Lecture 3

Tools for studying DNA
blots

PCR

cloning
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Northern hybridization (RNA blot) analysis (/va
- to identify expressed regions of genomes ZI\}Q\ WAS W\

— RNA is electrophoresed, blotted to - are transcripts are present or not?

membrane and hybridized with probe ,H N
- ?

(eg gene of interest) length of mMRNA?

- abundance of mRNA?

1 Extract RNA

A ..1 s In situ hybridization
fJ q -/ - - to determine cellular

C~t Location of mMRNA

i Denaturing agarose gel
electrophoresis

gene X probe
//'/ _— /¢
y: /,.ff-xRNA bands
// // Probe: tagged DNA (eg. PCR
product, restriction fragment, cDNA
Blotting, northern hybridization,| clone...) in denatured form or :
1 autoradiography oligomer or antisense (synthetic) 355-labeled - m}os:ﬁ ant/sense robe

RNA ... hybridizing to heart ventricle in 13-day

embryonic mouse
DNA probe hybridizes to a Strachan & Read Fig. 5.17

single RNA transcript

Fig. 5.11  (NB: many identical copies of a particular See also: Northerns of new ncRNAs (van der Meulen
mRNA are present on blot) RNA Biol. 13: 353, 2016)
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MOsST commoN TYPE & BLOTY  Depelo
Other blots: Western Blot analysis (Immunoblotting) N (ATFA
- to identify proteins by probing with an antibody

— Protein is electrophoresed, transferred  _ Is a specific protein present or not?
to membrane and probed with an . o
. - Size of protein-
antibody .
abundance of protein?
Sample Transfer to
Preparation Electrophoresis membrane Stain for Protein

Probe: primary antibody —
selective for protein of
interest. Secondary antibody
binds primary antibody and
has aid for detection (eg

©
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= horseradish peroxidase

0(/57 HRP)
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= Extracts of Jurkat cells treated with and
60 | - &'
-

50 without etoposide, an activator of apotosis,

:Z -:::gla::::: L g;otﬁjiczj ;vith anti-caspase-7 monoclonal H@ \ (\.\\ qu '{‘b 7] Q
N, | uw linD\
# —Cleaved Caspase-7 ({:/C L> E A\\Qmmd\ Q&‘Q\J\/\ \ U VV\ \‘\e Sce(,\ (Q

" Etoposide See also: Global Histone Modification (Zhao Clinical
Epigenetics 8:34, 2016)
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Other Blots: Southwestern blot analysis DE’\"elOPDCg T~ (TY0

- to identify protein-DNA interactions  \awscr mﬁd&{\m
— Protein is electrophoresed, transferred to - ldentify proteins that bind DNA
membrane renatured and hybridized with - ldentify DNA sequence that binds
DNA probe (eg promoter of interest) protein
Blot prepared and labelled (co
e oligo probes added ; Cmi
—_— — ™ QE ) Disadvantages: misses
| T e T A P P multi-subunit DNA
<< -~ d\gDMQc binding proteins and
7 ( = . proteins that do not
\ / - S refold
Purified . e S Protein - DNA complex - f
wh‘;e ec::lz;?:ct — — =2 : - W\ D &QV ~
20/ 1D SDS PAGE O\I\T'OI‘/\GSV AN

\mw\m@c@qp(\‘qjﬂm
Northwestern blot analysis
- to identify protein-RNA interactions
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Some protein encoding genes are constitutively expressed ...

‘housekeeping gene” products needed at all times

... Whereas others are differentially expressed "favﬁCi( ¥ \
in specific tissue type A
during development — PriwAGT U\
. t : tal NOC \SwWn : |
In response to environmental cues W@AJL\“\\V‘Q bm(oslm
Lo

Only a subset of genes are expressed at a given time
and mRNA levels can vary greatly among genes

~10,000 — 15,000 different mRNAs present in “typical” mammalian
cell type under given condition

(~ 20,000 different proteins present)

Aside: RNA-sequencing studies suggest ~ 8000 genes ubiquitously expressed in human
tissues (Ramskold PLoS 2009)



Developed 1 1SS ﬂkﬂqgcgmawg
3. PCR - polymerase chain reaction DR My Ar@\

- to obtain one specific DNA region in large copy number

Region to be amplified

AR Targdfigg - rapid amplification of DNA region
3 5 of interest by enzymatic reaction in test
i Denaturation —94 °C tu be
o PP Y 1. Denaturation of duplex DNA
PREIPPTPT-/ 2. Annealing of 2 different primers

