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 پیغام

 MANUU( ��� آزاد � اردو ��ر�  ا� اے اے � � � �ر� � ا� ا� � ذر� �� � �۔ � ا� ��ى �� � � 1998) 

 � � ���� A+  �� � ورا� اور � � � اردو �� � �� ر�� 2) اردو ز�ن � �وغ، (1(� �م � �� �: �� اس �۔ � (

ى �� اس ��� � �ت وہ ) �ا� � � � �� �� د�۔ � 4) روا� اور ��� ��ٴ � � ذر� � �ا� ��، اور (3اور د�ب ��، (

� � �درى ز��ں اور ��� ز��ں � �  2020� د� �م ��ى ��ت � �ز �� � اور ا� ا� ا�اد� � �۔ �� � �� 

 �� �� � زور د� � �۔

�� �� � اردو ا� �ى �م اور �� � ر�� آ�ن �� ��۔  اردو � ذر� � � �وغ � � � �� اردو �� وا� � ��

اس �اد � ا�� �ر� � ز�دہ ��ں � ذ�ہ ��د � اور � � � ��  350� در� �اد � � ر� �۔ اردو ��ر� � �س اب اردو � 

 �۔ 

� وژن � �� �درى/�� ز�ن � � �اد �ا� �� � �� � � � � � ا� � ا� ا�از � �۔  2020اردو ��ر� ا� اى � 

��ت � ��دہ �ا�ں � �زہ �� �� � � اردو �� وا� � اردو � �� � �اد � �م د�� � � � اُ�� �ں اور �� � 

ار �ا � � � اردو ��ت و ا��ت � �ل � �وم � ر� �۔ ��رہ �� �ا�ں � �اد � د�� � �و� �لِ ��ت � � �ر �

 داں � � دا�را� �� � ا� ا�از ��۔ 

س ا� آن �� ا����� اور آن ��
فئ

ٹ
اردو اور �  (CDOE) � � � � و �ر� � � � � �� � � ��ر� � � �ر ڈسئ

 ) � �رى � � �� �۔ SLM�� �  �د ا�� �اد (

MANUU � � � � �� �� اور آن ��� SLM � �ردو � ذر� � �� �� � د� ر� وا� اُ  �اد ا� �� �۔ �� �و �

 اردو/�ى/ا��ى/�� �� دا�ے � �� �� � � �� � د�ب �۔ � � ر�� �ا� �م � ��  ، eSLM 

 �۔ ر� �� ڈاؤن �ڈ � � د�ب � ��ر� � و� �� 

�۔اے، �۔ا� � اور �۔�م � ��ں � ا�� � �  FYUG � � � �� � � � � � � اور � � � �ون � �و�

� �رى اور ا�� � � ��ر� �  (SLM) �ادا�� �ے �� � �وع � � �۔ ��� اور آن �� �� � � � �� � � �د 

� �ور�ت � �را �� � �� �ں � اور اس وا� ا� �ے � � ا� ر� �۔ � � � � � ا� �د � �اد � ذر� اردو �� 

 �� �ا � �۔� �را �� � اور ا� � � ا� ��د� � �م  ��ر� � �ِ

 !� �ؤں � ��

 �و� � � ا�

 �� � ا��، 
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� � ��� � �  �۔ ��� آزاد � اردو ��ر� � � اردو ز�ن �� وا� �ام � � �ور�ت � �� ر� �� ا� �م � و�ر� 

س ا�� 1998�� �رف �ا�۔ ��� آزاد � اردو ��ر� � 
فئ

ٹ
آ�ز � اور �م � � ��  � �) (�� ��� ڈا��ر� آف ڈسئ

 � ���ہ �و�ام �وع ��، اس � � � � �ت �� � �۔ 2004

س ��
نت

ٹ
�ڈ � � � وا� � (ODL)� � � � � � �م � � �� �ر � � �� � ا� ا� �دار ادا � �۔ او� ا� ڈست

س ا� آن �� ا���و�
فئ

ٹ
ڈى اى � � ��� اور -�ر �ہ �۔ � � � ڈى اى � �-� � ر� �، � � �(CDOE)ام، � � �ر ڈسئ

�� ��� آزاد � اردو  � � �� ��۔� �ر ���ہ � � �ب � � آ� �� � زور د� � �� ��� � �� �� وا� � 

ڈى -��ر� � � ��� اور روا� دو�ں ��ٴ � � ��ت �ا� �� �، اس � ا� �� � � � ��  )ڈو� �ڈدُ�ے �ز (��ر� ا� 

  �  �  ��  ��  ��  �   �ط  ر� �  �   اى �   �اس  ��ٹ �   (CBCS)�ا� �   �ا�  ��رف �    Self)�اد ا���د

Learning Materials)  �� � �� ۔� �� �ے � �ر � �� � � ��ا�  اور ��ٹ 

س ا� آن �� ا��
فئ

ٹ
) �و�ام � �� � � � � �، � �، � ا�، ڈ�� اور �� �و�ام �� �۔ 19� ا� ((CDOE)� �ر ڈسئ

� �� �ر �� � �  2020-ا� اى ��  2025اس � �� �� � �ر�ں � � �و�ام � �وع � � ر� �۔ � ڈى او اى � ��� 

� � آ�ز ڈ�ى �� �� � � � ا� � ا� � �� ڈ�ا� � � � � آ�ز �و�ا�ں � �۔ � اے، � ا� � اور � �م  �و�ام � آ�ز

 � ا� � اے �و�ام او ڈى ا� �ڈ � �رف �ا� � �۔ 2026-2025�ل � �۔ � �د 

 �ز (�رو، ��ل، در�، د�، ���، �، �، را� اور �ى �) اور � � ر� �ز (�رآ�د، �، � � �� � � � ر��� � 

ر� اور � �۔ ان  �ں، �ح، وارا� اور ا�اؤ�) � ا� و� � ورك �� � �۔ اس � �وہ و� واڑا � ا� ا� � � �� � �

اور � �و�ام � � و� �� � ر� � �� � � � اور ا��  (LSCs) � ز�دہ �� �رٹ � �س� � ا� �  وںر� �

س ا� آن �� ا�� ا� � اور ا�� ���ں � 
فئ

ٹ
آ� � � � ��ر ا�ل �� � اور ا� �م ��ت �ا� � � �۔ � �ر ڈسئ

 � �ف آن �� �ڈ � ذر� � دا� �ا� �� �۔ ں�و�ا�

ى�ر� �
ٹ
س ا� آن �� ا�� � و� �� � د�ب �ا� �� � اور آڈ� و و�� (SLM)� � � � �� مبىب

فئ

ٹ
� �� �� � �ر ڈسئ

� �  رڈ� � � � و� �� � �ا� � �� �۔ اس � �وہ � � اى۔� اور وا� ا� �وپ � �� � �ا� � � ر� �ر�

گ، ا��ت و�ہ � �رے � � � �� �۔ ��
خ
س�ئ

خ
گ � ذر� ا� �و�ام � � �ؤں � �رس ر��، ا��، �ؤئ

نن
س�

نن
�ہ �ؤ

گ � �ا� � � ر� �۔) Remedialزا� �ار� (�وہ �� دو ��ں � � � � �ر � � �� � � 
فئ
س�

ف
 آن �� �ؤئ

س ا� آن �� ا�� � اور �� �ر � ��ہ آ�دى � �ى � 
فئ

ٹ
� د�رے � �� �� � ا� ا� �دار ا� � �� � � � �ر ڈسئ

� �� � �و�ا� � ��ں � � � اور �� � � اس (NEP-2020)ادا �ے �۔ � �ور�ت � �� ر� �� � � ��

س �� � �م � �� �� اور �رآ� �� � �د � 
زب

ٹ
 �۔� او� ا� ڈسب

 �و� � ر� ا� �ن

 ڈا��، � ڈى او اى،��

 



 
 

 �رس � �رف

�ش �� �۔  ��� آزاد � اردو ��ر� ا� �رى اور � � ادارہ � � �م �� � �م � اردو ز�ن � � �� � ��ر

اردو � د�ب �وا � � � �ل � آ�ن �� ��۔ �� � ��ت اور �رات � � اس ��ر� � � � � � � �اد � 

 ۔� �درى ز�ن � � � �، �� �� �� � �� اور � �� � و� � � � � ان � � � �� �

� � �� �م ��ت � � اور د� ���ت � آ�ن اور � اردو ز�ن � �ن � � �۔ اس � �رس ا� � � � � �ر � 

� � � � � �رس � �� ا��ت � � ا�ور اردو ا� � �� � � � � �� � � � � د�ارى � � اور � � 

 ان � � � �� � �� �ے۔ورا� �

�،  -2�� ��ت"� �رس � ا� � (� دوم) � � � � � د� � � اور ا� دو �� � � � � �۔ �رس � �ان 

 � � � � ا� �ؤں اور �� ار�ء � � �ا� � رو� ڈا� � �۔

 � �ڑ� اور � �� � �ا� اور �و��م �  � خ
ٹ  � �� اور ��، �و�ى خ

ٹ ىاات" � � �، � � �و�ى ب
خ
�ك "� اور عض

وس اور �س � وا� � � � اور ��
ٹ ى

ئ
� ا� �  � � � � رو� ڈا� � �۔ اس � �وہ � � � � �ا� � ��

را�) اور ��  �ت � � �ن � � �۔ ا� �ك � �� را� �رى � � ا�م (آ��ا�، �ا�ا�، � �ا� اور � � �

�رز، ��ى �م ر�ں اور � �ا���ز) � و�� � �
ٹ ىسئپ� ڈز، رئ

ٹ
ڈ

زئ
ىگ ىوو� (�ئ ىكئ گ � � � �� ��ئ

زئ
�

زئ
�۔ �، ��ن (�) اور اس  سگ

 � �اص، ��� �ت � ��ت، �ر�� اور ��ن � � � � � � ��ہ � � � �۔

وس اور �س � � �ا� � �رد� � ذر� ��ہ � �� �۔ ��
ٹ ى

ئ
 �آں، دو�ا �ك � ��ت � � �، � � ��

 � �ڈل � �رى � � �� � اس �ك � خ
ٹ �� �  �ا� � � �رج �� � � �� ز�� � �� � � �� �۔ �و�ى

 � �� � � � �د � �۔ خ
ٹ  �� � � � � ا�ر �و�ى

� ر� �، � � �� � اور ا��ہ دو�ں � د�ارى � �� �� �� �۔ ��� آزاد � �� �� � اردو � �م د�� ا� �ا 

ہ �� اردو ��ر� � � �وش ا� � � � � ر� � � اردو داں � اور ا��ہ � � ا� � �� ��۔ اس �رس � �

 ر �م � ا�از � � � � � �� � � �ل � �� ر�وٹ � ر�۔�اد � �� آ�ن او

 

 �رف ا� ڈا�

 ىى � آرڈ �رس
ن
�ر ىى ن

ٹ � 

 



 
 

 

 

 

 

 

 -2�� ��ت
 (Cell Biology-2) 
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 اور �و��م � �� اور � :1 ا�� خ
ٹ  �و�ى

(Structure and Organization of Chromatin and Chromosomes) 

 ا�� � ا�ا

1.0 �)  Introduction( 

1.1    ��(Objectives) 

ن  1.2
ٹ  Condensation and Decondensation Cycle of) � ا�ض اور ا�ط � � �و�ى

Chromatin) 

ن  1.3
ٹ  (Structure and Packaging of Chromatin) �� اور � � �و�ى

  
ن
ى ن ى ك� ى  (Nucleosome, Solenoid, Loops, and Types) �� اور ا�م ،��� وو�م،ى

 :(Chromosomes) �و��� 1.4

 �� (Structure): � ں � � �� 8��  �� �و��م� �: 

 (Sutton) � � 1902�ر  � :(Functions of Chromosomes) �و��� � ا�ل 

 ۔� � �� �و��� � �دار � � (Heredity) � ورا� (Boveri) ىاور �ور

 :(Types of Chromosomes) ا�م �و��� � 

 (Learning Outcomes) �� ا�� 1.5

 (Keywords) ا�ظ ى� 1.6

 (Model Examination Questions)�ا�ت  �� ا�� 1.7

 (Short Answer Type Questions)� �ا�ت � �� �ا�ت  

 (Long Answer Type Questions) �ا�ت � �� �ا�ت �� 

1.8  ��(Glossary) 
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1.0 �  )Introduction( 

ن 
ٹ ر (DNA) ا� ا�� � اور �ك �� � � ڈى ا� اے (Chromatin) �و�ى

زز  ى
ٹ

�  (Proteins) اور �و�

   �۔ ��  ىس� ئ
ئ
 �ك�ئ �  �  � (Nucleus) ا�ر  �  �   اور �  ��  �  �   ڈ��  �دى  ا� � (Gene 

Expression)�   اے  ا�  ڈى ، (DNA Replication)��   اور ، (Repair) ����   �۔ ��   ادا  �دار  ا� � 

(Eukaryotes)  دى � � ڈى ا� اے� �  خ
ٹ ىكٹٹ � �ت � �و�ى ىوو� � ا� �مٹپٹ ىكٹ اور � � � ��  (Compact) ��ٹ

ىس � ا�ر �زوں ر� � � �ورى � � �� ��ت ئ
ئ
 Genetic) د� �۔ � �و� � �ف ڈى ا� اے � �ك�ئ

Information) ر�� � � �ول �� �۔ � 

�� � �  ن
ٹ  � دوران ا� �ں � � �زى (Cell Cycle) ؛ � � �� ��� �� (Static) �و�ى

(Transcription)� ، (Replication)اور ��س ، (Mitosis)  دى �ر�  ز
ٹ � � �ك ��ں � �ر� �۔ �و�ى

ن  :� دو ��ں � ��د �� �
ٹ  او(Euchromatin) ��و�ى ىكٹٹ  � � �مٹپٹ خ ،

ٹ  اور �و�و�ى  ر � �زى � �ل �� �،

(Heterochromatin)اور � �زى � ��ش  ىكٹٹ  �  (Silent) ، � ز�دہ �منپن ن
ٹ �� �۔ ان ��ں � در�ن �� � �و�ى

ر اور �و��� � �� �، � � � ا� (Condensation and Decondensation Cycle) ا�ض اور ا�ط � �

 � � �� � � � � � �� �۔ (Chromosomal Stability) ا�م

ىوو�� ىك�ب بزب

 � � � � � �دى � �  ز

ٹ ىوو�م ڈى ا� اے � ا� �  (Nucleosomes) �و�ى ىك�ن نن

�� �۔ � ن

ر
زز  ى

ٹ
وون �و�

ٹ
ہست -Bead-on) "� �د � �� �، � "��ں � �� (Core)  �ر� (Histone Proteins) � � �� � � ہ

a-String)  نخ
ش
ىكس  � �� �مبپب خ

ٹ �  (Loops) اور �� (Solenoids) ���ز (Compaction) � �� �� �۔ �و�ى

� � � ��  (Chromosomes) � دوران �و��� (Cell Division) � � ذر� �� �، � ��� �� �

 � �۔

 � �� اور � � �رے � �� � �ا� �� � � �� د� � �، � � اس � ا�ض اور  خ
ٹ � �ب �و�ى

 � � � ��� ��م ز
ٹ � �� ��  (Molecular Mechanisms) ا�ط � � � �� ��ز � � �۔ �ء �و�ى

ىوو�م � � � � � ا� �� وا� �و��� ڈ�� �، اور ان ��ں � �� ا�ل � ا�ات � � �۔  ىك�ب ب
خ
�، ب

 � � � اور اس � �ك ��ں � د� � �د �� �۔ خ
ٹ  �� �آں، � �� اور ڈا��ا� �ہ �و�ى

 � �� � اور اس � �ك �� � ا� � �� � �� �، � ��  خ
ٹ اس �ب � ا�م �، �ء �و�ى

 � ��ار ر� � ا� �دار ادا �� �۔ (Genomic Integrity) � اور �� ��
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1.1      ��(Objectives) 

 ۔� � � � �� � آ�� � �� � �� ز اور ان � ا�ل اور �ا� ىدر� � ا�م � � اس ا��

   ن
ٹ   (Chromatin) اس ا�� � �و�ى خ

ٹ � �� اور � � �دى ا��ں � ز� � �� � � �� � � �و�ى

 ادراك �۔� ا�م � �  (Genetic Material) � �ازن اور �� �اد

 ىوو�م ىك�ب ب
خ
 � �دى ڈ�� اور اس � � ا�اء � ب خ

ٹ  ، ��(Solenoid) ، ���(Nucleosome) �و�ى

(Loops)و��م�   اور ، (Chromosome)  نف
ش
ىكش  �مئپئ �  ف ٹ  �و�ى �  �  ��  �  �  �  �  �  � 

(Compaction) � ۔اور آر��� � � � � � �د 

 ا�ض اور ا�ط �  ض
ٹ � � � و�� � �� �ن �  (Condensation and Decondensation) �و�ى

 ، اور �� �(Replication) ، �(Gene Expression) � � �� � � �� ا�ل � � � ا�ر

(Cell Division) � � � �ا �  ن
ٹ  آ�� �۔ � �و�ى

 گ � � �ا� � و�� اور ان � �� ��� ��م
خ
جت ى��  تپت خ

ٹ �  (Molecular Mechanisms) �و�ى

 � � �� � �� �۔ نخ
ش
ىكس  � � �ں � �مبپب خ

ٹ  �ن � � � �� � � �و�ى

 �ہ � � � �� �و��� �� اور �� �اد � � � � �و��� � � اور ان � � � �رے � آ

 � � � � �ر � � � �۔

  ڈ�� اور ان � � ا��ں � �ى  خ
ٹ اس ا�� � � �� اور ڈا��ا� �� � � � �� �ہ �و�ى

 �ر � وا� � � �۔

  � �� � ��اس � � �ا� اور �� � � اس � �دار � �� � اس ا ،�� �  خ
ٹ �، � �و�ى

 � �۔
 

 � ا�ض اور ا�ط � � 1.2 ض
ٹ  Condensation and Decondensation Cycle of) �و�ى

Chromatin) 

ن 
ٹ  اے (Chromatin) �و�ى  ا�  �و� (DNA) ڈى  � (Protein) اور  ا�  �ت� ����  �  �  � 

(Eukaryotic Cells)  ىكبٹ ىوو� � ز�دہ �مبپب ىكب اور � ڈ��ں  (Compact) � �� �� �۔ اس � �دى �م �� ڈى ا� اے ��ب

 دوران ڈى � (Cell Division) � � �� �۔ � �� ڈى ا� اے � د��ں � ا� � �� � اور �� � �� �



14 
 

 (Gene Expression) � �� اور � � ا�ر (DNA Damage) ا� اے � �� �ا� ��، ڈى ا� اے � �ن

 � � �� � ا� �دار ادا �� �۔ (DNA Replication) اور ڈى ا� اے �

 �س (Mitosis) ��س ر  (Meiosis) اور
ز
ى� ىف� نز


 ان ز ٹ  �و�ى  دوران، � (Anaphase) ���و�  � 

(Chromosomes)  آ�ن �� �۔ اس �� � دوران �و��� � ��ں � ڈى ا� اے � ز�دہ � �� �� �

 � و� � �� �� �۔ (Condensed) اور ا�� � (Coiled) �� دار ن
ٹ  �و�ى

ن ���� � � � � دوران ��
ٹ نن  (Nuclear Chromatin)  �و�ى

ش
ىكش �  (Compaction) � اور �منپن

  (Interphase) ڈ�ى � �ا� � ��ں ��ں � �ر� �۔ ا�� ا�� ىكٹٹ  � � ��ں �ر � �منپن ن
ٹ � دوران �و�ى

 �� � � ا� ا� �و��� � ز ٹ  � ��� ا�ل ا���� �، � ��س � آ�ز � �و�ى   � ا�ر � � �،

(Mitotic Spindle Apparatus)   ذ
ٹ � ذر� آزادا� �ر � � � �� �۔ ا�ل � ذر� ا� �� � �، �و�ى

  ڈى ا� اے � اور � �زىا�ر � � � �� ا�� � �� � دو�رہ �� � � � (Decondensation) دو�رہ ا�ط

(Transcription) زوں �۔� � � 

 � �دى �و� ا�اء .1 ز
ٹ  �و�ى

وو�
ٹ
ہسب  � �دى �و� ا�اء ہ ز

ٹ وون �رز (Histones) �و�ى
ٹ
ہسن  Histone) � �ر �ں (Histone Cores) �۔ ہ

H2A, H2B, H3, H4) �� دو � (Octamer)  �� � اور "�ڈى ا� اے �" (Anchors)  � � ،� �� م� �

 �د ڈى ا� اے � د�� � �� �۔

 � � � � در�ت �� � ن
ٹ  :�م �ر �، �و�ى

ىوو�م .1 ىك�ن نن

ن  (Nucleosome) ن

ٹ ر � �د � �، � �  :(Euchromatin) اور �ر�و�ى
زز  ى

ٹ
وون �و�

ٹ
ہست ڈى ا� اے ہ

ىوو�م � � ىك�ب بنب

 � �� �� �۔ (Beads on a String) "اور � "��ں � �� 

ن  .2
ٹ وو�  :(Heterochromatin) �و�و�ى

ٹ
ہست � �  (nanometer fiber-30) � � � � ر� 30�د ہ

 � � �� �۔ ىكبٹ ىوو�م � �� � � � ز�دہ �مبپب ىك�ب بزب

 � ،� �� 

� � ر� � �� ��  30 :(Higher-Level DNA Supercoiling) �� دار �� ا� � � ڈى ا� اے .3

� �، � ��س اور �س � دوران ��  (Metaphase Chromosome) دار ڈ�� � ذر� �� �و��م

 �� �۔

2. �� �  ز
ٹ  ا�� � دوران �و�ى

  ز
ٹ ن � ز�دہ �ا �ا اور �ا ر� ا�ر � �� � ا� ا�� � دوران، وہ �و�ى

ٹ  �  �و�و�ى ن
ٹ � �۔ � وہ �و�ى
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ن � ر� � �� � اور � �ا ر� �، ا� 
ٹ  � �� �۔ �ر�و�ى

 �و� � ا�م .3 ن
ٹ  �و�ى

 �و� دو ا�م � �� � ن
ٹ  :�و�ى

وو� .4
ٹ
ہسن ن  (Arginine) �و� � � آر�� � �دى :(Histones) ہ ى

ئ
 � �دى ا�� ا�ز (Lysine) اور ��

(Basic Amino Acids) �ر �� �۔ �� � ا�� � (Physiological pH) ك
نن

ش
ىش  (Cationic) � � كن

۔ � ا� ا�� � �� � �� �� �� � (Anionic Nucleic Acids) �� � اور ا�� �� ا�ز

 �� �۔

o � �� وو� � �� ا�م
ٹ
ہست  ۔H4 ، اورH1 ،H2A ،H2B ،H3 :ہ

o م ا�م � ���� � ا�� �� ر� � اور ار�ء � دوران ا�� �ظ ر� �۔� � 

o  � � انH1 �� �ا �� �۔� � � �ظ اور ڈى ا� اے � �� ڈ� �  

وو� .5
ٹ
ہسن ر �� �� � � ڈى  :(Non-Histones) �ن ہ

خ خ ى
ٹ

وون �و�
ٹ
ہسئ  � � � ا�م � �ن ہ خ

ٹ وو� � �وہ، �و�ى
ٹ
ہسئ ہ

اور � � ا�ر � �دار ادا �� �۔ � ز�دہ �ع �� � اور ار�� �ر � �ظ  (Replication) ا� اے �

ر � � � �۔ (Tissues) ��۔ � ��ں� 
خ خ ى

ٹ
 � � �و�

ىوو�م � �دى �� .6 ىك�ب ب
خ
 ب

 � �دى �� ا�� (Roger Kornberg) � را� �ر�گ 1974 خ
ٹ �  (Basic Structural Unit) � �و�ى

ىوو�م ىك�ن نن

 � �م � �رف �ا�۔ ن

 
 

 
 

 � ا�ض اور  ض
ٹ  (Chromatin Condensation and Decondensation) ا�ط�: �و�ى
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 � �� اور � 1.3 خ
ٹ  (Structure and Packaging of Chromatin) �و�ى

ىوو�م، ���، �� اور ا�م  ىك�ئ ئنئ

 (Nucleosome, Solenoid, Loops, and Types) 

ىوو�م • ىك�ن نن

 (Nucleosome) ن

ن 
ٹ راو (DNA) ڈى ا� اے (Chromatin) �و�ى

زز  ى
ٹ

� � �� �۔ ڈى ا� اے �  (Proteins) ر � �و�

 � �دى ا�� � � � �  (Chromosomes) �و��� ن
ٹ ىوو�م �و�ى ىك�ئ ئنئ


�  10� � � �� � � � �� �۔ 

ر
زز  ى

ٹ
وون �و�

ٹ
ہسن ر � �د � � �د � � ��  (Histone Proteins) � �۔ ڈى ا� اے � � ہ

زز  ى
ٹ

وون �و�
ٹ
ہسن �۔ ڈى ا� اے ہ

ىوو�م �� �۔ ىك�ب بنب

 � 

 � �� ا�م �� � (Eukaryotic Chromosomes) ���� �و��� ر
زز  ى

ٹ
وون �و�

ٹ
ہست  ,H1, H2A :� ہ

H2B, H3, H4ر � �رج ر� � �� ان � �دى ز� وا� ا�� ا�ز
زز  ى

ٹ
��د ��  (Basic Amino Acids) ۔ � �و�

ر  (Phosphate Groups) �، � ڈى ا� اے � �رج � �� �� � �� اس � �� �وپ
زز  ى

ٹ
��د �� �۔ � �و�

�� � � (Gene Regulation) ا� �دار ادا �� �۔ � 

ىوو�م � ��  ىك�ب بنب

ىوو�م � �ر �ر� � �� ڈى ا� ا (bp) � �ز 200ا� �م  ىك�ب بنب


 � �ز 146ے �� �۔ 

ىوو� � آ�� ىكت وون ��ت
ٹ
ہست ىوو�� � در�ن  (Octamer) ڈى ا� اے �� �� �، � ہ ىك�ت تزت


� �  � �ز 80� �د � �� �۔ 

ىوو�� ڈى ا� اے � ا� �  (Linker DNA) ڈى ا� اے ىك�ت تزت

 �� �۔�� �۔ 

وون
ٹ
ہسن  �� 30� �  (H1) � ڈى ا� اے اور ��اں ہ ف

ٹ  �و�ى ىكبٹ  Compact Chromatin) � � � �مئپئ

Fiber) �� ۔ � ��ز �ے �� دار� �� (Coiled Loops) ر
زز  ى

ٹ
وون �و�

ٹ
ہسب  � �ن ہ ،� �� � �� � (Non-

Histone Proteins) �� ر� ذر� �ے
زز  ى

ٹ
ىفوو�� �و� ر اسكن

زز  ى
ٹ

�� �، �  (Scaffolding Proteins)  �۔ � �و�

ىنن  ن
ٹ
ىكن  �و��م �� (Myosin) ، اور ���(𝛂𝛂 and 𝛃𝛃 Tubulin) ، ا� اور � ��(Actin) ان ىكبٹ  �� � � �مبپب ز

ٹ ۔ �و�ى

نن 

 � �� دار �� � �� �� �۔ �و� ڈى ا� اے � � (Condensin) �، � � ���ى

• ��� (Solenoid) 

  ىوو�� ىك�ن نز

 ���ز 30ن �  �  ��  �  �   ��ز �  � (Solenoids)  ��  �   �ڈل ���   �۔ �

ىوو�� �� �ف �� وا� �� ىك�ئ ئزئ

 (Helical) �� � � � � ،� �� � �� ��ىوو ىك�ن نز


 �� �۔ � � ز�دہ ن

 (Loops and Types) �� اور ا�م •

س�� �، � �  (Loops) �����ز ا� دو�ے � �د � � 
ٹ
اور آ�  (Coils) �ا�، (Rosettes) روسٹىٹ
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 (Metaphase Chromosome) �و��م�� � � ا�ر �� �۔ اس � � �  (Chromatids) � دو �و�ز

 �� �۔
 

• � � � � (First Level of Packing) 

ىوو�م � د� �� �، �  (Bead-like Structure) "ڈى ا� اے � �و� �ر � �د � � "��ں � �� ىك�ت تنت

 �

خ  � � �� 6� �� 
ٹ ن  (Euchromatin) �� �� �۔ � �� �ر�و�ى

ٹ  (Heterochromatin) اور �و�و�ى

 دو�ں � �ں �� �۔

 (Second Level of Packing) � � دو�ى � •

ز  30��ں � �ا� � � 
ٹ  � ا�� �و�ى اور ���  (Interphase Chromatin) � � �� �ر � �� �،

وون ان ا� ��ں � ا�م � � ا� �۔ H1 دو�ں � ��د �� �۔ (Mitotic Chromosomes) �و���
ٹ
ہست  ہ

 (Solenoid Model and Zigzag Model) ��� �ڈل اور ز� ز� �ڈل •

ىوو�� ا� �� � �� �، � :(Solenoid Model) ��� �ڈل • ىك�ت تزت

ىوو�� � � � � ��  ىك�ن نز


��  � ن

 �۔

وون :(Zigzag Model) ز� ز� �ڈل •
ٹ
ہسن ىوو�� � ز� ز� �� � �، � ز�دہ  H1 ہ ىك�ب بزب


 � � �� �

 � ا�ر �� �۔ ىكتٹ  �متپت

 (Final Level of Packing) � � آ�ى � •

� � ��ز �ے � �ا�  30�� �، � �� �و��م � د� �� �۔  � �� � � 700� � � 

ززز
   �� �۔ � � 80-100� � �� �، � � �  (Supercoiled Loops or Domains) �� � ڈو�ى

ىفوو�� � �� �� وون �و� اسكئ
ٹ
ہسئ  II � �� �۔ اس � ��ا��� (Nuclear Matrix) � �� �ن ہ

