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Where does science come from?

Observations Hypothesis
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What Is Science
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Science must be able to be tested
objectively;
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Science must be able to be falsified;
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Science must be able to be reproduced.
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Biology is all about
comparisons.

Control is the most important
part of all experiments;

*Logic is the most important part
of all experiments.



Biology is a fast evolved field

*Learning the principles of the
techniques is the most important
part of skill learning.

Happy to learn all new techniques
iIs the most valuable character of a
biologist.



Gene expression changes
are the driving force and
consequences of all
biological processes.



Gene expression is regulated at multiple levels
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Observations: Muscular dystrophy passes in families

Marmial, haalthy Frruscutsiung Muscular dystrophy

First, consistent and repeatable clinical observations (phenotype);
Second, identify the tissue/cell type affected most by the disease.



Hypothesis: There are genes
controlled the muscular
dystrophy phenotype.



How to test the hypothesis?



Every hypothesis must be
tested by multiple methods.



The whole genome sequencing

Large DNA molecule

</

¢ fragmentation

J, sequenced

CATACACGTAGCTATACG
Assembly of ( ‘AGTGC :

overlapping
DNA sequencing GCTATCAGGCTAGGTTA
J

ASseRiEd GCTATCAGGCTAGGTTACAGTGCATGCATACACGTAGCTATACG

sequence

Compare mutants and Wild type (Patients and healthy relatives)



The frame shift of gene M is
among another 2000 mutants
identified in patients.



Identify the differentially expressed
genes—RNA sequencing

mRNA

— Co— or
RNA fragments l cDNA
EST library

|

ATCACAGTGGGACTCCATAARATTTTTCT
CGAAGGACCAGCAGAAACGAGACEN NN Short sequence reads
GGACAGAGTCCCCAGCGGGCTGAACGGEG
ATCARACATTAAAGTCAAACAATATGAA
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The expression of M is
significantly decreased.



By RNA sequencing, gene D was identified
to be the key differentially expressed gene in
muscular dystrophy patients.

.

Confirm the genome wide analysis by
measuring the mRNA and protein level
of gene D.



How to analyze the transcribed mRNA
levels of gene M

* RT-PCR

. RT-gPCR



RT-PCR

Enzyme: AMV or MMLV I AAA RNA

Primer:

' ” [ Primer
. Reverse |

- Oligo dT ' Transcription

- Random hexamers

- Specific primer e\ cONA

- PCR l
Enzyme: Tag polymerese or » .

- e
Pfu polymerase, etc. Amplified
o DNA

Primer: Specific primers

Ampliﬂcutiun>\



SYBR green binds double strand DNA

o

SYBR green dye DNA template

Ready for reaction

SYBR green binds to the
double stranded DNA
template.

With every PCR cycle the double
stranded DNA increases to which
SYBR green binds leading to increase
in fluorescence.




Quantitative PCR can quantificate DNA
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RT-gPCR can quantitate the amount of DNA obtained from
reverse transcription, therefore, quantificate RNA level.



RT-PCR combined with agarose gel
electrophoresis is semi-quatative




Syber green, PCR optimization & melting curve

Incoorperation of a molecule that flouresces only when bound to
dsDNA. Therefore as product is made increased flourecences can be
detected. The advantage of this techniques is that it is very cheap but
has a detection limit depenedent on the formation of primer artifacts.
As the detection system will give a signal with non-specific products
and contaminated genomic DNA your PCRs must be extremely well
optimizied. It also allows you to determine a melting curve for your
product, as shown below:
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Standard curve is required for a legitimate qPCR
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Examples of melting curve

Derivative Reporter (-Rn ')
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Fluorescence, -R'(T)
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Common Standards for Real Time PCR

--- Glyceraldehyde-3-phosphate dehydrogenase mRNA
(GAPDH)

--- Beta-actin mRNA
--- MHC I (major histocompatability complex I) mRNA
--- Cyclophilin mRNA

--- mRNAs for certain ribosomal proteins RPLP0
28S or 18S rRNA



MRNA level of gene D is decreased in

dystrophy patients
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MRNA level of M decreased as
indicated by RT-gPCR



Western Blot

| Antigen samples ‘

nitrocellulose sheet (blot)

Blotting tank
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Protein level of M decreased
as indicated by RT-gPCR



Single cell sequencing

Single Cell RNA Sequencing Workflow

RT& Second-strand
Synthesis

bb._
Solid Tissue Dissociation Single Cell Isolation RNA cDNA

:EEIiﬁed V:S : 4
Cell Types e s ad
Identiﬁcation

RT l PCR
Clustermg "h\-
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Single-cell Sequencing Sequencing Library Amplified cDNA
Expression Profiles
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The number of the cell type
expressing M decreased greatly
in patients.



