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RECOMBINANT DNA
TECHNOLOGY

Objectives

* Recombinant DNA
* Probes

* Restriction map

* Gene cloning

* Gene library

* Cloning vectors

* RFLP

* DNA Fingerprinting
 DNA foot printing
* Genomic imprinting
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Restriction endonucleases

9 Q!
Restriction enymes %
cleave DNA into smaller VQ R

]

more manageable
fragments. W
(N

Three techniques
that facilitate

analysis of human DNA ?

www.FirstRanker.com

Cloning of DNA

www.FirstRanker.com

VQ Apliﬁed DNA
W

fragments

DNA fragments must be amplified
to be more useful.

| Probes

DNA fragment a

A specific fragment can
be identified using a

complementary probe.

Steps of Genetic Engineering

e Cutting DNA at a specific site

* Joining of two DNA fragments to create a

novel DNA

* Cloning or amplification of available DNA

* Expression of a DNA to obtain its product

* Sequencing of a DNA molecule

* Synthesis of an oligonucleotide

www.FirstRanker.com
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Application of Recombinant
Technology

* Understanding of diseases: Sickle cell
anaemia, Thalassemia

* Diagnosis of diseases: AIDS, Hepatitis

* Treatment of Diseases: Human Insulin
* Prevention of diseases: Hepatitis vaccines
* Gene therapy: SCID

Recombinant DNA

Two DNA fragments of interest: Even from different source or species
Cohesive or sticky ends with complementary sequences

Treated with same RE

in some cases blunt ends are joined by
Homopolymer tailing
A small synthetic duplex oligonucleotide having RE sites attached

5 ends of the linker DNA are phosphorylated by polynucleotide kinase

www.FirstRanker.com
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Different Enzymes used in DNA Recombinant

technology
Enyme Functins
DNA ligase joins of ends
Restriction DNA Pol | Synthdescljs of double
Endonuclease stranded DNA
DNAse | Produces nicks in
sDNA
Exonuclease Il Removes nt from 3’
end
A exonuclease Removes from 5‘ end

Polynucleotide kinase  Phosphorylates 5 OH

group
Alk phosphatase Removes 5 PO4
S1 nuclease Degrades sDNA 7

A Palindrome

When read in the 5'=—>3'
direction, the sequence on the

“top” strand is identical to that
of the “bottom”strand.

5' -GAATTC- 3"
STTAAG- 5'

Recognition sequence of

restriction endonuclease
EcoRl shows

two-fold rotational symmetry

www.FirstRanker.com 3
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Nomenclature of
Restriction endonuclease

Why they are named so

What are sticky ends and
blunt ends

Restriction sites frequency

[El'|H Four base, cohesive ends

"Sticky" ends

mFuur base, blunt ends

|

...GGCC... ..GG CC...

"Blunt" ends

Taql and Hae l I |
(Haemophilus aegyptius)
restriction endonucleases

www.FirstRanker.com
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Restriction Map

involves the size analysis of restriction fragments
produced by several restriction enzymes
individually and in combination

Measured sizes

Treatment of fragments (kb) Interpretation
g -
No digestion 9 r a JI
A
Enzyme A 2+7 | Y |
- ] - | -
A B
Enzyme B 3+6 EITHER | ‘ * I
- - 6 -
A B
OR | * * 1'
- 6 > a3
A B
¥ ¥
Enzymes A + B 2,3+4 e -
A B
alternative } } } |
resultl, 2 + 6 - ) »rer= 6 -
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Probe

15-20 nt long oligont used to search a particular DNA fragment
Chemically synthesized DNA or RNA pieces

Generally labelled with radioactive material or a fluoroscent label
Construction of a probe

From Genetic database
homologous gene in other species : heterologous gene probe
MRNA

protein----- rich in Trp and Met

Labelling of a Probe

End labelling: 32P

Random labelling: During synthesis: Usually GTP:
Fluorescent labelled

www.FirstRanker.com
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End-labelling of a gene probe at the 5" end with
alkaline phosphatase and polynucleotide kinase

