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The nuclear localization signal (NLS)
(EAZETEE like a “ticket”; E2EE) allows

protein transport into the nucleus.
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Chromosome and Gene

Human genome

. Number of Genes ~4,200 ~17,000 ~21,000 ~31,000 ~38,000
23 pairs of chromosomes

3.0 x10° base pairs: 3,000 o
megabase (Mb) 5': | 4 "

~ 21000 genes Common Name

Bacteria Chicken Human Water flea Rice

genome

) Linker DNA

Nucleosome “bead”
(8 histone molecules +
146 base pairs of DNA)
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Nobel Prize in Chemistry 2015

Prize in Chemistry for 2015 to
Tomas Lindahl (UK)

Paul Modrich (Duke University)
Aziz Sancar (Uni North Carolina)

“for mechanistic studies of DNA repair”

The cells’ toolbox for DNA repair: how cells repair
damaged DNA and safeguard the genetic information
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E K R ZE (gene expression)

DNABEESEAIRNABEZENEHE
DNA

l Transcription
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Chromatin

(FReH)

* Histone modifier -

(FHE D1 A5ES) ‘

Coactivators

- ATP-dependent _ (EBNE(CEAF)
chromatin remodeler

GReEEEER)

. - Mediator
David Allis G )
(The Rockefeller University)

activators

Transcriptional ‘
(WEELF)

l ‘L Promoter Me

Robert (Bob) Tjian Robert (Bob) Roeder (BUEHF)
(UC-Berkeley/HHMI) - (The Rockefeller University) Adapted from Malik and Roeder (2010) Nat. Rev. Genet.
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Adapted from Shlyueva/Stampfel/Stark (2014) Nat. Rev. Genet.
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Adapted from Shlyueva/Stampfel/Stark (2014) Nat. Rev. Genet.
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How CRISPR
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sgRNA (tracerRNA- y -
crRNA chimera) CRISPR: 2% B A #A/E ] a6y =

X £ 4 5% (clustered regularly
interspaced short palindromic
repeats)

Genome specific
sgRNA sequence

e
.umi - |

Cas9 Nuclease PAM (5’-NGG-3’)

Genomi | |
OIS g’ The gRNA (] 2 RNA) guides the

Cas9 nuclease (DNA = 17 &) to
the target sequence (12 iy £ 7).
There, the Cas9 generates a
double strand break, which then
stimulate error-prone

CLCCCCCCCCC DL O L g;&omic nonhomologousendjoiningor
Site-specific dsDNA break homology-directed repair. (&7 %
l BA7)

homology-directed repair
] R DNAS 4R
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FE8Z 2016 : Genome editing

Jennifer Emmanuelle Feng Zheng
Doudna Charpentier (TRIEE)

s EMIE 2020
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A. CRISPR cutting Cas9
(CRISPR 1IER)
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B. CRISPRI (interference)(CRISPR E R iZHNE)
dCas9-KRAB

KRAB
)
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C. CRISPRa (activation) (CRISPR ERE%E(L)
dCas9-Sun Tag

VP64
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g LD 0D scFv-GCN4

el
RBF/HER BRI

Adapted from Dr. Martin Kampmann, NCI, Office of Cancer Genomics
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dCas9-p300 = MLL4
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HERGTUSEEEERg 12345678910
Wang/Roeder (2017) Molecular Cell
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Yan/Ren (2018) Cell Research

® H3K4dme1

® H3K27ac

Hilton/Gersbach (2015) Nat. Biotech.
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Gene Regulation Network
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computational and mathematical

modeling of complex biological systems
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* From bacteria to human
* Influence DNA (epigenetics and transcription), RNA
(stability ...), protein (function)
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DNA > RNA > protein
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B4 mRNA BIBTEE (splicing)

cytoplasm
DNA / Ve
transclription )

RNA
(a) Adenovirus hexon gene
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Richard J. Roberts Phillip A. Sharp
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coding & (fEEE ) Fig'm R
intron (Wé}%) E@Tﬁ}ﬁﬁitﬁﬁé RNA EF‘%EZ*%B,% ’ 7F Molecular Cell Biology, Eighth Edition
AL BN © 2016 W. H. Freeman and Company
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exons introns skeletal muscle

TRANSCRIPTION, SPLICING, AND
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5 N N o NANN 3 striated muscle mRNA
5’ el ST s’ smicoth musele mRNA
5’ NW\? fibroblast mRNA G- alain

5’ -/\-/\./\-(WW\-/\—s' fibroblast mRNA | Fhonm

5’ A/\MW\_s’ brain mRNA Model of a muscle thin filament showing the localization of laterally

Figure 6-27 Molecular Biology of the Cell 5/e (© Garland Science 2008) aligned tropomyosin in association with the troponin complex.
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Lipid-Based Nanoparticle (LNPs) Virus-Like Replicon (VRPs) Polymer-Based Nanoparticles
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RV X 4% Spinal Muscular Atrophy
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SMN2 A B & 3% 1 37 3 R JE A #2143 R exon
7 skipping * &4 SMN2 &3] 4T ¥ By 6 %
antisense oligonucleotide (ASQO) therapy:
2016

RNA # 4

Spinraza
(nusinersen)

Spinal cord

First year 600 & 7; following
300 7T per year.

SMA mouse
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Spinal cord
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Dead SMA mouse

Motor neuron
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