Results:

M is mutated in patients.

* Mis decreased at both mRNA
and protein level in patients.

 Less number of cells
expressing M in patients.

Conclusion 1
M is an important factor for

dystrophy.



Conclusion 1
M is an important factor for dystrophy.

Next Question

U

Why is M important for muscle dystrophy?



Next question:
Why is M important for muscle dystrophy?

4

Does the decrease of M causes muscle
dystrophy?




Reduce the expression level of M in
muscle cells

RNAI, CRSPR/Cas9

4

/Yes, gene M is the cause.
Muscle dystrophy?

No, gene M is not the cause.




RNA interference (RNAI)

O dsRNA, often encountered by cells during viral infection,
induce robust immunological response in Mammalian
organisms.

@D The properties of RNAi demands the existence of cellular
mechanisms that initiate and amplify the silencing signal,
and suggest that the RNAi mechanism represents an
active organismal response to foreign RNA.

€ RNA interference has been used as a tool for reverse
genetics in many different organisms including: zebrafish,
planaria, hydra, fungi, Drosophila, and mammals



Natural mechanism of RNA interference

Double stranded RNA T T T T L I » Other antiviral
(eg, viral genome) e L1111 1] responses
\‘m 3 (eg. interferon
l Dicer production)
Small interfering (si) 71717 |I : . I| :
RNAfragments 11 1 1 1 P e o o |
| i ! | |
JI"rF':ISl‘;
siRNA bound to RISC TT T T
e ]
et e Complementary mRNA
| I {eg, transcribed
w fram viral gene)
l single strand of siRNA
RISC degrades mANA 717 e
with complementary e
sequence to sIRNA

Dicer: RNase III enzyme
RISC: RNA-induced silencing complex



siRNNA design

There are expanding libraries of validated, commercially
available siRNAs directed toward some commonly
targeted genes. These may be of use, if available. However,
if the gene of interest has not been targeted using siRNA
before, a novel siRNA must be developed.

Selection of the targeted region is currently a trial-and-
error process, but with the likelihood of 80-90% success ,
given a large enough random selection of target genes



Selection of siRNA duplexes

A
TMG m— A (N19) UU—AAAAA target mRNA
g — T 3 sense
ol LLERLRRRennnees _ siRNA
38 5° antisense
B
7mG ——NA (N19) NN—AAAAA target mRNA
5 & TT 3° sense
PR RRRnn e _ siRNA
37T | 5" antisense

[1]Select the target region from the open reading frame of a given cDNA sequence preferably
50 to 100 nt downstream of the start codon. Avoid 5" or 3’ untranslated regions (UTRs) or
regions close to the start codon as these may be richer in regulatory protein binding sites.

[2]Search for sequences 5'-AA(N19)UU . Choose those with approximately 50% G/C content
( from 32 to 79% G/C content ).

[3] Blast-search the selected siRNA sequences against EST libraries or mRNA sequences of
the respective organism to ensure that only a single gene is targeted.

[4] It may be advisable to synthesize several siRNA duplexes to check the silencing effectivity.
A nonspecific siRNA duplex is needed as control.



Methods to Produce siRNAS

Transient transfection
* Chemical Synthesis siRNA

* In vitro transcription

Stable transfection

*Expression in cells from a PCR-
derived shRNA expression
cassette

ax Silencing by RNAs that
siRNA
M’T are generated in vitro

& siANA-based hairpin ANA

d miRNA-based hairpin ANA

(L, ) AN Silencing by RNAs that
are generated in vivo
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In vitro transcription to generate siRNAs

— dsDNA template
[Zpomoter ) e
- [ (T promoter ]

~

o Transcription

o DNase and single strand specific RNase

v

dsRNA only

@ rivase I digestion

@
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°Cleanup ‘@
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© ¢

<

siRNAs ready for transfection



Example of shRNA viral vector
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Virus packaging

Packaging Cell Target Cell
Enwelope and
Capand virg

groteins

Yiral Supematant

ssRNA
Harvesting ,.g

;d;ﬂﬂﬁ
Reverse
Lentiviral transcription
Particles ’ { &

OTr anznens or shiRkA T{Eﬁﬂduﬂlﬂﬂ
transfer lentiector

Transfection



Methods of siRNA delivery

* Introduction of siRNA is dependent upon how it is
produced and the target cell type or organism