Purify gene probe fragment or , |
synthesise oligonucleotide P I3

Alkaline phosphatase treatment 5’ 3’

of probe to remove 5'-phosphate
—EEE-wr |
Y

Polynucleotide kinase transfers phosphate 5" -3
group from donor to 5’ end of probe

5" end of probe is radiolabelled 5 (P 3
and gene probe is purified

15

End-labelling of a gene probe at the 3’
end using terminal transferase

' : Synthesise oligonucleotide or
5'— -3 ;
purify gene probe fragment
dNTP{P) —
-/
. , Transfer labelled dNTP to the
5" — — 3 - , ' .
3' end using terminal transferase
. , 3" end of probe is radiolabelled
5 - N 3
@ and gene probe is purified

www.FirstRanker.com 16
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Cloning

Process of producing large number of identical copies from
one single original DNA molecule or fragment

Importance

To study gene: purified form and in sufficient amount

To study sequencing, expression in different tissues
under different conditions

Methods of amplification
Cell based
Cell free

O
Cut DNA
/\ I:clujrglamung \—/

desired gene ‘ Cut plasmid

O
N
Ligate
F’/ Recombinant plasmid
Outline of gene cloning

Transform bacteria

e

Grow cells and select recombinant clones

oy

Select clone containing desired gene

¢

Grow cells to obtain required quantities of gene

17
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Stable gene bank (gene library),
each vector containing
a difterent foreign DNA fragment

// §\ Isolation of one clone from
( I
I \ / .'II

library by gene library screening

further analysis

| | r
\ | Il Amplify single clone
.—&\A_ %t. \\\\\\_ & (\ from gene library for
T — ] _._-Ir s Ir 1 _'_'_:__,- I \

19

Gene Library

e All of the DNA extracted from an organism
and digested with a restriction enzyme will

result in a collection of clones. This collection
of clones is known as a gene library

www.FirstRanker.com 20
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Type of gene library

Genomic library: Total chromosomal DNA of organism

cDNA library: represents the mRNA from a cell or tissue
at a specific point in time

Type of gene library depends on final application of DNA

Goal: Production of new or modified proteins or determination

of tissue specific expression and timing pattern
cDNA library

Goal: To understand the control of protein production for a
particular gene
Genomic library

Gene Library

* 1. Construction of gene library

— Digesting genomic DNA molecules
* Choice of Enzyme?

— Ligating DNA molecules

* Carried out at 100 C to lower the kinetic energy
and to reduce the chances of sticky ends
parting

e 2. Cloning vectors
* 3. Screening Gene Library

www.FirstRanker.com
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Numbers of clones required for representation of DNA
in a genome library

No. of clones required

Species Genome size (kb) 17 kb fragments 35 kb fragments
Bacteria (E. coli) 4000 700 340
Yeast 20000 3 500 1 700
Fruit fly 165000 29 000 14 500
Man 3 000 000 535 000 258 250
Maize 15 000 000 2 700 000 1 350000

23

Fragments produced by cleavage with BamHI

5" pGATCC G pGATCC G 3’
3’ G CCTAGP G CCTAGp 5’

DNA ligase + ATP

5" pGATCC GGATCC G 3’
3 G CCTAGG CCTAGp 5’

Ligation molecules with cohesive ends. Complementary cohesive ends base-pair,
forming a temporary link between two DNA fragments. This association of fragments

4 I

a reaction catalysed by DNA ligase www.FirstRanker.com 24
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Comparison of general steps in the construction of
genomic and cDNA library

Genome library cDNA library
Extract chromosomal DNA Extract mRNA
Digest chromosomal DNA with Producs cONA

restriction endonuclease

\d ¥

Insert each DNA fragment into vector Insert each cDNA into vector
(recombinant DNA) (recombinant DNA)
Transform bacteria Transform bacteria

Clone each recombinant Clone each recombinant

25

Cloning Vector

DNA elements that may be stably maintained
and propagated in a host organism for which
the vector has replication functions.