(Topoisomerase II) ا�ا� � �� � � �، � ڈى ا� اے � ا� � �رت � ا� �� �۔ 

ر •
زز  ى

ٹ
 (SMC Proteins) ا� ا� � �و�

ر �و��م � �� � ��ار ر� (Structural Maintenance of Chromosomes) ا� ا� �
خ خ ى

ٹ
 � اور �و�

 � ا� �� ر� �۔ (Chromatids) �و��ز

ىسنن  • ہن  � �ڑ� �۔ (Sister Chromatids) ڈى ا� اے � � � � دو � �و�ز :(Cohesin) �ہ



18 
 

نن  •

 �و��م � �� � �د د� � اور �و��م � �� � ��ار ر� �۔ :(Condensin) ���ى

 (Final Structure) ��ا��  •

 � ��  ف
ٹ ر�و�ى

زز  ىفوو�ز، اور ڈو�ى اور  � � �� 1000� � � �� �، � � ا�� �و��م �  ��، اسكن

 �� �� �۔ � �� 10,000��� �و��م � 

س � ا�ر (Interphase Cells) ا�� �ت
ئ
 (Territories) "ز�دہ � � �ا� "��ں �، �و��� �ك�ئىئ

 � �� �� �۔

 
 

�� �  خ
ٹ ىوو�م اور �و�ى ىك�ت ت

خ
 (Nucleosome and Chromatin Structure) �: ت
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 :�30nm ��  ف

ٹ  �� (Chromatin Fibers) �و�ى خ
ٹ  Higher Order) اور ا� �� �و�ى

Chromatin Structures)  �دو �� �ڈل (Solenoid اور Zigzag) اور روڈس  ننب

 ۔2006، را�

 
�� ��� :� (Solenoid Loops) � � 
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 � �� اور � خ

ٹ  (Chromatin Structure and Organization) �: �و�ى
 

 
 

 :(Chromosomes) �و���  1.4

ىں � �  ب
ت
ب
خ
�
ىس�و��� � د�� � � ئ

ئ
� ��د �� �۔ � � ا� � �� ان � �دى  (Nucleus) �ك�ئ

ىس � ا�ر �� �� �۔ �و��� �  (DNA) ورا� �اد ڈى ا� اے ئ
ئ
��د �� �۔ � �دوں اور ��روں � �ں � �ك�ئ

  (Strasburger) � ا�ا�� 1815� � �  �  1888اور "�و��م" � ا�ح � � � � در�� �،

 �ڑوں � � �� �۔ 23�و��� �� � �  46� ا�ل �۔ ا��ں � �  (Waldeyer) وا�ا�
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��  �   اے  ا�  ڈى  اور  �و��م :� (Structure of Chromosome and DNA) 

ىس � ��د �� �  ا� �و��م د�� � �ح � آ� � ئ
ئ
اور � �و� � � �ا �ا� �اد �� �۔ � �م �ں � �ك�ئ

ىگنى�ى 1842� � �� �، � ا� � � دو�ى � � � �� �۔  (DNA) اور �دى ورا� �اد ڈى ا� اے نن

ن
 � �رل 

(Karl Nägeli) � � � ىس � ��د راڈ � �� � ��ہ �۔  � � � � �دوں ئ
ئ
� ڈ� وا�ا� �  1888�ك�ئ

� �� �  (Theodor Boveri) اور �ڈور �ورى (Walter Sutton) � وا� � 1902"�و��م" � ا�ح و� �۔ 

��ار � �و��� � �اد �م �ں � �ں ��  � �و��� ���� �ں � � � �� �� �� �۔� �

پ�وو� � ہئىئ  (Haploid Set) �۔ � �ت (� �م اور ا�ا) � �و��� � �اد �� � � آد� �� � اور ا� ہ

وس ى وس� ذر� �ا �� �۔ � (Meiosis) � �� �، � � �� � دوران �ى
ٹ ى

ئ
 � �ں � �و��� � �اد ��

(Mitosis)  � دوران ��ار ر� �، � ��ار � �و�، �� اور دو�رہ � � � �ورى �۔�و��� � �اد �

ى�مے�ڈ
خ
� �� �، � ا� �و�� 2�ع � � � �ف  (Nematode) ا�اع � � �� �۔ �ل � �ر �، ا� ت

�و��� �� �� �۔ ز�دہ � �دوں اور ��روں � ا�اع � �� �  1600�ع � � �  (Protozoan) �و�زون

 �ڑوں 23�و��� �� �� �۔ �و��� � �اد ��ار � �� � �� � ��۔ ا�� � � �  50�  8� 

(2n �  ،23×2=46)  � �  �   �و��� �� �،   (Autosomes) آ��� 22�  Sex) � �و��م 1اور

Chromosome) ۔� �� 
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 �� (Structure): 

 :�ں � � �� � 8�و��م � �� �� 

وو�ر (Centromere) �و � .1
ٹ
نننىن


 :(Kinetochore) � ك

ڈز � ا�ل ��ز� ��ى 
ٹ
ىڈ ئ

ٹ
�� �۔ اس � �م � ڈو�ن �  (Spindle Fibers) ر�وٹ �� � �ں �و�ئىئ

 �� � دوران �و��م � �� � � �� �۔ (Anaphase) ا��

ڈ  .2
ٹ
ىڈ ٹ

ٹ
 :(Chromatid) �و�ٹىٹ

� �و � � ذر� �ے �� �۔ � � ڈو�ن � دوران، �و��م دو �ں آد� �ں � � � �� � 

ڈ ڈى ا� اے � � �� � اور ا�� � ا� � � ا� ا� �و��م �� �۔
ٹ
ىڈ ب

ٹ
 �و�بىب

ن  .3
ٹ  :(Chromatin) �و�ى

ىس � �و��� � � �� � ئ
ئ
ر � ا� �ہ �� � � ���� �ں � �ك�ئ

خ خ ى
ٹ

۔ �� � ڈى ا� اے اور �و�

ىس � ا�ر � �۔ ئ
ئ
ر � �د � �� � �� �ك�ئ

زز  ى
ٹ

 ڈى ا� اے � ز�دہ �� �� � اور �� �و�

 :(Secondary Constriction) ��ى ر�وٹ .4

 � � ��د �� �۔ (Nucleolar Organization) � �م �ر � ��� آر���

5. �� (Telomere): 

�� �و��م � � �ے � وا� �� �۔ � �و��م � دو �� �� � � �و��م � ا�م �ا� �� 

 �۔

 :(Chromonema) �و�� .6

م �� وار �ے �� �۔ � �و�� (Chromomeres) � د�� � � دار �� � � � �� �و��ز

 � �� � �ول �� � اور � � �� ��ت � �ر � �م �� �۔

 :(Chromomeres) �و��ز .7

ىن � � �و�� � �� د�� � � �� �۔ � �و��م � �رى �� � �� وار ��د �� �  ئ
ت
ئ
خ
�
� دا� دار �

  � � �� � ذ� دار �� �۔اور � � � ڈو�ن � دوران ا�

8. �� (Matrix): 

ى�كل ى�كل � ا�ر ��د ��  (Pellicle) پپپ �و��م � ارد �د � � �� �۔ �� ا� � � �دہ �� � � تپت

 �۔ � � ورا� �اد � � �� �۔
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 :(Functions of Chromosomes) �و��� � ا�ل 

� �و��� � �دار � ��  (Heredity) � ورا� (Boveri) اور �ورى (Sutton) � � 1902� �ر 

 � �۔

� � �� �۔ ڈى ا� اے � �� ا�ل  (DNA) �و��� � � � ا� �م �دى ورا� �اد، � ڈى ا� اے .1

   �ا�  ��ت  ورا� �   �و�� �   ��اروں �  ،�  �� (Growth)ء�  ، (Survival)��   اور ، 

(Reproduction) ورى �۔� � � 

وو� .2
ٹ
ہسن ر ا� �� (� ا�ا�) اور �� ��ں  (Histones) �و��� ہ

زز  ى
ٹ

ر � ڈ� �� �۔ � �و�
زز  ى

ٹ
اور د� �و�

� دوران  (Cell Division) � �� � (DNA) ا� ا� � ورا� �اد� �� �۔ اس �ح، �و��� � 

 �ن � �ظ ر� �۔

3. � �� (Cell Division) و �ز�   Spindle) � �ے ا�ل ��ز (Centromeres) � دوران،

Fibers)  ���و �ز � �اؤ ڈى ا� اے (ورا� �اد) � � �� � اور ا� ا� � �ا�م د� �۔ �و� �

ىس ئ
ئ
 � در� � � � �� �۔ (Daughter Nuclei) � �ك�ئ

وون .4
ٹ
ہسن وون (Histone) �و��� � ہ

ٹ
ہسن ر � � ا�ل  (Non-Histone) اور �ن ہ

زز  ى
ٹ

ر ��د �� �۔ � �و�
زز  ى

ٹ
�و�
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ر � �ل� �ول �� �۔ � � �و
خ خ ى

ٹ
ىوول ان �و� ىكت  (Deactivate) � � �ل (Activate) ل �� وا� �� ��ت

 �۔ (Contract) � �� (Expand) �� �۔ اس �ل اور � �ل �� � �و��م �

 :(Types of Chromosomes) �و��� � ا�م 

)A� و� ( (Centromere) � � د �� �اد (Based on the number of centromeres present) 

i. Monocentric: ا� �و��م � � �ف ا� �و � ��د �۔ 

ii. Holocentric: � ا� �و��م � � � �ا �و (Diffused Centromere) ��اور ��و � 

(Microtubules)  � ے �ں۔�رے �و��م� �� � �� 

iii. Acentric: و� ا�ل
ٹ ى

ئ
 Mitotic) ا� �و��م � �ٹ � � �� اور � �و � � �و��م � ��۔ � ��

Spindle) ۔� � � � � 

iv. Dicentric: ��� � ���و� (Aberration) دو �و �ز � ��  � � �و��� �ٹ � � �� اور

بئووں � �ف �ت �� �،  (Opposite Poles) �و��م ��۔ � � � �� � �� دو�ں �و �ز �� قط

 �� �۔ (Fragmentation) � � �ٹ �ٹ
 

)B� و� ( (Centromere) � ز� � �د� � (Based on the position of the centromere) 
i. Metacentric Chromosomes: 

 ��ك �و��� � �و � �� �� � ��د �� �۔ اس �ح دو�ں � �ں �� � �� �۔

 ��ك �۔ (Human Chromosome 1 and 3) 3اور  1ا�� �و��م  :�ل
ii. Submetacentric Chromosomes: 

 � ��ك �و��� � �و � �� �� � � �� � �� � �ڑا � �� �۔ اس �ح دو�ں � � �ں

(Asymmetrical) ۔� �� 

 � ��ك �۔ (Human Chromosomes 4 to 12) 12�  4ا�� �و��م  :�ل
iii. Acrocentric Chromosomes: 

 ا�و�ك �و��� � �و � �� � � ز�دہ � �ا �� �، � � و� � ا� � � � اور دو�ا � �� ��

 �۔

 ا�و�ك �۔ (Human Chromosomes 13, 15, 21, and 22) 22، اور 21، 15، 13ا�� �و��م  :�ل
iv. Telocentric Chromosomes: 

� ا�اع �  (Mice) ��ك �و��� � �و � �و��م � �� �ے � ��د �� �۔ � �و��م ��ں
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 �� �� �۔

 ا��ں � ��ك �و��� � �� ��۔ :�ٹ

 
 

 (Types of Chromosomes) �: �و��� � ا�م

  (Learning Outcomes) �� ا�� 1.5

 �� � �� �ں �: ن���ت � � �� ا�م � � درج ذ اس ا��

  ن
ٹ  �۔ ) �� � � � � �Decondensation�ڑ� ( ) اور �Condensation� �ڑ� ( �و�ى

  ن
ٹ پ  � �و�ى

ت
گىى �� اور اس � 

نن
ج ) اور �� Nucleosome ،(��� )Solenoid( �م�� � �� ��

)Loops� ( � � ��۔ و� 

 ���و� )Chromosomes� ( � � ۔ � � ن��، ا�م اور ا�ل� 

 ���۔ � � � ت�� � � ا�م اور ان � �و� 

 ���۔ ان � �دار � وا� � � � ار� اور ورا� � �و� 
 

 (Keywords) �ى ا�ظ 1.6

 �� � �� � �د �ا� ��  خ
ٹ وون �و� � �دى ��، � �و�ى

ٹ
ہسئ ڈى ا� اے اور ہ

 �۔
Nucleosome م��� 

 �� � �ڑ�� � �ڈل، � � ���� � � � � � �رت � ��  ز
ٹ �و�ى Solenoid ��� 
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 �۔

  ن
ٹ  ز�� Zigzag �� � �� � ا� �ڈل، � � ���� زگ ز� � � �� �۔�و�ى

 � وہ � � �ڑ� اور � �ل �� � اور � �� ��� ر� �۔ غ
ٹ ن  Heterochromatin �و�ى

ٹ  �و�و�ى

 � وہ � � � اور �ل �� � اور �� � ف
ٹ ن  Euchromatin �ت � ا�ر � � � �۔�و�ى

ٹ  ��و�ى

 

  (Model Examination Questions)�� ا�� �ا�ت  1.7

  (Objective Answer Type Questions) �� � � �� /� �ا�ت � �� �ا�ت 

 )MCQs�ا�ت ( �د ا��

ن 1
ٹ  �؟**   � � ىد) � �Chromatin( . �و�ى

A� ( ) ا�رGene expression�� ول� � (                                Bاے ( �ا ى) ڈDNA� � (   �� 

C�و� ( � ��              D� (� � )Cell membrane   �� ( 

وون ( ) �Nucleosome( �م�. �2
ٹ
ہست ى ) �� Histone� ہ ى ك ى  **  ؟�� � �� وولى

A)     4            B)   6   
C)    8            10  D)    
وون �و�3

ٹ
ہسن  � � � �ظ �؟**   . �ن � ہ

A)    H1               B)    H2A   
C)   H3               D)   H4      
 **  ؟) �� �Nucleosomes( �م�� � � � �ا ) �Solenoid Model�ڈل ( �. ��4

A)     4            B)   6   
C)    8            10  D)    
 �� �؟**   � ن) در�Centromere( �و � ) �Chromosome. � � � �و��م (5

A� ( �ك )Metacentric  (     B� � ( �ك )Submetacentric  ( 

C( ك� و�) اAcrocentric  (     D� ( �ك )Telocentric  ( 

ن . �6
ٹ  �؟**   � �� ) �Heterochromatin( و�و�ى

A� (   �ر         B� (ر�   ى 

Cاے � ( �ا ى) ڈDNA Replication  (   Dا�ر ( � دہ�) زGene Expression  ( 

 �� �؟**   ��� ڈ�� � ہ�� � � � �� . �ن � �و��م �ڈل ���7
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A�� (� )Solenoid  (        Bز (�� )Zigzag  ( 

C) پ �ڈل� (Loop Model  (       D) �ا� � (Supercoil  ( 

 �د �� �؟**   � �ڑ�� �و��م � . �ن � �و�8

A ہ
ہ
ى ) �

ى
 Cohesin  (       B)( سنن  نن


�� (Condensin  ( 

C وون
ٹ
ہسن  H1) ہ           Dى ) ا

ى
 
ٹ
ى كٹ  )  Actin( نن ى

 Centromere( �و � . � � � �و��م �9  ) ا�م � �� �؟** 

A� ( �ك )Metacentric  (     B� � ( �ك )Submetacentric  ( 

C( ك� و�) اAcrocentric  (     D� ( �ك )Telocentric  ( 

 �؟**   �� �� � ��ار � دہ��اد � � ز . �و��م �10

A) ا�ن (Human   (        B 
ن
ن
ى ) 

ى
ووڈىى م 

ٹ
 )  Nematode( ٹ

C) و�زوا� (Protozoa(       D) �� (Mouse  ( 

 ��:  �ا�ت �

1 .Bاے � � �ا ى) ڈ   �� 

2 .C)   8 

3 .A)    H1  

4 .B)    6 

5 .A� ( �ك   

6 .B� (ر�   ى 

7 .A�� (�   

8 .B    نن


�� ( 

9 .D� ( �ك   

10 .Cو�زوا� ( 

 (Short Answer Type Questions)ت � �� �ا�ت �ا� � 

ن  .1
ٹ  �؟ � � ىد) � �Chromatin( �و�ى

ن � .2
ٹ ن ) اور �Euchromatin( �و�ى

ٹ  �ق �؟ � ) �Heterochromatin( و�و�ى
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3. 30-� � ) ��30-nm fiber�� � (� )Solenoidاور ز (�� )Zigzag� �۔�) �ڈ� � �از 

 ۔�د �� ؟� ا�م � ) �Chromosomes� �و��� ( د� � ��ز ) �Centromere( و�� .4

 ۔�ہ �� �� �ح � � ۔ اس � ا��و�� � ) �Nucleosome Model�ڈل ( �م�� .5

  (Long Answer Type Questions)ت � �� �ا�ت �ا� �� 

ن  .1
ٹ  ۔�� ن� ا� اس � � ��ر اور � �و�� � �ڑ� �� � � � � �ڑ� اور � �و�ى

ن  .2
ٹ  �ڈ�۔ �اور �� �م��ل � ،�و�� � � �� اور � � �و�ى

 ۔���، ا�م اور ا�ل � �� ��ں � �� �ہ � � �و��� .3

ن � .4
ٹ ن اور � �و�ى

ٹ  ۔�� ن� �ق � د� �� اور � � ن� در� و�و�ى

 ۔�و�� � اس � �دار � � اے � �ا ىاور ڈ �� ن� �� � �ام�وا� ڈا �ڈل � وا� � �م�� .5

1.8  ��(Glossary) 

 ا��ى ا�ح اردو ا� اردو �دل ��

وون �و� � � � � �دى ا��، � 
ٹ
ہسئ ڈى ا� اے اور ہ

 �� � � �� �۔ ف
ٹ  �و�ى

 �دى  �  ن ٹ �و�ى

 ا��
 Nucleosome ���م

 �� � �ڑ�� � � � د� � ا� �ڈل، � �  ف
ٹ �و�ى

 ���� � � � � � �رت � �� �۔
 Solenoid ��� � �ڈل

 � �ڑ� اور �ا ر� دار �، � �� �ر � � �ل ��  غ
ٹ �و�ى

 �۔
غ 

ٹ ن  � �ل �و�ى
ٹ  Heterochromatin �و�و�ى

 � �ا��   اور �� �ر � �ل �،  � � ر� دار ف
ٹ �و�ى

 � � � � � �۔
ف 

ٹ ن  �ل �و�ى
ٹ  Euchromatin ��و�ى
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 �� دور � �ا� اور � �ا� :2 ا��
(Cell Cycle Phases and Checkpoints) 

 ا�� � ا�ا

2.0 �(Introduction) 

2.1 ��(Objectives) 

 (Checkpoints) �ا� � � �ا� اور ان � � �� . 2.2

2.2.1 2.1.0. Go, G1, S, G2 ��اور(ا ( M � 

 (Stages of Mitosis) � �ا� س� 2.3

 (Cell Cycle Checkpoints and Importance) ا� �ا� اور ان � � � � �� 2.4

  س� 2.5
قس

ت
ت
ى (

ى
 Meiosis (Division Phase) - ��) ىم 

 (Importance of Meiosis) ا� � س� 2.5.1

 (Learning Outcomes) �� ا�� 2.6

 (Keywords) ا�ظ ى� 2.7

 (Model Examination Questions)�ا�ت  �� ا�� 2.8

 (Short Answer Type Questions)� �ا�ت � �� �ا�ت  2.8.2

 (Long Answer Type Questions) �ا�ت � �� �ا�ت �� 2.8.3

2.9  ��(Glossary) 
 

2.0 �(Introduction) 

�� ) �Cell Cycle( � � � � � اور ا�� ىد� �) اCell� ( ��ا� �دار ادا �� �۔  �ا � ز� 

�ر �  �� �ز� �ا �� ا ��� �۔ � ) � �Division( ) اور �Replication�و�، � ( ،� � � �
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 �� ا وا� � �� ا �� ،۔ در��ل اور �� �� � ��و�، د ) �Tissues��ں ( ا� ار�� �� � ذر

 � در� � ) �Genetic Information��ت ( ��� �، � � دوران � ن� � � � � � � ا� �

�� �� �   � ��۔ �  � �  ��� �  �� )   (Growth�و�  ار�ء ،(Development   اور (�  ��  ��ں

)Tissue Regeneration� � � � ( �� ا� �۔ 

آرام دہ ��  ۔ ان �ا� �) � �ر� �Phases�دہ �ا� ( ن� وا� �ر � � � � دوران � ��

)Go� ،( ) ��Interphase �) (G1 ،S اور ،G2 � ( �ا� � � �) اور ��M Phase� �� (� ۔  ��

 ) � �� �۔ �DNAاے ( �ا ىا� ڈ � � ىر� � � اور � ��� �، ا� �ص ا�ل ا�م د � دوران، �

س 
ت
مت
ى ��، �  �ر �  �دو � � ر� �، � � � �� � � �� �، ا� � ) �Mitotic Phase�� ( سى

وDaughter Cells( د� � ں�
ت ) � Meiosis( س� �ر � �ع � ��ر � � �) � ذرMitosis( س) �ى

 ۔� � �ذر

��ہ اور � �) � ذرCheckpoints�ا� ( � � � اور � �� �� �  � �� ں�� �ا � � ��

�  ،) � �ر � �م �� �Molecular Surveillance Systems� �م ( �ا� �ا� ��� � ��ول �� �۔ 

 � G1�را � � ��۔ �ل � �ر �،  ر� �� � � � �ص � اس و� � ا� �� � � � �� � � �

 اے � �ا ى�ا� ڈ � G2� �، �  اے � �ا ىدر� � اس � � � ڈ � �� اور �� �� � � � � ��ا� 

 ا� �� � در�  �۔ ��    ( � � ��ح،  Metaphase Checkpoint�ا�  �و��م  � �) �  �  ��

)Chromosomes� ( � � � �� � ا� � � �� �ں۔  �د �ح�� ) ا�مGenetic Stability � (

 � � � ،ا� �دار ادا �� � ) � رو� �Abnormal Cell Proliferation( ؤ� �� �� ��ار ر� اور �

 � � � � �۔ ں�ر�

و ��آں،  ��
ت دو ا� ا�م۔  � � �� -�  ) � � � ��ہ �Meiosis( س) اور �Mitosis( س�ب �ى

و
ت �اد � آد�  �و��م � س� � ،�اد � ��ار ر� � � �� � � � �و��م � � � ںد� � ں�دو  س�ى

وٹ ( ��، � � �� د
ئ

 ى�ور ) � �Sexual Reproduction( �� �� � � � ا) �Gametes�ر � �ع زا�

قس �
ت
 ت  ان  ا� ماا�ىى ۔  اور  �ق �   � �ں �  �  � �  �   ورا� Cellular Reproduction( �� �وا�ں  اور (

)Inheritance� ( ��۔ � �د � � � ں� 
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2.1 ��(Objectives) 

 ۔� � �� � � آپ � � � �: ا��اس 

 �� ) �Cell Cycle� � ۔ ن) � �ا� اور ان � ا�ل�� 

 ��ا )Interphaseاور ا (� � )M Phase�ق وا� ��۔ ن) � در� 

 و
ت  و�� ��۔ ) � �ا� �Meiosis( س) اور �Mitosis( س�ى

 �� � � � ) �ا�Checkpoints� ۔ ن� � ا� ) اور ان�� 

 �� � )Cell Division� � (�� ا� � �۔� 

 (Checkpoints) �� � � �ا� اور ان � � �ا� . 2.2

 �ت  ��ار  � (Growth) �و� (Cells) �م  �� (Division) اور  وہ ��  �   �ر� �  �  � 

(Reproduction)�� و� اور� ، (Repair)  ۔ � � � � ��د �ت � آ� �۔ � � ا� � وار� �

� �� �، �  (Cell Cycle) �� �� � �ر� � � � � � � � � اور � ازاں � �� �، اس � � 

 � در�� �۔ 1824�  (Prevost and Dumas) ��و� اور ڈو�س

�  (DNA) ڈى ا� اے� ��د �ى �ار �  (Chromosomes) �� � � � � �دى �م �و���

� در�  (Daughter Cells) � �ر � �ں � �تدر� �� � � �� اور � ان � �ہ �� �اد � دو �

قسىىمى ��اور  (Interphase) ا�� :�� � � �� �۔ � � �� � � دو ا� �ا� � �� �
ت
ت

 (Division 

Phase) � �ا (M Phase)۔ 

�  24 � �� �۔ �ل � �ر �، ا�� � � � � �� �� � � دورا� � ��اروں اور �ت � ا�م �

 � � ،� �G1 � (Growth 1 Phase) 11   ،�S � (Synthesis Phase) 8   ،�G2 � (Growth 2 

Phase)  ��4  اور �M � (Mitotic Phase)  ��1 ۔� � � 

2.2.1 2.1.0. Go, G1, S, G2 (ا��) اور M � 

 (Interphase) ا�� .1

� � �ر �� �۔ اس  (Mitosis) �سا� آپ �  (Animal Cell) ا�� وہ دورا� � � � �ا� �
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 �و� � ��اور �ى �ار �  (DNA Replication) ڈى ا� اے � ��� � دوران ا� وا�ت �� � � 

(Protein Synthesis) � �� � � � �ورى �� �۔ ا�� � � ذ� �ا� � � � �� �: G1 ،S ،G2  اور

� �� (Mitosis � Meiosis)۔ 

2. G1 � (Growth 1 Phase) 

� � �د � �ر �� �۔ اس  (DNA Replication) ڈى ا� اے �� وہ �� � � � �ا� � آ� وا� 

  �  �  ��  �   �و� �  �   ��ت (Transcription) �ا����  اور �  ��   ز�دہ �   �ح � 

(Organelles) ا � �� �۔� � � � � 

G1 �  � �آ �Go �  � � �ا�ر���د �� �، � �ا� � (Restriction Point)  ۔� �� �

� دا� � �� �۔  � S� �� آ �  � Goاور �ا� ا�اء � �ار ز�دہ � � �  (Growth Factors) �و� �زا� 

�� ��  (Neurons) ران�� � ر� � � � � ��ت �ز�ر � � ��۔ �ل � �ر �،  Go �رت د�، �

 � � دا� �� �۔ Go � �ت �ر� �ر � (Kidney) �دےاور  (Liver) �� ا� �� � ر� � � 

3. S � (Synthetic Phase) 

س (DNA Synthesis) ڈى ا� اے � ��� وہ �� � � � 
ئ
 (Nucleus) �� �، � � دوران �ك�ئىئ

 (Sister Chromatids) � �و�ز� �� �۔ � �و��م دو �ں  (Genetic Material) �� �اد� ��د 

 � � �� �۔ (Centromere) �و �� � �� � � ا� �ص �م 

S �  � ك�نن
ئ
 � ��-�ئ ك�نز

ئ
�� � اور ڈى ا� اے �  �ل (Cyclin-Dependent Kinase - CDK) �ئ

 � دا� � �� � � وہ د� �ا� � � �ر� �۔ � S� � �ك �� �۔ ا� �ر � � 

4. G2 � (Growth 2 Phase) 

 �� �S �  اورM �  نن � در�ن �� �۔ اس دوران
ش
ىس سلن

ن
ن
 � �ح � ز�دہ (Translation) �ا�� اور �ا

ىنز  (Mitosis) �س�� � اور � � � �ھ �� �۔ � ا�� � آ�ى �� � � � �  ت
ٹ
 � آ�ز �� �، � � �ومتىت

(Chromatin) و��� � �� �� �وع �� �۔� 

5. M � (Mitotic Phase) 
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س � � S�� � � وہ � � � �  (Mitosis) �س
ئ
 (Nuclei) � � � �و��� دو � �ك�ئىئ

 :� دو ذ� �ا� � � � �� � �س� ا� �� �۔ �� � � دوران 

ر  .6
ز
ى�� ئز


ئ
ئ
س � � - (Karyokinesis) ���ئ

ئ
 �ك�ئىئ

زز .7

ى�� ئز


ئ
ئ
و�زم - (Cytokinesis) �� �ئ

ٹ ى
ئ

�� (Cytoplasm) � � 

� � دو �� �ر � �ں � �ت �ا �� �۔ اس �  (Equational Division) �وا� �ا�  �س

گ� 
فب
ى�  � � � �۔ 1882�  (W. Fleming) ڈ�۔ ف�ى

�� اور �  �س � ا� � � � � �و��� � �اد � ��ار ر� �، اور � � � � � � �و�،

�� � (Asexual Reproduction) ورى �۔� � � 

 (Stages of Mitosis) �س � �ا� 2.3

  ر �س � آ�ز
ز
ى�� ئز


ئ
ئ
  (Karyokinesis) ���ئ زز� �� � اور ا�م


ى�� ئز


ئ
ئ
� �� �۔  (Cytokinesis) �� �ئ

ر
ز
ى�� ئز


ئ
ئ
 :� �ر �ا� � � � �� � ���ئ

 (Prophase) �و� .1

2. �� (Metaphase) 

 (Anaphase) ا�� .3

4. �� (Telophase) 

 (Prophase) �و� .1

ن اس �� � 
ٹ  S� � ا�ر � � �، �  (Chromosome) �و��م�� �ڑ� � �  (Chromatin) �و�ى

�    دو �   �و��م �   �۔ ��  ن ٹ  �و�ى  �ہ �  �    (Sister Chromatids) �و�ز� �  �  ���   �و

(Centromere)   ،�   �و�  �۔آ� ��   �ے  ذر� ����   � (Microtubules) ��و �� (Mitotic 