*C.elegans -- injection, soaking, or feeding
*Drosophila cells -- exposure through culture medium

« Mammalian cells -- transfection or electroporation
or retroviral-mediated stable incorporation



Advantages and Disadvantages of Different
siRNA/shRNA Delivery Strategies

Chemical and in vitro
enzymatic synthesis

Rapid synthesis
High purity using chemical
synthesis

Transient RNAi
expensive for multiple siRNA

DNA plasmid vector or
cassette

More economical for multiple
sequences

Stable RNAi achievable using
selection marker

More labor intensive to
generate
Transfection-dependent

Virus-mediated

May be effective in cells
resistant to transfection with
dsRNA and plasmids
Integration produces stable
RNAI even in the
absence of a selection
pressure

Random insertion mutation




Schematic for a typical RNAIi experiment
using chemically synthesized siRNA

Day -1

1. Sead cells at appropriate density

S

Day 0

1. Mix siRMNA and transfection reagent

2. Incubate to allow complax formation

3, Add complexes to cells

4. Incubate

9. Remove complexes and replace normal medium

G. Incubate

g

Day 2-5

1. Assay target gene expression
2. Establish RMAI time-course




Retrovirus-mediated RNAi knockdown of M
gene blocked adipogenesis

Western Blot Oil Red O staini
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Genome wide screening of shRNA library

Olige Synthesis

Lentiviral
AN Vector Fu Designs: chRMA,
li'ijllljli!il 155-;’ fﬂ' . /. shRNAExpr: LU, U&-Tet, H1, or H1-Tet
: @ — Markers: GFF, RFP, Purof, etc,
™~ Promoalers: UbiC, EF1a, CMV, etc.
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Detachment 'r '
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Al
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Disadvantage of RNA1

Off target effects
Can not completely deplete the expression

Can not generate knock-1in cells/animals

RNA1 1s not the best way to knock down
non-coding RNA.



Genome editing method
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The Nobel prize winning method for 2020



CRISPR/Cas9

N N
GGAGCGAGCGGAGCGGTACA

Target site

sequence

NARRRANINARRRRRRARNY

Cas9 Nuclease

sgRNA
(tracrRNA-crRNA
chimera)

PAM(5'-NGG-3')

SRR NERRARARARARRARARAY

Genomic
AHNNNARENRARRERNEN Ny 4

Site-specific

dsDN

break



CRSPR/Cas9 mediated gene editing

PAM  ESS\  Giide RNA
sequence | i

Matching genomic
seguence

Donor DNA




sgRNA design

* Addgene’s confirmed sgRNA dataset



« CRSPR/Cas9 can be used in all
types of cells.

e It is better than RNAI.



Viral vector to express scRNA and Cas9

pRSGCCG-US-(sg)-CMV-Cas9-2A-TagGFP2
11,616 bp



Genome wide sgRNA library screening

Pooled library screening

O

$
virus $¥ {4
}

viral
plasmids

pooled library

low MOI
transduction

cells grown
in single vessel |

selection for transduced cells

V

positive or negative selection
for phenotype of interest

|

next-generation
sequencing of
integrated sgRNAs
in genomic DNA pool

«»» «GACATCGA. .

A

Library preparation

Preparation of cells

L ]
(Measurement )

y

Arrayed library screening

virus /

o

05

oligos

arrayed library

transfection or
transduction

selection for sgRNA-containing cells?

'

perturbation (e.g. compound treatment)?

!

Acquisition of phenotypes
by automated microscopy or
fluorescence / luminescence
detection

'

Analysis of phenotypes
e.g. by automated image analysis
and data normalization

Analysis &
Output J,

statistical analysis
of sgRNAs enriched
or depleted by
selection

A

y

ranked phenotype

for each sgRNA (e.g.

average spot number

per cell, fluorescence,
cell morphology, etc.)

Validation of hits



Results:

 Reducing M expression by RNAI leads
to muscle dystrophy.

 Knockout M expression by
CRSPR/Cas9 leads to muscle dystrophy.

Conclusions:

The decrease of M expression causes
muscle dystrophy.



Over-expression of M in muscle cells

Promoter

Promoter Gene M

~._MRNA ﬁ

o " .- 3 ‘_-,I i e =Ty
“ . / CMV promoter etc
In frame

Proper stop
‘ tag : Flag, His, HA etc.