. Host organism is a bacterium such as E. coli

. vector with a replication origin in E. coli will
replicate (together with any incorporated

DNA) efficiently

www.FirstRanker.com 26



:l », FirstRanker.com

l Firstranker's choice . )
www.FirstRanker.com www.FirstRanker.com

Comparison of vectors generally available for cloning

Vector Vector structure Insert
ra nge(kb)

E coli Circular virus
Plasmid E coli Circular plasmid 1-5
PhageA E coli Linear virus 2-25
Cosmids E coli Circular plasmid 35-45
BACs E coli Circular plasmid 50-300
YACs S. Linear 100-2000

Cerevisiae chromosome

Structure of E.Coli plasmid cloning vector pBR322

EcoR|
Clal
3 Alatll H‘"d'”EooRV
SP Nhel
BamH|
Pvul Sphl
Pstl Sall

Xmalll
Nrul

Ppal

| BspMI
Bsml
ori . Syl
Aval
Ball
: BspMI|
Afilll
Nael Pvull
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Dol \ 0. ...
ofa— T
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Replica plating to detect recombinant
plasmids

Velvet pad

@ Replica

plate

Ampicillin plate Tetracycline Only cells with plasmid
with colonies plate but without insert grow

T

Recover colonies containing recombinant
plasmid from the ampicillin plate

29

Map and important features of pUC18

Hindlll
Sphl
Pstl

Hinell
Accl
Sall

lacZ p-galactosidase gene ‘

BamHl| Multiple cloning site
Xmal (MCS) polylinker

Smal
Kpnl
Sacl

\ EcoRl

lacl Control regions for lacZ

pUC18
2686 bp

Ampicillin
resistance gene

Origin of replication

www.FirstRanker.com 30
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Principle of blue/white selection for
the detection of recombinant vectors.

Non-recombinant vector (no insert)

Induce with IPTG

Recombinant vector (insert within MCS)

Induce with IPTG

=iy
B-Galactosidase gene
e
. =

DNA inserted in MCS
B-galactosidase gene

Cosmid vectors

X-gal hydrolysed
(white to blue)

BLUE plaque

X-gal NOT hydrolysed
(white)

WHITE plaque

31

Cosmid vectors incorporate the cos sites from phage | and also
the essential features of a plasmid, such as the plasmid origin
of replication, a gene for drug resistance, and several unique
restriction sites for insertion of the DNA to be cloned.

Antibiotic
resistance gene

Cosmid .

o,
B
Ny
Wy

cos sites

7" |Restriction site

www.FirstRanker.com
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Expression vector

« Insertion of a strong promoter.

« Insertion of a strong termination codon.

« Adjustment of distance between promoter and cloned gene.
« Insertion of transcription termination sequence.

« Insertion of a strong translation initiation sequence.

The inserted sequence must be placed so that
its reading frame is in phase with the regulatory sequence

33

Shuttle vectors

e Shuttle vectors have origins of replication for
yveast and bacteria such as E. coli. This means
that constructs may be prepared rapidly in the
bacteria and delivered into yeast for
expression studies.

www.FirstRanker.com 34
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Delivery of vectors into Eukaryotes

e Transfection:
— to deliver recombinant molecules into animal cells

* 1. making the membrane permeable with
divalent cations / use of polyethylene glycol (PEG)

e 2.electroporation: subjected to pulses of a high-
voltage gradient

e 3. lipofection: DNA is encapsulated by a core of
lipid-coated particles

SCREENING GENE LIBRARIES

www.FirstRanker.com
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Nylon membrane

B - &

Grow bacterial colonies
harbouring plasmid

Colonies defined by
autoradiography are
used for further analysis

Colony hybridisation technique
for locating specific bacterial
colonies harbouring recombinant

Nylon membrane | " - =

plasmid vectors containing withcolonies | (T="= T )
desired DNA fragments.
Nylon meam brana mixe d 1

with prehybridisation
bufferin asealed bag | &¥———————

A Pl S — 3 T,
‘ ( & "o = NN
i N, = oy
Prehybridisation solution ™ = —

replaced with complementary
labelled DNA probe

Nylon membrane . -
exposed to X-ray film SN -

Autoradiography defines
clones identified by probe , -

Application of gene cloning

Molecular analysis of disease
Normal gene variation—Polymorphism
Gene variation causing disease—Beta globin gene
Detection of point mutation---Sickle cell disease
Detection of deletion /insertion/rearrangement—
Beta globin gene
Prenatal diagnosis
Preimplantation diagnosis: done in IVF
Disease linkage analysis—Mlicrosatellite repeats in families
Forensic medicine

www.FirstRanker.com 33
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Structural Alterations of the a-Globin Gene

