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��6=��'����'����19�21��,��'1��56�.��#;���=������-���$�E�'	�SO2��'�2�1�
���=���
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�'��?5#1�1���1���'�?]P1'�56�.�<81#��'���'��E������)�������	��/����,��?�'���=���

�MP1��56�.�

(ii) 	�E"F����@>��EM��'�C�'CM�'P'O���^%��'����5Z����'�,�'9�1A�����'<�'	��'���^%���'�,�'9O�

%��^���-�����	'��'������5�'	'�$91��56.��5��E����6=��'���'����3��'7�<�	�����,�?]P��,�

)���*85'��	#���	��5#�H�1��56�.��

(iii) P.A.N. ����������1�/����'��<$���!�"	���'�,�'��,O����,1�
����*7���	����

�,��'1��56�.��5���^%��'���'��<$	��6����,�'�C�'CMP�'����'����1��5#�H�1��56�.�

(iv) ��?�	���@>��EM�96��'(CO ��6,�CO�)� ���#� �'�� ��=�����
�� �'�� 5�'	'� �,� A����"O�

��	��������,O�C'�CMP'������6��,������,�'9�C6$�1��56�.��

(v) �E��5�EMF�'��?�	O��#%��L���'� ��@$�� 8���>$�,�-',�'�6�"��5�EMF�'��?�	� (P.A.H.)�

���#%���6�8�,�<	�����A���56�.��'��	2��1��'����'�)���5��	��5#�H�1��56��.��

(vi) ���'��	����6=��'����'���3��>1�?	���'1��56���<��'�H�,'��'�L���'����6=��'����'�%��	'���$'�

���#��'������Z7�#�5�'�<�1��56�.��

(vii) ���#��'����1�,1����'��'�����'���'�-�><�����-8A��'>��,�'9�5�'1��56�.��

(viii) =��$� 1A��� $�'5'� �'� ���� ���_1� �����3�1� 5���<�'� $�'5'� �'� ��,%��	�'�� �'� �������

��=���5�'1��56O����	���?�=�������,������1��,1��56�.��

����

*71,*71,*71,*71,�/��/��/��/�((((�����������������������$��<M���$��<M���$��<M���$��<MP���P� ��P� ��P� ����5�<MP�56��<��'����$���#,������1�5�'�,�-���#%��������A�����

<MP�����	�������,1��56�.�

��

)��'<	��)��'<	��)��'<	��)��'<	���9�5��,	'��'��$-����$��<MP����L��81,������9�5��,	'��'��$-����$��<MP����L��81,������9�5��,	'��'��$-����$��<MP����L��81,������9�5��,	'��'��$-����$��<MP����L��81,���������

� )��'<	���9�5��'��$-)��'<	���9�5��'��$-)��'<	���9�5��'��$-)��'<	���9�5��'��$- (For Food Storage)-��#;����$��<MP'��%��\����A��'�������9�5�1�

�,�'�C�$�,� ����$� 5�'� <�1�� 56�� ��6,� �$9��$9�����,� 9�5����,�$'1�� 56�.� E����9�5�1�

)��'������9������*���'9�������,1'�56�.�E	�L��81,���'�����	���,���<MP��'�����,��'���=��,�

�,��	G	�����,��'������<�1��56���
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(i) ���>����,����>����,����>����,����>����,�(Conical)��E��'��<MP���=��,��'��9�2A��)��9�1��/������1$��5�'1��56�

.�E	�����=��,�)��9��?�'���'"����6,��9��)��9��?�'��1$��5�'1��56�.�*��5,�����

9�<,����C�$��5#���)��9�����$�<MP�D�,��?	����<�1��56�.��

�

�

(ii) 1�#�L��1�#�L��1�#�L��1�#�L��(Fusiform)-��5�<MP�?�H��'����'"����6,���'	�'����,�'�������',�/������1$��

5�'1��<�1��56�.�E��'��Y�,�����1$��)��9�?�<�
�=��,��(Hypocotyl) �1A�����'3��

�G������)��9�<MP�5�'1��56�.�*��5,������$��.��

(iii) �#G)��L���#G)��L���#G)��L���#G)��L��(Napiform)- E��<MP����Y�,��)��9�?5#1���=���C�$�O�$'��	��9��)��9�

-�����1$��5�'1��56O�E����Y�,��C�$��5#���)��9�?�<�
�=��,�-���<MP���'	�'���'�

C�$	'��'�?	1��56�.�

*��5,�������$<�O�H#�8�,�.��
�

�A����A����A����A�������
��6=��'���'���2A��1��'���=��,��,���)����'1��'����'�1�	��9�'���'��?��"��<��������1��56����

(i) ���3��2A����)����'1��(Apical Meristem)��

(ii) �81���3"���)����1��(Intercalary Meristem)�

(iii) ���������)����'1��( Lateral Meristem)�

(i) ���3��2A�� ��)�����'1�����3��2A�� ��)�����'1�����3��2A�� ��)�����'1�����3��2A�� ��)�����'1�� (Apical Meristem)� �� �'� ��)����'1�� ��$� 1A��� 1	'� �'�

���%��9���,��2A�1�5�'1'�56��.�E	�Y1��'���'��	,81,���)���<1�5�'1'�,5	'��'�<MP���

1	'� $G?�E�� �'�� �Z�T� �,1'� 56�.� ��)����'1�� �'� �819�1� ����R� ��)����'1�� ��6,�
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���A�������)����'1����'	�'����1'�56�.��'� ��)����'1��<MP���1	�'���'� ��,�'���,��Z�T�

�?8�#�(Growing point) ����	�������,1'�56�.��

(ii) �81���3"� ��)�����81���3"� ��)�����81���3"� ��)�����81���3"� ��)����'' ''1��1��1��1�� (Intercalary Meristem)- �5� ���3��2A�� � ��)����'1�� �'�

�ZA���5#���)��9�56�<�'���,�'5�����Z�T��'��������3��2A��)��9��'��$9�5�'�<�1��56�

.���6,�2A�����Y1��'���'����,��1�1�	5���5�'1��-���2A�����Y1��'���'�?�H���)����'1���

Y1���'�L���'��?H��,51��56�.��5�Y1���71���'���=��,��'������A���������'�

��=��,��'������2A�1�,51��56�.�*��5,���!����'���'�������'���=��,��'����O��#��	'�

��������8=���'�	�H'������<�1��56�.��.��

(iii) ���������)����'1�����������)����'1�����������)����'1�����������)����'1��( Lateral Meristem)- �'� ��)����'1��<MP�'� -��� 1	�'�� �'�

�����'���'�� �2A�1�5�'1'�56�.�<6��'������5	�-=�����6,�������-=���.��'�Y1��2A�����

Y1��'�� �'� �#	�� ��)�'�	� �'� ��,��� ?	1'� 56� .� E	�'� ��)��<	� �'� �D1���� �Z�T�

(Secondary growth) 5�'1��56O��<��'�<MP���1	'���'"�E���'���Z�T��,1'�56��.��

�

*71,�/*71,�/*71,�/*71,�/((((�������������� �

�
�$����������$����������$����������$���������(Nepenthes)����

�

�

� (i) ��$��� ����� � (Nepenthes) �A���� !�"�������$��� ����� -�� ��")������

(Insectivorous) ��6=���56�.��

�
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� E��'���+������L��81�,1�,H	�-��E������,�56����

� � �+����'�)��9� � � L��81�,1�L��

� (i) ����C$��(Lamina)� � �$���(Pitcher)��'��

� (ii) �����9���(Apex)  ]>�	�(Lid)�

� (iii) �����Z81�(Petiole)  ��1�	�(Tendril) 

�E������,��$���(Pitcher) �'��#%�����!�',������'3��L���'���'"����9��8A����5�'1��56���

*�����#;�9��8A�������,���(Nectar)�����1��,1��56��<�'���"�'����'�����3��1��,1��56�.��

�$��� ��� �81�� �)�+�� �H�	�O� �M'P� �8�,� ��� ��',� J#�'� 5#-� ,�'�� �#>1� 1A��� ��H��

-8<�E���#>1��H��H�'����A����'�)�,��,51��56�.��$����'�H"��$'�,�9��'�����3��1���"���,���

���I1��,	'��'��$-�<?��$����'��#%���,�?641��56�1?��81���)�+���'��8�,������',�J#�'O��M'P�

,�'�����H��H�'����A���Y�,����*��#�>1��2A�1�]>�	��'���,�����"�?�5,��	�$	'��'�����A���

5�'1��56�.��$��������)��+���'��*��2A�1���H��9��8A�������"��'��Z1���,�,��'���?��	�����A������

�����'3�����,�	�E"F�'<	����������'���,���,1��56�.��

�

�A����A����A����A�������
5,?'�,�����5,?'�,�����5,?'�,�����5,?'�,���������

� 5,?'��,��� (Herbarium)���6=��'������5���9�5�56O� �<��'����6=�'��#%���,O��?��,� (Pressed) 

��9<�������"�'��(Paper Sheets)��,��9���,�����'��������8���T�1��'��	#��,�/�?T��,�'�

)���3���'���8�)���(Reference)�-����=��	�5'1#�,%�'�9�'�5�'��.XX�

�

*�R�'���*�R�'���*�R�'���*�R�'���(Objective) 

�����$�����5�'��,���?	�	'��'����#%��*�R�'����	G	�$�%�1�56����

� U&V� E��1�	����'�D�,����6=��'���'�	��	�'����'���,���1��,�'�,%���<�1��56�.��'�	��	'�

�8�)����'�L���'��*���'9����'�<�1'�56��.�

� U�V� E	������	��	�'������5��1���'���6=��'������5H�	��,	'��'������	��5�'1��56�.��

� U V� 5?'��,����'�D�,��*�����=���'����������<�	'���$���	2��1������	�5�'1��56�.��

� U0V� 5?'��,��� ��6=��'�� �'� )���3�� �'�� 5�'	'� ��$'� ��'	�'9���C�� (Monographic)� -���

C��"��<��'9���C�$�(Phytogeographieal)��=��	������=��,�5�'1��56�.��
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� � 5?'��,���16��,��,	'��'��$-�������*��,���� �

� (EQUIPMENT REQUIRED FOR PREPARATION OF HERBARIUM) 

5?'��,��� ��� ����� ��9�5�$�� �'� �	������ �'� �$-� *���'9� �'�� ��	'� ��$'� ���#%�� *��,���

�	G	�$�%�1�56����

U&V� 5?�'�,�����'��(Herbaruim Press)���E�'���6=��'����'��#%��	'����?�	'��'��$-�*���'9�

�����<�1��56�.��������'�������	������,�&��X 18 �E�H�5�'1��56�.�E��'��=��1#����$�MP�����

?	�� -��`'�� 5�'1�� 56� 1A��� *��'� �=�� �'�� �#,�	'� �%�?�,� �'�,� �A���� N$�@�"�9� �'�,� (Blotting 

paper)�$9'�,51'�56�O�<�'����	�����'���'%�	'����������,1'�56�.��

�

U�V� �62�#$�� (Vasculum)���5�"�	���� -':�#���	������ ?	�� 5�'1�� 5#��� -��?�@>��

5�'1��56�.�E������E<�50x 
x 15��'���5�'1��56�.��5���M���,�5�'1��56�.�E��'����6=��'����'�

C�:M��'����9�5��,�'�,%���<�1��56�1������'����'��?�	'�1���5�1�<��?	'�,5'�.��62�#$���'�

��'	�'����EM��'��-��?':"�$9��,51��56O��<�����5��1���'�E����=�'��'��$"�����<����1��56�.��

�

U V� ���	�9�����,� (Pruning Shear)����5�-������'3������,����H����56O�<�'� ���?MP'�

�Z���'�����"5�	��'����'���"	'��'�������1��56�.��

�

U0V� �M9,����%�#,���(Digger)���E�����5��1���'�)����91�)��9�'����'�%�'���,��	��$��

<�1��56��.�

�

U�V� �6�H��(Scissor)����5�J��MP��'����"5�	��'����'���"	'��'��������1��56�.��

UQV� $'���(Lens)��� �5�-�����=��	�$�'��56��.��

U�V� C�:M�?#��(Field Book)�C�:M��'��<�1'�����-��	�'"�?#�����'���$���A��,%�	��

H��5-�.� 
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*+�,�/�*+�,�/�*+�,�/�*+�,�/�((((�S�S�S�S���� 9#����
�'���'�����,�9#����
�'���'�����,�9#����
�'���'�����,�9#����
�'���'�����,�Types of Chromosomes)����

���� 9#����
�'����� �9���,���*	�'�� *��2A�1��'�"F�'�����������%�����6,� �2A��1��'���=��,� �,�

�����<�1��56�.�<?������9#����
��'���'�"F�'���,�	5��������<�1��1?�E�'�-�'��"F��(Acentric)�

�51'� 56� .�<?� �����9#����
� �'���'�$�-���'�"F�'���,� �����<�1�� 56O� 1�'� E�'� ��'	�'�'��"F��

(Monocentric). <?���'�5�'1��56�1�'�M�E�'��"F��(Dicentric), <?�1�	��'���=���5�'1��56�1�'�E�'�

��@$��'��"F���51'�56O�$'��	�<?��5������9#����
��'��?5#1���=�����%����'��E������,��$G?�E��

�'�� C6$�� 5�'1�� 56� E�'� ����,1� ��� �Ma���M� ��� 	�	$�'�'"'M� ��� 5�'$�'�'��"F�� (Diffused or 

Nonlocated or Holocentric) �'�"F�'���,��51'�56�.��

���� ���� ����

���� �'�"F�'���,�����2A��1��'���=��,��,�9#���'�"F�'���,�����2A��1��'���=��,��,�9#���'�"F�'���,�����2A��1��'���=��,��,�9#���'�"F�'���,�����2A��1��'���=��,��,�9#����
�H�,�����,��'�5�'1'�56�����
�H�,�����,��'�5�'1'�56�����
�H�,�����,��'�5�'1'�56�����
�H�,�����,��'�5�'1'�56�������

(A)���� "�$�'�'��"F��"�$�'�'��"F��"�$�'�'��"F��"�$�'�'��"F�� (Telocentric)- E������,��'���'�"F�'���,�9#����
��'�-�� ��	�,'��,� �2A�1�

5�'1��56�.��������

����

����

(B)���� ----/�'�'��"F��/�'�'��"F��/�'�'��"F��/�'�'��"F��(Acrocentric)-����E������,��'�9#����
��'��-��?5#1�;�'"��1A���-��?MP��)��9�

5�'1��56�.� 

(C)���� �?��'"��'��"F���?��'"��'��"F���?��'"��'��"F���?��'"��'��"F�� (Sub- metacentric)-�E������,��'�9#����
��'�� ��'� )��9�?,�?,�	5���

5�'1'O�-��)��9��#;�?MP��5�'1��56�.�-'�'�/�'��'��'��L �A����J ����,��'�5�'1'�56��.��

(D)���� �'"�'�'��"F����'"�'�'��"F����'"�'�'��"F����'"�'�'��"F��� (Metacentric)-�E	�9#����
�'���'����'�)��9�?,�?,����$9)�9�?,�?,�5�'1'�56�O�

>��'�����'�"F�'���,��b���'���2A�1�5�'1��56��.��

�

�A����A����A����A�������

���� ���� �	#3���'���$�9��	=���,���(Sex Determination in Man)- �	#3�����-����'�������'��

0Q����� �<�'MP'�9#����
����'�<�1'�56��.�E	�� �9#����
�'���'���'�	,�1A����������'	�'���'����<�'M'P�
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9#����
�-�����	�5�'1'�5�6�E85'����@"�'��'G�� (Autosomes) �51'�56��.�������'�� ��'�<�'MP'��'�

��'	�'��9#����
�-����	�$'��	�	,��'��'���'	�'��9#����
�����	�5�'1'�56��.�E	�'��-��$G?��1A���

-��;�'"��5�'1��56��.�$G?'���'�‘X’�1A���;�'"'���'   ‘Y’��'�[�>1��,1'�56��.�� ��'���<�'�MP'���'��$�9�

9#����
��(Sex chromosome) �51'�56��.��'�5���81�	��'��$�9���'��	=����,1��,1'�56��.�

� �

*��#�>1����,����'�2�3"�56����	,��'����'�1,5��'���#/���#�?	'�9'�.�-��1�'��'��<	�'�����

��@"�'��'G��1A���-��X�9#����
����'�<�1'�56��1A������,'��'��<	�'����@"�'��'G��9#����
�'���'��T������

U���9#����
V��1A���Y�9#����
����'�<�1'�56�E��'����,�1�������'��)�����M���#O�9#������,H	���'��

-����	�5�'1'�56����6,�*	�'����cX�9#����
����'�<�1'�56��.��

�

� � �����	3�'H	��'������������M���#��'�X�

9#����
� ��$�O� ��#/���#� ��$'9�� 1�'� E��'� ?	'�

<�E9�'"��'��9#����
�5�'9'���A���1��5��81�	������

5�'9��.�$'��	������������M���#��'�y�9#����
�

��$�� ��#/���#� ��$'9�� 1�� E��'� ?	'� �#B�	<� �'��

XY� 9#����
� 5�'�9'� �A���1R� *7�8	� �81�	� 	,���

5�'9��.�� � � � � � � �	#3���'���$�9��	=���,���	#3���'���$�9��	=���,���	#3���'���$�9��	=���,���	#3���'���$�9��	=���,���

������� �)��� 21�	��'�� 1A��� �8�� �����1� <81#��'�� �'�� E��� ����,� �'� 9#����
� 1A��� �$�9�

�	=���,��� ���/��-@� 5�'1�� 56�� $'��	� �#;� �8�� �����1� <81#��'�� ����� �'�� 9#����
�'�� ���

����	1��*:"���A���1R�	,����XX���6,���������XY�5�'�<�1��56�.��

�

� E������,�5���'%�1'�56�� ����6T��81��L���'��	#3��'���'�� �
�%�	,�1A����
�%�

������81�	'���6���5�'	'�����G)���	�-@�,51��56��>��'����	,��'���
�%���#/���#���cY �1A����
%�

��#/���#�22+y�9#����
���$'�5�'1'�56.��,81#�����'9�L���'��-'���	5���5�'1��.��#;��G��1�-'�'�56�<�'�

�'�$�	,�?KH�'����'�5��<8���'1'�56�<?����#;��G��1�-'�'�56��<�'��'�$������?KH�'����'�<8���'1'�

56��.��#;��G��+��-'�'�)���56�� �<	�'��	,�1A��������?KH�'�������%������	�5�'1��56�.���21���'��

�	3�'�H1��,	'���$'���#/���#��'�������%����,�'MP�'���'��5�'1��56��A���1R�E	�'��$�%��'�������%����'��X�
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1A���Y�9#����
���$'���#/���#�5�'1'�56��.��1���5�����'9���
�5��56������6	������#/���#���M���#�

��'��	3�'�H1��,'9����6,�?KH'�����$�9�>���5�'9��.��

����

*+�,�/�*+�,�/�*+�,�/�*+�,�/�((((�&
��&
��&
��&
�����

����
��1A����T���
����)��<	��'���81,����
��1A����T���
����)��<	��'���81,����
��1A����T���
����)��<	��'���81,����
��1A����T���
����)��<	��'���81,����

/�/�/�/�((((���� ����
����)��<	����
����)��<	����
����)��<	����
����)��<	���� �T���
����)��<	�T���
����)��<	�T���
����)��<	�T���
����)��<	����

&(� �5���)��<	��)�����'�������'���'��5�'1��

56�.�

�5� ��)��<	� <		� ��'�������'�� �'��

5�'1��56�.��

�(� �81�1� ��'�������'�� �'�� 9#����
�'�� ���

��%�����1Z��'����	�5�'1��56�.�

�81�1� ��'�������'�� �'�� 9#����
�'�� ���

��%�����=���5�'�<�1��56�.��

 (� E��'�D�,����'���'�����-@�?	1��56��.� H�,���'�����-@�?	1��56�.�

0(� E����)��<	��'���������$91�56.� E��'����=�������$91��56�.��

���'C'����'C'����'C'����'C'�����

�(� �5��������1��5�'1��56�.� �5�$G?'�����1��H$1��56���6,�

��@H���2A����'���'����,��5�'1��56�.��

Q(� /�'��'��'�� ��'5,�� ,H	�� �'� ���	�

��%�1'�56�.�

/�'��'��'�� E�5,'� ��%�1'� 56�O� $'��	�

���'C'��II�����'����'5,'���%�1'�56�.�

�(� 9#����
�'������#B�	�	5���5�'1��.� E	�'��5�'1��56�.�

�(� E��'��/�@���9���'�,�	5���5�'1��56�.� E���� ��A��� ��2A��� �'�� /�@���9�

��'�,�5�'1��56��.��

�'"�C'��'"�C'��'"�C'��'"�C'�����

S(� -���9#����
��=��,'%����,�[���2A�1�

5�'1'�56��.��

9#����
� �#9$� �=�� ,'%��� �,�

*��2A�1�5�'1'�56�.��

&
(� �'�"F�'���,� �=�� ,'%��� ��� ��',� 1A���

)�#<�-@�=��#��'�������',�J#���,51��56��.�

9#����
�'�����)�#<�-@�=��#��'���'�$G?�1R�

5�'1��56�.��

-'	�C'�-'	�C'�-'	�C'�-'	�C'�����

&&(� �'�"F����,���)���<1�5�'�<�1��56�.� �'�"F�'���,���)���<1�	5���5�'1��.�
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&�(� -�� 9#����
� ��� -�� /�'�6�"M� -��

=��#�� ��� ��',� �� ���,�� ���,'� =�#��� ���

��',�<�1��56�.��

���C'�� I �'�� ��,�� 9#����
� =��#��'�� ���

��',� <�1�� 56O� <?��� ���'C'��II����

����
�����'C'���'����	�.��

&�(� =�#���'���,���%����'�����	�9#����
�<�1'�

56�.�

=�#��'�� �,� �'�� <	���'� ��=�'� 9#����
�

5�'1'�56��.�

"�$�'C'�"�$�'C'�"�$�'C'�"�$�'C'�����

& (� �5���2A���5�'���������<�1��56�.�� �#;� <���'�� �'� ��A��� �T���
��

��)��<	��'��"�$�'�C'����2A���	5���

�����<�1��56�.��

�A�����A�����A�����A��������

���'�'�,��@�"��1A������6�,��@�"����'�������'���81,���'�'�,��@�"��1A������6�,��@�"����'�������'���81,���'�'�,��@�"��1A������6�,��@�"����'�������'���81,���'�'�,��@�"��1A������6�,��@�"����'�������'���81,����

/�/�/�/�(((( �81,������=��,�81,������=��,�81,������=��,�81,������=��, ���'�6�,��@�"����'�6�,��@�"����'�6�,��@�"����'�6�,��@�"� ���6�,��@�"����6�,��@�"����6�,��@�"����6�,��@�"� 

&( ��'�������)��+� �1$��1A������'"�	���6,�

��?�'�5�EM'"����?	��5�'1��56��. 