/Yes, gene M is the cause.
Muscle hypertrophy?

\ No, gene M is not the cause.



Results:

 Reducing M expression by RNAI leads
to muscle dystrophy.

 Knockout M expression by
CRSPR/Cas9 leads to muscle dystrophy.

* Supplement of M rescues muscle

dystrophy. @
Conclusions:
The decrease of M expression causes
muscle dystrophy.



Homework thinking :

How to test whether the
overexpression of a gene works?



The In vivo assays



Generation of M knock-out animals

= Targeted locus €

Chr

CRISPR or TALEN pair

ﬂ DSE

Chr

NHEJ Homologous recombination
—Mmm--—-—
Target gene
knock out

--M-- - -

Target gene knock out
& selection marker knock in




Generation of knock-out mice

A  Transgenic E Knock-in or Knockout

., Recormibinant DNA C_:D o Targeting vector

! |

DIMA injected to male E;ﬁ; mﬂw
it pronucleus of fertilzed o g
ooyie MOINQOLS

recomibination
. |
—-, Targeted ES cells
selected and
W __— epanded

M Targeted ES cells

Injected cocyte
develops into early injected into early
=

Ermbngs implanied Embryo implanted
ﬂ.———/l'ﬁ—\x int s of g—"@ into werus of
S e al pseucopragnant pssudopregnant
mouse

* |

e Chimeric mouse bom
—< A% c=*‘{;:3‘.3 and mated with
normal mouwsa

e

Transgenic mouse Knock-in or Knockout mouse



After genotyping, always do
Western blot to check the protein
expression level of your target
gene.



M knockout animals

4

Whether recapitulating muscle atrophy?

If yes / \Ilf no

M is the M may not be
cause of the cause of
muscular muscular

dystrophy dystrophy



Results:

* Knocking out of M leads to muscle
dystrophy in model animals

Conclusions:

The decrease of M expression causes
muscle dystrophy.



Conclusion 2:

Frame shift mutation of gene M leads to
decrease of gene M expression, which in turn
causes muscular dystrophy.

Next Question

$

How can M cause muscle dystrophy?



Identity the location of gene M

* Isolate nuclear and cytoplasmic
fraction and perform Western blot;

 Immuofluoresent staining;

* Tagged protein.



Isolation of nuclei

- Asynchronous
Biochemical e
fractionation —_—C s B
l G1+S+G2/M
Rapid and gentle @
trypsinization of @
whole cells @
| e
Hypotonic ~ .
swelling ®© &

| e

Nonidet P-40—-mediated .f;. \;
cell membrane &> "=

disruption -

| =
Release of cytoplasm .} > az

‘and e o U
contaminated nuclei |
|
Enrichment of &

pure nuclei ® e



Immunofluorescence staining

Fluorescence/confocal microscopy

Fluorophore

goat anti-rabbit
antibody
(secondary ab)

rabbit anti-TBEV
protein E antibody
(primary ab)

TBEV

protein E

cell structures
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Eukaryote Cell Structure

Nucleolus
Nucleus
Ribosome
Vesicle

Rough ER
Golgi apparatus
Cytoskeleton
Smooth ER
Mitochondrion
10.Vacuole
11.Cytoplasm
12.Lysosome
13.Centriole

ol el Ui LR o




EM, PALM, STORM, and other super
resolution microscopy can
determine the subnuclear

localization of proteins




*Western blot and
immunofluorescence staining all
highly depends on good antibodies.

*If no good antibody could be
obtained, M should be tagged.



Tags frequently used

 Flag, HA, His, GST, GFP, RFP, YFP,
BFP, streptavidin, EoS, HALO etc.
 Tag can be added to the N- or C-

terminus of a protein. Where to add the
tag is a error-try process;

 Western blot and immunofluorescence
staining can be performed with
antibodies against the tag.



M is located in nuclel.

!

M could be a potential
transcription factor

!

How to prove?



“hromatin lmmunoprecipitation (ChIP)

Cross-linked .}I.’l. . .

0) Wyl
h tin r
chromatin .’ ; ’].‘).}. .)»
n| Isolate and shear chromatin mechanically
Antibody against protein of interest inal

Antibody 3

ne
‘@ W % Chromatin fragment wm
N

cross-linked protein of .,
interest

W Modifications:

ﬂl Immunoprecipitate (1) Micrococcal nuclease
partial digestion.