Alteration

Function Affected  Disease

Point mutations

Deletion

Rearrangement

Protein folding

Transcriptional
control

Frameshift
and nonsense
mutations

RNA processing

mRNA production

mRNA production

Sickle cell disease

-Thalassemia

B-Thalassemia

B-Thalassemia
3°-Thalassemia

Hemoglobin
Lepore

B-Thalassemia
type Il

39

Schematic representation of the B-globin gene cluster and
of the lesions in some genetic disorders.

¢ Gy Ay ¥p o f
5 LCR A - 3
10 kb

Hemoglobinopathy

. B°-Thalassemia

- °-Thalassemia
- Hemoglobin Lepore

I Inverted _ (Ay8p)°-Thalassemia Type Ill

www.FirstRanker.com
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Sickle cell disease

)
CCTGAGG Coding strand CCTGTGG Coding strand
GGACMCC Template strand GGA C@% C Template strand

A. Mstll restriction sites around and in the f-globin gene

Nomal (A) 5’ — 3

4 1.15 kb 4024
kb

Sickle (S) 5’ — 3

4 1.35 kb 4

41

Pedigree analysis of Sickle cell disease

Pi l l Pz
/) S >
L% N 4
0, 0, 0, 04
|:'1 01 02 03 Og P,
Fragment
size
e || sssssssss | (D I | 1.35 kb
0.20 kb
AS AS Sévvvv .rnaALEan et .L,EIII AS |nferred gengtype 42
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Restriction Fragment Length Polymorphism and SNPs

major use of SNPs/RFLPs is in the definition of inherited diseases
in which the functional deficit is unknown

SNPs/RFLPs can be used to establish linkage groups, which in turn,
by the process of chromosome walking,
will eventually define the disease locus

43

The technique of chromosome walking

Intact DNA 5’ Gene X

[ 1

Fragments < q

www.FirstRanker.com a4



:l », FirstRanker.com

A Firstranker's choice . )
www.FirstRanker.com www.FirstRanker.com

Microsatellite repeat variation in some diseases

Disease Normal length Mutation length
of repeats

Fragile X (CGG)n 6-54 200-1000

syndrome

Fredriech ataxia (GAA)n 7-22 7200

Myotonic (CTG)n 50-35 50-4000

dystrophy

Spino cerebellar (CAG)n 19-36 43-81

ataxia

45

* DNA Finger printing

www.FirstRanker.com 46
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* Alec Jeffrey in 1984

* Each individual has unique sequences

a7

| ANy el | O |
PP

AT TERET T, s
[TPRLTPRE L.«

o il [ g
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Purpose

e 1. Paternity dispute
e 2. Criminal identification

51
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Method

* |solation of DNA

* Digestion of DNA by RE
 Amplification

e Separation by gel electrophoresis

* Blotting

* Hybridisation with radiolabelled probe
* Autoradiography

53
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* DNA Footprinting

www.FirstRanker.com

|11 |®

55

www.FirstRanker.com

56



:l » FirstRanker.com

A Firstranker's choice . )
www.FirstRanker.com www.FirstRanker.com

Footprinting with DNase |

* Footprinting enables a control region to be
positioned within a restriction fragment that has
been identified by gel retardation.

* Footprinting works on the basis that the
interaction with a regulatory protein protects the
DNA in the region of a control sequence from the
degradative action of an endonuclease such as
deoxyribonuclease (DNase) I.

* This phenomenon can be used to locate the
protein binding site on the DNA molecule.