Plate)  اور � ��� �� (Nuclear Membrane) ،�و ى
ٹ �� اور  ،(Endoplasmic Reticulum) ا�و�� ر�ى

 �ے �ے � �� �۔ (Golgi Body) �ڈى



34 
 
 

 

 

2. �� (Metaphase) 

   �رز� �و��م � دو وو
ٹ
نزنىن


�� �ں � � �� �۔ �و��� � � �� �  (Kinetochores) كنى

 �    (Equator Site) ا�ا� �م�� �� � �� �۔ �و���  (Mitotic Plate) �� �� �� � اور

 �ر�  �و �� �ر � وا� �ر � � آ� � �  (Rod-like Structures) �ى � ڈ�� وو
ٹ
نىن

ن
  كنىن  ا�ل ��زاور

(Spindle Fibers) ے �� �۔� �� � 

 (Anaphase) ا�� .3

وو �ر ��و ���اس �� � 
ٹ
ئزىئ


� دوران، � �و�ز ا�  ���ز � �� �ں � �ف � �۔� �و كئىئ

مل �� �� �� وہ 
ن
ىى ن

ٹ
ر اور  (Synaptonemal Complex - SNC) � نپن

زز  ى
ٹ

 �و� ىسنز ہن  (Cohesin Proteins) �ہ

ىسنن اور  SNC (Separase Enzyme) �� ا�ا��  ا��� ذر� �ے ر� �۔ ہن � � � � � �و�ز � ا�  �ہ

 � د� �۔

4. �� (Telophase) 

وو �رزاس �� � �و�ز �� �ں � �ف � � �� �۔ 
ٹ
نزنىن


 � � � �� �،  ��و ���اور  كنى ن

ٹ �و�ى

 دو�رہ �دار �� �۔ GB اور ER، �� �وا� �� �،  (Decondensation) � �ڑھ �

زز .5

ى�� ئز


ئ
ئ
 (Cytokinesis) �� �ئ

زز

ى�� ئز


ئ
ئ
، (Cytoplasm) ���زم� � � آ�ى �� �، � �  (Eukaryotic Cell) ���� � �� �ئ

زز� �� �ا� �ں � � �� �۔ (Cellular Membrane) �� �اور  (Organelles) ��ت

ى�� ئز


ئ
ئ
 ��، � �ئ

 ��� ذر� � �� � اور  (Cleavage) ��� ا�م � �� �۔�ا� �ت � � �  �س� �  ىنف ن
ٹ
ىكن  ان

(Actin Filaments) �اا� ر
ٹ
ىكئ  (Cellular Signals) �� ا�رے� � آ�ز �� �۔ (Contractile Ring) �ئ

 �رو� � �رے � � �� � � � ارد �د  ٹ ى
ف ئ

���� (Cytokinetic Furrow)  آ��ر ا� � � دو � ،� �

زز�ت � �ا � د� �۔

ى�� ئز


ئ
ئ
ىنن �۔ اس دوران  (Abscission) ا� �� آ�ى ��  �� �ئ ن

ٹ
ىكن اا� ر�-ان

ٹ
ىكئ  ��� �ئ

(Actin-Myosin Contractile Ring)    اور �  ��  �  �   �ر ��   دو  (Plasma Membrane) �ز� �  �  ا�

 �ت � � � �� �۔
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 (Cell Cycle Checkpoints and Importance) �� � � � �ا� اور ان � ا� 2.4

اور  (Accurate DNA Replication)  �ڈى ا� اے � در��� � � � ا� � �ا� �� � � 

 � � �� �۔ (Proper Distribution of Genetic Material) �� �اد � � �

1. i. G1 �ا� � (G1 Checkpoint) 

 G1 �نڈى ا� اے � � �� � � آ� �� � � � ��ت �زوں � � �۔ �  � �ا� � (DNA 

Damage)  � � اور د� �و� �ا� � ��۔ ا� ��ت �زوں � �ںS � ۔�� � � 

 G1 �ر�� �ا��  � �ا (Restriction Point)  ��� � � � � � � ں� ،� �� � �

 �� �۔ (Irreversible Commitment) وا� �

  ا� � �م �ا� �رى � �ے � وہS �  � دا� � ��، � � روك دے � اور � � � �� � �ش �ے �

 �Go � دا� � �� � اور ��ت � � �� � ا�ر �ے �۔ � 

    �ا� G1ا� �   �  �  ��  �   �رے ��   �م �S �   �  �   دا� ��  �   اے  ا�  DNA) ڈى

Replication) وع � د� �۔� 

  �ا� � ��� �  ك�نز
ئ
 اور �ئ ر

ز
�
ز
كل�

ئ
�  (Cyclins and Cyclin-Dependent Kinases - CDKs) �ئ

 ذر� � د� �۔

2. ii. G2 �ا� � (G2 Checkpoint) 

 G2 �و��� � �ر � � � � � اور ان � �� �ن � �، �� �  � � �� � � �م � �ا�

 � دا� � �۔ �س

    ڈى ا� اے � ��رك �� � اور �  (Cell Cycle) �� �ا� � �ا� � �� � �� � �

(DNA Repair) ش �� �۔� � �� � � � 

 �ڈى ا� اے � � ا  � � �� ��� �  ك�نز
ئ
 �� �� � � آ�ز � � د� �۔ (CDKs) �ئ

3. iii. M �ا� � (M Checkpoint) 



36 
 
 

 

 

 M �ا� � �� (Metaphase) ا�م � �� �۔ � 

  و�ز� � �ا� � � �� � � آ� �م� � (Sister Chromatids)  � ے  ا�ل ��ز� �ر� �

 � دا� � �۔ (Anaphase) ا��� � �، �� � 

 M �ا� �  ��� �  ك�نز
ئ
 � ا�رے � ا�ر �� �۔ (Cyclin-Dependent Kinases) �ئ

 

 

قسىىمى ��) 2.5
ت
ت
 Meiosis (Division Phase) - �س (

نىسس�� وا� ��اروں �  (Sexual Reproduction) � ���س ا� �� � � � 
ن
نىن جج

وو
ٹ
گىىمنىن

 

(Gametogenesis)  س� دوران
ٹ
ى�ٹىٹ گى

 (Gametes) ا�ے � (Eggs) اور �م (Sperms) ۔� �� � � �� 

  �  �  �  �    1876�س  دان  ��ت ��   وگِ�  �ٹ   (Oscar Hertwig) آ�  ا�وں�  ار� � (Sea 

Urchin Eggs) ر��  1905� ا�ح  �س� در�� �۔� � � (J. B. Farmer)    .J. E) � اى �راور

Moore)   �  �  �  �  �   ��ذ �  �  ���  �  ،�   و� �"�" (Reduction)۔ 

 � �� �� � (Reductional Division)  �وا�� �� �� �، � � ا (Parent Cell)  �ڈى ا� ا

� دور � �� �  (Chromosome Segregation) دو �و��م ��� �  (DNA Replication) اے �

 (���) ر� �۔ � د� �، � وا�� � � � � �و��م (Daughter Cells) �ر � �� 
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 :�س � �� � � دو �ا� �ا� �� �

 I (Meiosis I) �س .1

 II (Meiosis II) �س .2

   ا� ��  ��    (Karyokinesis) ��ى  ا�  �اور ���� (Cytokinesis) ۔�  ��  �  � 

 :� �� � � �� � I �س

 �و� I (Prophase I) 

 �� I (Metaphase I) 

 ��ا I (Anaphase I) 

 �� I (Telophase I) 

 (Significant Activities) ا� ���ں .3

 :�س � �ا� � دوران � ا� ���ں ا�م �� �، �

 (Pairing of Homologous Chromosomes) ���� �و��� � �ڑا �� •

 (Reciprocal Exchange of Genetic Material) �� �اد � �د� •

 (Sub-Stages of Prophase I) � ذ� �ا� I �و� .4

وو� .1
ٹ
 (Leptotene) �نىنپن

o  � و��� �ڑ� �� � � اور ان�� � (Telomeres) � �� (Nuclear Membrane) 

 � � �� �۔

و� .2
ئ

 (Zygotene) زا�

o    �ا� ���� (Synaptonemal Complex)  �  ،��  �   Zip-like) زِپ

Structure) و�ز� �   در�ن �� �� � اور �  �و��� � ����  ،� (Non-sister 

Chromatids) ڑ� �۔� � 
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ىنن  .3 ن
ٹ
 (Pachytene) نپنىكنىن

o  اد � �د���� � �و�ز � در�ن�  (Crossing Over) ۔� �� 

 (Diplotene) ڈ�� .4

o � ����  اور ���� �و��� �ف � �� � ����� (Chiasmata)  �ے ر� �

 � �ف � �� � �۔ � �� � 

ئىسس .5
ن
ئ
ئ
ئ
 (Diakinesis) ڈا�

o  � ڑ� � �� � اور ���� �و��� ا� � �� �۔�و��� � �ر� 

o  �� �اور ��� � � �� � �� ا � ���� I ر �۔� � � 

 

 (Steps of Meiosis I) � �ا� I �س

 I (Prophase I) �و� (1 .1

 �� �� �� (Meiotic Division) � � � � � � اور � ا� وا�ت � �� ��: 

i) �� �و��� � �ڑ� (Chromosome Condensation) 

س � ا�ر � آ� �۔ � X� �ہ �و���  •
ئ
 ا�ر �� � اور دو � �و�ز وا� �ر � �ك�ئىئ

ii) � و��� � �ڑا� ���� (Synapsis) 

وا�� � ورا� � � �� ���� �و��� ا� دو�ے � �� آ� � اور �رے �و��م � ��  •

ى � �� �� �، �   � �۔ ���پ

 � �، � �ر �و�ز � � �� �۔ (Tetrad) �ڈ •

iii) �اد � �د� �� (Crossing Over) 

 آ� � �ل �� �۔ ڈى ا� اے � �و��� � � � �و�ز � در�ن ���� � •

•  � ���� (Chiasmata) ذر� �� �، � �� �اد � �د� � �� را� � ��ت �۔ � 
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iv) � � ا�ل ��ز (Spindle Fiber Formation) 

� �  �و �� � � � � دو�ں �ف � � اور � �و��م �  (Centrioles) ���ا�ل ��ز  •

 �� �۔

v) �� � � �� (Nuclear Envelope Breakdown) 

 � � �� �، اور �و��� � � و� � �ف �� �� �۔ �� ��و� � آ�ى �� �،  •
 

 

 

 

2 (Metaphase I  

�� I س� (Metaphase I Meiosis) 
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 ���� �و��� � � �� � � � � �� �۔ .1

 ا�ل ��ز و� � � �� �۔��� � � �� � � � �� � اور ان � � وا�  .2

 �و��� � �و �ز ا� آپ � � � �� � � �ف �� د� �۔ .3

 (Anaphase I Meiosis) �س I ا��

 دو � �و�ز وا� �و��� ا� � � �� � � �ف �ت �وع � د� �۔ •

 ز � �� � و� � �� � � � �و��م � �و � � �ے �� �۔� �� ا�ل �� •

 ���� �و��� �� � � �ف �ت �وع � د� �۔ •

�� I س� (Telophase I Meiosis) 

 �� �۔�و��� � �ت رك �� � اور � � � ��� �و��� � �اد ��د  •

 � � اور ا�ل ��ز �� � �� �۔ (Nuclear Envelope) ��ى ��و��� � �د  •

 �� � �� �۔ (Nucleolus) ����و��� � �ڑ� � �� � اور � � � �  •

 

ئىسس
ن
ئ
ئ
ئ
� �� I س� (Cytokinesis I Meiosis) 

و�زم � � � � � �� دو ا�  •
ٹ ى

ئ
�� �� �� � (Daughter Cells) ۔� � 

� � ذر� ��  (Cell Plate) � ���روں � � � � � � � �� � �� �، � �دوں �  •

 �۔

 � �� � �� �۔ ��ز�دہ � �ں � � �  •

 

 

 I � � (Result of Meiosis I) �س

ئىسس
ن
ئ
ئ
ئ
� �� I  � وا�� � � � � �اد � �و���  � �� ا�م � دو � � ،� �� �
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 (Reduction Division) � �� ا� �  �س�ڑوں � � � �و�ز) ��د �� �۔ 23�و��� اور  23(

 � � �� �۔

 (Steps of Meiosis II) � �ا� II �س

 II (Meiosis �سدو�ى � � دور � دا� �� �، �  � �� دوران � �� وا�  I �س

II) ۔� � 

 II (Prophase II) �و� .1

 دو�رہ �� �� �۔�� � �� � � اور ا�ل ��ز  •

 � ��ل دو �ڑوں � � � �� �۔ •

 � �� اور � � �� � �ف �ت �وع � د� �۔ (Replication) اس �� � �و��� �� � •

 

2. �� II (Metaphase II) 

 �� �۔�و��� ا�ل ��ز � �د � � � �� � � � �  •

 ��� � � � � �� � � ��د �� �۔ •

•    دو �  �  �  �   �و�ز�و � (Daughter Chromatids)    اب �  ،�   د�  �و���� � 

(Daughter Chromosomes) اور ا�ل ��ز � �و��م � �ے �� �۔ � �� 

 II (Anaphase II) ا�� .3

 � �و��� ا�ل ��ز � �د � �� � � �ف � �� �۔ •

 � ا�م � � � � � �و��� � � ��د �� �۔ II ا�� •

4. �� II (Telophase II) 

 � �۔� � اور ا�ل ��ز �� � � ��ى �� �و��م � �د  •

� � �ر ��  (Cytoplasmic Division) ���زم � ���� دو�رہ �� � �� � �� � دو�ى �ر  •
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 �۔

ئىسس .5
ن
ئ
ئ
ئ
� �� II (Cytokinesis II) 

ئىسس •
ن
ئ
ئ
ئ
� �� �� � I  � � ،� �� و�زم �� �ح

ٹ ى
ئ

 دو ا� � � � �� �، � � � � دو�ى ��

 �۔

� �� �، � � ا� وا�� � � � � �و���  �ر � ��، ��� � �� ا�م �  II �س •

 �� �۔

 (Importance of Meiosis) �س � ا� 2.5.1

 ��اروں � �و��� � �اد � ��ار ر� .1

  � رت � � �� �۔ �ڑوں 23�� � �  �و��� 46ا��ں � � � � �م �ر� � 

  ،� � �س� در � �و��� � �اد � ��ار ر
ٹ
ى�بىب گى

� وا�� � � � �  �� � � � وا� 

 �و���) �� ��۔ 23�و��� (

 ل � �� �۔ 46� �، � � �و��� � �م �اد  ز�ٹر �م � �پ � ا�ے او� 

  � � � � �ببط�ىا� �و��� � � � � ��ار � ر � � �� (Genetic Abnormality)  � � �� �

 �۔

 (Genetic Diversity) �� �ع � � .2

 �ا �� �۔ آ�دى � �� �ع���� �و��� � در�ن �� �اد � �د� �  •

 � � ا� �دى � �۔ (Evolutionary Process) ار�� �� �ع  •

 

  (Learning Outcomes) �� ا�� 2.6

 �� � �� �ں �: ن��ں � � اور � �اس �ب � �� � � �ء درج ذ

 �� � )Cell Division� ۔ � وا� � � ت�� ) � �ا� اور ان� 



43 
 
 

 

 

 و
ٹ ى

ئ
 �۔ � � ن) � �ا� � �ق � �Meiosis( س) اور �Mitosis( س��

 �� � � ا� ( � دوران�Checkpoints�۔ � � ن� � ) � �دار اور ا� 

 �اد � �د� ( �� دوران � س�Genetic Exchange� ۔ � � � ا� ) اور اس� 

 �� � � � � �� ) ع�Genetic Diversity� ( � ��۔ � � ن� � ا� اور ار� 

 (Keywords) �ى ا�ظ 2.7

 دو � ز�دہ � �ت �� �۔وہ � � � � � � � 
Cell 

Division 
� �� 

وس Mitosis �� � � وہ �� � � �� �اد � در� � �� � اور دو �ں � �ت � �۔
ٹ ى

ئ
�� 

� �ں �  �� � � وہ �� � � �و��� � �اد آد� � �� �، � � �ر

 �ت � �۔
Meiosis س� 

�� � � دوران وہ ��ت � �� �اد � در� � اور � � � ��د� � �� 

 �� �۔
Checkpoints 

 �

 �ا�

 

  (Model Examination Questions) �� ا�� �ا�ت 2.8

  (Objective Answer Type Questions) �� � � �� /� �ا�ت � �� �ا�ت 2.8.1

 �� � � وہ �� � � �و��� � �اد آد� � �� �، � �� �؟ .1

A) وس
ٹ ى

ئ
�� (Mitosis)         B) س� (Meiosis) 

C) ��ا (Interphase)         D) ئىسس
ن
كئ

�� (Cytokinesis) 

 �س (B :� �اب

 �� �اد � �د� � � � �� �ع � ��� �، � �� �؟ .2

A) ا� اوور� (Crossing Over)      B)  نن
ش
ىش پ�نىكن  (Duplication) ڈون
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C) ��ا� (Transcription)       D) �� (Translation) 

 �ا� اوور (A :� �اب

وس � دوران  .3
ٹ ى

ئ
 �و��� � �� � �ر ��� � �� �ن � �؟��

A) ��ا (Interphase)         B) � � (Metaphase) 

C) � �ا (Anaphase)         D) � � (Telophase) 

 � � (B :� �اب

 � � �� � �� � �� �؟ DNA � � � � دوران .4

A) ��(G1 Phase)         B) �� (S Phase) 

C) �� (G2 Phase)         D) �� (M Phase) 

 B) �� SPhase :� �اب

ببووں � �ف �� �� � �� � �� �؟ .5  �� � � دوران �و��� � �� قط

A) � و� (Prophase)         B) � � (Metaphase) 

C) � �ا (Anaphase)         D) � � (Telophase) 

 ا� � (C :� �اب

6. G1 ا� � �دى �م � �؟� � 

DNA A) �� � �          B) �� � و��� � � �ى� 

C) اور � � � DNA �� � ن�      D) �� � آ�ز � � � � 

 �ن � �� DNA � � � اور (C :�اب� 

 � � ���زم � � � �� �ن � �؟ .7

A) ��ا (Interphase)         B) وس
ٹ ى

ئ
�� (Mitosis) 

C) ئىسس
ن
كئ

�� (Cytokinesis)       D) � � (Telophase) 

ئىسس (C :� �اب
ن
كئ

�� 
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 دو�رہ � �� � اور �و��� دو�رہ � �ا� � �� �؟� �� � �� �  .8

A) � و� (Prophase)         B) � �ا (Anaphase) 

C) � � (Telophase)         D) � � (Metaphase) 

 � � (C :� �اب

 � �� �؟ �� � � دوران �و�ز � دو �ں � � � �� .9

A) � و� (Prophase)         B) � �ا (Anaphase) 

C) � � (Metaphase)         D) � � (Telophase) 

 ا� � (B :� �اب

 �س � دوران �ا� اوور � � � �� � �� �؟ .10

A) �و
ئ

ىنن  (B         (Zygotene) زا� ن
ٹ
 (Pachytene) نپنىكنىن

C) �وو
ٹ
ئىسس (D        (Leptotene) �نىنپن

ن
ئ
ئ
ئ
 (Diakinesis) ڈا� �

ىنن  (B :� �اب ن
ٹ
 نپنىكنىن

  (Short Answer Type Questions)ت � �� �ا�ت �ا� � 2.8.2

1.    س � دوران � � � و�� ��۔�� 

2.    ا�� � و�� ��۔ � � �� 

3.   ئىسس
ن
كئ

 � �؟ و�� ��۔  ��

4.    س اور �س � در�ن �ق �ن ��۔�� 

5.   ع � �و��م � � ��ار ر� � �س � ا� �ن ��۔� 

  (Long Answer Type Questions)ت � �� �ا�ت �ا� �� 2.8.3

1.   � �� (Cell Cycle)  ن ��۔� � � 

2.   س�� (Mitosis)  ا� �۔� � � 

3.   �ا� � � � � �� (Cell Cycle Checkpoints)  ؟ ان � ا� � و�� ��۔� � 

4.   س� (Meiosis)  ہ � ��۔�� �� � 
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5.   �س �و�-I (Meiosis Prophase-I) وا�ت � و�� ��۔ � 

2.9  ��(Glossary) 

  ا��ى ا�ح  اردو ا�ح  اردو �دل  ��

ا� � � � � �ر � �ں � �ت �ا �� �، � � آد� 

 �و��م �� �۔
زخا� �

 ت خ
 Meiosis �س ا�

 Mitosis ��س �� � ا� � � � � � � � دو �ں � �ت �ا �� �۔

و�زم � � � � ���زم � � � ��س � �س � � �� �۔
ٹ ى

ئ
سس ��

ن
كئ

�� Cytokinesis 

س � �� �� � اور ورا� ��ت �ا� 
ئ
�� �اد � �� ڈ�� � �ك�ئىئ

 �� �۔
 Chromosome �و��م ر� �

�� �و��� � �ڑ � � دوران �� �اد � �د� �� �، �ص �ر 

 �۔ I � �س � �و�
پسس �� �ڑ  Synapsis �ن

 Spindle Fibers �ل ��ز � ر� �� � � دوران �و��� � ا� �� وا� ر�۔

�و��� آ� � �� � اور �� �اد � �د� وہ �م �ں دو �� 

 �� �۔
 Chiasmata � ز� �د� �م
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گ: ا�م اور ��م  :3 ا��
خ
�ت

خ
 �� سگت

(Cell Signaling: Types and Mechanisms) 

 ا�� � ا�ا:

3.0 �(Introduction) 

3.1 ��(Objectives) 

 (Cell-Cell Communication and Types) �ا�ت اور ا�م � - � 3.2

گ 3.2.1
نئ
�

نئ
 :(Autocrine Signaling) آ��ا� سگ

گ ا��� 3.2.2
نن
�

نن
 :(Paracrine Signaling) سگ

گ و�ا��ا 3.2.3
نن
�

نن
 :(Endocrine Signaling) سگ

گ 3.2.4
نب
�

نب
 :(Direct Signaling) �اہ را� سگ

گ � � � 3.3
نن
�

نن
ى �� ��  سگ ى ك ى  (Molecules Involved in Cell Signalling) وو�ى

ڈ 3.3.1
ڈ ن ى

ئ
 :(Ligands) ز��

ر 3.3.2
ٹ پ  :(Receptors) زر�ى

3.3.3 �  
م

 
ى ى

�جررز
ز
 :(Second Messengers and Signal Transduction) اور � �ا�� س�

 (Learning Outcomes) �� ا�� 3.4

 (Keywords) ا�ظ ى� 3.5

 (Model Examination Questions)�ا�ت  �� ا�� 3.6

 (Short Answer Type Questions)� �ا�ت � �� �ا�ت  3.6.2

 (Long Answer Type Questions)�ا�ت �ا�ت � ��  �� 3.6.3

3.7  ��(Glossary) 
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3.0 �(Introduction) 

ا� ا� اور �ہ � � � �ں � ا� ��ل اور �و�  (Cell-Cell Communication) � �ا�ت-�

�  �    (Signals) �ں ��  �   د�  رد� �   ان  اور �  ،��   �س  ��اروں�  �ى �  �   �۔ �� 

(Multicellular Organisms) �و�  �  ،�   ر�  ا�  �دى �  �   �م ��  � (Growth)ار�ء  ، 

(Development)�ا� رد� ، (Immune Responses) � اورostasis (Homeostasis)  � � �ار ر�� �

� � �� �۔ �ا�ت � ذر� � ا� ا�ل � � آ� � � �، ���� ��ں � �اب �� ���ں � � آ� 

 دے � � اور ��� �ں � ا�م � ��ار ر� � �۔

 �� � �ں � � � � �ى ��اروں �، ا�ادى � � ا��ں � �� � ا� �ہ � ورك � �

، �� (Chemical Signals) �د� �� ر� �۔ � � � ذرا� � آ � � اور � �ں � � � � � �� �

زز 

پ���  �� �� اور � ۔ ان � �(Direct Physical Contact) � �اہ را� �� را� (Electrical Impulses) ا�پ

� � آ� �� اور ��ار � � � � �� � � ا�� ا�  (Tissue Functions) �� رو� � � ��، �� ا�ل

 �۔

� اور و�ل � �ا�ت � � ا�م �، � اس �ت � � � � � � �ح � �� � اور � د� وا-�

گ � �دى ا�م � �� �
خ
�ب

خ
 �ا��(Autocrine) آ��ا� :�� وا� �ں � در�ن �� � �۔ �� سگب ، 

(Paracrine)�ا� � ، (Juxtacrine) گ
خ
�ب

خ
 :(Cell-to-Cell Contact Signaling) اور � � � را� سگب

گ •
نئ
�

نئ
 سگ ىوو� :(Autocrine Signaling) آ��ا� ىكن  ��ن گ

خ
�ن

خ
 سگن �   ا� �   (Signaling Molecules) اس

�رز
ٹ ىستپ� � � �� �، �ں � ا� � رو� � ا� ا�از ��  (Receptors) �رج �� � � اس � ا� � � ��د رت

گ � � �و� اور �
خ
�ت

خ
 ا �� �۔� ا� �دار اد (Differentiation) �۔ � سگت

گ •
نئ
�

نئ
ىوو� �رج �� � � �� �ں � ا� ا�از  :(Paracrine Signaling) �ا�� سگ ىكب گ ��ب

خ
�ب

خ
اس � ا� � سگب

 � �ں � ا� �۔ (Inflammation) اور �زش (Tissue Repair) �� �۔ � � ��ں � ��

گ •
نئ
�

نئ
اس � � د� وا� اور و�ل �� وا� �ں � در�ن  :(Juxtacrine Signaling) � �ا� سگ

 �ڑ ��  �  ،�  ��   در�ر  را�  را� ىوو� (Specialized Junctions) �اہ ىكى  ��ى  �ے �  �  � 

(Membrane-Bound Molecules) � �� گ
خ
�ت

خ
اور �� �ز  (Cell Differentiation) � ذر�۔ � سگت
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 � � ا� �۔ (Tissue Patterning) ى�

گ •
خ
�ب

خ
اس � �اہ را� �ا�ت �ص ڈ��ں  :(Cell-to-Cell Contact Signaling) � � � را� سگب

زز

�
ز
�
ش
كس

زن
 ىوو� (Ions) � ذر� �� �، � � �ں � در�ن آ� (Gap Junctions) � � �ج ىكٹ  اور �� ��ٹ

(Small Molecules) د� � � �� �، اور �ں �� ا�ل � � آ� �� �۔� � 

�  ��  �  �  ،�  ��   ذر� �  ىوو� ىكت  ��ت �  �  �   �ا�ت ڈز :��
ڈ ز ئ
�� (Ligands)رز�

ٹ ىسٹپ�  رٹ ، 

(Receptors)جررز�
زى
ىس مث

 :(Signal Transducers) �زاور � �ا�� (Secondary Messengers) ، ��ى 

ڈز •
ڈ ز ئ
�� (Ligands): گ را� � �ك �� �۔

خ
�ت

خ
�رز � � � سگت

ٹ ىستپ� ىوو� � � �ص رت ىكت گ ��ت
خ
�ت

خ
 � سگت

�رز •
ٹ ىسٹپ� گ � �  :(Receptors) رٹ

خ
�ئ

خ
دٹز � �ن � سگئ

 خ ئ
 � � � � � � ا�ر ��د �� � اور �� ر

خ خ ى
ٹ

� �ص �و�

 �۔آ�ز �� 

�جررز •
زى
ىس مث

ىوو� :(Secondary Messengers) ��ى  ىكب � � �  (Intracellular Molecules) � � ا�ى ��ب

ىوو� � �� �۔ ىكب �ر � �ف ��ب
ٹ ىسبپ�  � �� � رب

  :(Signal Transducers) � �ا���ز • اور ��� � �و� � � �� ا�رو� رد� � �� �� �،

 � �� ا�ل � � �� �۔

ىوو� � �دار � �، �ں � � �ر ���� ىكب گ ��ب
خ
�ب

خ
اور  (Physiological) �� �ا�ت � �� �ر اور سگب

گ را�ں � � � � � �ا� � �
خ
�ب

خ
 �� �ر�ں � �، �د�ر ا�اض��� �ں � � � � �� ا� �۔ ان سگب

(Autoimmune Disorders) ووں � � � � �۔
ت
 � �و� � � �لبىب

گ -� �ب �
خ
�ب

خ
� �ا�ت � �دى �ؤں � �� � �ا� �� � � �� � � �، � � � سگب

ىوو� �� � ىكن گ ��ن
زن
�

زن
۔ ان �رات � � �، �ء � � �� � �د � � � � � �ح � آ� � ��ار ر� ��م اور سگ

 �، �و� ��ت � �اب د� � اور �ہ ��� ا�ل � ا�م د� �۔

3.1 ��(Objectives) 

 :� �� � � �ء درج ذ� �� � �� �� � �� �ں � ا�� اس

 �-ا�ت� � (Cell-Cell Communication) دى �رات اور اس � ��� ا� � �۔� � 
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 �ا�ت � � ا�م � آ��ا� �� (Autocrine)��ا� ، (Paracrine)�ا� � ، (Juxtacrine) 

گ � و�� ��۔ (Cell-to-Cell Contact) اور � � � را�
ض
�ت

ض
 سگت

 �ىوو ىكن گ ��ن
زن
�

زن
ڈز (Signaling Molecules) سگ

ڈ ز ئ
�� � (Ligands)رز�

ٹ ىسٹپ� �جررز(Receptors) ، رٹ
زى
ىس مث

 ، ��ى 

(Secondary Messengers) اور � �ا���ز (Signal Transducers)  دار � �ن ��۔� ا�ل اور� 

 گ را�ں
خ
�ت

خ
ىوو� � �� �� � � اور ان � ��� �ں �  (Signaling Pathways) � سگت ىكب � �� ��ب

 ا�ات � �� ��۔

 گ � ��م � ��د � � � � � ا�ات اور �ر�ں � � � �� ��۔
خ
�ب

خ
 سگب

 � ل � �ء �� �ا�ت � �دى ا� اور ��� �م � ان � �دار � � �ر � � � �۔ ان ا�اف� 

 

