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OverviewOverviewOverviewOverview     / / / /نظرة عامة نظرة عامة نظرة عامة نظرة عامة         

In this course some fundamental 
techniques for working with DNA are 
trained. The duration of this course is 5 
days. 
Molecular biological and genitival 
experimental strategies are used today for 
many tasks in agriculture, pharmaceutical 
and medical sciences. For this the goal of 
this course block is to teach basic 
techniques in this field. 
The techniques learned in this course block 

will be used, insha Allah, to clone a human 

SRY gene, starting with the isolation of the 

DNA, with PCR and then compiling a 

plasmid vector. In one of the next courses, 

this vector shall be used to transform a 

plant. 

Learning goals: 

$Gene isolation 

$PCR 

$Methods to produce and analyse 

recombinant DNA (Electrophoresis, 

Plasmid technology, Restriction enzymes) 

� ���&��� [����) �,�%��� �J�  �����Q� C���O��� ��� 

I�0��� �(_� � �(��� . K��&�� �J� K&,5@���  .  
 �����H� ��D0�0�#�� � ����H� ������� C�������� @0��� @&R�G2

��#;�� @0����� ��&�9��� ��)����� C.�� � @�>B� z, &�&��� .

2 0� �,�%��� �J� �&� "�: ��J� �����Q� C���O��� ���&

/��� �J� �.  

���&��� �J� � �(��� [��� , �� ��] "� , �H� ��G���� �
"�G%�� I�1J�� ,I�0��� �(_� /�) z, ���&� , �;��0�

&�,-.#�� �!�% �(� � z, � �G�G�B� K�(�#�� �)�
2 . &�� �
C�#��� ��0+ � �!���� @&R�G��� ��#OB� C���&�� .  

[������ ��&��:  
$C���H� /�).  
$�G�G�B� K��(�#�� �)�
2.  
$ x�2yB� I�0��� �(_� ���+ � ���%E  �¡) �9
��

 @.>�� <=���>?�� , �!���� ���O2 ,��;�!E� C�¢�%�( 
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Time Table     / / / /        جدول الأوقاتجدول الأوقاتجدول الأوقاتجدول الأوقات    

 8 – 12 Theoretical background of the training course and methods, Discussion of the 

workflow of the training course / �(��� �#! ��£!��,� ���&��� ���\% ����A 
Mon 

13 – 18 Preparation of plates for bacteria (LB plates with ampicillin/IPTG/X-Gal, SOC medium) 

/ ��*�?#�� z, ¤=�
	 * +   

 8 – 12 DNA isolation, primer design for PCR /  �%&�� /�) ,�G�G�B� K�(�#�� �)�
�� ��£B� [�(92  Tue 

13 – 18 PCR to isolate SRY gene / I�1J�� �H� /��� �G�G�B� K�(�#�� �)�
2 
 8 – 12 Agarose gel to check the PCR and isolate the PCR product /  ���, z, ¥O���� -���hQ� @.�

B� K�(�#�� �)�
2�G�G�  

Wed 

13 – 18 Ligation of SRY gene in pGEM-T, Transformation in E.coli and plating (overnight 

growth) / &�,-.#��� �H� '�� ���() ,����� /.F �)�-� ��*�?#�� ¦� ��O%�  

 8 – 12 Screening of E.coli colonies, inoculation of minipreps (overnight growth) /  C�)0({ §�)
/� ¤�O�2� ��*�?#��miniprep 

Thu 

13 – 18 Sight seeing tour (history and antique culture area in Byblos) /  
 8 – 12 Miniprep of the plasmid DNA (Isolation of recombinant plasmid from E.coli cells) /  /�) 

,-.#���*�?#�� ��.F z, x�2yB� &��.  

Fri 

14 – 19 Restriction digest and Agarose Gel, Discussion /  I-���hE� @.P� � ��;�!E� [ � ,�£!��,  

 

Required Lab Devices     / / / /  آلات المختبر المطلوبة    آلات المختبر المطلوبة    آلات المختبر المطلوبة    آلات المختبر المطلوبة      

Common / T���. 

Refrigator and freezer for the following temperatures:/ �
��¨ C���� ��) �D.©� A��� 
4°C 
-20°C 
-70°C (storage of pGEM-T Easy Kit) 

PCR and gel purification of PCR product / U����� V>W� ����" �4�4�3� 5#��	�� �.�(� 
Incubator / ��ª�� 
Thermocycler/ �G�G�B� K�(�#�� �)�
2 
Electrophoresis device /  @.>�� <=���>?�� �9
�� ��« 
Precision weight / ¥�!A "���, 
Ligation and plasmid isolation from E.coli / �0O�� <?��]E� z, &�,-.#�� /�)� '�� ���()0��%  

Microcentrifuge capable of 14,000 × g / KJ��% 
Vortex apperature / �,��A 
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List of suppliers in Lebanon and kits/materials        ////       قائمة الموردين في لبنان من  قائمة الموردين في لبنان من  قائمة الموردين في لبنان من  قائمة الموردين في لبنان من

    مجموعات و مواد  مجموعات و مواد  مجموعات و مواد  مجموعات و مواد  

SigmaSigmaSigmaSigma, , , , http://www.sigmaaldrich.com    
Contact in Lebanon 

Ibra Hadad, Beirut, Lebanon, Phone: 961 1 614233, Fax: 961 1 616020, E-mail: ibra@ibrahadad.com 
Adress: schari’ al-Arid, Sodiqo, Bank as-Sina’a wal amal, Galerie Haddad, 6th etage 

QiagenQiagenQiagenQiagen    
Contact in Lebanon 

Contact: QIAGEN in Lebanon, Order: +961-1-39 66 77, NUMELAB s.a.r.l. – Lebanon, Mrs. Myriam Daou 
Address: Le 457 New Naccache, P.O.Box 70-410, Antelias- LEBANON, Telephone: +961-1-39 66 77, Fax. +961-
1-39 66 88 
Email: numelab@numelab.com , Website: www.numelab.com 
List of kits/materials from Qiagen 

Name Details Cat. No. List Price (for Lebanon) 

QIAquick Gel Extraction 

Kit (50) 
50 QIAquick Spin Columns, Buffers, 
Collection Tubes (2 ml) 

28704 More than 100 EUR 

QIAprep Spin Miniprep 

Kit (50) 
For 50 high-purity plasmid minipreps: 50 
QIAprep Spin Columns, Reagents, Buffers, 
Collection Tubes (2 ml) 

27104 More than 100 EUR 

 

Aternatively there can be used similar kits for example from Peqlab. 

PromegaPromegaPromegaPromega    
Contact in Lebanon 
Promega distributor in Lebanon: 
DPC leb Horsh Tabet – Sin El-Fil – Gedco center – 6th floor - Beirut – Lebanon. TeleFax: 01 – 502812/ 

01 – 511545. Mobile:  03 – 839285. Website: www.dpcleb.com 
 

List of kits/materials from Promega 

Ligation kit: 

pGEM®-T Easy Vector System II   A1380 20 reactions 

 
Plasmid extraction from E.coli: 

Wizard® Plus SV Minipreps DNA Purification System   A1330 50 preps 
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1111 Introduction to Theory and Methods /Introduction to Theory and Methods /Introduction to Theory and Methods /Introduction to Theory and Methods /مدخل الى النظرية و الطرق مدخل الى النظرية و الطرق مدخل الى النظرية و الطرق مدخل الى النظرية و الطرق     

1111....1111 Molecular cloningMolecular cloningMolecular cloningMolecular cloning    / / / / الاستنساخ الجزيئيالاستنساخ الجزيئيالاستنساخ الجزيئيالاستنساخ الجزيئي    

 
Molecular cloning refers to the 
procedure of isolating a defined DNA 
sequence and obtaining multiple 
copies of it in vivo. Cloning is 
frequently employed to amplify DNA 
fragments containing genes, but it can 
be used to amplify any DNA sequence 
such as promoters, non-coding 
sequences, chemically synthesised 
oligonucleotides and randomly 
fragmented DNA. Cloning is utilized 
in a wide array of biological 
experiments and technological 
applications such as large scale protein 
production. 
In the classical restriction and ligation 
cloning protocols, cloning of any DNA 
fragment essentially involves the 
following steps:  

1. Isolation of the genetic material 

(DNA or cDNA) from the donor 

organism 

2. DNA fragmentation with 

restriction endonucleases or 

specific amplification of DNA parts 

with PCR 

3. ligation of DNA fragments to a 

plasmid (vector) 

4. transformation 

(transfection (Putting vector into a cell, 
which is therefor transformed), …) 
screening/selection  
Although these steps are invariable among 
cloning procedures a number of alternative 
routes can be selected at various points 
depending on the particular application; 
these are summarized as a ‘cloning 
strategy’. 
Isolation of insert (1. and 2.) 

Initially, the DNA fragment to be 
cloned needs to be isolated. 
Preparation of DNA fragments for 

 �%&�� �G�G2 /�) C����D� ¦� <���H� ��G����� *£�
��RB� � ��, ¬G% K&) ��) /09_�� ����B�. �*b1 � " �,

 �� C���D ��) ��0�®� �%&�� ;! �
)� B ��G����� @&R�G�
 �,�1 �%&�� z, ��G�� I� �
)� B)promoter ( ��G�G1 ��

 �,� "�A)non coding sequences.(��(�1 [����= " * +
 C�&�20��10���� C.��!)oligonucleotides  (  �%&�� ;! �

 <=�0£) �?£�. ������� � ��� �?£� ��G����� @&R�G�
 *#1 �2��� ���%� �b, ��D0�0�?��� C�O�#;��� � ��D0�0�#��
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5_§�)/����F�.  
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 ��G�����, �>�)�;���� ���&#��  �;�� z, A&) ³��� &D0�
O% ����F���A�(�)� �
��¨ ´ " uR��2 �µ ����, C�O�#;2 ��)

³> ��G���� ����2�����<.  

 _�� �%&�� ��;! /�) K&=��)1�2.(  
 "0?2 "� �D�¸ �>F�G���� &��% ¹�� �%&�� ��;!º ���&#�� �

 �����,. z, &�&) � [�� "� z?¢ ��G���.� �%&�� ;! * +
 �
��RB�  �;�� .�#��h �%&�� ;! ��>� " �, ¥��¡ z) [�� �,

� ����>>*(��0#�� �)�
2�-  �G�G�B�)PCR(<< z?�� º



I. Basic techniques for working with DNA / I�0��� �(_� � �(��� �����Q� C�O�#;��� 
 

12 

cloning can be accomplished in a 
number of alternative ways. Insert 
preparation is frequently achieved by 
means of polymerase chain reaction, 
but it may also be accomplished by 
restriction enzyme digestion, DNA 
sonication and fractionation by agarose 
gel electrophoresis. Chemically 
synthesized oligonucleotides can also 
be used if the target sequence size does 
not exceed the limit of chemical 
synthesis. Isolation of insert can be 
done by using shotgun cloning, c-DNA 
clones, gene machines (artificial 
chemical synthesis). 

 

Ligation (3.) 

� �� z?¢ "�0� [�� "�  0
�� ��« �� �;O��� °�%»� [ P� �;�
 ��209��)ultra sond (º�%&��  �9
�� ��« �;��0� [>�=���

 I-���h�� @.>�� <=���>?��)Agrose gel electrophoresis.(  
 /� ��>� z?¢olginucleotide��=��(�1  "� �� ���(����� " ¼��! "�1 �½�

!�� &_� -����2 � ��&��% ¹�� ��G�G��<=��(�?�� ��1���� z, �9 . /�)
 ��G����� @�&R���� [�� "� z?¢ �RG��GB� �%&�� ;!���1��< ��º 

 ��G�����cDNA  �H� C�« �� )�¾9, <=��(�1 ��1�2.(  

 
  

 @6#�� ���.)3( 

figure 1.1 .see plate 1 for color 

version.  ��0��1.1 . �[(9�� #E'L1�'��� �\4�� ./  
 

Transformation (4.)   
Following ligation, the ligation product 
(plasmid) is transformed into bacteria for 
propagation. The bacteria is then plated 
on selective agar to select for bacteria that 
has your plasmid of interest. Individual 
colonies are picked and tested for the 
wanted insert. Maxiprep can be done to 
obtain large quantity of the plasmid 
containing your inserted gene. 
Transfection (Putting vector into a cell, 
which is therefor transformed) 
Following ligation, a portion of the 
ligation reaction, including vector with 
insert in the desired orientation is 
transfected into cells. A number of 
alternative techniques are available, such 
as chemical sensitization of cells, 
electroporation and biolistics. Chemical 
sensitization of cells is frequently 
employed since this does not require 
specialized equipment and provides 
relatively high transformation 

���[��� ���. 

º¦�Q� '���� ���() �©�?��� ��*�?#�� ¦� ���B� '�� ��0+ [�� .
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��  ;O�

��0�;B� �RG��GB� �%&��. /�Maxiprep @&R�G2 "� z?¢
 C���D ��) I0�®� &�Á.#�� z, K*#1 ��(1 ��) /09���
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_ �O��� ���())� ª� ���0+ [�� a�� º ����� �F�A &�Á.#�
(  
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�99R�, C�&�,��#G% �:0��  "����) ��0+ K��
1.  ��Ob���



I. Basic techniques for working with DNA / I�0��� �(_� � �(��� �����Q� C�O�#;��� 
 

13 

efficiencies. Electroporation is used when 
extremely high transformation 
efficiencies are required, as in very 
inefficient cloning strategies. Biolistics are 
mainly utilized in plant cell 
transformations, where the cell wall is a 
major obstacle in DNA uptake by cells. 
The bareial transformation is generally 
observe by blue white screning. 
Selection (5.) 

Finally, the transfected cells are cultured. 
As the aforementioned procedures are of 
particularly low efficiency, there is a need 
to identify the cells that contain the 
desired insert at the appropriate 
orientation and isolate these from those 
not successfully transformed. Modern 
cloning vectors include selectable 
markers (most frequently antibiotic 
resistance markers) that allow only cells 
in which the vector, but not necessarily 
the insert, has been transfected to grow. 
Additionally, the cloning vectors may 
contain colour selection markers which 
provide blue/white screening (via α-
factor complementation) on X-gal 
medium. Nevertheless, these selection 
steps do not absolutely guarantee that the 
DNA insert is present in the cells. Further 
investigation of the resulting colonies is 
required to confirm that cloning was 
successful. This may be accomplished by 
means of PCR, restriction fragment 
analysis and/or DNA sequencing. 

 ����) ��0+ K��
1 ¦� �,�� ��;�� �,&�) �(��G� <=���>?��
 ����: *h ��G���� C����2����� � /�_� 0� �(1 �µ ������

. /�biolistics �?£� @&R�G2  ��2�#��� ��.�� �O% � <G�=�
 z, �%&�� Â�9�,� � ��G�=� �#O) �?£� ����� ��&D a��

��.�� �#!.  �, KA�)�+ �%0��� /.F z, �O��� ���() Ã�� A&
 �-�� � �����.  
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Figure 1.2: Transformation and 

selection see plate 2 for color 

version  

 5
�_1.2 :���[��� ���.
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1111....2222 DNADNADNADNA    ////الحمض النووي الريبي الحمض النووي الريبي الحمض النووي الريبي الحمض النووي الريبي     

Deoxyribonucleic acid 
(DNA) is a nucleic 
acid that contains the 
genetic instructions 
used in the 
development and 
functioning of all 
known living 
organisms and some 
viruses. The main 
role of DNA 
molecules is the long-
term storage of 
information. DNA is 
often compared to a 
set of blueprints or a 
recipe, since it 
contains the 
instructions needed 
to construct other 
components of cells, 
such as proteins and 
RNA molecules.  
The DNA segments 
that carry this genetic 
information are 
called genes, but 
other DNA sequen-
ces have structural 
purposes, or are 
involved in 
regulating the use of 
this genetic informa-
tion. 

figure 1.3. see pate 3 for  color version      

��0��1.3 #E'L  �[(9��3�'��� �\4�� ./.  
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 0� ��©��0�� C�,0��(�� �DQ�
 �%&�� C����H �����Q� �
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 ��%��� C����D  . ;! <(G2�

 ��©��� C�,0��, �(+ ¹�� �%&��
 C���2��� �>���2 z?¢C���H�� 

Genes "� �(1 C�©�0B� �� 
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 ��(�\�2�. 
  

Chemically, DNA consists of two 
long polymers of simple units 
called nucleotides, with backbones 
made of sugars and phosphate 
groups joined by ester bonds. 
These two strands run in opposite 
directions to each other and are 
therefore anti-parallel. Attached to 
each sugar is one of four types of 
molecules called bases. It is the 
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sequence of these four bases along 
the backbone that encodes 
information. This information is 
read using the genetic code, which 
specifies the sequence of the 
amino acids within proteins. The 
code is read by copying stretches 
of DNA into the related nucleic 
acid RNA, in a process called 
transcription. 
Within cells, DNA is organized 
into structures called chromosomes. 
These chromosomes are 
duplicated before cells divide, in a 
process called DNA replication. 
Eukaryotic organisms (animals, 
plants, fungi, and protists) store 
their DNA inside the cell nucleus, 
while in prokaryotes (bacteria and 
archae) it is found in the cell's 
cytoplasm. Within the 
chromosomes, chromatin proteins 
such as histones compact and 
organize DNA. These compact 
structures guide the interactions 
between DNA and other proteins, 
helping control which parts of the 
DNA are transcribed 

 "0��?�� K�J� C�
�0
��5Ì ¥��¡ z)�P #�2 ¹�� K&�20��10���� �?G� 
"0��?�� K�J�� ��Í�G2 �;���3Ì ¥��¡ z) ������� K&�20��10���� �?G� 
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�0
�� "0��?1Ì �?G�� Î�D <�)

 ���OB� .����D������� &)�0O�� ���2 <;��� �)� �?� �?�� /0¡ 
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�2���� A01 <�) I0�®� �%&�� Î�H ���O, ���(�� <(G2 ���() � 

 ¬G���transcription. ����O, ����,� §�Ð� ^� A�01Q� ���2 [��� 
������ ���() /.F translation���OB� �2���� <;��� . ����

 �%��� C����D ��� "� ½� �2��� ^� C��
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1111....2222....1111 Comparison of different genome sizes/Comparison of different genome sizes/Comparison of different genome sizes/Comparison of different genome sizes/ الجينومالجينومالجينومالجينومواع احجام واع احجام واع احجام واع احجام مقارنة بين مختلف انمقارنة بين مختلف انمقارنة بين مختلف انمقارنة بين مختلف ان     

 

Organism Genome size (base pairs) Note 

Virus, Phage λ 50,000  

Bacterium, Escherichia coli 4,000,000  

Plant, Arabidopsis thaliana 157,000,000 
First plant genome sequenced, Dec 
2000. 
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Yeast,Saccharomyces cerevisiae 20,000,000  

Nematode, Caenorhabditis elegans 98,000,000 
First multicellular animal genome, 
December 1998[11] 

Insect, Drosophila melanogaster 
aka Fruit Fly 

130,000,000  

Fish, Tetraodon nigroviridis, type 
of Puffer fish 

385,000,000 Smallest vertebrate genome known 

Human 3,200,000,000  

 
Note: The DNA from a single human cell has a 
length of ~1.8 m (but at a width of ~2.4 
nanometers). 

 ^�0� K&��0�� "�G%E� ���F � �%&�� /0¡ Ó�#�1.8 

 ��,) ^�0� �>ª�) z?��2.4��,0%�%  .(  

1111....3333 PCR (Polymerase chain reaction) /PCR (Polymerase chain reaction) /PCR (Polymerase chain reaction) /PCR (Polymerase chain reaction) /تفاعل البوليميراز المتسلسلتفاعل البوليميراز المتسلسلتفاعل البوليميراز المتسلسلتفاعل البوليميراز المتسلسل    

The polymerase chain reaction (PCR) 
is a technique widely used in 
molecular biology. It derives its name 
from one of its key components, a 
DNA polymerase used to amplify a 
piece of DNA by in vitro enzymatic 
replication. As PCR progresses, the 
DNA thus generated is itself used as a 
template for replication. This sets in 
motion a chain reaction in which the 
DNA template is exponentially 
amplified. With PCR it is possible to 
amplify a single or few copies of a 
piece of DNA across several orders of 
magnitude, generating millions or 
more copies of the DNA piece. PCR 
can be extensively modified to 
perform a wide array of genetic 
manipulations. 
PCR is very versatile. Many types of 
samples can be analyzed for nucleic 
acids. Most PCR uses DNA as a 
target, rather than RNA, because of 
the stability of the DNA molecule and 
the ease with which DNA can be 
isolated. Almost all PCR applications 
employ a heat-stable DNA 

�4�4�3� 5#��	�� �.�(�) ������E�� :Polymerase chain 

reaction ( ��9�F� �PCR . ¼��Q�� �&v ��0�� ���() <�
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polymerase, such as Taq polymerase, 
an enzyme originally isolated from 
the bacterium Thermus aquaticus. 
This DNA polymerase enzymatically 
assembles a new DNA strand from 
DNA building blocks, the nucleotides, 
using single-stranded DNA as 
template and DNA oligonucleotides 
(also called DNA primers) required 
for initiation of DNA synthesis. The 
vast majority of PCR methods use 
thermal cycling, i.e., alternately 
heating and cooling the PCR sample 
to a defined series of temperature 
steps. These thermal cycling steps are 
necessary to physically separate the 
strands (at high temperatures) in a 
DNA double helix (DNA melting) 
used as template during DNA 
synthesis (at lower temperatures) by 
the DNA polymerase to selectively 
amplify the target DNA. The 
selectivity of PCR results from the use 
of primers that are complementary to 
the DNA region targeted for 
amplification under specific thermal 
cycling conditions. 
Developed in 1983 by Kary Mullis, 
PCR is now a common and often 
indispensable technique used in 
medical and biological research labs 
for a variety of applications. These 
include DNA cloning for sequencing, 
DNA-based phylogeny, or functional 
analysis of genes; the diagnosis of 
hereditary diseases; the identification 
of genetic fingerprints (used in 
forensic sciences and paternity 
testing); and the detection and 
diagnosis of infectious diseases. In 
1993 Mullis won the Nobel Prize in 
Chemistry for his work on PCR. 
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Figure 1.4: A strip of eight PCR tubes, each 

containing a 100μl reaction 
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PCR is used to amplify specific regions of a 
DNA strand (the DNA target). This can be a 
single gene, a part of a gene, or a non-
coding sequence. Most PCR methods 
typically amplify DNA fragments of up to 
10 kilo base pairs (kb), although some 
techniques allow for amplification of 
fragments up to 40 kb in size 
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Figure 1.5: A primitive three-temperature thermal cycler for PCR. 

Modern thermocycler are closed and programmable / ��0�� 1.5 :
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A basic PCR set up requires several 
components and reagents. These 
components include: 
DNA template that contains the DNA 
region (target) to be amplified.  
Two primers, which are complementary 
to the DNA regions at the 5' (five prime) 
or 3' (three prime) ends of the DNA 
region.  
A DNA polymerase such as Taq 
polymerase or another DNA polymerase 
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with a temperature optimum at around 
70°C.  
Deoxynucleoside triphosphates (dNTPs; 
also very commonly and erroneously 
called deoxynucleotide triphosphates), 
the building blocks from which the DNA 
polymerases synthesizes a new DNA 
strand.  
Buffer solution, providing a suitable 
chemical environment for optimum 
activity and stability of the DNA 
polymerase.  
Divalent cations, magnesium or 
manganese ions; generally Mg2+ is used, 
but Mn2+ can be utilized for PCR-
mediated DNA mutagenesis, as higher 
Mn2+ concentration increases the error 
rate during DNA synthesis. 
Monovalent cation potassium ions.  
The PCR is commonly carried out in a 
reaction volume of 10-200 μl in small 
reaction tubes (0.2-0.5 ml volumes) in a 
thermal cycler. The thermal cycler heats 
and cools the reaction tubes to achieve the 
temperatures required at each step of the 
reaction (see below). Many modern 
thermal cyclers make use of the Peltier 
effect which permits both heating and 
cooling of the block holding the PCR 
tubes simply by reversing the electric 
current. Thin-walled reaction tubes 
permit favorable thermal conductivity to 
allow for rapid thermal equilibration. 
Most thermal cyclers have heated lids to 
prevent condensation at the top of the 
reaction tube. Older thermocyclers 
lacking a heated lid require a layer of oil 
on top of the reaction mixture or a ball of 
wax inside the tube. 
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Figure 1.6: Schematic 
drawing of the PCR 
cycle. (1) Denaturing 

at 94-96°C. (2) 

Annealing at ~65°C (3) 

Elongation at 72°C. 
Four cycles are shown 
here. The blue lines 
represent the DNA 
template to which 
primers (red arrows) 
anneal that are 
extended by the DNA 
polymerase (light 
green circles), to give 
shorter DNA products 
(green lines), which 
themselves are used as 
templates as PCR 
progresses. The PCR 
usually consists of a 
series of 20 to 40 
repeated temperature 
changes called cycles; 
each cycle typically 
consists of 2-3 discrete 
temperature steps. 
Most commonly PCR is 
carried out with cycles 
that have three 
temperature steps. see plate 4 for color version  �� #E'L �[(94 
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The cycling is often preceded by a single 
temperature step (called hold) at a high 
temperature (>90°C), and followed by one 
hold at the end for final product extension 
or brief storage. The temperatures used 
and the length of time they are applied in 
each cycle depend on a variety of 
parameters. These include the enzyme 
used for DNA synthesis, the concentration 
of divalent ions and dNTPs in the reaction, 
and the melting temperature (Tm) of the 
primers.  
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Initialization step: This step consists of 
heating the reaction to a temperature of 
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94-96°C (or 98°C if extremely thermostable 
polymerases are used), which is held for 1-
9 minutes. It is only required for DNA 
polymerases that require heat activation 
by hot-start PCR. 
Denaturation step: This step is the first 
regular cycling event and consists of 
heating the reaction to 94-98°C for 20-30 
seconds. It causes melting of DNA 
template and primers by disrupting the 
hydrogen bonds between complementary 
bases of the DNA strands, yielding single 
strands of DNA.  
Annealing step: The reaction temperature 
is lowered to 50-65°C for 20-40 seconds 
allowing annealing of the primers to the 
single-stranded DNA template. Typically 
the annealing temperature is about 3-5 
degrees Celsius below the Tm of the 
primers used. Stable DNA-DNA hydrogen 
bonds are only formed when the primer 
sequence very closely matches the 
template sequence. The polymerase binds 
to the primer-template hybrid and begins 
DNA synthesis.  
Extension/elongation step: The 
temperature at this step depends on the 
DNA polymerase used; Taq polymerase 
has its optimum activity temperature at 
75-80°C  and commonly a temperature of 
72°C is used with this enzyme. At this step 
the DNA polymerase synthesizes a new 
DNA strand complementary to the DNA 
template strand by adding dNTPs that are 
complementary to the template in 5' to 3' 
direction, condensing the 5'-phosphate 
group of the dNTPs with the 3'-hydroxyl 
group at the end of the nascent (extending) 
DNA strand. The extension time depends 
both on the DNA polymerase used and on 
the length of the DNA fragment to be 
amplified. As a rule-of-thumb, at its 
optimum temperature, the DNA 
polymerase will polymerize a thousand 
bases per minute. Under optimum 
conditions, i.e., if there are no limitations 
due to limiting substrates or reagents, at 
each extension step, the amount of DNA 
target is doubled, leading to exponential 

94$96@ ˚)  ��98@ ˚I���_� -��(��0#�� @�&R��� Ï �½�  (

 K&B1$9 ¥=�!A  . IJ�� �%&�� -��(��0� ��;�2 ����B� �J�
�G�G�B� -��(��0#�� �)�
2 �;��0� I���� '�£�2 ¦� �D�¸.  

�%&�� ���#¡ *��2 ����, : ����B� <� ��) Ø&+ ¹�� ¦�Q�
 ��) �)�
��� �RG2 ��) I0�+ � �(\��, ������ C�D�A

94$98@ ˚ K&B 20$30 ��%�©  . ���! "���½ � �#G2 �
 ��£B�� �%&��)�%&�� ÎA�0� ( �� ����D��&�P� '������ ��;���

 ��) /09_�� �P�9
%� ��) IAy� �Ù ����O�B� �%&�� C�.�
IA�: �%A �G�G2. 

��, �%&�� ���! ��) ��£B� ¥���2 �� : �)�
��� K���� �
R�2

 ��)50$65@ ˚ K&B 20$40 ¥����� ¤(G2 �Ù ��%�© 
 C�)�£B�)�%&�� ÎA�0� (IA�
�� �%&�� ���! ��) . "0?2 KA�)

 ��>9%� K���� �D�A z, àA� ���(��� �J� K���� �D�A

 � ��(��GB� C�)�£B�3$5 K&] "0?2 � ��0�, C�D�A 
O��� �(_� z, �����O�, ���G�� �� �D��&�P� '���� ���

�½� I�0���"� �%&�� ���! � ��£B� ��G�� �� @�2 ���O2 ³���  .
 ��9�� ��&#� � ���O�� � ��£B� �%�D ¦� -��(��0#�� ¥9��� �

�%&��.  
��0;2 ����,/�%&�� &�&Å : &(��2 ����B� �J� � K���_� �D�A

-��(��0� ��)0% ��) �(��GB� �%&��  : -��(��0� ³�2 �b,

) ��=�B� K���GB� -��(��0� ( ��) �(��72 $80@ ˚ ��) �� �� �

72@ ˚ � �%A ��G�� ��92 ��) @0O� � °�%Q� , "�1 �½
 KA���� �0�;B� �%&�� ���! , �O��;�, � K&�&DdNTPs  

 ���� � ���O�� , �O��;�B�5'¦� 3'. �0({ x�b?2 [��

�
�0: C5' z,dNTPs  ��G1��&�P� �)0({ , 3' ���Ý � 
�%&�� ��G�� &�&Å . z, �1 ��) &(��� &�&(��� �J� ²!�

�>�
)� , A��B� �%&�� ��;! /0¡ � �(��GB� �%&�� -��(��0� .
 �,�) K&)�O1 ,��bB� �����_� �D�&�� � , -��(��0� �)�;����

�&�20��10�% K&�� x�� ^�0� ¥9�� "� �%&�� �O�!&�� � �
K&��0�� . &+ A0�! ³��� z?� á "� I� ���\�� �J� �Ç �



I. Basic techniques for working with DNA / I�0��� �(_� � �(��� �����Q� C�O�#;��� 
 

23 

(geometric) amplification of the specific 
DNA fragment.  
Final elongation: This single step is 
occasionally performed at a temperature of 
70-74°C for 5-15 minutes after the last PCR 
cycle to ensure that any remaining single-
stranded DNA is fully extended.  
Final hold: This step at 4-15°C for an 
indefinite time may be employed for short-
term storage of the reaction.  
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Figure 1.7: Ethidium bromide-
stained PCR products after gel 
electrophoresis. Two sets of 
primers were used to amplify a 
target sequence from three 
different tissue samples. No 
amplification is present in sample 
#1; DNA bands in sample #2 and 
#3 indicate successful 
amplification of the target 
sequence. The gel also shows a 
positive control, and a DNA 
ladder containing DNA fragments 
of defined length for sizing the 
bands in the experimental PCRs. 
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To check whether the PCR generated 
the anticipated DNA fragment (also 
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sometimes referred to as the amplimer 
or amplicon), agarose gel 
electrophoresis is employed for size 
separation of the PCR products. The 
size(s) of PCR products is determined 
by comparison with a DNA ladder (a 
molecular weight marker), which 
contains DNA fragments of known size, 
run on the gel alongside the PCR 
products (see Fig.1.7). 
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The PCR process can be divided into 
three stages: 
Exponential amplification: At every 
cycle, the amount of product is 
doubled (assuming 100% reaction 
efficiency). The reaction is very 
specific and precise. 
Levelling off stage: The reaction slows 
as the DNA polymerase loses activity 
and as consumption of reagents such 
as dNTPs and primers causes them to 
become limiting. 
Plateau: No more product 
accumulates due to exhaustion of 
reagents and enzyme. 

 ¦� �G�G�B� K�(�#�� �)�
2 ���() [�GO2 z?¢3����, :  
 <�Q� �
)� ,) exponential amplification  :( ��(1 x)� �2

 K��A �1 � ����B� �%&��) ^�0�%100 ( � A&Û �)�
2 z(ª
¥�!A. 

 ���OB� ��0��E� ����,)leveling off stage  :( �)�
��� ���() »;#�2
��(��0#�� �G¿ �,&�) �b, x]�0?�� �1.>��� �#G� �¡�£% �%&�� -

dNTPs  C�)�£B� � . 

ÉG��� ���O��E� ���� : A�
% �#G� ���B� [1��2 z, &��, �
C�¢�%Q� � x]�0?��.  
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In practice, PCR can fail for various 
reasons, in part due to its sensitivity to 
contamination causing amplification of 
spurious DNA products. Because of this, a 
number of techniques and procedures have 
been developed for optimizing PCR 
conditions. Contamination with extraneous 
DNA is addressed with lab protocols and 
procedures that separate pre-PCR mixtures 
from potential DNA contaminants. This 
usually involves spatial separation of PCR-
setup areas from areas for analysis or 
purification of PCR products, and 
thoroughly cleaning the work surface 
between reaction setups. Primer-design 
techniques are important in improving PCR 
product yield and in avoiding the 
formation of spurious products, and the 
usage of alternate buffer components or 

����(B� � , K&�� �£
� "� �G�G�B� K�(�#�� �)�
�� z?¢
 ��#�� , �%&�� �
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2 �#.  
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polymerase enzymes can help with 
amplification of long or otherwise 
problematic regions of DNA. 

 Ø0���� �b, �1�£,.  
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For PCR there must be designed two 
oligonucleotides (primers). Please 
refer to the practical part (chapter 2) 
to see at the example (SRY gene), 
how to do this. 

�G�G�B� K�(�#�� �)�
�� �%&�� ÎA�0� z, "��©� [�(92 �ã . z,
 <�(��� ��H� D�� �� :)Ü�b�� �9
�� ( �bB� Ò��� ) ��SRY (

 ,��J� @��O�� ��
�1�.  
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PCR allows isolation of DNA fragments 
from genomic DNA by selective 
amplification of a specific region of DNA. 
This use of PCR augments many 
methods, such as generating hybridization 

probes for Southern or northern 
hybridization and DNA cloning, which 
require larger amounts of DNA, 
representing a specific DNA region. PCR 
supplies these techniques with high 
amounts of pure DNA, enabling analysis 
of DNA samples even from very small 
amounts of starting material. 
Other applications of PCR include DNA 

sequencing to determine unknown PCR-
amplified sequences in which one of the 
amplification primers may be used in 
Sanger sequencing, isolation of a DNA 
sequence to expedite recombinant DNA 
technologies involving the insertion of a 
DNA sequence into a plasmid or the 
genetic material of another organism. 
Bacterial colonies (E.coli) can be rapidly 
screened by PCR for correct DNA vector 
constructs. 

 �%&�� z, �%&�� ;! /��� �G�G�B� K�(�#�� �)�
2 ¤(G�
��, KA&Û �O;�, �
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Figure 1.8: Electrophoresis of 
PCR-amplified DNA 
fragments. (1) Father. (2) 
Child. (3) Mother. The child 
has inherited some, but not all 
of the fingerprint of each of its 
parents, giving it a new, 
unique fingerprint. 

 

 �?£��1.8 : �%&�� ;O� <=���>?�� �9
��

 �G�G�B� K�(�#�� �)�
�� �
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;��
 �>��� ��� � ���Q� z, ��©��0�� C�(9#��

,��©��� �(9� ��&� ��½�. 

PCR may also be used for genetic 
fingerprinting; a forensic technique used to 
identify a person or organism by comparing 
experimental DNAs through different PCR-
based methods. Some PCR 'fingerprints' 
methods have high discriminative power and 
can be used to identify genetic relationships 
between individuals, such as parent-child or 
between siblings, and are used in paternity 
testing (Fig.1.8). This technique may also be 
used to determine evolutionary relationships 
among organisms. 

 C�(9#�� JFQ �� �� �(��G� �G�G�B� K�(�#�� �)�
2
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��O]Q� �� �� �
;�� K0�Q� ��#�F� � �� �� @&R�G2 � 
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Because PCR amplifies the regions of DNA that it 
targets, PCR can be used to analyze extremely 
small amounts of sample. This is often critical for 
forensic analysis, when only a trace amount of 
DNA is available as evidence. PCR may also be 
used in the analysis of ancient DNA that is tens of 
thousands of years old. These PCR-based 
techniques have been successfully used on 
animals, such as a forty-thousand-year-old 
mammoth, and also on human DNA, in 
applications ranging from the analysis of Egyptian 
mummies to the identification of a Russian Tsar. 
Quantitative PCR methods allow the estimation of 
the amount of a given sequence present in a 
sample – a technique often applied to 
quantitatively determine levels of gene expression. 
Real-time PCR is an established tool for DNA 
quantification that measures the accumulation of 
DNA product after each round of PCR 
amplification. 

 �O;�B� x)� � �G�G�B� K�(�#�� �)�
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PCR allows early diagnosis of 
malignant diseases such as leukemia 
and lymphomas, which is currently the 
highest developed in cancer research 
and is already being used routinely. 
PCR assays can be performed directly 
on genomic DNA samples to detect 
translocation-specific malignant cells at 
a sensitivity which is at least 10,000 fold 
higher than other methods. 
PCR also permits identification of non-
cultivatable or slow-growing 
microorganisms such as mycobacteria, 
anaerobic bacteria, or viruses from 
tissue culture assays and animal 
models. The basis for PCR diagnostic 
applications in microbiology is the 
detection of infectious agents and the 
discrimination of non-pathogenic from 
pathogenic strains by virtue of specific 
genes. 
Viral DNA can likewise be detected by 
PCR. The primers used need to be 
specific to the targeted sequences in the 
DNA of a virus, and the PCR can be 
used for diagnostic analyses or DNA 
sequencing of the viral genome. The 
high sensitivity of PCR permits virus 
detection soon after infection and even 
before the onset of disease. Such early 
detection may give physicians a 
significant lead in treatment. The 
amount of virus ("viral load") in a 
patient can also be quantified by PCR-
based DNA quantitation techniques. 
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A 1971 paper in the Journal of Molecular 
Biology by Kleppe and co-workers first 
described a method using an enzymatic 
assay to replicate a short DNA template 
with primers in vitro. However, this early 
manifestation of the basic PCR principle 
did not receive much attention, and the 
invention of the polymerase chain reaction 
in 1983 is generally credited to Kary Mullis. 
At the core of the PCR method is the use of 
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a suitable DNA polymerase able to 
withstand the high temperatures of >90°C 
(>195°F) required for separation of the two 
DNA strands in the DNA double helix after 
each replication cycle. The DNA 
polymerases initially employed for in vitro 
experiments presaging PCR were unable to 
withstand these high temperatures. So the 
early procedures for DNA replication were 
very inefficient, time consuming, and 
required large amounts of DNA 
polymerase and continual handling 
throughout the process. 
A 1976 discovery of Taq polymerase a DNA 
polymerase purified from the thermophilic 
bacterium, Thermus aquaticus, which 
naturally occurs in hot (50 to 80 °C (120 to 
175 °F)) environments paved the way for 
dramatic improvements of the PCR 
method. The DNA polymerase isolated 
from T. aquaticus is stable at high 
temperatures remaining active even after 
DNA denaturation, thus obviating the need 
to add new DNA polymerase after each 
cycle. This allowed an automated 
thermocycler-based process for DNA 
amplification. 
At the time he developed PCR in 1983, 
Mullis was working in Emeryville, 
California for Cetus Corporation, one of the 
first biotechnology companies. There, he 
was responsible for synthesizing short 
chains of DNA. Mullis has written that he 
conceived of PCR while cruising along the 
Pacific Coast Highway one night in his car. 
He was playing in his mind with a new 
way of analyzing changes (mutations) in 
DNA when he realized that he had instead 
invented a method of amplifying any DNA 
region through repeated cycles of 
duplication driven by DNA polymerase. 
In Scientific American, Mullis summarized 
the procedure: "Beginning with a single 
molecule of the genetic material DNA, the 
PCR can generate 100 billion similar 
molecules in an afternoon. The reaction is 
easy to execute. It requires no more than a 
test tube, a few simple reagents, and a 
source of heat." He was awarded the Nobel 
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Prize in Chemistry in 1993 for his 
invention, seven years after he and his 
colleagues at Cetus first put his proposal to 
practice. However, some controversies have 
remained about the intellectual and 
practical contributions of other scientists to 
Mullis' work, and whether he had been the 
sole inventor of the PCR principle. (see 
main article: Kary Mullis) 
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1993 �����!� ª� C�0�� &�� � ����FE� �J� ��) 
 ����((��. ��½ ,� , /0� C�:.�� ��� ²�Ç

z��F« ��(��� ���(��� � ���?
�� C�Í�GB�  �() &ª
���0, , "�1 �½� �()� ���O��� �JP &��0�� ���RB�) �\%�
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The PCR technique was patented by 
Cetus Corporation, where Mullis 
worked when he invented the 
technique in 1983. The Taq polymerase 
enzyme was also covered by patents. 
There have been several high-profile 
lawsuits related to the technique, 
including an unsuccessful lawsuit 
brought by DuPont. The 
pharmaceutical company Hoffmann-La 
Roche purchased the rights to the 
patents in 1992 and currently holds 
those that are still protected. 
A related patent battle over the Taq 
polymerase enzyme is still ongoing in 
several jurisdictions around the world 
between Roche and Promega. The legal 
arguments have extended beyond the 
life of the original PCR and Taq 
polymerase patents, which expired on 
March 28, 2005 

 �1�] �#! z, �G�G�B� K�(�#�� �)�
2 ����F� K���� ²%�1

 ��� � �>)��F� �,&�) ���0, �(�� "�1 a�� �;�!1983 
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*��� ��=� O�� K0)&�� ²%0�A z, ��D�% )dupont.(  C��]�

 @�) ����FE� C�����  0O� ��%�&�9�� ���� "�(:0� �1�]

1992��(Û /��2 � ¹�� ��2 ������ ��Å� .  
 ²��- �, ��=�B� K���GB� -��(��0� °�%� ����F� K���� �1��, �,�
 ��� �� á���� ��ê� �� � ��=� ! C���� K&) � K�(�G,

)Roche (���,��� �)promega ( �(=�! ��%0%�O�� ��_� ²�Ç
 "� ¦� -��(��0� ³�2� �G�G�B� K�(�#�� �)�
2 ����F� K���� ����
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A restriction enzyme (or restriction endonuclease) 
is an enzyme that cuts double-stranded DNA 
following its specific recognition of short 
nucleotide sequences, known as restriction sites, in 
the DNA. Such enzymes, found in bacteria and 
archaea, are thought to have evolved to provide a 
defense mechanism against invading viruses. 
Inside a bacterial host, the restriction enzymes 
selectively cut up foreign DNA in a process called 
restriction; host DNA is methylated by a 
modification enzyme (a methylase) to protect it 
from the restriction enzyme’s activity. Collectively, 
these two processes form the restriction 
modification system. To cut the DNA, a restriction 

 ª�0, &�) �%&�� C�����2 ;O2 ¹�� C�¢�%Q� <�
 ��;�!E� C��OÄ ���2 KA&Û , [�©��H� Ò&� &D02

 C��©���� ��h z, �>�O� �%»� &O��� ¹��
)bacteriophage ( C�¢�%Q� ��2 @&R�G2 �

&�� � C��A»1 u�R£��� � ��©��0�� C����
<©��0��. 