3 ¥ (synthetic oligomers, usually 15-25 nt)

i Cool to 50-60 °C

\ ne flank region of interest,
5 3 ng‘ S -in opposite orientation
_Primers”’ ... S0 anneal to opposite strands of DNA
-I—Iml-l-l-l_l_l_l_l_l.l.l_
3 5 3. Extension of complementary strands
D\’ { DNA synthesis —72 °C .
Y - I - cycle repeated 25-30 times
5 3 '
<O : - M \.o
¥\ s | First cycle PO(HV'O\@ S STLES
‘Long’ roducts
g 3€IC‘€(/G _‘DNAV Qw\/\ ANTts N
3’ ” Uj dlw

Fig.2.28



Subsequent PCR cycles

3’:EIZ!II:I:I:III:EE";' :
g e T ue—— - discrete PCR product generated
'..T'l'f'm1Trrm1-5’
10 - its length corresponds to distance
S SEa between primers (including the

b e oY G\V\Nd
SAAaananl se sag o e\ S

1 DNA synthesis

TETTTLITECLLLL
Phunnssnnnnany

ﬂim:cr:::r"}’—\
LI Mooy

1 Denature

primers)

- sequences at ends of amplicon
rrespond to the 2 primers used

Second cycle
products

bbbl Bio-Rad C1000
ToTIE s Thermal Cycler
l DNA synthesis
— Moo~ Sk NB: even though text shows both
—aitﬁrmtu;r;c;:t:;tan . G " primers as black bars, they have
R—— — different nt sequences

Fig.2.29



Powers & pitfalls of PCR

- rapid method to generate large amounts of specific segment
of DNA (product usually < 10 kb in length)

“Long-range PCR”
~ 20-30 kb products

- need very small amount of template DNA
...but can lead to contamination problems

- need prior sequence info to design primers

—

Typically use 20-25 nt oligomers,
but for simplicity (as on a test) 6'mers are shown here

Why choose ~ 20'mers? Tip: see Question 2.5 in text (p.61)
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Esocdiol To chok R produd<]

How to double-check that PCR product (amplicon) is correct one?

1. Is it the right size? | C
- agarose gel electrophoresis (with size markers) ﬂ

o2 3

ol

2. Does it contain the right sequence (eg gene X)?

- Southern hybridization - using gene X (eg. clone) as probe

- restriction analysis - are expected restriction sites present?
- nested PCR Hl New primer
- design “internal” primers )

to use in 2d PCR experiment with W
15t PCR product as template DNA t
- iq/wv\w PDZ MC\V New primer



RT-PCR

Reverse Transcriptase
RA R DAY

Start with
messenger RNA

total population of poly A+
RNAs (for euk) or total RNA

5 oom PJ\PAS

3’

32
Gene-specific oligomer
oroligo dT

(for bacteria) N TP
Make DNA —
(complementary or sSSD\m
cDNA)

— 3

— 5!

Duplication Many copies t\>C\—2

- then sequence RT- PCR product ) 3
directly (or after cloning) \b [,:w_p( fﬁ\j 1
DA 1

(need sequence data to C"E\gﬁ\ > = =3

- 3 — g

design primers for RT-PCR) Qmﬁéew'\ “\)5

2T coma Lo @QNA vvUSES,

(see p.142, Chapter 5)



Choice of primer for cDNA synthesis

1. oligo dT - anneals to polyA tail of mRNA (if eukaryotic)

5 AAAAAAAAN 3 .
— T g Generates copies of all

MRNAs present

2. Random short primers (eg. 6’'mers)

. AAAAAAAAN 3 Generates partial copies
4 NNNNN 5’ <— nynNNN 5/ <—3, NNNNN - 5 of mMRNASs

3. Sequence-specific primer

5 AAAAAAAAN 3 Generates cDNA just for
‘—D specific gene of interest




Real-time quantitative PCR (gPCR)

- to measure relative or absolute amount of mMRNA present in different tissue
types/developmental stages/environmental conditions...

/A \ - detection and measurement of
2,000,00}3{ . st i %L\ Plateau products generated during each cycle
— of PCR by using a reporter fluorescent

probe ZHPJOCA‘ ddbedon

eg. SYBB green, TagMan

Sample

1,000,000 —

O\ 5 | n
Exponential phase 31000 ! O\\ ) E(jw )
Threshold 5 e
l 800 4 I [,J:) ‘;g
___________________ ) W 10pg
0 & 600 :00 -
Baseline No template 3 - ,Ongg
| I G W 100ng
400
0 20 40 § Slope = -3.472
PCR cycle number sl || 7 P Dasee
Eff. =941%
ARn : increment of fluorescent signal at 0
each time point 0 5 10 15 20 25 30 35 40