(2) High-throughput 96-well
ChIP assay.
- (3) Washing stringency

Release immunoprecipitated
DNA and assay by PCR



ChlIP - sequencing

J l Sample fragmentation

Immunoprecipitation

Mon=histone ChiP Histone ChiP

i v ————
adaptV Poly A tailing
J

-, @ 4 ms—=  ——=

Deep sequencing




ChIP highly depends on good
antibodies.

Question:

If no good antibody is available,
what should you do?



Consensus sequence identification

p53 “Standard” Motif
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Gel Retardation Assay

( eletrophoresis mobility assay
(EMSA), gel shift assay)

To identify proteins which bind a specific DNA sequence.

To identify binding sequence of a DNA-binding protein.

The assay exploits electrophoretic mobility differences between a
rapidly migrating DNA and a more slowly migrating complex of
protein bound to DNA.

Limitations: it is an in vitro binding assay, not necessarily
recapitulating what is happening in vivo.

Difference from SDS-PAGE: native gel vs. denaturing gel



Gel Shifting (EMSA) Example

Anti-A antibody - - - - + —
Anti-B antibody - - -
100X non-related DNA - -
100X cold probe - -

2 pg of nuclear extract -
-labele robe
[32P]-labeled DNA prob

o

Radio-labeled probe

+ +

+ +
+ + + 1
+ + 1+
+

+ +

+

C1

C2
C3

Free probe

Question: Are you able to find out every protein components in a shifting complex?




An Example of Gel Shift Assay

Fraction ON1 2 3 4 5 6 7 8 9 101112 14 16 18 20 22

Bound
probe >

oL




ChlIP-seq can also identify the

target gene of M

A B

M activates the
expression of
target genes.

M does not affect
the expression of
target genes.

v

4

M represses the
expression of
target genes

M is an
activator

M does not
regulate gene
expression

\

Mis a
repressor




How do you test the above
hypthesis?






The promoter and enhancer
region of the target gene need
to be identified first.



Promoter and transcription
factors are critical elements to
regulate gene expression



Model of RNA Polymerase Il transcription
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Find required promoter regions.

1) Identify transcription initiation sites.
2) ldentify core promoter region.



1.Find required promoter
regions.

1) Identify transcription initiation
sites.



Transcription start sites can be mapped by
S'1 protection and primer extension

al 5 mRANA 3

L >

l |

3 * 5' S1probe

3 =05 Primer
(b)

9
3 0111111111 >

Digest with S1

endonuclease

(I, <

Red dot: 32P end label

Denature and
electrophorese

WL

*Mapping the start site for
synthesis of a particular
mRNA often helps identify
the DNA regulatory
sequences that control its
transcription, because
some of the regulatory
elements are located near
the start site.

*The position of the start
site can be mapped from
the length of the labeled
probe segment protected
from S1 digestion (S1
protection) or the
resulting extension
product (primer
extension) on
polyacrylamide-urea gel
(same as DNA sequencing

gel).



Pr. ext. M1

M1 S1 prot.

2

M1

WO A ar w s



Primer extension

| mRNA
5

h:

«—0

l anneal

5 mRNA
+«—O0

l Reverse transcription

MmRNA

"unid—Q
cDNA

lDenaturing and RNase digestion

"nsd—Q

!

Run on denaturing polyacrylamide gel
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Find required promoter regions.



Promoter Analysis: reporter gene assay

Upstream region
of TTRONA 2"

5 : 13
| Recombinant DNA
techniques s{izﬁgner Luciferase
| GFP
. 3 —— Plasmid B-galactosidase
4 ] vector
5 0= ( CAT

5'-deletion series
Ligate into vector
carrying reporter gene

Transform E. coli
and isolate plasmid DNAs

ololoYolo

5'-deletion mutants
n‘l Transfect each type of

plasmid (1-5) separately into
cultured cells

Reporter

plasmid Reporter

enzyme

Reporter
mRNA

assay activity of reporter

E Prepare cell extract and
enzyme

Plasmid no.  Reporter-gene expression
+ 4t

+++

4

+

(47 B o



Upstream region
Start
of TTR DNA —
5’ - 3

El| Recombinant DNA
techniques

2

3

4

5
H'-deletion series




Reporter
gene

11 o |
2 | o | :
3 ° | Plasmid
4 | o | vector
5 I

b’-deletion series
Ed| Ligate into vector
carrying reporter gene

EJ}| Transform E. coli
and isolate plasmid DNAs

®lelololo

5'-deletion mutants




SleJoYolo

5'-deletion mutants

Transfect each type of
plasmid (1-5) separately into
cultured cells

\ 4
Reporter
: Reporter
plasmid
@ - enzyme
Reporter

MRNA



Reporter

: Reporter
plasmid @ | STZYTAE

Reporter
MRNA
Prepare cell extract and
E assay activity of reporter
v enzyme
Plasmid no. Reporter-gene expression