 (Cell-Cell Communication and Types) � �ا�ت اور ا�م -�  3.2

 �� � � ا� � � (Cell Types) � �� ا�م (Multicellular Organisms) � �ى ��ار

 آ� �  �   �ا�ت (Coordinate) رو�ں �  �  �� (Communication) �   �۔  �ر� �  �  �- �

، (Differentiation) ، ا�ز(Development) ، ��(Growth) �و� (Cell-Cell Communication) �ا�ت

ااء (Tissues) ��ں
ض
 اعض   (Organs) اور  �ا�� ،� (Maintenance) ��  ��   Physiological) اور

Regulation) ا� �۔ �� � � 

 :�� � (Communication) ز�ہ �ت � د� � دو � � �ا�ت

گ .1
خ
�ب

خ
 �ا�� ��  (Cell) دو�ے � (Cell) � ا� � :(Intercellular Signaling) � �� سگب

(Communication) ۔� �� 

گ .2
خ
�ب

خ
 سگب ىہ �ب

خ
 ا�خ � (Intracellular Signaling): ��ر   �م  ا�ر  ا� �  �   ا� � (Signal 

Transmission) ۔� �� 

� �� (Chemical Signals) � �د� وا � (Signaling Cell) ذر� �رج � (Release) 

   �ف  اور �  ��� (Target Cell) و�ل   ذر� � (Receive) ر
خ خ ى

ٹ
 �و�  ��د �  �   �ف  �۔ ��  � 

(Proteins)  �  رز،
ٹ پ ىوو� (Receptors) ر�ى ىكت  ��ت گ

ز
�ت

ز
 سگت ،�  ��  � (Signaling Molecules) �رد  �  �  � 



51 
 
 

 

 

(Response) ۔� � �� � 

گ (Multicellular Organisms) � �ى ��اروں
نئ
�

نئ
� �ر ا�م  (Chemical Signaling) � �� سگ

� �� ��: 

گ .1
نئ
�

نئ
 (Autocrine Signaling) آ��ا� سگ

گ .2
نئ
�

نئ
 (Paracrine Signaling) �ا�� سگ

گ .3
نئ
�

نئ
 (Endocrine Signaling) ا�و�ا� سگ

گ .4
نئ
�

نئ
گ � �اہ را� سگ

نئ
�

نئ
 (Juxtacrine Signaling/Direct Signaling) � �ا� سگ

 � � � � � �� (Target Cell) � �ف � (Signal) ان � ا�م � �دى �ق � � � �

(Distance) ۔� �� �� � 

گ 3.2.1
نئ
�

نئ
 :(Autocrine Signaling) آ��ا� سگ

ىوول ىكئ گ ��ئ
خ
�ئ

خ
گ (Signaling Molecule) � �� � ا� � سگئ

نئ
�

نئ
 � رد� �� �ے � ا� آ��ا� سگ

(Autocrine Signaling) ۔� � 

(Auto = "د" � �د�ر�) 

�جرر (Hormone) � ا� �ر�ن
نئ
ىس مئ

 �� � (Chemical Messenger)  � � �� آ��ا� ا��رج 

(Autocrine Agent) � � �رز� �، � ا
ٹ پ  � � � � � ��ں (Autocrine Receptors)  آ��ا� ر�ى

(Changes) ا �� �۔� 

گ �م �ر � � � �و�
خ
�ن

خ
�  (Immune Function) اور �ت �ا� (Differentiation) ، �(Growth) � سگن

 � � �� �� �۔

گ 3.2.2
نئ
�

نئ
 :(Paracrine Signaling) �ا�� سگ

 � � � � � � ا� ارد�د ��د �ت (Cellular Communication) � ا� ا� �� �ا�ت

(Nearby Cells) � � � �� ك� � (Signal) �ا �� �، � � ان �ت � رو� (Behavior)  �

ىوو� ىكب گ ��ب
زب
�

زب
 �  (Paracrine Factors) �ا�� �ا��  ،(Signaling Molecules) �� آ� �۔سگ ،� �� �

�� (Short Distance) � � � (� �� - Local Action)�� ��۔�ا (Paracrine Factor) ر
ٹ پ  � ر�ى
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(Receptor) � � �� � � � �� �� � (Signal Transduction Cascades)  آ�ز � � � ،� ��

� � �ورى � �  (Receiving Cell) � � � �۔�م و�ل �� وا� � (Different Responses) رد�

رز
ٹ پ  �  (Receive) د�ب �ں �� � و�ل (Appropriate Receptors) اس � �� ر�ى  ا�� � �،

(Competency) ۔� �� � 

 (Neurotransmission) �رو�ا�� �ر �  �ل

گ 3.2.3
نئ
�

نئ
 :(Endocrine Signaling) ا�و�ا� سگ

 �ت  دراز   (Distant Cells) دور �  �   وا� �  گ�
نئ
�

نئ
 سگ �  (Endocrine Signaling) ا�و�ا�

 �ود  ا�و�ا� �    (Endocrine Glands) �۔�  �ود�  (Thyroid Gland) ��ا� ھئى��س،
ت
�
�� 

(Hypothalamus)    �وداور  وا�  (Pituitary Gland) ��ى ��   �رج �  گ
خ
�ئ

خ
 سگئ  �۔ا�و�ا� ��   �ا �

ڈز
ڈ ز ى

ئ
�� (Ligands)  ���ر� (Hormones) � �ىوو� � � ا ىكت گ ��ت

ز
�ت

ز
� �ا  (Part of the Body) � �۔ � سگت

 � ا� ا�از �� �۔ (Other Body Regions) � � دو�ے �ں�� � � 

گ 3.2.4
نب
�

نب
 :(Direct Signaling) �اہ را� سگ

  �  زز ��روں

�
ز
�
ش
كش

زن
  �ج � (Gap Junctions)   �   �دوں اا اور

ٹٹ
�مٹى

ى  �ں (Plasmodesmata) �ز�ڈٹ �� 

(Cell Membranes) � � �� �ے �� در�ن را� �ا� �� �۔ (Water-Filled Channels)  ��

ىوو� ىكن گ ��ن
زن
�

زن
� دو �ت � در�ن  (⁺Calcium Ions - Ca²) � آ��  (Small Signaling Molecules) سگ

� (Transfer)  � �ىوو ىكب ر �� د� �، � �ے ��ب
زز  ى

ٹ
� �ر ان � �  (DNA) ڈى ا� اےاور  (Proteins) �و�

ر�، � ا� � و� �  (Independent) اس �ت � � �� � � � آزاد (Specificity) �۔� � ��

گ (Signal Transmission) �ى � اور آ�� � � � ��
نب
�

نب
 (Direct Signaling) � � �۔�اہ را� سگ

رد� � ا� �� �، �� وہ  (Coordinate) � � آ� (Response) � � �ابا� �وپ � �ت � ا� � 

 � �ف ا� � � � �ں � � �۔

ىوو�  3.3 ىكن گ � �� ��ن
خ
�ن

خ
 (Molecules Involved in Cell Signalling) � � سگن

گ
خ
�ت

خ
 :� � �� � (Stages) �م �ر � � ا� �ا� (Cell Signalling) �� سگت
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ىوول :(Reception) ا�ل .1 ىكن ر (Signal Molecule) اس �� � � ��ن
ٹ پ � �� ��  (Receptor) � ر�ى

 �� �۔

2. ��  �  � (Signal Transduction): �  ��  �  ��   ��وں (Chemical Signals) اس

(Enzymes) ك �� �۔� � 

 �� �� �۔ (Reaction) آ� � � � �اب � رد� :(Response) �اب .3

ڈز
ڈ خ ى

ئ
��  �  �  ��  ��  ىوو� ىكئ  ��ئ �  �  �  �  گ

خ
�ئ

خ
 سگئ �  � (Ligands)رز

ٹ پ  ر�ى ، (Receptors)  اور

�جررز
زى
ىس من

 ۔(Secondary Messengers) دو�ے 

ڈز 3.3.1
ڈ ز ى

ئ
�� (Ligands): 

� �� (Chemical Signals) د� وا� �ت � � (Signalling Cells) �� � �� �ذر � 

(Soluble) �ىوو ىكب  ��ب  �را� � (Volatile Molecules)   ،�  ��   �رج �  �  ڈز�
ڈ ز ى

ئ
�� (Ligands) ۔�  �� 

رز (Target Cells) � �ف �
ٹ پ � �ر � �م  (Chemical Signals) � �� �� � � � (Receptors) � ر�ى

 �� � � �ف � � � �۔

ر
خ خ ى

ٹ
ڈز � ا�م � �� � اور � �� �و�

ٹ خ ى
ئ

�� (Small Proteins) �آ �� � � � (Ions)  �� 

(Calcium - Ca²⁺) ��ڈز ��رو
ڈ ز ى

ئ
ىلك (Hydrophobic) � � � �۔�� ىوو� �  (Hydrophilic) � ��روفئ ىكى ��ى

 � �۔

ڈز •
ڈ ز ى

ئ
 :(Hydrophobic Ligands) ��رو�� ��

ىوو� � �  ىكى  ۔(Vitamin D) و�� ڈى� �ح �� � �  (Steroid Hormones) ا�ا� �ر��� ا� ��ى

و (Plasma Membrane) � �اہ را� �ز� �
ٹ ى

ئ
� دا� � � � اور  (Cytoplasm) �زم� ذر� ��

رز
ٹ پ  �� �۔ (Interact) � �� �� (Intracellular Receptors) ا�رو� ر�ى

ڈز •
ڈ ز ى

ئ
ىلك ��  :(Hydrophilic Ligands) ��روفئ

ىوو�، �  ىكى � �� � � � ، � � دا(Insulin) ا���  (Peptide Hormones) �� �ر��� ��ى

رز
ٹ پ  � ا�ل �� �۔ (Cell Surface Receptors) ر�ى
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رز 3.3.2
ٹ پ  :(Receptors) ر�ى

ىوول ىكن  ��ن  �و�  �ص  ا� ر
ٹ پ ڈ (Specialized Protein Molecule) ر�ى

ڈ خ ى
ئ

��   �ص �  � (Specific 

Ligand) � � � � ،� �� � ا�ر � � �� � � �ر � �� � اور اس (Signal Transduction)  �� �

 �وع �� �۔ (Cellular Response) رد�

رز � ان � � � �ظ � دو ا�م � � � �� �
ٹ پ  :ر�ى

رز .1
ٹ پ رز �ز� � :(Cell Surface Receptors) �� � � ر�ى

ٹ پ �� � ��  (Plasma Membrane) � ر�ى

ڈز
ڈ ز ى

ئ
ىلك ��  � �� �۔ (Hydrophilic Ligands) � اور ��روفئ

رز .2
ٹ پ  ر�ى دٹز :(Intracellular Receptors) ا�رو�

 خ ى
ئ

��   ��رو��  اور �  ��  ��   ا�ر �  �  رز
ٹ پ  ر�ى � 

(Hydrophobic Ligands) ��ا�ا� �ر � (Steroid Hormones) ۔� �� � 

ر
ٹ پ ڈز � �پر�ى

ڈ ز ى
ئ

گ � را� (Binding) ز � �� ��
خ
�ت

خ
 �ل (Signaling Pathways) � � � سگت

(Activate) �رد �� � � ،� �� � (Cellular Responses) ا �� �۔� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(i) رز
ٹ پ  :(Internal Receptors) ا�رو� ر�ى

   ا�ا �  رز،
ٹ پ  ر�ى �  (Intracellular) ��ا�رو�

رز
ٹ پ  ر�ى  �  (Cytoplasmic Receptors) ���ز� �

 ���زم �  �  ،�  �� (Cytoplasm)  ��  ��  �

ىوو� ىكئ  ��ئ ڈ
ٹز  ى

ئ
��   ��رو�� رز

ٹ پ  ر�ى �   Hydrophobic) �۔

Ligand Molecules) � �رد� �� �� � � �ز � 

(Plasma Membrane)  �ر  ��  �  ��  �   �ر �

 �۔

ڈ
ڈ ن ى

ئ
��-��  ر

ٹ پ  (Ligand-Receptor Complex) ر�ى

س
ئ
 اے (Nucleus) �ك�ئىئ  ا�  ڈى  اور �  ��  �   دا� � 

(DNA)  �ص �ں � � �� �۔ � � ا� آر ا� �

 � (mRNA) اے  �ص �   �اوار � (Specific 

Genes) غ د� �، اور اس � � دو�ے ��ى ��� �و 

(Second Messenger) د� � ��۔ � � 
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1. (ii) رز
ٹ پ  :(Cell-surface Receptors) � �� ر�ى

رز ا� �و�
ٹ پ ب�ر� � � �� �۔ ا�  (Cell Membrane) � � � � (Proteins) � �� ر�ى �ا� �ىىم�

رز
ٹ پ � � �� � اور ا�  (External Signals) � � �� �۔ � �و� � (Transmembrane Receptors) ر�ى

 � � ا�ر � �� �، � �د � � دا� ��۔

ر � � �دى ا�اء �� �
ٹ پ  :� � �� ر�ى

ڈ ��� .2
ڈ ن ى

ئ
ىوول - (External Ligand-binding Domain)  ڈو��و� �� ىكن  Signal) � � ��ن

Molecule) ۔� �� � 

� � � �ر ��  - (Hydrophobic Membrane-spanning Region) ��رو�� � �ر �� وا� � .3

 �۔

 �� �۔� � � ا�ر ��د  - (Intracellular Domain) ا�ا �� ڈو� .4

رز � ان � �
ٹ پ  � �د � � ا�م � � � �� �۔ (Function) � �� ر�ى

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(i) � �ڈ آ
ٹ
ىڈ ئٹئ


 :(Gated Ion Channels) گئى

ىلك آ� �  (Hydrophilic Ions) � ا� � � � ��روفئ

� �ر� � ا�زت  (Plasma Membrane) �ز� �

�ر د�
ٹ ��ئى�

نئ

 �۔ �ل � �ر �، � �� �رو�ا

(Neurotransmitter) �� �اا
ٹئ
ىسئى  � ائ

(Acetylcholine)  �� اس � �� �، � آ� � � �ر

� ا�م د� � ا�زت  (Neural Firing) � اور ا�� �

 د� �۔
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�جررز اور � �ا�� 3.3.3
زى
ىس من

 � (Second Messengers and Signal Transduction): 

�جررز
زى
ىس من

  � (Second Messengers) �ىوو ىكى  ��ى   (Molecules) وہ  ��د �  �  �  �  �  رز�
ٹ پ  ر�ى

(Receptors)  �    (Protein Hormones) �و� �ر��� � ��ل �� � � ا� � �� �، �و� �

(i) � �ڈ آ
ٹ
ىڈ ئٹئ


 :(Gated Ion Channels) گئى

ىلك آ� �  (Hydrophilic Ions) � ا� � � � ��روفئ

�   ا�زت  (Plasma Membrane) �ز� �   �ر� �

�ر
ٹ ��ئى�

نئ

 �رو�ا ��  �  ،�   �ر �   �ل  �۔  د�

(Neurotransmitter) ��  اا�
ٹئ
ىسئى  ائ � 

(Acetylcholine)  �  آ� � � �ر �� اس � �� �،

� ا�م د� � ا�زت  (Neural Firing) � اور ا�� �

 د� �۔

 

(iii) �� �و�� (Tyrosine Kinase): 

ڈ
ڈ
ڈ

نن
ىگ ر ��و� �� (Ligand) ا� �نِ

ٹ پ  Receptor) � ر�ى

Tyrosine Kinase) ��  �  �  �   اس �  �  ��  � 

ززز
   ڈا�ا�� (Kinase Domains) ڈو�ى � 

(Dimerization)   ر
زز   ڈو�ى ��   ��و� �   ڈا�  �۔ ��

 � ا�رو�  (Phosphorylation) ��ر� ا�م د� �،

ر
خ خ ى

ٹ
 �و� �� (Intracellular Proteins)  ڈ

ٹ
ڈ
ٹٹ
ىلٹى  ��رٹ �

�� (Phosphorylated Sites)  ل�   اور ��  �

 �� � ا�زت د� �۔
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�بررز � � �� � � ز�دہ  (Growth Factors) �ز
زى
ىس مب

 � �� � � � � آ� �� �۔ �  ر
ٹ پ � ر�ى

ڈ ��� � �د د� �۔ ا� 
ڈ
ڈ

نن
ىگ   (Ligand) �نِ  � �� � � � � � ا�ر ر

ٹ پ �� � � � � � � ا� وا� ر�ى

 � �ے �� � ��ں وا� � � �۔ (Biochemical Activities) ���ں

�جررز � � ا� ا�م �
زى
ىس مت

 �: 

كلك ����ز .1
ئ
 (cGMP اور cAMP�، ) (Cyclic Nucleotides) �ئ

 - Diacylglycerol) ڈا� ا�� �ولاور  (Inositol Trisphosphate - IP3) ا��ل �ا� �� .2

DAG) 

 (⁺Calcium Ions - Ca²) � آ� .3

 آ� اب اس �ت � �ر �� � ا� �ر� � � � � ا�ر � �� � اور � � رد� � �� � �۔
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 (Respiration) � �س � (Cells) � �ار ا� �ص � � � � �� � �ت (Glucose) ا� �ن � ��ز

بٹبىسس

س

 � � �� ��ز � �� اور وہ �ل � �� �م � � � �۔ �ن � ��ز � �ار � �ول ��

(Homeostasis)  �۔ �ن � ��ز � �ار � دو �ر��� ا� ا� � (Hormones) ببہ بب�  �ول �� � � �

(Pancreas) وز
ش ٹ

وز �� �و�ں � � �� � �  (Endocrine Tissues) � ا�و�ا� �
ش ٹ

� �رج �� �۔ � �

گرر��
زئ
س آف لئى

ٹئ
�  (α Cells) دو � � �ت �� �: ا� �ت�� �۔ ان �  (Islets of Langerhans) آ� �ئى

�ر�ن �رج �� �۔ �  (Insulin) � ا�� (β Cells) �ر�ن �رج �� � اور � �ت (Glucagon) ���ن

رز
ٹ پ   � رد��م �� � اور �ن � ��ز � �ار � �ول �� � (Receptors) دو�ں �ت �ر ر�ى

(Response) آ�ز �� �۔ � 

گ
خ
�ت

خ
ببہ � ا�  (Cell Signaling) ���ن � ذر� �ن � ��ز � �ار � �ول �� سگت بب� � ا��ں � �� �� �۔ �

رز � �ر � �م �� � اور ���ن �ر�ن �رج �� �۔ � � �
ٹ پ  ا�ا�از �ت (Liver Cells) تاور � �ت ر�ى

(Effectors)  � � �� � ر � �م �� � اور ���ن � �اب � رد� �� �� �۔ � �ن � ��ز � �ار� �

ببہ � ا� اور � �ت � ذر� �س � �� �۔ ا� �ت �اب � ���ن �رج ��  بب� � � � �ت ا�� � � � �
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�� (Secretion) روك د� �۔ ا�� � �ار � � � و� � � اور �ں � �ت � (Liver and Muscle 

Cells) ذر� ��ز � ا�ل � � �� �۔ � 

�جرر) ���ن
نى
ىس من

 � - First Messenger) � � � � ر �و�� � �ت
ٹ پ رز � � �� �۔ � �� ر�ى

ٹ پ  �د ر�ى

(Receptor Protein) �� �� � (Conformational Change) �و� � � � � � � (G Protein)  �

ىس (Activate) �ل كلئ
ئ
ى�ئىل �ئ ئفئ


ل ا�ا� � �ك �� �۔ � (Adenylyl Cyclase) �� �۔ �ل � �و� ا�ئى

ىس اے � � كلئ
ئ
ى�ئىل �ئ ئنئ


كلك اے ا� � (ATP) ا�ئى

ئ
كلك اے ا� � �و� �� اے (cAMP) � �ئ

ئ
 � �� �� �۔ �ئ

(Protein Kinase A) �� �ا�ا� � �ل �� �۔ �ل �و� �� اے ��ر (Phosphorylase Kinase)  �ا�ا

 Glycogen) �� � � �ل �� �۔ �ل ��ر� �� ��� ��ر� (Phosphate Group) � �� �وپ

Phosphorylase) ��� �ا�ا� � �ل �� �۔ �ل ��� ��ر (Glycogen) ز � �ڑ د� �۔�� � 

زز
 ئ
�جرر �ڈل � �� � اور � (Glycogenolysis) اس � � �����

نى
ىس من

 � (Second Messenger Model)  �

� ��� � اور ا�� ��ز � �ا� � � �  (Signal) ا� � (Enzyme Cascade) ذر� �� �۔ � ا�ا� �

 � �� �ن � ��ز � �ار �ل � آ��۔

كلك اے ا� 
ئ
�برر � � �ئ

نئ
ىس مئ

�جرر �۔ ���ن اور ا�� دو�ں �ن � ��ز � �ار � �ول �� ���ن � 
خ
ىسى من

� دو�ا 

� � �۔ � �ن � ��ز � �ار � �� � � ز�دہ ���ن  (Negative Feedback Loop) � � � ��ى �پ

� �ار ز�دہ �� � � ز�دہ ا�� �رج �� � اور � ���ن � �۔ �رج �� � اور � ا�� � �۔ � �ن � ��ز 

 ان در� � �� �روں � ذر� �ن � ��ز � �ار � � � �� �۔

 

  (Learning Outcomes) ا�� �� 3.4

 اس ا��  � �� �� � � �� � اب و�� �ے �:

 �-�را � (Cell-Cell Communication) ا� اور �دى �رات � و��۔ � 

 �گ � � ا�م � آ��ا
خ
�ئ

خ
اا �ا�(Paracrine) ، �اَ�را�(Autocrine) �� سگئ

ٹئ
كس  (Juxtacrine) ، ججَ

 �۔� ا�ل اور �� �ر �  (Cell-to-Cell Contact) اور � � � را�

 ڈز
ڈ
ڈ

زن
ىگ  �ن �  ىوو� ىكن  ��ن  ا� ��  �  گ

زن
�

زن
رز(Ligands) سگ

ٹ پ  ر�ى ، (Receptors)ر�ں   �م  ��ى ، (Secondary 
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Messengers) اور � �ا���ز (Signal Transducers) دار � �ن ��۔� � 

 رز
ٹ پ رز (Internal Receptors) دا� ر�ى

ٹ پ � �� اور �  (Cell-Surface Receptors) اور � � ر�ى

 �ق � و��۔

 ر�ں   �م  � (Second Messengers) ��ى  ا�  اے ىك ىك�ئ ئ
ئ
 �ئ � (cAMP)�آ  م

ئ
ىئ ئ

ش
ى�ش كئ

  ، (Ca2+)  اور

 � � � �۔ (Signal Transduction) � �دار اور � �ا�� (IP3) ا��ل �ا� ��

  � ن � ار�ز � �ول � �� �ر، � � ���ن��ز� (Glucagon) ��اور ا (Insulin)  � �

 � �ن ��۔ (Negative Feedback Loop) اور � � � �پ

 م��  گ
زن
�

زن
 رد� (Signaling Mechanism) سگ ��  � (Physiological Response)  �   ا�ات �

 ��۔

  �
نن
گ را�ں � ر�و�ں � � � �ا �� وا� ا�اض اور ان � و��ت � و��۔سگ

ض
 ت

 (Keywords) �ى ا�ظ 3.5

 �د�-� �  �   ذر� �   را� � (Signal exchange through 

cell-to-cell contact) 

Cell-Cell 

Communication 

�- �

نن 
ش
ىش نننىكن



� 

رز � �� �� � وا� 
ٹ پ  Small molecules) �� �� � ر�ى

that bind to receptors) 
Ligands ڈز

ڈ
ڈ

زن
ىگ  �ن

 Proteins in the) � � � � ��د �و� � � � و�ل �� �

cell membrane that receive signals) 

Cell-Surface 

Receptors 

�- ��

رز
ٹ پ  ر�ى

ىوو� � � � � ىكت  Molecules that transmit) ا�ر � �� وا� ��ت

signals within the cell) 
Signal Transducers ا���ز� � 

 ر�ں  �م  دو�ے  وا� ���  �  ��  �  � (Secondary 

messengers that amplify the signal strength) 
Second Messengers جررز�

زى
ى ىسن  � من
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  (Model Examination Questions)�� ا�� �ا�ت  3.6

  (Objective Answer Type Questions)� �ا�ت � �� �ا�ت  3.6.1

 � �دى � � �؟ (Cell-Cell Communication) � را�-� .1

(A) �� �ت � �ا�� �ا� (To provide energy to cells) 

(B) � در�ن ��ت � �د� �ت (Exchange of information between cells) 

(C) �ت � �� � � ��ار ر� (Maintain water level in cells) 

(D) �� � � ت� (Divide the cells) 

 (B) :� �اب

گ �� �ر ا� � � ا�ر � � � � .2
خ
�ب

خ
 � � �ا � �؟ �ن � سگب

(A) گ
نئ
�

نئ
گ (B)    (Autocrine Signaling) آ��ا� سگ

نئ
�

نئ
 (Paracrine Signaling) �ا�� سگ

(C) گ
نئ
�

نئ
گ (D)   (Juxtacrine Signaling) � �ا� سگ

نئ
�

نئ
 (Endocrine Signaling) ا�و�ا� سگ

 (A) :� �اب

ىوول � �  .3 ىكن  ا�ر � � �� � � ذ� دار �؟ذ� � � �ن � ��ن

(A) ڈز
ڈ
ڈ

زن
ىگ رز (B)         (Ligands) �ن

ٹ پ  (Receptors) ر�ى

(C) ا���ز� � (Signal Transducers)    (D) جررز�
زى
ى ىسن  (Second Messengers) � من

 (C) :� �اب
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گ �ر�� � ذر� �� �� � � � �؟ .4
ذب
�

ذب
 �ن � سگ

(A) گ
نئ
�

نئ
گ (B)    (Autocrine Signaling) آ��ا� سگ

نئ
�

نئ
 (Paracrine Signaling) �ا�� سگ

(C) گ
نئ
�

نئ
گ (D)   (Endocrine Signaling) ا�و�ا� سگ

نئ
�

نئ
 (Juxtacrine Signaling) � �ا� سگ

 (C) :� �اب

ر � � � .5
ٹ پ  ؟� ��د �� � (Cell Membrane) �ن � ر�ى

(A) ر
ٹ پ ر (B)     (Internal Receptor) ا�رو� ر�ى

ٹ پ  (Cell-Surface Receptor) � � ر�ى

(C) ر
ٹ پ ر (D)   (Cytoplasmic Receptor) ���ز� ر�ى

ٹ پ �ر ر�ى
ئ
 (Nuclear Receptor) �كل�

 (B) :� �اب

ىوول � � �ر � � � ا�ر دا� .6 ىكن گ ��ن
خ
�ن

خ
 �� �؟ �ن � � � سگن

(A) ڈز
ڈ
ڈ

زئ
ىگ ىلك �ئ ڈز (B)   (Hydrophilic Ligands) ��روفئ

ڈ
ڈ

زئ
ىگ  (Hydrophobic Ligands) ��رو�� �ئ

(C) �ىوو ىكپ  (Ions) آ� (D)      (Polar Molecules) �� ��پ

 (B) :� �اب

 ��� � ��ز � �ڑ� � � � � � �؟ .7

(A) ئنئىسس

ئى جج

�� (Glycogenesis)      (B) زز
 ئ
����� (Glycogenolysis) 

(C) نننىسس

نى جج

��� (Gluconeogenesis)     (D) زز
 ئ
ىكوو��  (Glycolysis) گ�ئ

 (B) :� �اب

ىوول � �ر � �م �� �؟ .8 ىكت �جرر ��ت
نى
ىس مت

 �ن � دو�ى 

cAMP(A)            ATP(B) 

 DNA(C)            RNA(D) 
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 (A) :ب� �ا

 ا�� � ا�اج � � اور ���ن � ا�اج � ا�� �ن � � � ا�� � �� �؟ .9

(A) ز�� (Glucose)         (B) � (Calcium) 

(C) آ�ن (Iron)          (D) �ڈ� (Sodium) 

 (A) :� �اب

ر .10
ٹ پ  � �� � �؟ (Tyrosine Kinase Receptor) ��و� �� ر�ى

(A) �� � �آ (Open Ion Channel) 

(B) �� �ڈو� � ��ر �� (Phosphorylate Kinase Domain) 

(C) �� � ر
ٹ پ  (Transmit Signal to Internal Receptor) � � ا�رو� ر�ى

(D) DNA ��� �اہ را� � (Direct DNA Binding) 

 (B) :� �اب

  (Short Answer Type Questions)� �ا�ت � �� �ا�ت  3.6.2

 ۔) � � �ٹ �Types of Cell-Cell Communicationا�م ( را� � �-�  .1

 ۔) اور اس � �ا� � � �ٹ �Signal Transduction� �ا�� ( .2

ر �� � .3
ٹ پ  ۔ا�م � � �ٹ � ) اور ان �Cell Surface Receptors( زر�ى

�  
م

 
ى ى

�جررز
ز
 ۔ا�م � � �ٹ � ) اور ان �Second Messengers( س�

) � �دار Insulin( ) اور ا��Glucagon���ن ( ) �Blood Glucose Regulation( ��. � ��ز ر5

 ۔� �ٹ �� 

  (Long Answer Type Questions)�� �ا�ت � �� �ا�ت  3.6.3

1.   م� (Location) رز
ٹ پ  � در� �ى �� اور و�� ��۔  (Receptors) � �د � ر�ى

2.   � (Signal)  ح � � �� � ا�ر � � �� �؟� � 
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3.   رز
ٹ پ  � و�� ��۔  (Structure) م � ��� � ا� (Receptors) ر�ى

4.   گ
نن
�

نن
 � ا�م � � ��۔  (Signaling) سگ

5.   ��ل � �د � � �ا� � (Signal Transduction) و�� ��۔ � 

3.7  ��(Glossary) 

 ا��ى ا�ح اردو ا� اردو �دل (English in Brackets) اردو �م

   ا�  �ا� ،�  ��   �ون �  ��  �  �  �  ىوول ىكت �  cAMP ��ت

 A molecule that aids) دو�ے �م ر�ں � �ر � �م �� �۔

in signal transmission, like cAMP acting as a second 

messenger.) 

