Stuff Happens

* Variation .. Is like puberty...

— Is essential
— Is risky THE GOOD NEWS 15 YouRe
ABOUT 70 BE A77RACIép 70
G/RLs./

— Is relevant
— Is relentless
& _An
THE PBAD NEWS 1S You'le
BE COVEREPLP v PIMFPLES
“Q =~
Sz O &
&
ﬂﬂtﬁ!pf% "'ii'







Basics of the
Information-containing Molecules

Adenine —

* Nucleotide units

e Single-stranded

* 4 possible bases A,C,G,U
e Multiple uses

* Messenger (mRNA)

* Template for
“complementary DNA” =
cDNA

e Deoxynucleotide
units (“bases”) frenre

¢ Double-stranded
¢ Bi-directional Cytosine
e 3’ and 5’ ends

e Strands run
DNA anti-parallel

Pr—

Guanine

Guanine Cytosine

‘ *4 p055|ble bases Deoxyribonucleic acid Ribonucleic acid
A,C,G,T (DNA) (RNA)
° ”base pairs” _Folypeptide Chain
e Complementary =« (@a; e
e A pairs with T \f{;od' IR ‘3 e Strand of amino acids
. . %0000 ¥ ® 20 possible amino acids
e C pairs with G P ™ Amino Acids
& b == e Sequence encoded by
% o " pon % three-base (triplet)
Y I . codons in DNA/mRNA
)‘k S 090
e 00007 3




Gene

» Definition
— A "thing”, which when inherited,
corresponds to a trait

— Encodes a functional unit, from a single
transcription unit

— Carlos Bustamante Video

e What do genes “do”?
— Code/blueprint/detailed plan/orchestra
— Regulation
— Transcription/RNA
— Translation/protein
— Modification and other complex stuff



https://www.youtube.com/watch?v=InqwsOF28ZY&index=2&list=PL1ay9ko4A8slDIOZvtYjTys_BTDc0klkS

Basic Gene Structure;
Exons and /ntrons

Chromosome

Exon 1

)
=
N

0}

Intron

\I Q\\D o S -
E 2 Int 4 LTSS [
xon B T L DNA (Deoxyribonucleic Acid)
Exon 3 Exon 4

- Exons are segments of genes that *  Introns are spacers that get cut out
—  Make up the messenger RNA after transcription

— Mostly code for proteins » Gene coding regions are about 1%
of the genome




Transcription

Transcription

(P Dy

2
2
5
AT,

T 1> -
4

QO 5
£

RMNA polymerase

n $
PGB A T TGGCGACATAA \“‘,W

3" Antisense strand

ATGACGGATCAGCCGCAA
UACUGCCUAGUCGGCGUU
AR

RMNA Transcript

TACTGCCTAGTCG

L1 1 1 i1 i1 51 i 5550
Sense strand

= ()
-
=)
- —
- —
= ()
@
-|:-'
-

-
- —
= 1=
- >

5.!

 DNA copied to RNA
» "“Sense” strand
 Then - Introns are spliced out!




RNA codon table

The Genetic Code

2nd position
DOL?; on U C A G p 033;::0 n
Phe | Ser | Tyr | Cys | U
U Phe | Ser | Tyr | Cys | C
eu er | stop | stop
L S t t A
Leu | Ser | stop | Trp | G
Leu | Pro | His | Arg | U
Leu | Pro | His | Arg | C
C | Leu|Pro| GIn| Ag | A
Leu | Pro | GIn | Arg | g
lle Thr | Asn | Ser | U
A lle Thr | Asn | Ser | C
lle Thr | Lys | Arg | A
Met | Thr | Lys | Arg | G
Val Ala | Asp | Gly | U
G Val | Ala | Asp | Gly | C
Val | Ala | Glu | Gly | A
Val | Ala | Glu | Gly | g
Amino Acids

Ala: Alanine

Arg: Arginine

Asn: Asparagine
Asp:Aspartic acid
Cys:Cysteine

GlIn: Glutamine
Glu: Glutamic acid
Gly: Glycine

His: Histidine

lle: Isoleucine
Leu: Leucine

Lys: Lysine

Met: Methionine
Phe: Phenylalanine
Pro: Proline

Ser: Serine

Thr: Threonine
Trp: Tryptophane
Tyr: Tyrosisne

Val: Valine

Universal

Three bases => 1 amino
acid, or termination

Degenerate

— some base changes don't
result in amino acid
changes, they are
synonymous

Translation is reading-

frame dependent

— Insert/delete can shift
triplet frame >
translated differently



Translation

Amino acids

mMRNA
AUGACGGAUCAGCCGCAAGCGGAAUUGGCGUUUACGUACGAUGCGCCG  [UAA

Jeoka |

Codon1 Codon3




Proteins

°°'°'°§ M Levels of protein organization
n-,.o_o xr ._;
Qg o g i Primary protein structure
w is sequence of a chain of amino acids

Pleated sheet Alpha helix

Amino Acids

Secondary protein structure
occurs when the sequence of amino acids
are linked by hydrogen bonds

Pleated
sheet Tertiary protein structure
occurs when certain attractions are present
between alpha helices and pleated sheets.
Alpha
helix
Quaternary protein structure
is a protein consisting of more than one
amino acid chain.