1 ++ + | o]
2 +++ o]
> + o]
4 + °
5 — e



(b) Wild-type and mutant GAL4 proteins Binding  B-galactosidase

to UAS,, activity
1 74 738 823
Wild-type N4/ - N s
DNA-binding Activation
domain domain
" 50 881 _ _
848 + I
N- and 823 + pa—.
C-terminal
i 792 + 4l
deletion 3
mutants 755 4 .
692 + _
74 + _
~
r
74 684 881 - ol
Internal
deletion < 74 738 881 + St
mutants
74 768 881 + 45




(a)

Reporter gene
—>

Vector DNA tk mRNA
7/ Control region // i + + +
Mutant 7/ /1
no.
// Fi J L
1 /;l / / / A ”// i g oo e
// 7 ; ry
> = 7
/L - ‘
. 7/ /. ++ +
/L 3
s /B
/L : ”
° 7/ ‘ JARR + -+
! /?{/ L VO + + +
/L L .
8 7/ Ly / / // i -
/L 1 A i
8 =¥ i 7/ + +
Control elements E '
(o) —105 —80 —61 ~47 —32 —16 — %
I e TATA box k

Control region of tk gene



1.Find required promoter regions.

2. ldentify activators or repressors.



Reporter gene assay for transcription factor activity

Gene-encoding Reporter
protein X ene

g
=y iy
X binding @
site

co-transfection

Protein X

Reporter-gene
products

- Host cells should lack the
gene encoding protein X
and the reporter protein.

* The production of
reporter-gene RNA
transcripts or the activity
of the encoded protein can
be assayed.

* If reporter-gene
transcription is greater in
the presence of the X-
encoding plasmid, then X
is an activator; if
transcription is less, then
X is a repressor.



Reporter Gene-encoding  heporter
gene protein X gene

e Sy —

\\Nudeui///

R

\\Nudeui///

e

If ++++ X is an activator

++ )
If + X is a repressor



Western blot is always
required to control the
expression level of the ectopic
proteins.



M is an activator binding core promoter and
enhancer region of target genes

.

How can M activate transcription?



Find the protein partners for M



Immunoprecipitation

A
H < A
u..:'_: r
S ra
o
=5
lllllllllll Agarose { [ Amine Containing Antibody
N- I 5sit Protein
/-( ' Pray Proteln
Schilf's Base Intermediate
H
Na* —G=N =
{ " e
Sodivm Cyancboanshydride ‘ ‘ ‘



A chromatin binding protein and an
DNA methlation transferase were
identified as M interacting protein.

U

What to do next?



Chromatin structure is an
important factor to regulate
gene expression



Chromatin structure

Tertiary

structure

30nm chromatin

;7 Secondary structure
414 AT Nucleus with

1 Hi distinct territories

.";

10nm chromatin
Primary Structure




Euchromatin and heterochromatin

DNA

Nucleosome

Heterochromatin

5 = Coactivator complexes
Histone methylation Loss of HY
Histone deacetylation Eesbioris mntiihi aliirss
Corepressor complexes e.g. acetylation, phosphorylation, methylation

Euchromatin

¥r Histone modifications



Micrococcal Nuclease Digestion
of Chromatin

To map euchromatin regions

Appearance of hypersensitive sites
1s associated with transcriptional
activation

NNNNNNNN



Sample result of micrococal
nuclease digestion

MNase digestion
time (min.)