 ��;�!E� °�%Q �#�9�� C�(�?�� *G
2  
 ��;�!E� : ¹�� K&)�O�� z, ��, �0% 0�2 ���

�
�Ç� �� ���() z, �0�� KA&Û A�&�.  
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enzyme makes two incisions, once through each 
sugar-phosphate backbone (i.e. each strand) of the 
DNA double helix. 
Restriction enzyme glossary 
• restriction – is a specific type of rule that defines 
a finite (and generally absolute) boundary defined 
for a type of process or function 
• enzyme – a protein that catalyzes a chemical reaction 
• endonuclease – an enzyme that cleaves the 
phosphodiester bond within a polynucleotide chain 
such as DNA. A restriction enzyme is a type of 
endonuclease. 
• molecular recognition – used by restriction 
enzymes to locate specific sequences of DNA on 
which to bind and subsequently cleave 
• recognition site or recognition sequence – the DNA 
location/sequence to which restriction enzymes 
bind 
• restriction site – the DNA sequence that is cleaved 
by the restriction enzyme 

°�%� :<=��(�?�� �)�
��� ��) &)�G� IJ�� �2���.  
 -���10�%�&%�)endonuclease ( '���� ;O� °�%�
� IA 0
�0
�� &�20��10����0#�� ��G�� z(ª ���

�%&�� �b,.-���10�%�&%�� z, �0% 0� ��;�!� °�%� .  
<���H� &�&���� : ��;�!E� °�%� �;��0� @&R�GB�

�9
%� � '�� IJ�� Â��� �%&�� �G�G2 &�&���.  
A&®� �G�G��� �� KA&®� !�0B� : !0, �� �G�G2

C�¢�%E� '�� IJ�� �%&����;�!E� .  
 ��;�!E� !0, : �;��0� �0;OB� �%&�� �G�G2 0�
��;�!E� °�%�.  
 KA&®� !�0B� : �� ���A���)� �,� ��O2 !�0, <�

���G?).  
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5'-GTATAC-3' 
   ||||||    
3'-CATATG-5' 

A palindromic recognition site reads the same on the reverse strand 
as it does on the forward strand 

 
Restriction enzymes recognize a specific 
sequence of nucleotides and produce a 
double-stranded cut in the DNA that 
prevents the phage from replicating. While 
recognition sequences vary widely, with 
lengths between 4 and 8 nucleotides, many of 
them are palindromic; that is, the sequence on 
one strand reads the same in the reverse 
direction on the complementary strand. The 
meaning of "palindromic" in this context is 
different from what one might expect from its 
linguistic usage: GTAATG is not a 
palindromic DNA sequence, but GTATAC is 
(GTATAC is complementary to CATATG). 

 z, Â�F �G�G2 ��) ����2 ��;�!�� C�¢�%�
 C��©���� �Å ¹�� �%&�� C�����2 ;O� �#G2 � &�20��10����

�©�?��� z,.  
 a�� z, ��� �?£� x��¿ A&®� �G�G��� "� �� �

 �� /0;��4 � 8&�20��10�%  , ��) ��O� [>�, *b?�� "�:
�)� ��O� �G�G2 �b, <G?��� � IA���)E� �>D0�� ���A��

 �%0?�: Ò�FQ� �>H� z, ��G1��, ��O� � �>D z,
 ��,�?�, . /�b,GTATAC �G1��B� �>H� z, � 
CATATG/�Q� �D0�� ��,�?�, �O�O_� � <� ¹�� . 

  
EcoRI digestion produces "sticky" ends 

 ��;�!E� °�%�EcoRI�D�� ���Ý ����   
SmaI restriction enzyme cleavage produces "blunt" ends 

 ��;�!E� °�%�SmaIKA�� ���Ý ����   
Recognition sequences in DNA differ for 
each restriction enzyme, producing 
differences in the length, sequence and 
strand orientation (5' end or the 3' end) of a 

 <)�;�!E� °�%Q� �G� �%&�� A&®� �G�G��� x��¿

@&R�GB� ,�G�G��� /0¡ , �G�G��� �D02 �)5' �� 3' ( z,
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sticky-end "overhang" of an enzyme 
restriction.  
Different restriction enzymes that 
recognize the same sequence are known 
as neoschizomers. These often cleave in a 
different location of the sequence; 
however, the specific type that cleaves in 
the same location as the prototype is 
known as an isoschizomer. 
Bacteria prevent their own DNA from 
being cut by modifying their nucleotides 
via DNA methylation. 

 �D���� ���>���)KA&>B� (°�%Q� z,.  
¢�%�C� �G�G��� �
% ��) ����2 ¹�� �
��RB� ��;�!E� 

 -�,���?�0�% ³ ���2) neoschizomer.(  &��� �1 "� ��
G��� ;O� �>�,�
��¨ !�0, � �G� , ����, ��0%� ³��� z?��

 � !0B� �
% � ;O22 �G�G��� �,���?����� ³ ���
)isoschizomer(  

 &�20��10���� *��2 /.F z, ;O�� z, �%&�� ��*�?#�� �Å
 @0����B� �;��0�)DNA methylation( 
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Restriction endonucleases are categorized 
into three general groups (Types I, II and 
III) based on their composition and enzyme 

cofactor requirements, the nature of their 
target sequence, and the position of their 
DNA cleavage site relative to the target 
sequence.  

 ¦� ��;�!E� C�¢�%� x�923 ��0%� ) �0���I,II,III (
&)�GB� °�%ç� �v�#�;�, �G� � �>��0?2 �G� , ���#¡

 �0�;B� �G�G��� [�� , �G�G��� � �%&�� !0, "�?,
 �0�;B�  
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Type I restriction enzymes were the first to be 
identified and are characteristic of two 
different strains (K-12 and B) of E. coli. These 
enzymes cut at a site that differs, and is some 
distance (at least 1000 bp) away, from their 
recognition site. The recognition site is 
asymmetrical and is composed of two 
portions – one containing 3-4 nucleotides, 
and another containing 4-5 nucleotides – 
separated by a spacer of about 6-8 
nucleotides. Several enzyme cofactors, 
including S-Adenosyl methionine (AdoMet), 
hydrolyzed adenosine triphosphate (ATP) 
and magnesium (Mg2+) ions, are required for 
their activity. Type I restriction enzymes 
possess three subunits called HsdR, HsdM, 
and HsdS; HsdR is required for restriction, 
HsdM is necessary for adding methyl groups 
to host DNA (methyltransferase activity) and 
HsdS is important for specificity of cut site 
recognition in addition to its 
methyltransferase activity 

, /�Q� 0� <;)� � �ë�) IJ�� ��;�!E� C�¢�%� z
    �
��¨ ��G�G�� u=�9F)K 12-B (  ^01E� z,
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 �:�GÄ ��9
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 ��) ��;�!E� C�¢�%� z, �0���3�)&2 C�&�� HsdR, 

HsdM, and HsdS; , &��O��� @&R�G2 ¦�Q� , &���� ��%�b��
 x� �GB� �%&�� � ���, �)0({ ,��b�� � ����� @&R�G2 �b
���B� KA��- &�� ;O�� A&®� !0B�  
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Typical type II restriction enzymes differ 
from type I restriction enzymes in several 
ways. They are composed of only one 
subunit, their recognition sites are usually 
undivided and palindromic and 4-8 
nucleotides in length, they recognize and 
cleave DNA at the same site, and they do 
not use ATP or AdoMet for their activity 
– they usually require only Mg2+ as a 
cofactor. These are the most commonly 
available and used restriction enzymes. In 
the 1990s and early 2000s, new enzymes 
from this family were discovered that did 
not follow all the classical criteria of this 
enzyme class, and new subfamily 
nomenclature was developed to divide this 
large family into subcategories based on 
deviations from typical characteristics of 
type II enzymes. These subgroups are 
defined using a letter suffix. 
Type IIB restriction enzymes (e.g. BcgI 
and BplI) are multimers, containing more 
than one subunit. They cleave DNA on 
both sides of their recognition to cut out 
the recognition site. They require both 
AdoMet and Mg2+ cofactors. Type IIE 
restriction endonucleases (e.g. NaeI) 
cleave DNA following interaction with 
two copies of their recognition sequence. 
One recognition site acts as the target for 
cleavage, while the other acts as an 
allosteric effector that speeds up or 
improves the efficiency of enzyme 
cleavage. Similar to type IIE enzymes, 
type IIF restriction endonucleases (e.g. 
NgoMIV) interact with two copies of their 
recognition sequence but cleave both 
sequences at the same time. Type IIG 
restriction endonucleases (Eco57I) do 
have a single subunit, like classical Type 
II restriction enzymes, but require the 
cofactor AdoMet to be active. Type IIM 
restriction endonucleases, such as DpnI, 
are able to recognize and cut methylated 
DNA. Type IIS restriction endonucleases 
(e.g. FokI) cleave DNA at a defined 
distance from their non-palindromic 

Ü�b�� �0���)II( 
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asymmetric recognition sites. These 
enzymes may function as dimers. 
Similarly, Type IIT restriction enzymes 
(e.g., Bpu10I and BslI) are composed of 
two different subunits. Some recognize 
palindromic sequences while others have 
asymmetric recognition sites. 

 �2&�01 C�¢�%Q� �J�)dimers .(Ü�b�� �0��� �b,$ ò 
)type IIT ( �b,Bpu10I � BslI �2&�� z, x�»�� IJ�� 

��
��¨.  
 "� �� � ���G?) � ������)� ��O� ������ �G�G��� ���

�%���, *h ����, !0, ��¢ �Fe� ��#��. 
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Type III restriction enzymes (e.g. EcoP15) 
recognize two separate non-palindromic 
sequences that are inversely oriented. They 
cut DNA about 20-30 base pairs after the 
recognition site. These enzymes contain more 
than one subunit and require AdoMet and 
ATP cofactors for their roles in DNA 
methylation and restriction, respectively. 

 �b,EcoP15 �� ��9
�, ��G�G2 ��) ����� IJ�� 
���G?) �D0�� IJ�� � ���G?)� ���A���)� "«�O� . ;O�

 ^�0�20-30 bp �b1� z( �� !0B� ��) ����� �, &�� 
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�&��O2 � z,� @0����B� KA����.  
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Since their discovery in the 1970s, more than 100 
different restriction enzymes have been identified in 
different bacteria. Each enzyme is named after the 
bacterium from which it was isolated using a naming 
system based on bacterial genus, species and strain. 
For example, the name of the EcoRI restriction 
enzyme was derived as shown in the box. 
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Isolated restriction enzymes are used to 
manipulate DNA for different scientific 
applications. 
They are used to assist insertion of genes into 
plasmid vectors during gene cloning and 
protein expression experiments. For optimal 
use, plasmids that are commonly used for 

 � �%&�� , �,����� @&R�G2 �����B� ��;�!E� C�¢�%�
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gene cloning are modified to include a short 
linker sequence (called the multiple cloning 
site, or MCS) rich in restriction enzyme 
recognition sequences. This allows flexibility 
when inserting gene fragments into the 
plasmid vector; restriction sites contained 
naturally within genes influence the choice of 
endonuclease for digesting the DNA since it 
is necessary to avoid restriction of wanted 
DNA while intentionally cutting the ends of 
the DNA. To clone a gene fragment into a 
vector, both plasmid DNA and gene insert 
are typically cut with the same restriction 
enzymes, and then glued together with the 
assistance of an enzyme known as a DNA 
ligase. 
They can be used to distinguish gene alleles 
by specifically recognizing single base 
changes in DNA known as single nucleotide 
polymorphisms (SNPs). This is only possible 
if a SNP alters the restriction site present in 
the allele. In this method, the restriction 
enzyme can be used to genotype a DNA 
sample without the need for expensive gene 
sequencing. The sample is first digested with 
the restriction enzyme to generate DNA 
fragments, and then the different sized 
fragments separated by gel electrophoresis. 
In general, alleles with correct restriction sites 
will generate two visible bands of DNA on 
the gel, and those with altered restriction 
sites will not be cut and will generate only a 
single band. The number of bands reveals the 
sample subject's genotype, an example of 
restriction mapping.  
In a similar manner, restriction enzymes are 
used to digest genomic DNA for gene 
analysis by Southern Blot. This technique 
allows researchers to identify how many 
copies (or paralogues) of a gene are present 
in the genome of one individual, or how 
many gene mutations (polymorphisms) have 
occurred within a population. The latter 
example is called Restriction Fragment 
Length Polymorphism (RFLP). 
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��;�!E� °�%� �
% , �;��0� [>!�9�� ��½ &�� [���
 �%&�� -���� °�%»� ����� °�%Q� &)�G,)DNA ligase (

 C.��� �� ��(��� �� �� @&R�G��)alleles(  �;��0� �H�
�, &��20��10���� ��A�
�� C�:.�FE�� ���� )SNPs ( �

 "�1 �½� 'O: z?¢ �J�SNP A0D0B� ��;�!E� !0, *�� 
�O��;�� �J� � ���&�� � , "� z?¢ ��;�!E� °�%�

�H ���) @&R�G�� Ñ�D �G�G2 ¦� �D�_� "�A �%&�� ��20
 Â�F . �9
2 � °�%Q�� [GO×2 ������ �J�� �>���! JFy�

)@.>�� <=���>?�� �9
�� �� . ��;O% &�02 C���e� ��,0()
 ����9�� !�0B� � ²%�1 �½� @.P� ��) �%&�� z,
 z, K&��� �;O% Ò0� &�02 .: z?2 á �½� �,� ��;�!��

@.P� ��) �%&�� . ��20��H� ����� ´�O��� A&) �>\�
��;�!E� '=��F ��½ ��) /�b, K½0F»B�.  

 ��©�Ù �O��;�, �%&�� �;O�� ��;�!E� C�¢�%� @&R�G2 
 C.� "�20� �;��0� ����+� <,0��H�)Southern blot .(

 �b��#�� ²�Á ���O��� �J�Ä �H� ¬G% A&) �:��
&��0�� A�
�� &�) @0��H� � KA0D0B� , *����� &�) ��

 óD�
B� <,0��H�)C��
;�� ( A�
�� , �)&� *F� /�b,
��D /0¡ �?] A&�2�9_� ) restriction fragment 

length polymorphism.( 
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Examples of restriction enzymes include: �(£2� ;O�� C�¢�%� ��) /�b,�: 
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Enzyme 
m&'�� 

Source 

�93� 

Recognition Sequence 
2�n� �4�4��� 

Cut 
o� �p^� 8p�� 

EcoRI Escherichia coli 
5'GAATTC 
3'CTTAAG 

5'---G     AATTC---3' 
3'---CTTAA     G---5' 

EcoRII Escherichia coli 
5'CCWGG 
3'GGWCC 

5'---     CCWGG---3' 
3'---GGWCC     ---5' 

BamHI Bacillus amyloliquefaciens 
5'GGATCC 
3'CCTAGG 

5'---G     GATCC---3' 
3'---CCTAG     G---5' 

HindIII Haemophilus influenzae 
5'AAGCTT 
3'TTCGAA 

5'---A     AGCTT---3' 
3'---TTCGA     A---5' 

TaqI Thermus aquaticus 
5'TCGA 
3'AGCT 

5'---T   CGA---3' 
3'---AGC   T---5' 

NotI Nocardia otitidis 
5'GCGGCCGC 
3'CGCCGGCG 

5'---GC   GGCCGC---3' 
3'---CGCCGG   CG---5' 

HinfI Haemophilus influenzae 
5'GANTC 
3'CTNAG 

5'---G   ANTC---3' 
3'---CTNA   G---5' 

Sau3A Staphylococcus aureus 
5'GATC 
3'CTAG 

5'---     GATC---3' 
3'---CTAG     ---5' 

PovII* Proteus vulgaris 
5'CAGCTG 
3'GTCGAC 

5'---CAG  CTG---3' 
3'---GTC  GAC---5' 

SmaI* Serratia marcescens 
5'CCCGGG 
3'GGGCCC 

5'---CCC  GGG---3' 
3'---GGG  CCC---5' 

HaeIII* Haemophilus aegyptius 
5'GGCC 
3'CCGG 

5'---GG  CC---3' 
3'---CC  GG---5' 

AluI* Arthrobacter luteus 
5'AGCT 
3'TCGA 

5'---AG  CT---3' 
3'---TC  GA---5' 

EcoRV* Escherichia coli 
5'GATATC 
3'CTATAG 

5'---GAT  ATC---3' 
3'---CTA  TAG---5' 

KpnI[29] Klebsiella pneumoniae 
5'GGTACC 
3'CCATGG 

5'---GGTAC  C---3' 
3'---C  CATGG---5' 

PstI[29] Providencia stuartii 
5'CTGCAG 
3'GACGTC 

5'---CTGCA  G---3' 
3'---G  ACGTC---5' 

SacI[29] Streptomyces achromogenes 
5'GAGCTC 
3'CTCGAG 

5'---GAGCT  C---3' 
3'---C  TCGAG---5' 

SalI[29] Streptomyces albus 
5'GTCGAC 
3'CAGCTG 

5'---G  TCGAC---3' 
3'---CAGCT  G---5' 

ScaI[29] Streptomyces caespitosus 
5'AGTACT 
3'TCATGA 

5'---AGT  ACT---3' 
3'---TCA  TGA---5' 

SphI[29] Streptomyces phaeochromogenes 
5'GCATGC 
3'CGTACG 

5'---G  CATGC---3' 
3'---CGTAC  G---5' 

StuI [30][31] Streptomyces tubercidicus 
5'AGGCCT 
3'TCCGGA 

5'---AGG  CCT---3' 
3'---TCC  GGA---5' 

XbaI[29] Xanthomonas badrii 
5'TCTAGA 
3'AGATCT 

5'---T  CTAGA---3' 
3'---AGATC  T---5' 

* = blunt ends   KA�_� ���>���.  
N = C or G or T or A 

W = A or T  
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1111....5555 Cloning vector / Cloning vector / Cloning vector / Cloning vector / ستنساخناق�ت     ا

 

Figure 1.9: The pGEX-3x plasmid is a popular cloning 

vector. See plate 5 for color version. 

 �?£��1.9 : &�,-.� �J�pGEX-3x��G����� �!�% �)0({ 0� . 

 ���
9�� �\%�5�%0�, �RG�� .  

  
A cloning vector is a small DNA vehicle into 
which a foreign DNA fragment can be inserted. 
The insertion of the fragment into the cloning 
vector is carried out by treating the vehicle and 
the foreign DNA with the same restriction 
enzyme, then ligating the fragments together. 
There are many types of cloning vectors. 
Genetically engineered plasmids and 
bacteriophages (such as phage λ) are perhaps 
most commonly used for this purpose. Other 
types of cloning vectors include bacterial 
artificial chromosomes (BACs) and yeast 
artificial chromosomes (YACs). 

 K*�9�� �%&�� ;! �O% K�A« <� ��G���E� C.!�%
K&=���� , z) �>�;! � �>D��F� z?¢ K&=���� ;O�� �J�

 ²�(���� ¹�� ��;�!E� C�¢�%� �
% �;��0� �!����
��O��� '���� . ��G���E� C.!�% z, ��0%� K&) &D0� ,

 z, C��©����� ���©��� ¼&�>B� &�,-.#��phage λ  &! 
Q� "0?2�(��� �JP ���(���� �b1 . Ò�F� ��0%� ³���

 C�,�-0,��1 �(£2 ��G���E� C.!�% z,
 <)��;	E� C�,�-0,��1 � I*�?#�� <)��;	E�

I�;
��. 
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Most commercial cloning vectors have 
key features that have made their use in 
molecular biology so widespread. 
In the case of expression vectors, the 
main purpose of these vehicles is the 
controlled expression of a particular 
gene inside a convenient host organism 
(eg. E. coli). Control of expression can be 
very important; it is usually desirable to 
insert the target DNA into a site that is 
under the control of a particular 
promoter. Some commonly used 
promoters are T7 promoters, lac 
promoters (bla promoter) and 
cauliflower mosaic virus's 35s promoter 

 a�� ��G�=� C���, ��Å �������� ��G���E� C.!�% [\�,
<���H� ��D0�0�#��  �;% � ��� �>,�&R��� ²��D . ���� �

 *#���� ��!�%, �H [?®� *#���� 0� C.!���� �JP <G�=��� �(���
 x� B� [GH� �F�A ��,)�:&>�GB� ����� �F�A ( �b,

^0?��.Ñ�H� *#���� � [?���� ;! KA��- &�) ��&D I���ª 
 C��
®� K�;�� ²+ "0?2 "� � :Q� z, ¹�� � ��0�;B� �%&��

)promoters (C ��£, <� ��)0�] �b1Q� �h�£B�$7 � 

 ³� ��£,)lac promoter ( ��£,�35 À!�2 ¼�*: 
C�2�#��� C.!��� '�#�O��)cauliflower mosaic virus's 35s 
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(for plant vectors). 
To allow for convenient and favorable 
insertions, most cloning vectors have 
had nearly all their restriction sites 
engineered out of them and a synthetic 
multiple cloning site (MCS) inserted 
that contains many restriction sites. 
MCSs allow for insertions of DNA into 
the vector to be targeted and possibly 
directed in a chosen orientation. A 
selectable marker, such as an antibiotic 
resistance [eg. beta-lactamase (see 
figure)] is often carried by the vector to 
allow the selection of positively 
transformed cells. All plasmids must 
carry a functional origin of replication 
(ORI; not shown in figure). 
Some other possible features present in 
cloning vectors are: vir genes for plant 
transformation, intergrase sites for 
chromosomal insertion, lacZα fragment 
for α complementation and blue-white 
selection, and/or reporter genes in 
frame with and flanking the MCS to 
facilitate the production of recombinant 
proteins. 

promoter.(  
C.!���� �(=.B� � �� 
B� �%&�� ;! �:�ª�� Ã�(G�� , z, *b?��

 ���� ��&�>B� ��;�!E� !�0, �� ���O� �, ��Å C.!����
 K&�&) ��G���� !�0, �92� �>�, �%&��� I0�Æ IJ�� &=���� �%&�

, &�&��� ��)��;�!E� !�0, z, �:�ª�� ��G���E� !�0, ¤(G2
� 
B� ���E� � �Ä� �D0B� � ��0�;B� C.!���� ��) �%&��.  
 ��0�_� C�A� (�� �,��OB� �b, ����F� C�,.) ³���)beta-

lactamase ( ²�0+ ¹�� ��.�� ����F�� �!���� [)&2 �,ô �#��h ¹��
"� &�,-.#�� �� ��) �����ã� ���?��� ���(�� <�	Q� �(��� �(Æ 

)�b,:ORI�?£�� � §��� á z?�  (  
 ��G���E� C.!�% � KA0D0B� � ��?(B� Ò�FQ� C�(G�� ���

 *: C���D <�)vir gene ( C�#��� ��0���, /0O��� !�0,
)integrases sites ( C�,�-0,��?�� KA����, �
�� A�- ³� ;!
)lac z α ( � �
�� ��(?�� ���Q� �  �-Q� �%0��� §�) ,� / ��

 ��>G�� ��G���E� !�0, �O:��, ,� ��¡� � K�RB� C���H�
C����2���� ���%� ���()�
�2yB� . 
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Many general purpose vectors such as 
pUC19 usually include a system for 
detecting the presence of a cloned DNA 
fragment, based on the loss of an easily 
scored phenotype. The most widely used 
is the gene coding for E. coli β-
galactosidase, whose integrity can easily 
be detected by the ability of the enzyme it 
encodes to hydrolyze the soluble, 
colourless substrate X-gal (5 bromo-4-
chloro-3-indolyl-beta-d-galactoside) into 
an insoluble, blue product (5,5'-dibromo-
4,4'-dichloro indigo). Cloning a fragment 
of DNA within the vector-based gene 
encoding the β-galactosidase prevents the 
production of an active enzyme. If X-gal 
is included in the selective agar plates, 
transformant colonies are generally blue 
in the case of a vector with no inserted 
DNA and white in the case of a vector 
containing a fragment of cloned DNA. 

 �b, �,�) �(��� C.!�% z, &�&���Puc19  @�\% �(£2 
 �>�?] K������ �RG��GB� �%&�� ;! A0D� z) x£1

���\��I. <?��]E �,�� ¹�� �H� 0� �,�&R��� �b1Q��
-�&�-0�?��h ��� ��%0�0O��, /�(1� ��0>G� "0��;�G� z�J�� z,

 "���½ �b, -0,� ¦� /0Æ IJ�� °�%E� K�&! �;��0� x£?��
/� K��1� 0�� �%0� <;�� � IJ�� �����&�P�gal-x) 5-

bormo,4-chloro,3-inodolyl-beta-d-galactoside..(  �,�
  �-�� "0��� <;��: "���J�� ���! *���(5,5’-dibromo-4,4΄-

dichloro indigo) <����� �!���� , �%&�� z, ;! ��G���� 
 ��� �, ¦� �,��–� ���%� z, -�&�-0�?��h %/��: °�. "�1 �½�

x-gal��h�� ��
	 ����F� � �F&�  , ��0��B� C�)0(��
 /0FA [�� á �½� ��!�- "0?2 Ï �½� �,� �!���� ¬G��GB� �%&��

"0��� �� �� C�)0(�� �J� "0?�: ��0FA.  
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In molecular biology, DNA ligase is a 
particular type of ligase (EC 6.5.1.1) that 
can link together two DNA strands that 
have single-strand breaks (a break in both 
complementary strands of DNA). The 
alternative, a double-strand break, is fixed 
by a different type of DNA ligase using the 
complementary strand as a template but 
still requires DNA ligase to create the final 
phosphodiester bond to fully repair the 
DNA. 
DNA ligase has applications in both DNA 
repair and DNA replication. In addition, 
DNA ligase has extensive use in molecular 
biology laboratories for Genetic 
recombination experiments. 

0�0�#�� �º�����H� ��D  z, ��, �0% 0� �%&�� -����
-������.6.5.1.1)  (Ec �%&�� z, ���G�� '�� �;�G� IJ�� 
�������9
�, ��%�1 � ) �%&�� C.G�G2 z, �1 � /�9
%�

 ��,�?�B�.( ²#b� º �%&�� z, ��A�, �G�G2 /�9
%�º ��&#��

�� '��� ��� <?� �%&�� -���� z, �
��¨ ��0%� �;��0� 0
�0

 ���« IA(phosphodiester) �G�G2 �!�� ��) (��� 
 �%&��.  

  ����?2 � �%&�� Ã.	� � C�O�#;2 ��¢ �%&�� -����
����H� ��D0�0�#�� C���¨ � ��0�� �,�&R��� ¦� �:�ªE��� 

 Ñ�H� ��1���� KA�)� ������. 
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The mechanism of DNA ligase is to 
form two covalent phosphodiester 
bonds between 3' hydroxyl ends of 
one nucleotide with the 5' phosphate 
end of another. ATP is not required 
for the ligase reaction. A pictorial 
example of how a ligase works (with 
sticky ends):  

 ���« IA �0
�0
�� z, ��;��� ��0+ <� �%&�� -���� ��?�%�?�,

���Ý �� ��Í�G���   ��G1��&�P�‘3 ���Ý  , &��� &��20��10�% 

C�
�0
�� ‘5 ��;�2 � -������ �)�
2 ���() �F« &��20��10���� 
ATP K&)�G(�� . -������ �() ��
�?� K�09��� /�b, �J��) ���Ý ,

�D�� *h(.  

fig.1.10: see plate 

6 for color version /  �?£��1.10 : ���
9�� �\%�6�%0�, �RG��  

Ligase will also work with blunt ends, 
although higher enzyme concentrations 
and different reaction conditions are 
required. 

 �� �D�� *h ���Ý *h ���Ý , � �� �(�� "� -������ �;�G�
 KA�� .� ��1�2 ¦� ����� �� �D�_� z, [h���� � 
2�, <¢�%

 �
��¨ �)�
2 ´��].  
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DNA ligases have become an 
indispensable tool in modern molecular 
biology research for generating 
recombinant DNA sequences. For 
example, DNA ligases are used with 
restriction enzymes to insert DNA 
fragments, often genes, into plasmids. 
One vital, and often tricky, aspect to 
performing successful recombination 
experiments involving ligase is 
controlling the optimal temperature. Most 
experiments use T4 DNA Ligase (isolated 
from bacteriophage T4) which is most 
active at 25°C. However in order to 
perform successful ligations, the optimal 
enzyme temperature needs to be balanced 
with the melting temperature Tm (also the 
annealing temperature) of the DNA 
fragments being ligated. 
If the ambient temperature exceeds Tm, 
homologous pairing of the sticky ends 
will not occur because the high 
temperature disrupts hydrogen bonding. 
The shorter the DNA fragments, the 
lower the Tm. Thus for sticky ends 
(overlaps) less than ten base pairs long, 
ligation experiments are performed at 
very low temperatures (~4-8°C) for a long 
period of time (often overnight). 
The common commercially available 
DNA ligases were originally discovered 
in bacteriophage T4, E. coli and other 
bacteria. 

 �����H� ��D0�0�#�� Ø�¸� � �>�) Úh � K�A� �%&�� -���� ¤#	�
C.G�G2 &��0�� �b�&_�  �%&��x�2yB�. º/�bB� ��#� ��) 

(����� �%&�� /�FA� ���() � ��;�!E� C�¢�%� , �%&�� -���� /
&�,-.#�� ¦�.  

 ���� z, &��0�� 0� "����� z, *b1 � �#�9�� � �(>B�
 -����� ��bB� K���_� �D�&� [?����. @&R�G2 ������� [\�,

C �%&�� -����4(T4 DNA LIGASE)  )  z, ��R�GB�

 C��©����bacteriophages)(C4 (��¹ ��) �>(\�, �(�� 

25��0�, �D�A  . ��D�% '�� ���() �D� z, � ��½ , �
� �D�A "0?2 "� �ã K���� �D�A , �%-�0�, °�%�� K���

 �>;�� [�� ¹�� �%&�� ;! "���½.  
 �©�(�B� "���!E� ���() -����2 '�®� K���� �D�A ²%�1 �½�
 ��
2�B� K���_� "� [�2 z� ���(��� �J>:�D���� �%&�� ���>��
 �D�A � K*9O�� �%&�� ;O� Ñ�D��&�P� '���� ���() �;�2

� "���J�� K���� �D�� ���Ý ��) /09��� ¦������ � 
R�B

)�F�&��� ( z, �!� ¦� �P0¡ Ó�#�10 º ��A0���10�% C�&�� 
 ���0¡ K��
� z?�� K���� �D�A àA� ��) �J� '���� ���() [�2

 z,��� z,)"����� ��h� � ����� ���¡.(  

C C��©���� z, .	� x£�1� ����� �:0�B� �%&�� �����4 
�0O�� <?��]�º Ò�F� ��*�?�� ��%0.  
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DNA ligation is the process of joining 
together two DNA molecules ends (either 
from the same or different molecules). 
Specifically, it involves creating a 
phosphodiester bond bond between the 3' 
hydroxyl of one nucleotide and the 5' 
phosphate of another. This reaction is 
usually catalyzed by a DNA ligase enzyme. 
This enzyme will ligate DNA fragments 
having blunt or overhanging, 
complementary, 'sticky' ends. Typically, it 

 , �%&�� z, ����D ���Ý � ���() �� �%&�� '�� ���()
 �(> ��)Ò�F� C�����D z, �� C�����H� �
% z, �,� (

 '�� ��£%� ��) I0;�� �%�:º&�&���� �D� ��)

 ��G1��&�P� �� '����� ���� IA0G
�0
��'3 &�20��10���� 

 C�
�0
�� � /���'5�F�� &�20��10���� .  �)�
��� ���()
�G2°�%� @�&R���� KA�) �  �%&�� -����� . '��� °�%�� �J�

 �D�� Ô� �� ��,�?�,º KA�� ���Ý �½ ²%�1 "� �%&�� ;!.  
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is easier to ligate molecules with 
complementary sticky ends than blunt 
ends. T4 DNA ligase is the most commonly 
used DNA ligase for molecular biology 
techniques and can ligate 'sticky' or blunt 
ends.  
The two components of the DNA in the 
ligation reaction should be equimolar and 
around 100μg/ml. Most commonly, one 
wants to ligate an insert DNA molecule into 
a plasmid, ready for bacterial 
transformation. Typically, DNA and 
plasmid vector are individually cut to yield 
complementary ends, then both are added 
to a ligation reaction to be circularised by 
DNA ligase. If the plasmid backbone to 
insert DNA ratio is too high then excess 
'empty' mono and polymeric plasmids will 
be generated. If the ratio is too low then the 
result may be an excess of linear and 
circular homo- and heteropolymers.  

KA�� ���Ý �½ C�����D '�� �>��� z, KA�). "�: �JP

C �%&�� -���� @�&R���4) T4 DNA LIGASE ( �b1�� 0�
 � �)0�]��� '��� "� �%�?,�� "� �����H� C���O� C���>��

 � �� KA�_� � �D����. ���() � �%&�� ������ z��9����
 ¦� ��1���� � ����G�, �%0?� "� �ã '���� �)�
2

^�0�.100μg/ml �%&�� <���D �F&� �,&�)º�)0�] �b1�� 
&�,-.#�� ��) ��*�?#�� ¦� �O���� ���D 0>: . � �%&�� ºKA�)

¦� �Í&�� "��;O�B� &�,-.#�� �!�% ��,�?�, ���Ý z, ��(1 
. "���&�G, �(>����� ¹�� '���� �)�
2 ���() ¦� "�:� �

�%&�� -���� �;��0� . ��)� &�,-.#�� �#G% ¼���� � "�1 �½�
 z, C�&�� ��) /09_� [��G: KA��B� �%&�� �#G% z,

.#��-�h��
�� &�, . /09_� [��G: ��%&�, �#G��� ²%�1 �½� �,�
�(��0�0,0� ��)��(��0������ � �. 

1111....6666....3333....1111 MaterialsMaterialsMaterialsMaterials    ////    2��3�    

Reagents / �	����� 
• T4 DNA ligase  
• 10x T4 DNA Ligase Buffer  
• Deionized, sterile H2O  
• Purified, linearized vector 

(likely in H2O or EB)  
• Purified, linearized insert 

(likely in H2O or EB)  
 

• C �%&�� -����4  

• 10xC �%&�� -���� [\�, 4 

•  A���%0�� IA [O�, ��, 

•  �O�,º [�O�G, �!�%)�� ��B� , [=.��EB( 

•  K�öO�,º �(�O�G, �vA��- A��B� �%&�� ;!) �� ��B� , [=.�2EB(  

1111....6666....3333....2222 EquipmentEquipmentEquipmentEquipment /  /  /  / ����3�    

Vortex : ���,��&  

1111....6666....3333....3333 Protocol for 10µl ligation mix / Protocol for 10µl ligation mix / Protocol for 10µl ligation mix / Protocol for 10µl ligation mix / 
 @�% ��D��"#6� @6 10�L    

• μL 10X T4 ligase buffer  
• 6:1 molar ratio of insert to vector 

(~10ng vector)  
• Add (8.5 - vector and insert 

volume)μl ddH2O  
• 0.5 μL T4 Ligase  
• (larger ligation mixes are also 

commonly used) 
 

• X 10µL �,C -���� [\4 

• 1:6. �!���� ��) �%&�� /�FA� �#G% z,) z, �!����10 mg( 

• xª�.) 8.5 μL.�2A��- A��B� �%&�� � �!���� [�� z, ( z,
 ��B�. 

• 0.5 μLC -���� z, 4 

• )�� �� ��?Ù *#1 '�� ��, ���()(  



I. Basic techniques for working with DNA / I�0��� �(_� � �(��� �����Q� C�O�#;��� 
 

41 

1111....6666....3333....4444 Calculating Insert Amount / Calculating Insert Amount / Calculating Insert Amount / Calculating Insert Amount / حساب كمية الدنا المراد زيادتھاحساب كمية الدنا المراد زيادتھاحساب كمية الدنا المراد زيادتھاحساب كمية الدنا المراد زيادتھا    

 
The insert to vector molar ratio can have a 
significant effect on the outcome of a 
ligation and subsequent transformation 
step. Molar ratios can vary from a 1:1 
insert to vector molar ratio to 10:1. It may 
be necessary to try several ratios in 
parallel for best results.  

 � *#1 *©»2 ��¢ �!���� ¦� �2A��- A��B� �%&�� ��0, �#G%
 �O�.�� /0���� ����, � '���� ����%. �#G% x��ß "� z?¢

 z, �!���� ��0, �#G% z, K&=���� �%&�� ��0,1:1 ¦� 

1:10. �%-�0�, �G% K&) ����Û I��� �� z, "0?� &!
 �=����� � :� ��) /09���.  

1111....6666....3333....5555 Method / Method / Method / Method / �# ����     

1. Add appropriate amount of 
deionized H2O to sterile 0.6 mL 
tube  

2. Add 1 μL ligation buffer to the 
tube.  
Vortex buffer before pipetting to 
ensure that it is well-mixed.  
Remember that the buffer 
contains ATP so repeated freeze, 
thaw cycles can degrade the 
ATP thereby decreasing the 
efficiency of ligation.  

3. Add appropriate amount of 
insert to the tube.  

4. Add appropriate amount of 
vector to the tube.  

5. Add 0.5 μL ligase.  
Vortex ligase before pipetting to 
ensure that it is well-mixed.  
Also, the ligase, like most 
enzymes, is in some percentage 
of glycerol which tends to stick 
to the sides of your tip. To 
ensure you add only 0.5 μL, just 
touch your tip to the surface of 
the liquid when pipetting.  

6. Let the 10 μL solution sit at 
22.5°C for 30 mins  

7. Denature the ligase at 65°C for 
10min  

8. Dialyze for 20 minutes if 
electroporating  

9. Use disks shiny side up  
10. Store at -20°C  

1.  xª�¦� A���%0�� IA ��, z, ��(1 ^�0�)0.6�,  (
 [O�, �0#%� 

2. xª� μL1.�0#%�� ¦� '���� [\�, z,. 

 �%���½ z, &1���� /�(����� �#! �,��&�� � [\�B� '�F�
 �,�?���.  

  ��) I0�Æ [\�B� "�� �1J2ATP ����b2 KA�)� �ã �J� 
 ;O2 ¦� IAy2 "� z?¢ "���J�� ���?2 ���()ºATP 

 '���� �����: �#G% z, uO% ¦� ^������.  

3.  ¦� �2A��- A��B� �%&�� z, KA��B� ��(?�� ¦�0� xª�
 �0#%�� 

4. �0#%�� ¦� �!���� z, KA��B� ��(?�� ¦�0� xª� 

5.  xª�μL0.5-������ z,  

 �%���½ z, &1���� /�(����� �#! �,��&�� � -������ '�F�
 �,�?���.  

 /�*�G�?�� z, �#G% ��: &D0�º °�%�� �b, -������ �J� � ��
������ ¥9��� IJ��)tip (KA��- z, &1»��� �ã �J� 

μL0.5. ��, 'O:  

6.  z ��μL10  ��) /0�®� z,22,5 @ ˚. K&B30 �O�!A  

7.  ��) -������ ���#¡ �ë�h65 K&B ��0�, �D�A 10¥=�!A  

8. Dialyze for 20 minutes if electroporating 
9.  ��0���� �>H� z, Ñ�]  "0�	 @&R���. 
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10.  ��) �%�F-20@ ˚.  

1111....6666....3333....6666 Critical stepsCritical stepsCritical stepsCritical steps /  /  /  / 2���'=� �F�#�    

Troubleshooting 

Factors affecting efficiency (From Tom 

Ellis)  
A protocol analysis experiment for a 
typical DNA ligation (7.2 kb vector + 0.6 
kb insert, sticky ends) gave optimal 
ligation efficiency when 50 ng of vector 
was ligated overnight at 16°C with a 2:1 
insert:vector molar ratio and standard 
T4 ligase. Ligase was heat inactivated at 
65°C for 20 mins before 2 μL (of 20 μL) 
was used to transform commercial heat-
shock competent cells. Ligation 
efficiency was marginally decreased by 
doing a 1 hr ligation at room 
temperature using 100 ng vector  
1.Using insert:vector molar ratios of 5:1 
and 1:1  
Ligation efficiency was noticably 

decreased (x100) by  
1. Sticky end ligation with a larger 
insert (5.2 kb vector + 2.6 kb insert)  
2.Blunt end ligation  
Ligation efficiency was severely 

decreased (x10000) by  
1.Using DNA fragments that have been 
exposed to ethidium bromide and UV 
during the gel extraction procedure 
(difficult to avoid but heartily 
recommended)  
2.Using the NEB Quick Ligation Kit 
(possibly a bad batch)  

For additional trouble shooting, check 
out the NEB FAQ page for T4 ligation: 

 K��
?�� ��) �©y2 ¹�� �,�0���)��� @02 z,TOM ELLIN(. 

 <D½0(��� �%&�� '��� ��������� ������� /0102��� @&!

)7,2Kb �!�% ..0,6Kb �D�� ���Ý �½ &=�- �%A  ( '�� K��
1

 '�� Ï �,&�) ��b,ng50 ��) ����� ���¡ �!���� z, 16@ ˚. ,

.1/2. -���� z, Ò0�G, � �!���� ��) &=���� �%&�� ��0, �#G% z,

C4. ��) ��() x!0�� -������65.@˚. K&B20 �J� �#!  ��
�:A 
2μl ������ �,&	 /.F z, I������ ��0���� [P�(���� [�� 

 �9�RB� ��.R��)competent cells. (  
<£,�� �?£� '���� K��
1 �
R�2. /�(���� Ï �½�100ng z, 

 �)�� K&B �:���� K���� �D�A ��) �!����. 

.1 �!���� ��0, �#G% /�(���� /&=���� �%&��  z,1/5 � 1/1. 

 ÷0��, �?£� '���� K��
1 �
R�2)×100 (�;��0�:  
.1 �2A��- A��B� �%&�� z, *#1 �G�G�� �D���� ���>��� '��)5,2 kb 

 �!���� z,  +2,6kb&=���� �%&�� z, .( 

.2Ý '��KA�� ���. 