��'"��1A�����=��1,�

�':�#$�'<�U����V��A����

��E�"	�U���V����

?	��5�'1��56��.� 

�(� ��E"�'��@��MF���� �	#��2A�1�.� *��2A�1�.�

 (� ,�E?�'��'�� �
S������,��'�U*��E��E��^��
 

S�c� 
 S�����,���V�

�
 S�����,��'�

U*��E��E��^�Q
 S�c�

0
 S�����,���V��

0(� E.R.� �	#��2A�1�.� *��2A�1�.�

�(� 9�@:9������ �	#��2A�1�.� *��2A�1�.�

Q(� :�E��'��'�� �	#��2A�1�.�� *��2A�1�.�

�(� �'8�����J:$��� �	#��2A�1�.� *��2A�1�.�

�(� DNA� E��'��DNA���'$'���
��'�L��

�'��.��52"�'	����'"�	��	#��2A�1�.�

DNA��52"�'	����'"�	�

�'���A��9#����
�?	�1��

56�.��
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S(� ����������$'3���� A��E$'���@M��''��5�'1��56�.�� �����1�>$�',�'I$�2"��'��

5�'1��56��.��

&
(� ���	� ���	�I$������J:$��D�,��.� ���	���E"�'��@��MF����'��

5�'1��56�.��

&&(� �����)���� E���������)�����'���'�$�-��

181#�.�

E���������)�����'����'�

�'8�����1A���	�6���'5,'�

��,=����181#�USc�V�.�

&�(� ��'��������)��<	� DNA������=���U���
��

��)��<	V�.�

����
������T���
��

��)��<	�.��

& (� �$�9���<		�� ��896����	#��2A�1��,81#�

"F�8�C�',�'��	O�"F�8�M>��	�-���

��8<�9'��	�*��2A�1�.�

��896���-�����8<�9'��	�

*��2A�1�.��

&0(� �'�8������ �	#��2A�1�.� *��2A�1�.��

&�(� �'��"F��'$�� �	#��2A�1�.�� <81#���'�������'��

*��2A�1�.��

&Q(� ����'��'�� *��2A�1�.� �	#��2A�1�

&�(� *��5,��� �<����#�-���	�$'�5,'���6��$� ���O������-���<81#�.�

 

*+�,�/�*+�,�/�*+�,�/�*+�,�/�((((�&&�&&�&&�&&� �D���,������,���(Dihybrid cross) ��E��'��5����'�<�'MP��9#���'��������,���-��

��A���'%�1'�56��'�M$�	'��E���D���,������,����'�����''9����'O�-������'9��'���'�M$�	'�9�'$�1A���

��$'�?�<���5,'�1A���J#,����,�?�<��'�*7�8	���6=�'����'�/�@���,����.�E	�'��9�'$�1A�����$��?�<�

��)�����5�'1��56�.���'	�'����6=��'����'�5��/�����RRYY����1A���rryy�����'��������1��,1'�56��.�<��5,�56�

�5$'���6=�'��'�96��"�RY������,��1A������,'��'�96��"��'�� ry������,��5�'�9'� .�E	���6=�'�� �'���Z�
��

�,��,�9����,����9���1�'�*7�8	�?�<�'���'�<�'���6=�'����I1�5#-��'��?�9�'$�1A�����$'����,�?�<�

��$'�?	�'�.��5�^�J#,����,�1A���5,��,�9����)�����9#���A�'�.��1��F1�����'����]P���'���;�'�,5'O���81#�9�'$�

1A�����$����)�����9#���A�'�E��$�'���9"�5�'�9�'�.���A�����]P���'���6=�'�'��'�2�����,�9���5�'	'������

��',�F2������]P�����I1������9���.��ZA�>�,����'��	#��,����,����]P���'��H�,�����,��'�?�<�?	'�

�<	����	#��1��	G	�1R�A����
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�

� � 9�'$�1A�����$'�?�<���$'�S�� 9�'$�1A���5,'�?�<���$'��� �

� � J#,����,�1A�����$'�?�<�� �� J#,����,�1A���5,'�?�<���$'��&�

�

� 9�'$�����$'���6,�J#,����,���$'�?�<'��''��S�&�����	#��1�,5��.�9�'$�5,'�1A���J#,����,�5,'�

?�<�'���'�� �&�����	#��1�,5��.��

�

� �E������'9��'��'�M$�E���	3�3����,��5#^H'�������,�1�$�����'�����-��#B������#B����:���

���,'�$�����'���'��#B��'���'� ���������,���)����1�	5��� 5�'1�� .���$'� ��5,'� ,�9��'��#B�O�9�'$���

J#,����,� �#B�� �'�� �����1�� 2�18
� 56�� .� ��$�� ��� 5,�� ,�9O� 9�'$� 1A��� J#,����,���$'O� 9�'$�5,'� ��

J#,����,�5,'�?�<�?	1'�56�� �<	����	#��1�S� ��  � ��  � ��&�56� .�E����'���=��,��,��'�M$�	'�

2�18
���[��5	��'��	���������1���	������.�56�.��

�'�	�6�<�	����L���	G	�	#��,�5�'1'�56���RRYY (1). Rr YY (2) RR Yy (2) Rr Yy (4) RRyy (1), 

Rryy (2).rrYY (1).rrYy (2). Rryy (1) �����
��9�'$�1A�����$�� � � � ��J#,����,�1A���5,���- P�

� � � (RRYY)     (rryy) 
 

RY      ry  - G 

U96���"V�� �����x� � � U96��"V�
� � � � � � � �Z�
���,��,�9���� - F1�

� � (Rr Yy) ����9�'$�1A�����$'����,�?�<��
2�����,�9����� � F1 Generation ��

Rr Yy����U9�'$���$'V� � X   Rr Yy����U9�'$���$'V�
� � � � 	,�96��"�

 RY���� Ry���� rY ry 

RY 
RR Yy��������
9�'$���$� 

RR Yy��������
9�'$���$� 

Rr YY��������
9�'$���$� 

Rr Yy��������
9�'$���$� 

Ry 
RR Yy��������
9�'$���$� 

RR ry��������
9�'$�5,� 

Rr Yy��������
9�'$���$� 

Rr yy��������
9�'$���$� 

rY 
Rr YY��������
9�'$���$� 

Rr Yy��������
9�'$���$� 

rr YY����
J#,����,�
��$� 

rrYy����
J#,����,���$� 

�
G��
��
�9

6��
" 

 

ry 
Rr Yy��������
9�'$���$� 

Rr Yy��������
9�'$�5,�� 

rrYy��������
J#,����,�
��$� 

rr yy����
J#,����,���$� 

�H
�H
�H
�H
������",��'���6=�'��'���D���,�/�^���",��'���6=�'��'���D���,�/�^���",��'���6=�'��'���D���,�/�^���",��'���6=�'��'���D���,�/�^�����
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�A����A����A����A�������

*+�,�/�*+�,�/�*+�,�/�*+�,�/�((((�&&�&&�&&�&&���� *7��,�1�	��������'3�1�*7��,�1�	��������'3�1�*7��,�1�	��������'3�1�*7��,�1�	��������'3�1�-^--̂^-^����(Characteristics of Mutation) 

(i) *7��,�1�	�<���'���'���H�	���6���5�'1'�56�.�

(ii) *7��,�1�	������'E���	��H1�������	5���5�'1��.� 

(iii) *7��,�1�	��'�D�,��-����	�'�9#����6���5�'1'�56���<��'�	���<��1��6���5�'���1��

56�.� 

(iv) *7��,�1�	��'�C$2�L���:�����=�� �'�� 5�� ��������$���,�1�	����I1� ���'�<��

��1'�56��.� 

(v) <		���'�������'��*7�8	�*7��,�1�	�5�������91�5�'1'�56��.� 

�

*7��,�1�	��'���,���*7��,�1�	��'���,���*7��,�1�	��'���,���*7��,�1�	��'���,���(Causes of Mutation)��������

&( )��6�1��-���,�����	��?$�*7��,�1�	�����'���#%��)������������,1'�56�.��

2- *7��,�1�	�,'�M��'=����1���'���,���5�'���1'�56��.� 

3- ->��,'��'���,���)���*7��,�1�	�5�'���1'�56��.� 

4- ���1,�����^�Antibodies  )���*7��,�1�	������,���5�'���1��56��.� 

5- <	����'������H/��'�����1��/�����-����?]P	��1A���!�"	��)���*7��,�1�	����

��,���?	���1��56�.� 

6- ��
�#B�	�(Synapsis) �����C$1��)���*7��,�1�	������,���5�'���1��56��.� 

7- 9#����
�� *7��,�1�	�*7��,�1��� (Mutant) �'��������� �'�� ��,�1�	��'���,��� �6��� 5�'�

��1'�56�.� 

����

*+�,�/�*+�,�/�*+�,�/�*+�,�/�((((�&��&��&��&����� ����

• ����,O���,����1A���,�9�(Shape, size and colour)- C','�"��������,�,�?'$	���,O�

$G?�O� �D������ ����1� (Bilaterally symmetrical) 5�'1�� 56� .� E��'� ��'	�'�� ��,'�

	#��$'�5�'1'�56��$'��	���;$����,���9$'������'������'"��(Blunt) 5�'1��56�.��5�

$9)�9�&Q��'��
��'���$G?��1A���
(���'�&(
��'�����'"��5�'1��56�.��

����
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�

�

• C','�"����'���,�,����,�9�)��,�������"R"��<6���5�'1��56�.��Z34��15O��=�,��15������'����

95,'�,��9����5�'1��56��.��'�H#-�����5�,�9�7�H���'����',C�E�,	�(Porphyrin) 	����������

(Pigment) ���*��2A��1��'���,���5�'1��56�.��5��������'�H#-���'��MP��9$����+���'����'�

)��'<	��'�L���'��$'	'��'���,���E	�'�5�,1$����'����I1�5�'1��56�.��5��������'�H#-����

1������������'�?#,'���)����'���'�,�����,1��56�.��

�

• ��%��M	��%��M	��%��M	��%��M	� (Segmentation) – �'�H#-�����G��������,�,�?�5,������',��'�9�'$���,�%��^H�'��

(Circular grooves) �'��?^"��,51��56� �<85'���$�����%��M� (Annuli) �51'�56��.�E	���

��%��� &

��'� �

�1��5�'1��56.� �E������,��'��$��'�� %��M�'���'� ?		'���� �/�����'�

�H�851���%��M	�(Metameric segmentation) �51'�56��.��9$'���,'��'���A���%��M���'�
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�#%��%��M�(Buccal segment) ����'�,2"�'�����(Peristomium) �51'�56���<��'��9�)��9�

�,��T��H8����,��#%�������<�1��56��.��#%���'�Y�,���A���%��M����5��-�����=����	�$��

,51��56�<�'����'2"�'�����(Prostomium) �5$�1��5�6�.��5��#%����'�]�'�,51��56�.���,�,�

�����81�%��M�9#��� %��M��5$�1��56� �<��'��81��'�� 9#��� (Anus) �2A�1�5�'1�� 56� .�

��7�'����'�%��M�'���'�?�H��'���81,%��M��,�,�(Inter-segmental groove) �2A�1�5�'1��56��.�

�'�H#-��'���,�,������,��$G?�E���'��=���Z34���(Middorsal) �15��,�-��	�$��,'%��������

<�1��56�<�'���21���'���Z34���L�=�,����5����'���,���5�'1��56��.��

• >$�E"'$��>$�E"'$��>$�E"'$��>$�E"'$��(Clitellum)- ��'H#-��'�&0O�&����6,�&Q��'��%��M����?�5,��7�H���E���1����'"��

1A���9��8A�$�9�]P'�,�9����5�'�<�1��56�.�E��)��9���'�>$�E"'$��������9#$��(Cingulum) 

�51'�56��.�>$�E"'$����,�,���'�1�	�)��9�'���'��?�^"��'1��56���

(i) �����>$�E"'$,����'���(Pre clitellar region). 

(ii) >$�E"'$,����'���(Clitellar region) 

(iii) ��H�>$�E"'$,�����'���(Post clitellar region) . 

�

• ����������"�����������"�����������"�����������"��(Setae) – �5$'O����,'�1A������1��%��M���'�;�'MP�,����7�'��%��M��'��=��

�'�� �����'����� -�� !�',�� �����<�1�� 56� .� E������,��'�/���'�� �2A�1� �����'�� (Setae) ��'�

�',�H�"�	�(Perichaetin) /���51'�5�6��.���7�'��������%��H'�5-�‘S’ ���1,5�5�'1��56�1A���

	�E"F�'<	��#>1���?��	����E�"	� (Chitin) ���?	��5�'1��56�� .���"���'��=����� )��9�

C�$��1A���*)�,��5�'1��56���<�'�9#�8A����(Nodule) �51'�56��.��)����������;'������',��#MP'�

1A����������'3��(Setae sac) �'���2A�1�5�'1'�56.�����
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�A����A����A����A�������

����

����

• ?�5R��$�����(External features)- E	�����,�,����'�Q��'��(�$G?��1A���&(
��'�&(���'��(�

H�6MP��5�'1��56�.�	,������,�,�������������'�;�'"��5�'1��56�.���,�,�%��M�#>1O�H�"��1A���

��%��'���'�]���5�'1��56�.��

� � E	���,�9�������$�$���)��,��5�'1��56�.���,�,��'�Y�,���E�"	�1A����$��'���'"�	�

���?	��?�5R������$������<�1��56�.�?�5R������$��	'��;�'"��;�'"����"R"��'�����?	��5�'1��

56�O��<85'�2>$',�E"�(Sclerite) �51'�56��.�2�$',�E"�������'��$H�$���J:$�O���"���#$,��J:$��

(Articular membrane) �'�<#MP'�5�'1'�56��.�E���J:$�����*��2A��1��'���,���2>$',�E"R����	'�

2A��	��,�9�1���$�5�'1'�56��.��Z34��15��'�2>$',�E"R��",9�E"�(Tergite) �=�,��'�2",	�E"R��

(Sternites) 1A����������'�I:��,�E"R��(Pleurites) �5$�1'��56��.��

����
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*+�,�/�*+�,�/�*+�,�/�*+�,�/�((((�& �& �& �& ���� ����

U&V� 1�$�� �#�<�� ��,�:�	�� (Lock and Key hypothesis)�� �5� ��,�:�	�� -��$� �C��,

� (Emil Fisher 1894) 	'���21#1�����<��'��	#��,�-8<�E����'��#�<��1A����?2"'F"����

1�$����	��9���56�.��/����	G	�����,��'�56���

���� (i) �5$'�-8<�E��5$'�-8<�E��5$'�-8<�E��5$'�-8<�E���(Enzyme) �?2"'F"�(Substrate) ���#��'������5#̂H1��56�.�

���� (ii) -8<�E�� �'� "'G�$'"-8<�E�� �'� "'G�$'"-8<�E�� �'� "'G�$'"-8<�E�� �'� "'G�$'"� (template) �'�� �?2"F'"� ���#� C^�� <�1�� 56� �1�� -8<�E��

�?2"'F"����#�(Enzyme Substrate complex) ?	�<�1��56�.��

� Substrate + Enzyme   Enzyme Substrate Complex �

�

�

���� (iii) E������,�?	'�-8<�E������,�?	'�-8<�E������,�?	'�-8<�E������,�?	'�-8<�EEEE���������'��'��'��'��?2"F'"����?2"F'"����?2"F'"����?2"F'"����#�#�#�#���� �(Enzyme Substrate Molecule) ?	�

<�1��56�.��

���� (iv) E�� ����,� ?	�� -8<�E�� ����,� ?	�� -8<�E�� ����,� ?	�� -8<�E�� ����,� ?	�� -8<�EEEE���?2"F'"� ���#�� �?2"F'"� ���#�� �?2"F'"� ���#�� �?2"F'"� ���#� (Enzyme Substrate Molecule) ��=���

��/��5�'1��56�1A���<$��'���A���/����,�-8<�E���?2"'F"��'��$9�5�'�<�1��56���6,��C,�

���#��'���'���A���/����,1��56�.��

�

���� U�VU�VU�VU�V���� -8<�-8<�-8<�-8<�EEEE�� �?2"'F"� ��� �?2"'F"� ��� �?2"'F"� ��� �?2"'F"� ��G�$'>�� ��,�:�	��G�$'>�� ��,�:�	��G�$'>�� ��,�:�	��G�$'>�� ��,�:�	�� (Enzyme Substrate Complex 

hypothesis)- E�� ��,�:�	����'� ���'(� 5'	,�� (Profe. Henry 1903) 	'� ��21#1� ����� .� E��'�

�	#��,�-8<���(E) �?2"'F" (S) �'���A����$�,�-��<�"$���6�9��(SE)� ?	�1��56�<�'� �/���

��'��G�8	��,�	'��'���5����5�'1��56�.��

�

���� U VU VU VU V���� E�MR�E�MR�E�MR�E�MR��2�2�2�2M�M�M�M��C�C�C�C"���@M$"���@M$"���@M$"���@M$� (Induced Fit Model)- E������,������,�:�	����@��$'�M�

(Koshland 1963-64) 	'���21#1����.�E��'��	#��,�-8<�E���'����#����,H	�� �	��H1�	5���
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5�'1��56�.��?2"'F"��'��G�����'����	'��,��5���	'������'�*��'��	#��$�?	��,�<#MP�<�1��56�

�A���1�-8<�E�������,H	����,�1�	���$�U$H�$�V�5�'1��56�.��

�A����A����A����A�������

� ��M'������T�����M'������T�����M'������T�����M'������T���,9G���J:$��D�,���,��,������������	,9G���J:$��D�,���,��,������������	,9G���J:$��D�,���,��,������������	,9G���J:$��D�,���,��,������������	�����'9��'��$-��#9������-����M��

$'1'�56�O��<��'�-����,'��,�-��;�'"���;����,�'���M'��'�

�8�,�����C'��1A�����$��)��9��	��$��'1'�56��.���M'����

�'�:�������?�'�	'"�����C'���;$���	����'��G$�(HCL)�

�'�� !��'$�,��$9��,��'1'�56��1A����8�,�����T����,9G��

�J:$��(Semipermeable membrane) ���I1��,�$'1'�56��.�

�;��������',�E���J:$����'���^H����	$���'�?�^=���'1'�56��

�<��'� D�,�� �J:$�� �'�� ����,�� ��� 9�]P�� !��'$�

(Concentrated solution)� )�,� �'1'� 56�� .� �?� E�� �J:$��

��'���	���'�)�,'�?��,��'��$"����'1'�56��.��#;�����?���5���'%�1'�56�������^H����	$���'�'�����

���1$�?]P�<�1��56O�>��'�����,��,����'��	���	#��,�<$��'����#��T����,9G���J:$����,��,�

�����'�1$���'�Y�,�*4���'1'�56��.�E���/�����'��81���,��,���(Endosmosis) �51'�56��1A���

E��'�*7�8	���?��,��,�����?�(Osmotic pressure) �5$�1���56��.��

����

*+�,�/�*+�,�/�*+�,�/�*+�,�/�((((�&0�&0�&0�&0����

���� $6��9����<		�(Sexual veproduction) 2��E,�'9�E,���'��$6��9����<		����#B�	����=���'�

D�,��5�'1��56�.����#B�	��'������#B���?	�	'���$����'��������'��#B��=��	��(Gametangium) 

�51'�56��.�2��E,�'9�E,���'�����#B�	���'����=���'��D�,��5�'1��56���(i) ��'��	�1R����#B�	��'��	�1R����#B�	��'��	�1R����#B�	��'��	�1R����#B�	����(ii) ���������������������
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�
2��E,�'?�E,���'����'��	�1R����#B�	����=��D�,��$6��9����<		2��E,�'?�E,���'����'��	�1R����#B�	����=��D�,��$6��9����<		2��E,�'?�E,���'����'��	�1R����#B�	����=��D�,��$6��9����<		2��E,�'?�E,���'����'��	�1R����#B�	����=��D�,��$6��9����<		�

�   ��'��	�1R� ���#B�	��'��	�1R� ���#B�	��'��	�1R� ���#B�	��'��	�1R� ���#B�	� (Scalariform conjugation) ���1��$� ��,�2A��1��'�� �'��

2��E,�'9�E,�������=���������<��1��'���'��$6��9����<		�E��� ���=��D�,��5�'1��56�.�E�� ���=���'��

�����A�����'�181#������������,�/�����	,�-��������181#����)��^�1�������,1'�56��.��#;�����

?���181#������'�����2A����'�������'���'��*)��,�?	1'�56��<�'�$G?�E���'��$9�1�,��Z�T��,1'�5#-�

-�����,'��'��G�����'�����<�1'�56�� .��#;�����?�����'	�'���'��G������� �)��+���^� !�#$�<�1����

56�.��<��'�-��	�$���?	�<�1��56�.���<�'����#B�	�	�$���(Conjugation tube) �51'�56��.�

���#B�	�	�$�������	�������,	'���$'���'	�'��181#��'������8����'�������'���'�� )���E�������,����

���#B�	�	�$���'��?	�<�1��56�.��<��'���,����G��������,H	��-����]P���'����	���%��E���'	'�

$91��56�.��

�

� � ���#B�	� 	�$��� �'� �	������� �'� ���� 	,� 181#� ��� ��'������ ��� ��'������ ��[��

���#MP�,�9�'$���,�5�'�<�1��56���6,�-��-I$�	�'��96��"�(Aplano gamete) ?	��$'1��56�.��5�

-I$�	�'�� 96��"����#B�	� 	�$����'� ��=����'� ���?���9�1� D�,�� �G�#%�� �2A�1� ����� 181#����

��'�������'��H$��<�1��56�1A����������'�������'��*��2A�1�	��)����'���A�����#��	� (Fusion) 

�,�'�-���D9#���1�<��9�'"�(Zygote) ���<�9�'2��',�?	��$'1��56��	#��$��2A��1��'���'�$�'"	'��,�

<��9�'"��'����#,����'�?����'��-��	���181#�?	�<�1��56��.�
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�A����A����A����A�������

����

���� a��	'�,��������,�>��2��',�'C�E"�(Sporophyte) ���2��',�'9�'�	���(Sporogonium) 1�	�

)��9�'��C#"�(Foot) ��"��(Seta) -����6I2��$�(Capsule) �'����)�'��1�5�'1��56�.���,�>��2��',�'C�E"�

�'�H�,�'����',��#,���7������,���5�'1��56.��'I��$��'�Y�,�� ��,'� �,������9�'�	����������'3��

��'�����-��"�'����'����	����,���?	�1��56�O��<�'��'�$I"F���51'�56��.��

�
a��	'�,���a��	'�,���a��	'�,���a��	'�,���(Funaria) 2��',�'C�E"�2��',�'C�E"�2��',�'C�E"�2��',�'C�E"�(Sporophyte) ���$G?�1���"���$G?�1���"���$G?�1���"���$G?�1���"����

���� U&VU&VU&VU&V���� C#"C#"C#"C#"� (Foot) �5� 2��',�'C�E"������=��,��� )��9� 5�'1�� 56O� <�'� ��� ����� ���%��� �'�

96��"�'C�E�"��Y1���'�� =�^���5�'1��56.�C#"� (Foot) $�9,�Anchor) ��� )��^�1O� 2��',�'C�E"���'�

96��"�'C�E"��'�Y1��'���'���2A�,�,%�	'�1A���*��'�<$�-���)��'������A��'����'������'�3�1��,	'����

������,1��56�.�C#"��1$���)��+����$'��Z��1��'��(Parenchymatous tissues) ���?	��5�'1��56�.�

���� U�VU�VU�VU�V���� ��"���"���"���"�� (Seta) ��"��$G?�O��#M��5#��� (Twisted) 1A��� )��,'�$�$�,�9�����5� )��9�

5�'1�� 56O� <�'� ��� C#"� �'� �6I2��$� 1�� -�� �1$�� 	�$����,� ��,H	�� ?	�1�� 56O� <�'� C#"� �'�

�����'�3�1�<$�-���)��'������A��'����'��6I��$�1���5#^H�1��56�.���81�,����,H	����'��'%�	'��,�

C#"��'��-��;�'"���'8�����2"F'�M� �(Central strand) *��'� !�','� 5#-� �1$�� �)��+�� ��$��

��'�������'�� -��� -�� 21,��� ?�5R�� 7�H�� (Epidermis) �'� �!�,�� ��%��E�� �'1�� 56O� �<��'� Y�,�

>���"��$�(Cuticle) �����<�1��56��.��
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�

���� U VU VU VU V���� �6I2��$�6I2��$�6I2��$�6I2��$� (Capsule)��6I2��$O� ��"�� �'� Y�,�� )��9� �,� *��2A�1� 	�����1�	#���

(Pear shaped) ��,H	�� 56O�<�'� ��� ����,)�� �'�� ��=��� (Erect) -��� 5,�� (Green) 5�'1�� 56O� �,81#�

��,�>��5�'�<�	'��,������$'��5�	�,�9��,�9����5�'�<�1���56�.�

��

*+�,�/�*+�,�/�*+�,�/�*+�,�/�((((�&��&��&��&�� �G�5	���$�'���������,�(Types of vascular bundles) ���)�8	���9�'�����Y1��'�����

?	���5�18
�<�'��G�5	����������,1��56O��G�5	�18
��5$�1��56�.���6=��'������G�5	�18
�

�	'��;�'"��;�'"�����	�E��E��'�����?	��5�'1��56O��<85'���G�5	���$�(Vascular bundle) �51'�

56��.���7�'���G�5	���$�<��$��1A���a$�'-��1A����6�G?������?	��5�'1��56�.�<��$���1A���

a$�'-�� ��� �2A��1� 1A��� �6�G?��� ��� *��2A��1� ��6,� �	#��2A��1� �'� ��=��,� �,� �G5�	� ��$�

�	G	�$�%�1�����,��'�5�'���1'�56���

� U&VU&VU&VU&V���� �,���,���,���,���(Radial)- E��'��<��$��1A���a$�'-��-�����,'��'��$9��$9��)�8	��)�8	�

�
�����'���,�-��81�,1�/���'���2A�1�5�'1'�56��.��5��G�5	���$��#%�1��<MP�'���'�������<�1��56��.��

� U�VU�VU�VU�V���� ���#>1���#>1���#>1���#>1� (Conjoint) E��'��<��$��1A��� a$�'-��-��5�� �
�����,�-�����,'��'�

<#MP'�5#-��2A�1�5�'1'�56��.��5��#%�1��1	'��'�������<�1��56�.��5��G�5	���$���'�����,����5�'1��

56���

� (a) ��'$'",$��'$'",$��'$'",$��'$'",$�(Collateral)-�E	��G�5	���$�'���'��-��5���
�����,�a$�'-��?�5,����1,C�

1A���<��$���8�,����1,C��2A�1�5�'1��56�.��5��#	����'�����,����5�'1��56���

�

�
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� (i) ��'$'",$�%�#$���'$'",$�%�#$���'$'",$�%�#$���'$'",$�%�#$��(Collateral open)- E��'��<��$��1A���a$�'-���'�?�H��'���6�G?���

�2A�1�5�'1��56�.�E������,��G�5	���$��D?�<�
��1	�'���'�������<�1��56�.��

� (ii) ��'$'",$�?8���'$'",$�?8���'$'",$�?8���'$'",$�?8��(Collateral closed)-� E�� ����,� �'� �G�5	� ��$�'�� �'�� �6�G?��� 	5���

�����<�1��.��5�-��?�<�
����6=��'���'�1	�'���'�������<�1��56�.��

� (b) ?�E��'$'",$?�E��'$'",$?�E��'$'",$?�E��'$'",$�(Bicollateral)- E�������,��'��G�5	���$��'��<��$��?�H��'���2A�1�5�'1��

56���6,�E��'���'	�'��1,C��6�G?���1A���a$�'-�����'�<�1'�56��.�E������,��5�-��<��$�O���'�

�6�G?��� 1A��� ��'� a$�'-�� ��� ?	�� 5�'1�� 56� .� �#�,�?"'��O� ��'$'	'��O� ��8�$�#$'��� ��6,�

-��'��E	'����#$��'���6=��'���'��E������,�����G�5	���$������<�1��56�.��

� U VU VU VU V� ���'8������'8������'8������'8����(Concentric)- E������,��'��G�5	�?�M$��'��<��$��1A���a$�'-���'���'�

-�����,'���'���,��1,5��'�!�','�,51��56�.��5�?�M$�?8������,����5�'1��56O��A���1R�E��'���)���

)����6�G?���	5��������<�1��56�.��5���'�����,����5�'1��56���

� (a) -GC�/�E?$-GC�/�E?$-GC�/�E?$-GC�/�E?$�(Amphicribal)- E��'��<��$����'�a$�'-����,��1,5��'�!�','�,51��56�

.��5��G�5	���$��#;�<$�����6=��'����6,�"'�,M�'C�E"R��<6�'����$6�<	'$�� (Selaginella) ��6,�

$�E��'��'�M���(Lycopoduim) �'�������<�1��56��.�

� (b)  -GC��'�$-GC��'�$-GC��'�$-GC��'�$�(Amphivasal)-�E��'�� a$�'-�� ��'� <��$�� H�,�'�� 1,C� �'� !�','� ,51����

56�.��5��#;�-�?�<�
�����6=��'���'�1	�''���'�������<�1��56�.�<6�'��MF6��	��(Dracena), �>���

(Yacca).�

����

*+�,�/�*+�,�/�*+�,�/�*+�,�/�((((�&��&��&��&����� ���� ���� ���� �A����A����A����A���������������

� �D�D�D�D?�<�
��1	'������81�,����,H	��?�<�
��1	'������81�,����,H	��?�<�
��1	'������81�,����,H	��?�<�
��1	'������81�,����,H	���

� � ����5�������#%����'� 1	'������81�,����,H	����'� �'%�'� 1�'� E��'�� �	G	� ,H	�-^�

��%��E���'1��56����

&�&�&�&����� ?�5R�7�H�?�5R�7�H�?�5R�7�H�?�5R�7�H�� (Epidermis)- �5� �?�'� ?�5,�� -���'������� 21,� 56O� �<�� �,�

>���"�$������<�1��56�E���,��5����5���?5#��'�������,�'��1A���2"�'�'"�����'�<�1'�56��.��

������������ ��@"'�>���@"'�>���@"'�>���@"'�>��(Cortex)- �5�?�5R�7�H���'�	�H'��'�21,�56O�<�'�1�	�21,�'�����?	��5�'1��

56�.��
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� (i) �=�27�H�� (Hypodermis) �5���'$'	��E�'"R����'�������'�����  ��'� �� �,1�'�����

?	��5�'1��56�.�E	�2A��$��'3����'�������'���'���81,��'���������������	#��2A�1�1A���5�,1$���

*��2A�1�5�'1��56�.��

� (ii)  ����8����@"'�>�� (General cortex) �5��=�27�H���'� 	�H'� �2A�1� 5�'1�� 56� 1A���

�81,���'��������������'���#>1��Z��1�����'�������'�����?	��5�'1��56�.��

�
�����#%����'�1	'�����	#��2A����"�����#%����'�1	'�����	#��2A����"�����#%����'�1	'�����	#��2A����"�����#%����'�1	'�����	#��2A����"����

(iii)  �8127�H��8127�H��8127�H��8127�H��(Endodermis)-��5���@"'�>�������81�,�� -���'������� 21,� 56O� <�'�

]�'$���'����	���'�������'�����?	��5�'1��56O��<��'��2"�H���������'�<�1'�56��.��

 � � � ����� �',���E��$�',���E��$�',���E��$�',���E��$�(Pericycle) �5��,1��Z��1���1A����Z]P�Y1�����'�������'���'�-��81,�

/���'��[���2A�1�5�'	'��'�?	1��56����6,��8127�H���'�	�H'��2A�1�5�'1��56�.��

0�0�0�0����� �G�5	���$�G�5	���$�G�5	���$�G�5	���$�(Vascular Bundle) - E	�'��G�5	���$����#>1�(Conjoint), ��'$'",$�

(Collateral),�%�#$'�(Open) -�����	�����,�1A���-��!�','��'��[���2A�1�5�'1'�56�.�E	�����7�'��

�G�5	���$�<��$�O�a$�'-��1A����6�G?������?	��5�'1��56�.�E	���<��$���'�':�O�"F6��MO�

��34� 181#� 1A��� ��34� �Z��1�� ��� ?	�� 5�'1�� 56�O� <?��� a$�'-�� H�$	�� 	�$����'�O� ��%��

��'�������'��1A����Z��1����'�������'�����?	��5�'1��56�.�E	�'�<��$��1A���a$�'-���'�?�H��'��

�1$���)��+����$����'�������'�����-���"R"�������<�1��56O��<�'��6�G?����51'�56��.��

������������ ��A���A���A���A��(Pith)-  ��<��(Medulla)���A������5�)��9�<�'���'����5	���$�'���'�?�H��'��
�2A�1�5�'1��56�*�'���<����,���(Medullary ray)�����A����,���(Pith ray)��51'�56�.�1	'��'�
�=���'���Z��1�����'�������'�����?	����A�������<�1��56�.��
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Model Question Paper -2007-2008 

BIOLOGY 

CLASS – XI 

Max. Marks : 75       Time : 3 Hrs. 

Total No. of Questions  : 15 

 

Instructions : 

1. All question have to be attempted. 

2. Q. No. 1 to 4 are multiple choice questions.  

Each question has 5 sub-questions.  

3. Q. No. 5 to 15 have internal choice. 

4. Question to be answered according to instructions.  

 

Q. No. 1 Choose the correct option from the given and write in your answer 

booklet :- 

 

a. What is the study of fossils known as : 

 (i) Taxonomy  (ii) Bacteriology  

 (iii) Gerontology  (iv) Palaentology 

 

b. Which of the substance is not found in plant cell wall ? 

 (i) Cellulose (ii) Lignin   

(iii) Pectin (iv) Protein 

 

c. Fern prothallus is : 

 (i) Haploid (ii) Diploid  

 (iii) Triploid (iv) Sporophyte. 

 

d. Bacteria which posses flagella all over their body surface are called - 

 (i) Monotrichous (ii) Amphitrichous  
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 (iii) Peritrichous  (iv) Atrichous 

 

e. Which of these disease is hereditary - 

 (i) Haemophilia (ii) Dysentery  

 (iii) Plague   (iv) Typhoid 

 

Q. No. 2 Choose the Correct answer and fill in the blanks: 

a. Out of the following __________ is not a vestigial organ of human. 

 (i) Nictitating membrane (ii) Caudal vertebrae 

 (iii) Appendix   (iv) Glottis  

 

b. In an animal cell, spindle fibres are formed from ____________. 

 (i) Centriole    (ii) Centromere 

 (iii) Nucleus   (iv) Mitochondrion 

 

c. Protein synthesis occurs is ________________. 

 (i) Centrosome   (ii) Chromosome 

 (iii) Mitochondrion  (iv) Ribosome 

 

d. D.N.A. is present in _________ . 

 (i) Only green plastid  (ii) Only mitochondria 

 (iii) Only nucleus  (iv) All of the above 

 

e. Naked seeds are found in _____________. 

 (i) Algae    (ii) Pteridophyta 

 (iii) Angiosperms  (iv) Gymnosperms 

 

Q. No. 3 Match The following : 

 

 a. Datura 

 b. Pea 
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 c. Compositae 

 d. Onion  

 e. Mustard  

 

Q. No. 4 Write answer in one word. 

(i) What are extra nuclear heredity units known as ? 

(ii) In which disease bones become soft, weak and brittle ? 

(iii) Name the process in which genes located on homologous chromosomes 

exchange their genetic material. 

(iv) What type of plants are pitcher plant and utricularia. 

(v) Name one technique for testing genetic abnormalities in the embryo. 

 

Special Instructions :- Q. Nos. 5 to 7 are short answer questions. Answer in 

maximum 75 words. Each question carries 4 marks. 

 

Q. No.5  What do you understand by adaptation ? Write the names of types of 

adaptations. Explain short- term adaptations with example. 

OR 

  Virus is a link between living and non-living. Justify the statement.  

 

Q. No. 6 What is Afforestation ? Write the objectives of community or social 

forestry. 

OR 

  What is pollution ? State the names of types of pollution and the effects 

of air pollution on organism ? 

 

Q. No. 7 Define tap root and describe the modifications of tap root for food 

storage.  

OR 

  Describe the types of meristematic tissues based on location. 
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Special Instructions : Q. Nos. 8 to 12 are long answer question- Answer each 

question in maximum 150 words. Each question carries 5 marks. 

 

Q. No. 8 Why do some plants become insectivorous ? Explain the structural 

adaptations shown by pitcher plant to trap insects. 

 

OR 

  Define herbarium. Describe the objectives and method to prepare 

herbarium.  

 

Q. No. 9  Explain the types of chromosome based on the postion of centromere. 

OR 

  How is sex determined is man ? Explain with the help of line diagram. 

 

Q. No. 10 Differentiate between mitosis and meiosis. 

OR 

Differentiate  between prokaryotic and eukaryotic cells. 

 

Q. No. 11 Define Dihybrid cross. Explain the phenotypic ratio of 9:3:3:1 with the 

help of a checker board.  

OR 

  Define mutation. Explain the features and causes of mutation. 

 

Q. No. 12 With the help of a diagram, explain the external morphology of an earth 

worm.  

OR 

  With the help of a diagram, explain the external morphology of 

cockroach.  

 

Special Instructions : Q. No. 13 to 15 are long 200 words. Each correct answer 

carries 6 marks. 
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Q. No. 13 Write all the steps of enzyme action and explain in what form enzymes 

are left after the reaction ? 

OR 

  Define osmosis. And explain the process with the help an experiment. 

 

Q. No. 14 Explain any one method of sexual reproduction in Spirogyra with the help 

of a diagram. 

OR 

  Describe parts of sporophyte in Moss and draw L.S. of Moss capsule. 

Q. No. 15 Describe the different types of vascular bundles. 

OR 

  Explain the internal structure of a dicot stem with the help of a diagram.  
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BIOLOGY 2007-2008 

MODEL ANSWERS 

XIth 

 

Answer No. 1  

a. (iv) 

b. (iv) 

c. (i) 

d. (iii) 

e. (i) 

 

Answer No. 2 

a. (iv) 

b. (i) 

c. (iv) 

d. (iv) 

e. (iv) 

 

Answer No. 3 

(i) d 

(ii) e 

(iii) a 

(iv) b 

(v) c 

 

 

 

 

Answer No. 4 

(i) Plasmagene 
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(ii) Osteoporesis 

(iii) Crossing-over 

(iv) Insectivorous 

(v) Amniocentesis. 

 

Answer No. 5 Adaptation : All organisms possess the ability to change 

according to the environment so that it is easy for them to survive in that environment. 

This ability of the organisms is called adaptation. Adaptation is of two types in 

organisms : 

(i) Short – term adaptation. 

(ii) Long – term adaptation. 

 

Short – term adaptation – The changes developed in an organism clue to changing 

environmental condition within its life span are called short- term adaptations for 

example,  On continuous exposure to sunlight our skim becomes darker due to 

accumulation of sun-ray absorbing, melamin pigment granules in the outer-most layer 

of skin. Melanin pigment protects the inner tissues by  absorbing heat. 

OR 

Virus exhibits the features of both living and non-living. These are as follows : 

Characteristics of living organisms – 

(i) Virus exhibits growth and reproduction. 

(ii) Virus contains genetic material (RNA or DNA) and proteins.  

(iii) Viruses exhibit diversity in structures. 

(iv) Virus exhibit mutation. 

(v) Virus spread diseases in plants, animals and bacteria. 

(vi) Virus exhibit phenomenon of inheritance. 

(vii) Virus are (obligatory) parasites. 

(viii) Virus exhibit sensitivity  

Features of Non-living. 

(i) Virus lack cells 

(ii) Virus can be crystallized. 
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(iii) Virus lack cytoplasm. 

(iv) Virus lack metabolic activities and nutrition. 

(v) Virus do not grow and reproduce on their own. They require a host cell. 

 

Because of the above mentioned characteristics, virus is considered a link 

between the living and non-living. 

 

Answer No. 6 Development of forest on barren land or land lying fallow is called a 

forestation Such forest are called artificial forest. The objectives of community or 

social forestry are:    

1- To grow useful trees. 

2- Development of forests on private area with co-operative effort.  

3- To minimize the dangers of pollution by cultivating artificial forests.  

4- Conservation of  endangered wild life species. 

5- To create awareness. 

6- To cultivate forest on barren and fallow land.  

OR 

Pollution - Any charge occurring in the air, water, land i.e., physical, chemical and 

biological features which harmful to the living conditions, industrial and cultural 

activities of mankind and other organisms.    

 

Types of pollution 

1- Air pollution 

2- Water pollution  

3- Soil pollution 

4- Noise pollution 

5- Radioactive pollution. 

 

Effects of air pollution on organisms – 

(i) SO2 emitted form industrial chimneys causes burning in the respiratory tract 

and harms the lungs. It destroys a variety of plants. Some lower plants and  
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lichens grow profusely in an environment free from SO2. Its maximum effect 

is felt on the respiration in organisms.  

(ii) Nitrous oxide affects lungs, and causes diseases of eyes and heart. Ozone 

causes eye diseases, cough and pain in the chest. It increases transpiration 

rate of many plants, causing them harm. 

(iii) P.A.N. inhibits photolysis of water thus decreasing the overall ecosyotem 

productivity. It causes irritation of eyes and damage to lungs.  

(iv) Higher concentrations of CO and CO2 in the air cause fatigue, mental 

disorder, cancer of lungs, etc. 

(v) Many hydrocarbons, chiefly polynuclear aromatic hydrocarbon (P.A.H.), are 

major carcinogenic substances.  

