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Cloning Recombinant DNA




®* The solution is to do amplification of parts of DNA.

Polymerase

chain reaction

Mainly there are two

methods:

DNA Cloning




DNA Cloning
L ——

is a technique for reproducing DNA

fragments.
® It can be achieved by two different approaches:
- cell based
- using polymerase chain reaction (PCR).

® A vector is required to carry the DNA fragment of interest’

into the host cell. \



DNA Cloning
L ——

* DNA cloning allows a copy of any specific part of a DNA (or RNA)

sequence to be selected among many others and produced in an unlimited

amount.
°Itis the first stage of most of the genetic engineering experiments:

= Production of DNA libraries (essential step for genome mapping).

= DNAsequencing.




DNA Cloning
—————————

* Asingle DNA molecule can be amplified allowing it to be:
= Studied - Sequenced

= Manipulated - Mutagenised or Engineered

= Expressed - Generation of Protein




DNA Cloning
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Essential Concepts for DNA Cloning
—————

1. Cloning Vectors

2. Restriction sites (Digestion)

—

3. Ligation

——

4. Transformation/Transfection
/

5. Competent Cells




1. Cloning Vectors
L ——

°A self—replicating DNA molecules that are used to "transport’ cloned

sequences between biological hosts and the test tube.

'Ability to promote autonomous replication.

= Contain a genetic marker (usually dominant) for selection.

= Unique restriction sites to facilitate cIoning of insert DNA.
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o
*%* Features of Vectors
e
* An Ori (origin of replication)

* Selective markers gene (amp", kan®, tet",

etc.).
®* Multiple cloning sites (MCS).

* Some have special promoters to induce

expressions.

®* Expression vectors contain affinity tags.

BAC (to 300 kb)

Cosmid (to 45 kb)

Phage (to 25 kb)

Plasmids

to 8 kb
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2. Restriction sites (Enzymes)
_—_

. :
Enzymes that recognise a EcoR.Q

specific base sequence In XX@L T.IIEDO(X

DNA and cleave at that site.

DNA fragments
Sticky end join at sticky ends

* “Molecular scissors” W‘LLDXX
| |

Sticky end

o {111 )ocC

Recombinant DNA




Single Digest Double Digest
One enzyme Two enzymes with non-compatable
ends

@ . .
*%* Di gestion

* Digestion is the process of cutting DNA using

Insert

BamHI

restriction enzymes. There are two types of
digestion:
'Single Digestion —> Uses one restriction Ugston S
enzyme to cut the DNA at a specific site. ' \

=Double Digestion — Uses two different
restriction enzymes simultaneously to cut at |
two distinct sites, which helps in precise =
cloning and directional insertion of DNA

;E:It:i((’i plasmid

fragments Single vs. double digest
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*%* Recognltlon sequence
-_— fafofclrr

* Palindrome - sequence is read the ridolala

same on either strand, when read

1
i

DECEHD

HindlIll Digest

5’ Protruding ends

CEUERE CEUEE G

from 5 to 3. Pstl Digest
EEH - & ERELE
®* Creates either sticlcy ends or T Protudigends
blunt ends.
sl Tfafric 61717 |

EcoRV Digest

EoRutE - BES  WEE

Blunt ends




3. Ligation
T

together using the
enzyme DNA Iigase.

* When DNA fragments have complementary overhangs (sticky ends)

after digestion, Iigase easily joins them through base pairing and covalent

M DMNA backbone StickEnd = DNAinsert
bonding. ,
*

OO gy #© DOOC
iLigation

Recormbinant DNA
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4. Transformation and Transfection
—

* Transformation is the uptake of

from the environment, such as plasmid DNA,

typically by bacterial cells

° F. co/icompetent cells transformations are
regularly used to propagate recom binant
plasmid in fast-growing bacteria for

pu rification and further analysis.

Transformation

Competent E.
Colicell

= Heat Shock or

Electroporation
)
(

Recombinant Plasmid
DNA

----------

..........

Transformed
E. ColiCell



4. Transformation and Transfection

e

®* Transfection is s when eukaryotic cells take
up foreign DNA or RNA by non-viral means.

®* Chemical transfection reagents (Lipid-
based), form positively charged nucleic acid

containing Iiposomes that can integrate with

the host membrane, enabling the entry of

foreign nucleic acids, such as plasmid DNA.

Transfection
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4. Transformation Protocol

Electroporation

Plasmid :
O DNA Electric shock
O O 15kV/em
\ 5 psec pulses

&~ .-

= = e
Transfer o ., Recovery
to cuvette
Electrocompetent Electroporation Electroporator Transformed cells
cells onice cuvette on ice

membrane
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4. Transformation Protocol

Heat Shock

[\&%;

% E & 472°C

S.0.C medium was added
Heat shock in a 42°C and shaker incubated for 2

Incubation of ligation Placed on ice for 2 min
mixture in COI'I'IIg)Et'Eth water bath for 30 sec hours at 37°C
cells on ice for 30 min
| - '
Transformed colonies transferred to a
Spread on LB agar Incubate overnight at 37°C were selected using ~—— liquid culture

kanamycin




5. Competent Cells
"

are bacterial cells that have an enhanced ability to uptake

foreign DNA from their surroundings compared to normal cells.

*Horizontal gene transfer (HGT) is more difficult in eukaryotic ce

prokalyotic cel

membrane anc

Is than

s because genetic material must get through both t

the nuclear membrane, which is absent in bacteria

* Competent cel

he cell

cells.

s can be using calcium chloride

(CaCl2) or obtained commercially, such as ClearColi™.