What proteins “do”

Hold

Digest/cut

Build/convert

Take up space

Send messages

Glue/attach

Specify/ldentify

Logic

Respond and regulate

Contract/expand
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Functional Consequence of Variation

Function

Environment

—

Less function (loss)
More function (gain)
New function (gain)

No change (benign)

—



Inheritance

Unattached Attached Ho Hitchhiker's Hitchhiker's
Earlobes Earlobes /{‘humh Thumb
! s
'
~ b | E——T . ,,___.f_.-"-"."
LTS (R
o ) T
o :,ll-"’
Left- Right-
Thumbed

Can can’l
1all tanque  roll langus

Dimples Mo Dimples

¥ wWidow's Peak
Absent (pe)




https://en.wikipedia.org/wiki/File:Gregor M

C

Experiment

Traits that Mendel observed:

gy 2 s P W

plump vs.  round vs. green vs, green vs, white vs.
http://tomatosphere.org/teachers/guide/principal- wrinkled pod wrinkled  yellow yellowpod  purple flower
investigation/scientific-method Fea pea



http://tomatosphere.org/teachers/guide/principal-investigation/scientific-method
https://en.wikipedia.org/wiki/File:Gregor_Mendel_oval.jpg

Balance and Imbalance




Huntington's Disease
Dominant

Mendelian Allele D' ‘d Allele
Inheritance in

Humans )) )( 0 ((

Genotypes ' ‘ "
DD Dd and dD dd
Homozygous Heterozygous Homozygous
Phenotypes | DD Dd dD | | dd |
Affected Unaffected
Dominant Recessive
Hemophilia
Parents
2 ‘ '
XY X! X2
Father Mother
(Carrier)
Y X X2

Son Daughter Son  Daughter
(Carrier) (with
Hemophilia)

Sickle Cell Anemia or Cystic Fibrosis
Recessive

Allele D

d Allele

NoA0

Genotypes ' ‘ "
DD Dd and dD dd
Homozygous Heterozygous Homozygous
Phenotypes | DD Dd dD | dd
Unaffected Affected
Recessive
Parents
) ‘ '
XY X' x?
Father Mother
(with Hemophilia)
Xty X X! X2 Y X X2

Son Daughter Son  Daughter
(Carrier) (Carrier)



Melosis

Meiosis

Interphase

1 Diploid cell
46 Chromosomes(2n) > >
(23 pairs)
DNA replication
Prophase | % Metaphase | > Anaphase | > Telophase |

Prophase Il » Metaphase Il > Anaphase Il > Telophase Il

4 Haploid daughter cells
23 Chromosomes(n)
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Autosomal Recessive Inheritance

Both parents of an
Affected Unaffected “Carrier” affected are carriers
(or affected)

e No normal copy e At least one normal e Unaffected ¢ An affected parent
copy * Transmits 50-50 creates pseudo-
dominant
inheritance

®
S
———  —
] [ ] [ ]
Male Female
unaffected unaffected
[ ]
Male Female
carrier carrier
Male ale
affect ed




X Chromosome
*No normal copy

*Males &Cg 4
eAll daughters are carriers
Affe Cte d ¢All sons are unaffected

eRare females

X-linked recessive, carrier mother

Unaffected
father

Carrier
mather

X

Y Chromosome

¢ At least one normal copy E.

Llziiizeii=s  eNon-carrier males

* Most females . '
Unaffected

[ ] Affected
[ B Carrier

e
e Unaffected e 1\\- :

“Carrier” * Females (and XXY males) l
¢ Transmits 50-50 XY
1, ’

®
TR R
Il 1B

Mother of ¢ Always - for benign condition

¢ 2 out of 3 - when affected males Unaffected  Unaffected Carrier Affected
an affected can‘trepraduce son daughter  daughter son

. . .5 Mational Librany of Medicine
IS 4 carrier e 1 out of 3 is de novo




Y Chromosome




itochondrial Inheritance

HETN 1IN fe]y organs

e Variable e Variable chance e Brain
expression e Maternal lineage e Muscle
only e Liver
e No transmission o .
from males

Mitochondrial DNA Q




De Novo (New Mutation)

No family history
of (dominant)
condition

|s evidence :
N Not present in
Ppe¢ 5 DNA of either
variant
parent

pathogenicity



Chance and Risk

"It happened by chance..”

— Unplanned, not orchestrated,
Apparently completely random

e Likelihood
— Empirical
— Predictable process with random
step
— Chance and Risk




Chance in Genetics

* New genetic change
(mutation)

* Inheritance of a genetic trait
or disorder




k. o |, R {
\ [ 1 ’ -_ gl“ A

Isual Bayes Theorem: XLR Example

O,

& 00 m

/ Carrier risk =%
(if her mother is carrier)

- Hemophilia A



O
probabilityofBa>/eS Theorem i)'d)TD i
3 normal sons 1 |j t' t' d)

Carrier XLR

Probability of carrier
1/8 x1/2
(1/8 x 1/2) + (1 x 1/2)

Y% carrier

1/16 1
1/16 + 1/2

1/16
9/16

1

9 % not carrier




Resources

www.Genome.gov

http://www.genome.gov/GenomeTV/

¢ Education and training videos
http://www.genome.gov/27552687

http://www.genome.gov/dmd/

Digital Media Database |



http://www.genome.gov/
http://www.genome.gov/GenomeTV/
http://www.genome.gov/27552687
http://www.genome.gov/dmd/

THANK YOU!
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