Control sequence

llllll

Binding
protein

ProteCted region

A bound protein can protect a
region of DNA that is much longer

than the control sequence.

www.FirstRanker.com
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—
il

DMNA molecules

(a) | End-label, add the regulatory protein
O/W'— Q—"Q"'
End—labelw * Bound protein

(b) § Limited DNase | digestion

o-—-"o —
o— O~ DNA molecules are cut at

o0— Q_ any phosphodiester bond
o— ___Q\ not protected by the protein
o— —O~

(c) | Remowve protein, gel electrophoresis,
detection of the label

DNA fragment
sizes \
g l 'Footprint’
4 o |
© o i)
° - -
o o ! !
o [ § '
0 o ! :
—t
Lane 1: Control — no bound protein Position where the 59
Lane 2: Test - DNA + bound protein protein is bound
[} [ [ ]

Genomic imprinting

www.FirstRanker.com 60
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What Mendel found out

* Two parents make equal contribution to the
character

* The effect of an allele is independent of
whether it comes from the female or male
gamete

61

For a few special genes, alleles inherited from the father are
expressed differently than alleles inherited from the mother.

Father Mother
R e —
——————— R e ———

Offspring

R ————
e R =

www.FirstRanker.com 62
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The identity of the allele doesn’t matter, just which parent it came from.

Father Mother
allele from father is inactive allele from father is inactive

e —— s otm—

Offspring

allele from father is inactive
#

— (e—

63

Here’s an example of a different gene, where the maternal allele is
always imprinted.

Father Mother
e —— —_————.
allele from mother is inactive allele from mother is inactive

-

— || e—

#
allele from mother is inactive

Offspring

www.FirstRanker.com 64



:l », FirstRanker.com

A Firstranker's choice . )
www.FirstRanker.com www.FirstRanker.com

What is the function of genomic
imprinting? (Why did it evolve?)

The best hypothesis:
Parental Conflict

65

Imprinting's messages
to the fetus

Grow big and strong. Grow well,
Use all the maternal / but leave some
resources; future babies . resources for me |
may not have my . and my future /
alleles. babies.

b b

.,_\l

P
RRC
s
IGE2R:

*|IGF2 receptor
* Reduces effect of IGF2.

IGF2:
* Insulin-like growth factor
» Stimulates growth of the fetus.

www.FirstRanker.com 66
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Genomic imprinting usually uses DNA methylation:

When the germ line develops, all of the existing (inherited)
imprinting methylation is erased.

Then new methylation is created:

A gene that’s evolved to be paternally imprinted has a sequence-tag that says:

* If you’re male, methylate this gene (turn it off) before you make gametes.

A gene that’s evolved to be maternally imprinted has a sequence-tag that says:
* If you're female, methylate this gene (turn it off) before you make gametes.

67

Imprinting has evolved to a state where both parents’ interests are
roughly in balance.

But it causes problems if something goes wrong with normal
inheritance:

a) Defective allele from the non-imprinted parent

b) Deletion from the non-imprinted parent

c) Both alleles inherited from one parent (‘uniparental disomy’).

b) and c) are especially bad because imprinted genes are often clustered
together on one chromosome.

www.FirstRanker.com 63
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Imprinting causes problems if something goes wrong
with normal inheritance:

= MKRNI
= NDN

D158
One segment of chromosome 15 includes
genes that are paternally imprinted and 15q11-q13}.
genes that are maternally imprinted. (~ 4 Mb of DNA), [ oreme
NURF-SNRPN
Inherit deletion Inherit deletion D e
from father from mother mjuBE3A
D15S10
o N arpioa
Prader-Willi Angelman s‘\-b
Syndrome Syndrome ) onames
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Summary

« Recombinent DNA is the joining of two fragments cut with same restriction
endonuclease

* Probeis a 15-20 nt long oligonucleotide used to search a particular DNA fragment

e Cloning is a process of producing large number of identical copies from one single
original DNA molecule or fragment

* Type of gene library depends on final application of DNA

e Delivery of vector in bacteria is called transformation and in animal cells is
transfection

 RFLPis a technique used to identify the individual as well as to detect disease
condition such as Sickle cell anaemia

* DNA finger printing is to identify the individual based on differential tandem
repeat sequences

e Footprinting works on the basis that the interaction with a regulatory protein
protects the DNA from the degradative action of an endonuclease such as
deoxyribonuclease (DNase) I.

 Genomic imprinting usually uses DNA methylation (epigenetic regulatiion).
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