�جرر  دو�ا �م ر�ں
نى
ىس من

 � 
Second 

Messenger 

 �و� � � ا�رو� رد� � �� �� �۔ ا� �و� � � �

(A protein that converts an external cell signal into an 

internal response.) 

 � � �� وا�
 �

 �ا�و�

Signal 

Transducer 

ا� �� � �ص � و�ل �� � اور �اب � � �ك �� 

 A molecule that specifically receives signals and) �۔

triggers a response.) 

ر و�ل �ہ
ٹ پ  Receptor ر�ى

 The) � � در�ن �م ر�� � � � � � ذر� ا�م �� �۔

process of communication between cells through 

signals.) 

گ �� �م ر��
نن
�

نن
 � سگ

Cell 

Signaling 
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 ��ن: ا�ب، ا�م اور �� �د�  :4 ا��
(Cancer: Causes, Types, and Genetic Basis) 

 ا�� � ا�ا

4.0 � (Introduction) 

4.1 ��(Objectives) 

4.2 � (Cancer) 

 (Properties of Cancer Cells) ت�� � ت� � � 

 (Benign and Malignant Tumors) ںر�� اور �� �ش � 4.3

 (In-Vitro Characteristics of a Cancer Cell) ت�� و�و-ان � � � � 4.4

 (Carcinogens and Genes Involved in Cancer) �� � � � ا�ب اور � � 4.5

 (Carcinogens) �� وا� �ا� ا��ن � 

 � � � �� (Genes Involved in Cancer) 

 (Cancer Initiation, Promotion, and Progression) اور �� ��و�ت، �و � � 4.6

 (Initiation Stage) �� �و�� 

 (Promotion Stage) �� ��و 

 ��� �� (Progression Stage) 

ففاات 4.7
خ
 (Abbreviations) م�

 (Learning Outcomes) �� ا�� 4.8

 (Keywords) ا�ظ ى� 4.9

 (Model Examination Questions)�ا�ت  �� ا�� 4.10

 (Short Answer Type Questions)� �ا�ت � �� �ا�ت  

 (Long Answer Type Questions) �ا�ت � �� �ا�ت �� 
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4.11  ��(Glossary) 
 

4.0  �(Introduction)  

� (Cancer) ا� �ہ اور �ن �ا �رى � � ا��ں اور ��روں دو�ں � �� �� �۔ � �رى � �� �ں 

(Abnormal Cells) و� اور � � �رت � � �ر� �� ��ں� �� � � (Normal Body Tissues)  � �

 د� �   �ہ  ا� �  �   ��آور �  �  �  �   �ج �   اور  ار�ء  �و�، �  �   � (Cellular)  �۔ ���   اور

(Molecular Level) اس � �� ا�� ا� �۔ � 

� � وا� �� �، � � �  (Normal Cellular Processes) � اس و� �ا �� � � �م �� �

� �ؤ �� �۔ � � ا�رو� اور �و� �ا� �  (Apoptosis) � �� �ں � ا�ا� اور �و�ام �ہ �� �ت �

 �ات �� (Genetic Mutations)�ا�   وا� ��   �ا  ��ن ، (Carcinogens) ر��ت  ��   �رو�  اور

(Inherited Genetic Predispositions)  �و� � رو� �� �۔ � �ت � �ورى � � � � �� �� ا�ا �

� � � ارد�د � ��ں � � �، � �  (Benign Tumors) � � �� � �؛ � �ر�ں � � �ر ر��ں

ىس� (Malignant Tumors) �ر�ں � �� ر��ں ىست ت
ٹ
ست

 (Metastasis) ا �� � � � � دو�ے �ں � �

 � � �۔

ر��ں �  (Malignant) اور �� (Benign) � ا� �دى � �ش � (Cancer Biology) � ��ت

ں � � �، � �� ر��ں در�ن �ق � � �۔ �ش � ر��ں �� �ر � �� � اور � � دو�ے �

آآزء

 Malignant) � � �� �۔ �� �ں (Distant Organs) �� � ��ں � � آور �� � اور دور دراز اعض

Cells) ر�� �� � � �ج اور � و � � ا� � �ا �� �۔� � � 

� �� � �ورى � � �م �ں �  (In-Vitro Characteristics) �� �ہ � ��ت� � �ں � 

، (Rapid Proliferation) ، � ا�ا�(Altered Morphology) ��ں �ر � � �� �۔ ان � �ى �� ��

� � �م ��د� � �� � �� �� �۔ � اور ا� (Loss of Contact Inhibition) را� � �� � ��

 ��ت � � �ں � �ر�� اور � ��ت � ز�ہ ر� � �� �� �۔

� � آ�ز اور ار�ء � ا� �دار ادا �� �۔ � �ا� ��  (Carcinogens) ��ن �ا �� وا� �ا�

�� (Physical Agents) رى�� � (Radiation)ت�� �� ، (Chemical Compounds) د�اں � �� � 

(Tobacco Smoke) �� ��� � (Biological Agents)  �ص وا�س � � �۔ ��ن �ا �� وا� �ا� �
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� �ك �� � � �� � اور �و�ام �ہ �ت �  (Epigenetic Changes) �� �ات � �ورا� � �ات

 �� � در� �� � د� �۔

�  (Genes) � � � �و� � ��ں �دار ادا �� �۔ �ص � (Genetic Factors) �� �ا�

�م �ں � � � �ں � ��  (Tumor Suppressor Genes) اور ر�� د�� وا� � (Oncogenes) او��

��  �� � �ث �� �۔ او�� �� �و� اور ا�ا� � �وغ د� �، � ر�� د�� وا� � �� � � �

ات � �� �� � اور ر�� � � � � � � �� �� �۔ ان � � � (DNA) اور �اب �ہ ڈى ا� اے

 �۔

 Genetic) � �� �، �ں �� �� (Initiation) � � �و� � �ا� � � �� �، � � آ�ز ا�ا

Alteration) رو� �� �۔ اس � � �وغ (Promotion) �� ہ � � ا�ا� ا�ر �� �، � �� آ� �، �ں� 

��  (Malignant Characteristics) � �� آ� �، �ں � �� ��ت (Progression) اور ��� � ر�

ىس ىست ت
ٹ
ست

 � ��۔ (Metastasis) �� �، � � آور �� اور �

ا �� وا� �ا�، اور �� ��م � � � � �، روك �م اور � � �ں � �دى ��ت، ��ن �

  �ے �۔�ج � �� �� و� � � �۔ � �ب � � ��� ��ں اور اس � ��� �دوں � � � � � ر��

 

4.1 ��(Objectives) 

 � �� �� � � �� � اب و�� �ے �: اس ا��

 🔍🔍 � )Cancer (– � � �� )Definition�� ،(ت )Properties) اور ا�م ،(Types� (  ش�

� )Benign�� اور ( )Malignant��و��۔ � ں) ر 

 🔬🔬 � �   Characteristics of Cancer Cells( ت�� � ت� (– � �   �� � ت� �� 

 و��۔ ) �In-Vitro Characteristics( ت��

 🧬🧬 وا� �ا� ( ا� ��ن ��Carcinogens (– � � ) ا�اInitiation) وغ� ،(Promotion� اور ،( 

 و��۔ �ث �ا� � ) �Progressionر� (

 🧪🧪 � ) دار� �Role of Genes (– � � � � )Genes Involved� ( ��او )Oncogenes اور (

 و��۔ ) �Tumor Suppressor Genes( د�� وا� � ر��

 🚀🚀 � � ) �و� � �ا�Stages of Cancer Development (– � � ر� �  � آ�ز، �وغ، اور

 ��۔ ن�ا� � �
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4.2 � (Cancer) 

� (Cancer) � � � � � �� �ا� �وہ � �ر�ں � � اس و� وا (Cells)  � � اور �� � � �� �

 Cell) � �� � � �� �ر (Proliferation) اور ا�ا� (Differentiation) �۔ ا��ں � �ں � ��

Division Mechanism) ذر� ا�� � اور �� � ر� �� �۔ � 

� �� �، ��م � �� �۔  (Contact Inhibition) � �� �� � اس و� �� � � ا� � � را� ��

   آ� �   را� ��  �   �ں  دو�ے �  �   دوران �  �   اس �   ��اروں �  ��  ��  �  � 

(Replication) رك �� �۔ � � 

� �ر � �م �� �، � � � � �ں  (Anti-Cancer Mechanism) را� �� ا� ��ر � � �� �ر

  � �وہ)۔�� � (�ن � � (Tumours) � � � �� �۔ ا� � ز�دہ � ا�م � � � ر��ں
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 (Properties of Cancer Cells) � � �ت � ��ت 

� (Cancer) � � � � � �� ا� �ر�ں � �وہ � � اس و� �ا (Cells)  � � اور �� � � �� �

 Cell) � �� � � ��م (Proliferation) ا�اور ا� (Cell Differentiation) �۔ ا��ں � �� ��

Division Mechanism) �� �ذر� � � �ول � �� �۔ � را � (Contact Inhibition)  � �

ا� دو�ے � ��م � �� � � � �� �� � وا� �� �۔ � � ��اروں �، اس � � دوران � � 

 � � رك �� �۔ (Cell Replication) را� � آ� � � �� �

�، � � � �ں � � � � �� �۔  (Anti-Cancer Mechanism) را� �� ا� ��ر � � ��م

 � �� �، �ا� �ن � � �۔� (Tumors) � و� � � ز�دہ � ا�م � � � ر��ں

 

 :(Uncontrolled Cell Proliferation) � �� �� ا�ا� .1

� � �ت ان �� � � �ا�از � د� � � �� � � �ول �� �، � � � � � �� ا�� 

 �� �۔

 :(Resistance to Apoptosis) ا��س � �ا� .2

� �ر � �� �۔ � �  (Apoptosis) �م � � �اب � � �ورى � �� � � �و�ام �ہ �� �ت

ے �، � ان � � اور � �� � �� � �۔
ت
ك�ب

خ
 � � اس � � � ب

 :(Genomic Instability) �� �م ا�م .3

�� �� �، � �� ��  (Mutations) � ز�دہ �ح � �ات (DNA) � � � ا� ڈى ا� اے

ى 
خ

 � �� � �۔ (Malignancy) ��ں اور �� �� ��

 :(Sustained Angiogenesis) � �ن � ��ں � � .4

� � � �ك �� � �� آ� اور �ا� � �  (Blood Vessels) � � �ت � �ن � ��ں

 �ا� � � �� � �۔

ر .5
ز
ى� ىس� ت

ٹ
 :(Invasion and Metastasis) �ر� اور �ست

�، �ں � � آور � �� � اور � � دور دراز ��ت � � ��  (Tissues) � � � �و� ��ں

 � �۔ (Secondary Tumors) ��ى ر��ں
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 :(Altered Metabolism) ���م � �� .6

ىكبٹ  ىفب �� �� �، � � وہ آ� � ��د� � �و�د  (Warburg Effect) "� � �ت "وار�گ اب

 ��ى � �را د� �۔� ا�ر �� �، � � ر�ر � (Glycolysis) ��لئىسس

 :(Immune Evasion) �ت �ا� � �ؤ .7

ے �، � � وہ � � روك �ك � ��  (Immune System) � � � �ا� �م
ت
ك�ب

غ
� د� د� � � � ب

 اور � � ��ب ر� �۔

 :(Self-Sufficiency in Growth Signals) �د �� � � � .8

ر را�ں
ٹ پ � �� �� � ��  (Receptor Pathways) � � �ت ا� � � �د �ا �� � � ر�ى

 � �ورت � � � � �۔ (External Growth Factors) �و� � �ا�

 :(Replicative Immortality) ��ى �م �ت .9

� ��ار ر� �، � ا� ��ود � � ا�زت  (Telomeres)  � �ت ا� ��ز�م �ں � ��، �

 د� �۔
 

 (Benign and Malignant Tumors) �ش � اور �� ر��ں 4.3

ر �، ا�� � �� اور � ا�� � � �� � � � �وع � � �، � ��ں �ت � � �� �۔ �م �

� �� � (�� � � � � ذر�) �� � � �ا �ں � � � ان � �ورت �۔ � � �ا� � �� � � 

 �ن زدہ � �� � � وہ � �� � اور ان � � � � � � �۔

�� �، اور � �� � �اب � اس و� �� اور � �� � � � ا� � � او�ت � � � �ٹ 

 �� �۔ ر��ں ��ن زدہ (Lumps) � � � � �، � � ��ں � � (Tumors) �� ��۔ � � ر��ں

(Malignant) ن زدہ�� � � (Benign) ۔� � � 

 

)Aش � ر��ں� ( (Benign Tumors): 

�ش � ر��ں � ��ن زدہ ���ى � � �م �ت � ا�ا� � �ا �� �۔ � ر��ں آ� �� � اور �م 

� ا� �� ��ں  �� � (Fibrous Capsule) �ر � ا� ا�ا � �م � �ود ر� �۔ ان � ارد�د ا� ر� دار �ف

 � دا� �� � � � د� �ں � � � رو� �۔
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و (Lipoma) �ل � �ر �، ��
ش ٹ

 ا� �ش � ر�� � � �� � �ت � � � اور ا� آس �س � ا��ز �

(Adipose Tissue) ر� �۔ �� � 

 

)Bر��ں �� ( (Malignant Tumors): 

�� ر��ں، � �م �ر � � �� �، �ر�� اور � �� ���ى � �� �� �۔ � ر��ں �م �ت � � 

 �� �، اور ان � �� اور � � �� � �� �۔

 (Anaplasia) اور � �� � �� �� �، � ا����� ر��ں � �ت �م �� ��ت � د� � 

پاا��� �ر�� ہتىت � � � � وا� �ت �م � �  (Hepatocellular Carcinoma) � �� �۔ �ل � �ر �، ہ

 �۔ ا�م د� � �� � د� (Detoxification) ا�ل � ز�� �اد � ا�اج

� � �، � �و�ام  p53 � � �ح �� �� �، � � (Genetic Mutations) � ر��ں �� ��ں

 � � ز�د�، � �� �ت � روك د� �۔ BCl2 � رو� �، � (Apoptosis) �ہ �� �ت

زز �� ر��ں � � � �ں � � ��

ى� ىس� ٹ

ٹ
� �� �۔ �ل � �ر �، �� �  (Metastasis) �، � �سٹ

� (Breast Cancer) م �ر � �وں، � اور ��ں � � �� �۔� 

ىاا  بث

ىكس بث


ىس ورى اور ، � �� وزن � �، �ت � �(Cachexia) �� ر��ں � � �� ا�ات � ڈا� � � � كب

 �ا� �   �ر  �م  �ج  �۔ �  ��  �   ��ا�(Surgery) �وٹ ، (Chemotherapy)ج�  ��  ، (Radiation 

Therapy) اور �ا� �ج (Immunotherapy) ۔� �� � � 

 

 (In-Vitro Characteristics of a Cancer Cell) و�و ��ت-� � � � ان 4.4

 :��ت درج ذ� � (In-Vitro) و�و- � � � ان�
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 (Uncontrolled Cell Proliferation) � �� �� ا�ا� .1

ا� �ص �� �  (Normal Cells) و�و � � اور � � ا�ا� �� �� �۔ �ر� �-� � � ان

، � � � � ا�ا� �رى ر� � (Contact Inhibition - را� ر�وٹ) � � � � �� روك د� �

 اور �، � �ت وا� �� �� �� �۔

را� ر�وٹ  (Normal Fibroblasts) � �� �� � �ر� ��و�� (Culture Dish) � � ڈش :�ل

 �� �۔ (Foci) �، � � وا� ��و�� ا� دو�ے � او� �� � اور ���� �� ا� � �� 

 (Loss of Contact Inhibition) را� ر�وٹ � �� .2

 �۔ �ر� � � � را� ر�وٹ �� �� �، � � وہ �� �ں � �� را� � آ� � � � � � د�

 � � � اس �� � � د� �، � � � � ا�� ا�ا� �� �۔

 � �ز (MCF-7) 7-اور ا� � ا� (HeLa) � � (Malignant Cells) �� � :�ل

(Multilayers) ر�وٹ � �� �۔ � � � 

 (Anchorage-Independent Growth) � � آزاد ا�ا� .3

� �ورت �� �، � � � �  (Extracellular Matrix) �ر� �ں � �و� اور � � � �س �

 � �� � � �ھ � �۔

 � � � آزاد ا�ا� � �� (Soft Agar Colony Formation Assay) �� ا� ��� �ر� ا� :�ل

 � ا�ل �� �۔ � � � �� ا� � ���ں �� �، � �ر� � � � �۔

 (Altered Morphology) � �ہ �� .4

، و�و � �ر� �ں � �� � � �� � اور �� �� �� �۔ ان � �س ا� � �-� � � ان

 � � �� ��ى � �� �۔

، ��ں �� (Nuclear-to-Cytoplasmic Ratio) � � � � � �� �ا �� � ���ز� �� :�ل

� (Prominent Nucleoli) اور � ��ہ �� ��� �� �� �۔ 

 (Immortality) � ��ى .5

� �� �س �� � اور � � � � �ت �  (Replicative Senescence) د�ا� � �ر��� � � 

�  (Telomeres) � �ل �� � و� � �، � ��ز (Telomerase) � �رى ر� �۔ � ز�دہ � ���

 �� � ��ار ر� �۔

�� � �� � �  (Cervical Cancer) � ا� �وا� � 1951، � (HeLa Cells) � � :�ل
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 �، آج � ا�ل � ر� �، � ان � � ��ى � �� �� �۔

 (Metabolic Alterations)��� ��ں .6

ر
خ ئ
ىكوو�� �، �ں � � آ� � ��د� � �۔ � �� د�  (Aerobic Glycolysis) � � � ا�و� گ�ئ

 ان � � ر�ر ا�ا� اور د�ؤ � � � �را د� �۔ (Metabolic Reprogramming) � ��� رى �و�ا�

 � �اوار۔ :و�و-��ہ ان ىتٹ ئ
ٹ
 � � �� �� � ��ز � ا�ل � ا�� اور �ئىكئ

 (Resistance to Apoptosis)  �ف �ا���س � .7

� � �، �ں � � ا� ��ت � � � �م  (Apoptosis) و�و � �و�ام �ہ �� �ت-� � � ان

 �ر � ا��س � �ك ��۔

�  (BCl2) 2ا� � � ا� � �� � � �  (Chemotherapeutic Drugs) ��ا� دواؤں :�ل

ر � ز�دہ ا�ر
زز  ى

ٹ
 � و� � ز�ہ ر� �۔ (Overexpression) ا� ا��� �و�

 (Increased Invasiveness) � آور �� � ا�� .8

 � �۔و�و � �ر�� رو� �� �� �، � ان � � � � آور �� � � �-� � � ان

جل ا��ن ا� :�ل � ج جل � � � �ر � (Matrigel Invasion Assay) ��ى ج ، � � � � � ��ى

 �ت �� �۔

9. �� � �� � � (Altered Adhesion) 

-E) ���-، � اى� � � ذ� � � دو�ے �ں � �� � � �� � � �� �� �

Cadherin) وا� ��ت � � (Adhesion Molecules) و� � �� �۔�ل � �� �:  � ��

 � � � �۔ (A549) 549� �� � اے 

�ر � �-�� .10
ئ
پھئى� سئ

 (Tumor-Sphere Formation) 

 (Three-Dimensional Structures)  �، � � � � � ڈ��� � وا� ��ت � � � ��

�رز-�� � � ��
ئ
پھئى� سئ

 (Tumor-Spheres) ۔� �� � 

�رز �� �۔-�م �ى �� � �� (MDA-MB-231) �� � � � � :��ہ
ئ
پھئى�  سئ

بط�ى .11  (Altered Cell Cycle Regulation) �� � � � �ب

 � �� �س �� �۔ (Cell Cycle Checkpoints) � � � �� � � �ل � �اؤ

 �� � � � دورا� اور ا�ا� � رو� وا� ا�روں � � �۔ :و�و-��ہ ان
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 (Genetic and Epigenetic Instability) �� اور ا� �� �م ا�م .12

 Epigenetic) اور ا� �� ��ں (Chromosomal Abnormalities) � � � �و��� � ���

Changes) ۔� �� �� 

 � ��ہ �و��م �ز اور �� � ��ں � �� �� �۔ (Karyotype) � � �ں � ���� :�ل

 (Angiogenesis) � ��ن � ��ں  .13

 � � � �وغ د� �۔ (Blood Vessels) � � � �ن � � ��ں

ى�بىل �ں � �ب � � � �وغ د� �۔ (VEGF) وى اى � ا� :�ل ھب
ت
�
 � ا�ر ا�و

 (Drug Resistance) دوا�ں � �ف �ا� .14

پس � �ف � �� � ذر� ��ا� � �ف �ا� �� �� �۔� � � دوا�ں � ا�  اج �پمب

 � دوا� � �� ا�ل � �ا� ذ� آ�د�ں � ا��۔ :��ہ

 (Carcinogens and Genes Involved in Cancer) � � ا�ب اور � � �� � 4.5

 (Carcinogens) ��ن �ا �� وا� �ا� 

 وہ �اد، ا� � �� � � �� ڈ�� � �� � � � ڈى ا� اے (Carcinogens) ��ن �ا �� وا� �ا�

(DNA) � ��� �� �ن � � � � � � �، � � � � � �� �� ا�ا� �� �۔ � �ا� � 

(Biological Processes) ا� � � � � ا�ا � �وغ دے � �۔� � 

A. ن �ا �� وا� �ا� � در� �ى�� (Classification of Carcinogens) 

 اور � � �� �ر (Type of Exposure) ، �� � �(Source) ��ن �ا �� وا� �ا� � ان � ��

(Mechanisms of Action) � �� � � �د � در� �: 

 

i. �ن �ا �� وا� �ا�� �� (Physical Carcinogens) 

�  (Mutations) � � �� � � ڈى ا� اے � �ن � � �ات (Radiation) � �ا� �� �� � ��ں

 � � �۔

��: 

A. �� � ��� (Ultraviolet (UV) Radiation):  
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o �ز) �رج � �� �� � �� ذرا� 
زز  ى  � ا�ل � � � � ��� (Tanning Beds - � �ٹ

(Melanoma) ے � ��� �۔� � 

B. �� ���آ (Ionizing Radiation):  

o �ا� ر (X-rays) �� ،�ر (Gamma Rays)اور ��ر �دے ، (Radioactive Substances)  �

 Thyroid) اور ��ا� � (Leukemia) �� �، � �� (Radon Gas) ر�ون �

Cancer) ۔� � � � � 

 

ii.  �ن �ا �� وا� �ا�� �� (Chemical Carcinogens) 

 � � � � ڈال � � �ات � � � � � �ا �� �۔� �� �دے �

 :�� ��ن �ا �� وا�ں � ا�م

 :(Direct-Acting Carcinogens) �اہ را� ا� �� وا� ��ن �ا �� وا� �ا� •

o �� ��� ۔� �ا� ڈى ا� اے � �� �اہ را� �� �� � اور� � � � � � � � 

o ڈ � :�ل� (Mustard Gas)۔ 

 :(Indirect-Acting Carcinogens � Procarcinogens) ��ا� ��ن �ا �� وا� �ا� •

o ا� ��� �� � � � �ا �� �۔� � 

o كلك ا�و � ��رو�ر� :�ل
ئ
 �� � د�� � �� �� �۔�  (PAHs) �� �ئ

 :�� ��ن �ا �� وا�ں � ��

  :(Tobacco Smoke) �� � د�اں •

o 60 ���ز�دہ �وف ��ن �ا �� وا� �� � � �� �، � �و � (Benzopyrene)  اور

ر
زز   ور � � � � وا� �۔، � �وں، � ا(Nitrosamines) ��و��ى

ووس •
ٹ
ىسب ىسببب ب

  :(Asbestos) ا

o �� ر� � �و (Mesothelioma) اور �وں � � � � � �۔ 

زز  •

�
ز
ا�كس�

ز
  :(Aflatoxins) ا�ى

o ى�� (Aspergillus flavus)  � ذر� �ا �� � اور �� ذ�ہ �ہ ا�ج اور �ى دار �ے �

 � �� �؛ � � � � وا� �۔�

  :(Arsenic) آر� •
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o آ�دہ � � �� � �� �� �؛ �، ��، اور �وں � � � وا� �۔ 

iii. �ن �ا �� وا� �ا�� ��� (Biological Carcinogens) 

 � � � وا� �� �۔ � (Parasites) � وا�س، ��، اور ��ى

��: 

ى�وو� وا�س •   :(HPV) �� ئپئىئپئ

o وا�، � اور � و �دن � � � وا�۔� 

پاا�� � اور � وا�� • ہئىئ   :(Hepatitis B and C Viruses) ہ

o � � � (Hepatocellular Carcinoma) ے � ا��۔� � 

  :(EBV) �ر وا�س-ا� � •

o �ى�فوو �  (Nasopharyngeal Carcinoma) � �-اور �� (Burkitt Lymphoma) �� �ى

 وا�۔

�ر ��رى •
ٹ   :(Helicobacter pylori) � �ئئبىك�

o ا� �ے � � � �� � � �۔ � 

ىم • ئ
ئ
وو �� �� ئئب

ٹ
سئ

ش
  :(Schistosoma haematobium) س

o � � �� وا� ��ى �ا۔ � 

iv. �اور � ورا� ��ن �ا �� وا� �ا ���� (Environmental and Occupational Carcinogens) 

 ��ل اور �م � � � �� �� � � �ے � �� � �۔

��: 

  :(Air Pollution) �� آ�د� •

o اتڈ�ل ا� � د�اں اور �س ذر (Particulate Matter) وں � � � وا� �۔� 

• � � (Industrial Chemicals):  

o �� (Benzene)ا�ل �� �، �� � وا� �۔ � ��� � ، 

  :(Pesticides) زر� ز�� �دے •

o ا�م � � � � � � �۔ � �� �� 

v. �ز ز�� � وا� ��ن �ا �� وا� �ا� (Lifestyle-Associated Carcinogens) 

 � �ز ز�� � ا�ب اور �� ��ن � �ات � وا� �۔
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��: 

  :(Alcohol) ا� •

o ا� � ا�ل � �، �ا� ��، اور � � � � �ہ۔ �� �� 

  :(Dietary Factors) ��ا� �ا •

o �� و� �ہ� (Processed Meats) ر
زز  �  (Nitrosamines) � � اور �� � ��و��ى

 �، � �ى آ� � � � وا� �۔

B. ن � � � ��م�� (Mechanisms of Carcinogenesis) 

 :(Genotoxic Carcinogens) ��� ��ن �ا �� وا� �ا� .1

 �اہ را� ڈى ا� اے � �ن �� �، � �ات اور �و��� � ��ں۔ •

 ۔(Benzo[a]pyrene) �و��� :�ل •

 :(Non-Genotoxic Carcinogens) � ��� ��ن �ا �� وا� �ا� .2

� د� ��م � �زش � �ر�� �م �ازن � ذر� � � � � �اہ را� ڈى ا� اے � �ن � ��،  •

 �۔

 ۔(Estrogens) ا�و� :�ل •

 :(Epigenetic Changes) ا� �� ��ں .3

•  �  نغ
ث
ىس ىلئ ئ

ئ
ئ
ھاا

ت
ىئ وون � ��۔�� ا�ر � �� �� � � ڈى ا� اے �� � �� �، � ڈى ا� اے مئ

ٹ
ہسب  ہ

 

 � �� � � (Genes Involved in Cancer) 

�   ان �  �   �رى ��   ا� �   �ر  �دى � (Genes) ں�  ��   ا� �  �  ��  �   و� �   ��ں � 

(Cellular Processes) �و� � (Growth)� ، (Division)� ، (Differentiation)اور �ت ، (Death)  � �

 � ان � �دار اور � � � �� (Normal Cellular Functions) �� �۔ � � �� � � �م �� ا�ل

(Mutated) ہ�� � � (Dysregulated) � � �� � �� � (Tumorigenesis) � د � در� � �  � ان � �دار�

 �� �۔

 :� � �� � � �ى ا�م درج ذ� �

 (Oncogenes) او� � .1
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-Proto) � � � �م � (Overexpressed) � � � ز�دہ ا�ر �ہ (Mutated) او� � وہ �� �ہ

Oncogenes) �و�  ��  �  ،�  ��  � (Cell Growth) �ا�ا   �۔ (Proliferation) اور  د�  �وغ � 

� � � �، � � � ا�  (Uncontrolled Cell Division) � �� � � � �� �� � (Activated) � � �ل

 ��ں �� �۔

 Chromosomal) �و��م � �� �، � (Amplifications) ، ا��(Mutations) �� �م �ر � �ات

Rearrangements) ذر� �� �، � � � � � � �ل � (Gain of Function) ۔� �� 

�� (Examples): 