 K&£� '���� K��
1 �
R�2)x1000(�;��0�:  
.1 �, ��]�� � &�,��� @0�&�2.� §����� ¹�� �%&�� ;! /�(����

 ���GG
�#��  0:)uv(@.P� ��) �9
�� ���() /.F) z,�
 �>#�� ��9��(  

.2 �)0({ @�&R���NEB ��G�� '���� )����� "0?� "� z?Ù(. 

��
	 D��º��ª� ��¨ NEB_FAGC '���4  

 

1111....6666....3333....7777 NotesNotesNotesNotes /  /  /  / ��EF>�    

1. Make sure the buffer is completely 
melted and dissolved. The white 
precipitate is BSA according to NEB. 
Make sure the buffer still smells strongly 
like "wet dog" (to check if the DTT is still 
good).  

1. �
�Q� � ���Q� ������ �,�Å ��½ &! [\�B� "� z, &1»2
 0�BSA �G¸ NEB_ /��2 � [\�B� ��=�� "� z, &1»2

 �b, ��0!" �¡��� ��?��)." "�1 �½� �, �:��BDTT/�- �,  
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2. Because ligase buffer contains ATP, 
which is unstable and degraded by 
multiple freeze/thaw cycles, you may 
want to make 10-20ul aliquots from the 
original tube. Ligase buffer may be spiked 
with additional ATP.  
3.If you are having trouble with your 
ligation, NEB offers FAQ's (Quick 
Ligation T4 DNA ligase) and tips to help.  
4. Prior to the ligation, some heat their 
DNA slightly (maybe ~37°C) to melt any 
sticky ends which may have annealed 
improperly at low temperatures.  
5.Tom Knight has read that ligase can 
inhibit transformation. By heat-
inactivating the ligase, this inhibition can 
be avoided. However, according to the 
NEB FAQ, heat-inactivation of PEG 
(which is present in the ligation reaction) 
also inhibits transformation; therefore a 
spin-column purification is recommended 
prior to transformation if you are having 
problems.  
6. Treating PCR products with proteinase 
K prior to restriction digest dramatically 
improves the efficiency of subsequent 
ligation reactions.  
7. Using SYBR Safe DNA Gel Stain is 
asafer, non-carcinogenic alternative to 
ethidium bromide.  
8. T4 DNA Ligase is very sensitive to 
shear, so spinning your ligation mix or 
vortexing it to mix it can affect your 

yields. Instead try mixing with the pipette 
tip or slowly resuspending the solution.  
 

 �&�D(  

2. ��) I0�Æ -������ [\�, "�ATP � �O�G, *h 0� IJ��º
 �(=�&�� ���J��� � &�(���� �#G� ;O��, z, �J� ������

 ¦� ���	Q� ��(?�� [�GO2 z?(B�10_20Lø �0#%� �1 � .
 KA��- ²Å �½� -������ [\�, &G
� &!ATP  ���)  

3.'���� , ��?£, �D�02 ²�1 �½� "�: NEB�FAQ �  "�,&O
����� � �� � K&)�GB�)tip ( 

4. � 
R�, K���� ��) �%&�� ª '���� �#!37@ ˚ ���J�� 
 ²�Ç "� ����	 *h �#�	 ���Ý ��Å &! ¹�� �D�� ���Ý ���

 ��%&�, K���� ��).  

5. �B � ��0���� x!0� "� �;�G� -������ "� ²��% @02 ��!
-������ K���� ��O�� z?(B� z, x!0��� �J���½ , �  , �O:��

/neb_fag K���� ��O�� "�: PEG) ���() � KA0D0, <� ¹��
 -������ �)�
2 (/0���� ¥��2 �� �� , @�&R��� � :Q� z, ��J�

 A0,����SPIN ��?£, ��� ³��� "�1 �½� ��0���� �#!  

6./� ���%� �.)PCR ��;�!�� �#! �1 -���2���� �;��0�
 �)�
��� K��
1 z, �*b1 zGÆ ¥�.�� <;���� 

7. @.� /�(����SYBR SAFE DNA GEL STAIN  0� 
 �%�,� �b1��, �#G� IJ�� &�,��� @0�&�2�� z) ��&#�� 0��
 "�¡�G�� 

8.C �%&�� -����4;O�� &�) �&D ¼�G� 0�  . /�)� �J�
 ��) �()� �� �9(B� z, �&� ´.�� � �;�F� � '�����

(?�� ��) �©y� ��½ "Q ó;#� �#���2 ��0�;B� ��  

1111....6666....3333....8888 Acknowledgments / Acknowledgments / Acknowledgments / Acknowledgments / #���� " #��    

This protocol is primarily based on 
Endy: DNA ligation using T4 DNA 
ligase.  

�� ��yB�I&%� 0� /0102���� �JP /� : �%&�� '��� �(���� IJ��

C �%&�� ����� °�%�4  
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1111....7777 Plasmid preparation / Plasmid preparation / Plasmid preparation / Plasmid preparation / ��$>	�� +N�    

 

Fig. 1.11: Plasmid miniprep. 0.8% agarose gel ethidium 

bromide-stained. 

 ��0��1.11 : ���� ��$>6)MINIPREP(0,8.%. V>i -�
��"#6 V����=�6 � �3� $"
����   

Minipreparation of plasmid DNA and 
Ding dong DNA is a rapid, small-scale 
isolation of plasmid DNA from bacteria. It 
is based on the alkaline lysis method 
invented by the researchers Birnboim and 
Doly in 1979. The extracted plasmid DNA 
resulting from performing miniprep is 
itself often called"miniprep". 
When bacteria are lysed under alkaline 
conditions both DNA and proteins are 
precipitated. Some scientists reduce the 
concentration of NaOH used to 0.1M in 
order to reduce the occurrence of ssDNA. 
After the addition of acetate-containing 
neutralization buffer the large and less 
supercoiled chromosomal DNA and 
proteins precipitate, but the small 
bacterial DNA plasmids can renature and 
stay in solution. Addition of 
phenol/chlorofrom can dissolve and 
denature proteins, like DNase. This is 
especially important if the plasmids are to 
be used for enzyme digestion. Otherwise, 
smearing may occur in enzyme restricted 
form of plasmid DNA. 
Minipreps are used in the process of 
molecular cloning to analyze bacterial 
clones. A typical plasmid DNA yield of 
miniprep is 20 to 30 μg depending on the 
cell strain. 

MINIPREPERATION  0� Ó%�A Ó��A �%A � &�,-.#�� �%A z,
 0�� *�	  �;% ��) <� ��*�?#�� z, �%&�� ���) "� ��G��
 �b��#�� �#! z, �)��RB� I0�O�� ������ �0��� ��) @0O�

 ��� � ^�A � °0#%*�1979 .  ��R�GB� &�,-.#�� �%A ���,
 z,MINIPREP �(G� �, �*b1 �2�½ &� � 0� MINIPREP 
.  
) [�� ��0�O�� ´��£�� ²+ ��*�?#�� K�£! �G1 [�� �,&�

 ��1�2 z, ��(���� ��� �
F ��2���� � �%&�� ���2
 ¦� �(��GB� @0�A09�� &�G1��&��)0.1M ( x�
R�� ��½�

/�ssDNA  .  /-�) [\�, ��) I0�+ ¹�� C.�� KA��- &��
,?�� ����2 ��2���� � �%&�� /�,�-0,��1 z, K*#1 ��(1 z

 �O#�� ����#¡ KA�)� z, z?(�� *�9�� I*�?#�� �%&�� &�,-.�
/0�®� �. /0��
�� KA��-/ ��#�¡ *,&2� �� ��?¢ @�0:��0�?��

 �%&�� °�%� �b, C����2����)DNase ( "�1 �½� [>, �,� �J��
 &�,-.#����[ P� °�%� �(��G.  

/� ²,&R���Miniprep����� C�����H� ��G���� ���()  �
��*�?#�� C�)0({ . � &�,-.#�� �%&�� ��(1 KA�)�Miniprep 

 �� <�20-30μg��.�� �G�G2 �G¸ .  

1111....7777....1111 Miniprep Protocol / Miniprep Protocol / Miniprep Protocol / Miniprep Protocol /  ��D��#6Miniprep    

From http://www.protocol-online.org/prot/Molecular_Biology/Plasmid/Miniprep/, e.g. 
http://penguin.uchc.edu/~intron/Protocols/Alkaline%20lysis.html: 
Mini-prep 

1. Spin down 1.5 ml of overnight 
Mini-prep  
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culture in eppie for 1 minute on 
high. 
2. Asprirate supernatant and 
resuspend cell pellet in 100 μl 
Solution I (25 mM Tris-HCl, pH 
8.0, 10 mM EDTA). 
 
3. Add 200 μl Solution II (0.2 N 
NaOH, 1.0% SDS) and mix 
gently by inversion. 
 
4. Add 150 μl Solution III (3M 
KOAc, pH 4.8 [60 ml 5M KOAc, 
11.5 ml HOAc, 28.5 ml H2O]), 
vortex briefly to mix, and spin 
for 5 minutes on high. 
5. Transfer supernatant to fresh 
tube containing 500 μl 
phenol:chloroform, vortex and 
spin for 5 minutes on high. 
6. Transfer aqueous layer to 
fresh tube containing 1 ml 
ethanol, mix well by inversion, 
and spin for 5 minutes on high. 
7. Remove supernatant and 
wash pellet with 100 μl 75% 
ethanol, spin for 1 minute. 
 
8. Remove as much of ethanol as 
possible and dry tubes by 
leaving on bench with lids open 
for ~5 minutes. 
9. Resuspend DNA in 40 μl of 20 
μg/ml RNase A H2O. 
 10. Use for transformation, 
restriction digestion, 
sequencing, etc. 

1.  ��D�1.5ml â� �0#%� � ����� ���¡ ó;#� ��A IJ�� /0�_� z, 
)eppie (K&��� �O�!A K&B ����) �)�� ��) ��&�. 

2. ��)� � �, '
]� � �
�Q� � ����B� ª� �0#%Q� 100μl 
 /0�Û z,I) 25 mM Tris-HCl, pH 8.0, 10 mM EDTA.( 

3.  xª� 200μl /0�Û z, II) 0.2 N NaOH, 1.0% SDS (
¼�?�%E� �;��0� �,0��� �;�F��. 

4. 150μL  /0�Û z, III)  3M @0���20#�� C.F z, )KOAc ( ,

�ª0(_� �D�A4.8]60 ml 5M KOAc, 11.5 ml HOAc, 

28.5 ml H2O([, ��&2 �>)A � ��� �?£� �,��&��� '�F�

 K&B5����) �D�A ��) ¥=�!A .  

5.  ��) I0�Æ �F« �0#%� ¦� �0#%Q� ��)� � �, �O%�500μL z, 
 /0��
�� / @�0:��0�?�� ,;�F��� ��ª � �,��&�� � � K&B ��&

5����) �)�� ��) ¥=�!A . 

6. 0#%� ¦� ��=�B� �O#;�� �O%� ��) I0�Æ &�&D �1 z, �, 

 /0%���E� ,;�F�� �G1��B�� ��&�D  ,� ��ª �� K&B ��&5 ¥=�!A 
����) �)�� ��). 

7.  � �
�Q� � ����B� �Gh� � ������ �=�G�� �O#¡ /-�100μL 

 /0%���E� z,)75 (%K&��� �O�!A K&B ��&�� ��ª�. 

8. h "�A �0#%Q� ³�2� � /0%���E� "�?,E� �&O� /-� x��� ��;

 K&B5¥=�!A . 

9.  � ����B� �%&�� ª40μL É���� �(_� °�%� z, 
)g/mløRNaseA 20 ( 

10.  @&R��� ��0���� :<)�;�!E� [ P� °�%� ,�G�G���....  

1111....8888 Separating DNA with Gel Electrophoresis Separating DNA with Gel Electrophoresis Separating DNA with Gel Electrophoresis Separating DNA with Gel Electrophoresis / / / / V>e�� O��6#e��� �9(�� � ���6 �'��� �9,    

1111....8888....1111 Materials / Materials / Materials / Materials / 2��3�    

Typically 10-30 μl/sample of the 
DNA fragments to separate are 
obtained, as well as a mixture of 
DNA fragments (usually 10-20) of 
known size (after processing with 
DNA size markers either from a 

 z, �9ê KA�)10-30μl/ ¦� ��J1� �9
�� �%&�� ;! z, ���)

 �%&�� ;! z, '��F) z, KA�)10 $20 ( �>���! ����B� ) &��
 �� I������ �&9B� z, ��2e� �%&�� ¼��O, C�,.) z, �1 , �H��B�
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commercial source or prepared 
manually). 
- Buffer solution, usually TBE buffer 
or TAE 1.0x, pH 8.0  
- Agarose  
- An ultraviolet-fluorescent dye, 
ethidium bromide, (5.25 mg/ml in 
H2O). The stock solution is careful 
handling this. Alternative dyes may 
be used, such as SYBR Green.  
- zNitrile rubber gloves. Latex 
gloves do not protect well from 
ethidium bromide  
- A color marker dye containing a 
low molecular weight dye such as 
"bromophenol blue" (to enable 
tracking the progress of the 
electrophoresis) and glycerol (to 
make the DNA solution more dense 
so it will sink into the wells of the 
gel).  
- A gel rack  
- A "comb"  
- Power Supply  
- UV lamp or UV lightbox or other 
method to visualize DNA in the gel  

I�&��� * ���� z,.(.  

$  [\�B� KA�) 0� [\�, /0�ÛTBE �� TAE× 1.0_� �D�A  �ª0(

8.0. 

$ -���hQ�. 

$ ���G
�#��  0: �, ²���0�
�� ��#	 , &�,��� @0�&�2�)5.25 

mg/ml��B� �  (�J¸ /0�®� �J� , �,��2 �#�%� , @�&R��� z?¢�
���&#�� ��#9�� : �b,SYBR ��� �� . 

$  z, <(+ � ��A���� C�-�
O�� "Q ������� z, ��,�;, C�-�
!
&�,��� @0�&�2E�. 

$ �#	 I0�+ z, �
R�, <���D "-� ��) �%0�B� �,.��� �
  �-Q� /0��:0,���� �b, Ò�FQ� C��#9�� )���z?( ��) @&O��� z, 

 @.>�� <=���>?�� �9
�� ( /��G��?�� � ) �  ���� �.O© �%&�� <;���
 @.P� C���:.( 

$ @.>�� ¥#¡. 

$ '£,. 

$ <=���>1 ���2. 

$ � ���G
�#��  0: �, ��]� �½ Ã�#9,�, ��]� �½ �0ª  �&�	 � 
 0:@.P� ��) �%&�� ����� ���G
�#�� .  

1111....8888....2222 Preparation / Preparation / Preparation / Preparation / +N[���    

There are several methods for preparing 
gels. A common example is shown here. 
Other methods might differ in the 
buffering system used, the sample size 
to be loaded, the total volume of the gel 
(typically thickness is kept to a constant 
amount while length and breadth are 
varied as needed). Most agarose gels 
used in modern biochemistry and 
molecular biology are prepared and run 
horizontally. 
1 Make a 1% agarose solution in 100ml 
TAE, for typical DNA fragments. A 
solution of up to 2-4% can be used if 
you analyze small DNA molecules, and 
for large molecules, a solution as low as 
0.7% can be used.  

 @.P� * ��� K&�&)  �¡ ³��� , §��� ��)0�] �b1Q� �bB��
 ��� , @�\% @�&R��� �G� x��ß &! Ò�FQ�  �;�� �,�

 ^��E� [�_� z, ������ [�� z��ß z?(B� z, ²!yB� z��R���
 @.>��) � �D�_� �G� *��2 ����, �1�(G� ÷�
��E� [�� KA�)

§���� � /0;��.(  
B� [\�, � ��2��_� ���(�?�� � �,&R�GB� ��-���hQ� ��,.P� A�0

���O:� �>��) �(�×� � � + �����H� ��D0�0��.  

1. �	�1 % � -���hQ� /0�Û z,100 z, �, TAE ;O� 

��D½0(��� �%&�� . z, �9� �, @�&R��� ��?¢�2 ¦� 4 % z,
 K*�9�� �%&�� C�����D ��+ ²�1 �½� /0�®� ,�H�� C����

 z) �O� �, @�&R��� �� �� z?¢� K*#?��0.7 % /0�®� z,. 
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2 Carefully bring the solution just to the 
boil to dissolve the agarose, preferably 
in a microwave oven.  
3 Let the solution cool down to about 60 
°C at room temperature, or water bath. 
Stir or swirl the solution while cooling.  
Wear gloves from here on, ethidium 
bromide is a mutagen. 
 
4 Add 5 μl ethidium bromide stock (10 
mg/ml) per 100 ml gel solution for a 
final concentration of 0.5 ug/ml. Be very 
careful when handling the concentrated 
stock. Some researchers prefer not to 
add ethidium bromide to the gel itself, 
instead soaking the gel in an ethidium 
bromide solution after running.  
5 Stir the solution to disperse the 
ethidium bromide, then pour it into the 
gel rack.  
6 Insert the comb at one side of the gel, 
about 5-10 mm from the end of the gel.  
7 When the gel has cooled down and 
become solid, carefully remove the 
comb. The holes that remain in the gel 
are the wells or slots.  
8 Put the gel, together with the rack, 
into a tank with TAE. Ethidium 
bromide at the same concentration can 
be added to the buffer. The gel must be 
completely covered with TAE, with the 
slots at the end electrode that will have 
the negative current.  

2. &�) -���hQ� ���J�� x����?�, "�: � /0�®� �J¸ ª
"������ ����. 

3. Ô� A*#� /0�®� ³�2�60@ ˚ � �� �:���� K���� �D�A ��) 
A�� "� ¦� ������� , ��, §0�. 

 C�-�
O�� ��&2�� �ã ��&)�	� ��� z, , &�,��� @0�&�2E� "Q
� C��
;�� �#G)óD�
, Ñ�D *��2.(  

4. xª�5μL &�,��� @0�&�2E� "��¨ z, )10mg/ml ( �

100 ¦� <=�>��� ��1���� �9� "� ¦� @.P� /0�Û z, �, 
0.5ug/ml .  @0�&�2E� "��¨ , �,����� &�) ��&D ���J� z1
&�,���.�&�2E� KA��- @&) ��(���� ��� � 
� �G
% @.P� ��) @0

���£��� <>��� �,&�) ¥=�!A  #� ��O% z?� �. 

5. ¥#¡ � �� % � &�,��� @0�&�2E� �� �-0��� /0�®� ³��
@.P�. 

6. @.P� z, �>D I� ��) '£B� ª , �� �,5-10mm z, 
@.P� ���Ý. 

7. ��&,�D ¤#9�� @.P� A�� �,&�) , �,� '£B� �J¸ ����
� �0Ob��C���
�� �� ���e� �(G�: @.P� � �O#2 ¹�. 

8. [\�, /0�Û � ¥#;�� , @.P� ªTAE �#���� � A0D0B� 
@.>�� <=���>?�� �9
�� ��e K*#?�� . @0�&�2E� z, ��(?�� �
%�

 @.P� �;�� "� �ã � [\�B� ¦� �� 2 "� z?¢ &�,���
 /�� �,�?���TAE"0?2 "� �ã @.P� C���:�  �>H� z, 
 ��û� ��#�G��)negative current(.   

1111....8888....3333 Procedure / Procedure / Procedure / Procedure / ��P�#�^�    

After the gel has been prepared, use a 
micropipette to inject about 2.5 μl of stained 
DNA (a DNA ladder is also highly 
recommended). Close the lid of the 
electrophoresis chamber and apply current 
(typically 100 V for 30 minutes with 15 ml of 
gel). The colored dye in the DNA ladder and 
DNA samples acts as a "front wave" that runs 
faster than the DNA itself. When the "front 
wave" approaches the end of the gel, the 
current is stopped. The DNA is stained with 

 K*�	 �9Ù �(���� �����D @.P� ¤#9� �,&��
)micropipette ( ^�0� ª0�2.5μl �>�� �%&�� z, 

 ��O���) �%&�� [�� �� �� ��;��.(  
 ������ ��]� <=���>?�� �9
�� �:�h ��;h ¥�h�

<=���>?��). KA�)100V K&B 30 , �O�!A 15 z, �, 
@.P�.(z, C���) � �%&�� [��� "�0�Q� ��#	 ¹�� �%&�� 
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ethidium bromide, and is then visible under 
ultraviolet light. 
 

1. The agarose gel with three slots/wells 
(S).  

2. Injection of DNA ladder (molecular 
weight markers) into the first slot.  

3. DNA ladder injected. Injection of 
samples into the second and third slot.  

4. A current is applied. The DNA moves 
toward the positive anode due to the 
negative charges on its phosphate 
backbone.  

5. Small DNA strands move fast, large 
DNA strands move slowly through the 
gel. The DNA is not normally visible 
during this process, so the marker dye 
is added to the DNA to avoid the DNA 
being run entirely off the gel. The 
marker dye has a low molecular weight, 
and migrates faster than the DNA, so as 
long as the marker has not run past the 
end of the gel, the DNA will still be in 
the gel.  

6. Add the color marker dye to the DNA 
ladder.  

�G
% �%&�� z, ���Q� � /�Q� �D0B� ���bÄ <�. �,&�)
 ������ x�!02 �ã @.P� ���Ý z, /�Q� �D0B� ���O�

<=���>?�� . ���?¢ �JP &�,��� @0�&�2E�� ¬;�, "e� �%&��
<�G
��  0
�� �0 �� ��]� ²+ ���% "�.  

1.  ��: &D0� I-���hQ� @.P�3C���: . 

2. ��
�� � ª ¦�Q� � :�%&�� [��. 

3. �%&�� C���) �b��b�� � ��%�b�� ���
�� � ª. 

4.  ³����� �%&�� "� ü��� <=���>?�� ������ ��]
C�
�0
�� <���Q� �##�� ����ãE� �>H� �����. 

5.  �,� @.P� ��) �)�G� ³���� *�9�� �%&�� �G�G2
 � ���% "� z?¢ �� �<;� 0>: *#?�� �G�G���

��(��� �J� <� ¹�� ��#9�� KA��- [�2 �J� Ã0ª0� �
 �,.��� �J� ���� [�2 á �½� ��J� �%&�� z, ����

� z��� �J>:@.P� ���: � /��� � �%&�� "». 

6. �%&�� [�� ��) �%0�B� ��#9�� xª�.  

 

Fig.1.12: Agarose gel with 

samples loaded in the slots, 

before the electrophoresis 

process 

 �?£��1.12 : C���) , I-���hQ� @.P�
��=���>?�� ���(��� �#! C���
�� z,  

 

Fig 1.13: A pattern of DNA-

bands under UV light 
 �?£��1.13 : ²+ �%&�� O� z, �½0è

���G
�#��  0: �, ��]Q� 
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Figure 1.14: Schematic drawing of 

the electrophoresis process, see 

text for description of steps 

 

 �?£��1.14 : ���(��� <;�;ß [��
��=���>?��.����B� x	0� u��� D�� 

 

2222 Experimental Part: Cloning of SRY gene / Experimental Part: Cloning of SRY gene / Experimental Part: Cloning of SRY gene / Experimental Part: Cloning of SRY gene / O����� P&Q� :RQ� S�4���)!#DH��      

2222....1111 Isolation of human cells and amplification of SRY gene with PCR (2Isolation of human cells and amplification of SRY gene with PCR (2Isolation of human cells and amplification of SRY gene with PCR (2Isolation of human cells and amplification of SRY gene with PCR (2ndndndnd day) day) day) day) /  /  /  / " ��4'^� ��>I �&. �(.�N�

Q�RH�� !#D�4�4�3� 5#��	�� �.�(� � �))))اليوم الثانياليوم الثانياليوم الثانياليوم الثاني ( ( ( ( ��6     

2222....1111....1111 SRY geneSRY geneSRY geneSRY gene    / / / / SRY RQ�     

SRY (Sex-determining Region Y) is a sex-
determining gene on the Y chromosome in 
the therians (placental mammals and 
marsupials) 

SRY @0�0,��?�� ��) ��H� A&Æ IJ�� �H� 0� y � 
��&©�����H� � �(�£B� C 

This intronless gene encodes a 
transcription factor that is a member of 
the high mobility group (HMGtt)-box 
family of DNA-binding proteins. 
This protein is the testis determining 

factor (TDF), also referred to as the 
SRY protein, which initiates male 
sex determination. 

 �O���� �)0({ � 0 ) 0� IJ�� ¬G% �,�) ¦� �,�� "���%E� �D
 �������(HMGtt) �%&�� '����� ��2���� z, K��Q� z(ª  .� �J

9�� &�&+ �,�) 0� ��2����# � , ��2��� ý� �� ���� ��£� �SRY 
I�1J�� ��H� &�&��� �&#� IJ�� .  

Sequence of SRY: �4�4�SRY  
        1 gttgaggggg tgttgagggc ggagaaatgc aagtttcatt acaaaagtta acgtaacaaa 
       61 gaatctggta gaagtgagtt ttggatagta aaataagttt cgaactctgg cacctttcaa 
      121 ttttgtcgca ctctccttgt ttttgacaat gcaatcatat gcttctgcta tgttaagcgt 
      181 attcaacagc gatgattaca gtccagctgt gcaagagaat attcccgctc tccggagaag 
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      241 ctcttccttc ctttgcactg aaagctgtaa ctctaagtat cagtgtgaaa cgggagaaaa 
      301 cagtaaaggc aacgtccagg atagagtgaa gcgacccatg aacgcattca tcgtgtggtc 
      361 tcgcgatcag aggcgcaaga tggctctaga gaatcccaga atgcgaaact cagagatcag 
      421 caagcagctg ggataccagt ggaaaatgct tactgaagcc gaaaaatggc cattcttcca 
      481 ggaggcacag aaattacagg ccatgcacag agagaaatac ccgaattata agtatcgacc 
      541 tcgtcggaag gcgaagatgc tgccgaagaa ttgcagtttg cttcccgcag atcccgcttc 
      601 ggtactctgc agcgaagtgc aactggacaa caggttgtac agggatgact gtacgaaagc 
      661 cacacactca agaatggagc accagctagg ccacttaccg cccatcaacg cagccagctc 
      721 accgcagcaa cgggaccgct acagccactg gacaaagctg taggacaatc gggtaacatt 
      781 ggctacaaag acctacctag atgctccttt ttacgataac ttacagccct cactttctta 
      841 tgtttagttt caatattgtt ttcttttctc tggctaataa aggccttatt catttca 
The sequence is given in the direction 5’---�----3’  ���� �G� �G�G��� �J�: 3’---<----5’  

3D structure of TDF (there are several variants in the database, e.g. 1J46 and 1HRY):  

 

fig.1.15: see plate 7 for color        

version  �?£��1.15 : ���
9�� �\%�7 
�%0�, �RG��.  

 Testis determining factor TDF 

(HMG-Domain, green) with DNA 

(blue) according to PDB 1J46 

 A���Q� � ��9�� &�&+ �,�) ����
��©.b��. C�%��� ��� ���� , [=.�,�
��2����.  

http://www.rcsb.org/pdb/explo
re/images.do?structureId=1HR
Y 

FASTA format sequence of the protein (version 1hry): 
>1HRY:A|PDBID|CHAIN|SEQUENCE 
VQDRVKRPMNAFIVWSRDQRRKMALENPRMRNSEISKQLGYQWKMLTEAEKWPFFQEAQKLQAMHR
EKYPNYKYRP 
>1HRY:C|PDBID|CHAIN|SEQUENCE 
GTTTGTGC 
>1HRY:B|PDBID|CHAIN|SEQUENCE 
GCACAAAC 

2222....1111....2222 DevicesDevicesDevicesDevices /  /  /  / الآلاتالآلاتالآلاتالآلات    

Shaker Incubator / ³�Û , ��ª�� 
Thermocycler(PCR) / �G�G�B� K�(�#�� �)�
2 
Water bath / §0�.�RG2  

See plate 8 for color figure. 

2222....1111....3333 MaterialMaterialMaterialMaterial /  /  /  / 2��3�    

PBND buffer (for explose the 
membrane): 
0,372g KCl (50 mM) 
2,5ml Tris pH 8.3 (10 mM) 
1ml MgCl2   (2.5 mM)   
Gelatine(0.1 mg/ml) 
450μl NP-40 (0.45%) 
450μl Tween-20 (0.45%) 

 [\�,PBND)  ��.�� ��£h *�
�� (  
0.372g @0���20#�� �0�1 z, )50Mm. ( 

2.5ml z, tris3 �ª0Ð �D�A ��) 8.3) 10mM.( 

 �2.D)0.1mg/ml.(  
450μl  z,NP40 (0.45%) 
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450μL z, Tween-20 (0.45%)  
Primers / 

C�)�£B�  
hSRY5: 5’-gttgaggggg tgttgagggc ggaga-3’ 
hSRY3: 5’-tgaaatg aataaggcct ttattagcca-3’  

(hSRY3 is complementary sequence of 5’- tggctaataa aggccttatt catttca -3’ 
Important remark: The SRY gene has to be put 
later in pGEM-T vector and then has to be cut 
out from it afterwards with EcoRI. For this 
reason there has to be put at both primers a 
EcoRI cutting sequence. In this course primers 
without these EcoRI cutting sequences are 
used. So the last step of the course (restriction 
digest with EcoRI) is not possible. 

�,�� � �., : "�H� � ��ª� ¦� ��O�� �D�¸ �
�!�% T-pGEM °�%»� ��;! � z, � EcoRI .  �JP

/� °�%Q ��;�!E� C�)�£, ª� �ã �#G��EcoRI. 
0, ²G�� C�)�£B� �J� ���&��� �J� � z?�� KA0D

á K*FQ� ����B� "�: ��J�[�2 .   

2222....1111....4444 Protocol    / / / / بروتوكولبروتوكولبروتوكولبروتوكول    

1. If you are male: Take 
a smear of your oral 
mucosa. Take it with 
a plastic spatula. 
Ask for a probe of a 
female oral mucosa 
smear. 
If you are female: 
Take a smear of your 
oral mucosa. Take it 
with a plastic 
spatula. Ask for a 
probe of a male oral 
mucosa smear 

  
Figure: Putting the smear 
probe in an Eppendorf 
tube 

 <¡�RB� ��£��� z, ��GB� ª
KJ����� �0#%� �.  

1. ý��1½ ²�1 �½� : ��£��� z, ��G, JF� ���)
 z, �O��, �;��0� [
�� x��¡ z) <¡�RB�

 ����.#�� , �b%Q� z, Ò�F� ��G, JF��
O����������� z, ¥. 

� �b%� ²�1 �½ : ��£��� z, ��G, JF� ���)
z, �O��, �;��0� [
�� x��¡ z) <¡�RB� 

����.#�� , 1J�� z, Ò�F� ��G, JF�� �
¥�O����.  

Each of the smear 
(marked as “male” and 
as “female”) is flushed 
with 20μl PBND buffer 
into an Eppendorf tube. 

 z, ��0#%� "e� ��&�
 KJ�����. 

You have now two 
Eppendorf tubes 

 ���GB� .1) �,.) ª� �ã
, �?���(��� ��0#%Q� z ( ��J2

�20μL [\�, z, PBND � 
*�	 KJ��% �0#%�. 

For each Eppendorf tube: 
2. Add 3μl Proteinase K 

(10mg/ml). Then incubate 
several (about 3-5) hours at 
55 °C(for   activation the 
enzyme). 

3. Incubate at 95°C for 15 
minutes (95˚c: for 
denaturation the proteinase 
k) . 

4. Set up of PCR:(time *3 the 
yield). 

5μl of DNA (from your 

�0#%� �?�: 

2. xª� 3μL �1 -���2���� z, )Protease k) ( 10mg/ml. ( �� �� �

 C�)�� K&��)3 �� 4C�)��  ( ��)55@ ˚)  °�%Q� �() '�£���.( 

3. ��) �(>� ��95@ ˚ K&B 15 �O�!A )°�%Q� �() x�!0�� ( 

4.  � ��ª�« �G�G�B� K�(�#�� �)�
2 ��) :��ª �ã� ��(?�� 3 ( 

5 μL �%&�� z, )ý�O��� ½0F»B�.(  
0.6 μL ��£B� z, Hsry5) 10 μM(. 

0.6 μL ��£B� z,  hsry3)10 μM(. 
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probe) 
0.6μl hSRY5 (10μM) 
0.6μl hSRY3 (10μM) 
2μl 10xbuffer(15 mM MgCl2) 
0.4μl dNTPs (10mM) 
0.6μl MgCl2 (50mM) 
0.2μl Taq polymerase 
10.6μl H2O 

5. Performing the PCR reaction: 
Program the cycler as follows: 
40 cycles of: 
40sec. at 95°C 
40sec. at 53°C 
1 min. at 72°C 
  (95˚C for denaturation the 
double brind of DNA, 53˚C for 
activation the primer, 72˚C for 
activation the polymerase). 
 
 
Result: Obtain yield of DNA     

2 μL z, 10*B� [\�)15mM MgCl2( .  
0.4 μL dNTPs)10mM(. 

0.6 μL@0����%�B� �0�1 )50mM(. 

0.2 μL-�*(��0� ³�2 .  
10.6 μL��B� z, .  

5. �G�G�B� K�(�#�� �)�
2 ���() J�
�2  : 0���� ��) K��&�� �,�%��
^����:  

40� K��A I0�+ K��A �1:   

40 ��) ����© 95@ ˚.   

40 ��) ��%�© 53@ ˚.  

1 �O�!A  ��)72@ ˚.  

)95@˚ *���  �%&�� ¹�.� �� '���� ���#¡ ,53@ ˚ ��£B� �() '�£��� 
 ,72@ ˚-�*(��0#�� �() '�£���  .(  

�%&�� z, �1� ��(1 ��) /09_� ���(��� �J� z, �������.  

2222....1111....5555 Gel electrophoresisGel electrophoresisGel electrophoresisGel electrophoresis /  /  /  / V>e�� O��6#e��� �9(��    

2222....1111....5555....1111 Devices / Devices / Devices / Devices / �=��    

Precision Balance / ¥�!A "���,  
Gel rack with voltage supply:@.� ¥#¡  
UV machine:���G
�#��  0: �, ��]Q� ��«  
Agitator machine (with heating possibility) / (K���_� @�&R��� ��%�?,� ,) '�F ��« 
See pate 8 for color figure 

 

2222....1111....5555....2222 Material / Material / Material / Material / 2��3�    

1. TAE buffer 1.0×pH8.0 (preparated 

in part 2.1.5.4). 

2. Agarose 
3. Ethidium bromide (Stock 
solution: 1g Eth.bromide in 100 ml 
dest. water) 

1. [\�,TAE  1 * �ª0(_� �D�A8)  [GO�� � K� ®�

2.1.5.4.(. 

2. -���hQ�. 

3. &�,��� @0�&�2� ) z��R��� /0�Û:1g  &�,��� @0�&�2E� K�A0� z, 
 �100ml ��B� z,  [O�B� .(  

2222....1111....5555....3333 Preparation of gel / Preparation of gel / Preparation of gel / Preparation of gel / V>W� +N�    
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• weight 1% agarose for 100ml 
TAE (see part 2.1.5.4). 

• Dissolve the agarose on the 
agitator machine (agarose 
dissolve at 70 °C). 

• Let the solution cool down to 
about 60˚C at room temperature. 

• Stir or swirl the solution while 
cooling. 

• Put the gel on the gel rack and 
insert the comb. 

• Let the gel to solidify. 

•  "-1% �?� -���hQ� z, 100ml �=�� z, TAE  

) * + ��
�1 ��) �\%�TAE � 2.1.5.4..(. 

• ` ��) ³�®� ��« ��) -���hQ� ��½70@˚. 

• �:���� K���� �D�A ��) A��� /0�®� ³�2�. 

• &����� ���() /.F �������� [!, 

•  '£B� ª � @.P� ¥#¡ ��) @.P� xª� 
• &(��� �1�2�.  

 

Figure 1.16: Gel rack.with comb See plate 9 for color version 
K�0	 1.16 :@.P� ¥#¡'£B� ,  . ���
9�� �\%�8�%0�, �RG�� .  

2222....1111....5555....4444 Preparation of TAE buffer 10×pH8.3 / Preparation of TAE buffer 10×pH8.3 / Preparation of TAE buffer 10×pH8.3 / Preparation of TAE buffer 10×pH8.3 / حضير المنظم حضير المنظم حضير المنظم حضير المنظم كيفية تكيفية تكيفية تكيفية ت TAE TAE TAE TAE × × × × 10101010درجة الحموضة درجة الحموضة درجة الحموضة درجة الحموضة     
1. 20ml EDTA 
(0.5M). 
2. 240ml acetic 
acid (5%). 
3. 400 ml Tris 
base (0.01M). 
4. 240ml 
distillated water. 
5. Regulate with 
NaOH(2M) the pH 
on 8.2-8.4.      
 

 Figure 1.17: pH 

Meter See plate 10 for color version               

              K�09��  1.17 :�ª0(_� �D�A "���, .
 ���
9�� �\%�10 �%0�, �RG��   

20ml  z, � ò IA II«)  <)���
b�E� �,� <=��© C.F���).(0.5M.( 

240ml  C.�� �Ð )5%.( 

400ml z, tris base)  0.01M.( 

340 ml .4 [O�B� ��B� z, )distillated 

water.( 

.5�D�A [�\�2 ��) �ª0(_� 8.2 $8.4 
 @0�A09�� &�G1��&�� �;��0�

)NaOH.( 

2222....1111....5555....5555 Separating DNA with gel electrophoresis and visualization of DNA under UV light / Separating DNA with gel electrophoresis and visualization of DNA under UV light / Separating DNA with gel electrophoresis and visualization of DNA under UV light / Separating DNA with gel electrophoresis and visualization of DNA under UV light /  d�. �'��� �9,
�?4(�	�� A�, �� ����� d�. ��� 
" V>e�� O��6#e��� �9(�� ��h    

I Take of each of your 3 Eppendorf 

tubes (male DNA, female DNA, DNA 

ladder) 4μl DNA and add as into a 

new Eppendorf tube as follows:  

• For male smear probe: 4μl 
DNA (from smear) +3μl 
bromophenol blue + 3μl 
glycerol. 

• For female smear probe: 4μl 

I ã JF� �4 μL �%&�� z, ) z, �1 z,3 ����%�  : �%&�� �0#%�

 I�1J��, I0b%Q� ,<(�G�� ( � [>�ª� �3 �  K&�&D ����%� 
^���� �0#%� �1 ��) �:�ª�: 

•  I�1J�� ��GB� �0#%Q :μL4 �%&�� z, )ý�O��� ½0F»B� (

 +μL3  �-Q� /0��:0,���� z,  +μL3 z, 
/�*G��?��. 



I. Basic techniques for working with DNA / I�0��� �(_� � �(��� �����Q� C�O�#;��� 
 

54 

DNA (from smear) +3μl 
bromophenol blue + 3μl  
glycerol. 

• For DNA ladder: 4μl ladder 
DNA +3μl bromophenol blue 
+ 3μl glycerol. 

II Inject 10μl from each eppendorf 

tube in the slots/wells of gel 

preparated on the gel rack 

• � ��GB� �0#%Q I0b%Q :μL4 �%&�� z, )ý�O��� ½0F»B� (

 +μL3  �-Q� /0��:0,���� z,  +μL3 z, 
/�*G��?��. 

•  �%&�� [�� �0#%Q: μL4 �%&�� [�� z,  +μL3 z, 

  �-Q� /0��:0,���� +μL3/�*G��?�� z, . 

 II ªμL 10 ¥#¡ ��) � ®� @.P� �
� � �0#%� �1 z, 
 ý�O��� @.P�  

III Close the lid of the electrophoresis 
chamber and apply the voltage of 80 V for 
1h30min. 
IV After migration of the band; put the 
gel into a deep vessel (to put Ethidium 
bromide on it and to wash it afterwards).  
V Soaking of gel with Ethidium bromide: 

Put 250 ml dest. water and afterwards  

30μl of ethidium bromide stock solution 

into the vessel with the gel. Let it soaking 

for 30 min.  

 III ������ ���£�� [! � <=���>?�� ".���� "��F ��;h ¥�h�

 K&B <=���>?��30 ��) �O�!A 80V.  
 IV �%&�� O� K��� &��, ¥�(h ��)� � @.P� ª) ��O��

C��, K&) ��Gh � z,� &�,��� @0�&�2E��.( 

 V K&B &�,��� @0�&�2E�� @.P� O%�30�O�!A  )ª  250ml 
, � [O�B� ��B� z, � z30 μL&�,��� @0�&�2E�� z, (  

Warning: Be careful with ethidium 
bromide!!! Use specific gloves, put the 
water with ethidium bromide in a specific 
place, do not throw it in the nature. 
Ethidium bromide could cause cancer 
(propably onkogen) and it is mutagen. 

VI Wash the gel from ethidium bromide 3 

times with dist. water (250ml).  

VII Put the gel on UV- machine. Insha 

Allah you will see bands for the DNA 

ladder and the male DNA: 

 ��J+ : �J_� �ã� �,����� , @0�&�2E�  !!! @&R���
 �	��� C�-�
O�� ,B� ª � &�,��� @0�&�2E� ��) ��0�®� ��

 ���#;�� � ��,�2 � � Â�F "�?, . "�¡�G�� �#G� &! �%Q
 C��
;�� Ø&Æ�) �%&�� óD�
B� *�����.(  

VI  @.P� �Gh�3 [O�B� ��B� � C��, )250ml ( @0�&�2E� &��
&�,���. 

.VII ���G
�#��  0: �, ��]Q� ��« ��) @.P� ª .�� ��£%� � 
�%&�� [�G� � I�1J�� �%&�� O� Ò���.  

2222....2222 Gel purification / Gel purification / Gel purification / Gel purification / V>W� ����    

Before the PCR product is ligated into 
a plasmid it is purified on a agarose 
gel from unspecific reaction products. 

.#��� �G�G�B� K�(�#�� �)�
2 z, ���B�  �9�� �#!- ���O�2 �ã &�,
z, �����ª *��� A�0B�� @.P� .  

2222....2222....1111 Devices /  /  /  / الآلاتالآلاتالآلاتالآلات    

Warming bath or incubator /  ��ª�� 
Electrophoresis device / @.>�� <=���>?�� �9
�� 
Precision weight / ¥�!A "���, 
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Centrifuge / KJ��% 
Vortex / �,��A 
 see plate 8 for color.figure  ���
9�� �\%�8�09�  �%0�,  /  

2222....2222....2222 MaterialMaterialMaterialMaterial /  /  /  / 3�2��     

Eppendorf tubes / KJ��% �0#%� 
Scalpel / A�� ´�£, 
QIAquick Gel extraction Kit : �9
�� ���() ��) &)�G2 �)0{ <�  

2222....2222....3333 Protocol /  /  /  / البروتوكولالبروتوكولالبروتوكولالبروتوكول    

QIAquick Gel Extraction Kit Protocol 
using a microcentrifuge 
This protocol is designed to extract 
and purify DNA of 70 bp to 10 kb 
from standard or low-melt agarose 
gels in TAE or TBE buffer. Up to 400 
mg agarose can be processed per spin 
column. This kit can also be used for 
DNA cleanup from enzymatic 
reactions. 
For DNA cleanup from enzymatic 
reactions using this protocol, add 3 
volumes of Buffer QG and 1 volume 
of isopropanol to the reaction, mix, 
and proceed with step 6 of the 
protocol. Alternatively, use the 
MinElute Reaction Cleanup Kit. 
Important points before starting 

■The yellow color of Buffer QG 
indicates a pH ≤7.5 
■Add ethanol (96–100%) to Buffer PE 
before use (see bottle label for 
volume). 
■All centrifugation steps are carried 
out at 17,900 x g (13,000 rpm) in a 
conventional table-top 
microcentrifuge at room temperature. 