M 0 2 5109050y

123456



DNase I hypersensitive site mapping

nucleosome-free
enhancer region

TNt

Ac Ac

|
DNase | hypersensitive sites

nucleosome
nucleosome-free reposition region
promoter region

transcription



Sample result of Dnase I
hypersensitive site mapping

In vivo In witro

Treatment Control BMP-2 (200ng/mi)

DNase | — il — el — el

II

& OHOMN
Lad
x

ad
=

NN
%



High throughput Dnase I hypersensitive site mapping

DNA binding
Proteins  Gene txn
nucleosome M} B r—
\ . ry J g
¥ )
5 .._h'.? 'ﬁ; )] -;‘_:
A R DNase Hs 2
- ﬁt@ sites . "E'
&
1) Digest with DiNase and blunt and "EH
DMase HS site
| |
| I —
*EJ Ligate bictinylated linkers
L} B jr=——=ri
I ﬂ I
3) Somcale to shear DNA
L N | B_— O I
. | ﬂ . & 7 |
*dj Ennch on Streptavidin column
I B [ |
e % 5 1

* 5) Add second linkers, amplify

Label and Hybridize to Tiled Arrays
RawONase-chipdata il {110 IL s

81,000 81000 148, 130000 148, 14,000
OR
Sequence Using Solexa Platform
|DNase-sequences M

48,431,000 e namoon 148,130, 00 A,




Restriction Enzyme Hypersensitive
Sites Mapping

Cleavage sites

Gene VII, Fig. 19.41



Sample result of restriction enzyme
hypersensitive site mapping

S E EK SpE
| | N A

—— 1kb

E N EE XS
L LV h

E

DNase: 0 ,..--"""I

¥ty

11

A

EcoRl
T i
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Micrococcal
nuclease digestion

*Most commonly
used

*Can be used in
high throughput
assays

*Some regions can
not be digested by
micrococcal
nuclease

Dnase I digestion

An alternative
method of
micrococcal
nuclease digestion
*Can be used In
high throughput
assays

More sensitive to
the experimental
conditions

Restriction
enzyme
digestion

*Kasy to
perform

*Can not be used
in high
throughput
assays

*False negative




Nucleosome assembly

Large-scale growth

of bacterial strains, each
expressing a different
histone

s

Extract histones from
inclusion bodies, doing
so for each strain

—

Individually purify
solubilized histones
over sequential ion-
exchange columns

.........

— * Elute histones
=== Combine e Unfold
—_— [
Dialyze to renature ? ” \I
histones into octamers ,



Dynamic chromatin structure




ChlP-loop

crosslinking

l

S Py

PCR DNA
\ purification m
Next generation sequencing / m



Hi-C Chromatin proximity ligation

crosslmklng

: s Digestion E j‘gatlowg E
/brary construction
— - — -+

DNA
purlflcatlon

— —  — T J— )
" seqand mapp-#g
Pr————. >

—_— — -+



ChIA-PET (Chromatin Interaction Analysis
by Paired-End Tag Sequencing )

@ O @ Select cell population

Crosslink, sonicale and
immunoprecipitale

Ligate distinct hall linkers
in wo separale ahquots

ST O DX
0% S e

Digast with Mme | and
punfy pair-end tag

e I }— — —En—
l Construct library




Structure of Histone Tails
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Modification of Histone tails

® o 2. ® XX
N- ARTKQTARKSTGGKAPRKQLATKAARKSAP
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Genomewide histone code?

H3K4me1 and H3K27Ac: Active Enhancer
H3K4me3: Transcription initiation site
H3K9me3 and H3K27me3: Heterochromatin

H3K36me3: Actively transcribed gene bodies
H3K9me3 and H3K27me2: dual histone marks




DNA modifications are
important factors to
regulate gene
expression.



DNA methylation

NH. SAM-CH, SAM NH,
Nﬁ N{J\/II/CHS
DJ\N OJ\N
H H
DNMT

Cytosine S-Methylcytosine



Restriction enzyme digestion to map

DNA methylation
methylated locus unmethylated locus

EGEG CGCG

EGEG

L3 |
l DOYvmarase crran reacliy

CGLG TGTG

CG & CG TGTG



Restriction enzyme digestion coupled with gPCR
to map DNA methylation

1. DNA Digestion. Input DNA +
Digestion Buffer

V ' '

- |_Sensitive Dependent Double
unmethylated ~ - : + , - | +
methylated = | = ] e | 4
2. Real-Time PCR. 1

ﬁl’rF_TT‘- EA R . 1 =,
i .I
Sensitive | eecescsssss
90000000000 ®
Dependent | seececccccce
Double [(3eseesscssss