5. Competent Cells
_—_ Fliers St Shaker Incubator Subculture of DHa-5
o ® ®
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DNA Cloning Protocol

DNA Preparation A D
{ “" "" \ B
I | + A = Gene is transcribed into

LA iy mRNA
O /) == e —
' \ /, B
A DNA inserte with 15-20 bp \(_) A E \

\\

Bacteria are /

Induced to expfess (-\ O

1 (3) Cut Plasmid with Enzyme @ Bacteria are placed on

an antibiotic plate

@ Cut Cell's DNA with same l
Enzyme
r\ Bacterial Colony
with DNA ligase
e el s s ol iy Recombinant
Plasmid
Antibiotic

Restetancs Cotie Bacteria without a plasmid die;

RE Digest Colony PCR Sequencing Each bacterium with a recombinant
plasmid makes a colony.

Linear vector overlapping ends (PCR-amplified) colony is grown

(3) 1eolation of Plasmid \ y / — mo Iarge culture
Gibzon Azsambly \ / . i k&
O (@) 1sctate ONA 1

Single-tube reaction
* Gibson Assembly Master Mix:
— Exonucleass chews back
5" ends to creats single-
stranded 3" overhangs
— DNA polymerass fills
in gape within each Incubats at 50°C
annealed fragment for 15-80 minutes
— DNA ligase seale nicks
in the assembled DNA

Tranzsformation

DNA Analysis




DNA Cloning Protocol
L ——

® Often to insert foreign DNA in a

® This can be done by making two cleavages with two different restriction

enzymes.
® Construct foreign DNA with same two restriction enzymes.

® Foreign DNA can only be inserted in one direction.

®* To avoid high background of non-recombinants, alkaline phosphatase is used

to remove 5 phosphate groups from the cut vector to prevent self—ligation.




ldentification of Positive Clones
T~

®* One of the first steps is to identify clones carrying the recombinant plasmid,
with the desired DNA insert.

® This can be done by 'picking' clones - choosing individual bacterial colonies to

isolate the plasmid DNA from each of them.

° Single bacterial colonies are grown in culture broth containing the selection

antibiotic to maintain the plasmid.

®* The plasmid DNA is extracted by the standard

and then analysed by restriction digest.




ldentification of Positive Clones

BspHl BspHl BspHl BspHI

Xhol EcoRl ,\.{I.ml

* After digesting the DNA, A

by agarose gel

electrophoresis and the sizes determined by 43148
comparison with known DNA molecular 19 kb
lé :h
weight marker. .

®* Gel extraction can then be performed to
remove the DNA from the gel, this will purify
the DNA from any buffer components.




ldentification of Positive Clones
~—

|Ladder| |Uncuti Cut
- |insert

Samples are loaded

P
near the negatively
U charged cathode

Larger DMNA
migrates slowly

Megatively charged
DMNA moves toward
the positively
charged anode

Shorter DNA
migrates faster
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ldentification of Positive Clones




Recombinant DNA
L ——

* R.E. are a useful tool for analysing Recombinant DNA by:

= (Chec (ing the size of the insert

= (Chec <ing the orientation of the insert

®* Sometimes it is important to determine In

relation to the vector sequence.

—> by using R.E that cut the vector sequence near to the insert and cut within

the insert sequence (asymmetrically).




PCR Cloning Considerations
L ——

* Nature of the Insert: Not all PCR fragments will clone with the same efficiency

into the same vector.

® Insert Size: The size of the fragment being cloned is a primary contributor to
the overall cloning efficiency. Large fragments of DNA (> 5 kb) are amenable

to cIoning in high-copy number vectors, yetat a much lower efficiency.

®* Vector-to-Insert Ratio: Optimisation of molar concentration ratios of the

vector to insert is critical to ensure efficient cIoning.

—> In most cases, when the vector's size is Iarger than the insert's size, a ratio 3:1

insert to vector should be suitable.




Analysis of Cloned DNA
T ——

—

1. Restriction mapping — determining the order of restriction sites in a cloned fragment.

— T — I

2. Gel electrophoresis — separates DNA fragments by molecular weight.

e g —

—

3. Southern Blc;analysis —> DNA is transferred ("blotted") to filter paper. Filter is

exposed to a DNA probe, binds specifically to target DNA immobilized on filter.

4. DNA sequencing — provides complete order of bases in a DNA fragment.




Exercise 2:

Performing Virtual DNA Cloning




* Human Growth Hormone (hGH), encoded by the GH1 gene, is essential for growth, metabolism,
and tissue regeneration. Recombinant hGH is widely used in treating growth disorders and metabolic

conditions.

® In this assignment,you are going to
using SnapGene. This process mimics real-world genetic engineering techniques used in

biopharmaceutical production.

Instructions

1. Obtain the human GH1 gene coding sequence

- Download from PBD (Accession: THGU).

2. Download the pET22b Vector

- Download the pET22b(+) plasmid map from Addgene.

= This vector containsa T7 promoter for high-level expression in £. coli and an Ampicillin

resistance gene.



3. Select Restriction Enzymes

Identify suitable restriction sites on both the GH1 gene and pET22b.

Suggested enzymes: EcoRl and Xhol.

4. Perform Virtual Cloning in SnapGene

Digest both the GH1 gene and pET22b with the selected restriction enzymes.
Ligate the GH1 gene into the vector using SnapGene’s ligation tool.

Verify correct orientation using SnapGene's sequence analysis feature.

5. Simulate Gel Electrophoresis

Run avirtual agarose gel to confirm correct insert size and successful cloning.

Compare fragment sizes before and after cloning.




6. Submit aReport (Include the Following)

Final plasmid map (screenshot from SnapGene).
List of restriction enzymes used and justification.
Virtual gel electrophoresis image with an explanation.

A brief explanation of the cloning process and how you verified success.

Beot of Luck!




alalabbad@ksu.edu.sa
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