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0 Two main categories
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DNA in the cell
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@ DNA Molecule
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@ Central Dogma

replication
(DNA -> DNA)
DNA Polymerase
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transcription
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@ DNA Replication

Ch romosome OpenStax College - CC-BY-SA 3.0
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@ DNA Transcription

Public Domain

Antisense strand RNA polymerase $
CTGACGGATCAGCCGCAAGLGGAATTGGCGACATAA

GACUGCCUAGUCGGCGUU

RNA Transcript

GACTGCCTAGTCGGLGTTCGLCTTAACCGCTGTATT



Q Getting out of the nucleus
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Q Amino acids, the building blocks

Dalibor Bosits CC-BY-SA 3.0
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Amino acid rosetta stone

Phe/Leu

U A Ser

3
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Q Translation

newly born protein

amino acids

large subunit

r

small subunit




@ Polymerase Chain Reaction, 1983

PRy
T

.

Kary Mullis

-



Q Polymerase Chain Reaction

Region of

interest

Template
DNA strands

Nascent
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Denaturation
Temperature is increased
to separate DNA strands

Annealing
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to allow primers to base

pair to complementary
DNA template
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Polymerase extends
primer to form nascent
DNA strand
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Polymerase Chain Reaction

|

Istcycle —» 2ndcycle — 3rdcycle — 4thcycle ---------- » 30th cycle
IO OO IO IO
IO OOOOOOOOND  [OCOOOOOIDD IO 2°! = 2 billion copies
. P O O
2°=4copies I IIITOITON  TOICOIID
. OO OO
2°=8copies TN T
OO OO :
IO I Exponential
A JHEHH li i
24 = 16 copies Amp 1ﬁcatlon
T Process is repeated, and
T the region of interest is
R AR amplified exponentially
T
JHEEE
JHTHEH

2° = 32 copies

New England Biolabs



0 waag society

institute for art, science and technology

DNA fingerprinting



@ DNA fingerprint
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Q Barcode

8 "007

141700
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Q Sequence specific cuts

Restrictie site

\:\" /Palindrome

GTAGAATTCATTCACGCA
CATCTTAAGTAAGTGCGT

f\,o
GTAG AATTCATTCACGCA
CATCTTAA GTAAGTGCGT

Fragment 1 Fragment 2



@ 5 vs 3 accent overlap

cut site
— &
5GAATTC:
CTTAAG

G AATTC

SCTTAA G



Q EcoRI en Pstl

v EcoRlI
GAATTC - Eschericha coli

CTTAAG - 5 prime overlap

1 Pstl
CTGCAGH _ providencia stuartii
GACGTC

- 3 prime overlap
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e Protect against viral
infections

e Over 3000 types
known




Q Step 1: samples and enzymes

Crime suspects _ DNA
Scene 1 p) 3 4 - reference

’ Take the 5 samples

Cut it using a EcoRlI/
Pstl restriction-
enzymmix

Incubate 45 minutes at 37 degrees



Q Step 2: Gel electrophoreses

Load the samples in a
gel

Apply current

Read the pattern

Identify the killer




@

DNA is attracted by the
anode

Buffer

Dye
Agarose gel



DNA moves

Short pieces move faster

than long pieces




Transillumination

e Fluorescent DNA dye

e Sensitive to blue light
e Emits green light

e Orange filter blocks blue light

570 nm filter




Q DIY Electrophoresis

http://fablab.waag.org/project/ow-dna-gel-electrophoresis-box
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Polymerase Chain Reaction
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Q Sanger Sequencing - chain termination
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Q 454 sequencer

A543




Q 454 Pyrosequencing

1. Emulsion-based sample preparation (emPCR)
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on average 1.6 million wells

Several thousand

copies of the same
template sequence
on each bead



Q lllumina - Solexa




Q Solexa - lllumina sequencing

1. PREPARE GENOMIC DNA SAMPLE
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2. ATTACH DNA TO SURFACE

3. BRIDGE AMPLIFICATION
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4. FRAGMENTS BECOME DOUBLE

6. COMPLETE AMPLIFCATION

5. DENATURE THE DOUBLE-STRANDED

MOLECULES

STRANDED




9. DETERMINE SECOND BASE

8. IMAGE FIRST BASE

7. DETERMINE FIRST BASE




10. MAGE SECOND CHEMISTRY CYCLE
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11. SEQUENCE READS OVER MULTIPLE
CHEMISTRY CYCLES
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12. ALIGN DATA

: T
LGCTIGATGTGCCGCCTCACTCCGGTGG

CACTCCIGIGG
CTCACTCCIGTIGG
—>»GCTGATGTGCCACCTCA
GATGTGCCACCTCACTC
GIGCCOCCICACICOIG
CTCCIGTGG
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lonTorrent sequencing
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Q Nanopore sequencing

\ ; ,jj-:‘\m SiI02 ¢

nanoelectrode

Quantum Biosystems



0 Bioinformatics
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Q Cutting & Pasting




DNA Restriction Ligation

Restriction site

= N—

5’ GAATTC 3’
DNA 2 CTTAAG 5

€} Restriction enzyme cuts
the sugar-phosphate
backbones at each arrow.

£3 DNA fragment from another _‘}IID

source is added. Base pairing Fragment from different

of sticky ends produces DNA
molecule cut by the
various combinations. same restriction enzyme

C TTAAIG C_TTAA G

One possible combination

£3 DNA ligase
seals the strands.

Recombinant DNA molecule



Q Heat Shock Transformation
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@ GeneGun - Electroporation
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Q Viral Transformation

HOW DO VIRUSES WORK?

if host cell is a bacteria,
virus is a bacteriophage

inside host, then bu
or bud to exterior.

3. Viral mMRNAs are
translated and proteins viral replication is a genetic process

processed.



() CRISPR - Cas9

Cell membrane

Pl Creation of a novel spacer

CRISPR Array \
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In 4 easy steps



Deblocking
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@ Condensation
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