3. Data Analysls

168 - ,_[
i 1l hhrmdimh Huumna
. | Unmiethylated

o

-l Gr.:EE EEHE Gmn -E '5 GEHE

I Tor Lllﬁrrm



DNA bisulfite sequencing

[T~
ey L Tissue or Cells
[ =) u_"—"
i DNA EXTRACTION
S
M:  suiphanation MH; o
N/f HSO, +HNJ/ P isolated DNA
==
05' oH -
. 0 S0, g
H H
Cytosine Cytosine
sulphonate
Hy0 BISULFITE CONVERSION OF
Hydr olytic UNMETHYLATED CYTOSINE
NH, Deaminatior
: UG == UGe= (MG
Alkali
Q Desulp honation Q l PCR AMPLIFICATION
k ‘ = l DNA SEQUENCING
- OH
D D 503- B GOR RER O RS TR O l'l'l i
” H 1
Uracil I racil {— Untreated DNA
sulphonate

LT

ITAGTASTOATA GG T

!
VWA

— Bisulfite-treated DMA



DNA affinity chromatography for purification of
transcription factor

total cell proteins

STEF 1

column with matrix
containing DNA of many
different sequances

low-salt wash
removes proteins
that do not bind
to DNA

medium-salt wash
alutes many
different DNA
binding proteins

DMA-binding proteins

=1EP 2

column with matrix
containing only
GGGCCC

CCCGGG

from step 1

3

medium-salt wash |5
removes all proteins | o5
not specific for :.
GGGCCC .y
CCCGGG L)
high-salt wash

elutes rare protein

that specifically

recognizes GGGCCC
ccceee | *

-—




In vitro transcription

 RNA Polymerase II

* General Transcription Factors (GTFs): 1ID
(TBP+TAFs), 1IB, IIA, IIE, 1IF, IIH

« Mediator Complex

* Complexes for chromatin remodeling and
modifications



TATA box

BANENAN AV ENAY LN OOV LN LN

Lodish et al.
Molecular Cell
Biology 5e

Fig. 11-27

Preinitiation

,l.'ff‘f 4 ] complex



An Example of in vitro transcription experiment

TBP + Bri2 + Bdp1 + (SNAP, + 1)

8 9

=5 =05

== ===
% cke 838 BSE
E | N | |
2.8 _B
EE =0, E0e £ =
08 22 —== g 03
=5 838 838 & =&
I P

Ty U6

2 |

1 2 3 4 b 68 7 B 8

Hu et al. Genes and Development, 2004, 18(24): 3010-3015



M is located in cytoplasm.



RNA IP (RIP)

V\Rf % RMAs and their associated REPs
SN, YN

vorns I R,

RIP Option 1: Prebind antibody

A. Bind antibody B. Bind antibody-
to beads bead complexes
to target RBP
A  UserSpecified

+ “O 10
Xtra Magnetic OOO 40
Protein A beads DOO

Target RBP @

RIP Option 2: Direct antibody binding

A 7 UserSpecified A. Bind antibody
v A% Antibody to target RBP
)

wh &%
Ay ¥F

Xira Magnetic %00 B. Bind antibody-
/™ Protein A beads 00  troetcomplese
to beads

VORX
Vandy o’

AYAVAYS

l Wash RIPs and Purify RNA

V\f\/

Sequencing

A A i L S

\]H I%I'Ii!ﬁl’&ﬂl iy ﬂ 'ﬂ f\d L‘I:‘

S o o S T e

1t ] o aibar'y



RIP-seq

| Cell Lysis |

MNJ%

RIP-Certified
'Jq 4 ¥  Antibody
o 4 AT
o’ e
m";&dg Anti-REPC)

| Immunoprecipitation
B,

l Isolation of mAMNAS

which bind REP

Identiflcation and
/ L \ profiling mRNAS

Deep sequencing



Isolation of specific RNA binding proteins

a b o

AU Ho, L oM
c Yy c "

G G U o G
GGAUC GACU Gcce C S
CCUAG — G — CUGGC EGGGAA Oy 0

ACC HaC

StreptoTag N
" YNHMe
HO

Streptomycin
(SM)

|
o, ." SM
] SMm
_1”[# e 5 SM

C / & SM gm

i (:jUL e o J—E =l fesm
Mﬂ"‘sm Sf—ii—ﬂ M SM

o7 ® j—ﬁdsu
d e Tt

Bind RNA Add extract Elute with
and wash streptomycin



Techniques for studying gene expression

@® Promoter analysis

@ Hypersensitive site mapping/ligation mediated PCR
Real time PCR

siRNA knockdown of a gene

Gel shift (or EMSA)

Footprinting

Chromatin IP

RNase protection assay

Immunoblot/Western Blot

Immunofluorescent staining
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