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DNA Structure

chromosome




DNA Structure
Hybridization
N\,

Hybridization: from a chemistry
perspective, a stretch of DNA can find and
bind to its complementary sequence

“seek and find and bind”
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DNA Technologies

[ A molecule, &2,
from a blood samiple

PCR

The Nobel Prize in
2 The DA strands are separated by heating. The
Chemistry 1993 e mihest o now LA with he belp of e DA

Folymerase enzyme,

Chemically synthesised
CHA fragments === -
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_________ — Plew TIN A stramds are
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-—e—------- reduplicate
A L [ l« The procedure is repeated 20-60 times
Kary B. Mullis Michael Smith )
Prize share: 1/2 Prize share: 1/2 t"'l""“:" million :wﬂr

replicated DA are obdained

The Nobel Prize in Chemistry 1993 was awarded "for contributions
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establishment of oligonucleotide-based, site-directed mutagenesis
and its development for protein studies”.



DNA Technologies

3. The RNAI mechanism
ANA interference (RNAI) is an important biological

The NObel Prize in mechanism in the regulation of gene expression,
Physiology or Medicine ity
2006

protein Dicer ...

... which cleaves dsRNA
into smaller fragments.

One of the RNA strands
is loaded into a RISC
complex...

...and links the complex
i to the mRNA strand by
Photo: L. Cicero Photo: ). Mottern basepairing.
Andrew Z. Fire Craig C. Mello

Prize share: 1/2 Prize share: 1/2

mRNA is cleaved and
. . e destroyed. No protein
to Andrew Z. Fire and Craig C. Mello "for their discovery of RNA can be synthesized.

interference - gene silencing by double-stranded RNA"

Gene Silencing

The Nobel Prize in Physiology or Medicine 2006 was awarded jointly




DNA Technologies
Detection,
Amplification
Gene Silencing

But not Precise Manipulation at
any sequence...
until CRISPR/Cas9



Human Immune System
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Neutrophil Eosinophil Basophil Monocyte

B Cell Natural killer Macrophage




Viammalian Immune System

J2 J3

DNA rearrangement by
recombinase

DNA of differentiated B cell

35 intron NG (a) Neutralization Antibodies prevent a virus or toxic protein
from binding their target.

[vaT V2R 2 33 34 inwon [EEENCIINN

¢ Transcription

pre-mRNA

(i 2 93 34 nton [NEINCENN

RNA processing

MRNA

I -
Translation

protein

Variable Constant
region region

(@)

Antigen Antigen
binding site binding site

Variable —
region

Light chain

Disulfide
bridge

Constant — hai
region Heavy chain

B cell plasma
membrane

OpenStax, Biology. OpenStax CNX

Diptheria toxin
(b) Opsonization A pathogen tagged by antibodies is consumed

by a macrophage or neutrophil.
/ Macrophage

Pathogen ‘ ‘

(c) Complement activation Antibodies attached to the surface
of a pathogen cell activate the complement system.

Pores formed
by complement

. Dec 19, 2017 http://cnx.org/contents/185cbf87-

c72e-48f5-b51e-f14f21b5eabd @10.120.




bacterial Immune System

Fig. 2 Biology of the type II-A CRISPR-Cas system.The type II-A system from S. pyogenes is
shown as an example.

Genomic CRISPR locus

Maturation and interference Adaptation
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Jennifer A. Doudna, and Emmanuelle Charpentier Science 2014;346:1258096
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CRISPR/Cas9 System

Fig. 5 Cas9 can be programmed using a single engineered RNA molecule
combining tracrRNA and crRNA features.
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CRISPR/Cas9 System

sgRNA-Cas9 double-strand DNA break

ANY target
sequence of DNA

HH Il-llHI@jHHIIH

Gene disruption by small Gene correction or insertion
insertions or deletions by assisted recombination

Jennifer A. Doudna, and Emmanuelle Charpentier Science 2014;346:1258096

Science
AYAAAS
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Feno ne Editing Examples

AIDS
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Drought Resistance



Genome Editing Examples

Monotropic
R5 HIV

%I:C)g] ;- = Normal Slightly l Modified
h CCR5 Modified - CCR5

Receptor CCR3

Normal Infection Normal Infection Resistant to Infection
Normal Progression Delayed Progression with R5 HIV-1

Figure 6 This diagram shows the relationship of genetic diversity of the CCR5
coreceptor to progression of and susceptibility to HIV infection.
http:/ /what-when-how.com/acp-medicine/hiv-and-aids-part-2/



Genome Editing Examples

Inhibition of HIV-1 infection of primary CD4+ T-cells by gene editing of CCR5
using adenovirus-delivered CRISPR/Cas9
J. Gen. Virol., August 2015 96: 2381-2393

Mock
AdbF35.EGFP

Ad5F35.gNCas9
Ad5F35.g°Cas9
Ad5F35.g°Cas9

Time (days p.i.)
the cells




Genome Editing Examples

The CRISPR /Cas9 system inactivates latent HIV-1 proviral DNA
Retrovirology 2015, 12:22

Figure 1
[llustration of the ten HIV-1 guide RN As tested in this study. (A) Locations of the 10
guide RNAs (T1 to T10) in HIV-1 genome.
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Genome Edi

The CRISPR /Cas9 system inactivates latent HIV-1 proviral DNA

Retrovirology 2015
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Genome Editing Examples

CRISPR-Cas Advanced
Plant Breeding

https:/ /www.pioneer.co
m/home/site/us/agron

omy/library/crispr-cas/

ARGOSS8 variants generated by
CRISPR-Cas9 improve maize
grain yield under field drought

stress conditions

Plant Biotechnology Journal
(2016), pp.- 1-10
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100%
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Direct Transfer
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A B

100% 100%
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Stress Resistance
Poor Agronomics

5to 7 Cycles
to Backcross

¥

>98% B
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Good Agronomics

1to 2 Cycles
Elite Genetics

¥

Stress Resistance
Good Agronomics




Genome Editing Examples

Inactivation of the Human Papillomavirus E6 or E7 Gene in
Cervical Carcinoma Cells by Using a Bacterial CRISPR/Cas
RNA-Guided Endonuclease

J. Virol. October 2014 vol. 88no. 20 11965-11972
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Genome Editing Examples

A CRISPR-Cas9 gene drive system targeting female reproduction
in the malaria mosquito vector Anopheles gambiae
Nature Biotechnology: 7 December 2015
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Altered Gene + Gene Drive Altered gene is always inherited due to gene drive
1 copy — 2 copies

100% chance of passing it on




Future Directions

Human germline or somatic
tissue editing
-Can we control “off-target”

effect?
-don’t want to cure cancer and

make new ones at the same time




Future Directions
Human Germline editing
-are we content with just
treating diseases after they
manifest?

‘IS It not a moral obligation to
avoid trauma and suffering
before it begins?



Future Directions

Human Germline editing

-Do we understand the
implications in all situations of
all genetic “defects?”

Cystic Fibrosis and Sickle Cell
Anemia have selective
advantages when heterozygous



Jirections