QIA quick gel extraction kit  /0102��� 0� 
*�9�� KJ����� �0#%� @&R�G�  

 z, �%&�� ��O�2 � ���R��� ¦� /0102���� �J� �&>� 70bp ¦�
10kb [\�B� � I-���hQ� @.P� "���½ �#G% §�
�� �� TAE��   
TBE z, �b1� �H��, z?¢ 400mg A0,�) � -���hQ� z, 

 "���&��. �)�
��� z, �%&�� ý� �� x\�2 "� �>�?¢ �)0(�� �J� 
<¢�%Q�.  

 <¢�%Q� �)�
��� z, �%&�� x�\��� /0102���� �J� @&R�G� ,

 �)�
��� �J� ��) xª�3 [\�B� z, @���� QG �?� 1 [�� 
/0%��������E� z, , �;�F�, z, ��A�G�� K0;�� �(1� � z, �

/0102���� .�� ��½ z, �&� �� x�\���� �)0({ @&R�Min 

Elute reaction.   

P�	�� �	p ���i ¡��'.  
- [\�(�� �
	Q� "0���QG �� àA� �ª0(_� �D�A "� ¦� *£� 

 I��G27.5.  

-�E� xª�� /0�)96-100% ( [\�B� ��)PE/�(���E� �#! . 

- �)�� ��) CJ
% J#��� ����, ��17,900*g(13,000 rpm) � 
�A���� J#��� ��«�:���� K���� �D�A ��) �. 

Procedure / C����DE� 
1. Cut the DNA fragment from the 

agarose gel with a clean sharp scalpel. 
.1� �'��� 8�6 8 p)" /E' ¡#0¢ !$"
���� V>W� -2�F.  
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                      fig.1.18 see plate 11 for color version 

 5
�9��1.18E'L  �[(9�� #11�'��� �\4��  

Minimize the size of the gel slice by 
removing extra agarose. 
2. Weigh the gel slice in a colorless 

tube. Add 3 volumes of Buffer QG to 

1 volume of 

gel (100 mg ~ 100 μl). 

For example, add 300 μl of Buffer QG 
to each 100 mg of gel. For >2% agarose 
gels, add 6 volumes of Buffer QG. The 
maximum amount of gel slice per 
QIAquick column is 400 mg; for gel 
slices >400 mg use more than one 
QIAquick column. 
3. Incubate at 50°C for 10 min (or 

until the gel slice has completely 

dissolved). To help dissolve gel, mix 

by vortexing the tube every 2–3 min 

during the incubation. 

IMPORTANT: Solubilize agarose 
completely. For >2% gels, increase 
incubation time. 
 

4. After the gel slice has dissolved 

completely, check that the color of 

the mixture is yellow (similar to 

Buffer QG without dissolved 

agarose). 

 &=���� @.P� ���-� ��;�GB� �&! /���.  

.2 �£$ ¤ ¥�(� ��	'L � �� ��� 8¦ . /¦L3 -� V�?FL 

 §E��QG ��� 1 V>W� -� §?F )100 mg ~ 100 µl( /�b, 

 ��½ ��) , xª�µl 300 [\�, z, QG  �?� 100mg z, 

 @.P� .b1Qz, �% 2  I-���hQ� @.P� z,  , xª�6 @���� 
 [\�, z,QG  .  A0,�) � @.P� z, Ò09O�� ��(?��Qia quick 

 <�400mg ,  A0,�) z, �b1� �(���� ��(?�� �J� z, �b1QQia 

quick.   

.3-NFL  d�.50V˚ 5�3 10 ;��p2  ) V>W� �"H� �L ¨) "L
������6 ( ��6"H�� d�. V>W� 5�.�43 , ���"���6 ��'�� @�IL

�D 2©3 -N�� �>I ;��p2. 

V�i : �,�?��� -���hQ� "���½ �ã . z, �1� @.P� "�1 �½��% 

2z _� ²!� KA��- �ã .  
  

.4 @�%� ��� -� ;�[��� cª ������6 $"
���� c�"H� ��6
 #(_��) §E���� ���« �6�03�QG������=� �	p .( 

  fig.1.19. see plate 12 for color version   �?£��1.19 . ���
9�� �\%�12 �%0�, �RG��  /  
If the color of the mixture is orange or 
violet, add 10 μl of 3 M sodium 
acetate, pH 5.0, and mix. The color of 
the mixture will turn to yellow. The 

 <�G
�� �� ^�O2�� '���� "0� "�1 �½� , xª�10 μL z, 

 @0�A09�� C.F5M,  �ª0(_� �D�A5.0�;�F� �  . "� �ã
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adsorption of DNA to the QIAquick 
membrane is efficient only at pH ≤7.5. 
Buffer QG contains a pH indicator 
which is yellow at pH ≤7.5 and orange 
or violet at higher pH, allowing easy 
determination of the optimal pH for 
DNA binding. 
5. Add 1 gel volume of isopropanol 

to the sample and mix. 

For example, if the agarose gel slice is 
100 mg, add 100 μl isopropanol. This 
step increases the yield of DNA 
fragments <500 bp and >4 kb. For 
DNA fragments between 500 bp and 4 
kb, addition of isopropanol has no 
effect on yield. Do not centrifuge the 
sample at this stage. 
6. Place a QIAquick spin column in a 

provided 2 ml collection tube. 

7. To bind DNA, apply the sample to 

the QIAquick column, and 

centrifuge for 1 min. 

 �
	Q� "0��� ¦� "0��� A0�� . ��£h ��) �%&�� Â�9�,� K��
1 "Q

QIA quick I��G2 �� �!� �ª0Ð �D�A ��) "0?2 7.5 . 
 [\�B� I0�ÆQG  "0��� ���;�� a�� �ª0(_� �D�&� �]y, ��) 

 �ª0Ð �D�A ��) �
	Q�7.5 �>�, �!� ��  , "0��� "�1 �½� �,�
J>: <�G
�� �� ^�O2�� ����) �ª0(_� �D�A "»� *£� � , �Ù

�%&�� '��� ��bB� �ª0(_� �D�A &�&+ ��0>G� ¤(G�.  

5. /¦L1 ����� ��'�6"#6"&�^� -� V>W� §?F -� � �IL". 

 /�bB� ��#� ��) , "�1 �½�100mg �ã I-���hQ� @.P� z, 

 KA��-μL 100  /0%��������E� z,  . ��(1 z, &��2 ����B� �J�
!� <� ¹�� �%&�� ;!� z, �500bp z, �b1� � 4kb.  �%&�� ;O� �,�

 �� �,400bp-4kbE� KA��- "�: ��(?�� ��) �©y2 � /0%�������� .
 ����B� �J� � ������ J#�2 �.  

6. ��
"��� !2���. 8¦ Qiaquick ��	'�� -� R�f) � 
 8��Q�)collection tube .(  

7.�'��� @6#� ,���� 8¦ 2���. � �Qiaquick ,  5�3 H	'L1 
��p2 .  

                                          
The maximum volume of the column 
reservoir is 800 μl. For sample volumes of 
more than 800 μl, simply load and spin 
again. 
8. Discard flow-through and place 

QIAquick column back in the same 

collection tube. 

Collection tubes are reused to reduce 
plastic waste. 
9. Recommended: Add 0.5 ml of Buffer 

QG to QIAquick column and centrifuge 

for 1 min. 

This step will remove all traces of 
agarose. It is only required when the 
DNA will subsequently be used for direct 
sequencing, in vitro transcription, or 

 0� A0,���� "��� �9!Q� [�_�μL 800 [�_� "�1 �½� �,� 
�2 � ������ �(+ "� ���: ��½ z, �b1��"���&�� &.  

8. 2���. 8¦" �.L ¤ ����� ��	 �� � ���4�� O�
) 
Qiaquick ¬(' ¨) ���Q� 2����8�  

� ,�H� A0,���� /�(���� A������?���.#�� C���
��� ��(1 ���O.  

9. �[9' : /¦L0.5ml §E�� -� QG 2���. ¨) 
Qiaquick5�F�" ��p�� H	'L"    
����B� �J� -���hQ� ���O� �� ���2 .<� � ,�;0�� "�1 �½� 

 �]�#, �G�G�� �(��G�� �%&�� , ��RB� � �O��� , ��
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microinjection. 
10. To wash, add 0.75 ml of Buffer PE to 

QIAquick column and centrifuge for 1 min. 

Note: If the DNA will be used for salt-
sensitive applications, such as blunt-end 
ligation and direct sequencing, let the 
column stand 2–5 min after addition of 
Buffer PE, before centrifuging. 
11. Discard the flow-through and 

centrifuge the QIAquick column for an 

additional 1 min 

at 17,900 x g (13,000 rpm). 

IMPORTANT: Residual ethanol from 
Buffer PE will not be completely removed 
unless 
the flow-through is discarded before this 
additional centrifugation. 
12. Place QIAquick column into a clean 

1.5 ml microcentrifuge tube. 

13. To elute DNA, add 50 μl of Buffer EB 

(10 mM Tris·Cl, pH 8.5) or water (pH 

7.0–8.5) to the center of the QIAquick 

membrane and centrifuge the column 

for 1 min. Alternatively, for increased 

DNA concentration, add 30 μl elution 

buffer to the center of the QIAquick 

membrane, let the column stand for 1 

min, and then centrifuge for 1 min. 

IMPORTANT: Ensure that the elution 
buffer is dispensed directly onto the 
QIAquick membrane for complete elution 
of bound DNA. The average eluate 
volume is 48 μl from 50 μl elution buffer 
volume, and 28 μl from 30 μl. Elution 
efficiency is dependent on pH. The 
maximum elution efficiency is achieved 
between pH 7.0 and 8.5. When using 
water, make sure that the pH value is 
within this range, and store DNA at –
20°C as DNA may degrade in the absence 
of a buffering agent. The purified DNA 
can also be eluted in TE (10 mM Tris·Cl, 1 
mM EDTA, pH 8.0), but the EDTA may 
inhibit subsequent enzymatic reactions. 

microinjection.   

10. �4l�� , /¦L0.75ml  §E�� -� PE  2���. ¨) 
Qiaquick5�F�" ��p�� H	'L " .  

�EF>� :  ���G_� ¤�B� C�O�#;�� �(��G�� �%&�� "�1 �½� .
 �]�#B� �G�G��� � KA�_� ���>��� '�� �b, , ³�2� J#��� �#!

 K&B A0,����2$5 [;�B� KA���� ¥=�!A PE .  

11. d�. 5�F�" ��p�� H	��� �.L" ���4�� O�
)
)17.900*G(13.000rpm 

V�i:�� z� <O#�B� /0%���E� � [\�, z, �,�?��� /PE Ï �½� �� 
J#��� KA�)� �#! �=�G�� <,�.  

12. 2���. 8¦ Qiaquick ���� 5H6�' ��	'L � 1.5ml.  

13. �'��� ���$^  , /¦L50μl §E�� -� EB) 10mM tris 

Cl, PH 8.5 ( P�� "L) PH 7.0-8.5 ( P�0� /9' �
Qiaquick 5�F�" ��p2 5�3 2������ H	'L ¤ . -� T=�6 "L

 ®�¯ , �'��� &D#� 52��&� , /¦L30μl  ���$^� §E�� -� 
)elution buffer ( P�0� /9' �Qiaquick ,°#�L 

�������p�� T�N�L H	'L ¤ ��p�� 2�.  
 V�i :ë-� [\�B� "� z, &1»2 ��£h ��) �K�]�#, �Qiaquick 

 &�OB� �%&�� ���-� ��(?�� . 0� ��R�GB� �=�G�� [�� /&�,
48μl z, 50μl���-E� [\�, [�� z,  . ���R��E� K��
1

�ª0(_� �D�&� �O���, . �½� [�2 Ò09O�� ���R��E� K��
1

 �D�A ²%�1 �� �ª0(_�7.0 $8.5 .�J�  �(��G2 �,&�)
��B� ,ë�F � �>!�;% z(ª �Ý� z, &1»2 ��) �%&�� " $

20@˚[\�B� �,���� ����� ����� "� z?¢ �%� �(1 . �%&�� ��O�2
 � "0?2 "� z?¢TE) 10 mM Tris·Cl, 1 mM EDTA, pH 

8.0 (« ò IA I� ö"� ��I� ��: A�A� �Å &! %�O�� ��¢� .  

14. If the purified DNA is to be analyzed 

on a gel add 1 volume of Loading Dye  

to 5volumes of purified DNA. Mix the 

solution by pipetting up and down 

before loading the gel. 
Loading dye contains 3 marker dyes 

14  /¦L V>W� d�. §�� �'��� m&'L ��� ��D �¯)1 

 ±	9�� ��� -� §?F)loading dye ( ���5 -� V�?FL 
 d��3� �'��� . T="&' " T�2��_ �9�3� � ���6 ���n� @�IL
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(bromophenol blue, xylene cyanol, and 
orange G) that facilitate estimation of 
DNA migration distance and 
optimization of agarose gel run time. 
Refer to Table 2 (page 15) to identify the 
dyes according to migration distance and 
agarose gel percentage and type. 

V>W� d�. ��¦" �	p.   
 ��) Ó#9�� ��(+ I0�Æ3 	�#	Q� z, C�,.) 

)  �-Q� /0��:0,���� , ".�G1� /0%��� , � ^�O2���
)orange G (( � �D�� IJ�� �%&�� �:�G, ��&O2 z, �>G2 ¹��

 ���£��� ²!� @.P� z, Ò09O�� KA�
��E�. /�&H� D��2 

 ) ��
	15 ( �#G%� K��P� �:�GB ��O:� 	�#	Q� ��) ������
�)0% � @.P� .  

2222....3333 Ligation of PCR product in pGEMLigation of PCR product in pGEMLigation of PCR product in pGEMLigation of PCR product in pGEM----T Easy (Promega)T Easy (Promega)T Easy (Promega)T Easy (Promega) /  /  /  /  تفاعل البلمرة تفاعل البلمرة تفاعل البلمرة تفاعل البلمرة ربط منتج ربط منتج ربط منتج ربط منتج
    pGEMpGEMpGEMpGEM----T Easy (Promega)T Easy (Promega)T Easy (Promega)T Easy (Promega)المتسلسل في المتسلسل في المتسلسل في المتسلسل في 

In PCR Taq polymerase was used. If 

Taq polymerase is used, the PCR 

products include at the 3’ end a 

overhanging A nucleotide. This feature 

is used by the so-called T/A cloning.  

The DNA fragments (SRY gene) are 

cloned into a vector which has 

overhanging 5’ T nucleotides. So these 

vector endings are compatible to the 

endings of the PCR products, and the 

PCR products can be ligated with high 

efficiency into the vector. One of such 

vectors is the pGEM-T Easy. 

�G� ���(���� Ï �½�� �G�G�B� K�(�#�� �)�
2 � -��(��0� ³�2 �(�

 ���>��� �(£� �G�G�B� K�(�#�� �)�
2 ���, "�:3 ' ��) [�R��

« &�20��10����I) nucleotide A ( �;��0� �(��G�� K��B� �J�

 ò �)&� IJ�� ��G���E� / « .  

�10���� ��) [�¿ IJ�� �!���� � �RG��GB� �%&�� ;! ò &�20�

«I . K�(�#�� �)�
2 ���, C���Ý , ��,�?�, �!���� C���Ý "�: �J�

�G�G�B� , � ����) K��
1 z(ª ���B� �J� '�� z?(B� z,�

 �!����. 0� C.!���� �J� &��pGEM-T Easy .   

2222....3333....1111 DevicesDevicesDevicesDevices /  /  /  / ��"2��    

Table centrifuge for Eppendorf tubes / KJ����� ����%Q KJ��% /�&D 

Vortex / �,��A 

2222....3333....2222 MaterialMaterialMaterialMaterial /  /  /  / 2��3�    

Promega pGEM T Easy (Promega Cat. #A1380) 
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2X Rapid Ligation Buffer, T4 DNA 

Ligase (provided with pGEM-T 

Easy II Kit) 

60mM Tris-HCl (pH 7.8) 

20mM MgCl2 

20mM DTT 

2mM ATP 

10% polyethylene glycol (MW8000, 

ACS Grade) 

Store in single-use aliquots at –20°C. 

Avoid multiple freeze-thaw cycles. 

2 × @6#�� 8�#� §E�� , ³4 �'��� $�l� ) � #,��3�pGEM-T 

Easy II Kit(   

60mM Tris-HCl (pH 7.8) 
20mM MgCl2 

20mM DTT 
2mM ATP 

10% polyethylene glycol (MW8000, ACS Grade) 

 ��) K&��� K�, ��D �1 @�&R��� [�� a�� ��{ �?£� ü
��$

20@˚�?�B� ���J���� ���b��� ��� z��. 

2222....3333....3333 Protocol for Ligations Using the pGEM®Protocol for Ligations Using the pGEM®Protocol for Ligations Using the pGEM®Protocol for Ligations Using the pGEM®----T Easy Vector and the 2X Rapid Ligation BufferT Easy Vector and the 2X Rapid Ligation BufferT Easy Vector and the 2X Rapid Ligation BufferT Easy Vector and the 2X Rapid Ligation Buffer     /  /  /  / 
��"#6 �p���� V�\�4� @6#�� ��D  pGEM©T Easy "2  × §E��@6�
 8�#�     

1. Briefly centrifuge the pGEM®-T or 

pGEM®-T Easy Vector and Control 
Insert DNA tubes to collect contents 
at the bottom of the tubes. 

1. �!���� ��9�F�� J#%�pGEM-T Easy �� pGEM-T [?���� � 
 �
�� � Ò0�®� �(��� �!���� ��) �vA��- A��B� �%&�� ;O�

%Q� ����. 
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2. Set up ligation reactions as 
described below. 
Note: Use 0.5ml tubes known to have 
low DNA-binding capacity (e.g., 
VWR Cat.# 20170-310). 
Vortex the 2X Rapid Ligation Buffer 
vigorously before each use. 

2.�)Q� � ��ª0, <� �(1 '���� ��: A�A� A�&)� �. 

 �\�., : @&R���0.5ml ���%Q� z,  K�&! ��Å �Ý� ����, �
 � 
R�,'����%&�� .  / �,��&�� �(����2 ×  '���� ��� [\�,

 /�(���� �1 �#! K0O�. 

  
3. Mix the reactions by pipetting. 
Incubate the reactions 1 hour at room 
temperature. Alternatively, if the 
maximum number of transformants is 
required, incubate the reactions 
overnight at 4°C. 

3. K���� �D�A ��) �)�� K&B �� �� � �9(B�� �)�
��� '�F�
�:���� . ��½ z, ý�&� ��. �0�;, �O��� z, A&) �9!� "�1 �½�

"� ��� ���: ��) ����� /�0¡ �)�
��� 4@˚.  

Notes (from Promega): 
1. Use only Promega T4 DNA Ligase supplied with this 
system to perform pGEM®-T and pGEM®-T Easy Vector 
ligations. Other commercial preparations of T4 DNA 
ligase may contain exonuclease activities that may remove 
the terminal . Use only Promega T4 DNA Ligase supplied 
with this system to perform pGEM®-T and pGEM®-T 
Easy Vector ligations. Other commercial preparations of 
T4 DNA ligase may contain exonuclease activities that 
may remove the terminal deoxythymidines from the 
vector. 
2. 2X Rapid Ligation Buffer contains ATP, which degrades 
during temperature fluctuations. Avoid multiple freeze-
thaw cycles and exposure to frequent temperature 
changes by making single-use aliquots of the buffer. 
3. It is important to vortex the 2X Rapid Ligation Buffer 
before each use. 
4. Longer incubation times will increase the number of 
transformants. Generally, incubation overnight at 4°C will 
produce the maximum number of transformants. 
from the vector. 
2. 2X Rapid Ligation Buffer contains ATP, which degrades 
during temperature fluctuations. Avoid multiple freeze-
thaw cycles and exposure to frequent temperature 
changes by making single-use aliquots of the buffer. 

 z, C�\�.,promega   

1. C �%&�� -���� 'O: @&R���4 z, ��2e� 
promega �O��� ���() J�
���  .Q "

 I0�+ &! Ò�FQ� �������� C�* ����
 ���-� ¦� IAy2 "� z?Ù �;£%� ��). 

deoxythymidine z, �;Û <� ¹�� 
 �!����.  

2.2 × ��) I0�Æ '���� ��� [\�,ATP 
 C�D�&� C�#�O��� /.F z, �,&�� IJ��

 K���_� , &����� � ���J��� ���
 �����_� C�*���� §������ z���?�B�

�B� ���D� ¦� ��(?�� [�GO2 /.F z, K��?
 �1 I0�Æ a�¸ �>���ß � [\�B� z(ª
&��� /�(���E ��:�?�� ��(?�� ��) ��D. 

.3 '�F [>B� z, 2 × ��G�� '���� [\�,
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3. It is important to vortex the 2X Rapid Ligation Buffer 
before each use. 
4. Longer incubation times will increase the number of 
transformants. Generally, incubation overnight at 4°C will 
produce the maximum number of transformants. 

/�(���E� �1 �#! �,��&�� �.  

.4 A&) z, &��� �%� _� z, ��0;�� ²!0��
C�0��B�. ����� /�0¡ �%� _� "0?2 �KA�)

) ��4@ ˚.  

2222....4444 Transformation of E.coli JM109 by plasmid DNA carrying SRY gene (3Transformation of E.coli JM109 by plasmid DNA carrying SRY gene (3Transformation of E.coli JM109 by plasmid DNA carrying SRY gene (3Transformation of E.coli JM109 by plasmid DNA carrying SRY gene (3rdrdrdrd day) day) day) day) /  /  /  /  ·�D O��+�^� ��'

 R� ����� ��$>	�� �'2 � ���6SRY  )¸��j�� V���(.     

For the transformation there are used 
cells which are already made competent 
or preperate by the following protocol. 
These competent E.coli JM109 cells are 
provided with the Promega pGEM-T 
Easy Kit II 

 z, K� Û � ��0�
, � K���D ��.�� "0?2 "� �ã �O��� �JP
 /0102���� �J� /.F . ��0�
B� ^01 <?�*]E� �J�

JM109Ò&� K�:0�, Kit II  Promega pGEM-T Easy.   

2222....4444....1111 Protocol: Preparation of E.coli competent cellsProtocol: Preparation of E.coli competent cellsProtocol: Preparation of E.coli competent cellsProtocol: Preparation of E.coli competent cells /  /  /  / ةةةةييييونونونونولولولولالقالقالقالق    ةةةةشريكيشريكيشريكيشريكيخلايا الإخلايا الإخلايا الإخلايا الإالالالال    جھيزجھيزجھيزجھيز ت ت ت ت::::بروتوكولبروتوكولبروتوكولبروتوكول    
    المفتوحةالمفتوحةالمفتوحةالمفتوحة

1.Set up  5ml culture of 
E.coli in L.B medium 
,incubate over night at 
37˚C on a rotry shaker  

1. A�&)�5ml <?�*]E� z, O��0��%0� â /� IJ�, '�� � )L.B medium( ,

 ��) ����� /�0¡ z ��37@ ˚"���&�� ���() ���£2 , ��ª�_� � .  

 Figure 1.20: Tube with E.coli culture in Shaker Incubator. See plate 13 for 

color version /  �?£��1.20 :��ª�_� �F�A �)���B� ��%0�0O�� <?��]E� ��.F �>�: &D0� ����%�. ���
9�� �\%�13 �RG�� 
�%0�,.  

.2 Add 1ml of the over night 

culture to 100ml L.B medium 
.incubate at 37˚c on a shaker  
until the OD650=0.3(about  3h)  

.3 Aliquot culture into 2 *50ml 

Oakridge tubes chill on ice for 10 
min . Centrifuge at 4000 rpm for 
10min at 4˚c.Discard supernatant 
and resuspend the pellets each in 
20ml of cold 0.1M calcium 
chloride. 

2. xª�1 ml  � ����� /.F ���B� z,  100mlâ /� '�0�� z, . �

 ��) �� ��37@ ˚ ������� ���() ���£2 ,  ) C�)�� Ø.© /.F ( 

3. ¦� �)����� z, ���B� [G! 2 ×50ml � � ����%Q� �  ��b�� � �A�

 K&B10¥=�!A  . ��) J#%�4000 rpm K&B 10 ��) ¥=�!A 4@ ˚ . <,��
#%Q� z, ��)Q� � �, �0#%� �1 � C�#���B� ��) ª � �020ml z, 

A��#�� @0�G��?�� &��0�1).(0.1M. 

 



I. Basic techniques for working with DNA / I�0��� �(_� � �(��� �����Q� C�O�#;��� 
 

63 

.4 Leave on ice for 25min. 

centrifuge at 4000rpm for 10min 
at 4˚c resuspend each pellet in 
2ml of cold 0.1M calcium 
chloride. 

4. K&B ��b�� � �1�2�25�O�!A  .  ��) J#%�4000rpm K&B 10 ¥=�!A 

 ��)4@ ˚ ����, �1 � ª  2ml  @0�G��?�� &��0�1 z,)0.1M.( 

 

2222....4444....2222 DevicesDevicesDevicesDevices /  /  /  / �=��    

Waterbath / �RG2 §0� 
Shaking incubator / ³�Û , ��ª��  

2.4.3 Materials (otheMaterials (otheMaterials (otheMaterials (other than JM 109 from Promega pGEMr than JM 109 from Promega pGEMr than JM 109 from Promega pGEMr than JM 109 from Promega pGEM----T Easy Kit II) / T Easy Kit II) / T Easy Kit II) / T Easy Kit II) /  2��3�) +� JM 109 from 

Promega pGEM©T Easy Kit II.(    

• LB plates with ampicillin/IPTG/X-
Gal 

 ���G�#,� , â /� ��
	 /<D ò â I�)IPTG / (�1�$/�h.  
LB medium (per liter) 
10g Bacto®-tryptone 
5g Bacto®-yeast extract 
5g NaCl 
Adjust pH to 7.0 with NaOH. 
 
LB plates with ampicillin 
Add 15g agar to 1 liter of LB 
medium. Autoclave. Allow the 
medium to cool to 50°C before 
adding ampicillin to a final 
concentration of 100μg/ml. Pour 
30–35ml of medium into 85mm 
Petri dishes. Let the agar harden. 
Store at 4°C for up to 1 month or 
at room temperature for up to 1 
week. 
 
LB plates with ampicillin/IPTG/X-
Gal 
Make the LB plates with 
ampicillin as above; then 
supplement with 0.5mM IPTG 
and 80μg/ml X-Gal and pour the 
plates. Alternatively, 100μl of 
100mM IPTG and 20μl of 50mg/ml 
X-Gal may be spread over the 
surface of an LB-ampicillin plate 
and allowed to absorb for 30 
minutes at 37°C prior to use. 
 

 â /� IJ�, '��)������ �.(  
10gz,  bacto –tryptone .  
5g z, bacto-yeast extract  
5g0�1 z, @0�A09�� &��  

 ��) �ª0(_� �D�A /&)7.0 @0�A09�� &�G1��&�� �;��0�   
���G�#,� , â /� ��
	  

 xª�15g â /� '�� z, ���� �?� ��hQ� z,  . [O). '�0�� ¤Á�

 Ô� A�� "�50@ ˚ <=�>��� ��1���� "0?� Ô� ���G�#,Q� KA��- �#! 
100μg/ml .  xª�30-35ml *� �#�) ¦� '�0�� z, I . ��hQ� ³�2�

 &(��� . ��) �>] z, �b1Q �%�F �4@ ˚ �D�A ��) �0#�Q �� 
�:���� K����.  

���G�#,� , â /� ��
	 /<D ò â I� / �1�–/�h  .  
 ��O��� A�� �(1 ���G�#,� , â /� ��
	 �	� , �>��) xª� �

0.5mM � <D ò â I� z, 80μg/ml �1� z, – /�h  . z, ��&� ��
�½ �, �>D100μl <D ò â I� z, )100mM(  �20μl  �1� z, – 

 /�h) 50mg/ml ( ���G�#,� , â /� ��
	 ¤;� ��) [��£%� �

 /.F Â�9�,E�� �P ¤Á� �30 ��) �O�!A 37@ ˚/�(���E� �#! .  
 <D ò â I� /0�Û z��ß)M .1 0(  

1.2g<D ò â I� .  
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IPTG stock solution (0.1M) 
1.2g IPTG 
Add water to 50ml final volume. 
Filtersterilize and store at 4°C. 
 
X-Gal (2ml) 

100mg 5-bromo-4-chloro-3-
indolyl-β-D-galactoside 
Dissolve in 2ml N,N´-
dimethylformamide. Cover with 
aluminum foil and store at –20°C. 

 ¦� ��B� xª�50 ml >��� [�_� z, <=� . ���: �) Ò0�®� <
	 �

 ��) �%�F � [O�,4@ ˚   

 �1�– /�h )2 �, (  

100mg z, 5 $0,��� $4$��0�1 $3$ /�&��� – ��� –IA$ 
&�-0�?��h½  � [Ê�2ml"« z,  $ "«–&�,�,�0: ���¢A  . ��;�� [>�;h

��) [Ý�F � @0���,0�Q� z,20  $@ ˚  

The genotype of JM109 is recA1, endA1, gyrA96, thi, hsdR17 (rK–,mK+), relA1, supE44, Δ(lac-proAB), [F´, 
traD36, proAB, lacIqZΔM15]. 
Protocol /  /0102����  
1. Prepare two LB/ampicillin/IPTG/X-
Gal plates for each ligation reaction, 
plus two plates for determining 
transformation efficiency (see Section 
“Trasformation Control”). Equilibrate 
the plates to room temperature prior to 
plating (Step 10). 
2.Centrifuge the tubes containing the 
ligation reactions to collect contents at 
the bottom of the tube. Add 2μl of each 
ligation reaction to a sterile 1.5ml 
microcentrifuge tube on ice (see Note 1). 
Set up another tube on ice with 0.1ng 
uncut plasmid for determination of the 
transformation efficiency of the 
competent cells (see Section 
“Trasformation Control”). 
3.Remove tube(s) of frozen JM109 High 
Efficiency Competent Cells from 
storage and place in an ice bath until 
just thawed (about 5 minutes). Mix the 
cells by gently flicking the tube. 
Note: Avoid excessive pipetting, as the 
competent cells are extremely fragile. 
4. Carefully transfer 50μl of cells into 
each tube prepared in Step 2 (100μl cells 
for determination of transformation 
efficiency). 
5. Gently flick the tubes to mix and 
place them on ice for 20 minutes. 
6.Heat-shock the cells for 45–50 seconds 
in a water bath at exactly 42°C (Do not 

shake). 
7. Immediately return the tubes to ice 
for 2 minutes. 

1.�>D���G�#,� , â /� ��
	 z, "��©�  /<D ò â I� /
 �1�–�?� /�h z,  �)�
2 �� '�� , �� "��©� xª� z, ��

�� K��
1 &�&��� C��
9����0�� .  C��
9�� "-���G� 

 �>��) <�;�� �#! �:���� K���� �D�A) ����,10.( 

2. � Ò0�®� (H '���� C.)�
2 ��) ��0�®� ����%Q� J#%�
�� �0#%Q� �
 . xª�2μl  KJ��% �0#%� ¦� �)�
2 �1 z, 

 &�&D1.5ml��b�� � [>�ª �  . ��b�� � �F« �0#%� �>D
 ��) I0�Æ0.1ng ö;O, *��� &�,-.#�� z,  K��
1 &�&��� 

��0+��0�
B� ��.�� . 

3. � �>�ª� �D.b�� z, ^0?�E� z, ��0�
B� ��.�� ��D�

��J2 "� ¦� A��� §0�)  /.F5 ¥=�!A  .( ��&�D '�F�
ë�� /.F z, ��.���,0)0�� �0#%Q� . 

�\�., :�>O��Å ����� ��.�� '�� �9(B� �(��G2 �.  

4. �J¸ �O%�μl50 ����B� � � Û �0#%� �1 ¦� ��.�� z, 

2) μl100�O��� K��
1 &�&��� ��.�� z, .( 

5.� � [>ª � [>;�R�� �,0)0�� �0#%Q� �� K&B ��b�20 
�O�!A. 

6. K&B K���_�� ��.�� @&	�45$50 �RG��� §0� � ��%�© 

 ��)42@ ˚)  ���+ "�A .( 

7. K&B ��b�� ¦� ���0: �0#%Q� �O%�2��O�!A . 

8. xª�μl950 ³0� IJ�B� '�0�� z, )SOC medium (
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8. Add 950μl room temperature SOC 
medium to the tubes containing cells 
transformed with ligation reactions and 
900μl to the tube containing cells 
transformed with uncut plasmid (LB 
broth may be substituted, but colony 
number may be lower). 
9. Incubate for 1.5 hours at 37°C with 
shaking (~150rpm). 
10. Plate 100μl of each transformation 
culture onto duplicate 
LB/ampicillin/IPTG/X-Gal plates. For 
the transformation control, a 1:10 
dilution with SOC medium is 
recommended for plating. If a higher 
number of colonies is desired, the cells 
may be pelleted by centrifugation at 
1,000 × g for 10 minutes, resuspended in 
200μl of SOC medium, and 100μl plated 
on each of two plates. 
11.Incubate the plates overnight (16–24 
hours) at 37°C. In our experience, if 
100μl is plated approximately 100 
colonies per plate are routinely seen 
when using competent cells that are 1 × 
108cfu/μg DNA. Longer incubations or 
storage of plates at 4°C (after 37°C 
overnight incubation) may be used to 
facilitate blue color development. White 
colonies generally contain inserts; 
however, inserts may also be present in 
blue colonies.  
Please see Section “Screening 
Transfo`rmants for Inserts: Preselection 
of transformants” for more information. 

 ��) '���� �)�
2 , ��!���� ��.�� ��) I0�Æ IJ�� �0#%Q� ¦�

A �:���� K���� �D� , �μl900  ��) I0�Æ IJ�� �0#%Q� ¦�
��� ��.�� �0;O, *��� &�,-.#�� , ��!� ) /�(���� z?(B� z,

�O�� C�)0(�� A&) z?�� ³0G�� "�?, â /� '�0��.( 

9. ��) x9%� �)�� K&B z ��37@ ˚ ������� , 
)150rpm.( 

10. ªμl100�
	 � ��O��� ����B� z, �1  â /� z, ��
���G�#,� , /<D ò â I� / �1�–/�h  . �O���� [?���� ,

 ¦� Ò0�®� x
F1:10³0� IJ�B� '�0���  . "�1 �½�
 C�)0(�� z, *#1 A&) 0� �0�;B� , �(� z?(B� z(:

 ��) KJ����� �;��0� ��.��1.000× g K&B10 ¥=�!A  , ª

� �
�Q� � ����B� μl200'�0�� z,  ³0� IJ�B�  , �

 xª�μl100���
9�� z, �1 ��) ���¡ A��B� z, . 

 
11. ����� /.F C��
9�� z �� )16$24�)��  ( ��)37 

@˚ . ������� �J� � . <�;�� ��(1 ²%�1 �½�μl100 "�: 100 
 a�� ��0�
B� ��.�� @�&R��� Ï �½� �>\�� ��
9�� � �)0({

 A0D� [��1×108cfu/μg �%&�� z,  . z��R��� �� ���0;�� �%� _�

 ��)4@ ˚ C��
9�� ) &��37@ ˚ ����� /.F �%� _� z,  ( &!
  �-Q� "0��� �0;2 ��>G�� �(��G2 . �� �#�� C�)0(�� KA�)

 ��) I0�+ .: ��!���� C�)0(�� �,� �0�;B� �%&�� ��) I0�+
�%&��. 

 [GO�� D�� �� : z,)vA��- A��B� �%&�� C�0+ u�: � :
 C�0���� /�Q� ����FE� (C�,0��B� z, &��(��.  

Notes: C�\�.,:  
1. In our experience, the use of larger (17 × 
100mm) polypropylene tubes (e.g., Falcon 
Cat.# 2059) has been observed to increase 
transformation efficiency. Tubes from some 
manufacturers bind DNA, thereby decreasing 
the colony number, and should be avoided. 
2. Colonies containing β-galactosidase 
activity may grow poorly relative to cells 
lacking this activity. After overnight growth, 

1.������� �J� � , �1Q� @�&R��E� "� ü�0� &!) 17* 

100mm ( K��
1 z, &��2 ".������ &�&) ����%Q
���0��� .B� ��� z, ����%Q� �,�9�� A&) z, ��O2 ��

C�)0(��. 

2.��� ']���� ��) I0�+ ¹�� C�)0(�� $?��h &! -�&�-0�
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the blue colonies may be smaller than the 
white colonies, which are approximately one 
millimeter in diameter. 

��.�� 0è �#G% z, ��O2 .����� /�0¡ 0(��� &�� ,
 �� �#�� C�)0(�� z, ��	� "0?�� ��!���� C�)0(�� ,

�;O�� � ��(���, &��� ���O� �Ä. 
Promega recommends to transformation 
control. This won’t be done in this course. 

/0���� �#!��Ä ���,��� ¤9�2.� �%� �á K��&�� �J� � ��½ [�� . 

 

2222....5555 Screening Transformants for Inserts: Preselection of transformants (4Screening Transformants for Inserts: Preselection of transformants (4Screening Transformants for Inserts: Preselection of transformants (4Screening Transformants for Inserts: Preselection of transformants (4thththth day) /  day) /  day) /  day) /  2�#3� �'��� �=�� ½[,

 �¾2��$ : �=�[��� �"�� 
��I^�)86�#�� V���(     

Successful cloning of an insert into the 
pGEM®-T and pGEM®-T Easy Vectors 
interrupts the coding sequence of β-
galactosidase; recombinant clones can 
usually be identified by color screening on 
indicator plates. However, the 
characteristics of PCR products cloned into 
the pGEM®-T and pGEM®-T Easy Vectors 
can significantly affect the ratio of 
blue:white colonies obtained following 
transformation of competent cells. Clones 
that contain PCR products, in most cases, 
produce white colonies, but blue colonies 
can result from PCR fragments that are 
cloned in-frame with the lacZ gene. Such 
fragments are usually a multiple of 3 base 
pairs long (including the 3´-A overhangs), 
and do not contain in-frame stop codons. 
There have been reports of DNA fragments 
of up to 2kb that have been cloned in-frame 
and have produced blue colonies. 
Even if your PCR product is not a multiple 
of 3 bases long, the amplification process 
can introduce mutations (e.g., deletions or 
point mutations) that may result in blue 
colonies when competent cells are 
transformed with the fragment inserted 
into the pGEM®-T or pGEM®-T Easy 
Vectors.  
 
The white colonies have to be verified with 
plasmid miniprep. 

 �!���� ��) &=���� �%&�� ¤D���� ��G���E�pGEM®-T and 

pGEM®-T Easy��� �,� �G�G2 ;O�B�  $ -�&�-0�?��h  ,
 �
�2yB� C�)0(�� �:��, z?¢) recombinant clones (

�]yB� C��
	 ��) "0��� §�) �;��0� . "�: ��½ , �
 ��) �RG��GB� �G�G�B� K�(�#�� �)�
2 ���, u=�9F

!���� �pGEM®-T and pGEM®-T Easy *©»��� ��)�;���� 
��!���� C�)0(�� �#G% ��) : �>��) /09_� Ï ¹�� �� �#��

�9�RB� ��.�� C�0+ &�� z, . C��� [\�, �
 �G�G�B� K�(�#�� �)�
2 ���, ��) I0�Æ IJ�� ��G�����

 �� �#�� C�)0(�� ���� ,;! ����% ò»�  �-Q� "0��� z?� 
 �D , ��¡� � �RG% [�� IJ�� �G�G�B� K�(�#�� �)�
2

 A�- ³�) lac Z gene .( �
)� , "0?2 �, KA�) ;O�� �J�
/3bp /0;�� �  , �J� � x!0��� �,� &D0� � z?�

��¡E�.  � ²RG���� ¹�� �%&�� ;! z) ����O2 ³��� "� ��
/ �P0¡ �	� � ��¡E� �J�2kb C��(��G, ²��%� � 

!�-��.  z, �!� ���B� "�1 0� Ô��3bp ���() "�?,�� 
 �,&�) ��!�- C��(��G, ���2 � C��
;�� �F&2 "� �
)� B�
 C.!���� ��) K&=���� �%&�� ;! , �99RB� ��.�� /0��2

pGEM®-T and pGEM®-T Easy.   
  

 �����, &�,-.� �;��0� �� �#�� C�)0(�� z, ¥O���� �ã
) plasmid miniprep.(  
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Figure 1.21. see plate 14 for color version.  �?£��1.21 . ���
9�� �\%�14�%0�, �RG�� .  

2222....5555....1111 ProtocolProtocolProtocolProtocol /  /  /  / ��D��"#6    

Set up mini cultures of 4 white 
colonies in 2.5ml LB/Ampicilin. 
The cultures are incubated over 
night at 37°C. 

� � z, K*�	 C�)��- 4)0({  � C�2.5/� '�� z, �, .â /

���G�#,� . ��) ����� /�0¡ z + "� �ã C�)����� �J�37@ ˚. 

 Figure 1.22: Taking E.coli with sterile soft loop see plate 15 for color 

version.  �?£��1.22  . ^0?�E� C�)0({ JF����� �O�¸ ���
9�� �\%� 15�%0�, �RG��  /  

2222....6666 Isolation Isolation Isolation Isolation of recombinant plasmid from E.coli cells with Qiagen Miniprep kit (5of recombinant plasmid from E.coli cells with Qiagen Miniprep kit (5of recombinant plasmid from E.coli cells with Qiagen Miniprep kit (5of recombinant plasmid from E.coli cells with Qiagen Miniprep kit (5thththth day) / day) / day) / day) / ��$>	�� �&.

 �.��k 8� ·���^� ��>I -� /��¿3�Qiagen Miniprep ) ¬��%� V���(     

The plasmid has to be isolated from the overnight cultures 
QIAprep Spin 

Miniprep Kit 

(50) 

For 50 high-purity plasmid minipreps: 50 
QIAprep Spin Columns, Reagents, Buffers, 
Collection Tubes (2 ml) 

27104 

 

 z, ���) z?¢ &�,-.#�� �J�
 ����� /.F ����B� C�)���B�. 