• RAS � (KRAS, NRAS, HRAS): 

o RAS گ را�ں
ز
�ت

ز
� �� � �ل ر� �  (Signaling Pathways) � � �ات � ان سگت

 را�۔ PI3K اور MAPK � �وغ د� �، � (Cell Growth) �و�

o � ات� � (Pancreatic)�ى آ� ، (Colon)اور �وں ، (Lung) وا� �۔ � � � 

• MYC: 

o � ��ا� �ا (Transcription Factor) �و� �� � � (Cell Growth) � ماور�� 

(Metabolism) ۔� �� � � � � � 

o ��ا (Amplification) ز�دہ ا�ر � (Overexpression) �ى�فوو  Burkitt) � �رت � �� �ى

Lymphoma) اور د� �وں � �م �۔ 

• HER2/ERBB2: 

o ��   ��و� ر
ٹ پ  ر�ى  �� (Receptor Tyrosine Kinase) ا� �  � (Breast) ے�   اور

(Gastric) وں � ز�دہ ا�ر� � (Overexpression) �ر�� �� � �و� � � ،� �� 

(Aggressive Tumor Growth) ۔� �� 

• BCR-ABL: 

o �ا� �ژن �و (Fusion Protein) � ىاا �و��م ى�فت ڈت
ڈ
 Philadelphia Chromosome) � فلڈ

Translocation) ۔� � � � � 

o �� ��� �دا (Chronic Myeloid Leukemia - CML) ��� �� �و�� � � 

(Constitutive Tyrosine Kinase Activity) ۔� � �� � 

2. � �� �� (Tumor Suppressor Genes) 
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� روك �� � �ر � �م �� �، ڈى ا� اے �  (Division) اور � (Cell Growth) � �� �و�� 

 � آ�ز �� �۔ (Apoptosis) � �� �� � اور �� �ت (DNA Damage) �ن

�  �  �  �  �   �� (Loss of Function) ان  �ون �  �  �  ���  �  ��   �ات   �۔

(Inactivation) ف� � � ،� � � � (Deletions)ات� � ، (Point Mutations)ك
ٹ
نننىن


نى  � ا� جج ، ��� 

(Epigenetic Silencing)۔ 

�� (Examples): 

• TP53 (p53): 

o "�� � م�" (Guardian of the Genome)  ا� اے ���� � اور ڈى (DNA Repair) ،

 � � �� �۔ (Cell Cycle Arrest) ، اور �� � � ��(Apoptosis) ا��س

o TP53  زا� ا�� � 50� �ات � � (Human Cancers) ۔� �� �� � 

• RB1: 

o � � �� G1-S �� (G1-S Phase Transition) � � � �۔� ��  

o RB1 ��� وو
ف
بىب

ٹ
� وا�  (Osteosarcoma) اور او��ر�� (Retinoblastoma) � � � � ربىب

 �۔

• BRCA1 اور BRCA2: 

o و�ں   ا��  ڈ� �   اے  ا�  �� (Double-Strand Breaks) ڈى �   آ� �  � 

(Homologous Recombination Repair) ۔� �� � 

o � ات ��ان� �  (Breast)�دا � ، (Ovarian)اور د� � � �ے � ا�� �� �۔ ، 

• PTEN: 

o زز

ى� �

ٹ
 � � �ر � � �� �۔ (Pathway) را� PI3K/AKT � � (Phosphatase) ا� �سفٹىٹ

o PTEN �و�   �ات � (Prostate) 
ئ
 ا�و��ى ، (Endometrial)   اور ،�   Brain) د��

Cancer) وا� �۔ � 

 (DNA Repair Genes) ڈى ا� اے �� � .3

�  (Damaged DNA) � ��ار ر� � اور �اب ڈى ا� اے (Genomic Integrity) � � �م � ��

 �� �� �۔

�� (Examples): 
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• MLH1, MSH2, MSH6, PMS2: 

o �� ڑ� � (Mismatch Repair - MMR) ۔� �� � 

o ات � �روم� (Lynch Syndrome) وا� �۔ � 

• ATM (Ataxia Telangiectasia Mutated): 

o ڈى ا� اے �ن � �اب (DNA Damage Response) ۔� �� � 

o �ى�فوو   ا�� �� �۔� �ے � (Breast Cancer) اور �� � � (Lymphoma) �ات �ى

 (Apoptotic Regulators) ا��� ر��ز .4

 � �ول �� �۔ (Programmed Cell Death) � � �و�ام �ہ �� �ت

�� (Examples): 

• BCL2:  

o ز�دہ ا�ر ا��س (Apoptosis) رو� �، � � �ت � (Cancer Cells)  د� �۔� �ء � �وغ 

o �ى�فوو  � �� �۔ (Follicular Lymphoma) �م �ر � �� �� �ى

 (Genes Regulating Cell Cycle) �� � � � �� وا� � .5

� �� � � (Cell Cycle) ۔� �� � � �� � � 

�� (Examples): 

• CDKN2A (p16INK4a):  

o  �  ك�نن
ئ
 � رو� �۔ (Cyclin-Dependent Kinase - CDK4/6) � ���ئ

o ��� ات� (Melanoma) � � � اور (Pancreatic Cancer) وا� �۔ � 

ك ر��ز .6
ٹ
نزنىن


نى  (Epigenetic Regulators) ا� جج

نز 
ش
ىش ىلت ھت

ت
ىى مت

وون ��(DNA Methylation) � � ڈى ا� اے 
ٹ
ہست  �  (Histone Modification) ، ہ ن

ٹ اور �و�ى

�� (Chromatin Remodeling) ۔� �� � � 

�� (Examples): 

• DNMT3A:  

o ��ھاا� �ا
ت
ىئ  � �م �ات۔ AML ؛(DNA Methyltransferase) ڈى ا� اے مئ

• EZH2:  

o ��ھاا� �ا
ت
ىئ وون مئ

ٹ
ہسئ ى�ف (Histone Methyltransferase) ا� ہ  وو� اور �و� � � �ات۔؛ �ى
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 (Cancer Initiation, Promotion, and Progression) � � �و�ت، �و� اور �� 4.6

�  ��  �   ا�  �و� �  � (Multi-Stage Process) و�ت�  �  �  � (Initiation)�و�  ، 

(Promotion)�� اور  ، (Progression)  ص ��� ��م�� �۔� �� � (Biological Mechanisms)  �

 � �ا� � �� �� �۔ (Lifestyle) ، اور �ز ز��(Environmental) ، ����(Genetic) � �� � اور ��

 (Initiation Stage) �و�� �� 

��   �و��  آ�ز �  ��  �  � (Initiation Stage) ��  ��   وا� ���   ا� ��  �   �۔ ��  � 

(Irreversible Genetic Change) � � (Mutation) م �ر � � � � ڈى ا� اے� � ،� �� � � (DNA)  �

 و�ع �� �� �۔

، ��� � (Tobacco Smoke) � �� � د�اں (Carcinogens) � �ات ا� ��ن �ا �� وا� �ا�

�� (Ultraviolet Radiation)� � ، (Certain Chemicals)ن �ا �� وا� وا�س�� � ، (Oncogenic 

Viruses) و� � �� �۔ � 

� �� � � � � � �ا�  (Errors) � دوران �ں (DNA Replication) � �ات ڈى ا� اے �

 � ذر� ورا� � � � �۔ (Germline Mutations) �� �ات

 :�� � (Critical Genes) اس �� � �� �� وا� ا� �

� �� �، � � �  (Cell Growth) � � �م �ر � �� �و� :(Proto-Oncogenes) �و� او� � •

 � �� �، � � � � � �۔ (Oncogenes) �� � � او� �

• � �� �� (Tumor Suppressor Genes): � �� � � (Cell Division)  � ،� �ر � �� �

 � �۔� � �� �  (Inactivation) ان � � ��

� ��  (DNA Damage) � � ڈى ا� اے � �ن :(DNA Repair Genes) ڈى ا� اے �� � •

 �ا � � �۔ (Genomic Instability) �� �، � ان � �ا� � �� �م ا�م

 :(Important Points) ا� �ت

 Genetic) � �ل � �� � آ� �، � اس � �� ����ى �ر  (Initiated Cell) �و�� � •

Makeup) �� �� �ں ا�� � (Malignant Transformation) د� �۔ � �� � � 
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�  �، � ا� �ر � �� � � ا� وا� � �� (Irreversible Process) �و�ت ا� ��� وا� � •

 �۔

 (Promotion Stage) �و� �� 

 (Clonal Expansion) � �� ا�ا� (Altered Cells) � �� �و�ت � � آ� � اور ان �� �ہ �ت

 � � �� �۔

� �اہ را� ڈى � �وغ د� �  (Cell Proliferation) � �� ا� �ا� � �ك �� � � �� ا�ا�

 :ا� اے � �ن � ��، �

 � �� � � �ك �� �۔ :(Hormones) �ر�� •

 � �� � �۔ (Cellular Stress) � �� �ؤ :(Chronic Inflammation) � �زش •

 � �۔� �ت � �ن � � ا�ا� � ��  :(Alcohol) ا� •

 � �� � ��ر �ا۔ :(Dietary Influences) �ا� �ا� •

 :(Important Points) ا� �ت

 �� �، �� �و� �ا� � � � د� ��۔ (Reversible) �و� �� � دوران ��ں �� وا� •

ى � � �� �، ان � �اد �� � اور ا�� � (Initiated Cells) اس �� � دوران، �و�� �ت •

 �ات � �ل � ا�ن �ھ �� �۔

 ا� �� � �ں �ا� •  ا� و� � � ��  (Intervention) �و� وہ  اور � � � �� � رو� � � �،

 (Prime Target) � ا� ��ں �ف�  (Chemo-Preventive Strategies) ��ارك � �ں

 �۔

 �� ��� (Progression Stage) 

 �۔ (Aggressive Stage) �� � � �� � آ�ى اور � � �ر�� ��

�� �� �� � (Genetic) ك
ٹ
نننىن


نى ��ں � � �� � �� ر� �، � ��  (Epigenetic) اور ا� جج

 � �� � �� � �۔ (Malignant Tumor) � �� ر�� (Benign Lesion) �ؤ

 :(Key Characteristics) ا� ��ت

 �ات � � ا��۔ :(Genetic Instability) �� �م ا�م •
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ىس • ىسن ننن

نى جج

�، � ر�� � �ا� ا�اء �ا� �� �  (Blood Vessels) � �ن � ��ں :(Angiogenesis) ا� 

 �۔

 � � � �۔ (Immune Surveillance) ر�� � �ت �ا� �ا� :(Immune Evasion) �ا� �ار •

ااء :(Invasion and Metastasis) درا�ازى اور ��س •
خ
�  (Distant Organs) ر�� � �ت د� اعض

 �۔� � 

 :(Critical Genes) ا� �

• p53 �: 

o �� � م� (Genomic Integrity) �� � �� ،�� ار ر� � اور ڈى ا� اے�� � (Cell 

Cycle Arrest)ا��س � ، (Apoptosis) د� �۔ �� � 

o p53 � �� اور � �� � �۔ � � � �� �ن �� ڈى ا� اے وا� �ت � �� � 

• BCl2 �و�: 

o ء� �� (Cell Survival) وغ د� � اور ا��س � رو� �۔� � 

o اس � ز�د� � � �ت � ز�ہ ر� � ��ہ د� �، �ص �ر � �و� اور �� � �ا� �۔ 

 :(Synergistic Effect) �� ا�

• p53 ات اور� � BCl2 ز�دہ ا�ر � (Overexpression)  �� ،� �� ��ا� � � �و� � ا �� �

 ا� �ف � �� � ��م ��م � �� � اور دو�ى �ف �ت � �� � � � �� �۔

 ۔� دو�ں �ا� � � �� � � راہ �ار �� � •
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ففاات 4.7
خ
 (Abbreviations) م�

1. HCC - ��پاا��� �ر ہنىن  (Hepatocellular Carcinoma) ہ

2. NSCLC - � � ن ا�ل � �وں� (Non-Small Cell Lung Cancer) 

3. BRCA1 -  � � � � ��1 (Breast Cancer Gene 1) 

4. TNBC - � � �� وو
ٹ
تىگتىت

نت
 �� (Triple-Negative Breast Cancer) 

5. AML - �� ��� �� (Acute Myeloid Leukemia) 

6. p53 -  � �53ر�� � د�� وا (Tumor Suppressor Gene 53) 

7. BCl2 -  �2� � �ِ�فوو (B-cell Lymphoma 2) 

8. Synergistic Effect -  � ز�دہ�� � � �� ا� ا�ادى ا�ات (Combined Action Greater than 

Individual Effects) 

9. Carcinogenesis - � � � (Formation of Cancer) 

  (Learning Outcomes) �� ا�� 4.8

 � �� �� � � �� � اب و�� �ے �: ا�� اس 

   �� اا، ����، – ��� در� �ى اور
نن
ا�، اور ا�� � � �، �� �� اور �� ��ت �  �گلنى

 �۔

   �جئى�م، �� ��ں، اور ا�و� � � ذر� �� � ��، اور � �ا� �  – � و �� اور �ا ف��

 �ں � �ط، ��ى، اور �� فگووس �ا� � ��۔

   � �� اور –   �و�زون � ا�و� و ا�و� �، اور �� � � �� � دو� �، �د �، اور سسبٹ
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 � � � � ��۔

   � ��رى � و� – ا�اض اور ا�
ٹ �
فئ
س

ئ
بئك ڈائ �ت، ���� � �� وا� ا�� � � �رى اور ا�� � �� وا� ا�ىمئى

 ��ت، اور �ج � �۔

   �و�زون ��اروں � ���� �م � �دار، � ��� �دے � � �� اور د�  – ���� اور �� ا�

 ��� �ت � ��۔

   اور ار�� �ت � �� �� ان ��اروں � �� � ��و ا��، �� – � � اور ار�ء ،�� 

 � � �۔

 

 (Keywords) �ى ا�ظ 4.9

اور � � د�  (Uncontrolled Cell Growth) �ت � � �� ا�ا�

 ۔(Metastasis) �ں � �ؤ
Cancer (�) ن�� 

 �� (ر��ں) Tumor ۔(Mass of Abnormal Cells) �ت � � �� �ؤ � � وا� �

 � ڈى ا� اے � � (Agents or Substances) ا� �ا� � �دے

(Mutation) ا � � � � � � �۔� 
Carcinogens ن �ز ا�اء�� 

 � � (Proliferation) اور �ؤ (Cell Division) وہ � � �� �

 �� �� �، � � � � �۔
Oncogenes � �آ 

 ا�ا� ��  �  �   � (Cell Growth) وہ  اور �   ر� �  ��  � 

(Mutation) رت � � � �ے � ��� �۔� � 

Tumor Suppressor 

Genes 
� �� �� 

 � �� �ت ر
خ خ ى

ٹ
 �و� � �  BCl2 � رو� �، � (Cell Death) وہ

 �ت � ز�ہ ر� �۔

Anti-Apoptotic 

Proteins 

 ا���  ا�

ر
زز  ى

ٹ
 �و�

 ��ں �  �   �� (Blood Vessels) �ن �  ،�  � (Tumor)  �

 �ا� �� �۔ (Nutrients) �ا�
Angiogenesis نننىسس


نى جج

ىوو جن �
نى
ى  ان

� �ت � �ل �  (Changes in DNA)  ��ںڈى ا� اے �

 ا�ل � �� �� � اور � � � � �۔
Genetic Mutations ات� �� 
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 ا�ر �  �  �  �  ��  �  �  �   اے  ا�  ڈى �   ��ں  Gene) وہ

Expression) ۔� �� �� � 
Epigenetic Changes ں�� � 

 Spread of Cancer Cells) � �ت � � � دو�ے �ں � �

to Other Parts of the Body)۔ 
Metastasis ىس ىسٹ ٹ

ٹ
سٹ

� 

  (Model Examination Questions)�� ا�� �ا�ت  4.10

  (Objective Answer Type Questions) �� � � �� /� �ا�ت � �� �ا�ت 

1. � (Cancer) ؟� � �� �� � 

A) ت� �� �� � (Uncontrolled Cell Death) 

B) اور � �� �� ا�ا� اور �ؤ � � (Unregulated and Uncontrolled Cell Growth and 

Proliferation) 

C) � ا�ا� اور �� � (Regulated Cell Growth and Division) 

D) �� �� �� � ل� (Normal Cellular Differentiation) 

 Unregulated and Uncontrolled Cell Growth and) � � اور � �� �� ا�ا� اور �ؤ (B :�اب

Proliferation) 

 

 � �دى �ق � �؟ (Benign and Malignant Tumors) � اور �� ر��ں .2

A) ر��ں � (Benign Tumors) ى � �� � � �� ر��ں� (Malignant Tumors) � �� �آ 

B) ر��ں � (Benign Tumors) ��ر� � (Non-Invasive) ر��ں �� � � �� (Malignant 

Tumors) ارد �د � ��ں (Tissues) آور � � (Invasive) � �� 

C) ر��ں � (Benign Tumors) � � (Fatal) ر��ں �� � � �� (Malignant Tumors)  �

 �� � (Harmless) �ر

D) ر��ں �� (Malignant Tumors)  � � �� �� � �ر��ںو � (Benign Tumors)  �� �

� 

 Malignant) �� � � �� ر��ں (Non-Invasive) � �ر�� (Benign Tumors) � ر��ں (B :�اب

Tumors) ارد �د � ��ں (Tissues) آور � � (Invasive) � �� 
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% � زا� ا�� 50� �� � اور �  (Guardian of the Genome) " ��� � "�م � (Gene) وہ �ن � � .3

 �� �؟ (Mutated) � � �� (Human Cancers) ���ں

RAS   A)           p53 B) 

HER2  C)           BCl2 D)  

 B) p53 :�اب

 � � �؟�و� � �دى  BCl2 � (Cancer Cells) � � �ت .4

A) ��� � � �� (Induce Cell Division) 

B) ا��س (Apoptosis - Programmed Cell Death) �رو � 

C) �� ڈى ا� اے �� � �� �ر � �ل (Activate DNA Repair Mechanisms) 

D) �� � � � � ن � ��ں� (Regulate Angiogenesis) 

 � رو� (Apoptosis - Programmed Cell Death) ا��س (B :�اب

ىس .5 ىسن ننن

نى جج

ىوو  جن �
نى
ى  � � �دار ادا �� �؟ (Cancer Progression) � � اور � � � �� (Angiogenesis) ان

A) ؤ � رو� � � �ن � ��ے� � � (Blood Clots) �� 

B) � ں� �ن��  (Blood Vessels) ��ر � � � (Tumor) �ا� � (Nourishment) � ��� � 

C) � �� �� � (Abnormal Cell Division) ��� � 

D) ا� �م� (Immune System) ��د � 

 � ��� � (Nourishment) � �ا� (Tumor) � � � ر�� (Blood Vessels) � �ن � ��ں (B :�اب

 � ا� �دار ادا �� �؟ (Cancer Initiation) وہ �ن � �� ��ں � � � � آ�ز .6

A) ات� �� (Genetic Mutations) 

B) ك ��ں
ٹ
بنبىب


ببى  (Epigenetic Modifications) ا� ج

C) � �و� آ� (Proto-Oncogenes) �� � (Activation) 

D) �� م ��رہ� (All of the Above) 

 (All of the Above) �م ��رہ �� (D :�اب

 � �� � �ن � � ا� �دار ادا �� �؟ (Cancer Promotion) � � �وغ .7

A) ں�� �� � � (Irreversible Genetic Changes) 

B) ؤ� �� (Cell Proliferation) �وا� �ا ��� � (Promoting Factors) 
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C) �� � ڈى ا� اے (DNA Defects) �� � 

D) � � � � ��ر (Decrease in Tumor Size) 

 (Promoting Factors) � ��� وا� �ا� (Cell Proliferation) �� �ؤ (B :�اب

 � دوران �ن � � � � ز�دہ ا� �؟ (Metastasis) � �ؤ (Tumors) ر��ں .8

A) ا��س (Apoptosis) 

B) ىس ىسن ننن

نى جج

ىوو  جن �
نى
ى  (Angiogenesis) ان

C) �د� �� (Cellular Suicide) 

D) �� ڈى ا� اے (DNA Repair) 

ىس (B :�اب ىسن ننن

نى جج

ىوو  جن �
نى
ى  (Angiogenesis) ان

 

 � در�ن �دى �ق � �؟ (Normal Cells) اور �م �ت (Cancer Cells) � � �ت .9

A) � �� � � ت� � � (Uncontrolled Division) � �� 

B) م �ت � �ك� (Motile) � �� 

C) �� � � � ت� � � (Immortal) 

D) � �� � � م �ت� (Genetic Mutation) � �� 

 �� � (Uncontrolled Division) � � �ت � � �� � (A :�اب

 (Cell Cycle Checkpoint) اور �� �� � �ا� (DNA Repair) ڈى ا� اے �� (Gene) �ن � � .10

 �دار ادا �� �؟ � ا�

MYC A)            TP53 B)  

BAX C)             RAS D)  

 B) TP53�اب: 

  (Short Answer Type Questions)ت � �� �ا�ت �ا� � 

 ۔�� ن�ق � ن� در� ں) ر��Malignant( ) اور � �Benign( اور �ش � �� �� (��ن) � � .1

2. � � � � � p53 �� �)؟ � ا� ) �ات� 

ى "ا .3 ينننسسى

 ينوو�ج ج �

ني
) "Angiogenesis� ( � اور ر�� �� �� ا�ح )Tumor� ( � �ناس � �دار � � �و 

 ۔��
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  �ر� .4
جج

ى 
ى

 
نن


ى 
ى

 ۔�و�� � � �دار � Carcinogenesis� ( BCl2( سس

�ون �� ��  � � � ) �Tumor( اور وہ ر�� ،�� �� � �م �ر � �ن � � �و�ت � � � .5

 ؟�

  (Long Answer Type Questions)ت � �� �ا�ت �ا� �� 

 ۔�و�� � ) � � �Progression)، اور ار�ء (Promotion)، �وغ (Initiation� آ�ز ( � .1

2. � � )Cancer Cell�  ( ��   و�و  �In-Vitro Characteristics( تان  � �� ن)  �م  ا� � 

)Normal Cell�� ۔� ) � �ز 

 ۔�� نان � �دار � � �و� � � ) اور �Carcinogens( �ا�م � �ر� ا� .3

4.11  ��(Glossary) 

  ا��ى ا�ح  ا�اردو   اردو �دل ��

اور �  (Uncontrolled Cell Growth) �ت � � �� ا�ا�

 ۔(Metastasis) � د� �ں � �ؤ
 Cancer ��ن ��ن

 (Proliferation) اور �ؤ (Cell Division) وہ � � �� �

 � � �� �� �، � � � � �۔
 Oncogenes آ� � زا ���ن 

�  (Tumor) � �، � �� (Blood Vessels) �ن � � ��ں

 �ا� �� �۔ (Nutrients) �ا�

�ن � � ��ں 

� � 
نننىسس


نى جج

ىوو جن �
نى
ى  Angiogenesis ان

ا� �ر� � � � ذر� � �ورى � �اب �ت �د � � � � 

 �۔
 Apoptosis ا��س �� �ت

 �  ��  �   اور ��  �  �   �ں  دو�ے �  �  �   �ت �

 د�۔
ىس �ؤ ىسٹ ٹ

ٹ
سٹ

� Metastasis 
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Maulana Azad National Urdu University 

B.Sc. (Life Sciences)-Zoology & ITEP 
Cell Biology-II (Theory) II Semester- Examination XX- 20XX 

Code: BNZY201DET 

Time: 2 hrs     Marks: 25 

 �ا�ت:

�ا�ت � �ں � � �: � اول،� دوم،� �م۔ � �اب � � �ں � �اد ا�رۃ �۔ �م �ں � �ا�ں �  � ��

 �اب د� �ز� �۔

�ز� �ا�ت � �� �و� �ا�ت/ �� � � �� /� �اب وا� �ا�ت �۔ � �ال � �اب �ز� �۔�  5� اول �  .1

 )5x 1 = 5 Marks(                 � � �۔ 1�ال � � 

) �ں � � 200ال � �اب �� دو�(�ا�ں � �اب د� �۔ � � �ر�ا�ت �، اس � �� � � ��  4� دوم �  .2

 )4x 3 = 12 Marks(          � � �۔ 3�۔ � �ال � � 

) �ں � � 500۔ � �ال � �اب �� �� �(� �اب د� �ال �ا� �ا�ت �، اس � �� � � ��  2� �م �  .3

 )8x 1 = 8 Marks(                � � �۔8�۔ � �ال � � 

 � (اول)
 

  (Marks: 5x1=5)                                                       �)    �م �ا�ت � �اب( �� � � ��

i. � � ��اُس � ز ��(Phase of cell cycle) � � � � � � ��(cell growth) � اور DNA � 

� (replication)� � ۔� �_______________ ا� �؟ �� �رى 

ii. ا� ذر� � � � وہ � � (cell division)� � ں � �ر �� دو� daughter� ا� �، �� �ا 

 ۔� �� � ________

iii. Meiosis � ہ �و��م � � � دوران� �� �(separation of homologous chromosomes)، 

 ۔� � phase________ � �� اس

iv. � � �ىوو� وا� د ىكى گ _______________ ا� � �، �� �� � �ں �� ��ى
ن
�ن
ن
 ۔� �� � سگن
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v. �گ ا
ن
�ن
ن
ىوول سگن ىكى �ر � ��ى

ٹ ىسٹپ� گ � � �(receptor) رٹ
ن
�ن
ن
 ا� �، �� (initiate signalling)�وع � � سگن

 ۔� � __________

 � (دوم)

  (Marks: 4x3=12)                                                                                   � � �ٹ � �ر� درج ذ� � �                                                                                            

 ) � �ظ � � �ح � �� �؟genetic variation�� �ع ( meiosisاور  Mitosisم۔ 2

 ۔� و�� � �� �ن �� اور � �ہ �� ��(different phases of mitosis)۔ ��س � �ا� 3

4  ن
ٹ  ) � � و�� ��۔Solenoid Model� �� � ���� �ڈل ((Chromatin)۔ �و�ى

گ � �ق �ن ��، اور ا� ا� �ل د�۔Paracrine) اور �ا�� (Autocrine۔ آ��ا� (5
فب
�
فب
 ) سگ

 (Benign۔ �� (6 ٹٹ
ن
ىلگن  ��۔ ) ��ز � در�ن دو �ق �نMalignant) اور �ن

 � �؟(Significance)) � ا� Cell Cycle Checkpoints۔ � �� � �ا� (7

 � (�م)

                                                                         (Marks:8x1=8) � � �ن ��: ��� ا� � درج ذ� � 

8   ا�م Cell-Cell Communication۔ �  �(types)  :�)  ��  �   ��ں ��  ،��   �ل  �د� �

 )۔(endocrine)، اور ا�و�ا�(juxtacrine)، � �ا�(paracrine)، �ا��(autocrine)آ��ا�

 ) � � �ح �د�ر �؟Genetic Variation��اروں � �� �ع ( meiosis� � �ا� �۔  Meiosis۔ 9
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 � �ل

(Lab Manual) 
 -2�� ��ت

 (Cell Biology-2) 

 

 )آ�س(�۔ا� �۔ 

 ام�و� �ر ��

 )تا��( �دو�ا
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 �رد� � ذر� ��س � �ا� � ��ہ :5 ا��
(Visualization of Stages of Mitosis under Microscope) 

 ا�� � ا�ا

5.0 �  )Introduction( 

5.1 ��   (Objectives) 

 (Materials Required) در�ر �اد 5.2

 (Procedure) �ر �� 5.3

و 5.4
ٹ ى

ئ
 (Identifying Features of Mitotic Stages) ت�� �� � �ا� ���

 (Observations and Results) �� اور ��ات 5.5

 (Precautions) �ا� �ا� 5.6

 

5.0 �  )Introduction( 

�ا�  ) �genetic material�اد ( �) � � � � �cell division( � �� ىد� �) اMitosis��س (

�   ��    �۔ ��� �   ( ى� �  �multicellular organisms��اروں ( )   growth�و� ار�ء )،

)development� ں�� ،( ) ��tissue repair� اور ( � �� )asexual reproduction� (  ا� �دار ادا �� �۔

�  �  ��  �   �ت  اس �  �   �ا� �   � ى�ور ��س �   ( �� ت�  � genetic stabilityا�م  اور (

)continuity� � ( � �۔��ار ر 

) � � ��س � � �ا� � microscope( � �رد� ،) �laboratory exercise� ( �� �� اس

 � �د  ر�  �ف �  ��  ��   �اور  اس  ذر ۔ �   ا�ا� � ،���  ( وا� ��prophase�ا�ا  ،(  ��

)metaphase�ا�  ،()  ��  �anaphase��ا   اور ( )  ��telophaseو
ٹ ى

ئ
��  ��  �  سس)

ن
كن

 )cytokinesis�  ا�  )

) � �ر live cell samples��ں ( �) اور ز�ہ �prepared slides( ز�ہ �� ر� �� � �� �ں �۔ � ت��

) � �رے cellular dynamics��ت ( �� اور � �د) � �وغ microscopy skills�ر�ں ( ��ہ ��، �ء �رد�

 �۔ �� �� � ى� �
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) � theoretical knowledge� ( ��� � �ا� � � � �) � �ب � اzoology( تا�� � � �

�  ا� وا� � �ف ��س � � ،�� ذر �۔ اس ��� �ڑ� ) � ��practical observation��ے ( �

� � � �� ) �cellular processes� � �� � ( ں� �� �� ى�ور )laboratory techniques (

  �۔ ��� � �رت � �

وس � �ا� � ��ہ �� �۔ �ر�ى  � �وں � (Allium cepa) اس � �، آپ �ز
ٹ ى

ئ
�� �  ر

ز ش ئ
�ا�

اور  (2n=16) �و��� � �ے، �اد � � (ii) ��� د�ب � اور (i) �ں � � � ا� �� �اد � �� �

ئىمئى 
ٹ
و� �ر � ��م �ت �سئ

ٹ ى
ئ

ك ���ے ر� � ر� وا� �� �۔ � � ��
ٹ
� �  (Meristematic Region) ٹ

� �� � ��ہ � �  (Cell Division) � �ك � �� �� �� �۔ اس �ر�ى � � ا�م د� � �، �� �

 ��۔

5.1      ��(Objectives) 

 � � ا�م �، آپ �� �ں � �: ىر��

  �ر ( � � � ز
ز ش ئ
 ؛�� ر) �Stained Squashes�ك � داغ دار �ا�

  ) �� �Stage� ( �� ��ت )Identifying Features� � (؛�� ن 

  و
ٹ ى

ئ
 اور ؛) � �ب ��Mitotic Index( �ا� ���

  ں�ر� ىر� � از �دو�ے �اد � ��، �وع � � � � ��ً ،�� ا�م د ى�� �د �ر )Pre-

Lab Preparations۔� ( 

 (Materials Required) در�ر �اد 5.2

 :�� � � درج ذ� �اد در�ر �

 (Onion Root Tips) �ز � � � �� .1

ك ا� .2
ٹ
ىسئىئ ر�/ائ

زز
ك ا� ) - (Carnoy’s Fixative/Acetic Alcohol) �ر�� �

ٹ
ىسٹىٹ ا� 1اٹ

ت  3ا�  � اور ا�ى

� v/v) 

3. 2N �رو�رك ا�� (Hydrochloric Acid) 

ا�ل 70% .4
ت  (Ethanol) ا�ى



95 
 

ن  .5
ئ
ووآر�ى

ٹ
ىسئىئ وو�ر� � ائ

ٹ
ىسئىئ  (%2) � ڈرا� �� (Acetocarmine/Acetoorcein) ائ

ك ا� .6
ٹ
ىسٹىٹ  (%45) � ڈرا� �� (Acetic Acid) اٹ

پساور �ر س  (Microscope Slides) ��و ا�پ ��ز .7  (Cover Slips) لپ

ٹ  .8 ى پ ى��پرر ٹپ  (Pasteur Pipettes) ٹپٹ

 (Razor Blade) اور ر�ر � (Fine Forceps) ، �ر� �(Teasing Needles) �� وا� ��ں .9

 (Watch Glass) واچ �س .10

11. � ��/� � (Filter Paper/Blotting Paper) 

ٹ  .12
ن ٹ ن

 (Nail Polish or DPX Mountant) � �� � ڈى � ا� �وٹ

 (Compound Microscope) �ؤ� ��و ا�پ .13

 (Spirit Lamp) ا�ٹ � .14
 

 (Procedure) �� �ر 5.3

 � � � � �، اور � �� � �د ا�ا�ت �� �۔ (B اور A) اس �� � �و��ل � دو �ا�

(A) از �ر�ى �رى � (Pre-Lab Preparations) 

i. � � ز� (Onion Bulbs) �� � �� � �� ان � � وا� �� � � �ف � (Flask) ر�  پ�نن  � �ن

(Coplin Jar) ر�۔ � �� � � اس � � � � �� � � �۔ � 

ii. 3-4 � ،(� � � � ظ � ز�دہ� � ��) � دار � �� �۔ 3-2� (دن� (� � � 

iii. �� � � � ر�ر � � �د (Root Tips) �ر
زز
ك) (Carnoy’s Fixative) �ٹ � �ر�� �

ٹ
ىسٹىٹ ا� -اٹ

1:3v/v)  �24 ں � � � ��۔� 

iv. ں � ذ�ہ �ل�� � � ،� � �� � (Storage Solution) )70 � ا�ل) � � �� اور ان �ں
ت % ا�ى

5-4°C � � � � ر�۔ ان ��ں � ا� �ل � زا� �� � ا�ل � 
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 (Rooting in Onion) �ز � � ��     5.1� 

( B) ر � �رى
ز ش ئ
 (Preparation of Stained Squashes) داغ دار ا�ا�

i. وں � �وں� � (Root tips) ىوو ٹ
ٹ
 Watch) � �ر� �ل � �ل � واچ �س (acetic alcohol) � فكسٹ

glass) اور �� � ا� �ح د� �۔ �� � � 

ii.  ىٹٹ ن
ٹ
 نپنپن ى��پرر  2Nڈا�۔ �وں � �ے  2N HCl� �د � �ل د� اور � �ے  (Pasteur pipette) �� � نپن

HCl سس
ئ
ئ
� � ا�ٹ  10� �� �م � �� �۔ � � �ے � در� �ارت �  (Hydrolysis) � ��و�

� (Spirit lamp)  � رى ر�۔ 3-2� آگ� � � HCl �ڈى ا� اے � ڈى �ر (Depurinate)  �

 � �� �۔ (Staining) �� � � � ر��

iii. �سس � � ��رو
ئ
ئ
� �ل د� اور �وں � �وں � �ر �ر �� � د��۔ � �وں �  (HCl) رك ا���و�

 � ر�۔ (Slide) �وں � ا�ط � � اور ا� �ف ��

iv.  وو�ر�2�� � �ل د� اور
ٹ
ىسنىن  10� � �ے ڈا� اور �� � واچ �س � ڈ�� �  (Acetocarmine) % ان

و � �
ش ٹ

 � � � �� د�۔ ا� �ورت � � �� ر� ڈا�۔ (Tissue) �ڑ د�۔ �

v.  � �� �� � �داغ دار �وں � �وں � ا�ط � دو�ى �� � � ��۔ � � ا�� �ے � � آ

 � � � � ا� � ��۔

vi. 45% �ك ا
ٹ
ىسٹىٹ ے ڈا� اور �� � �د � �م � �ورى ��ت � �ٹ د�، �ف � � � (Acetic acid) اٹ

 و� ا�� �ے داغ دار � � �ے ر� د�، �ں � �� �� � �� �� �۔

vii. � داغ دار � � �وں � ا�ط � �ر (Cover slip) � � ر� اور (Filter paper) �ن � �ں � در

ك ا� � � د�۔ ا�� � � � � �ے � �دى د�ؤ ��۔ �
ٹ
ىسئىئ �ت  (Tapping) �� � ر� � ا�� ائ

و ا� ا� �� � �� � �  (Chromosomes) � � �� � اور �و���
ش ٹ

ڈ �
ٹ ش ئ
� �� �۔ ا� � ا�ا�
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 �ا �� ��۔

viii. ر� � (Cover slip)  �ا�اف � �� � �� د� �� اس � ا�ا� �اب � �� �۔ � � و �

 ا�ا� � � � �� د�۔

ix. viii. �ر � � �روں � ڈى � ا� (DPX) �� � � (Nail polish)  � � �� � �� �د � � �

 �۔

x. ix. پ�ؤ� ��و ا� (Compound microscope)  � 10� � ��زX  40اورX ہ ��۔�� �  نف
ش
ىش ىفكن نف


�نىگن

 

و� �ا� � �� ��ت 5.4
ٹ ى

ئ
�� (Identifying Features of Mitotic Stages) 

 ��س �  �   �و��� (Mitosis) آپ  اور  ��ت �  ��  �  �  �   اس  �۔  وا� �   �ا� � 

(Chromosomes) ��ى �� � �� � � � �۔ � � در�ن � دورا� ا�� � (Interphase)  � � � ��

� ا�ا� � آپ د� � � ز�دہ � �ت  (Onion root tips) ا� �م � ز�دہ � و� �ار� �۔ �ز � � � �وں

ن  (Nuclear membrane) اس �� � �� �ا�� � �۔ 
ٹ �ل � �  (Chromatin) ��ار �� � اور �و�ى

ڈ
ڈ
سڈ

ن
 � (DNA) �� �۔ ا�ادى �و��� � � آ�۔ ا� �� � ڈى ا� اے (Decondensed) � ڈى �نىن

(Replication) � �� ۔�� � اور � � � � �رى 

 :��س � آ�ز � ا�رہ د� �۔ اس �� � (Prophase) �و� .1

 ،(Sister chromatids - � �و�ز) ��ں � �� � (Chromosomes) �و��� •

• ��� (Centrioles) ،(� ف ��روں�) � �� بووں � �ف �ت  قطب

• � �� (Nuclear membrane)  ��،� �� � 

• ��� (Nucleolus) ۔� �� � �� 

 (Prophase) : �و�5.2� 
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2. �� (Metaphase) 

دڈد (Chromosomes) �� � �و��� •

س

ز
 �� �۔ (Maximally condensed) ز�دہ � ز�دہ �نىن

 (Metaphase plate) �� �، � �� � � ا� �ر � � � (Equator) �م �و��� � � �ِ ا�ا •

 � �� �۔

بووں � � وا� ا�ل ر� •  � �و �ز (Sister chromatids) � �و�ز (Spindle fibers) دو�ں قطب

(Centromeres) ۔� �� � � 
 

 �5.3�� : (Metaphase) 
 

 (Anaphase) ا�� .1

 ا� � �� �۔ (Sister chromatids) ز� �و� .2

بووں � �ف �� �� �۔ .3  � �و�ز قطب

 

 (Anaphase) : ا��5.4� 
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4. �� (Telophase) 

ز  •
ٹ د �� � �� اور �و�ى

ٹ
سد

زب
 � ��ى �۔ (Chromatin) �و��� � � �بى

• � �� (Nuclear membrane) � ۔� دو�رہ 

 � �� ��۔ (Spindle fibers) ا�ل ر� •

• ��� (Nucleolus) دو�رہ �دار ��۔ � 

 

 �5.5�� : (Telophase) 
 

 (Observations and Results) ��ات اور �� 5.5

�  (Stages) � �ا�� ا�ط � ��ہ ��۔ آپ �  (Cells) � � �ت (Microscope) ��و ا�پ

 � � �� � � د�� �� � ا� ��� �ے � �و� � ��۔

 (Observation Points) ��ات � �ت •

 )**  Mitotic Index( ���� ا�

� �ص �د� �� ) اور �رد� � � 𝑛𝑛) � � �� �� �ت � � �اد (MI��� ا�� (

 𝑁𝑁� �ت � � �اد (  ) � �� � �ر � �� � �� �۔ 

   اس � ا�ر درج ذ� �ر � � �� �: 
𝑁𝑁
𝑛𝑛

= 𝑀𝑀𝑀𝑀 
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5  �10    �د� �� � � �، ��� ا�� � ا�ازہ �� � � �۔ 

 �م � � � � � ��� � � �ر ر� �:  � �ب دے �، ان �ت � ��  100
𝑁𝑁
𝑛𝑛

× 100 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 

 اس �ح ��� ا�� � �ت � � � �� � � �ا� �� �۔  

 �� اور �د ��؟

 ��۔ � �ا� � ��د �ت � �� .1

 درج �� � آپ � وا� �ر � ��ہ �۔ (Characteristics) � �ا� � وہ ��ت .2

 � �� ��۔ (Data) � ز�دہ � � �ت � اور � دى � �ول � � ��۔ ڈ� .3
 

 (Observations and Results) ��ات اور �� 

� 
(Total) 

�� 
(Telophase) 

 ا��
(Anaphase) 

�� 
(Metaphase) 

 �و�
(Prophase) 

 ا��
(Interphase) 

�� (Stage) 

 �اد       �   �ت
(Number of 

Cells) 

100      ��  �   �ت
(Percent of 

Cells) 



101 
 

 

 (Precautions) ا�� �ا� 5.6

پس (Slides) ��ز •  � �ف ر� اور ا� �د اور ا�ں � ��ت � �ك ر�۔ (Cover Slips) اور �ر سلپ

 �اب � �� �۔ (Squash) � � � �ف �� � د�، ور� ا�اش (Cover Slip) �ر � •

 � � و� ا�اش � � �� د�۔ •

� �رے �  (Blotting Paper) � �� � (Mounting Fluids) �ر � � �روں � ا�� �و� ��ز •

 �د � ا�ط � � د�۔

 � �۔ (Air Bubbles) �ر � � آ� � ر� �� �ا � � •

 اور �� � �� � و� � ر� �� �ں �ؤ �۔ (Material) �اد •

/Calculate MI��ا ��� (MI) � ��� ب: 
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صب�ے):  :6 ا��
خ
 �رد� � � �س � �ا� � ��ہ (�ى � �

[Visualization of Stages of Meiosis under Microscope (Grasshopper Testis)] 

  ا�� � ا�ا

6.0 �(Introduction) 

6.1    ��(Objectives) 

ص  6.2
خ
 Stages of Meiosis in Grasshopper(زس � � �ا� �ں �ے � �ى��ے � �

Testis Cells( 

6.3 Material required 

 �ر �� 6.4

 :(Microscopic Observation) ��ہ �د� 6.5

 :(Recording Observations) ��ات � ا�راج 6.6

 :(Analysis of Observations) ���ات � � 6.6.1
 

6.0 �(Introduction) 

��  �� ��اروں �) �� وا� Sexual Reproduction( �� � � � � ىد� �) اMeiosis( س�

  ��ا� ��۔ اس � � ذر
گ

ى 
ى
 
�

سىى 
ٹ
 Haploid Gametes( ٹ (� ) �Sperm� اور ( )Egg� ( � �� س۔ 

)Mitosis� ا� �ر � � � ��ر � س�� �، � ا� د� � ں��ر �  �) � ��، � دو � � ،� �� 

� در �  � اس �اد � �۔ �و��م � ) �اد ��Chromosome�و��م ( آد� � �� � � � �وا�

 �۔ ى�ور ا�م � ��ار ر� � � ��

 

 � س� �  قس  �
ت
 ت �   �� مااتىى دو �� ��   � I س: قس II ساور

ت
 ت  ان  �  مااتىى ۔ �   دوران، �

 �� �) � ذرCrossing Over�ا� اوور ( ،� �� � ) آ� �Homologous Chromosomes�و��م (
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 Genetic�ع ( �� � ہ� �۔ � �� � � ) �Daughter Cells( تاور � ازاں د� � ،�اد � �د� �� �

Variation(  �� ) ار�ء � ،� ��Evolution� � �ا� � �۔ ) اور ��ل � �� ڈ 

 

 ���� � �۔ اس � � � �� �ا� � ��ہ � س� � � و�پآپ �� ،� � ��� اس

ص  ى� �) Flower Buds( ں� � ��ں � �� �
خ
 � ز�۔ �� �� ) ا�ل �Grasshopper Testes( ےى�� �

، I (Prophase I) �و� �، � � �� � � � ا� �ا� � سآپ � �،) � Staining( اور ر�� ىر�ط �

�� I (Metaphase I)ا ،�� I (Anaphase I)� ،� I (Telophase I) � ساور II � � �� �۔ ان � �ا

�ع � ��ار  �اور � � �� �� دوران و�ع � س� � � � � � ں�� �ا� � ��ہ � � آپ �و��م �

 �۔ �� ادراك �� � ا� ان � ر� �

 

) اور Microscopy( و���، �ص �ر � �� � �د �� �ر�ں � � �� � � � � �اد آپ � �د � �

 �Cytological Techniques( ں� ���� (�   آپ ،�   ا�م �  �   اس  �  س۔  �ر  در� �   �ا� �

� � � �� �ں  ا� ��� � س� �ع � ��ار ر� � ��� اور � �� � ��� ��، �و��م � رو

 �۔

6.1      ��(Objectives) 

 :اس �� � ا�م �، آپ �� �ں �

   صٹ�ے
خ
 ۔ (Staining) � �� �ر �� اور ا� � �� � ر� (Grasshopper Testes) �ى � �

   س� (Meiosis) �  ا� � �� �� اور ان � ��ت �ن ��۔� 

   و��م� (Chromosome)  اور � � ��ہ ��۔ �� � 

   ع� �� (Genetic Variation)  س � � � ا� � �۔� � � 

   و�پ�� (Microscope)  ات � ر�رڈ ��۔� � � �ا� � ��� �� اور�� 
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ص  6.2
خ
 Stages of Meiosis in Grasshopper(� � �ا� زس� � ں� � ےى��ے � �

Testis Cells( 

ص  �ے
خ
 �ا ) � � �ا� � �� �� � �meiosis( زس� ت) � �grasshopper testis( ےى�� �

وا� �ق  �� �، � اور �دہ � بد� � ں� �� اور � آ�� � �ا� ا�ب � � �۔ �ا ا�اد �ا� �� � ��

ا�م  بد� � (�� �اد � �� �و��� � آ�ن �� �۔ اس � �وہ، اس � ) � ا� �� �testis( �� �، اور �

�) اور  و� � �� � �و��م �م � XX/XO�ق �اد  �و��� � ؛�و��� �� � 21 � 19، 17 �وں � �

� �� � آ�ن ��  � � �ا� � )، � �acrocentric( و�ك�ا � ،� � �� � � ��م �و��� ا

 �۔

 

 

 

 

 

 

 

 

 

6.3 Material required 

�� (Sample) 

صٹ�ے •
خ
 (Grasshopper Testes) �ى � �

 (Equipment) آ�ت

 (Compound microscope) �ؤ� ��و�پ •
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 (Dissecting tray & Dissection box) � �ڑ � �ے اور � �ڑ � ڈ� •

 (Spirit lamp) ا�ٹ � •

 (Petri dishes) �ى ڈ� •

پس •  (Slides & Cover slips) ��ز اور �ر سلئ

 (Blotting paper) �ذب ��/�� � •

 (Reagents) �� ا�اء

 (Chloroform) �رو�رم •

ك ا� •
ٹ
ىسئىئ ىاا� ائ ئ

ش
ىس  (Glacial acetic acid) گلئ

وول •
نت
ھ

ت
ىى  (%70) ات

وور� داغ •
ٹ
ىسنىن وو�ر�/ان

ٹ
ىسنىن  (Acetocarmine/Acetoorecin stain) ان

 (N/10) ا� � ا� •

 (Molten wax/nail polish) �م/� �� � �ا •

 (Solution) �ل

وو
ٹ
 :(Fixative) فكسٹىٹ

وو
ٹ
ىسٹىٹ  (Aceto-alcohol solution) ا� �ل-اٹ

ك ا� :: 1:3)
ٹ
ىسئىئ ىاا� ائ ئ

ش
ىس وول : (glacial acetic acid) گلئ

نت
ھ

ت
ىى  ((ethanol) ات

 :(Stain) داغ

وو�ر�
ٹ
ىسنىن  :(Acetocarmine) ان

ك ا� � 45% (carmine solution) �ر� �ل 1%)
ٹ
ىسٹىٹ  (اٹ

ك ا� � � ��۔1  �45�  (Fisher C579-25) �ام �ر� 10
ٹ
ىسئىئ ىاا� ائ ئ

ش
ىس  % گلئ

رز
ئ

ىف�وو� ��۔ 24ڈال �  (boileezers) �ا�  � � رت

 � �ظ ��۔ C°4�ل � � �� اور �ے ر� � ��ں � 
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� 

وو
ٹ
ىسٹىٹ ن -اٹ ى  :(Aceto-orecein) اور�ى

 �ل 1%) ن ى ك ا� � 45% (orcein solution) اور�ى
ٹ
ىسٹىٹ  (اٹ

 �ؤڈر �  1 ن ى ك ا� ڈا�۔ 55�ام اور�ى
ٹ
ىسئىئ ىاا� ائ ئ

ش
ىس  � � ا� �ا گلئ

 �� �� اور � ��۔ (distilled water) � � � �ہ �� 45�ا �� � 

 �� �ر 6.4

 :� � � � � (B اور A) و �ا��� �ر � د

A) از �� �رى � (Pre-lab Preparations) 

 :(Collection and Dissection of Grasshopper Specimens) �ى � �� � �� اور � �ڑ �� .1

o ں � �ان � �غ � ز�ہ � ��۔ � ��ں�� (male grasshoppers) �� �  � دى �� � �� ان

صپ�ے
خ
 �� �۔ (testes) �س �

o �� ى � � � � � ��ر � ر� � � �رو�رم � ا�ل � � � �ش� (anesthetize)۔ 

o ڑ وا� �ے� � � � � � �� (dissection tray) ر�۔ � 

o � � صب�ے� � ا�ط � �� �� � �ے
خ
 �� � ��۔ (testes) � ��د �

o �   �ل (fine forceps) �ر� �   �ر��  اور ��  �   آ� �   �ں �   �د � (Carnoy’s 

fixative) وا� � � � ��۔ 

2. � (Fixation): 

o  � ر�� � �ل 24�� � �ں� � � � (acetic acid:ethyl alcohol = 1:3 v/v)  �

 � د�۔

o ��ڈ �� � (cellular structure) ظ �� � اور �اد � ر� � � �ر �� �۔� � 

 :(Storage) ذ�ہ .3

o  � وول � � �� اور 70� � � �ں
نت
ھ

ت
ىى  � ذ�ہ ��۔ C°4% ات
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o � �ر� اور �� � �ت � �� � � د�۔ذ�ہ �� وا� �  

B) دا�ار � �رى (Preparation of Stained Squashes) 

 :(Washing the Fixed Material) � �اد � د�� .1

o �� �ظ �ہ �ں � �� اور آ� (distilled water) �� � ىوو ئ
ٹ
  � �۔� ا� �ح د�� �� فكسئ

o � � � � صئ�ے
خ
 � ر�۔ (watch glass) د�� �� �

ر  .2
ز ئ
 :(Hydrolysis) ��رو ��

o  2� � � � � �ےN �رو�رك ا�� (HCl) ڈا�۔ 

o ہ در� �ارت� (room temperature)  �5-10 � ا�ٹ � � (spirit lamp)  � �2� � آ-

 ڑ د�۔� � � 3

o م� �  و
ش ٹ

� � � (soften) �ر  و ى پ � د� �،  (depurinate) �� � اور ڈى ا� اے � �وى �ر � ڈ�ى

 � � ر� ��ى � �� �۔

 :(Rinsing) د�� .3

o اب� (acid) رج �� اور �اد � �ر �ر آ� �� � د�� �� ا�� �اب � ��۔� � 

o  � و
ش ٹ

�� � (filter paper) آ� � � ��۔ � 

 :(Staining) ر� �رى .4

o  � وو �ر� داغ1د�� �� �اد
ٹ
ىسنىن  ڈا�۔ (acetocarmine stain) % ان

o � � � (watch glass)  ڑ د� �� ر� ا� �ح �ب  15-10� ڈ�� د� اور� � � �

 � ��۔

o  اد � � � �� د�۔ر� �رى � دوران� 

و � � �� .5
ش ٹ

� (Squashing the Tissue): 

o �� صئ�ے � �ف
خ
 � � ��۔ (microscope slide) ر� �� �

o 45% � ك ا� � � �ے ڈا� اور ا�ط � �ر
ٹ
ىستىت  ر�۔ (cover slip) ات

o � � ت � � �� �� �و��م وا� � آ�۔� � � �ے � ا�� � � د�ؤ ڈال 
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o دوران �ر � � �ؤں � �� � د�۔ � �� 

 :(Sealing the Preparation) �رى � �ظ �� .6

o �ر � � �روں � ڈى � ا� (DPX) ۔� � �� � �� � �� �� � � �� � � 

o  � � �� � �د�۔ �� � � 

 :(Microscopic Observation) �د� ��ہ .7

o  � 10�� � �ؤ� ��و�پX د� �� �ت � �م �م �۔ � 

o  �40X �ا� �� � � (meiotic stages) �� �� �:  

 �و� I (Prophase I)��  ، I (Metaphase I)��ا  ، I (Anaphase I)��  ، I 

(Telophase I)، 

 �و� II (Prophase II)�� ، II (Metaphase II)��ا ، II (Anaphase II)�� ، II 

(Telophase II)۔ 

o ��   �و��� �   �ا� � (chromosomal arrangement) ���ر�  ��   cell) اور

morphology) �� � ۔ � �د�� 

 

 

 

 

 

 

 

 :(Microscopic Observation) �د� ��ہ 6.5

 ��ہ  �س (Microscopic Observation) �د�  �ں (Grasshopper) �س � (Testis)  �

 (Compound Microscope) � �ا� � �ى �� �� � ا� ا� �� �۔ �� �د� (Meiosis) �زس
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� دوران �و���  (Cell Division) ��ہ �� � �زس � � �ا� � �� اور �� �� � در� 

 :� � � �د � �۔ �د� �� � � درج ذ� ا�ا�ت �� (Chromosomal Dynamics) ��ت

 :(Microscope Setup) �رد� � �� .1

 � ر�۔ (Microscope Stage) � �رد� � ا� (Prepared Slide) �ر �ہ �� .1

پس .2  � ذر� �ظ �� �� ��ے � دوران �� � �۔ (Stage Clips) �� � ا� كلئ

ر .3
ن
 ڈا��ام (Condenser) ��ى � رو� �  (Diaphragm) � ا�� �� �� رو� �� � ��ز � اور

 �ازن ��۔�ت � 

 � 10X - (Preliminary Observation) ا�ا� ��ہ .2 نف
ش
ىش ىفكن نفن


�نىگ

: 

• �  وو
ٹ
ىكب بب  آ�ب�  �ور � (Low Power Objective Lens - 10X) ت�  �  ��  ��  ��   �وع  ��ہ � 

(Cells) ش � � �۔� � 

  د� � �� ��۔� ا�� � � �� � (Coarse Focus Knob) �ا� �� �ب •

 � ا�ل � � �� � وا� ��۔ (Fine Focus Knob) �ر� �� �ب •

 ز�دہ � �� ان ��ں � � �� �� �ت (Density) ان �ں � �ش �� �ں �ت � �� •

(Dividing Cells) ا��ت ز�دہ �� �۔ � � 

 � ا� �ے � دو�ے �ے � ���ہ ا� �� �� �� � � ا�از � �۔��  •

 � 40X - (Detailed Observation) � ��ہ .3 نف
ش
ىش ىفكن نفن


�نىگ

: 

وو � •
ٹ
ىكئ بئ  � � �ں۔ (High Power Objective Lens - 40X) � �زوں �� � �� � ز�دہ �ور آ�ب�

 � ا�ل �� �� �� � �� وا� � � �، �� �ا� �� (Fine Focus Knob) �ف �ر� �� �ب •

(Coarse Focus) � ا�ل � �� � �ر � (Cover Slip) ن � � �۔� � 

 �� ��اور �و� (Size) ، ��(Shape) � �� د� اور ان � � (Individual Cells) ا�ادى �ت •

(Chromosomal Arrangement) ہ ��۔�� � 

• �� � (Fields) �ہ �� �� �زس � � �ا�� � (Different Stages of Meiosis)  � � �

 �۔
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 :� �� (Different Stages of Meiosis) �زس � � �ا� .4

 :I (Prophase I) ا�) �و�

 �، د�� � ڈ�� � �ر � � آ� �۔ (Chromosomes) �و��� •

 �و��� • �  � (Homologous Chromosomes) �  ��  س (Synapsis) �ڑ
ٹ
بنب

ى�  �ب  اور

(Bivalents) اڈز� � (Tetrads) ۔� �� � � 

� �ر � �  (Chiasmata) ��� (Genetic Exchange) � � �و��� � در�ن �� �اد � �د� •

 آ� �۔

ر � • ى
ئ

�� (Nuclear Membrane) وع � �� �۔� �� � 

 :I (Metaphase I) ب) � �

س •
ٹ
بنب

ى�  � (Bivalents) �ب  و� �  � (Equatorial Plane) �  �  �  �  ،�   آ�� �   �ر � 

(Metaphase Plate) ۔� � 

� �  (Centromeres) � � �و��� � �و �ز (Spindle Fibers) دو�ں �وں � �ل ��ز •

 �� �۔

 �و��� �ڑوں � �رت � �� اور ��ز �� � � آ� �۔ •

 :I (Anaphase I) ج) ا� �

 � �ف �� �� �۔ (Opposite Poles)  � � �� �وں� � �و��� �ہ � � •

 � �ے ر� �۔ (Centromeres) �و �ز (Sister Chromatids) � �و�ز •

 � � آ� � � ا� � �� �۔ (V-Shaped) �و��� وى � •

 :I (Telophase I) د) � �

ر ��و��� �� �وں � • ى
ئ

 دو�رہ � �وع � �� �۔ (Nuclear Membrane)  � �� � اور ��

• �  �  � (Cytokinesis) �پ�وو ہئىئ  ہ  دو �  �  �  �  ،�  �  �   Daughter) �ں (Haploid) �وع

Cells) ۔� � 

 �و��� �وى �ر � � ��ز � � �۔ •
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 :II (Prophase II) ہ) �و�

 � � �و��� دو�رہ ��ز �� �۔ (DNA Replication) ڈى ا� اے � •

پ�وو� � � (Spindle Fibers) � �ل ��ز • ہئىئ  � � �۔ (Haploid Daughter Cells) � ہ

ر � دو�رہ � � � وہ � �� �وع  I ا� � � • ى
ئ

 � �� �۔� � ��

 :II (Metaphase II) و) � �

• �   و�  �و��� (Equatorial Plane) �و���  ا�  �ر  اس �  ،�   آ�� �   �ھ � (Single 

Chromosomes) ۔�� � 

 �ل ��ز �� �وں � �و �ز � �� �۔ •

 :II (Anaphase II) ز) ا� �

 �ہ � � �� �وں � �ف �� �� �۔ (Sister Chromatids) � �و�ز •

 � �� �وں � �ف �� � آ� �۔ (V-Shaped) �و��� وى � •

 :II (Telophase II) ح) � �

ر � دو�رہ � �۔ • ى
ئ

 �و��� � ��ز �� � اور ��

ئنئىسس •


ئ
ئ
� �� (Cytokinesis) �پ�وو ہئىئ � �، �  (Daughter Cells) �ں (Haploid) � �� � �ر ہ

 �� �۔ (Chromosomes) ا� � آد� �و���

 :(Recording Observations) ��ات � ا�راج 6.6

• �� � �� � (Sketch) د �۔� � �� �� �� 

 � �و� �۔ (Digital Microscope)  �ے � ڈ� �د�د�ب �� � ��� •

 (Chromosomal Arrangement) � �� � ��ے � ��ت �ٹ ��، �ص �ر � �و��� �� •

 � �� د�۔ (Cell Morphology) اور �� �
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 :(Analysis of Observations) ��ات � �� 6.6.1

 � ��۔ (Standard Diagrams) ��ہ �ہ �ا� � �از� �رى ڈا��ا� •

 � �� � ��د �ت � �اد �ر �� اور ڈ� � ���� � ر�رڈ ��۔ •

 :� �ب درج ذ� �ر�� � �� (Meiotic Index) �زس ا�� •

Meiotic Index (MI) =
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

× 100  

 � �� � ��� � �� �� �� �س �س � �ں � �زس � �ت اور �� � � � �۔ •
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 ��ن � � ذر� �� �ء  :7 ا��
(Cell Viability by Trypan Blue.) 

