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The nuclear localization signal (NLS)
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Chromosome and Gene

Human genome

23 pairs of chromosomes
3.0 x10° base pairs: 3,000
megabase (Mb)

~ 21000 genes
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Number of Genes ~4,200 ~17,000 ~21,000 ~31,000 ~38,000
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Prfie: DNATe 2 7]

Nobel Prize in Chemistry 2015
A ' : I

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

10
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DNA RNA

transcription  ; mRNA

DNA
RNA polymerase
ko tRNA
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RNA by mass

Robert (Bob) Roeder
A F L e (The Rockefeller University)
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Enhancer B

Adapted from Shlyueva/Stampfel/Stark (2014) Nat. Rev. Genet.
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Models for deregulation of enhancer function in cancer pathogenesis

Aberrant increase in enhancer activity

Aberrant decrease in enhancer activity
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Modified from Evan/Evans (2017) Clin. Cancer Res.
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ChIP-seq for chromatin marks
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Adapted from Heinz/Glass (2015) Nat. Rev. Mol. Cell Biol.



H3K4melEHiH3K27acER F 18 od FiE ¢

HX &

SE{LHYRLED BiEBT ELAIRR T
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Adapted from Shlyueva/Stampfel/Stark (2014) Nat. Rev. Genet.
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SgRNA (tracerRNA-

Genome specific CrRNA chimera)

SgRNA sequence
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Cas9 Nuclease

Genomic
LLLLLLLLLI DNA

PAM (5’-NGG-3’)

Genomic
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Site-specific dsDNA break
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homology-directed repair
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CRISPR: H#E HARERRAVREE
Y EE R (clustered regularly
interspaced short palindromic
repeats)

The gRNA (5] ZRNA) guides the
Cas9 nuclease (DNA =747 fig) to
the target sequence (2 #y £ [#).
There, the Cas9 generates a
double strand break, which then
stimulate error-prone
nonhomologous end joining or
homology-directed repair. (&7 2 &

BAR)




FE3Z 2016 : Genome editing

Jennifer Emmanuelle Feng Zheng
Doudna Charpentier (FRIEE)
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Yan/Ren (2018) Cell Research
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Gene Regulation Network
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s MEIELRTE RNA (Regulatory non-coding RNAS)

* From bacteria to human
* Influence DNA (epigenetics and transcription), RNA
(stability ...), protein (function)
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DNA > RNA > protein
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Reverse transcription

Protein Coat: complex
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Pre-integration
complex

dsRNA

@ dsRNA cleavage

N Viral integrated
vsvg > Of Marglh™ . - ShDNA insert
FAS @
SR 200000000000 0a

r"'-J Integration

Lentivirus (shRNA) /<<§S>)/ \LZZZL\PF A
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/) 3
Annnn
Pre-shRNA @ RISC formation

Ran-GTP Dependent
Export

RISC

~22-nt

Antisense
(blue

@ e
2ADP  2ATP

—r mRNA cleavage
RNAGEEIIBAE SRS (RNA- @
induced silencing complex)
mRNA
T
RISC-complex T
Turnover

Bypass Mechanism [ Cleavage Mechanism ]

Dan Cojocarn, Dapartment of Medcal Biophysics, University of Toronto 2010
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Discovered intron in 1977; Nobel prize in 1993

Richard J. Roberts Phillip A. Sharp

exon (YN T): 1k mRNA fYZEREREE K & H Ed:

M}c;bgréph courfesy of Phillip A. Sharpm
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a-tropomyosin gene

S, - A i —.— 3 pNA Tropomyosin/Troponin
M A >
exons introns skeletal muscle

TRANSCRIPTION, SPLICING, AND
3’ CLEAVAGE/POLYADENYLATION

ToC o1 .
Tal *T% TnT Tropomyosin Nebulin

5 N N N NANN 3 striated muscle mRNA
5’ M/\—S’ smooth muscle mRNA
s N N NN 3’ fibroblast mRNA gl

5' -/\-/\MVWV\—T fibroblast mRNA Fhanm

5’ N\MW\_y 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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Large ribosomal subunit tRNA: adaptor (¥3%23): tRNA BEH&
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(ZER)MBSEAERS (KEK)

ribosome (rRNAs plus proteins):

BEX -~ /\WERETT

catalysis (f&£1E)
mRNA: template (1£1%)

(genetic information)

H2N mMRNA Small ribosomal subunit
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0 E \ ) —
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tZiEhe: IE{c&E B S A HYZELES (ribozyme)
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Ribosome - —Poléﬂef de
Structure and Function = ain
in Protein Synthesis As: -
3 » .
o= 4 Y e
{ Large
—Ribosr,%me i ®
Subunit
Exit -
Site ~*
Small
-——Ribosome
- Subunit

— 3’ Messenger RNA

5 Messenger RNA- Nucleotide Terminus

Terminus Unit

A /d

Venkatraman Thomas A. Steitz Ada E, Yonath
Ramakrishnan USA Israel
United Kingdom

The Nobel Prize in Chemistry for 2009 is awarded jointly to
V. Ramakrishnan, Thomas A. Steitz and Ada E. Yonath "for
studies of the structure and function of the ribosome”
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Single Cell RNA Sequencing Workflow

RT& Second-strand

Synthesis
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Solid Tissue Dissociation Single Cell Isolation RNA cDNA
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Y

RNA
Cell Types 1‘\

Identification

t Clustering ‘\_ ‘
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- | AGTCCATGCCCATCCG ”A/ .‘: A
AATCGGACTTICAGOCT %
GACCTAAGCCATCAGA ‘Au - x l
AATCCTAC JCAGC
ACCGTTAC CAG ; 'f »”: ’
ATTOGATAACGACCAT Z
CATGCCATTGACGATT

Single-cell Sequencing Sequencing Library Amplified cDNA
Expression Profiles

RNAZZE &




RNA TEFF 22l &R

T =

Color Key

d Histogr Red: endometrioid type
i Blue: non-endometrioid type

|

Count
500 1000 1500

0

0 5 10 15
Value

145 genes
Blue: upregulated genes
Red: downregulated genes
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e B 1 N B0 4E L Y (6)

O RBEREE -
R BRGEREHD

O RBERHE
Hpi% (ASO)

RNA Zz4]




EEER MRNA T4 g2+ K A g

FHEMANZSAE Spinal Muscular Atrophy
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Spinal cord
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antisense oligonucleotide (ASO) therapy: l
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4
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muscle fibers

%

SMNZ2 gene " l
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RNA Z£4))
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(nusinersen)
R

First year 600 & 7; following
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/

l

Rescued SMA mouse
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