White colony / 

�� �#�� C�)0(�� 
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Storage: QIAprep Miniprep Kits should be stored dry at room temperature (15–25°C). Kits can be 
stored for up to 12 months without showing any reduction in performance and quality. For 
longer storage these kits can be kept at 2–8°C.  

��z��R� :  �)0({Qiagen Miniprep �:���� K���� �D�A ��) ü
+ "� �ã )15$25@˚ (� �J� "�?,�

&B ü
+ "� C�)0(�� ��) ü
+� K���_� �J� ��) ��� K2$8@ ˚z��R��� z, �b1� ²!0� .  
If any precipitate forms in the 
buffers after storage at 2–8°C it 
should be redissolved by warming 
the buffers to 37°C before use. After 
addition of RNase A and optional 
LyseBlue reagent, Buffer P1 is stable 
for 6 months when stored at 2–8°C. 
RNase A stock solution can be 
stored for two years at room 
temperature. 

  ��) z��R��� &�� C�(\�B� � C�#��2 ��� ³��� "�1 �½�2 $8@ ˚ 
 ��) C�#����� �J� ��J2 "� �ã37@ ˚��E� �#! /�(� . &��

I� �%��� °�%� KA��-) RNase A (  �-Q� ��� "0�B� �,���� �) lyses 

blue ( [\�B� ��)P1 K&B ���O��E� z, ���?¢ 6 ��) �>]� 2$8 
@˚ . I� �%��� °�%� /0�Û)RNase A ( �D�A ��) "�¿ "� z?¢

���� K&B �:���� K����.  

2222....6666....1111 PrinciplePrinciplePrinciplePrinciple /  /  /  / L�	3�    

The QIAprep miniprep procedure is based 
on alkaline lysis of bacterial cells followed 
by adsorption of DNA onto silica in the 
presence of high salt (1). The unique silica 
membrane used in QIAprep Miniprep Kits 
completely replaces glass or silica slurries 
for plasmid minipreps. The procedure 
consists of three basic steps: 
■■Preparation and clearing of a bacterial 
lysate 
■■Adsorption of DNA onto the QIAprep 
membrane 
■■Washing and elution of plasmid DNA 
All steps are performed without the use of 

 C����D� Qiagen Miniprep[�2 "� �ã�  I0�! '�Û 
)basic ( �%&�� Â�9�,� ��) &)�G�� ��*�?#�� ��.F �G?�

 ¤�B� z, ����) ��(1 A0D0�)1 .( &��0�� �?���� ��£h
 �)0({ � @&R�G� Qiagen Miniprep "�?, ��,�Å /&×� �

glass or silica slurries &�,-.#� miniprep .  �J� I0�+

 ��) C����DE�3, ������ ����:  
$  K�G?�B� ��*�?#�� x�\�2� * +. 

$  ��£h �) �%&�� Â�9�,�Qiaprep.  

$ �%&�� &�,-.� ���R��� � �Gh. 
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phenol, chloroform, CsCl, ethidium 
bromide, and without alcohol precipitation. 
Preparation and clearing of bacterial 

lysate 

The QIAprep miniprep procedure uses the 
modified alkaline lysis method of Birnboim 
and Doly (2). Bacteria are lysed under 
alkaline conditions, and the lysate is 
subsequently neutralized and adjusted to 
high-salt binding conditions in one step. 
After lysate clearing, the sample is ready 
for purification on the QIAprep silica 
membrane. 
DNA adsorption to the QIAprep 

membrane 

QIAprep columns, strips, and plates use a 
silica membrane for selective adsorption of 
plasmid DNA in high-salt buffer and 
elution in low-salt buffer. The optimized 
buffers in the lysis procedure, combined 
with the unique silica membrane, ensure 
that only DNA will be adsorbed, while 
RNA, cellular proteins, and metabolites are 
not retained on the membrane but are 
found in the flow-through. 
Washing and elution of plasmid DNA 

Endonucleases are efficiently removed by a 
brief wash step with Buffer PB. This step is 
essential when working with endA+ strains 
such as the JM series, HB101 and its 
derivatives, or any wild-type strain, to 
ensure that plasmid DNA is not degraded. 
The Buffer PB wash step is also necessary 
when purifying low-copy plasmids, where 
large culture volumes are used. Salts are 
efficiently removed by a brief wash step 
with Buffer PE. High-quality plasmid DNA 
is then eluted from the QIAprep column 
with 50–100 μl of Buffer EB or water. The 
purified DNA is ready for immediate use in 
a range of applications — no need to 
precipitate, concentrate, or desalt. 
Note: Elution efficiency is dependent on 
pH. The maximum elution efficiency is 
achieved between pH 7.0 and 8.5. When 
using water for elution, make sure that the 
pH value is within this range. Store DNA at 
–20°C when eluted with water since DNA 
may degrade in the absence of a buffering 

 /0��
�� /�(���� "�A z, C��� ����B� �J� �� ,
 @�0:��0�?�� , @0���G�� �0�1 ,&�,��� @0�&���� , "�A�
/0�?�� ���2.  

��3� ��+��	�� /E��" +N�5#4.   
 C����D�Qiaprep miniprep �;O��� ��&�2  �¡ @&R�G2 

 ^�A � °0#%*� z, I0�O��)Birnboim,Doly) (2 (
 ����, � /&�2 � z,� ��0�O�� ´��] ²+ ;O�� ��*�?#��

��
2�B� Ã.,Q� ��(?� �;#2�, ´��£� K&��� . x�\�2 &��
 ��.���G1 ,�£h ��) ��O���� K���D ²�#	� ������ �

 �?����Qiaprep .  
 

 P�0� �. �'��� `�9��)Qiaprep  
 A0,�)Qiaprep, ,  �9
�� , ��£h @&R�G2 C��
9���

&�� &�,-.� Â�9�,� ����FE �?���� 
2�, Ã.,� [\�, � �%
E�����- �
R�, Ã.,� [\�, �  .�% � :Q� �Æ ��

 a�� &��0�� �?���� ��£h , ��bB� C�(;�B� @�&R���
, &1»�% �%��� "�A z, 'O: �%&�� Â�9�,� z , C���2���� ,

 � �Q� z) ��]���� A�0B�)metabolites.(  
  

�'��� ��$>6 1�#\��) " �4�.  
����10�%�&%� °�%�� -)endonucleases ( ����-� z?¢

 [\�Ä ��G�� ��9�F��PB . �(��� &�) �(>, ����B� �J�
 ��.
JM�2�O�£, �  ,-.� "� z, &1»����,&�� z� �%&�� &�, .

 &�,-.#�� z, ���&�, �RG% ��O��� �� �� I���ª [\�B� �J��
 ,�)����� z, *#1 [�� @�&R��� Ï a�� . [\�B� �J� ,

 &�,-.#�� z, ����) ��)0% ���R��� [��� � ��,�Å ¤�B� /����
I�0
�� ¥�#;��� ���D <O��B� �%&�� �.  

  

 �EF>� :�O���, ���R��E� K��
1 �� �, �ª0(_� �D�&� 

7.0 $8.5 .  �ª0(_� �D�A "� z, ��,�Å &1»2� <� z(ª

��B� @�&R��� &�) �>!�;% . ��) �%&�� "�F20$@ ˚ &�)� 
��- �ã ��B� @�&�����%&�� *,&2 ����� [\�, �,�) KA.  
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agent. 
DNA yield 

Plasmid yield with the QIAprep miniprep 
system varies depending on plasmid copy 
number per cell (see page 39), the 
individual insert in a plasmid, factors that 
affect growth of the bacterial culture (see 
pages 39–42), the elution volume (Figure 1), 
and the elution incubation time (Figure 2). 
A 1.5 ml overnight culture can yield from 5 
to 15 μg of plasmid DNA (Qiagen Miniprep 
Handbook, Table 1, page 14). To obtain the 
optimum combination of DNA quality, 
yield, and concentration, we recommend 
using Luria-Bertani (LB) medium for 
growth of cultures (for composition see 
Qiagen Miniprep Handbook,page 41), 
eluting plasmid DNA in a volume of 50 μl, 
and performing a short incubation after 
addition of the elution buffer. 

 �'��� ��D  
 @�\% , &�,-.#�� ��(1Qiaprep minprep ¥���� *��B� 

 &�,-.#�� A&�� ����� � ¬G�B�) ��
	 �\%�39( , �%&���
 &�,-.#�� ��) &=���� IA�
�� , 0è ��) �©y2 ¹�� �,�0���

 �)���B� ��*�?#��) ��
	 �\%�39$42 ( , [�_�

 ��R�GB�) �?£��1 ( , ��R�GB� �%� � ²!�) �?£��

2 .(1.5 ���(1 "0?2 "� z?¢ ����� /.F ����B� z, �,

 z,5 ¦� 15μg z,  &�,-.#�� �%A)Qiagen Miniprep 

Handbook, Table 1, page 14 .( � A�+� ��) /09���
 IJ�B� '�0�� @�&R��� �ã �%&�� ��1�2 � ��)0% � ��(1

/�. â)for composition see Qiagen Miniprep 

Handbook,page 41 ( [�� � &�,-.#�� �%A ���R��E
50μl[\�, KA��- �#! �%� ��� ��;�� ���R��E� . 

2222....6666....2222 ProtocolProtocolProtocolProtocol /  /  /  / ��D��"���    

In the following text is described the Plasmid 
DNA Purification using the QIAprep Spin 
Miniprep Kit and a Microcentrifuge. This 
protocol is designed for purification of up to 20 
μg of high-copy plasmid DNA from 1–5 ml 
overnight cultures of E. coli in LB (Luria-Bertani) 
medium. For purification of low-copy plasmids 
and cosmids, large plasmids (>10 kb), and DNA  

 &�,-.#�� ��O�2 ���() z) ��9
���� Ã�£�� Ï &O�
 �;��0�Qiprep spin,Miniprep kit, , �0#%��
KJ����� .� /0102���� �J� ��O�2 ��) �(�20μl  z, 

 z, &�,-.#��1.5ml ����� /�0¡ �)���B� ^0?�E� z, 
/� IJ�B� '�0�� �.â .� ¬G% A&) ��O��� �,� z, �b1

10kb ��D��, �ã  
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prepared using other 
methods, refer to the 
recommendations on 
Qiagen Miniprep 
Handbook, page 44. 
Please read “Important 
Notes” of Qiagen 
Miniprep Handbook, 
pages 15–21 before 
starting. Note: All 
protocol steps should 
be carried out at room 
temperatur 

 � �F« /0102���
 ���1Qiagen 

Miniprep .  z,
 C�\�.B� ��!� �� :
 ���?�� �J� � �,�P�

�� �#! ��
	 � �&#

15$21 .  �\�.,
: �J� ����, ��

 ��) [�2 /0102����
�:���� K���� �D�A.  

Procedure / C����DE� 
1.Resuspend pelleted bacterial cells in 250 μl 
Buffer P1 and transfer to a microcentrifuge 
tube. 
Ensure that RNase A has been added to 
Buffer P1. No cell clumps should be visible 
after resuspension of the pellet. If LyseBlue 
reagent has been added to Buffer P1, 
vigorously shake the buffer bottle to ensure 
LyseBlue particles are completely dissolved. 
The bacteria should be resuspended 
completely by vortexing or pipetting up and 
down until no cell clumps remain. 
2. Add 250 μl Buffer P2 and mix thoroughly 
by inverting the tube 4–6 times. 
Mix gently by inverting the tube. Do not 
vortex, as this will result in shearing of 
genomic DNA. If necessary, continue 
inverting the tube until the solution becomes 
viscous and slightly clear. Do not allow the 
lysis reaction to proceed for more than 5 min. 
If LyseBlue has been added to Buffer P1 the 
cell suspension will turn blue after addition 
of Buffer P2. Mixing should result in a 
homogeneously colored suspension. If the 

.1 [\�, � �#���B� ��*�?#�� ��.F ªP1 ¦� ��O%� � 
*�	 KJ��% �0#%�. 

 [\�B� "� z, &1»2P1 I« �%��� °�%� ���� x�ª�� 
)RNaseA .(������ &�� ��.F ��1 &D0� � �%� � . �½�

 [\�B� ��)  �-Q� ��� "0�B� �,���� �:�ª� ÏP1 ���: 
�,�?��� ��J� "� ¦� ��&�D �;�F . ����2 "� �ã

 � <?� �9(B� �� �,��&��� '��� �;��0� �,�?��� ��*�?#��
��.�� z, ��1 ��� �O#�.  

.2 xª�250øL [\�B� z, P2 �0#%Q� � ��&�D �;�F� � 
 z,4$6 C��, . 

 ���� �,0��� �0#%Q� ��! /.F z, �,0��� '���
� �,��&���2G�(�  ¤#9� "� ¦� ������� z, �O��;�� �J�

 z, �)�
��� �, ¦� ��#�%E� �ã �%� ö�� ���:�	 /0�®�
 z, �b1Q ���(��� �J� ²Å �½� ;O���5¥=�!A  , Ï �½� �,�

 [\�B� �  �-Q� "0�B� ª�P1 ¦� �%0� /0���G: 
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suspension contains localized colorless 
regions or if brownish cell clumps are still 
visible, continue mixing the solution until a 
homogeneously colored suspension is 
achieved. 
3. Add 350 μl Buffer N3 and mix immediately 
and thoroughly by inverting the tube 4–6 
times. 
To avoid localized precipitation, mix the 
solution thoroughly, immediately after 
addition of Buffer N3. Large culture volumes 
(e.g. ≥5 ml) may require inverting up to 10 
times. The solution should become cloudy. If 
LyseBlue reagent has been used, the 
suspension should be mixed until all trace of 
blue has gone and the suspension is colorless. 
A homogeneous colorless suspension 
indicates that the SDS has been effectively 
precipitated. 
4. Centrifuge for 10 min at 13,000 rpm 
(~17,900 x g) in a table-top microcentrifuge. 
A compact white pellet will form. 
5. Apply the supernatants from step 4 to the 
QIAprep spin column by decanting or 
pipetting. 
6. Centrifuge for 30–60 s. Discard the flow-
through. 
7. Recommended: Wash the QIAprep spin 
column by adding 0.5 ml Buffer PB and 
centrifuging for 30–60 s. Discard the flow-
through. 
This step is necessary to remove trace 
nuclease activity when using endA+ strains 
such as the JM series, HB101 and its 
derivatives, or any wild-type strain, which 
have high levels of nuclease activity or high 
carbohydrate content. Host strains such as 
XL-1 Blue and DH5™ do not require this 
additional wash step. 
8. Wash QIAprep spin column by adding 0.75 
ml Buffer PE and centrifuging for 30–60 s. 
9. Discard the flow-through, and centrifuge 
for an additional 1 min to remove residual 
wash buffer. 
Important: Residual wash buffer will not be 
completely removed unless the flow-through 
is discarded before this additional 
centrifugation. Residual ethanol from Buffer 
PE may inhibit subsequent enzymatic 

 [\�B� KA��- &��  �-Q�P2 . �ã ��J�F ��&�D �;�
ã�, ¤#9�� 0� 'O:  �-Q� "0���� K&��� �O#¡ �½ ��

���\��.  
3. xª�350øl [\�B� z, N3 z, ��&�D� ���0: �;�F�� 

 z, �0#%Q� ��! /.F4$6C��, . 
 �:�ª� &�� �K�]�#, ��J1� /0�®� ���2 �B K0O� '�F�

 [\�B�N3 . z, �b1Q '�F ��;�2 K*#?�� @���Q� �,�
10 /0�®� ¤#9� "� ¦� ¥=�!A ��(=�h . @�&R��� Ï �½�

 z, ¥������ ¤#9�� <
�¿ "� ¦� '��� �ã  �-Q� "0�B�
"0� "�A.  

4. K&B J#%�10 �)�� ��) ¥=�!A 13.000rpm)  

17.900×g ( KJ����� �. 
´0� , ���� ���2 J=&�) "0?���.  

5. ����B� z, ���B� �=�G�� ª4 "���A A0,�) � 
Qiaprep       �9�� �;��0� ) decanting ( �;��0� ��

u�9(��� ���())pipetting.( 
6. K&B J#%�30$60��%�©  ,�=�G�� <,�� �. 
7.9%��� : "���&�� A0,�) �Gh�Qiaprerp �;��0� 

0.5ml  [\�, z, PB K&B J#%� � 30 $60��%�©  . <,���
�=�G��. 

�-E �����ª ����B� �J�']���� -���10���� ���O� �� �� 
@�&R��� &�) �>���Ý ��.� A+  ��G�� z, JM � HB101 

 z, ����) C��0�G, ��¢ �F� �0% �� �(>���02 �
C��&��0���?�� �� ']���� -���10���� . �
� B� C�.G��

�G��� z, ����B� �J� ��;�2 �.  
8. "���&�� A0,�) �Gh�Qiaprep �;��0� 0.75ml  z, 

 [\�B�PE K&B �J#%� � 30 $60��%�© . 
9.,�� �, ���-E K&��� �O�!&� &�&D z, J#%� � �=�G�� <

 �G��� [\�, z, �O#2. 
@��: z� �G��� [\�, ���O� /��2 ���() /�� z, �,�?��� 
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reactions. 
10. Place the QIAprep column in a clean 1.5 
ml microcentrifuge tube. To elute DNA, add 
50 μl Buffer EB (10 mM Tris·Cl, pH 8.5) or 
water to the center of each QIAprep spin 
column, let stand for 1 min, and centrifuge 
for 1 min. 

 [\�B� � A0D0B� /0%���E� "�: ^����� � J#%PE "� z?Ù 
�O�.�� <¢�%Q� �)�
��� ���() x!0�.  

10. A0,�) ªQiaprep�� &�&D KJ��% �0#%� �  �(
1.5ml.  xª� �%&�� ���-E �50øl [\�, z, EB) 10 Mm 

Tris Cl, PH 8.0 ( "���A A0,�) �1 x9% � ��, ��
Qiaprep�O�!&� �� �� �J#%� � K&��� �O�!&� �1�2� � . 

2.7 Restriction digestion: cutting out the recombinant DNA (SRY gene) from plasmid and visualization on Restriction digestion: cutting out the recombinant DNA (SRY gene) from plasmid and visualization on Restriction digestion: cutting out the recombinant DNA (SRY gene) from plasmid and visualization on Restriction digestion: cutting out the recombinant DNA (SRY gene) from plasmid and visualization on 

agaagaagaagarose gel (5rose gel (5rose gel (5rose gel (5thththth day) /  day) /  day) /  day) /  o� �p^� §Ni �قطع الدنا المؤتلفقطع الدنا المؤتلفقطع الدنا المؤتلفقطع الدنا المؤتلف: : : : .��  SRY gene  V>W� d�. ��� 
 " ��$>	�� -�

)¬��%� V���.(  

With the restriction digest we want to 
confirm the a proper DNA fragment has 
been cloned into the plasmid vector. 
On both sides of the insertion site of 
pGEM-T Easy is a EcoRI interface, that 
means that the insert could be cut 
completely out of the plasmid with 
EcoRI digest. 
 

 Ï �%&�� ;! "� z, &1»�% "� &��% ��;�!E� °�%� �;��0�
&�,-.#�� �!���� � �>RG%I.  

�z, KA����� !�0, z, ��>H� .1  pGEM-T Easy is a 

EcoRI &�,-.#�� z, �,�?��� ��;! z?(B� z, �%� Ñ�� �J�� 
�;��0�[ P� °�%�  EcoRI.  

2222....7777....1111 Protocol /  /  /  / البرتوكولالبرتوكولالبرتوكولالبرتوكول    

.1 Set up restriction digest and 

incubate for at least 1 hour at 
37°C. 
Restriction digest set up: 
1μl Plasmid DNA 
2μl 10xBuffer 
0.2μl EcoRI 
16.8 μl H2O (ad 20 μl with H2O) 
20μl 

.2 After 1 hour of digestion 2 μl 

probe buffer is added and the 
whole probe is put onto a 1% 
agarose gel. Also add a DNA 
ladder into another column to be 
able to identify the largeness of 
analysed DNA molecule. There 
should be a DNA with 897bp. 

1. ��) �)�� K&B �%� ��� � ;O�� °�%� ��>�37@ ˚. 

1 ��;�!E� [ � ��>��  
1μL&�,-.#�� �%A z,  

2 μL z, 10 × [\�B� 

0.2 μL z, EcoRI.  

μL16.8 ��B� z,   

 <=�>��� [�_�μL20.  

2. xª� [ P� ���() z, �)�� &��μL2�?��� ��ª � [\�B� z,  �,
&�� ���+� �:��B �%&�� [�� , I-���h�� @.P� ��)<���H� �% . �ã

 �%&�� "0?� "�^�0� 897bp . 
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This chapter describes the techniques necessary 
to undergo the diagnosis test. 

J�� ��#�� � �� C���O��� x9 u�
�� ��ª��� �����
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3333 IntroductionIntroductionIntroductionIntroduction /  /  /  / ����3�    

There are two tests for the new 
influenza virus (causing the «swine 
influenza»): 

• Fast antibody test 

• Genetic (PCR) test 
The fast antibody test is not reliable, 
because is has a failing rate of about 
50%. 
The Genetic (PCR) test is today done 
with a real time (RT) PCR machine. 
This machine costs at least about 
40.000 USD. Here is no Gel 
electrophoresis needed. 
If no RT PCR machine is available, but 
only a PCR machine, the test could be 
done by nested PCR. 
The key to successful purification of 
RNA from cells and tissues is speed . 
Cellular Rnases should be inactivated 
as quickly as possible at the verry first 
stage in the extraction process . Once 
the endogenous Rnases have been 
destroyed , the immediate threat  to 
the intergrity of the RNA is greatly 
reduced , and purification can 
proceed at a more graceful pace. 
Because of the urgency ,many 
methods for the isolation of the intact 
RNA from cells use strong 
denaturants such as guanidinium 
hydrochloride or guanidinium 
thiocyanate to disprut cells , solubilize 
their components, and denature 
endogenous Rnases simultaneously. 
The use of guanidinium isocyanate in 
RNA extraction, first mentioned 
briefly by Ullrich et al.1977 , was 
documentd in papers published by 
Han et al. 1987 and Chirgwin et al . 
1979. The Han method is labrious as it 
involves solubilization of RNA pellets 
in progressivley smaller volumes of 5 
M guanidinium thiocyanate.In the 
Chirgwin method, cultured cells or 
tissues are homogenized in 4 M 
guanidium isothiocyanate,and the 


%E� ¼�*
� C�	0�
�� z, �)0% ³�����%0�.  
• u�:� ��� KA� B� @�GDç. 
•  �©��0�� u�:)PCR.( 

"0( , ��� KA� B� @�GDç� ��G�� u�
�� , �#G% ��¢ �%Q
 /&�Ä �£:50%.  ��« �;��0� @0��� @�O� �©��0�� u�: �ë,� �)�
2

 �G�G�B� K�(�#��)PCR real time (.  ^�0� ��e� �J� z�
40.000<1*,� ���A .  �9
�� ��e ���ê � ���� <=���>?��
 @.>��)gel electerophoresis.(  

 ��« ²%�1 �½�real time PCR*h K�:0�,  , ��« z?��
PCRK�:0�, ��&��  ,�#! z, ��#�FE� [�� "� z?¢nested  
PCR.   

���� I�0��� �(_� ��O�2 Ã���� Ã��
B�É) RNA ( ��.�� z,
�� ��G%Q���. ���� I�0��� �(_� °�%� ��;�2 <�#��� É

���R��)Rnases( ���R��E� ���() z, ¦�Q� ����B� � �)�G� .
 É���� I�0��� �(_� °�%�)Rnases ( �,&�� , �]�#B� &�&>��� �
 É���� I�0��� �(���)RNA ( *#1 �?£� u�O�� , ���()�
[��� �?£� ����2 ��O����.  
����� �� �D�_� �#G� . /���  �;�� z, &�&����%���.�� z,  ��

@&R�G2 &��0�1��&�� �b, I0! �?£� ��.�� ���#¡ *�2 
��.�� ¥��(�� @0�&�%�0��� C�������� �� @0�&�%�0��� , ���J2

[v�%0?, ,&��� ²!� � ������ �%��� °�%� ���#¡ *�2� . @�&R���
�%��� ���R��� � @0�&�%�0��� C�������� , ¦�Q� K�B� � �1�½

 �;��0�Ullrich et al.1977 ,  �
��	 � �£%�Han et 
al.1987 �
��	 � � Chirguin et al.1979 
 "�� �O��¡Han) ( C�#�#� ���J2 ��) I0;�2 ��RB� �

 �%���)RNA ( z, *�	 [�� � ���ã�&2M5 @0�&�%��0��� 

C�%���0�2.�  z�0h�] �O��¡ �)Chirgwin ( �)��-

 � �G%���, <� ��G%Q� �� ��.��M4 z, � @0�&�%��0��



 ��%0�
%� ¼�*: z) x£?����A�B� �G�G�B� K�(�#�� �)�
2 /.F z, ��-���� 
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lysate is layered onto a dense cushion 
of CsCl . Because the buoyant density 
of RNA in CsCl (1.8 g/ml ) is mush 
greater than that of other cellular 
components,rRNAs and mRNAs 
migrate to the bottom of the tube 
during ultracentrifugation (Glisin et 
al. 1974 ). As long as the step 
gradients are not overloaded, proteins 
remain in the guanidium lysate while 
DAN floats on the CsCl cushion. 
Because the Chirgwin method yields 
RNA of very high quality and purity 
and is not labor/intensive, it became 
the standard technique during the 
early 1980s for isolation of 
undergraded high molecular weight 
RNA . However, the method has one 

weakness; IT is unsuitable for 
simltaneous processing of many 
samples. For this purpose, it has been 
almost completely displaced by the 
single step technique of Chomczynski 
and Sacchi ( 1987), in which the 
guanidinium thiocyanate homogenate 
is extracted of with phenol;chloroform 
at reduced PH. Elimination of the 
ultracentrifugation step allows many 
samples to be processe 
simultaneously and speedily at 
modest cost and without sacrifice in 
yield or quality of RNA. For many 
investigatorse, the single step 
technique described in protocol 1 
remains the method of choice to 
isolate RNA from cultured cells and 
most animal tissues. 
 There are two circumstances in which 
single-step procedure is not 
recommended. First , the procedure 
does not extract RNA  efficiently from 
adipose tissues that are rich in 
triglycerides. RNA is best prepared 
from these fatty sources by a 
modification of the method of 
Chirgwin et al. , described by 
Tavangar et al . Second, RNA 
prepared by guanidine lysis is 
sometimes contaminated to a 

C�%���0�2����,�  �
�b1 KA��� ��) C�O#¡ ¦� �9
%� �;O���

@0���G�� �0�1 z,.  

"� �Ä � �(=���� �%��� �:�b1  )1.8g/ml CsCl ( � :� <�

 Ò�FQ� ��.�� C�%0?, z, *b?� ,: <,�-0#���� �%��� �%��� �

<�=����� J#��� /.F �0#%Q� �
�� � "�;OG� ) � z����1

1974.( K�&��, ²G�� C�D�&��� ����, ²,�A �, 

 � �%&�� "�:0¡ /.F @0�&�%�0��� ;! � �O#2 C����2����:

@0���G���0�1 KA��� . ����) ��)0% ���2 z�0h�] �O��¡ "� �Ä�

�() ²G�� <� �  �%��� z, K�O�, �/xb?, , ���O��� ²�#	�

 ��� � �����Q�1980 C�����D z, �)0��, ���	� /��� 

�%���. ��&��� ��
�ª �O��;�� �J� ��Å ��½ ,� , *h �ÝQ

K&�&) C���) �H��, � K�O�G, .������� �J� �#G� , ²�&#���

/ ��A�
�� ����B� ���O2 @�&R��� Ï� �O��;�� �J� �,�?��� :

Chomczynsky � Sacchi ��� �1987.  "� a��

��%�0��� C�������E�
�� z, ��R��� �%���B� @0�&/0�� $

�� @�0:��0�?����ª0(_� �D�A �
�ª� "�J . ����, A��#���

 �
�1 �� �)�G� ���2 "� z, K&�&) C����� ¤(G2 J#���

�%��� ��)0% �� ��(1 � K��GF "�A � ��&��, . z, &�&���

�O�O®� , /0102���� � ��A�
�� ����B� ���O2 �0
	�1 

.�� z, �%��� /��� ����FE� <� ��0O��� z, � �)���B� ��

C�%0�_� [\�, ��G%�.  

����B� ���D� � �©&� &D0� $���0#O, *h �Í� ��A�
� .

���DE�/�Q�  ����&�� ��G%Q� z, �����
� �%��� ��R�G� � 

&�*G��������� ������ ��%�0�_� . �A�9B� z, �%��� * + � :�

/� � z�0h*] �O��¡ ��&�2 �;��0� 0� ����&�� .B� z, �:0	0
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significant extent by cellular 
polysaccharides and proteoglycans . 
These contaminant are reported to 
prevent solubilization of RNA after 
precipitation with alcohols , to inhibit 
Reverse-transcriptase-polymerase 
chain reaction (RT-PCRs), and to bind 
to membranes during RNA blotting . 
If contamination by proteoglycans 
appears to be a problem , include an 
organic extraction step and change 
the condition used to precipitate the 
RNA . 
The yield of total RNA depends on 
the tissue or cell source, but it is 
generally in the range of 4-7μg/mg of 
starting tissue or 5-10 μg/106  cells.  

/� � ���%�
2 /.F .Ü�b�� ���DE� �,�: �;��0� �%��� * + 

 [>, A�&�B Ø0��� "���Q� ��� � 0� @0��&�%�0��� ;!

"�?��h0�2���� � ��.�� &��?G��0� �;��0� . �>D Ø0���� �J�

/0?�Q�� �#��2 &�� �%��� ���J2 �B , �G�G2 �)�
2 x�!0��

 °�%�Reverse trancriptase polymerase , �	0��

�%��� <£
2 /.F ��£��� . "�?��h0�2���� z, Ø0�2 �>Ç �½�

��?£, ³��� "0?� , *�2 � �� )Q� ���R��� ����, � �F&2

�%��� ������ ��(��GB� ´��£��.  

����� �&9Ä �� ��G%Q�� ��,�?�� �%��� ��(1 ¥���2 , 0� z?��

 �� Ã����� �KA�)4$7øg ��G%Q� z,  �� �� ��=�&#��5$

10øg��.�� z, .  



 ��%0�
%� ¼�*: z) x£?����A�B� �G�G�B� K�(�#�� �)�
2 /.F z, ��-���� 
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4444 Purification of RNA from tissuesPurification of RNA from tissuesPurification of RNA from tissuesPurification of RNA from tissues /  /  /  / �?4'�� -� �'#�� ����    

This protocol describes a single-step for 
the purification of RNA. Cells are 
homogenized in guanidinium 
thiocyanate and the RNA is purified 
from the lysate by extraction with 
phenol-chloroform at reduced PH. This 
method allows many samples to be 
processed simultaneously and 
quickly.The yield of total RNA depends 
on the tissue or cell source and is 
generally in the range of 4-7μg per ml 
starting tissue or 5-10μg per 106cells.All 
reagents used in this protocol must be 
prepared with diethyl 
pyrocarbonate(DEPC)-treated H2O. 

/0102���� �J��%��� ��O�2 z, K&��� ����, x9� .  ��.��
 z, ��O��B� �%��� � C�%���0�2 @0�&�%�0��� � �G%���B�lysate 

@�0:��0�1 /0�
�� , �>D��R����  �ª0(_� �D�A z, ��O2  .
 &��� ²!� � @&O�2 "»� C������ z, &�&��� ¤(G2 �O��;�� �J�

�)�G�� . ��) �� ��G%Q� ��) ¥����� �%��� �0({ z, ��(1

 z, x	 � �KA�) � ���F �&9,7 $4 @��h ��?�, \ z, �,

 �� ��G%Q� �&�5$10 @��h ��?�, \106 ��.�� z,  . ��
��G2 ¹�� �,�0��� , � + "� �ã /0102���� �J� � �(

 C�%0���1�*� ��2��&�� )diethylpyrocarbonate( DEPC) (
��B� �.  

Procedure: C����DE�  

.1 Prepare cells or tissue samples for 

isolation of RNA as appropriate for the 
material under study. Consult the table 
below for the amounts of the solution D 
(4 M guanidinium thiocyanate , 25 mM 
sodium citrate-2H2O,0.5% (wt/vol) 
sodium lauryl sarcosinate, 0.1 M 2-
mercaptoethanol) required for different 
types of samples. 
Amount of tissue or cells / Amount of 
solution D  
.100mg of tissue                    3 ml 
 75ml(1-75)flask of cells      3 ml 
 60mm plate of cells             1ml 
 90mm plate of cells             2 ml 
 
 
For tissues: 
A-Isolate the desired tissues by 
dissection and place them immediately 
in liquid nitrogen. 
B-Transfer100 mg of the frozen tissue to 
a mortar containing liquid nitrogen and 
pulverize the tissue using a pestle. Keep 
the tissue frozen by the addition of 
liquid nitrogen. 
C- Transfer the powdered tissue to a 

.1D ��#��O2 0� IJ�� �%��� /��� ��G%Q� z, C���) �� ��.�� �>
����&�� ²+ �)0ª0B� KA�B� . /0�Û ��(?� ^���� /�&H� ����%

I&��solution D) ] (4MC�%���0�2 @0�&�%�0��� z,  ,25mM 
@0�A09�� z,2H2O –) 0.5% (wt/vol) ( ���0� @0�A09�� z,
 C���-01��� (), 0.1 M 2-mercaptoethanol) [( K&�� ��0�;B�

C������ z, ��0%�.  
��.�� �� ��G%Q� ��(1./. I&�� /0�Û ��(1  

100 ��.�� z, Ó�,................3�,.  

75 �,)1 $75( ��.R�� K����!.....3�,.  

60 ��.R�� �#�) [,................1�,.  

90 ��.R�� �#�) [,................2�,.  

  

��.R��  

-A� /�)� �=�G�� � K�]�#, �>�ª� � �>Æ�£�� ��0�;B� ��G%Q
Ñ�D�������. 

-B �O%�100 ´., ¦� K&(��B� ��.�� z, Ó�,)mortar (
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polproylene snap-cap tube containing 3 
ml of solution D and homogenized at 
15-25 oC for 15-30 s with a polytron 
homogenizer(kinematica). 
 
For mammalian cells grown in 
suspension: 
A-Harvest the cells by centrifugation at 
200-1900g at 15-25 oC for 5-10 
min.Resuspend the cells in 1-2 ml of 
sterile ice-cold PBS (137mM 
Nacl,2.7mM Kcl, 10mM Na2HPO4  , 
2mM KH2PO4). 
B-Harvest the cells again by 
centrifugation , remove the PBS 
completely by aspiration and add 2 ml 
of solution D per 10+ cells. 
C-Homogenize the lysates with a 
Polytron homogenizer at 15-25 oC for 
15-30 s. 
 
For mammalian cells grown in 
monolayers: 
A-remove the medium and rinse the 
cells once with 5-10 ml of sterile ice-cold 
PBS. 
B-remove PBSand lyse the cells in 2ml 
of solution D per 90mm culture dish 
(1ml per 60mm dish).Transfer the 
lysates to a polypropylene snap-cap 
tube. 
C-Homogenize the lysates with a 
polytron homogenizer at 15-25 oC for 
15-30 s. 
2-Transfer the homogenate to a fresh 
tube and sequentially add 0.1ml of 2 M 
sodium acetate(PH 4.0),1 ml of phenol 
and 0.2 ml  of 49:1(wt/vol) chloroform/ 
isoamyl per millilitre of solution D. 
After addition of each  reagent ,cap the 
tube and mix the contents thoroughly 
by inversion. 
 
3-Vortex the homogenate vigorously for 
10 s. Incubate the tube for 15 min on ice. 
 
 
4-Centifuge the tube at 10,000 g at 4 oC 
for 20 min and then transfer the 

 Ñ�D������� �=�G�� ��) I0�Æ�!&B� /�(����� ��.�� z�¡� � .
 Ñ�D������� �=�G�� KA���� ���b, ��.�� ��) ü:��. 

-C#%� ¦� ��.�� K�A0� �O%� ������0#�� �0snap cap I0�Æ 

 ��)3 ��) ý�G%���, ���D� � I&�� /0�Û z, �,15 $25@ ˚ 

 K&B15$30�© %�%���B� "�����0#�� , �� )kinematica ( 

 ¥������ � C��&b�� ��.F 0(��  

-A ��) KJ����� /.F z, ��.�� &9��200 $1900g ��) 

15$25@ ˚ K&B 5-10¥=�!A  .� ��.�� ª �
�Q� � KA0D0B

 �1$2 /0�Û z, �, PBS��bB� _ [O�B� A��#��)137mM  z, 
 @0�A09�� ���0�1,2.7mM@0�A09�� C�
�0: z,  ,2mM z, 
@0�G��?�� C�
�0: .( 

-BK&������ ��A&{ ��.�� &9��,  /0�Û /-� �PBS �.,�1 

 xª� � '
£�� �;��0�2 I&�� /0�Û z, �,\10+��.��. 

-C�%�D�� � C���)lysate ( ��) �%���B� "�����0#�� ,5 $25 

@˚ K&B 15 $30��%�© . 

 K&��0�� ��.�� �O#¡ � C��&b�� ��.F 0è:  

-A � K&��� K�, �>�Gh � '�0�� z, ��.�� ���-�5$10 �,
 /0�Û z,PBSA��#�� _[O�B� ��bB�. 

-B ���-�PBS� lyse � ��.�� 2 � I&�� /0�Û z, �, 90 [�,

 �)����� �#�) z,)1 �,\60�#���� z, [�,.( �O%�lysate ¦� 
#��0�0#%� ��������.snap-cap.  

 -C�� �%�D� C���)lysate ( ��) �%���B� "�����0#�� ,5$

25@ ˚ K&B 15 $30��%�© . 

-2 xª� �G�G�, �?£� � �-�¡ �0#%� ¦� �%���B� �O%�

0.1 z, �,2M @0�A09�� C����� ) �D�A

(_��ª0:4.0)(PH:4.0 (,1 � /0��
�� z, �,0.2 z, �,
49:1(wt/vol)@�0:��0�?�� \ ��,�����)isoamyl ( z, �, �
I&�� /0�Û. �,�) �1 KA��- &�� , � �0#%Q� ��) ��;��� ª

��,�Å Ò0�®� '�F�. 
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upper,aqueous phase containing the 
extracted RNA to a fresh tube. 
 
5-Add an equal volume of isopropanol 
to the extracted RNA.Mix the solution 
well and allow the RNA to precipate at 
-20 oC for at least 1 h. 
 
6-Collect the precipitated RNA by 
centrifugation at 10.000g at oC for 30 
min. 
 
7-Carefully decant the isopropanol and 
dissolve the RNApellet in 0.3 ml of 
solution D for every 1ml of this solution 
used in step 1. 
8-Transfer the solution to a 
microcentifuge tube, vortex it well and 
precipate the RNAwith 1 volume of 
isopropanol at -20 oC for 1 h or more. 
Collect the precipitated RNA by 
centrifugation at maximum speed at 4 
oC for 10 min in a microcentrifuge. 
Wash the pellet twice with 
75%ethanol,centrifugeagain and 
remove any remaining ethanol with a 
disposable pipette tip.Allow the pellet 
to air dry for a few minutes before 
dissolving it in 50-100μl of DEPC- 
treated H2O and storing at -70 oC. 
9-Estimate the concentration of the 
RNA by measuring the absorbance at 
260 nm of an aliquot of the final 
preparation. 
Purifed RNA is not immune to 
degradation by RNase after 
resuspension in  
the 0.5%SDSsolution.Some investigators 
therefore prefer to dissolve the pellet of 
RNA in 50-100 μl of stabilized 
formamide and store the solution at -20 
oC. RNA can be recevored from 
formamide by precipitation with 4 
volumes of ethnol. For further details 
,please see the panel on STORAGE OF 
RNA. 
SDS should be removed by chloroform 
extraction and ethanol precipitation 
before enzymatic treatment of the 

-3 K&B K0O� ���B� '�F�10 Ü�0©  . K&B �0#%Q� z ��15 
��b�� � �O�!A. 

-4%Q� J#%� �)�� ��) �0#10.000g ��) 4@ ˚ K&B 20 �O�!A 
 �%��� ��) I0�Æ IJ�� � ��)Q� � IJ�� �=�G�� �O%� �

&�&D �F« �0#%� ¦� ��R�GB�. 

-5��R�GB� �%��� ¦� /0%��������E� [�� x9% xª� . '�F�
 ��) �
�Q� � (���� �%��� ³�2� � ��&�D /0�®�˚-20c z, �!Q 

��#��O2 �)�� . 

-6 �)�� ��) KJ������ �%��� ��10.000g@ ��) ˚ K&B 30 
�O�!A. 

-6 � �%��� C�#�#� �ë�½ � /0%��������E� �J¸ �9:�0.3 �,

 �?� I&�� /0�Û z,1 ����B� � �(��GB� /0�®� z, �,
¦�Q�. 

-7KJ����� �0#%� ¦� /0�®� �O%� ,ë� � ��&�D '�F� � �%��� 

 , �
�Q�1� z, ��) /0%��������E� [�       ˚-20c  K&B 
 �b1� �� �)��.  

-8 ��) �)�� �9!� ��) KJ������ �%��� z, &!��B� ��4@˚ K&B 

10KJ����� � ¥=�!A  . � �2�, C�#�#_� �Gh�75% z, 
/0�?�� , �;��0� /0�?�� C. : �� /-� � J#��� &)� �
 �	�B�)pipette tip.( � C�#�#_� ³�2�  #� ��H� ��0P� 

 � �>���J2 �#! ¥=�!A50$100 z, ���� ��?�, DEPC- 

treated H2O  ��) �Ý�F �-70 oC.  

-9 ��) Â�9�,E� ¼��O� �%��� ��1�2 �ë&!260nm ����% z, 
<=�>��� * ���� z, ����9�� �(GO��. 

 �O���2 KA�)� &�� �%��� °�%»� [GO�� "� %�, ��&� ��� �O�B� �%���
 �0.5% @0�A09�� �?�A�A C���?�� /0�Û z, )SDS( . ��J�

 � �%��� C�#�#� ���J2 "0OO®� ��� � 
�50 $100 ��?�,
 ��) ����ß � �O�GB� &�,�,�0
�� z, ����-20% . "� �;�G2

�%��� <(+ , �
�Q� � ���(� /.F z, &�,�,�0
�� z, 4 z, 
��/0%���E� [ .��	�
��� z, &��(�� ,, ��0� ��!� �� : z
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RNA(e.g, primer extension,reverse 
transcriptase, and in vitro translation). 
The redissolved RNA can then be used 
for mRNA purification by oligo (dT)-
cellulose chromatography or analysed 
by standard techniques such as blot 
hybridization or mapping.  
RNA prepared from tissues is generally 
not contamined to a significant extene 
with DNA. However,RNA prepared 
from cell lines undergoing spontaneous 
or induced apoptosis is often 
contaminated with fragments of 
degraded genomic DNA,RNAprepared 
from transfected cells is almost always 
contaminated by fragments of the RNA 
used for transfection.Some investigators 
therefore treat the final RNA 
preparation with RNase-free DNase 
.Alternatively, fragments of DNA may 
be removed by preparing poly(A)^ 
RNA by oligo(dT)chromatography.  