(vi) Arsenic makes the plants poisonous resulting in death of animals feeding on 

them. 

(vii) Lead particles spread in the air cause eczema and anthrax diseases.  

(viii) Air around iron factories, polluted with more of silica cause respiratory 

disorders. 

 

Answer No. 7 Tap Root – It is that root in which the radicle grows to give rise to a 

main or primary root. 

Modifications of tap root for food storage – Some tap roots accumulate food 

substances and grow to become fleshy. They take on different shapes. This stored 

food is used by plants.  

 

Modifications of tap root for food storage 
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  There modifications are variously named according to shape, as under – 

(i) Conical – The broad base of the root gradually tapes to the tip. The 

broadest part is the base and the slimmest part in the tip e.g., carrot  

(ii) Fusiform  - This tap root assumes the shape of a spindle i.e., it is 

broad in the centre and gradually tapers towards both ends. The 

upper this part is hypocotyl and the rest of the part is root e.g., 

raddish. 

(iii) Napiform – The base of this root is very broad and tapers abrupthy. 

The upper broad part is formed by the swelling of both, hypocotyl and 

root e.g., beet root, turnip. 

 

 

OR 

Types of meristematic tissues- 

 Based on their location, meristematic tissues can be classified into three types : 

(i) Apical meristem  

(ii) Intercalary meristem. 

(iii) Lateral meristem 

 

(i) Apical meristem : These meristems are located at the apex of root and 

shoot Continuous cell divisions in these tissues result in the increase in 

lengths of roots and shoots. This meristem includes both pro-meristem and 

primary meristem which form the growing points at the apex of roots and 

stems. 

(ii) Intercalary Meristem : It is the part that got separated from apical meristem 

at the time of growth of shoot and did not get differentiated. It is located near 

the leaf base or at the base of node e.g., in grass it is located near the base 

of inter node in mint, it is located below the node.  

(iii) Lateral Meristem : This meristem is located laterally in the roots and 

stems e.g., vascular cambium (i.e, fascicular and interfascicular) and cork 

cambium.  
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Fascicular cambium in stems is primary meristem where as all others are 

secondary meristems as they arise by dedifferentiation of permanent 

tissues. They divide to give rise to secondary growth which results in 

increase in diameter of stems and roots. 

 

Answer No. 8 Plants which are growing in nitrogen deficient soil become 

insectivorous to fulfill their need of nitrogen, Nepenthes or pitcher plant is an 

insectivorous plant. The structural modifications of its leaf parts are as follows :- 

  Leaf part    Modified part 

(i) Lamina    Pitcher 

 (ii) Apex     Lid 

 (iii) Petiole      Tendril. 

 

  The mouth of the pitcher is specially thick and glandular. Some of its 

glands secrete nectar which attracts insects. The inner wall of the pitcher is smooth 

and lined with stiff, inwardly bent hair. The pitcher is filled with sticky substance 

containing digestive enzymes.  

  

  The insect is attracted by the brightly coloured pitcher. It sits on the 

mouth of the pitcher and bends inwards to obtain nectar. In the process, it slides 

down and is prevented to escape by the stiff, inwardly directed hair. The lid on top 

prevents its escape. The digesters enzyme containing substance digests the insect 

for obtaining nitrogen for its nutrition. 

OR 

  Herbarium : Herbarium is a collection of plants in which plants are dried, 

pressed, arranged on paper sheets according to some recognized and acceptable 

system of classification for future reference and study. 

 

Objectives : 

  The main objectives for making a herbarium are: 

(i) To preserve plant specimens for future reference. 
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(ii) The specimens can be used for plant identification.  

(iii) It helps to increase knowledge about the kinds of plants at a particular time 

period. 

(iv) These specimen from the basis for future monographic and 

phytogeographical studies following required for preparations of herbarium 

or plant museum. 

(1) Herbarium Press : It is used to dry and press plants. The size of the 

herbarium press is 12 X 18 inches. It has a metal or wooden frame in the centre of 

which are old newspapers or blotting papers for absorbing moisture. 

(2) Vasculum : It is an ovoid, tin or aluminium box of size 50 X 30 X 15 cm. It is 

used to collect the plants from the field so that they remain fresh till they are pressed. 

It has a strap (belt) an both sides with the help of which it can be hung on the 

shoulder.  

(3)  Pruning shear : It is a special type of knife used to chop branches of big trees. 

(4) Digger : It is used to dig out underground plant parts. 

(5)  Scissors : It is used to cut branches and small bushes.  

(6) Lens : It is a magnifying lens. 

(7) Field book : A notebook and pencil should be carried to the field. 

 

Ans. No.9 Types of Chromosomes : 

 Chromosomes can be classified on the basis of number and position of 

centromere. When there is no centromere on a chromosome, it is called Acentric. 

When a chromosome contains one chromosome, it is known as Monocentric, when 

two Centromeres are present, then Cicentric and when it is more than three, then it 

is called Polycentric, when more number of chromosomes are spread all over the 

chromosome, then it is called diffused or non located or Holocentric centromere. 

 

 On the basis of location of centromere, there are four types of chromosomes : 

[Diag] 
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Types of Chromosomes on the Basis of Position of Centromere. 

a) Telocentric  (b)  Acrocentric 

(c) Sub-metacentric (d) Metacentric 

 

1- Telocentric : The centromere is located at one end of the chromosome. 

2- Acrocentric : The centromere is located a little away from one end, so that one 

arm is small and the other big. 

3- Sub-metacentric : The centromere is away from the centre such that one arm 

is only slightly bigger than the other. Such type of chromosomes are L- or J- shaped. 

4- Metacentric : The centromere is situated in the centre and both arms are 

equal. Such chromosomes are V-shaped. 

OR 

Sex Determination in Man : Every cell in human contains 46 or 23 pairs of 

chromosomes. Out of these, 22 pairs are common in man and woman. There are 

known as autosomes. The two chromosomes of the 23rd pair in women are same 

whereas they are different in males. One is big while the other is small. The bigger 

one is known as X while the smaller one is Y. These i.e. 23rd pair help in 

determination of sex, hence they are known as sex chromosomes. 

 Two types of sperm will thus be produced in males, one type containing 22 

autosomes and one X (22+x) (22+y) chromosome while the other having 22 

autosomes and one Y chromosome. On the other hand, there will be only one type of 

eggs produced in females – all containing 22 acrosomes and one X chromosome. 

(22+X) 
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 At the time of fertilization, if the egg fuses with a sperm containing 22 + X 

combination of chromosomes, it will produce a girl child. Whereas, if the egg fuses 

with a sperm containing 22 + Y combination of chromosomes, it will result in a boy 

child. Almost all higher animals and mammals exhibit this type of sex-determination. 

In case of birds, however the case is opposite, i.e. males are XX and females are XY. 

 

Fig. Sex Determination in Man 

 

 Thus, hypothetically, there is a possibility of 50% children being males and 50% 

females. But it is not seen practically. Some couples produce only male offsprings, 

some only female offsprings while remaining produce both in equal numbers. 

 In fact, the number of sperms is in crores and it is only a matter of chance as to 

which type of chromosome will fertilize and result in the sex of child. 

Ans. No.10 Difference between mitosis and meiosis :  

S. 
No. 

Mitosis S. 
No. 

Meiosis 

1. Occurs in all types of cells 1. Occurs in germ cells. 

2. The number of 

chromosomes in daughter 

2. The number of chromosomes in 

daughter cells is reduced to half 
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cells is same as that of 

parent cell 

of parent cell. 

3. The resultant daughter 

cells are two in number 

3. The resultant daughter cells are 

four in number 

4. Cell division is of a shorter 

duration 

4. Cell division is of a longer 

duration 

PROPHASE 

5. Short duration 5. Longer duration and sub-divided 

into five stages. 

6. Chromosomes appear as 

chromatids 

6. Chromosomes appear as single 

units but in prophase-II they are 

seen as chromatids.  

7. Pairing of chromosomes 

does not occur 

7. Pairing of chromosomes occurs 

in prophase-I (Zygotene) 

8. Crossing over does not 

occur 

8. Crossing over occurs in 

prophase-I (parchytene) 

MATAPHASE 

9. Chromosomes are 

arranged singly on the 

equatorial plate 

9. Chromosomes are arranged in 

pairs on the equatorial plate. 

10. Centromere is at the 

equatorial plate with arms 

directed towards the poles. 

10. The arms are perpendicular to 

the poles. 

ANAPHASE 

11. Centromere divides 11. Centromere does not divide 

12. Individual chromatids 

move to opposite poles. 

12. Whole chromosome moves to 

opposite poles. 

13. Same number of 

chromosomes are 

presenta at poles 

13. Half the number of 

chromosomes are present at 

poles. 
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TELOPHASE 

14. Always present 14. Telophase-I may or may not 

occur. 

 

OR 

 Difference between prokaryotic and Eukaryotic cells 

 

 Basis of 

difference 

PROKARYOTIC EUKARYOTIC 

1. Cell wall Thin, Composed of 

protein and 

carbohydrates 

Thicker and usually made 

up of cellulose (plants) or 

chitin (fungi) 

2. Mitochondrier Absent Present 

3. Golgi body Absent Present 

4. E.R. Absent Present 

5. Lysosomes Absent Present 

6. Nuclear 

membrane 

Absent, nuclear 

material lies freely in 

the cytoplasm 

Present, it separates the 

nuclear material from 

cytoplasm 

7. Ribosomes 70 S type (30+50 S) 80 S type (40 S + 60 S) 

8. Nucleolus Absent Present 

9. Metronomes Present Absent 

10. DNA Single, double 

stranded DNA, coiled 

and super coiled 

around a central core 

of non- histone 

proteins 

DNA along with histone 

proteins forms 

chromosomes, the number 

of which is different in 

different species 

11. Photosysnthesis Occurs in isolated 
thylakoids. Primitive 
type of chlorophyll 
(bacteriochlorophyll) 

Occurs inside chloroplast 

chlorophyll is present 
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present 
12. Respiration Occurs in plasma 

membrane 

Occurs in mitochondria 

13. Flagella Solid, made up of 
flagellin protein 

Exhibits (9+2) arrangement 
of microtubules, made up of 
tubulin protein. 

14. Cell division Amitosis Mitosis or Meiosis 

15. Sexual 

Reproduction 

Syngany is absent, 
however, recombi-
nation occurs by 
transformation, 
transduction and 
conjugation. 

Syngary and conjugation 

occur 

16. e.g. Bacteria, Blue green 
algae 

Fungi, plants, Animals 

 

Ans. No.11 Dihybrid Cross :  

 A cross in which inheritance of two characters is seen at a time. Mendel 

performed many dihybrid crosses. In one example, he considered two characters – 

colour of seed and shape of seeds. 

 In this cross, 

- Round with yellow seeds – 9 

- Round with green seeds – 3 

- Wrinkled with yellow seeds – 3 

- Wrinkled with green seeds -1  

 

The ratio between round, yellow seeds and green wrinkled seeds is 9:1 whereas 

the ratio between round, green seeds and wrinkled green seeds is 3:1. 