CT : PCR cycle number where reporter
fluorescence is greater than threshold

Cycle Number

RFU = relative fluorescence units

NTC = no template control
http://www.ncbi.nIm.nih.gov/projects/genome/probe/doc/TechQPCR.shtml

NCBI Technologies website



4. CLONING - to obtain one specific DNA region in large copy number

- by using host cell (eq. E.coli) to amplify DNA of interest

BamHl sites BamHl site
/L’\“/ AL /
2 \BamHI O E. coli plasmid

E. coli bacterium

Animal gene Q BamHI
Ligate r

Animal gene
injected into
the plasmid

Transformation

Rephcate inside the
actena

Recombinant — —— _ E coli colony

plasmid inside < il _‘._: ;’
the bacterium

/ Many copies of the
recombinant plasmid

Fig. 2.15 OO

Number of clones needed for library to cover
complete genome will depend on genome size &
insert size in vector (Table 2.4)

- DNA fragments ligated
into vector

. then introduced into
bacterial (or yeast...) cell

by transformation

to generate clone library

= collection of clones
whose inserts cover the
entire genome

Each colony has many identical
copies of recombinant plasmid &
independent colonies contain
different regions of genome

Aside: cDNA library - mRNAs
reverse-transcribed into cDNAs and
cloned (Fig. 5.32)



Examples of cloning vectors used to generate clone library

1.  Plasmid Table 2.4
- to clone < 10 kb fragments
- origin of replication, selectable markers

eg. antibiotic resistance in bacteria: ampicillin, tetracycline ...
or nutrient requirement in yeast: URA3, TRP1 ...

Selectable
marker

Ampicillin-
resistance
gene

Recombinant DNA

lacZ’ gene
8 pucs insert

N/

Insert disrupts lacZ’ gene, so Xgal
B-galactosidase produce \ / o B-galactosidase on plate not converted to blue
t X-

X-gal split to blue produc -gal not split . ,
colour & colonies are white

Agar+amp|c||||n+x gal lacZ’ = marker for rapid
screening of recombinants

Fig.2.18



2. Phage lambda
- to clone 15-20 kb DNA fragments

Mid-region of A DNA molecule can be removed and
replaced with similar-sized insert DNA of interest, then

packaged in phage particle 5.':‘;:::;0‘;9-.
(Aside: also A vectors for cloning where phage
cDNASs of 1-5 kb) pactor)

3. Cosmid
- A-plasmid hybrid, cos site to package DNA in phage particle
- to clone ~40-45 kb fragments

- fosmid: low copy number (more stable) cosmid vector based on E.coli
F-factor replicon - popular for microbial metagenomics projects

4. BAC

- bacterial artificial chromosome (~8 kb) with F (fertility) plasmid
origin of replication

- to clone ~ 300 kb fragments

5. YAC
- yeast artificial chromosome (Fig.2.25)
- to clone ~ 1 Mbp fragments but inserts often unstable (DNA rearrangements)

- most commonly used vector for cloning
large DNA fragments



Strategies for genomic clone library formation (for genome map assembly)

1. Use two clone libraries with restriction fragments derived from different restriction
enzymes (or from incomplete digestion with one restriction enzyme)

A A B A B B A BA A BA B
| | | | | L || | 11 |
/ DNA cleaved DNA cleaved
with A with B
A A A A B B B B
(- (I L L]
A A A| Al etc. B BB B et
L —
Can use clone from B library as

prepare library | probe to find clone in A library that B B

A A contains part of the same
sequence... B B
A A
plus neighbouring sequences... b
A A B B
Then can look for overlapping
clone in B library... ©

“chromosome walking”

«—




2. Random fragmentation of DNA (eg sonication or nebulization )

then blunt-end ligation into vector (or ligation into vector

after linkers containing restriction sites added) (see Fig. 2.13 for
discussion of linkers )

opening sealed with plastic cap

DNA solution

exits from siphon
and flows over the
Ny as it enters and
impacts on plastic
cone

removable lid

baffle

Recover DNA of desired size (eg.
DNA solution 1 kb) by gel electrophoresis (or Agarose gel
pessueom N, repeated nebulization) & prepare /

entering chamber

forces DNA solution Clone Ilbra ry

up the siphon
. m]mm”k © .. having random
‘ Q overlapping segments of
Nebulizer for random genome
shearing of DNA © © ©

Cold Spring Harbor Protocols 2010

Aside: this method was used to obtain the first complete bacterial genome
sequence (Haemophilus influenza) (Topic 5 & Fig.4.10)