�%��� z��ß.  
 @0�A09�� �?�A�A C���?��)SDS ( �;��0� ����-� �ã

 �#! �
�Q� � (��B� /0%���E� � ��R�GB� @�0:��0�?��
 �%��� <¢�%E� �.���) �b,: primer extension,reverse 

transcriptase, and in vitro translation ( �%��� ���J2 KA�)�
� "� z?¢ <�=����� �%��� � �(��G)RNAm ( �;��0� �O�B�

oligo (dt) –cellulose chromatographie  �) ������� �� 
�;��F ª� �� ��>��� z, �R;� �b, K&=�� ���O2.  

 , @�� A�&�,� �½� Ø0�, *h �KA�) 0� ��G%Q� z, � ®� �%���
 �%&��) DNA.( ¢ ��.�� 'F z, � ®� �%��� ��½ ,� ���=�O�2 �

(GO�B� �%&�� ;O� ��©0�, "0?� �, ��#��h �%Q C0¢ ��� , � �%&��
 �©0�, *h "0?2 ý�(=�A ý�#��O2 ��=�&���� ��.�� z, z�� ®� �%���

 ��&���� ��(��GB� �%��� ;O�) ��&���� : A��, /�FA� ���() 0�
 <,-.#�� ��£��� � C���© Ø�&�� ¥��¡ z) ���R�� Ñ�D

�R����.(OO®� ��� ��) ��J�0 °�%»� ���>��� � � ®� �%��� "
 �%���)RNase ( �%&�� °�%� z, ^���)DNase .( z, ��&� ��
��½,  * ��� �>���-� z?¢ �%&�� ;!poly(A)^ RNA by 

oligo(dT)chromatography.  
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After precipitation with ethanol,store the 
RNAas follows: 
•  Dissolve the precipate in deionized and 
store at -20 oC. Formamide provides a 
chemically stable environment that also 
protects RNA against degradations by 
RNases. Purified, salt-free RNA dissolves 
quickly in formamide up to a 
concentration of 4 mg/ml. At such 
concentrations, samples of the RNA can 
be analysed directly by gel 
electrophoresis, RT-PCR, or RNase 
protection, saving time and avoiding 
potential degradation. If necessary , RNA 
can be recovered from formamide by 
precipitation with 4 volumes of ethanol as 
described by Chomczynski or by diluting 
the formamide fourfold with 0.2 M NaCl 

 /0%���E�� �%��� �(� &��,<�� �(1 �%��� "�F:  

$.�� z, (��B� ��½��) �%�F � A���%0�� I&�� � �%�     -

20oC  .(�1 �O�G, '�Û &�,�,�0
�� A��� �%��� <(��� ���=��
 �%��� °�%� �;��0� �>��;O2 z, �� ��)RNases .(��O���� , @&)

 � �)�G� "���J�� ��) ��&)�G� �%��� � ¤�B� A0D�

 z, ��)� ��1�2 /&�, ��) &�,�,�0
��4Ó�,\�, . �J� �
��1���� , �9
�� ��« ��) �K�]�#, �>���+ z?¢ �%��� z, C������

 @.>�� <=���>?��)gel electrophoresis(, RT-PCR ,  ��
 �%��� °�%� ���Ð)RNase ( , �;O2 z, ��ã � ²!0�� �:0�

�(�Û .�,Q� @�� �½� , z, &�,�,�0
�� z, ����Ð z?¢ �%���
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and then adding the conventional 2 
volumes of ethanol. 
• Dissolve the precipitate in an aqueous 
buffer and store at -80 oC. Buffers 
commonly used for this purpose include 
SDS (0.1-0.5%) in TE (PH 7.6)or in DEPC-
treated H2O containing 0.1 mM EDTA 
(PH 7.5). The SDS  should be removed by 
chloroform extraction and ethanol 
precipitation before enzymatic treatment 
of the RNA (e.g, primer extension, reverse 
transcription, and in vitro translation). 
• Store the precipate of RNA as a 
suspension at -20 oC in ethanol. Samples 
of the RNA can be removed , as needed , 
with an automatic pipetting device. 
However , because precipitates of RNA 
are lumpy and sticky , and partly because 
of  losses onto the surfaces of disposable 
pipette tips , the recovery of RNA is 
inconsistent. 

 �chomczynski C��, ����� &�,�,�0
�� x�
ß �;��0� �� 

 �0.2M@0�A09�� ���0�1 z, )NaCl ( �:�ª� �2 [�� z, 
/0%���E�. 

$ ë�½ ��) <=�, [\�, � �%��� z, (��B� �-80˚c . [\�B�
 �?�A�A C���?�� �(£� �(��� �J� � ���(���� =�£��

 @0�A09��)SDS) (0.1-0.5%) in TE (PH 7.6)or in DEPC-

treated H2O containing 0.1 mM EDTA (PH 7.5)..�J� 

SDS  (��B� /0%���E� � ��R�GB� @�0:��0�?��� ����-� �Æ
�%��� <¢�%E� �.��� �#! �
�Q� �.  

 ��) ¥������1 �%��� z, (��B� z��ß-20˚c /0%���E� �  .
�>���-� z?¢ �%��� z, C������, �D�_� �G� , �9Ù �;��0�

��?�2�,02��. ��½ ,�, �%��� "Q����B� ;O�,  � ��� � 
�9(B� ¤;� ��) K��G�� �#G� Î���, ,��(� KA�)� "�:� 

�(\�, *).  
z, ½0F», ��&� /0102���:  

http://nar.oxfordjournals.org/cgi/pdf_extract/19/14/4011; A Rapid membrane-based viral RNA 

isolation method for the polymerase chain reaction, Kevin R.Porter et.al., Naval Medical Research 
Institute, Bethesda, MD and the Walter Reed Army institute for Research, Washington, DC, USA 
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PCR is a powerful method to amplify 
specific sequences of DNA from a large 
complex mixture of DNA. For example, 
you can design PCR primers to amplify 
a single locus from an entire genome. 
From a single template molecule, you 
can  
produce over 1 billion copies of the PCR 
product very quickly. However, the 
capacity to amplify over one billion fold 
also increases the possibility of 
amplifying the wrong DNA sequence 
over one billion times. The specificity of 
PCR is determined by the specificity of 
the PCR primers. For example, if your 
primers bind to more than one locus 
(e.g. paralog or common domain), then 
more than one segment of DNA will be 
amplified. To control for these 
possibilities, investigators often employ 
nested primers to ensure specificity.  
Nested PCR means that two pairs of 
PCR primers were used for a single 
locus (figure 1). The first pair amplified 
the locus as seen in any PCR 
experiment. The second pair of primers 
(nested primers) bind within the first 
PCR product (figure 4) and produce a 
second PCR product that will be shorter 
than the first one (figure 5). The logic 
behind this strategy is that if the wrong 
locus were amplified by mistake, the 
probability is very low that it would 
also be amplified a second time by a 
second pair of primers.  

�B� K�(�#�� �)�
2�G�G  z, KA&Û �G�� �
)� B ��0! �O��¡ <�
 �%&�� z, &O�, � *#1 '��F z, �%&��)DNA( , /�bB� ��#� ��)

�G�G�B� K�(�#�� �)�
2 ��£, [�(92 z?¢ )PCR (  �
)� B
@0��H� �1 z, &��� !0, .���O�� z, &��� ��D z,,  ��?¢

 z, �b1� ���%�1 z, �RG% "0��� PCR��� �?£� ���B� .  ��
 �(�®� z, K�, "0��� &��� z, �b1� ¦� �
)� B� K�&! KA��- "�

 "�2 ��G�� �
)� , z, &��DNA "0��� z, �b1� ¦� ��¡��� 
K�,.  ��	09FPCR�£, ��	09
 A&+  K�(�#�� �)�
2 �

[(9B� �G�G�B� , �.b,, !0, z, �b1� '��� ��£B� "�1 �½�
 &���) �� ³��£,  �;% �b,paralog(  , ��G�� z, �b1�

 z, K&���DNAx)� ���  ./�(���� �J� ��) K�;�G��, 
 �0�(���� �, ��#��h "0OO®�Nested primer)  [(9, ��£, 0�

/0;�� a�� z, ��, �9!� "0?� �%� �� /�E� ��£B� �b, ��,�Å (
���	09F ��) &�1»���.  

Nested PCR z, �D�A�, �)0% @�&R��� Ï &! �%� Ñ�� 

 K&��� �O;�B �G�G�B� K�(�#�� �)�
2 C�)�£,) K�0	1 .( 
���� I� � Ò�2 �(1 �O;�B� �
)� B /�Q� �����PCR .  �����

 z, Ü�b��PRIMER) Nested PCR ( /�� z(ª '���PCR 

 ����,) K�0	4 ( Ü�© ���� �PCR  z, �9!� "0?�� ¹��

 ¦�Q� ����B�) K�0	5 (�E� �J� ���� z, �&P� �%Q ����2���
»;�� �
)� , ô��;F Ï �½�¦�Q� ����B� �  , �
)� B� /�(���

��£B� z, Ü�b�� ����� �;��0� ��%�b�� K�B� � ��&D ���ª.  

 
Figure 1. Nested PCR strategy. 
Segment of DNA with dots 
representing nondiscript DNA 
sequence of unspecified length. The 
double lines represent a large 
distance between the portion of DNA 
illustrated in this figure. The portions 

 K�0	1:  ����2�����NESTED PCR./� z, ��G��DNA , 
/� ��G�� �bÅ ´�O���DNA. �½ �>
��92 ��9�� �%&�� ��G�� 

A&Û *h /0¡ . ���D� �� K*#?�� �:�GB� ".b¢ �D�A�B� �;��
/�DNA . ���D�/� �J�DNA C�&�� ��»� §��2 
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of DNA shown with four bases in a 
row represent PCR primer binding 
sites, though real primers would be 
longer.  

��&�20��10�%)bases ( �G�G�B� K�(�#�� �)�
2 ��£, �b¢ x	 �
!0B�� '#2�B� ,/0¡� "0?�� <O�O_� ��£B� "� z, [h��� ��).  

 
Figure 2. The first pair of PCR 
primers (blue with arrows) bind 
to the outer pair of primer 
binding sites and amplify all the 
DNA in between these two sites.  

 K�0	2 : �G�G�B� K�(�#�� �)�
2 ��£, z, /�Q� �����) ,  �-Q�
[>G�� (B� z, <D���� ����� �9� �� x)� � � !0B�� '#2�B� ��£

��!0B� z�J� �� �%&��.  

 
Figure 3. PCR product 
after the first round of 
amiplificaiton. Notice 
that the bases outside 
the PCR primer pair are 
not present in the 
product.  

 K�0	3:�
)� B� z, ¦�Q� ����B� &�� �G�G�B� K�(�#�� �)�
2 ���, . "� ü�0�
 ��&�20��10���� C�&�0��)base ( �G�G�B� K�(�#�� �)�
2 ��£, z) �D����

���B� � KA0D0, ²G�� ��A�B�.  

 
Figure 4. Second pair of nested 

primers (red with arrows) bind 
to the first PCR product. The 
binding sites for the second pair 
of primers are a few bases 
"internal" to the first primer 
binding sites.  

 K�0	4 : z, Ü�b�� �����nested PCR) [>G�� , �ÐQ� ( /�� '���
�G�G�B� K�(�#�� �)�
2 z, ���, . ��£B� z, Ü�b�� ����� �;#2�B� !�0B�
 ��&�20��10�% C�&�� �>�&�)base ( ����!"��F�A " �;#2�B� !�0B� z(ª

�Q� ��£B�� /.  

 
Figure 5. Final PCR product after second 
round of PCR. The length of the product 
is defined by the location of the internal 
primer binding sites.  

 K�0	5 : ����B� &�� *FQ� �G�G�B� K�(�#�� �)�
2 ���,
 z, ��%�b��PCR.  �;#2�B� !�0B� "�?, �G¸ ��0¡ �:��, [�2

<�F�&�� ��£B��.  



 ��%0�
%� ¼�*: z) x£?����A�B� �G�G�B� K�(�#�� �)�
2 /.F z, ��-���� 
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When a complete genome sequence is 
known, it is easier to be sure you will not 
amplify the wrong locus but since very 
few of the world's genomes have been 
sequenced completely, nested primers 
will continue to be an important control 
for many experiments.  

�.,�1 @0��H� ��G�� ���2 �,&�) , "� z, &1»��� �>G�� z(:
 @0��D z, ��&D ���! A&) z?�� x)� �2 z� »;�� �O;�,

¢ á���� ��,�?�, ��G�� ��,nested primer  "0?�� �(�G�� 
 ������� z, &�&��� � [>, �9�).  

FJ984401 (http://www.ncbi.nlm.nih.gov/nuccore/FJ984401)  

 

Primer Influenza H1N1 Indication 1. Round: 215bp 
 

H1N1-F 5’-AGCAATTGAGCTCAGTGTCATC-3’ 
 

H1N1-R 5’-GAGGACTTCTTTCCCTTTATCATT-3’ 
 

Primer Influenza H1N1 Indication 2. Round: 160bp 
 

H1N1-F_nested 5’-CATTTGAAAGGTTTGAGATATTCCC-3’ 
 

H1N1-R_nested 5‘-ttgctgagctttgggtatga-3‘ 

 

 

>gi|229396503|gb|fj984401.1| influenza a virus (a/ohio/07/2009(h1n1))  

segment 4 hemagglutinin (ha) gene, complete cds 

 

atgaaggcaatactagtagttctgctatatacatttgcaaccgcaaatgcagacacattatgtataggttatcat 

 

gcgaacaattcaacagacactgtagacacagtactagaaaagaatgtaacagtaacacactctgttaaccttct

a 

 

The primer sequences 

Influenza A virus 
(A/Ohio/07/2009(H1N1)) segment 
4 hemagglutinin (HA)  
gene, complete cds. 

o#03� �>4��  

 ��%0�
%Q� ¼�*:A) A/Ohio/07/2009(H1N1) ( ��G��4,  z
�D)gene ( ���20�1�(�P�)HA(, �,�1cds .  
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gaagacaagcataacgggaaactatgcaaactaagaggggtagccccattgcatttgggtaaatgtaacatt

gct 

 

ggctggatcctgggaaatccagagtgtgaatcactctccacagcaagctcatggtcctacattgtggaaacatc

t 

 

agttcagacaatggaacgtgttacccaggagatttcatcgattatgaggagctaagagAGCAATTGA

GCTCAGTG 

 

TCATCATTTGAAAGGTTTGAGATATTCCCcaagacaagttcatggcccaatcatgactc

gaacaaaggtgtaacg 

 

gcagcatgtcctcatgctggagcaaaaagcttctacaaaaatttaatatggctagttaaaaaaggaaatTCA

TAC 

 

CCAAAGCTCAGCAAatcctacattAATGATAAAGGGAAAGAAGTCCTCgtgct

atggggcattcaccatccatct 

 

actagtgctgaccaacaaagtctctatcagaatgcagatgcatatgtttttgtggggacatcaagatacagcaa

g 

 

aagttcaagccggaaatagcaataagacccaaagtgagggatcaagaagggagaatgaactattactggac

acta 

 

gtagagccgggagacaaaataacattcgaagcaactggaaatctagtggtaccgagatatgcattcgcaatg

gaa 

 



 ��%0�
%� ¼�*: z) x£?����A�B� �G�G�B� K�(�#�� �)�
2 /.F z, ��-���� 
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agaaatgctggatctggtattatcatttcagatacaccagtccacgattgcaatacaacttgtcagacacccaag 

 

ggtgctataaacaccagcctcccatttcagaatatacatccgatcacaattggaaaatgt
 

 
Remarque: before 
starting  put a 
FILTOSTAT  FS 
CODE 

 

FFP2 D
 

 C�\�., : �,�(?�� ª �&#�� �#! filtostat 

FS code FFP2 D 
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6666 Pratical PartPratical PartPratical PartPratical Part /  /  /  / O����� P&Q�    

6666....1111 Taking the probeTaking the probeTaking the probeTaking the probe /  /  /  /  الخزعةالخزعةالخزعةالخزعةأخذ أخذ أخذ أخذ     

     
Cotton steril

 [O�, z;!  /  

6666....2222 Purification of RNA from probePurification of RNA from probePurification of RNA from probePurification of RNA from probe / / / / ن الخزعة ن الخزعة ن الخزعة ن الخزعة  م م م مالرناالرناالرناالرناتنقية تنقية تنقية تنقية      

Protocol: Purification of Viral RNA 
(Spin Protocol) 

/0102��� : ��O�2RNA ¼�*
�� )spin protocol(
  

This protocol is for purification of 
viral RNA from 140 μl plasma, 
serum, urine, cellculture 
Important points before starting 

■■Read “Important Notes” (pages–

98) 

■■All centrifugation steps are 
carried out at room temperature 
(15–25°C). 
Things to do before starting 

■■Equilibrate samples to room 
temperature (15–25°C). 
■■Equilibrate Buffer AVE to room 
temperature for elution in step 11. 
■■Check that Buffer AW1 and 
Buffer AW2 have been prepared 
according to the instructions at the 
end of this chapter 
■■Add carrier RNA reconstituted 
in Buffer AVE to Buffer AVL  
Important; if not have QIAamp 
Viral RNA mini , we can use 
peqGOLD Viral RNA Kit protocoles  
See page  33  or visit 
www.peqlab.de 
 
Procedure 
1. Pipet 560 µl of prepared Buffer 
AVL containing carrier RNA into a 
1.5 ml microcentrifuge tube. 

If the sample volume is larger than 
140 μl, increase the amount of 

 z, <��*
�� �%��� ��O��� 0� /0102���� �J�μl140�,-.#�� z,  ,
 �9B� ,�/0#� ,�)���B� ��.�� �.  

L�	�� �	p ��e� ¡��':  

 ��!�"�(>B� C�\�.B�) " ��
	98(  

 �:���� K���� �D�A ��) I�� KJ����� C�0;F ��)15_25 @ 
�D�A(  

L�	�� �	p �e��. cª Â�� P���� -�:  
  $�:���� K���� �D�A �G¸ C������ K���� �%-�0,)15 $25@ ˚(.   
  $�B� K���� �%-�0, [\AVE ���R���� ���(�� �:���� K���� �G¸ 

 ����B� �11.  
  $ �(\�B� "� z, ¥O+AW1 � AW2 C�A�]�E� �G¸ z��>{ 
 ���#�� �J� ���Ý.  
  $ [\�B� � A0D0B� �!���� �%��� xª�AVE [\�B� ¦� AVL.  

V�i : �)0({ ��Å � ²�1 �½�QIAamp Viral RNA mini 
 @�&R��� �%�?,��RNA Kit protocolesqGOLD Viral pe � 

 ��
9��33 !0B� ��) /0F&�� �� www.peqlab.de .  

 ��P�#�^�  

1. c[�)560�L §E�3� -�  AVL d�. !��n� " &eÆ� 

 ��?F 5H6�' ��	'L ¨) �p���� �'#��1.5��  .  



 ��%0�
%� ¼�*: z) x£?����A�B� �G�G�B� K�(�#�� �)�
2 /.F z, ��-���� 
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Buffer AVL–carrier RNA 
proportionally (e.g., a 280 μl sample 
will require 1120 μl Buffer AVL–
carrier RNA) and use a larger tube. 
Spin Protocol 

* Fully automatable on the QIAcube. 
See www.qiagen.com/MyQIAcube 
for protocols. 
2. Add 140 µl plasma, serum, 
urine, cell-culture supernatant, or 
cell-free body fluid to the Buffer 
AVL–carrier RNA in the 
microcentrifuge tube. Mix by 
pulse-vortexing for 15 s. 

To ensure efficient lysis, it is 
essential that the sample is mixed 
thoroughly with Buffer AVL to 
yield a homogeneous solution. 
Frozen samples that have only been 
thawed once can also be used. 
3. Incubate at room temperature 
(15–25°C) for 10 min. 

Viral particle lysis is complete after 
lysis for 10 min at room 
temperature. Longer incubation 
times have no effect on the yield or 
quality of the purified RNA. 
Potentially infectious agents and 
RNases are inactivated in Buffer 
AVL. 
4. Briefly centrifuge the tube to 
remove drops from the inside of 
the lid. 
5. Add 560 µl of ethanol (96–
100%) to the sample, and mix by 
pulse-vortexing for 15 s. After 
mixing, briefly centrifuge the tube 
to remove drops from inside the 
lid. 

Only ethanol should be used since 
other alcohols may result in reduced 
RNA yield and purity. Do not use 
denatured alcohol, which contains 
other substances such as methanol 
or methylethylketone. If the sample 
volume is greater than 140 μl, 
increase the amount of ethanol 
proportionally (e.g., a 280 μl sample 
will require 1120 μl of ethanol). In 
order to ensure efficient binding, it 
is essential that the sample is mixed 
thoroughly with the ethanol to yield 

�½�"�1  z, �b1� ������ [�� 140μL ,��: [\�B� [�� KA��- �
AVL /&�Ä �� �� �!���� �%��� ��) I0�®� � �>�� ) �.b, :280μl z, 

 ��;�2 ������1120μl[\�B� z,  AVL �%��� ��) I0�®� � �>�� 
�!���� (�1� �0#%� @�&R��� �ã�.  

2. xª�140μl�,-.#�� z,  ,�9B� ,/0#�� , �� �)���B� ��.���
�:0�B� ��.����=�G�� ���?�� � K.  [\�B� ¦�AVL I0�®� � �>�� 

KJ����� �0#%� � �!���� �%��� ��) . K&B �,��&�� � ��0�¸ '�F�15 
��%�©.  

;O�� �����: z, &1»2 , [\�B� , K0O� ������ '�F [>B� z, ��J�
AVL�%���B� /0�®� KA����  . KA�)� �� ������ &�(� �%�?,��

 �>#��J2'O: K&��� K�B �P�(�����.  

3. �,#l�� 5
�#F ��
2 d�. ��	'�� -NFL)15 ©25V ˚ (

 5�310;��p2 .  

 K&B ;O�� ���() &�� �(�?2 <��*
�� ;! C�(ë�GD10 ¥=�!A 

�:���� K���� �D�A ��) . ��) �©y2 � /0¡� K&B z9_� K��:

���)0% �� �O�B� �%��� ��(1.  

0��� �() x�!02 z?(B� z, [\�B� � �%��� °�%� �� ��&�B� �,�

AVL.  

4. -<�6 � 5�����3� ��# ��� ���$^ +9p Çp�� ��	'�� H	'L

P� l��.  

5. /¦L560�l ��'��^� -� )96 ©100 (%����� ¨) , ¤

 5�3 ���"��� � ���6 ���C §e �IL15�'�f  .@�%� ��6 , H	'L

���3� ��# ��� ���$^ +9p Çp�� ��	'��P� l�� -<�6 � 5��.  

E� Ò0� /0?�Q� z, �F« �0% I� @�&R��� �ã �� �%Q /0%��

�2��O% � �%��� ��(1 z, �
¿ &! , �b, A�0, ��) I0�Æ &!�

B��"02�1 ��2� ��2�B� �� /0%�� . z, �1� ������ [�� "�1 �½�

140ølE� ��(1 KA��- �ã � /0%��) �.b, :280øl ������ z, 
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a homogeneous solution. 
6. Carefully apply 630 μl of the 

solution from step 5 to the 

QIAamp Mini column (in a 2 ml 

collection tube) without wetting 

the rim. Close the cap, and 

centrifuge at 6000 x g (8000 rpm) 

for 1 min. Place the QIAamp Mini 

column into a clean 2 ml collection 

tube, and discard the tube 

containing the filtrate. 

Close each spin column in order to 
avoid cross-contamination during 
centrifugation.Centrifugation is 
performed at 6000 x g (8000 rpm) in 
order to limit microcentrifuge noise. 
Centrifugation at full speed will not 
affect the yield or purity of the viral 
RNA. If the solution has not 
completely passed through the 
membrane, centrifuge again at a 
higher speed until all of the solution 
has passed through. 
7. Carefully open the QIAamp 
Mini column, and repeat step 6. 

If the sample volume was greater 
than 140 μl, repeat this step until all 
of the lysate has been loaded onto 
the spin column. 
8. Carefully open the QIAamp 

Mini column, and add 500 μl of 

Buffer AW1. Close the cap, and 

centrifuge at 6000 x g (8000 rpm) for 

1 min. Place the QIAamp Mini 
column in a clean 2 ml collection 

tube (provided), and discard the 

tube containing the filtrate. 

It is not necessary to increase the 
volume of Buffer AW1 even if the 
original sample volume was larger 
than 140 μl. 
9. Carefully open the QIAamp 

Mini column, and add 500 μl of 

Buffer AW2. Close the cap and 

centrifuge at full speed (20,000 x g; 

14,000 rpm) for 3 min. Continue 
directly with step 11, or to 

eliminate any chance of possible 

Buffer AW2 carryover, perform 

step 10, and then continue with 

 ��;�21120ølE� z, �/0%�� .( �����: z, &1»��� ��¡ �

'���� ,E� , K0O� ������ '�F [>B� z,� ��) /09��� /0%��

�%���B� /0�®� z, ��(1.  

6. 
HC 8¦630μl ��F#3� -� ���n� -� 5 2���. � QIAamp 

Mini)  �2 �.��Æ� ��	'L -� �� )collection tube ( �"2 -�
�,��� ��	� �L .�L2������ ;� , d�. H	'L ¤6000 × g (8000rpm) 

 5�315�F�" ��p2 . ���Q� �.��Æ� ��	'L � 2������ 8¦2�� ,
 ���. -� ��	�3� 52�3� d�. !��n� ��	'�� O�
)"

�(9���)filtrate.(  
J#��� ���() /.F Ø0���� ����� "���&�� K&()� �� ¥�h� . [�2

 ��) J#��� ���()6000 × g (8000rpm) &�&+ �&Ê 

KJ����� ��ª0ª . �� ��(1 ��) �©y2 � ����) �)�� ��) J#���

<��*
�� �%��� ��O�2 .��£��� �) �.,�1 /0�®� ���, [�� á �½� ,

��,�Å /0�®� �¢ "� ¦� ����) �)�� ��) J#��� ���() &)�.  

7.  2���. È�,)QIAamp Mini ��F#3� �.L ¤ 
HC 6.  
�1 �½� z, �b1� ������ [�� "140øl "� ¦� ����B� �J� &)� 

 C������ �� ��(+ [��)lysate ("���&�� A0,�) ��).  

8 . 2���. 
HC È�,)QIAamp Mini /¦L " 500μl §E�3� -� 
AW1 .2������ ;��L , d�. H	'L ¤6000 × g (8000rpm) ��p2 5�3 

5�F�" .��Q� �.��Æ� ��	'L � 2������ 8¦ �2�� , O�
)"
�(9��� ���. -� ��	�3� 52�3� d�. !��n� ��	'��)filtrate.(  

 [\�B� [�� KA��- I���ª z, ���AW1 [�� "�1 "� 

 z, �b1� �����Q� ������140øl.  

9 . 2���. È�,)QIAamp Mini
HC  , /¦L ¤500μl §E�3� -� 
AW2 . ���. �.#� d�. H	'L" 2������ ;��L)20,000 x g; 14,000 

rpm ( 5�33;��p2 .  ��F#3� � 5#��	� ��DL11 -� ½�\��� "L 
 §E�3�6 É�(�F^� � -�Ê ����F) !LAW2 , � ���D^� ����^�6



 ��%0�
%� ¼�*: z) x£?����A�B� �G�G�B� K�(�#�� �)�
2 /.F z, ��-���� 
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step 11. 

Note: Residual Buffer AW2 in the 
eluate may cause problems in 
downstream applications. Some 
centrifuge rotors may vibrate upon 
deceleration, resulting in flow-
through, containing Buffer AW2, 
contacting the QIAamp Mini 
column.Removing the QIAamp 
Mini column and collection tube 
from the rotor may also cause flow-
through to come into contact with 
the QIAamp Mini column. In these 
cases, the optional step 10 should be 
performed. 
10. Recommended: Place the 

QIAamp Mini column in a new 2 

ml collection tube (not provided), 

and discard the old collection tube 

with the filtrate. Centrifuge at full 
speed for 1 min. 

11. Place the QIAamp Mini column 

in a clean 1.5 ml microcentrifuge 

tube (not provided). Discard the 

old collection tube containing the 

filtrate. Carefully open the 

QIAamp Mini column and add 60 

μl of Buffer AVE equilibrated to 

room temperature. Close the cap, 

and incubate at room temperature 

for 1 min. Centrifuge at 6000 x g 

(8000 rpm) for 1 min. 

A single elution with 60 μl of Buffer 
AVE is sufficient to elute at least 
90% of the viral RNA from the 
QIAamp Mini column. Performing a 
double elution using 2 x 40 μl of 
Buffer AVE will increase yield by 
up to 10%. Elution with volumes of 
less than 30 μl will lead to reduced 
yields and will not increase the final 
concentration of RNA in the eluate. 
Viral RNA is stable for up to one 
year when stored at –20°C or –70°C. 

 ��F#3�10 ��F#3� � ¤ -�" 11.   
�EF>�: [\�B� ��O� AW2 � �1�£, �#G� &! ��R�GB� � 

�O�.�� C�O�#;��� .�J����� ��� ����G2 &!�)�G�� �<;#2 ��) C ,
 [\�B� ��) I0�Æ ��£��� �) ë�, IJ�� �=�G�� ����%AW2 , ��®�

 A0,���QIAamp Mini .� A0,���� �J� ²��-�  �)0(�� �0#%� ª�
 A0,��� ��£��� �) �¢ IJ�� �=�G�� ³�?���� �� �� �#G� &!

QIAamp Mini . ����B� ����F� �ã ���_� �J� �10.  

10. V�i : 2���. 8¦QIAamp Mini �.��Æ� ��	'L � 2 �� 
)T�<#� ¬� ( , Ë#� !H�� ���4�� 8� m���� �.��Æ� ��	'L O�
)"

P�0l�� �. .5�F�" ��p2 5�3 ���. �.#46 H	'L.  

11.  2���. 8¦QIAamp Mini ���Q� �.��Æ� ��	'L � 2 �� 
)T�<#� ¬� (���4�� 8� m���� �.��Æ� ��	'L O�
)" Ë#� !H�� 

P�0l�� �. . 2���. 
HC È�,)QIAamp Mini /¦L" 60μl -� 
 §E�3�AVE�,#l�� 5
�#F ��
2 8� �$���3�  .2������ ;��L ,

5�F�" ��p2 5�3 �,#l�� 5
�#F ��
2 d�. ��NFL" . H	'L ¤6000 

× g (8000rpm) 5�3 15�F�" ��p2.  

 K&��� K�, ���R���60μl [\�B� z, AVEE ��:�1  ���R��90 %
 A0,�) � <��*
�� �%��� z, �!Q� ��)QIAamp Mini .  ��A»��

 @&R��� x)� , ���R��� 2 x 40 µl [\�, z, AVE &���� IJ�� 

 z, �b1� ¦� ��(?��10 .% z, �!� [�¸ ���R��E�μl 30 
 � �%��� <=�>��� ��1���� z, &��� z� � ��(?�� §�
�� ¦� IAy��

��R�GB� .��� �\���) ��� z, �b1Q ���O�G, <��*
�� �% –20°C 

or –70°C .  

        ))))RNARNARNARNA ( ( ( ( من الرنا من الرنا من الرنا من الرناcDNAcDNAcDNAcDNA    ))))synthesissynthesissynthesissynthesis ( ( ( (تصنيعتصنيعتصنيعتصنيع 6.36.36.36.3

First-strand cDNA Synthesis Using M-MLV Reverse Transcripase  /               
  ��92 z, ¦�Q� ��G�G��cDNA °�%� @&R�G2 M-MLV Reverse Transcripase

  



II. Detection of Influenza virus with nested PCR 

 

94 

A 20μl reaction volume can be 
used for 1ng-5μg of total RNA or 1-
500ng of mRNA 

 @�&R��� [��20μl �?� �)�
��� [�� z, 1ng-5μg  �%��� [�� z, 
�� <=�>��� 500ng  �%��� /���, z,)mRNA. (  

 

 RNA probes / �%��� z, ��F 

1- Add the following components to 

a nuclease-free microcentrifuge tube: 

1 $ ¦� ������� C�%0?B� xª� I0�Æ � KJ��% �0#%�

-���10���� ��):  

- put in the tube of outer-primer 
100μl TE buffer than take 0.6μl of 
this. 
- We have lyophilized probes of 
naked H1N1 virus RNA (RNA 
without protein coat). Put into the 
probe 50 μl TE buffer. Take from 
this 5μl. 
- 1μl (10mM) dNTP Mix (10mM 
each dATP,dGTP,dCTP and 
dTTPat neutral PH). 
- Add sterile, distilled water to 12 
μl. 

 $� ª  <D���� ��£B� �0#%�)outer primer (100øl 

 [\�, z,TE ���� � z, � 0.6ølz, .  

 $Å� ¼�*: z, �D�� �)�D �� �%��H1N1 /���B� ) "�A z,

��2���� �O#¡ .( ���� xª�50øl [\�, z, TE ��, ���� � 

5øl.  

 $1øl '��F z, dNTP) 10mM) (10mM each 

dATP,dGTP,dCTP and dTTPat neutral 

PH.(  

 $ Ô� [O�, ��, xª�12øl .  

2/-Heat mixture to 65oC for 5 min 
and quick chill on ice. 

2 $A ��) '�F� ����) K���� �D�65@˚ K&B 5 ���0: �A�� � ¥=�!A 

��b���.  

Water-bath /   �RG2 §0� see plate 8 for color figure  ���
9�� �\%�8 �%0�, K�09�  /  
collect the content of the tube by brief 

centrifugation (e.g. 20s , 10 000 rpm)  

�� KJ#% /.F z, �0#%Q� Ò0�Û �� ���

) �.b,20��%�©  ,10.000rpm(  

Microcentrifuge  KJ��% /  
see plate 8 for color figure  ���
9�� �\%�8 �%0�, K�09�  /
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And add:  
-4μl 5X First-Strand Buffer 
-2μl 0.1 M DTT  

xª� � :  

$4μl z, ×5�G�G��� [\�, $/�Q�  
$2μl z, DTT (0.1M) 

  

First strand-buffer / /�Q� �G�G��� [\�,.
 

3.-  Mix contents of the tube gently 
and incubate at 37 oC for 2 min  

4-   Add 1μl (200 units) of  M-

MLV (RT), and mix by pipetting 

gently up and down. 

3 $ ��) �� �� � �,0��� �0#%Q� � IJ�� Ò0�®� '�F�37@˚ 

 K&B2��O�!A .  

4 $ xª� 1øl  z,)200 units (M$MLV (RT) ,  �

�
�Q� ¦� ��)Q� z, �9(B� �;��0� �,0��� �;�F�.  

 M-MLV solution
  

5-Incubate 50 min at 37oC. 

6-  Inactivate the reaction by heating 

at 70oC for 15 min. 

7-  Incubate 40s at 90 oC (with PCR 

machine) 

8-  Immediately put the tube into ice 

for 1 min 

9-  Add 3μl RNase A 

10-  Incubate 20 min at 37 oC (with 

PCR machine). 

             Now we have cDNA. 

5 $ K&B z ��15 ��) �O�!A 37@ ˚.  

6 $ ��) K������ � ����� �)�
��� x�!0270@ ˚ K&B 15 

�O�!A.  

7 $ K&B z ��40 ��) ��%�© 90@ ˚)  �)�
2 ��« � K�(�#��

�G�G�B�.(  

8 $K&��� �O�!A K&B ��b�� � �K�]�#, �0#%Q� ª.  

9 $ xª�3μlI« �%��� °�%� z, )RNaseA.(  
10 $ K&B z ��20 ��) ¥�!A 37@ ˚)  �)�
2 ��« �

�G�G�B� K�(�#��.(   

 ��) /09_� Ï "e�cDNA.   

11. Add the above to a PCR reaction 11 $ �G�G�B� K�(�#�� �)�
2 �0#%� �� ¥#� �, ��) xª�
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tube for a final reaction volume of 50 

μl :
 

 <=�Ý [�� ¦�50øl: 
  

• 5μl 10X PCR Buffer[ 200mM Tris-

HCl (PH 8.4), 500 mM KCl] 

• 1.5 μl (50 mM) MgCl2 

• 1μl 10 mM dNTP Mix  

• 1μl amplification primer 1(10μM)  

• 1μl amplification primer 2 (10μM)  

• 0.4 μl Taq DNA polymerase 

(5U/μl)  

• 2μl cDNA (from first- strand 

reaction) 

•  autoclaved, distilled water  to 50 

μl 

 $ øl5z, 10 ×  �G�G�B� K�(�#�� �)�
2 [\�, 

]200mM Tris$HCl (PH 8.4), 500 mM 

KCl[ .  

 $1.5øl @0����%�B� �0�1 z, )50 mM.(  

 $1øl '��F z, dNTP) 10mM(.  

 $1øl ��£B� z, 1 x)� B� )10øM.( 

 $1øl ��£B� z, 2 x)� B� )10øM.(  

 $0.4øl �%&�� -��(��0� ³�2 °�%� z, )5U/øl.(  

 $2øl z, cDNA) ��G�� /�� �)�
2 z,.(  

 $ Ô� ��, xª�50øl.  

  

dNTP solution 

 

 amplification primers / �
)� B� C�)�£B�
 

- Mix gently and layer 1-2 drops ( 

50μl) of silicone oil over the reaction  

(Note: the addition of silicone oil is 

unnecessary in thermal cyclers  

equipped with a heated lid.) 

- Heat reaction to 94 oC for 2 min to 

denature. 

- PCR program : 35 cycles:  

    10s  95 oC  

 $ z, �O#¡ ª � �,0��� '�F�1 $2 ²�- z, ��;O% 

�)�
���  0: "0?���G��.  

)�EF>� : ��« � I���ª *h "0?���G�� ²�- KA��-

������ �O#;� �>{ �%Q �G�G�B� K�(�#�� �)�
2.(  

 $ Ô� �)�
��� zR�94@ ˚ K&B 2 x�!0�� ��O�!A 

�����
���.  

 $G�B� K�(�#�� �)�
2 �,�%���G� :35K��A :  

    10 Ü�0©  ,95@˚.  



 ��%0�
%� ¼�*: z) x£?����A�B� �G�G�B� K�(�#�� �)�
2 /.F z, ��-���� 
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   10s 60 oC 

   30-60s 72 oC 

    10 Ü�0©  ,60@˚.  

   30 $60 ��%�©  ,72@ ˚.  

PCR machine /  -�>D�G�G�B� K�(�#�� �)�
2
  

see plate 8 for color figure  ���
9�� �\%�8 �%0�, K�09� /  

5-put 5 μl in a PCR with 
50 μl. take 5μl from the 
result and put in the 
second round PCR. 
(Note: we use inner 
primers 3 and 4 in the 
second round of PCR) 

5 $ ª5μl � �G�G�B� K�(�#�� �)�
2 z, 5μl ��%�b�� ����B� � ��ª� ���B� z, 
�G�G�B� K�(�#�� �)�
2 z,.  

)�EF>�:Ï &O� (���� /� ���F�&�� C�)�£B� 3 � 4
2 z, ��%�b�� ����B� �  �)�
�G�G�B� K�(�#��(.  

6- put the PCR product on the gel 6 $@.P� ��) �G�G�B� K�(�#�� �)�
2 ���, ª.  

Electrophoresis / @.>�� <=���>?�� �9
�� 
 

see plate 8 for color figure  ���
9�� �\%�8 �%0�, K�09� /
 

7- take a image with digital camera (with 
a red filter) 

7 $ /���DA �*,�1 z, K�0	 JF� "�?,E�� )�Ð� ���: ,.(  

    

Result: The person is infected with H1N1 virus because there are bands seen / 

 @.P� ��) ���O� ��&� "Q ��-���� ��%0�
%� ¼�*: �(Æ uR] 

Important Notes / Important Notes / Important Notes / Important Notes / �,�� C�\�., 
If preparing RNA for the first time 
please read “Handling RNA“ (page 
34). All steps of the QIAamp Viral 
RNA Mini protocols should be 
performed quickly and at room 
temperature. 
After collection and centrifugation, 
plasma (untreated or treated with 
anticoagulants other than heparin) 
or serum can be stored at 2–8°C for 
up to 6 hours. For long-term 
storage, freezing at –20°C to –80°C 
in aliquots is recommended. Frozen 
plasma or serum samples must not 

K���! ���: ¦�Q� K�B� <� �%��� * + "�1 �½�] *��&2

�%���)[ ��
	34 .( [�2 "� �ã  /0102��� z, ����B� ��

 �:���� K���� �D�A ��) � ��� �?£�.  

 J#��� � �(���� &�� , ��) [>���ß "�?,E�� �9B� �� �,-.#��

2 $8@ ˚ z, �b1Q 6C�)��  .&, z��R�� �D.b�� � /0¡� K

 ��)$20˚c or $80˚c ¦� ��(?�� [GO2 "� �0�;B� z, 

K*�	 C���) . "� �ã � �9B� �� �,-.#�� z, C���) ���b2
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be thawed more than once. 
Repeated freezing and thawing 
leads to denaturation and 
precipitation of proteins, causing 
reduced viral titers and 
subsequently reduced yields of the 
isolated viral RNA. In addition, 
cryoprecipitates formed by freeze–
thawing will cause clogging of the 
QIAamp membrane. If 
cryoprecipitates are visible, they can 
be pelleted by briefly centrifuging at 
6800 x g for 3 minutes. The cleared 
supernatant should be removed, 
without disturbing the pellet, and 
processed immediately. This step 
will not reduce viral titers. 
The QIAamp Viral RNA Mini 
procedure is not designed to 
separate RNA from DNA. 
To avoid cellular DNA 
contamination follow the guidelines 
in ”Cellular DNAThe QIAamp Viral 
RNA Mini procedure isolates all 
RNA molecules larger than 200 
nucleotides. Smaller RNA molecules 
will not bind quantitatively under 
the conditions used. 