 ا�� � ا�ا

7.0 � (Introduction) 

7.1  ��(Objectives) 

 (Principle of Trypan Blue Exclusion) ا�اج � ا�ل � ن�� 7.2

 (Key Components) ا� �ت 

 (Materials and Reagents) ��اد اور ر 7.3

 (Equipment) آ�ت 

 (Reagents) �ر 

 (Procedure) �ر �� 7.4

 (Cell Harvesting and Preparation) ىراور � ى� آور � ت: �1��  

 (Staining with Trypan Blue) ى� ر� آ� � ن�: �2��  

 (Counting and Microscopy) �� اور �رد� : �3��  

 (Calculation of Cell Viability) �ب �ب � � : �4��  

 (Observations and Results) ��ات اور �� 7.5

7.6 �� (Interpretation) 

 (Precautions) �ا� �ا� 7.7

 (Applications) ا�ق 7.8

7.9 � � �� (Troubleshooting) 

7.10 � (Conclusion) 

 (Learning Outcomes) �� ا�� 7.11
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 (Model Examination Questions)�ا�ت  �� ا�� 7.12
 

7.0  �(Introduction)  

� �� �� �۔  (functionality) � � اور �� (cell population) � � � ا� ا� �� � � � آ�دى

�� � (sample) ز�ہ �ت � (living cells)  ��اد �م �� �ورى � �� � � �و� (growth)�ا�ا ، 

(proliferation)ز�� ا�ات ، (cytotoxic effects) � � اور (cell culture)  �� ت � �� ��� � ا�ازہ�� �

 � �۔

 : �� �ں � � � � � در� ا�ازہ �� � �ورى �، �

• ���� � (Cell Biology) 

 (Microbiology) ��و ���� •

• � � (Cancer Research) 

 (Drug Development) ادو�ت � �رى •

ىكل � • ت
خ
 (Clinical Diagnostics) ك�تىت

 (Trypan Blue Exclusion Test) ��ن � ا�اج �

 Trypan) � � ز�دہ ا�ل �� وا� اور �� ا�د �� ��ن � ا�اج � � � � � ا�ازہ �� � �

Blue Exclusion Test) ۔� 

 � �� � �� � اور � ر�ں (membranes) � �ں (viable cells) � �� اس ا�ل � � � � ز�ہ �ت

(dyes) � �۔� دا� �� � رو 

 � �ں �اب � �� � �� �، � � و� � ر� آ�� � ا�ر دا� � �� �۔ (non-viable cells) � �دہ �ت

 negatively charged) � � � �رج �ہ ڈا�و ڈا� (vital stain) ا� ا� داغ (Trypan Blue) ��ن �

diazo dye)  دا� � �� � �دہ �ت � آ�� � دا� � � ا� � ر� د� �۔�۔ � ز�ہ �ت � � � 

�  (colorless or clear) � � � ر� � �ف (microscope) �رد� :(Viable Cells) ز�ہ �ت •

 آ� �۔

 وا� �ر � د�� د� �۔ � �� (blue stain) � ر� :(Non-Viable Cells) �دہ �ت •

 (Importance of Cell Viability Testing) � � � � � � ا�

� � ا�� ا� �۔  (research purposes) اور � �� (applications) � � � � �� � ا� �
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 :اس � ا� درج ذ� �ں � وا� �� �

 :(Cell Culture Monitoring)  � � �ا�� .1

� � (cell culture) � ہ �ا� اس �ت � � �� � � �ت ��ت � �اوارى��� � (production 

process) � �� دوران � � اور � (viable) �ر�۔ � � � � آ�د (contamination)ں ، � �زو

� �� �  (experimental treatments) � ��� �ج (suboptimal culture conditions) � ��ت

 � �ت � � � �۔

 :(Drug Screening and Cytotoxicity Testing) ادو�ت � �� اور ز��� � �� .2

�  (toxicity) اور ز�� ا�ات (efficacy) ��� � (compounds) � � � � � � ادو�ت � ��ت

ا�ازہ �� � � �� ا� �۔ �ج � � ز�ہ اور �دہ �ت � �� �م � �، � دوا�زى � �� 

 � �� � � �۔ (cytotoxic potential) � ز�� ا��ت (therapeutic agents) ا�ں

3. ��  (Cancer Research): 

� ا�ات � �� �� � � � � � � � � ا� �۔ ز�ہ �ت  (anticancer drugs) ا� � ادو�ت

 � ��� � ��ہ � � �۔ (chemotherapeutic agents) � �اد �م � � � � �ا� ا�ں

 :(Regenerative Medicine and Stem Cell Research) �� اور ا� � �رى ��  .4

� ��ار ر� ا� �� � �� ��ب  (high viability) �، ا� � (stem cell research) ا� � �

�� (differentiation) اور �� ا�ل (therapeutic applications)  � � � � � ۔� � �� �

 � �ا� � �� �۔ (stability) ذر� ا� � � � � اور ا�م

 :(Bioprocessing and Biotechnology) �� �و� اور �� ��� .5

اور  (vaccine production) �، � و� � �رى (large-scale cell culture) �ى �� � � �

 optimal) ، � � � � �� �اوار � �� �ر�د�(biologics manufacturing) ���جبكس ���

yields) اور � ��ت � �ر (quality) ورى �۔� �� � � �� � � 

7.1  ��(Objectives)  

 � اس �� �� ��: � �� � �   اس ا��

   � ن�� (Trypan Blue) ذر� � � � ��ں � (Cell Viability Assays)  � �ا�ل اور ا �

 �۔ 
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   � � (Cell Suspension)  ر ��۔� � � � � � � 

   �� ن � ا�اج�� (Trypan Blue Exclusion Assay)  در� � �� ا�م د�۔ � 

   ���� (Hemocytometer)  ا�ل �� �� � � اور � �ت � �اد � �ب ��۔ � 

   در� �� اور �� ��۔ � �� 

 � ۔درج �� �� �� � ��ں 

 (Principle of Trypan Blue Exclusion) � ا�اج � ا�ل ��ن 7.2

 (Cell Membrane Integrity) � � � �� (Trypan Blue Exclusion Test) ��ن � ا�اج �

 ور � �ر�ر �� �� � ��ہ ا�� � � وہ ا� �� ا (Living Cells) � �دى ا�ل � � �۔ � ز�ہ �ت

(Selectively Permeable Membrane) ار ر� �، � �ص ر�ں�� � (Dyes)  � �� �� � �دا �

 رو� �۔

ىوو� ��ت � و� � ز�ہ �ت � �  (Synthetic Diazo Dye) ��ن � ا� �� ڈا�و ر� ىكت � � ا� ��ت

 � �۔ ��، � � � � � �ن � � � وہ �اب � �� �، � � �دہ � �� �� �ت � �� � دا� �

 �، � � ر� آ�� � � � دا� � � � ر� دے د� �۔

 (Key Components) ا� �ت 

 :ا�اء � � � �ت ��آ� ا�ل � � �ر � � � � اس � ا� 

1. �� � � (Membrane Integrity) 

 ��ن � ا�اج � � �دى �ر � � � �� �۔ ز�ہ �ت � � � اور �� � �� � � ا� � ر�وٹ

(Selective Barrier)  �ىوو� � �ر ىكت د� � � �ن دہ �دوں، �ل ��ن �، � �� رو� � �م �� �۔ � �ورى ��ت

 ڈ��  �ر�ر �  �  ،�   ر�  ��ار �   �و�  �ہ �  ر
ذذ  ى

ٹ
 �و�  اور دز

ٹ
 �پ ��  �   Semi-Permeable) �۔�

Structure) ۔� �ت �� �ن� �� (Physical Damage)�� �� ، (Chemical Exposure) � ،

اا (�و�ا� �� �ت - Apoptosis) ا��س
ت
 � و� � � �� �، � � � �� � � �� �۔ اس � �ر�متىت

(Permeability) و�زم
ٹ ى

ئ
 � دا� � � �۔ (Cytoplasm) � �� آ� �، � � �و� �دے ��
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   ا� � �ل��ن � اس � � ��ہ -Non) ا� � �ف ان �ت � دا� �� � � � � � �ن � �،

Viable) ر � �ن زد �� �۔� � 

 (Selective Staining) � ر� ��ى .2

ان � � � �� � � �� � �� � � � �ں � ��  (Cell Suspension) ��ن � ڈا� � � �� �

� �� �� ��: 

� �ت ر� � �رج � د� � �� ان � �� � ��ن � � دا� � ا�زت  :(Viable Cells) ز�ہ �ت •

 � د�۔ �، � �ت �رد� � � �ف، �ار � � ر� � آ� �۔

� �ت، � � � � �ن � � �، ر� � ا�ر آ� د� � اور  :(Non-Viable Cells) � �ل �ت •

و�زم (Intracellular Components) ا�رو� ا�اء
ٹ ى

ئ
�� � � � (Cytoplasm)  �وا� � ر� دے د �

 �۔

ں � در�ن �ق � آ�ن اور �� ا�د �� �۔ �رد� ر� دار اور � ر� � (Visual Distinction) � �ى ا�ز

� در�ن �ق ��  (Populations) � �د � دو�ں � � �ت � ��ہ � � � �، � � ز�ہ اور �دہ آ�د�ں

 آ�ن �� �۔

 (Quantitative Analysis) �ارى �� .3

 (Quantitative Data) � �ارى ڈ� (Cell Viability) � ��ہ � � � � � ���ن � ا�اج � � ا� ا

 �ا� �� �۔

 ر� آ�ى � �، ز�ہ (� ر�) اور � �ل (� ر� وا�) �ت دو�ں � �رد� � � ����

(Hemocytometer) ا�ل �� �� �ر � �� �۔ � 

� � � � (Percentage of Viability) � �� �� � ��درج ذ� �ر: 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉(%) =
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 + 𝑁𝑁𝑁𝑁𝑁𝑁 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
× 100 
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� �ر �� �ورى � �� � � �ں � � � � � اور  (Fields of View) � �� � �، �د د� � �ا�ں

� ا�� �۔ � �ارى �� � � �، � � �ر اور �ج � ����  (Statistical Reliability) �ر�� ا�ر

 �ا� � ا�ات � ا�ازہ �� � �د �� �۔

 (Materials and Reagents) ر ر��اد او 7.3

 (Equipment) آ�ت 

 ر� دار اور � ر� �ت � د� اور �ر �� � �۔ :(Light Microscope) � ��و�پ� .1

2. ���� (Hemocytometer): اد �م �� � � �� � �۔� � � 

ىٹٹ �ت  :(Centrifuge) �ى �ج .3 ى�ٹ � �  (Resuspension) �� � � دو�رہ � (Pellet) � ٹپٹ

 �۔

س .4
ٹ
ئپئىئ

ئ
ئ
� (1 mL  10اور mL): ت � در� �� � �۔�� 

پس .5  �رد� � � � � �ر �� � �۔ :(Glass Slides and Cover Slips) �س ��ز اور �ر سلئ

 (Reagents) ر� 

ز�ہ اور �دہ �ت � �ق �� � � �دى  :(Trypan Blue Solution - 0.4% w/v) �ل ��ن � .1

 ر�۔

 �ت � د�� اور � �� � �۔ :(Phosphate-Buffered Saline - PBS) �� �ڈ �� .2

3. �� � � (Cell Culture Medium):  ر� � �۔�رى � دوران � � � ��ار 

 � � �ر �� � �۔ :(Sterile Test Tubes) �ا� � �ك � �� .4

وول 70% .5
ن
ھت

ت
ىى  �� اور �ا� � � �۔ :(Ethanol %70) ات

 (Procedure) �� �ر 7.4

 (Cell Harvesting and Preparation) : �ت � � آورى اور �رى1��  

 :(Cell Collection) �ت � �ل .1

 � �� � � � � � �� ��۔ •

 ا� �ا� � �ك �ى �ج �ب � � ��۔ •



120 
 

نف  .2
ش
ىس  :(Centrifugation) �ى �گن

• 1,000 rpm  �5 ۔�� �  ىتٹ ى�ئ  � � � �ى �ج �� �� �ت ئپئ

ٹٹ  •
نننن



ٹ
ننن

� (Supernatant) � � ۔ � ا�ط� � �� �  ىبٹ ى�ب  د�، بپب

 :(Resuspension) دو�رہ � .3

•  �  ىٹٹ ى�ٹ  � �زہ �� � دو�رہ � �� �� �ں � � �� �۔ mL PBS 1ٹپٹ

 (Staining with Trypan Blue) : ��ن � � ر� آ�ى2��  

1. �� � (Dilution) : 

• 50 µL  � � �50 µL 0.4% ن � � �� ��و �ى �ج �ب � � د�۔�� 

 ��۔ •
غ ٹ پ

ئ
 � �� � آ� � ��

 � � � �ڑ د�۔ 3-2آ�ہ � �ے � در� �ارت �  •

 :(Loading the Hemocytometer) ���� � �ڈ �� .2

وول � �ف  •
فئ
ھ

ت
ىئ  ��۔���� اور �ر � � ائ

 � ���� � � �ر � � �رے � آ� � ڈا�۔ µL 10ر� دار � � �  •

 ��ے � � �ت � ا� � � � � د�۔ •

 

 (Counting and Microscopy) : � اور �رد� ��3��  

 :(Microscope Setup) ��و�پ � �� .1

 � � ��۔ 10x  �20x��و�پ �  • نف
ش
ىس ىفكن نفن


�نىگ
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 �ڈ اور �ت � وا� �ر � د� � � �� � ا�� ��۔ •

 :(Counting Cells) �ت � � .2

 ���� � �ر �� وا� ��ں � ز�ہ (� ر�) اور � �ل (� ر�) �ت � � ��۔ •

  � � ��ى �� � � � ��۔ز�دہ در� •

 ز�ہ اور � �ل �ت � �اد �ہ ر�رڈ ��۔ •

��� � (Hemacytometer) و�پ�� �� � (Light Microscope) ا� � ر� اور �ت � 

(Cells) ۔ � �� � ��د �ے �� �� � �م  � ��� � � �ف �د �ے �� �� � �� ��۔� ��

�� �� �� ��  16�ت (وا� اور �) � � (� د� � �� � � ��ں � د�)۔ � �ے �� �� � 

��۔ � �ت � �اد � �ہ � �۔ � �ے �� �� � �ف دو ا�اف � ��ى ��ں � ��د �ت � � �ر 

 �ت �۔ (Non-Viable) �ٹ �� �� � � �ل
 

 
 (Calculation of Cell Viability) : � � � �ب �ب4��  

1. � � � � (Viability Percentage): 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉(%) =
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 + 𝑁𝑁𝑁𝑁𝑁𝑁 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
× 100 

 :(Total Cell Concentration) � � ار�ز .2
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𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 (𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐/𝑚𝑚𝑚𝑚) =
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 × 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 × 104

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑄𝑄𝑄𝑄𝑄𝑄𝑑𝑑𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
 

 (Observations and Results) ��ات اور �� 7.5

� 

(Percentage) 

 Number of) �ت � �اد

Cells) 
� � � (Cell Type) 

 (Viable Cells) ز�ہ �ت 150 75

 (Non-Viable Cells) � �ل �ت 50 25

 (Total Cells) � �ت 200 100
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Parameter Observation 

Viable Cells (Clear) __________ 

Non-Viable Cells (Blue) __________ 

Total Cells Counted __________ 

Viability Percentage __________ % 

Cell Concentration __________ cells/mL 

 

7.6 �� (Interpretation) 

 ��� �� �۔ � � � � :� ز�دہ � 80% •

 �� � � ز�� ا�ات � �� �۔ :� � � 50% •

 � � � � ��ار ر� � � �ورى �۔ :���ہ �ا� •

 (Precautions) ا�� �ا� 7.7

 �ت اور ر� � �ا� � �ك �� � �� �� آ�د� � � � �۔ .1

  �زہ �ر �دہ ��ن � �ل ا�ل ��۔در� �� � � .2

ب�ر� � ��۔ .3 ى�ئى�  �رد� � � � ��و�پ � در� كئ

 ��� � � �ر�ى �� �ا�ت � �� �� ��۔ .4

 (Applications) ا�ق 7.8

1. ��� � � (Cell Culture Monitoring): � ر��ں � � � اور ا�ا� � ��۔� اور�  

 دوا�ں اور � � ا�ات � ��۔ :(Toxicity Testing) ز�� �� .2

 ��� �ج � ا�ات � �۔ :(Biomedical Research) ���� ر�چ .3
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4. �� � � (Cancer Studies): � � ��� � ۔ا� � �ج� 

7.9 � � �� (Troubleshooting) 

� (Solution) �و � (Possible Cause) � (Problem) 

 (Insufficient Dye) ڈا� � ��� �ار �زہ ��ن � �ل ا�ل ��۔
 Faint) � ر�

Staining) 

 ��۔
ن ٹ پ

ئ
 �ں � � � آ� � ��

� � � (Improper 

Resuspension) 

 �ت � � ��

(Clumped Cells) 

7.10 � (Conclusion) 

��ن � ا�اج � � � � ا�ازہ �� � � ا� �ز� � �۔ � �ں � � �، ز�� ��، اور 

� �� �ر اور �� �ں � � � �، �ء اور � در�  ا� �۔� � � د� �ل � اس � ا�ل � � �� 

 اور �� ا�د �� �� � � �، � �� ��ت اور � � ��ے � �رے � �ى �ت �ا� �� �۔

  (Learning Outcomes) �� ا�� 7.11

 �: � � �ء و�� �� �� �� � �  ا�� اس 

 ��� اور �� ا�م ار� �� ں�� � ��ے � � تا��ں، ��روں اور 

 � ا�� �د � ��روں 

  ��زرا� � �وغ ار 

  � � ا� ��روں� � 

  �روك �م اور ا�م � ىر 
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  (Model Examination Questions)�� ا�� �ا�ت  7.12

ى ا � � �ا� .1  ۔�� ن� ا�ل � � �ر � � � كسك�ووژنى

 �؟ �ر � �� � �� ) �cell viability� ( �� ا�ل �� �� � ��� .2

 �� �؟ � �ق � ن� در� ت�د � ز�ہ اور �دہ � ر� � � � �ا� .3

 �؟ ا�ل �� وا� �ر�� � � � �� �م �� � � �� .4

ى ا � � �ا� .5  ؟� � �� اور ان � � � � دوران در� � كسك�ووژنى
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 �ڈل  :8 ا�� ن
ٹ  �و�ى

(Chromatin Model) 

 ا�� � ا�ا

8.0 � (Introduction) 

8.1 �� (Objectives) 

 (Materials Required) �اد در�ر 8.2

 (Procedure) �ر �� 8.3

 (Observations and Results) �� اور ��ات 8.4

 (Precautions) �ا� �ا� 8.5

8.6 � (Conclusion) 

 (Suggested Learning Materials) �اد ا�� �دہ �� 8.7
 

8.0  �(Introduction)  

ن 
ٹ  � � ت) �Chromatin (���� )Eukaryotic( �و�ى

ئ
ى ك�ئ �و �، �  ىد� ���د ا ) �Nucleus( سى

ى اے ��  �ا ىڈ �ا� �دار ادا �� �۔  � �ظ ر� � ) � � اور �DNAاے ( �ا ىڈ ى ك ى ر وو�ى
زز  ى

ٹ
وون �و�

ٹ
ہست  � � �� � � ہ

)Histone Proteins � (م�� � "� ،� � �� � � �د�) "Nucleosome�� ( ��۔  �� � � ں�

ن 
ٹ  � � � �و�ى � �   �ف � 

ئ
ى ك�ئ  � �ا ىڈ � سى ��  �   ذ� �اے  � �� ہ� �  � )   ا�ر �Gene 

Expression) � ،(Replication� اور ،(� � )Cell Division� � ( �� � ۔� 

ن 
ٹ  � �و�ى  ا�م �    �� دو :�  ن ���

ٹ  �Euchromatin( �و�ى  اور ن )
ٹ )۔ Heterochromatin( و�و�ى

ن �
ٹ �۔  ا�زت �� ا�ر � � ) �� �، � �Transcriptionally Active�ر � ��م ( ��ا اور � ا� � �و�ى

ن اس � ��، �
ٹ ) �� �، Transcriptionally Inactive�ل ( �ر � � �) اور �Condensed (� دہ�ز و�و�ى

ن ��� �� �۔  � �� ) �Genome( م�د �ا� �� � اور � � ��
ٹ ن اور � �و�ى

ٹ  �� �� ن� در� و�و�ى

)Dynamic Transition� (� � ا� �۔  �� � �� ں��� �ا�ل اور 
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ن 
ٹ  � � � ا� � � � � �و�ى

ئ
ى ك�ئ  � ��۔ ا � � سوومى

ئ
ى ك�ئ ) � Base Pairs�ڑوں ( ىد� 147 �� سوومى

وون آ�� (
ٹ
ہست ر �۔ ) � �د � �� �Histone Octamer� �� �، � ہ

زز  ى
ٹ

وون �و�
ٹ
ہسن  H2A آ�� ہ ،H2B  ،H3 اور ،

H4  �� ى � دو دو ى ك ى  �� �۔ ان � � � وو�ى
ئ
ى ك�ئ ر ڈ سوو�ى

ن
وون Linker DNAاے" ( �ا ى� "ِ�

ٹ
ہسن � �� �ڑا �� �،  H1) اور ہ

ن  � �۔ � �� � ) �Beads-on-a-String" (ى� � ں� � "��
ٹ مپپ  دہ�ز �و�ى

�
ى   nm 30 ��� �� �،  كٹٹ ى

 ا� ���   اور   وا� �� ��
ت
تخ

�
ى �  �Higher-Order Structures( ںى  �و��� �  ،�  ��  ( )Chromosomal 

Organization� آ�ن �� �۔ �� دوران � � �) اور � 

ن 
ٹ وون �� �� �� �� � � �و�ى

ٹ
ہست ى ا ) �Histone Modifications( ت� ہ  ىى س ى

ل
ئ
ئ
اا
ٹ
ى ئ

ى
نن 

ش
)، Acetylation( ش

ى م   ى
ل
ئ
ئ
ھاا

ت
ى ئ

ى
نن 

ش
 اور ��رMethylation( ش ،(� )Phosphorylation ن

ٹ ) Chromatin Remodeling�ڈ� ( ىر ) اور �و�ى

ن  �ا� ��� �۔  � � �� ذر
ٹ اس �ح  ،� ) � �� ��Gene Accessibility( ر�� �� اور � ��  �و�ى

�� �� )Cellular Differentiation��� ت ( �) اور��Environmental Stimuli� �ا� �دار ادا �� ) � رد 

 ۔�

ن  �� ا ،� � �� �� اس
ٹ ر �ا ى� �� ڈ �� ر�ڈل � �و�ى

زز  ى
ٹ

وون �و�
ٹ
ہسن  � � �� اے اور ہ

ئ
ى ك�ئ  اور ا� سوومى

ن  وا� ��
ٹ ن  �د دے � � � ��ء �  ىر� ۔ �ڈل �اور � � � �� د ى� � ��ں � �و�ى

ٹ  � � � �و�ى

ن  ،�� � � ذر �۔ � �� �� � � ں��� �اور � را�
ٹ � اور  �� �� � �ؤں � � � �� �ء �و�ى

ن 
ٹ پ  � �و�ى

�مپ
ى 
ى

نن 
ش
كش

 )Compaction� ۔ � �ا� ا� �ازن � ہ� ن� در� ر�� ) اور� 

ن Critical Thinking�چ ( ى� �� �ء � ��آں،  ��
ٹ ��ت �  ��ؤں اور � � �� ) اور �و�ى

ض  �رات � �ات � �رے � اس � � �� �
ٹ اور �ڑ �ڑ �  � ى� �ڈل � و�� � �وغ دے �۔ �و�ى

  ،�ذر  � ��ء   �ن �  ن �
ٹ  � � �و�ى ��� �   ( �ا ىڈ �، �   �ا�� DNA Replicationاے ،(

)Transcription) �� ،(Repair� ���اور �و ،(� )Chromosomal Segregation � (�� �� ۔ � �ح� 

8.1 �� (Objectives) 

 :اس � �� � ا�م �، آپ درج ذ� �وں � � � �� �ں �

 وا� � � �ڈل �ر ��۔ �� ��� � �  ن
ٹ  �و�ى

 وو�م � � � ا� �� � وا� �ر � �ن ��۔
ئ
 � �� �� � �ك�ئ خ

ٹ  �و�ى

  نن
ش
ىكش  � �منپن ن

ٹ  اور � � � ا� � �۔ (Compaction) �و�ى

 ا�ر � � � ��  خ
ٹ  � �� � ��۔ (Regulation) اور �� (Gene Expression) �و�ى
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 ڈل � اور �� �ى �رى� (Scientific Visualization) ر� �ر ��۔� � 

 (Materials Required) در�ر �اد 8.2

 ڈى ا� اے � ��� � � - (Flexible Wires) �ار �ر� •

ر � ��� � � - (Beads) ��ں •
زز  ى

ٹ
وون �و�

ٹ
ہسئ  ہ

وو�م � � - (Foam Balls) � �� � �گ � �ے •
ئ
 �ك�ئ

 اور � (Adhesive Glue) � وا� �� •

 (Scissors and Cutters) � اور �ز •

 � �ق �� � � - (Colored Threads or Ribbons) ر� د�� � ر� • ف
ٹ  اور �و�و�ى ف

ٹ  ��و�ى

 (Modeling Clay) �ڈ� � •

 (Ruler and Measuring Tape) �� � � � اور �� � �� •

ر •
ز
ب�ر  (Markers and Labels) �ر� اور لبىب

 (Display Board) � �� � � ڈ� �رڈ �ڈل •

 (Procedure) �� �ر 8.3

A) �وو�م ا
ئ
 (Nucleosome Assembly) �ك�ئ

 � � �� � �ار �ر �۔ ا� �ر � �� � �ار اور �ط �۔ 50ڈى ا� اے � ��� � � ��  .1

ر � ��� �۔�ر � �� �ں �� �  .2
زز  ى

ٹ
وون �و�

ٹ
ہسئ  ��ں و� و� � �و� �� ہ

وو�م � ��� �۔ .3
ئ
 � �� � �� � ارد �د �گ � �ے � �� �ك�ئ

 �� � ا�ل �� ��ں اور �گ � �وں � �ظ �� �� �� ��ار ر�۔ .4

5. �  ن
ٹ  اور �و�و�ى ن

ٹ  ��� � � � اور �ے ر� � د�� ا�ل ��۔ ��و�ى

B) � � ��  ف
ٹ  (Chromatin Fiber Formation) �و�ى

 �� �� � � �۔ 10�ر اور ��ں � ا� �  .1 ف
ٹ  ا� ا� �و�ى

 �� ��۔ 30�� � �� �ڑ �  .2 ف
ٹ  ا� ا� �و�ى

  � �ڈ� � � �را د�۔�ڈل � �� � .3

 �ڈل � �وں � �� � �� �ط ��۔ .4



129 
 

C) ا� �� وا� � �ى (Higher-Order Folding) 

 �� � ��� � � �ے �گ � �ے ا�ل �� اور ا� �ب � �� � �� د�۔ .1 خ
ٹ  �و�ى

 � �ڈل ��۔� ��ں � �ڑ � �و��م  .2

 � �� ا�اء � وا� �� � � �ڈل � �ر� اور � ا�ل ��۔ .3

 (Observations and Results) ��ات اور �� 8.4

 � � �� وا� �ا� � ا�ط � د� اور �ٹ ��۔ • خ
ٹ  �و�ى

 �ڈل � �و� � � � ڈا��ام ��۔ •

 � �ق � �ن ��۔�� • ف
ٹ  اور �و�و�ى ف

ٹ  و�ى

 � � ��� ا� • ن
ٹ  � �� ��۔ (Biological Significance) �و�ى

 

                             
 

 (Precautions) ا�� �ا� 8.5

 � د�ر اوزاروں � ا�ط � ا�ل ��۔ •

 �ادارى وا� �� � �م ��۔� وا� �اد � �� ا�  •

 �� � � �� � � �ڈل � ��۔ •

 �ڈل � � وزن � �اد � �� �� � � دوران � �ے۔ •

 � �� � � وا� �ر � �ن زد ��۔ •
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8.6 � (Conclusion) 

 � � اور  ن
ٹ  �ڈل � �رى ��� �و�ى ن

ٹ  � ا��ں � � � �د د� �۔ اس �ڈل � �رى � �ء � �و�ى نن
ش
ىكس �مبپب

ڈى ا� اے � � �ى اور �و��م � � � �رے � � �ت �� �� �۔ � � �� ��� �رات � 

 �� اور � � �� � در�ن � � � خ
ٹ  ى �ر � �� �� �۔�ط �� � اور �و�ى
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