K&��� K�, z, �b1Q ��J2 . ���J��� �� ���b��� ���?2 ���()

�#��2 � ��2���� ���#¡ *�2 ¦� IAy2 , §�
�� � �� �� �#G2�

*
�� �%��� ��(1/���B� <�� .¦� �:�ªE�� , [D���� ������

 ��£h A�&G%� ¦� IAy� IJ�� ���b���� &�(���� �#G�

QIAamp ��) �&#% z?(B� z(: ������, ������ "�1 �½� 

6800×g K&B 3¥=�!A  . /.FE� "�A z, ��¡ �, ���-� �ã

�0
�� ��) ��H��,� ������� . ��(1 z, ��O2 � ����B� �J�

¼�*
��.  

 @�\%QIAamp Viral RNA Mini �9
� ��((9, ��� 

�%&�� z) �%���.  

 @�\% � ��A�]�E� C�0;�� ��#2� �ã �%&�� Ø0�2 �����

QIAamp Viral RNA Mini /�) ��) �(�� IJ�� 

 z, �b1�200 ��&�20��10�% K&��  . K*�9�� �%��� C�����D �,�

´��£�� �J� ²+ ��A&) '����� z�.  

6666....3333....1111 Handling RNAHandling RNAHandling RNAHandling RNA /  /  /  / �'#�� �Q���    

Ribonucleases (RNases) are very stable 
and active enzymes that generally do 
not require cofactors to function. Since 
RNases are difficult to inactivate and 
only minute amounts are sufficient to 
destroy RNA, do not use any 
plasticware or glassware without first 
eliminating possible RNase 
contamination. Great care should be 
taken to avoid inadvertently 
introducing RNases into the RNA 
sample during or after the purification 
procedure. In order to create and 
maintain an RNase-free environment, 
the following precautions must be 
taken during pretreatment and use of 
disposable and non-disposable vessels 
and solutions while working with RNA. 

 �%��� °�%�)RNase ( ��;�� �� ']�% � �O�G, °�%� 0�

�(��� K&)�GB� �,�0) . �¡�£% x�!02 ��9�� z, �%� �Ä�

�20!�*9! ²!� � �%��� *,&2 �  , /�(���� �ã � ��J�

 z, [>
�\�2 "�A z, ��D�D��� �� ��?���.#�� C�&�B� z, ���

°�%Q� �J� . °�%Q� �J� /0FA ����� �J_� JFy� "� �ã�

��O���� ���() &�� �� /.F �%��� C���) ��) . ��) ÷�
���

���() '�Û z) ��&��� °�%Q� �J� "0?� "�, JFy2 "� �ã 

 *��� � ��(��GB� ��)�Q� ��O�2 ���() /.F ������� C����DE�

�%&�� � �(��� /.F ����®�� ��(��G,.  



 ��%0�
%� ¼�*: z) x£?����A�B� �G�G�B� K�(�#�� �)�
2 /.F z, ��-���� 
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6666....3333....2222 Buffer AW1Buffer AW1Buffer AW1Buffer AW1 /  /  /  /  §E�3�AW1    

Buffer AW1 is supplied as a 
concentrate. Before using for the 
first time, add the appropriate 
amount of ethanol (96–100%) as 
indicated on the bottle in  Buffer 
AW1 is stable for 1 year when 
stored closed at room temperature, 
but only until the kit expiration 
date. 

 [\�B�AW1��1��1 A��, 0�  . ¦�Q� K�B� � /�(���E� �#!

 , /0%�2E� xª�)96$100% ( �#�) ��) ���� ��£, 0� �(1

 [\�B�AW1 �:���� K���� �D�A ��) ��� K&B ����ß z?¢� 

�2A0D ��) ÷�
_� , , ���.	 ¬���2 ���Ý Ô� 'O: z?��

�)0(��.  

6666....3333....3333 Buffer AW2 / Buffer AW2 / Buffer AW2 / Buffer AW2 /  المنظم المنظم المنظم المنظمAW2    

Buffer AW2 is supplied as a 
concentrate. Before using for the 
first time, add the appropriate 
amount of ethanol (96–100%) to 
Buffer AW2 concentrate as indicated 
on the bottle. 
Buffer AW2 is stable for 1 year 
when stored closed at room 
temperature, but only until the kit 
expiration date. 

 [\�B�AW2��1��1 A��, 0�  . ¦�Q� K�B� � /�(���E� �#!

 ,E� xª�� /0%��)96$100% ( �#�) ��) ���� ��£, 0� �(1

 [\�B�AW2 .  

 ��) ÷�
_� , �:���� K���� �D�A ��) ��� K&B ����ß z?¢�

�2A0D , Ô� 'O: z?���)0(�� ���.	 ¬���2 ���Ý.  

6666....4444 PEQGOLD VIRAL RNA ISOLATION PROTOCOLPEQGOLD VIRAL RNA ISOLATION PROTOCOLPEQGOLD VIRAL RNA ISOLATION PROTOCOLPEQGOLD VIRAL RNA ISOLATION PROTOCOL / / / /        

  �) <��*
�� �%��� /�) /0102���PEQGOLD 
Materials required, but not 
supplied: 
! 100 % ethanol 
! Sterile RNase-free pipette tips 
and microcentrifuge tubes 
1. Lysis 
Add 450 μl RNA Lysis Buffer T 
to an Extraction Tube. Pipet 150 
μl plasma, cell free body fluid, 
cell culture supernatant or urine 
into the tube, mix thoroughly by 
vortexing for 10 seconds and 
incubate for 15 minutes at room 
temperature. 
2. Load and bind 
Add 600 μl RNA Binding 
Solution and mix thoroughly by 
pipetting until a homogeneous 
solution is formed. Apply 600 μl 

�)0(�� �J� � KA0D0, *���� ��0�;B� A�0B�.  

$E��/0%��)100% (  

$KJ����� �0#%� �� ��� �%��� °�%� z, /�F �9((�� �#�2 .  

1. &�&���)8 ���:(  

 x�ª�450øl���R��E� �0#%� � ò É���� ������� [\�, z,  .

 �9(B� �;��0� ª150øl �,-.#�� z,  ,�D���� [GH� ��.F ,

 K&B �;�F� � �0#%Q� �J� � /0#�� �� �
=�;�� �)���B� ��.��10 

 K&B �� ��� �,��&��� ¥=�!A15��� K���� �D�A ��) �O�!A �:�.  

2. @6#�� " ��[���  
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of the sample to a PerfectBind 
RNA Column assembled in a 2 
ml Collection Tube. Centrifuge 
for 1 minute at 10.000 x g. 
Discard Collection Tube and 
assemble Perfect Bind RNA 
Column to a new Collection 
Tube. Apply residual 600 μl of 
the sample and centrifuge for 1 
minute at 10.000 x g. Discard 
Collection Tube and assemble 
PerfectBind RNA Column to a 
new Collection Tube. 
Note: If the sample should not 
have run by the filter 
completely, centrifugation time 
might be extented! 
3. Wash I 
Add 500 μl RNA Wash Buffer I 
to the column and centrifuge the 
PerfectBind RNA 
Column/Collection Tube 
assembly for 1 minute at 10.000 
x g. Discard flow-throw liquid 
and re-use the Collection Tube. 
4. DNase I Digestion (optional) 
Since PerfectBind RNA resin 
and spin-column technology 
actually removes most of DNA 
without the DNase treatment, it 
is not necessary to do DNase 
digestion for most downstream 
applications. However, certain 
sensitive RNA applications 
might require further DNA 
removal. Following steps 
provide on-membrane DNase I 
digestion (Order  No. 12-1091). 
a. For each PerfectBind RNA 
Column, prepare this DNase I 
digestion reaction mix: 
DNase I Digestion Buffer 73.5 μl 
RNase-free DNase I (20 Kunitz 
units/μl) 1.5 μl 
Total volume 75 μl 
Note: 

1. DNase I is very sensitive for 
physical denaturation, so do not 
vortex this DNase I mixture! 

 xª�600øl �;��0� �,�1 �?£� �;�F�� É���� '���� /0�Û z, 

��G%���, /0�®� ¤#9� "� ¦� �9(B� . ª600øl ������ �J� z, 

 A0,�) �PerfectBind RNA �0#%»� /0	0B� 

�)0(��)collection tube (2�, . ��) K&��� �O�!A K&B J#%�

10.000 × g .%� <,�� �0#%� � A0,���� ª �  �)0(�� �0#

 &�&D �)0({.  

�\�., : "�?,E�#: ���
�� �) �,�?��� �)0(�� ��
92 [�2 á �½�

J#��� ���() ²!� KA��-.  

3. �"�� �4l�� §E��:  

 xª�500øl J#%�� A0,���� ¦� /�Q� É���� �G��� [\�, z, 

 ��) �O�!A K&B �0#%Q� , A0,���� 10.000 × g . �=�G�� <,���

�2�½ �0#%Q� /�(���� &)� �.  

4. �"�� �'��� §NW� m&'L)!
��I):(  

 "�A z, �%&�� [\�, ".��� "���&�� A0,�) ���O2 � �%��� Ó(	 "� �Ä

 ���B� �%&�� °�%� /�(���� , �J� /�(���� I��� �� z, ��� ��J�

C�O�#;��� � °�%Q� .� �%��� C�O�#;2 ��� "� �� ��;�2 ���G_

�%&�� ���-� �� �� . [ P� °�%� ��) I0�Æ ��£�� KA��, ������� ����B�

 /�Q� �%&��)Order  No. 12$1091.(  

  

.a A0,�) �?�PerfectBind RNA , �)�
2 '��F ��>� �ã

/�Q� �%&�� [ P� °�%� z, :  

73.5øl/�Q� �%&�� [ P� [\�, z, .  

1.5øl^��� �%&�� °�%� z,  �%��� °�%� z, )20 Kunitz 

units/µl.(  

 <=�>��� [�_�75øl.  



 ��%0�
%� ¼�*: z) x£?����A�B� �G�G�B� K�(�#�� �)�
2 /.F z, ��-���� 
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Mix gently by inverting the 
tube. Prepare the fresh DNase I 
digestion mixture directly 
beforeRNA isolation. 
2. DNase I Digestion Buffer is 
supplied with RNase-free 
DNase set. Standard DNase 
buffers are not compatible with 
on-membrane DNase digestion! 
b. Pipet 75 μl of the DNase I 
digestion reaction mix directly 
onto the surface of PerfectBind 
RNA resin in each column. 
Make sure to pipet the DNase I 
digestion mixture directly onto 
the membrane. DNase I 
digestion will not be complete if 
some of the mix stick to the wall 
or the O-ring of the PerfectBind 
RNA Column. 
c. Incubate at room temperature 
(25 - 30 °C) for 15 minutes. 
d. Place a PerfectBind RNA 
Column into a new 2 ml 
Collection Tube and add 400 μl 
RNA Wash Buffer I. Place the 
column at benchtop for 5 
minutes. Centrifuge at 10.000 x g 
for 5 minutes and discard flow-
through. Re-use Collection Tube 
in the next step. 
Continue with step 5. 
 

5. Wash II 
Add 650 μl completed RNA 
Wash Buffer II to the column 
and centrifuge the PerfectBind 
RNA Column/Collection Tube 
assembly for 1 minute at 10.000 
x g. Discard the flowthrough 
liquid. Repeat this wash step 
using the same Collection Tube 
and discard the flow-through 
liquid. 
6. Dry (Important, do not skip 
this step!) 
Place the PerfectBind RNA 
Column in the Collection Tube 
and centrifuge for 2 minutes at 

�\�.,:  

1.��=����
�� ���#;�� C�*��� Ì��&D ¼�G� °�%� 0� /�Q� �%&�� °�%� ,

�,��&�� � °�%Q� �J� '�ß � �J�.!  

�
�Q� ¦� ��)Q� z, �0#%Q� ���+ /.F z, �,0(��� �;�F� .

�%&�� [ P� °�%� '��F �>D�%��� /�) �#! �K�]�#, /�Q� .  

2. °�%»� Ñh � �%��� °�%� z, �,�Å ^�F /�Q� �%&�� [ P� [\�,

�%&�� . °�%� ��£h , ��G%���, ��� 0� <���O�� �%&�� °�%� [\�,

�%&�� [ �.!  

.b ���� �9(B� �;��0� 75øl �%&�� [ P� °�%� �)�
2 '��F z, 

B� ¤;� ��) �K�]�#, ��ª� /�Q� ���(9�� KA�PerfectBind 

RNA A0,�) �1 �  . ��) �,�Å ª×� °�%Q� '��F "� z, &1»2

��£��� . /�Q� �%&�� [ P� °�%� �(�?� z��ö�) �½ ��) ��, ��#�� ¥

 A0,�) "��&DPerfectBind RNA.  

.c �:���� K���� �D�A ��) z �� )25 $30@˚ ( K&B15�O�!A .  

.d A0,�) ª PerfectBind RNA �)0(�� �0#%� � 2 �, 

 xª� �400øl É���� /�Q� ��G��� [\�, z,  . A0,���� �J� ª

 K&B &�OB� ���Ý &�)5¥=�!A  . ��) J#%�10.000 × g K&B 5 

 /�(���� &)�� �)0(�� �0#%� � A0D0B� �=�G�� <,�� � ¥=�!A

 ������� ����B� ¦� /�O�%�� �0#%Q�) ����B�5.(  

 �(1��G,��� ����B� ,.  

5. Í�j�� �4l�� §E��  

 xª�650øl J#%�� A0,���� � Ü�b�� É���� ��G��� [\�, z, 

 ��) �O�!A K&B �0#%Q� , A0,����10.000 × g.  �=�G�� <,��

 <,�� � �G
% �0#%Q� /�(���� , �J� &)� � �0#%Q� � A0D0B�

�=�G��.  



II. Detection of Influenza virus with nested PCR 

 

102 

10.000 x g to dry the column 
matrix. 
7. Elution 
Place the PerfectBind RNA 
Column into a fresh 1.5 ml 
microcentrifuge tube. Add 30 - 
80 μl RNase-free Water directly 
to the binding matrix in the 
PerfectBind RNA Column, 
incubate 2 minutes and 
centrifuge for 1 minute at 6.000 x 
g to elute RNA. 
A second elution may be 
necessary if the expected yield 
of RNA is > 50 μg. Alternatively, 
RNA may be eluted with a 
higher volume of water. While 
additional elution increase total 
RNA yield, the concentration 
will be lowered since more than 
80 % of RNA is recovered with 
the first elution. 
Pre-heating RNase-free Water to 
70 °C before adding to the spin 
column and incubating the spin 
column for 5 minutes at room 
temperature before 
centrifugation may increase 
yield. Instead of eluting twice, 
the RNA can directly be eluted 
in a bigger volume of RNase-
free Water. 

6.x�
����)ß �ã � �(>, ����,�>�;.(!  

 K&B J#%�� �)0(�� �0#%� � A0,���� ª2 ��) ��O�!A 10.000 

× gA0,���� x�
��� .  

7 .���R��E� ���()  

 A0,���� ªPerfectBind RNA &�&D KJ��% �0#%� � 

1.5�, . xª�30$80øl '��� �%��� °�%� z, ^��� ��B� z, 

 A0,�) ��) '����PerfectBind RNA , A K&B z �� ��O�!

 ��) K&��� �O�!A K&B J#%� �6.000 × g�%��� ���R��E .  

 z, �1� �%&�� ��(1 ²%�1 �½� I���ª Ü�b�� ���R��E� "0?� &!

50øg .��½ z, ��&� �� , K*#1 ��(?� �%��� ���R��� z?(B� z,

��B� z, .��,�?�� �%&�� ��(1 z, &��� ��ªE� ���R��E� "� �� � ,

�� ��1����� z, �b1� "Q �
R80 % /�� � C&����� �%��� z,

���R���.  

 ��) �%��� °�%� z, ^��� ��(�� ����Q� K���_�70@ ˚ ¦� �2A��- �#! 

 K&B ��%� � � "���&�� A0,�)5 �#! �:���� K���� �D�A ��) ¥=�!A 

��(?�� z, &��� &! J#��� .�D�A�B� ���R��E� ���() z, ��&� ,

%��� "�?,�� ��B� z, K*#1 ��(1 /.F z, �K�]�#, ��R�G� "� �

�%��� °�%� z, ^���.  
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7777 General remarks on working on egg based virus propagationGeneral remarks on working on egg based virus propagationGeneral remarks on working on egg based virus propagationGeneral remarks on working on egg based virus propagation / / / /     ملاحظاتملاحظاتملاحظاتملاحظات
     عن طريق البيض عن طريق البيض عن طريق البيض عن طريق البيضالفيروسالفيروسالفيروسالفيروس    بتكبيربتكبيربتكبيربتكبير    للعملللعملللعملللعمل    عامةعامةعامةعامة

Chickens are susceptible to many infectious diseases. 
One of the most important of these is the viral 
disease known as influenza which is caused for 
examples by the actural H1N1 virus. For this reasons 
viruses can be propagated will in chicken eggs for 
vaccine production purpose. 
Eggs for our work can be purchase from normal 
chicken farms.the eggs must be 9-10 days old when 
purchased. 
Then the virus probe is inoculated into the eggs 
where the virus is propagated while the eggs are 
incubated. The work must be done under very clean 
circumstances and atmosphere to prevent 
contamination.  
Testing the actual state of the eggs is done by 
candling.  

��&�B� §��,Q� z, &�&��� ¦� §��, ��D&��. 
 §�, 0� �:���B� §��,�� �J� [�� &��

 ¼�*: �#G� IJ�� ��%0�
%E�..H1N1 .  �JP
�?¢ �#G�� ���%E ��#�� � ¼�*
�� *#?2 ��

§��
B� Ã�O���.  
 z, ���(�� ����B�� ¤O�B� ��#�� ���] ���?¢

 z, ��() Ã����� "� �ã � ��D&�� �)��,9$
10@��� . 

  % � ��#�� � ª0� �*#?2 A��B� ¼�*
��
��ª�_� � ��#�� . �(��� "�?, ��) �\:�®� �ã

Ø0���� �B.  

7777....1111 Basic laboraBasic laboraBasic laboraBasic laboratory skillstory skillstory skillstory skills /  /  /  / الأساسية الأساسية الأساسية الأساسيةيةيةيةيةمھارات المخبرمھارات المخبرمھارات المخبرمھارات المخبرالالالال     

Laboratory staff should be familiar with 
and have practiced the following skills 
prior to the commencement of H1N1 
disease vaccine production - this manual 
does not contain further details about 
these skills: 
• Aseptic technique. 
• Sterilization by autoclaving and hot air 

of glassware and discarded materials. 

 [>����Ù z(ª K&��� ��&� �0%0?� "� �ã ��RB� 0
Ç0,
�� §�B Ã�O��� ���%�� �&#�� �#! ������� C���>B�1"1.  

z) ��	�
2 ��) ���?�� �J� I0�Æ �:  
•  [�O���� ���O2  
•  [�O���� z, u�R��� � C��D�D��� ��_� ��0P� �;��0�

 A�0B� C. :.  

7777....2222 Recording details of egg purchasesRecording details of egg purchasesRecording details of egg purchasesRecording details of egg purchases /  /  /  / لعملية شراء البيض لعملية شراء البيض لعملية شراء البيض لعملية شراء البيضالتسجيل بالتفصيلالتسجيل بالتفصيلالتسجيل بالتفصيلالتسجيل بالتفصيل     

An order can be placed for the delivery of 
the eggs. It is useful if the person 
responsible for placing the orders and 
receiving the eggs keeps records. The 
following information should be recorded 
in a notebook set aside for this purpose. 
• Date when the eggs are ordered and 

the name of the person who 
• received the order. 
• Number and age of the eggs ordered. 
• Date and number of the eggs received. 
• Colour and appearance of the eggs 

received. 
• Number of eggs damaged during 

 ��#�� °&O�� @�\% ª� z?¢. uR£�� �½� &�
B� z,�
B� C�,0��B� ü
Æ ��#�� <O�2� �,��Q� ª� z) /�yG

C.�G�. ������� C�,0��B� ���G2 <�#��Â�F ��:A � : 
•  IJ�� uR£�� [��� ��#�� ��¡ Ï Ô, ¬���2 �O�2

��;��. 
• �0�;B� ��#�� �()� A&).  
• [��GB� ��#�� A&)� ¬���2. 
•  [��GB� ��#�� �>\,� "0�. 
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transport. 
• Date and number of eggs placed in 

incubator. 
• Number of viable eggs after candling 

prior to inoculation. 

•  �O��� /.F �G?�B� ��#�� A&).  
• ��2 ��ª�_�� �0ª0B� ��#�� A&)� ¬�  
• ¤�O���� � 
B� � �(£��� &�� �:0�B� ��#�� A&)  

7777....3333 CCCCleaning and decontaminationleaning and decontaminationleaning and decontaminationleaning and decontamination / / / / تطھير تطھير تطھير تطھير  ال ال ال التنظيف وتنظيف وتنظيف وتنظيف والالالال     

Appropriate chemical disinfectants 
must be used for cleaning equipment, 
materials and work surfaces. All 
laboratory wastes must be assigned to a 
category and placed in clearly labeled 
bins from where the waste will be 
disposed of appropriately.  

AlcoholAlcoholAlcoholAlcohol    
A 70% volume/volume (v/v) solution of 
alcohol diluted with water is useful for 
wiping down benches and disinfecting 
the outside of eggs before inoculation 
and harvesting of allantoic fluid. The 
addition of 2 percent iodine will 
increase the effectiveness of this 
solution. 
Note that 70 percent solution of alcohol 
is flammable! 

ChlorineChlorineChlorineChlorine    
There are several chlorine compounds 
that are used as disinfectants. Sodium 
hypochlorite (NaOCl) or household 
bleach is readily available and cheap. 
Soaking overnight in a 2 percent 
solution of chlorine is useful for 
disinfecting plastic materials. Note that 
commercial bleach contains 12 to 14 
percent hypochlorite when 
manufactured but this concentration 
deteriorates with time.  
Note that chlorine damages fabric and 
corrodes many metals!  
Always read the instructions before 
using disinfectants and cleaning 
reagents! 

B� ��=��(�?�� C��>;B� @�&R��� �ã x�\���� C�&�B �(=.
,�(��� ¤;��� C��AQ� . ª02 "� �Æ ��RB� C���
% ��

 �>�, u�R�% "� ¦� ¤ª�� *G
2 , ¥�A��	 � �>��: �G�
����, �?£�.   

��[���  

70 &)�OB� ¤GB K&�
, <� ��B�� �

RB� /0�?�� z, ��B� � 
�=�� &9� � ¤�O���� �#! ��#�� <D���� ¤;G�� *>;2� 

 ���0�%0�Q� . KA��- "� ö��2 �����: z, &���2 z�A0�E� z, ��B� � 
 /0�®�.  
�\�., :70 /���]E� ��) K�A�! /0�?�� z, ��B� � !  

-�
�����  
 C��>;(1 �>,�&R��� z?¢ ¹�� �0�?�� C�#1�, K&) &D0�

: /-��B� � K�:0�B� �9�#B� A�0B� �� @0�A09�� ²��0�10#��
�9�F���� . O%2 *>;�� &�
, ����� /.F �0�?�� z, ��B� � 

��?���.#�� A�0B�.  
 z, I0�+ ²%�1 � �#B� A�0B� �)��	 C�&� �,&�) �\�.,12 

 ¦�14 , uO�2 �#G��� �J� "� ö�� ²��0�10#�P� z, ��B� � 
²!0��   .  

 "A��B� �1»� � �,&� �0�?�� �\�.,!  
�A�]�E� ��(=�A ��!� ��J� �� x�\���� A�0, /�(���� �#! C

*>;���! 

7777....4444 Incubation of eggs before inoculationIncubation of eggs before inoculationIncubation of eggs before inoculationIncubation of eggs before inoculation /  /  /  / حضانة البيض قبل التلقيححضانة البيض قبل التلقيححضانة البيض قبل التلقيححضانة البيض قبل التلقيح    

Many vaccine production centres will 
already have large commercial incubators 
installed. Smaller incubators are available 

 ����� C��ª�� �>�&� Ã�O��� ���%� �1��, z, &�&���
��#b,. K�:0�B� C��ª�_� ��	� <� ��) Ã�O��� ���%E �#���,
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and are suitable for the small-scale 
production of vaccine. 
• Incubation temperature = 38oC to 

39oC. 
• Humidity should be maintained at 60 

to 65 percent. A tray filled with water 
and placed in the bottom of the 
incubator is usually sufficient to 
maintain this level of humidity. 

• Place the eggs in the incubator with 
the air sac on top. 

 *�	  �;%. 
•  z, �%� _� K���� �D�A38¦� 39��0�, �D�A . 
•  z, ��0¡��� ��) ÷�
_� <�#��60 ¦� 65��B��  .0� �;��

 KA�)� ��ª�_� z, <�
G�� ��H� � ª02 ��B�� ����, ����	
��0¡��� z, Ò0�GB� �J� ��) ÷�
��� <
?2 . 

•  <=�0P� ��?�� "0?� "� �O��;� ��ª�_� � ��#�� ª
��)Q� �>D z, � �#��.  

7777....5555 Incubation of eggs after inoculationIncubation of eggs after inoculationIncubation of eggs after inoculationIncubation of eggs after inoculation /  /  /  / حضانة البيض بعد التلقيححضانة البيض بعد التلقيححضانة البيض بعد التلقيححضانة البيض بعد التلقيح    

Inoculated eggs contain virus and should 
be placed in a different incubator. 

 ��ª�� � ��ª� �Æ� ¼�*
�� ��) I0�Æ ¤O�B� ��#��
Ò�F�. 

7777....6666 Cleaning and decontamination of incubatorsCleaning and decontamination of incubatorsCleaning and decontamination of incubatorsCleaning and decontamination of incubators /  /  /  / نظيف و تطھير الحاضنةنظيف و تطھير الحاضنةنظيف و تطھير الحاضنةنظيف و تطھير الحاضنة    

Keep surfaces clean by wiping out 
with a wet cloth and disinfecting 
with 70 percent alcohol solution or 
a non-corrosive disinfectant. 

 ���#, ��(! ��;O� ¤GB� ¥��¡ z) �
�\% ��ª�_� ¤;�� ��) ÷�
�
 � ��*>;2�70 *h �F« �>;, I� �� /0�?�� /0�Û z, ��B� � 
�1���� ���!.  

7777....7777 Candling eggsCandling eggsCandling eggsCandling eggs /  /  /  / تشميع البيضتشميع البيضتشميع البيضتشميع البيض    

Candling is the process of holding a 
strong light above or below the egg to 
observe the embryo. A candling lamp 
consists of a strong electric bulb covered 
by a plastic or aluminium container that 
has a handle and an aperture. The egg is 
placed against this aperture and 
illuminated by the light. If you do not 
have a candling lamp, improvise. Try 
using a torch. Candling is done in a 
darkened room or in an area shielded by 
curtains. 


� ��#� � �ا�� �� ��)� z, I0! �0ª &O) ���() 0� �(£�
��H� �#!��, �&Ê . Ã�#9, z, x�»�� �(£��� Ã�#9,

I0! <=���>1,  IJ�� @0��,0�Q� z, ����� �� ����.#��� �;�
� �#O, ��) I0�Æ���: . ���
�� �J� ���O, ��#�� ª� [��
�0���� �v��ª� [���. �(£2 Ã�#9, ��&� z?� á �½� . /���
��(£�� @�&R���.  x�F z, �� �(�\, �:�h � �(£��� [��

�=��G��.  
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good egg No embryo dead embryo Cracked or broken shell 

 
 

Bad eggs 

Fig 3.1 see plate 16 for color version .�%0�, �RG�� 16 ���
9�� �\%� 3.1 �?£�� 

7777....8888 Marking the inoculation siteMarking the inoculation siteMarking the inoculation siteMarking the inoculation site /  /  /  / تعيينتعيينتعيينتعيين    مكانمكانمكانمكان    التلقيحالتلقيحالتلقيحالتلقيح    

1) Hold the blunt end of the egg against 
the aperture of the candling lamp 
and note the position of the head of 
the embryo. 

2) Turn the egg a quarter turn away 
from the head. 

3) Draw a line on the shell marking the 
edge of the air sac. 

4) Draw an X approximately 2 mm 
above this line. 

5) The X marks the inoculation site. 
Note: In some eggs the air sac will have not 
developed on the blunt end but half way 
down the egg. These eggs are not suitable 
for vaccine production. 

1(  � Ã�#9B� ���: ���O, � �#�� KA�_� ���>��� &�) ³&� ª
��H� ¼�� !0, ü��.  

2(¼���� z) �&��� ���A �� � �#�� �A� .  
3( F [���<=�0P� ��?�� ���G, [����� � �#�� K�£! ��) �;.  
4( K��]� ª ^�0� ��) 2'�� �J�  0: [, . 
5( ¤�O���� !0, "0?� K��]E� �J� "�?,. 

�EF>�:  �%�?, � �(�?, *h <=�0� ��1 [>�&� ��#�� ���
�� x9% z, z?���>�
�� ¦� � �# . ���%E �#���, *h 0��

Ã�O���.  
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8888 Protocol: Inoculation of embryonated eggs Protocol: Inoculation of embryonated eggs Protocol: Inoculation of embryonated eggs Protocol: Inoculation of embryonated eggs with influenza virus with influenza virus with influenza virus with influenza virus by the by the by the by the 
allantoic cavity route allantoic cavity route allantoic cavity route allantoic cavity route //// كافتي ا�لونتويك طري عن البيض أنسجة تلقيح     

The most convenient method of propagating 
of influenza virus in the laboratory is by the 
inoculation of the allantoic cavity of 
embryonated eggs. All strains of virus will 
grow in the cell of the allantoic cavity. The 
virus enters these cells where it multiplies. As 
the cells are disrupted the virus is shed into 
the allantoic fluid. Virulent strains of the 
virus will invade cells beyond the lining of 
the allantoic cavity and kill the embryo. The 
time taken for this to occur is the basis of the 
“Mean Death Time Assays”, which indicates 
the level of virulence. The avirulent strain of 
influenza virus will not kill embryos 
inoculated  into the allantoic cavity.  
Inoculation of the allantoic cavity of 
embryonated eggs is a technique used in the 
following procedures: 
1. influenza virus vaccine production 
2. Establishing the infectivity titre of a 
suspension of virus. 
3. Isolation of virus from field specimens for 
laboratory Diagnosis 

 ��RB� � ��%0�
%E� ¼�*: �£�� �,�., �b1Q� �O��;��
��#�� ��.� ¹:�1 ��0�%0��� ¥��¡ z) ¤�O���� <�.  "Q
��.�� �J� �F�A 0(�2 ¼�*
�� C�.� ��. ) �,&�
�©�?��� z) x!0�2 ��.�� �J� ¼�*
�� �F&�.  O�:

 �=�� � ¼�*
�� ¼�*
�� C�.G��� ¹:�1 ��0�%0���
 ¹:�1 ��0�%0��� �%�;� ���F ��.�� ���2 ��2�O�� ��O2�

��H� . �(G� �, ¼��� 0� Ø&_� �JP  ���GB� ²!0��
"C�	0�: ²!� C0B� Ñ�� " z, Ò0�G, ��) /&� �Ù º

K&_�� x����.  �ë,� ¼�*: z, ��2�! *��� C�.G��
 � ¤O�B� ��H� ��O2 � ��%0�
%��¹:�1 ��0�%0���.  ���O���

 �,&R�GB�  ¥��¡ z) <� ��#�� ¤�O��� ¹:�1 ��0�%0���
������� C����DE� z(ª: 

1.  ��%0�
%E� ¼�*: Ã�O� ���%�. 
2. �� z) x!0�B� ¼�*
�� Ò�&) z, ��(1 ��£%��(� 
3.  C���R(�� ��%�&�B� C������ z, ¼�*
�� /�)

��9�R£��� 
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8.1 Inoculation of the allantoic cavityInoculation of the allantoic cavityInoculation of the allantoic cavityInoculation of the allantoic cavity /  /  /  / تلقيح الالونتويك كافتيتلقيح الالونتويك كافتيتلقيح الالونتويك كافتيتلقيح الالونتويك كافتي 

MaterialsMaterialsMaterialsMaterials    
Eggs 9-day old or 10-day old 
embryonated eggs. Candle the eggs 
and mark the inoculation sites . 
Eggs should be placed in an egg 
rack with the inoculation site 
uppermost. 
• Egg shell punch or forceps. 
• Cotton. 
• A 70 % alcohol solution in water. 
• Syringe 1 mL. 
• Needles preferably 25 gauge, 16 

mm. 
• sticky tape or melted wax to seal 

the inoculation site. 
• Inoculum. This must be free of 

microbial contamination. 
• Discard tray. 

2��3� 

 �() z, ¤O�, ���9 ¦� 10 @���  .2 !�0, [���2� ��#�� �(£
¤�O���� . �>H� z, ¤�O���� &�� ��#�� �0:� � ��#�� ª� �ã
������. 

• 'O�, �� ��#�� �£O�� �,�¨ . 
• z;!. 
•  /0�?�� /0�Û70��B� � ��B� �  . 
•  ��O�1�,  . 
• O, � 
� zO� �>���25 �� 16[�,  . 
• ¤�O���� !0,  .hE �=�½ å �� ¥	� '��] . 
• â��?�B� Ø0���� z, ^�F "0?� "� �ã� Ã�O���. 
• C���
��� <,�� ����	 �� ¥#¡ . 
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MethodMethodMethodMethod    
1. Use cotton wool and 70 percent alcohol to 
swab the end of the eggs to be inoculated. 
Allow the alcohol to evaporate. 
2. Swab the eggshell punch with 70 percent 
alcohol solution. Place used cotton wool in 
discard tray. 

���# �� 
1 . ��?�� "�?, ¤GB /0�?�� /0�Û � z;O�� @&R���

���2 "�?, ��#�� <=�0P�¤�O���� . � � /0�?�� /0�® ¤Á
�R#�� "� .  

2. �£! �O© "�?, ¤G, � � �#�� K�70 z, ��B� � 
z;O�� , C���
��� K&�B� ����9�� z(ª /0�?�� /0�Û. 

3. Pierce a hole in the 
end of the egg at the 
marked inoculation 
site. 
4. Attach needle to 1 
mL syringe. 
5. Draw inoculum into 
1 mL syringe. 
6. Keeping the needle 
and syringe vertical, 
place the needle 
through the hole in the 
eggshell. The needle 
will need to penetrate 
approximately 16mm 
into the egg to reach 
the allantoic cavity. 
7. Inject 0.1 mL of 
inoculum into the egg. 
8. Withdraw the needle 
from the egg. 
9. Seal the hole in the 
shell with stationery 
tape or melted wax. 
10. Discard the used 
needles and syringes. 
11. Place the inoculated 
eggs into a second 
incubator. Check the 
temperature and 
humidity of incubator. 

 
Figure 2: Inoculation of the allantoic 

cavity 

 5
�_2: Â,�D ®���'���� �. È��� 
 

3 . "�?B� � � �#�� K�£! �O©�
 ¤�O���� ��B�.  

4. ��) ��O_� �>D1 �,.  
5.  ¦� ��O_� � Ã�O��� �FA�
1�, .  
6.  ��A0,�) K��E� ��) ü:��
,, K��E� ª � �Ob�� /.F z

� �#�� K�£! . "� �D�¸ K��E�
 ^�0_ �F&216 � �#�� � [,

 ¦� �9��¹:�1 ��0�%0���.  
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8888....2222 Harvesting allantoicHarvesting allantoicHarvesting allantoicHarvesting allantoic fluid to test for presence of  fluid to test for presence of  fluid to test for presence of  fluid to test for presence of 
HHHHaemagglutininaemagglutininaemagglutininaemagglutinin /  /  /  / حصد الالونتويك كافتي لفحص وجود الھيماكلوتينينحصد الالونتويك كافتي لفحص وجود الھيماكلوتينينحصد الالونتويك كافتي لفحص وجود الھيماكلوتينينحصد الالونتويك كافتي لفحص وجود الھيماكلوتينين    

The following method describes 
harvesting a small sample of allantoic 
fluid for testing for the presence of 
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haemagglutinin using the rapid or micro 
tests. 
Materials 
• Forceps or a small pair of scissors 
• Absolute alcohol for flaming forceps 
• Cotton. 
• 70 percent alcohol solution 
• Discard tray 
• 50 μL micropipette and tips, a wire loop 
or sterile Pasteur pipettes 
Method 
1. Chill eggs at 4oC for at least two hours 
to kill the embryo and to reduce the 
contamination of the allantoic fluid with 
blood during harvesting. 
2. Remove sticky tape (if used to seal the 
eggs) and swab each egg with cotton 
wool soaked with 70 percent alcohol to 
disinfect and remove condensation from 
the shells. 
3. Dip the forceps or scissors in absolute 
alcohol and flame to sterilize. Remove the 
eggshell above the air space. 
4. Discard embryos that are visibly 
contaminated. 
5. Remove a sample of allantoic fluid 
from each egg. Use a micropipette and 
sterile tip, sterile glass pipette or a flamed 
loop and dispense the sample according 
to method being used for the test 
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8888....3333 Haemagglutination testHaemagglutination testHaemagglutination testHaemagglutination test /  /  /  / ننننششششفحص الھيماكلوتينيفحص الھيماكلوتينيفحص الھيماكلوتينيفحص الھيماكلوتيني     

This is the result of the haemagglutinin part 
of the haemagglutinin/ neuraminidase viral 
protein binding to receptors on the 
membrane of red blood cells. The linking 
together of the red blood cells by the viral 
particles results in clumping. This clumping 
is known as haemagglutination. Haem-
agglutination is visible macroscopically and 
is the basis of haemagglutination tests to 
detect the presence of viral particles. The test 
does not discriminate between viral particles 
that are infectious and particles that are 
degraded and no longer able to infect cells. 
Both can cause the agglutination of red blood 
cells. 
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8888....3333....1111 Red blood cell control in the haemRed blood cell control in the haemRed blood cell control in the haemRed blood cell control in the haemagglutination testagglutination testagglutination testagglutination test / / / /    تحكمتحكمتحكمتحكم    الكرياتالكرياتالكرياتالكريات    الحمراءالحمراءالحمراءالحمراء    بفحصبفحصبفحصبفحص
    الھيماكلوتينيشنالھيماكلوتينيشنالھيماكلوتينيشنالھيماكلوتينيشن

Every time a haemagglutination test is 
carried out, it is necessary to test the 
settling pattern of the suspension of red 
blood cells. This involves mixing diluent 
with red blood cells and allowing the cells 
to settle. 
1. Dispense diluent. 
2. Add red blood cells and mix by gently 
shaking. 
3. Allow the red blood cells to settle and 
observe the pattern. 
4. Observe if the cells have a normal 
settling pattern and there is no auto-
agglutination. This will be a distinct 
button of cells in the micro test and an 
even suspension with no signs of 
clumping in the rapid test. 
Note: The diluent used for haemag-
glutination tests in this manual is PBS. 
There should be no signs of haemolysis in 
the red blood cell suspension. If there are 
signs of haemolysis, a fresh suspension 
must be prepared. There should not be any 
sign of auto-agglutination in the red blood 
cell control. If an agglutination pattern is 
observed, discard the suspension of red 
blood cells. Prepare a fresh suspension and 
test again. 
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9999 IntroductionIntroductionIntroductionIntroduction to Cell Based Virus Propagation to Cell Based Virus Propagation to Cell Based Virus Propagation to Cell Based Virus Propagation: : : : TTTTissue Culture Methodsissue Culture Methodsissue Culture Methodsissue Culture Methods    
نسجةنسجةنسجةنسجةطرق زراعة الأطرق زراعة الأطرق زراعة الأطرق زراعة الأ / / / / ::::مدخلمدخلمدخلمدخل         

9999....1111 Types of cells grown iTypes of cells grown iTypes of cells grown iTypes of cells grown in culture /n culture /n culture /n culture / أنواع الخلايا التي تتكاثر خلال الزراعة أنواع الخلايا التي تتكاثر خلال الزراعة أنواع الخلايا التي تتكاثر خلال الزراعة أنواع الخلايا التي تتكاثر خلال الزراعة    

Tissue culture is often a generic term that 
refers to both organ culture and cell culture 
and the terms are often used interchangeably. 
Cell cultures are derived from either primary 
tissue explants or cell suspensions. Primary 
cell cultures typically will have a finite life 
span in culture whereas continuous cell lines 
are, by definition, abnormal and are often 
transformed cell lines. 
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9999....1111....1111 Primary cell culturesPrimary cell culturesPrimary cell culturesPrimary cell cultures /  /  /  /  الأوليةالأوليةالأوليةالأوليةزرع الخلايا البدائية أو زرع الخلايا البدائية أو زرع الخلايا البدائية أو زرع الخلايا البدائية أو     

When cells are taken freshly from 
animal tissue and placed in culture, the 
cultures consist of a wide variety of cell 
types, most of which are capable of very 
limited growth in vitro, usually fewer 
than ten divisions. These cells retain 
their diploid karyotype, i.e., they have 
the chromosome number and 
morphology of their tissues of origin. 
They also retain some of the 
differentiated characteristics that they 
possessed in vivo. Because of this, these 
cells support the replication of a wide 
range of viruses. Primary cultures 
derived from monkey kidneys, mouse 
fetuses, and chick embryos are 
commonly used for diagnostic purposes 
and laboratory experiments. 
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9999....1111....2222 Diploid cell strainsDiploid cell strainsDiploid cell strainsDiploid cell strains /  /  /  /  سلالات الخلايا المضاعفة سلالات الخلايا المضاعفة سلالات الخلايا المضاعفة سلالات الخلايا المضاعفة    

Some primary cells can be passed 
through secondary and several 
subsequent subcultures while retaining 
their original morphological 
characteristics and karyotype. 
Subcultures will have fewer cell types 
than primary cultures. After 20 to 50 
passages in vitro, these diploid cell 
strains usually undergo a crisis in 
which their growth rate slows and they 
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eventually die out. Diploid strains of 
fibroblasts derived from human fetal 
tissue are widely used in diagnostic 
virology and vaccine production. 

�v0, ¦� . C�.�fibroblast z, �D�R�GB� � �
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9999....1111....3333 Continuous cell linesContinuous cell linesContinuous cell linesContinuous cell lines /  /  /  / خطوط الخلايا المستمرة بالتطورخطوط الخلايا المستمرة بالتطورخطوط الخلايا المستمرة بالتطورخطوط الخلايا المستمرة بالتطور    

Certain cultured cells, notably mouse 
fetal fibroblasts, kidney cells from various 
mammalian species, and human 
carcinoma cells, are able to survive the 
growth crisis and undergo indefinite 
propagation in vitro. After several 
passages, the growth rate of the culture 
slows down; then isolated colonies of 
cells begin to grow more rapidly than 
diploid cells, their karyotype becomes 
abnormal , their morphology changes, 
and other poorly understood changes 
take place that make the cells immortal. 
The cells are now "dedifferentiated," 
having lost the specialized morphology 
and biochemical abilities they possessed 
as differentiated cells in vivo. Continuous 
cell lines and HeLa, both derived from 
human carcinomas, support the growth 
of a number of viruses. 
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9999....2222 WorkWorkWorkWorkinginginging area and equipment /  area and equipment /  area and equipment /  area and equipment / مكان العمل و المعداتمكان العمل و المعداتمكان العمل و المعداتمكان العمل و المعدات    

9999....2222....1111 COCOCOCO2 2 2 2 IncubatorsIncubatorsIncubatorsIncubators /  /  /  / معدل ثاني أوكسيد الكربون في الحاضنةمعدل ثاني أوكسيد الكربون في الحاضنةمعدل ثاني أوكسيد الكربون في الحاضنةمعدل ثاني أوكسيد الكربون في الحاضنة    

The cells are grown in an atmosphere of 
5-10% CO2 because the medium used is 
buffered with sodium 
bicarbonate/carbonic acid and the pH 
must be strictly maintained. Culture 
flasks should have loosened caps to allow 
for sufficient gas exchange. Cells should 
be left out of the incubator for as little 
time as possible and the incubator doors 
should not be opened for very long. The 
humidity must also be maintained for 
those cells growing in tissue culture 
dishes so a pan of water is kept filled at 
all times. 
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9999....2222....2222 MicroscopesMicroscopesMicroscopesMicroscopes /  /  /  /  المجھر المجھر المجھر المجھر    

Inverted phase contrast microscopes are used 
for visualizing the cells. Before using the 
microscope, check that the phase rings are 
aligned. 
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9999....2222....3333 VesselsVesselsVesselsVessels /  /  /  / الأوعيةالأوعيةالأوعيةالأوعية    

The vessels should be transparent surface 
that will allow cells to attach and allow 
movement for growth. The most 
convenient vessels are specially-treated 
polystyrene plastic that are supplied 
sterile and are disposable. These include 
petri dishes, multi-well plates, microtiter 
plates, roller bottles, and screwcap flasks . 
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9999....3333 Preservation and storagePreservation and storagePreservation and storagePreservation and storage    of of of of tissue tissue tissue tissue cells cells cells cells / / / / الحفظ و التخزينالحفظ و التخزينالحفظ و التخزينالحفظ و التخزين    

(If available) liquid N2 is used to preserve 
tissue culture cells, either in the liquid 
phase (-196°C) or in the vapor phase (-
156°C). Freezing can be lethal to cells due 
to the effects of damage by ice crystals, 
alterations in the concentration of 
electrolytes, dehydration, and changes in 
pH. To minimize the effects of freezing, 
several precautions are taken. First, a 
cryoprotective agent which lowers the 
freezing point, such as glycerol or DMSO, 
is added. A typical freezing medium is 
90% serum, 10% DMSO. In addition, it is 
best to use healthy cells that are growing 
in log phase and to replace the medium 
24 hours before freezing. Also, the cells 
are slowly cooled from room temperature 
to   -80°C to allow the water to move out 
of the cells before it freezes. The optimal 
rate of cooling is 1°-3°C per minute. 
The Mr. Frosty is filled with 200 ml of 
isopropanol at room temperature and the 
freezing vials containing the cells are 
placed in the container and the container 
is placed in the -80°C freezer. The effect of 
the isopropanol is to allow the tubes to 
come to the temperature of the freezer 
slowly, at about 1°C per minute.  
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��) &(���� ¹�� ��.�� K����! ¦� �:���� K���� �D�A$

80˚c .�E� ��A¦� &(���� �)�� �<;#2 0� /0%�������1˚c 
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MAINTENANCE 
Cultures should be examined daily, 
observing the morphology, the color of 
the medium and the density of the cells. 
A tissue culture log should be maintained 
that is separate from your regular 
laboratory notebook. The log should 
contain: the name of the cell line, the 
medium components and any alterations 
to the standard medium, the dates on 
which the cells were split and/or fed, a 
calculation of the doubling time of the 
culture (this should be done at least once 
during the semester), etc. 

�O�!&���.  

�3��6��  
���,0� �)���B� ��.�� u�
2 "� �ã ,�>�?] �#!��B,  "0�

��.�� �:�b1 � IJ�B� '�0�� . ³��� "0?� "� �ã ��J�
 ��.�� C�*�2 �� ���) "ë�&� ��RB� � Â�F ���

�)���B� .��) ��G�� �J� I0�Æ : ´0;F [����.�� ,
��: Ï ��&�2 I� � IJ�B� '�0�� C��0�Û , Ï Ô, ¬���2

� ��.�� �9:\�>��J�2 �� , ����� x)� B� ²!0�� ��G�
 ) �!Q� ��) �9
�� � &��� K�, ��
� "� �ã �J� �( , �

��½ ¦� �,. 

9999....4444 HarvestingHarvestingHarvestingHarvesting and refeeding and refeeding and refeeding and refeeding    culture culture culture culture cellscellscellscells    / / / / حصادحصادحصادحصادالالالال     

Cells are harvested when the cells have reached a 

high density which suppresses growth. 
 �:�b?�� ����, ¦� �92 �,&�) ��.�� &9� [��

 0(��� (O2 ¹�� �������.  

9999....4444....1111 Suspension cultureSuspension cultureSuspension cultureSuspension culture    / / / / ملتصقةملتصقةملتصقةملتصقة الغير  الغير  الغير  الغير الخلاياالخلاياالخلاياالخلايا    زراعتزراعتزراعتزراعت     

Suspension cultures are fed by dilution into 
fresh medium. 

 ��- [����.��  *��� �O9��, �-�¡ <=�Jh '�� �
x
¨�. 

9999....4444....2222 Adherent culturesAdherent culturesAdherent culturesAdherent cultures /  /  /  / زراعت الخلايا الملتصقةزراعت الخلايا الملتصقةزراعت الخلايا الملتصقةزراعت الخلايا الملتصقة    

Adherent cultures that do not need to be 
divided can simply be fed by removing the 
old medium and replacing it with fresh 
medium. 
When the cells become semi-confluent, 
several methods are used to remove the cells 
from the growing surface so that they can be 

diluted. 

 z?¢ [�GO��� ���+ � ¹�� �O9��B� ��.�� ²)��-
�J�2 ��0>G� � °&O�� <=�J��� '�0�� ���-� ¥��¡ z) �>�

�-�¡� &�&D <=�Jh '�0� ���&#���.  
�R
��, �#] ��.�� ¤#92 �,&�)� , K&) /�(���� z?¢

>
�
ß �ã �J� IJ�B� ¤;G�� z, �>���-E  �¡�. 

9999....4444....2222....1111 MechanicaMechanicaMechanicaMechanical / l / l / l / اااايكانيكييكانيكييكانيكييكانيكيمممم     
A rubber spatula can be used to physically 
remove the cells from the growth surface. 
This method is quick and easy but is also 
disruptive to the cells and may result in 
significant cell death. This method is best 
when harvesting many different samples of 

cells for preparing extracts. 

�-E ��¡�;B� �O��B� /�(���� z?¢ ¤;G�� z) ��.�� ��
IJ�B�.  ¦� IAy2 �>�?� � ��>� � ����� �O��;�� �J�

[v0, � ��.�� ���;ª� . &�) �� 
, �O��;�� �J�
C�9�R�GB� A�&)E ��.�� z, ��0%� K&) A�9�.  
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9999....4444....2222....2222 Proteolytic enzymesProteolytic enzymesProteolytic enzymesProteolytic enzymes /  /  /  / أنزيمات التحلل البروتيينيأنزيمات التحلل البروتيينيأنزيمات التحلل البروتيينيأنزيمات التحلل البروتييني    
Trypsin, collagenase, or pronase, 
usually in combination with EDTA, 
causes cells to detach from the 
growth surface. This method is fast 
and reliable but can damage the cell 
surface by digesting exposed cell 
surface proteins. The proteolysis 
reaction can be quickly terminated 
by the addition of complete medium 
containing serum 

 �G#����� , -�%0D�0?�� , -�%���� �� , , '�¿ �KA�)�� IA I
 òI« ,IJ�B� ¤;G�� z, ��.�� ���� �#G��� . �O��;�� �J�

 /.F z, ��.�� ¤;� *,&2 � �#G2 �>�?�� �!0©0, � �����
����� ¤;� ��) KA0D0B� C����2���� [ � . ������ ��: ëA�

 ��) I0�Æ �,�1 <=�Jh '�� KA���� �)�G� ��:�O�� z?¢ Ñ��2����
�9B�.  

9999....4444....2222....3333 EDTAEDTAEDTAEDTA /  /  /  /     آيآيآيآي             إيإيإيإي        ديديديدي    تيتيتيتي    
EDTA alone can also be used to 
detach cells and seems to be gentler 
on the cells than trypsin.  

EDTA �ë%� ü�.B� z,� ��.�� �9
� �&�� �(��G� "� z?¢ 
��� z, x;���G#�� . 

9999....4444....2222....4444 Procedure for detaching cellsProcedure for detaching cellsProcedure for detaching cellsProcedure for detaching cells /  /  /  / معتادة لفصل الخلايا الملتصقة معتادة لفصل الخلايا الملتصقة معتادة لفصل الخلايا الملتصقة معتادة لفصل الخلايا الملتصقة الإجراءات الالإجراءات الالإجراءات الالإجراءات ال     

The standard procedure for detaching 
adherent cells is as follows: 
1. Visually inspect daily 
2. Release cells from monolayer 
surface 
3. wash once with a buffer solution 
4. treat with dissociating agent 
5. observe cells under the microscope 
6. Incubate until cells become 
rounded and loosen when flask is 
gently tapped with the side of the 
hand. 
7. Transfer cells to a culture tube and 
dilute with medium containing 
serum. 
8. Spin down cells, remove 
supernatant and replace with fresh 
medium. 
9. Count the cells in a hemacytometer, 
and dilute as appropriate into fresh 
medium. 

<� �O9��B� ��.�� �9
� KA���B� C����DE�:  

1.  I�\��� u�
�� 
2. ����;G�� ��.�� �O#¡ z, ��.�� ��&	. 
3. � K�, �Gh /-���� /0�®�� K&��� 
4. ,�H�� �??
�B� �,�0��� . 
5. ,�#!���>�� ²+ ��.�� . 
6.  ���=�A ¤#92 "� ¦� ��.�� z �. 
7. '�0��� �

F � <)��- �0#%� ¦� ��.�� �O% 

)(medium� �9B� ��) I0�®. 
8. 2�&� �
�Q� � ��.�� � , � �(=���� �O#;�� ���-� �ã �J�

 �-�¡ '�0� �P�&#���. 
9.  ��,0���0(�P� � ��.�� �G�, ��;�� �G� �

F�

�-�¡ '�0�. 

9999....5555 Media and growth requirementsMedia and growth requirementsMedia and growth requirementsMedia and growth requirements    / / / / والنمو والنمو والنمو والنمومتطلبات الوسط الغذائيمتطلبات الوسط الغذائيمتطلبات الوسط الغذائيمتطلبات الوسط الغذائي         

9999....5555....1111 Physiological parametersPhysiological parametersPhysiological parametersPhysiological parameters /  /  /  / يس الفزيولوجيةيس الفزيولوجيةيس الفزيولوجيةيس الفزيولوجيةببببالمقاالمقاالمقاالمقا     

• temperature - 37C for cells 
from homeother 

• pH - 7.2-7.5 and osmolality of 
medium must be maintained 

•  ����� K���� �D�A37.   

•  �� �ª0(_� �D�A ��) �\:�®� �ã7.2$7.5 ��) � 



III. Vaccine Production Techniques: Egg based and Cell based virus propagation 
 

118 

• humidity is required 
• gas phase - bicarbonate conc. 

and CO2 tension in equilibrium 
• visible light - can have an 

adverse effect on cells; cells 
should be cultured in the dark 
and exposed to room light as 
little as possible 

osmolality of medium  
• ��0�;B� ��0¡��� ��) �\:�®�.  
• -���� �O#¡ "-�02 ��) �\:�®�_C�%0��?�#�� ��(1_ Ü�© �

"0��?�� &�G1�� .  
• <=�B� �0 ��_��.��� ��ª ¥��� "� �;�G� , �J�ã ���2 "� �

z?Ù �&! �1� ��) �0 �� §��2 � "�� @.\�� � ��.��. 

9999....5555....2222 Medium requirements (often empirical)Medium requirements (often empirical)Medium requirements (often empirical)Medium requirements (often empirical) /  /  /  /  غالباً تجريبيغالباً تجريبيغالباً تجريبيغالباً تجريبي((((متطلبات الوسط الغذائي متطلبات الوسط الغذائي متطلبات الوسط الغذائي متطلبات الوسط الغذائي((((     

• Bulk ions - Na, K, Ca, Mg, Cl, P, 
Bicarb or CO2   

• Trace elements - iron, zinc, 
selenium 

• sugars - glucose is the most 
common 

• amino acids - 13 essential 
• vitamins - B, etc. 
• choline, inositol 
• serum - contains a large number 

of growth promoting activities 
such as buffering toxic nutrients 
by binding them, neutralizes 
trypsin and other proteases, has 
undefined effects on the 
interaction between cells and 

substrate,and contains peptide 

hormones.. 
• antibiotics - although not 

required for cell growth, 
antibiotics are often used to 
control the growth of bacterial 
and fungal contaminants. 

•  [\�, @0�A0G�� z, [� C�%0�E�, @0���20#��, @0�G��?��
, @0����%�B�, �0�?��, �0
�0
��, C�%0���?�#��, &�G1�� Ü�© ��

"0��?��.  
•  "���E� [� K�©yB� �	�����, �%���, @0����G��.  
•  �?G��: -010���� 0� ��)0�] �b1Q�.  

•  Ñ�,Q� �(_� : [�13 ����Q� .  
•  �,���
��:� ,.....  
• 0?�� ��,/0��-0��E�.  
•  �9B�: �b, 0(��� K&)�GB� �,�0��� z, *#1 A&) ��) I0�Æ

 �,�G�� ��=�J��� A�0B� /-�) , �	�0���. ��) �(�2 ¹�� �

 �G#����� �() x�!02)Trypsin ( -���2���� z, �*h �

(proteases) � ��.�� �� ��)�
�� �:���, *��� ���©«� 
Æ 0� � ������� �O#;�� &��##�� "0,�0� ��) I0�

)peptide.( 

•  ��0�_� C�A� B�: ��.�� 0(�� ��0�;, *h �Ý� z, [h���� , ö��
�©0�B� C���;
�� � ����?#�� 0(�� [?���� �(��G2 �, ��#��) ��%�. 

9999....5555....3333 FeedingFeedingFeedingFeeding /  /  /  / تغذيةتغذيةتغذيةتغذيةالالالال     

2-3 times/week  z, ��J����2$3Q� � C��, �0#� 

9999....5555....4444 Measurement of growth and viabilityMeasurement of growth and viabilityMeasurement of growth and viabilityMeasurement of growth and viability /  /  /  / لعيشلعيشلعيشلعيشاااا    مقياس النمو و القدرة علىمقياس النمو و القدرة علىمقياس النمو و القدرة علىمقياس النمو و القدرة على     

The viability of cells can be observed 
visually using an inverted phase 
contrast microscope. Live cells are 
phase bright; suspension cells are 
typically rounded and somewhat 

 �0?���?�B� �;��0� ��.�� A0D� z, &1»�% "� z?¢ .
 ��=0 �� �O#;�� � &D02 ��_� ��.��:, �KA�) �O��B� ��.�� �ë,�
 �, &� ¦� ��©�(�,� ���=�A "0?2 , 'OG�� �O9��B� ��.��
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symmetrical; adherent cells will form 
projections when they attach to the 
growth surface. Viability can also be 
assessed using the vital dye, trypan 
blue, which is excluded by live cells but 
accumulates in dead cells. Cell numbers 
are determined using a 
Hemacytometer. 

�� /�(���� z?¢� 0(��� ¤;� ��) ¥��2 �,&�)  �-Q� "�#���
)trypan blue (.�� �� �b1� &�&��� ��.�� � ��_� ��

;��: ���B��'O: ���B� ��.R��  �-Q� "0���  . ��G� z?¢ �
 ��,0����(�P� /�(����� ��.�� A&)

)Hemacytometer.( 

9999....6666 Safety considerationsSafety considerationsSafety considerationsSafety considerations /  /  /  / إرشادات السلامةإرشادات السلامةإرشادات السلامةإرشادات السلامة    

Assume all cultures are hazardous 
since they may harbor latent 
viruses or other organisms that are 
uncharacterized.  
The following safety precautions 
should also be observed: 

• pipetting: use pipette aids to 
prevent ingestion and keep 
aerosols down to a minimum 

• no eating, drinking, or smoking 
• wash hands after handling 

cultures and before leaving the 
lab 

• decontaminate work surfaces 
with disinfectant (before and 
after) 

• autoclave all waste 
• use safety cabinet when working 

with hazardous organisms. 
• use aseptic technique 
• dispose of all liquid waste after 

each experiment. 

 C��=�?�� �� ¼�*
�� A0D� J�, �;�� �(+ �)���B� ��.�� ��
 �:���, *��� Ò�FQ� . ������� �,.G�� C�¡����� JFy2 "� ��J�

��#�)E� ���:  

•  Â�9�,E� ���())pipetting: ( /�(���� �ã

�9(B�)pipette (��) �\:�®�� �=�0G�� � ��0P� /0FA �B 
Ò0�G, àA� ¦� ���(1 §�
��. 

•  �1Q� @&) , ��£�� ,�F&��� ��.  
• ��RB� ³�2 �#!� ��.�� ��- � �(��� &�� I&�Q� �Gh.  
•  [�*>;2� �(��� ¤;�� x�\�2)&�� � �#!.(  
• Ü��Q� �� [�O�2.  

•  "�,Q� K��� /�(����)safety cabinet ( �(��� &�)
 K�;�� C��=�?���.  

• � ���O2 /�(����[�O���.  
• ���� �1 &�� ��=�G�� C���
��� �� z, u�R���. 

9999....7777 Tissue culture procedureTissue culture procedureTissue culture procedureTissue culture proceduressss /  /  /  /  إجراءات زراعة الأنسجة إجراءات زراعة الأنسجة إجراءات زراعة الأنسجة إجراءات زراعة الأنسجة    

The cells should be monitored daily 
for morphology and growth 
characteristics, fed every 2 to 3 days, 
and subcultured when necessary. A 
minimum of two 25 cm2 flasks should 
be carried for each cell line. Each time 
the cells are subcultured, a viable cell 
count should be done, the subculture 
dilutions should be noted, and, after 
several passages, a doubling time 
determined. As soon as you have 
enough cells, several vials should be 
frozen away and stored in liquid N2. 

 ��0è u=�9F� �>�?] a�� z, ���,0� ��.�� �!��2 "� �ã
 , �1 �>��J�2�2 �� 3 @��� , �>�)��- KA�)� �
)subcultured (K��� �� &�) . ����0O�� z, ��©� A�&)� �ã

25[�2 ����� z, 'F �?� �!Q� ��) , [�� K�, �1 �
)subcultured ( ����O�� ��.�� ��G� �ã ����� 0(���

 x�
ß�)subcultured ( , x�ª A&ê ����, K&) &���
��(?��. � ��.�� z, ��&� �, &�(� �ã ²!� ���� � �

 �D������� �=�� � �>���ß � ����0! K&))N2(. ���) ��J% �
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One vial from each freeze down 
should be thawed 1-2 weeks after 
freezing to check for viability. These 
frozen stocks will prove to be vital if 
any of your cultures become 
contaminated. 
the minimal nutritional requirements 

of cultured cells  :mixture of salts, 

amino acids, vitamins and cofactors, 
carbohydrates, and horse serum.  By 
eliminating one component at a time , 
then determined which nutrients 
were essential for cell growth.  His 
minimum essential medium (MEM) 
contains 13 amino acids (human 
tissue in vivo requires only eight), 8 
vitamins and cofactors, glucose as an 
energy source, and a physiological 
salt solution that is isotonic to the 
cell.  The pH is maintained at 7.2 to 
7.4 by NaHCO3 in equilibrium with 
CO2. The pH indicator phenol red is 
usually incorporated into the 
medium; it turns red-purple if the 
medium is basic, yellow if the 
medium is acidic, and remains red-
orange if the pH is in the right range. 
Serum in concentrations of 1 to 10% 
must be added to the medium to 
provide the cells with additional 
poorly defined factors, without which 
most cells will not grow.  Most 
mammalian cells are incubated at 
37oC; avian, reptilian, and arthropod 
cells may grow best at higher or lower 

temperatures. 

 &�� z��ß �1 z,1$2 z, ¥O���� &�(���� z, �)0#�� 
����F � ��� ��.�� "� z, &1»��� � �>���.	 I� z, ��,�Å 

Ø0�2.  
z, "0?�� ��.�� �)���� ��=�J��� C�#�;�B� z, àAQ� &_� :

����,� §�Ð� Ã.,Q� z, '��F , K&)�GB� �,�0��� � C���,���:
�� ,"�9_� �9, � C��&��0��?�� . ��) �� O�� /.F z, �

 ����� �� ��=�J��� �	����� &�&+ [�� &��� ²!� � &��� �9�)
�� 0(����.) .MEM( ��) I0�Æ13 �(_� z, �9�) 
 Ñ�,Q�) ��;�2 [GH� �F�A "�G%E� ��G%�8 'O: [>�, .( 

8 �� K&)�GB� �,�0��� � �,���
�� z, , �&9(1 -010����
 �!�;�� ,����� , ����G�B� ��D0�0���
�� Ã.,Q� /0�Û� .

 ��) ²#b2 �ª0(9_� �D�A7.2 ¦� 7.4 /�(����� 
 C�%0���1 @0�A09��)NaHCO3 ( &�G1�� Ü�© , "-�0��
 "0��?��)CO2 ( �ÐQ� /0��
�� �ª0(_� �D�A �]y, �

)Phenol red ( '�0�� � @&R�G� �, �KA�))medium( ,
 '�0�� "�1 �½� Ü�0D�Q� �ÐQ� "0��� <;���)basic ( "0����

 "�1 �½� �
	Q�)acid ( � "�1 �½� Ü0(���� �ÐQ� "0����
�!�;%¤��9�� .  

 �:�ª� �ã1 ¦�10 %C���1�2 z,)concentrations (
 A&) KA���� KA&®� �,�0��� x�ª �:�ª� , '�0�� ��) �9B�

��.�� .��.�� [\�, 0(�2 z� �Ý�&� ¹��� . ��.F z, *b?��
 ��) z �+ C��&b��37 ��0�, �D�A  ,�0�;�� ��.F �,� ,

) � :� 0(�2 &! C���9
B�� x������ àA� �� ��)� �D�A ��
 z,37@˚.  

9999....7777....1111 Subculturing adherent cellsSubculturing adherent cellsSubculturing adherent cellsSubculturing adherent cells /  /  /  / الزراعة الفرعية للخلايا الملتصقةالزراعة الفرعية للخلايا الملتصقةالزراعة الفرعية للخلايا الملتصقةالزراعة الفرعية للخلايا الملتصقة    

When adherent cells become semi-
confluent, subculture using 2 mM 
EDTA or trypsin/EDTA. 

�(1���, �#] ��.�� ¤#92 �,&�) , @&R�G2��)�
�� �)����� 2Mm 

��������2 �,��A ������ &��� z, )EDTA (  �G#����� ��
/EDTA. 

9999....7777....2222 TrypsinTrypsinTrypsinTrypsin----EDTAEDTAEDTAEDTA /  /  /  / EDTAEDTAEDTAEDTA     التريبسين التريبسين التريبسين التريبسين - - - -            

• Remove medium from culture dish • � ¤�B� /0��Ä ��.�� �Gh � �)����� �#�) z, '�0�� /�-
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and wash cells in a balanced salt 
solution without Ca++ or Mg++. 
Remove the wash solution. 

• Add enough trypsin-EDTA 
solution to cover the bottom of the 
culture vessel and then pour off the 
excess. 

• Place culture in the 37°C incubator 
for 2 minutes. 

• Monitor cells under microscope. 
Cells are beginning to detach when 
they appear rounded. 

• As soon as cells are in suspension, 
immediately add culture medium 
containing serum. Wash cells once 
with serum containing medium 
and dilute 

 @0�G��?�� "�A z, "-�0�B�)Ca++ ( @0����B� ��

)Mg++ (�����-� .  

• � �G#����� /0�Û z, <
?� �, �:�ª– EDTA ��;��� 
��½  0: ���O�� �:�ª� � �)����� ��)� �
��.  

•  ��) ��ª�_� � �)���B� ��.�� ª37@ ˚ K&B 2 ��O�!A 
.  

• �>�� ²+ ��.�� �!�� . ¤#92 �,&�) ��.�� �9: �&#�
 ���=�A.  

•  ¥������ � ²�#	� ��.�� "� A��Ä�)suspension (
 �9B� ��) I0�Æ IJ�� IJ�B� '�0�� ���0: xª�. �Gh� �

x
RB� '�0��� K&��� K�, ��.��. 

9999....7777....3333 EDTA aloneEDTA aloneEDTA aloneEDTA alone /  /  /  / وحدہوحدہوحدہوحدہ    EDTA EDTA EDTA EDTA         

• Prepare a 2 mM EDTA solution 
in a balanced salt solution (i.e., 
PBS without Ca++ or Mg++). 

• Remove medium from culture 
vessel by aspiration and wash the 
monolayer to remove all traces of 
serum. Remove salt solution by 
aspiration. 

• Dispense enough EDTA solution 
into culture vessels to completely 
cover the monolayer of cells. 

• The coated cells are allowed to 
incubate until cells detach from 
the surface. Progress can be 
checked by examination with an 
inverted microscope.  

• Dilute cells with fresh medium 
and transfer to a sterile 
centrifuge tube. 

• /0�Û � �2mM EDTA  "-�0�B� ¤�B� /0�Û �  ) �b,
PBS��?�� "�A z,  @0����B� �� @0�G.(  

•  '
£�� �;��0� �)����� ��)� z, <=�J��� '�0�� /�-�
)aspiration ( z, �©� I� ���-E ��&�D ��.�� �O#¡ �Gh� �

 �9B� .'
£�� �;��0� ¤�B� /0�Û ���-�.  
•  /0�Û z, K*�	 ��(1 ª�EDTA �)����� ��)� �F�A 

 'O: ��.�� ��;���.  
• �O��B� ��.�� z ��¦� ¤;G�� z, �9
�2 "� .  �!�� ö�

�>��� u�
�� /.F z, ���0;�2 
• >�O%�� �-�¡ '�0� ��.�� x
F� [O�, J��% �0#%� ¦� 

)sterile centrifuge tube.( 

9999....7777....4444 Thawing frozen cellsThawing frozen cellsThawing frozen cellsThawing frozen cells /  /  /  /  تذويب الخلايا المجمدة تذويب الخلايا المجمدة تذويب الخلايا المجمدة تذويب الخلايا المجمدة    

Remove cells from frozen storage 
and quickly thaw in a 37°C 

waterbath. 

� ��) �>#��J2 � �D.b�� z, ��.�� /�-37@ ˚ �  zRGB� ��B�
)waterbath.( 

9999....7777....5555 Freezing cellsFreezing cellsFreezing cellsFreezing cells    //// تجميد الخلايا تجميد الخلايا تجميد الخلايا تجميد الخلايا    

• Harvest cells as usual and wash 
• ��,�?�� '�0��� K&��� K�, �>�Gh � KA����1 ��.�� &9�.  
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once with complete medium. 
• Resuspend cells in complete 

medium and determine cell 
count/viability. 

• Centrifuge and resuspend in 
ice-cold freezing medium: 90% 
calf serum/10% DMSO or 
glycerol with ethylene glycol , 
at 106 - 107 cells/ml. Keep cells 
on ice. 

• Transfer 1 ml aliquots to 
freezer vials on ice. 

• Place in a Mr. Frosty container 
that is at room temperature and 
that has sufficient isopropanol. 

• Place the Mr. Frosty in the -
70°C freezer overnight. Note: 
Cells should be exposed to 
freezing medium for as little 
time as possible prior to 
freezing 

• Next day, transfer to liquid 

nitrogen (DON'T FORGET). 

•  '�0�� �F�A KA0D0B� ��.�� A&�.  
•  J#%�)centrifuge ( A��� '�� � �
�Q� � ¹�� ��.�� ª �

z, "0?�� &({ :90%����� �9, )10% DMSO (
¢&�����G����� �� &�G10
�� �(� ���2E� , /

/0?��h)ethylene glycol( ��)106 $ 107���F \ �, .
��b��� ��.�� ü
��.  

•  �O%�1 �=�G�� z, �, )aliquot (&��H� ��) ��b�� K����! ¦�.  
•  ¹���: &�G�� ��)� � ��ª �)Mr. Frosty ( �D�A ��)

 /0%��������E� z, ��:�1 ��(1 ��: &D0� IJ�� � �:���� K����
)isopropanol.(  

•  ¹���: &�G�� ��)� ª)Mr. Frosty ( ��) �D.b�� �
70@˚ ����� /�0¡  . �\�., : �ª��, "0?2 "� �ã ��.��

K*9! K��
� �>���b2 �#! &(��B� '�0�� .  
•  Ñ�D������� �=�G�� ¦� [>�O%� ^���� @0��� �)liquid 

nitrogen) ( �G�2 �.( 

9999....7777....6666 Viable cell countsViable cell countsViable cell countsViable cell counts with Hemacytometer with Hemacytometer with Hemacytometer with Hemacytometer /  /  /  /  حساب الخلايا حساب الخلايا حساب الخلايا حساب الخلايا
    الحيةالحيةالحيةالحية

USE A HEMACYTOMETER TO 
DETERMINE TOTAL CELL COUNTS 
AND VIABLE CELL NUMBERS. 
Blue is one of several stains 
recommended for use in dye exclusion 
procedures for viable cell counting. This 
method is based on the principle that 
live cells do not take up certain dyes, 
whereas dead cells do. 
• Prepare a cell suspension, either 

directly from a cell culture or from a 
concentrated or diluted suspension 
and combine 20 μl of cells with 20 μl 
of trypan blue suspension (0.4%). 
Mix thoroughly and allow to stand 
for 5-15 minutes. 

• With the cover slip in place, transfer 
a small amount of trypan blue-cell 
suspension to both chambers of the 
Hemacytometer by carefully 
touching the edge of the cover slip 

 ��,0���0(�P� �(����)HEMACYTOMETER (
 ��_� ��.�� A&) � ��.�� �� A&) &�&��� .  

 C����D� � �(��G2  �¡ K&) z, &��� 0�  �-Q� "0���
 ��B� ��.�� Ó#	 ..�� Ó#	 �&#, ��) �O��;�� �J� &��G2� ��

"0�2 � ��_� ��.�� �(��� ���B�.  
•  z, �� �)���B� ��.�� z, �K�]�#, �ë,� �O��B� ��.�� � �

 �� � x
RB� ¥������ z, �� ��1����20 z, ���� ��?�,
 , ��.��20 ¥��B�  �-�� "�#����� z, ���� ��?�, 

)0.4%. ( K&B �1�2� � �>, ��) ���B� '�F�– 5 $15 
 �O�!A.  

•  �%�?, z) ��;��� /-� , �O��B� ��.�� z, K*�	 ��(1 �O%�
  �-Q� "�#����� ,)trypan blue ( z, �������� ¦�

 ��,0���0(�P�)Hemacytometer ( /.F z, ������
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with the pipette tip and allowing 
each chamber to fill by capillary 
action. Do not overfill or underfill 
the chambers. 

• Starting with 1 chamber of the 
Hemacytometer, count all the cells in 
the 1 mm center square and four 1 
mm corner square.  Keep a separate 
count of viable and non-viable cells. 

• If there are too many or too few cells 
to count, repeat the procedure either 
concentrating or diluting the original 
suspension as appropriate. 

• Include cells on top and left touching 
middle line. Do not count cells 
touching middle line at bottom and 
right. Count 4 corner squares and 
middle square in both chambers and 
calculate the average 

• Each large square of the 
Hemacytometer, with cover-slip in 
place, represents a total volume of 
0.1 mm3 or 10-4 cm3. Since 1 cm3 is 
equivalent to approximately 1 ml, 
the total number of cells per ml will 
be determined using the following 
calculations:Cells/ml = average cell 
count per square x dilution factor x 
104; 

• Total cells = cells/ml x the original 
volume of fluid from which the cell 
sample was removed; % Cell 
viability = total viable cells /total cells 
x 100. 

 �>D �?� Ã�(G��� �9(B� �0#%� , ��;��� ��- �:�� �B
 �.�,E�� . �F�A �
_� uO�2 �� ��
2 � "� �#�%�

P� ��,0���0(�.  
•  ��,0���0(�P� z, K�
� /�»� �&�� , � ��.�� �� �G��

1 z, ����� � ��B� �1�, z, [, 1 ��B� ����- z, [,  .
 ���B� ��.�� z) ��_� ��.�� A&) �9: ��) ü:��.  

•  ��.�� A&) z, ���O�� �� &�&��� �� �� ³��� "�1 �½�, &)�
� ��1���� �ë,� ���() ���D� <�	Q� ¥������ z, x�
R��� �ë,�

 �D�_� �G�.  
•  ¼0(�B� '�0�� 'F ��G� � ��)� ��) ��.�� �FA�. �

 ¼0(�B� '�0�� 'F �¢ � �
�� ��) ��.�� �G+ . ë&)
 � �2�
_� .1 � ��B� '�� � ��B� z, ����- ���

 [>�, '�0�B� �G��.  
•  ��,0���0(�P� z, *#1 ��, �1 ,� �b¢[�� ^��0.1  

[,3 �� 10$4 [� 3  J�,1[� 3  ���O� �, /A���1 �,  ,
 ������� C���G_� @�&R���� A&Æ �, /�� ��.�� �� A&) :

�����\�,= ��B�� ��.�� A&) '�0�,x x
RB� �,���� x 
104,   

 ��.�� �0({ = ��.��\ �, x IJ�� �=�G�� <�	Q� [�_� 
B� ���) ���-� ��, Ï���R , ��_� ��.�� �#G% =% ��.�� �0({

 ��_�\ ��.�� �0({x 100. 
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10101010 Protocol: CProtocol: CProtocol: CProtocol: Culture of primary chickulture of primary chickulture of primary chickulture of primary chickenenenen embryo fibroblast (CEF embryo fibroblast (CEF embryo fibroblast (CEF embryo fibroblast (CEF) ) ) ) cellscellscellscells /  /  /  / 
الزراعة الأولية لخلايا جنين بيضة الدجاجالزراعة الأولية لخلايا جنين بيضة الدجاجالزراعة الأولية لخلايا جنين بيضة الدجاجالزراعة الأولية لخلايا جنين بيضة الدجاج: : : : برتوكولبرتوكولبرتوكولبرتوكول     

10101010....1111 MaterialsMaterialsMaterialsMaterials /  /  /  / الموادالموادالموادالمواد    

• 10 to 12 day old 
embryonated eggs. 

 

•  �() z, ¤O�, ���10 ¦� 12 @0� . 

• Sterile 125 ml Erlenmeyer flask 
with magnetic stir bar. 

• Sterile 25 cm2 flask containing 
MEM (Minimum Essential 
Medium Eagle) plus 10% fetal calf 
serum. 

• Sterile 0.5% trypsin in saline A. 
• Sterile 15 ml centrifuge tube 

containing 0.5 ml of serum. 
• Sterile saline A 

• 125<G�¡���, ���+ �� ! , *(����  ��A �, .  

• 25[� 2  @� ��) I0�Æ [O�,  ��A�I@� ) MEM( , 

%10����� ��D �9, z, .  

• 0.5 %  ���G�� � �G#����� z,I«.  

• 15 ��) I0�Æ [O�, KJ��% �0#%� z, �, 0.5 z, �, 
�9B�. 

• � ���I«[O�, . 

10101010....1111....1111 Preparation Preparation Preparation Preparation of of of of SSSSaline Aaline Aaline Aaline A    / / / / الين أالين أالين أالين أصناعة سصناعة سصناعة سصناعة س     

Ingredient                      g/l 

NaCl                                8 
KCl                                  0.4 
NaHCO3                      0.35 
Glucose                         1 
Phenol red                    0.05 
Add distilled H2O to 1 litre. Filter sterilize. 

Saline A is usually prepared as a 10X solution 
and stored at -20 ˚C 

 

10101010....1111....2222 Minimum Essential Medium Eagle (MEM)Minimum Essential Medium Eagle (MEM)Minimum Essential Medium Eagle (MEM)Minimum Essential Medium Eagle (MEM) /  /  /  / أم أم أم أمييييإإإإأم أم أم أم     صناعةصناعةصناعةصناعة         

Ingredient                                          g/l 

CaCl2.H2O                                         0.265 
MgSO4                                              0.09767 
KCl                                                     0.4 
NaCl                                                  6.8 
NaH2PO4                                           0.122 
L-arginine.HCl                                   0.126 
L-cystine.HCl                                     0.0313 
L-histidine.HCl.H2O                          0.042 
L-isoleucine                                      0.052 
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L-leucine                                           0.052 
L-lysine.HCl                                           0.0725 
L-methionine                                        0.015 
L-phenylalanine                                   0.032 
L-threonine                                           0.048 
L-tryptophan                                         0.010 
L-tyrosine 2Na.2H2O                         0.0519 
L-valine                                                0.001 
Folic acid                                             0.001 
myo-Inositol                                       0.002 
Niacinamide                                       0.001 
D-Pantothenic acid (calcium)          0.001 
Pyridoxal.HCl                                     0.001 
Riboflavin                                          0.0001 
Thiamine.HCl                                     0.001 
Glucose                                              1.0 
Phenol red                                         0.011 
NaHCO3                                              2.2 
Add distilled H2O to 1 liter.  Filter sterilize.  Minimum essential medium Eagle is usually 
purchased as a preweighed mixture or as a sterile solution. The above formulation has Earle's 
salts. 

10101010....2222 DevicesDevicesDevicesDevices    / / / / الاجھزةالاجھزةالاجھزةالاجھزة    

• Incubator 
• Centrifuge 

• ��ª�� 

•  KJ��% 
• Forceps 

and 
scissors 

• Alcool 

 

• uO, � 'O�, 

• /0�1 

• Sterile 
Petri dish 

 

• �(O�, I��� �#�). 
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• Hema-
cytomete
rs 

 

• ���,0���0Í. 

• 1ml and 10ml 
pipettes 

 

• 1 ¦� �, 10 �, B� [�� z,�9(. 

10101010....3333 ProProProProtocoltocoltocoltocol    

1-Desinfect the surface of the egg 
over the air sac with scissors or 
forceps, break the shell. 

1$  � �#�� �G1� � <=�0P� ��?�� �>D z, � �#�� ¤;� �>¡
� �;��0�'O�B� �� uOB. 

2-Sterilize forceps by 
dipping in alcool and 
flaming. Cool forceps, 
then peel away the 
shell over the air sac 

 

2$  � /0�?��� ���(h�� 'O�B� [O)
�����  0: ��ª .'O�B� A��,  K�£! �ë£!

<=�0P� ��?�� �>D z, � �#��.  

3-Sterilize forceps 
again, and pull back 
the shell membrane 
and chorioallantoic 
membrane to expose 
the embryo. 

3$ 'O�B� [�O�2 &)�,  ��£h ���� �
�£) � K�£O�� ��0�%0��0��0?�� �

��H� ��>ÇE. 

4-Resterilize the 
forceps, graps the 
embryo loosely around 
the neck, and remove 
the entire embryo from 
the egg to a sterile Petri 
dish. 

4$ B� [�O�2 &)�'O�,  ��ª �>, ��) �
 � �#�� z, �#��� � ��H� ¥�) /0�
 I��� �#�) � ��ª � �,�1 �?£�

�(O�B�.  
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5-Using forceps + 
scissors decapitate and 
eviscerate the embryo. 
Mince the embryo 
carcass into very small 
fragment with scissors . 

 

5$ 'O�B� �(���� ;O� uOB� � 
ÑH� ��£�� ���-� � ¼��.  �;��0� �

 ���D� ¦� ��H� �öbD ;! uOB�
��&D K*�	. 

6- Add about 10ml 
sterile saline A to tissue 
fragment in the Petri 
dish, 

 

6$  ^�0� xª�10 ���� z, �, I« 
��D� ¦� [O�B� �#�) � KA0D0B� ��.�� �

I���,  

Swirl gently for 1 to 2 
minutes, and carefully pour 
the entire content into a 125 
ml Erlenmeyer flask ,tilt 
flask ,for decant saline A. 
Discard the saline A. 

 

 z, �,0)0�� ³��1 ¦� 2 ¥=�!A  , �
 � Ò0�®� ª �J¸125  ��A �, 

*(���� ,���G�� �9
�  ��&�� �,� .
<,�����G�� . 

7-Add 10 ml of sterile warm 
trypsin and pour into centrifuge 
filtrate at 1000 rpm for 10 minutes 
,discard supernatant and 
resuspend the cells  in 20 ml 
growth medium . 
8-Mix well for counting in a 
hemacytometer. 
N.B: be sure to keep your cell 
sterile. 
9-Dilute 0.1ml of cell suspension 
with 0.9ml of MEM and count cell 
in a hemacytometer 
10-Adjust concentration to 5*105  

cells  per ml growth medium and 
dispense into cultures tubes. 
11-Incubate at 37˚c until 
monolayered (6-7 days). 
Note: be sure examine cell culture 
each day ,if the medium is yellow 
may need to be adjust by 
7.5%NaHCO3 .if floating cell are 
present or the color of the medium 
indicate a basic PH the medium 
should be changed. 

7$ xª�10 K&B zF�G�� [O�B� �G#����� z, �,10¥=�!A . ��ª �
� ��) ���: , J��% �0#%� 1000 K&B @� � �� 10¥=�!A  , <,��

 � ��.�� z, <O� z, ª � ���
��� ë�, z,20 ²#��GB� z, �, 
IJ�B�.  
8$���,0����(�P� � ��9��� Ò0�®� ��&�D ��,� .  

�\�., :�(O�, ��.�� ��) ü:�+ "� z, &1»2 .  
9$ x
F0.1� z, �,  � �O��B� ��.�0.9  @� z, �,I� � @� 

���,0����(�P� � ��.�� <9��.  
10 $ ��) ��(?�� '#ª�102 *5 � �)-� � ���� � ��.�� z, 

��J���� ����%�.  
11 $ ��) [>� ��37 z, ��&��� ��;F �0�#9� "� ¦� ��0�, �D�A 

 ��.��)6 $7 �@��.(  

�EF>�: ���,0� ��.�� u�: z, &1»2,  "0� �½ '�0�� "�1 �½�
	� �;��0� ��&�2 ¦� �D�¸ 0>: �
7.5 %z, 0��D��&�P� 

C�%0���1 @0�A09��. �ë,� �½� ²,�) ��.�� �� "�1 '�0�� *£� ��) 
�ë%� ��-�� �J� '�0�� �ã "� *���.  
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