On the basis of this experiment, Mendel was able to conclude that each of the 

allele in a pair of constrasting characters works independently of other. 

 

On this basis, Mendel was able to propose the law of Independent Assortment.  

 

The nine possible genotypes are : 
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 RRYY  - 1   RRyy  - 1 

 RrYY  - 2   Rryy  - 2 

 RRYy  - 2   rrYy  - 2 

 RrYy  - 4   rrYY  - 1 

       rryy  - 1 

 

 

  P  Round, Yellow  Wrinkled, Green 

    (RRYY)  x (rryy) 

 

  G  RY   x ry 

    Artificial  

    Cross  fertilization 

 

  F1  RrYy –   All Round, Yellow seeds 
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OR 

 

Answer No.11 Characteristics of Mutation 

 

1. Mutations occur suddenly in organisms 

2. Mutations do not have a definite direction. 

3. Mutations give rise to new features that may form new spices. 

4. Mutations can help to achieve developmental changes in short duration. 

5. Mutations arising in germ cells are heredity.  

 

Causes of Mutation : 

 

1. Physical and chemical factors play an important role in giving rise to 

mutations.  

2. Physical factors include radiations, X-rays, temperature charges at the 

time of germ cell cycle, etc. Chemical factors include colhicine. 

3. Failure to synapse at Zygotene stage at meiosis can lead to mutations.  

Yellow Yellow Yellow Yellow 

ry RrYy 

Round  

Yellow 

Rryy 

Round 

Green 

rrYy 

Wrinkled 

Yellow 

rryy 

Wrinkled 

Green 

FIG: DYHYBRID CROSS IN PEA PLANT 
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4. Antibodies can give rise to mutations.  

5. Chromosomal Mutations can arise because of the change in interaction 

of certain molecules (physiology of mutants may change at times). 
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Answer No. 12 

 Shape, size and colour of Pheretima _ 

 Pheretima or earthworm is cylindrical and bilaterally symmentrical with both 

ends pointed. The posterior end is comparatively more blunt than anterior end.  

 It is approximately 16 to 20 cms long and 0.5 to 1.0 cms in diameter. 

 

External Structure of Pheretima Postnuma (Earthworm) 

 

 Body colour resembles that of soil i.e. brown; This colour of skin is due to the 

presence of porphyrin pigment obtained. Dorsal side is darker when compared to 

anterior side from the deed and decaying leaves taken in as food. This pigment 

protects the earthworm from the ill-effects of strong light.  

 

Segmentation : The earthworm’s body is divided into 100 to 200 circular groves 

called annuli. Formation of annuli is known as metameric segmentation. The first 

segment at the arberior end is known at buccal segment or peristomium. A half-moon 

shaped mouth is located at its anterior most end. A triangular, muscular process 

overhangs the peristomium. It is known as prostomium. It covers the mouth. The last 

body segment is known as the anal segment. The anus is situated in this segment. 
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There is an inter segmental groove between two groves. There is a mid-dorsal, blue 

longitudinal line which is actually the dorsal blood vessel. 

 

Clitellum – The outer skin layer of the 14th, 15th and 16th segment of earthworm 

becomes many layered thick dark and glandular. This part is called clitellum or 

cingulum. It divides the body into 3 segments – 

(i) Pre-clitellar region 

(ii) Clitellar region 

(iii) Post clitellar region 

 

Setae – There is a circular ring of setae in the centre of every segment except 1st, 2nd 

and last. Such type of arrangement of setae is called perichaetin arrangement. Each 

seta is made up of nitrogen containing chitin and resembles a stretched ‘S’. The 

middle portion of the seta is swollen and is known as Nodule. All setae are 

backwardly directed and located in setae sac. 
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OR 

 

External features of cockroach – 

 

 

External Structure of cockroach 

The size of the body of cockroach varies from 2-6 cm long and 1.0 to 1.5 cms 

wide. The males are generally smaller in size than females. Body is segmented, 

flattened and covered by wings on the dorsal surface. 

 

 The body may be coloured reddish brown or brown. Body is covered by an 

exoskeleton of Chitin and lioprotein. It is made up of many small plates called 

Sclerites. scleriter are interconnected by a flexible membrane known as articular or 

arthrodial membrane. This allows flexible movements of the cockroach body. Dorsal 

sclerites are known as tergites, ventral ones are known as Sternites while the lateral 

ones are known as Pleurites 

www.mpboardonline.com

www.mpboardonline.com



 54

Ans. No. : 13 

(1) Lock and Key Hypothesis - 

Proposed by Emil Fisher in 1894, this theory assumes the substrate to be a 

lock and the enzyme to be the key. Mechanism of enzyme action is as follows :- 

[i] The enzyme approaches the substrate molecule. 

    Substrate attaches itself to the template on enzyme forming enzyme- 

     substrate complex. 

[ii]    Thus enzyme substrate is formed from enzyme. 

[iii]  This newly formed molecule has more of vigor and can act with, to           

        form products. After acting with water substrate is further separated          

        and is ready to work again with new molecules. 

Substrate + Enzyme   Enzyme Substrate Complex �

�
Mechanism of Enzyme Action : Lock and Key Model�

 

(2) Enzyme-Substrate Complex hypothesis - 

This hypothesis, proposed by Prof. Henry, 1903 states that enzyme (E) 

alongwith substrate (S) forms a  complex which helps in enzyme action. 

(3)     Induced Fit Model - 

 This hypothesis was proposed by Koshland, 1963-64. According to this, the 

configuration of enzyme molecule is not fixed. It charges its configuration according to 

that of approaching substrate molecule in order to fit itself. 
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OR 

 Demonstration of Osmosis by the semi-permeable egg membrane: 

 A hen’s egg is taken for the experiment. A small 

hole is made at one end and the egg is emptied of 

its contents. The calcium carbonate shell is dissolved 

by dipping the egg in concentrated 

hydrochloric acid (HCl). The inner, semi- permeable 

membrane is thus obtained. A glass tube a fixed into 

the hole in the membrane and tied 

concentrated sugar solution is now filled in the membrane bag though the tube, and 

its level noted. This membrane is how inserted into a beaker filled with water. After 

some time we note that the level of the solution in the glass tube has riser. This is 

become of osmosis the water molecules enter the membrane and same the level in 

the tube. This process is known as endosmosis and the pressure developed due to it 

is known as osmotic pressure.  

 

Ans. No. : 14 

 Sexual Reproduction in Spirogyra occurs during unfavourable conditions by 

conjugation. The gamete forming cells are known as gametangia. Conjugation in 

bacteria occurs by 2 ways: 
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Fig. Conjugation in Spirogyra 

 

 

(i) Scalariform Conjugation : 

 Most species of Spirogyra exhibit this type of conjugation. In this method, 2 

filaments of opposite strains come together. One behaves as a male while the other 

as the female filament. Two protubances appear on the sides of spirogyra facing each 

other. They slowly touch, the cell walls at the point of contact dissolve forming a tube 

like structure between them. This is known as conjugation tube. All the cells of the 

filaments engaged in conjugation form conjugation tubes so that the whole structure 

resembles a ladder.  

The cytoplasm of the cells of the male filament round up to form aplanogamete. 

It moves through the conjugation tube by amoeboid movements into the female 

filament cell. Here it fuses with the contents to form 4 diploid zygote or zygospore. On 

drying up of the filament, the zygote sinks to the floor of the water body. On return of 

favourable conditions, it will germinate to form a new filament. The new filament will 

be haploid as the zygospone first undergoes meiosis to restore haploid condition. 
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OR 

 

 Sporophyte of Funaria : The sporophyte of Funaria is totally dependant on 

gametophyte. It has 3 parts : Foot, Seta and Capsule. The remnant of the old 

gametophyte (archegonium) part may sometime be found as a cap-like structure on 

the capsule. This is called calyptra. 

 

Parts of moss sporophyte 

 

i) Foot : It is the basal part of the sporophyte embedded in the tip of the 

gametophytic part of female branch. It anchors the sporphyte to the gametophytic 

tissue and helps to the absorb water and nutrition from it. Foot is made up of thin-

walled parenchyma cells.  

 

ii) Seta : Seta is a an elongated, twisted structure carrying the capsule away from 

foot. It helps in better disperral of spores. 

 Internally, it consists of a central strand made up of thin-walled cells. 

Surrounding it are few layers of cells. Outermost is a single layered epidermis 

protected by cutide. 
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Fig. L.S. of A Moss Capsule 

 

iii) Capsule : It is a pear-shaped structure situated on top of seta. Initially it is an 

erect structure, green in colour. On matunity, it becomes bent and changes colour to 

yellow or orange. It is further subdivided into 3 parts : 

- the basal portion apophysis, 

- the central position, theca containing sporogenous tissue and 

- the top-most, cap like structure, the operculum. It covers the opening of 

capsule through which the spores escape on maturity.  

 

Answer No. 15 : Types of vascular bundles : 

 

 Vascular system is a collection of all different types of conducting tissues. In 

plants, the vascular system is divided into smaller similar units called vascular 

bundles. Each vascular bundle normally contains xytem, phlom and may be cambium.  
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Fig. Types of Vascular Bundles 

 

 According to the location of xylem and phloem and presence or absence of 

cambium, the vascular bundles are of following types : 

 

i) Radial : The system and phloem are arranged alternatingly on the 

different radii e.g. in roots. 

ii) Conjoint : The xylem and phloem form one bundle on the same radius. It 

can be of further two sub-types :  

a) Collateral : Each bundle contains xylem on the inner side and 

phloem towards the peripheny. If cambium is present between the 

xylem and phloem, the bundle is said to be collateral open. It is 

found in dicot stem. Whereas if there is no cambium between 

xylem and phloem, then the bundle is known as collateral closed. It 

is seen very often in monocot stems.  

b) Bicollamteral : In such type of bundles, xytem is located in the 

riddle with cambium followed by phloem on both sides of it eg. 

Vascular bundles of families circurbitaceae, solanaceae, 

convolvulaceae and Apocyanaceae.  
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iii) Concentric : In this type of vascular bundles, xylem and phloem form 

concentric layes around each other. These bundles lack cambium, hence they 

are of closed type. It is of further 2 sub types : 

a) Amphicribal : Phloem completely surrounds the xylem in such 

bundles. Example are seen in few aquatic plants and pteridophytes 

(Selaginella and Lycopodium). 

b) Amphivasal : Xytem completely surrounds the phloem in this type 

of vascular bundle eg. In the stems of some monocot plants like 

Yucca and Dracaena.  

www.mpboardonline.com

www.mpboardonline.com



 61

OR 

 Internal structure of a dicot stem : 

  

Fig. Internal Structure of Dicot stem 

A Part of The Stem In T.S. 

The arrangement  of different types of tissues in a dicot stem is as follows:- 

(1) Epidermis : 

 It is the outermost layer formed of single layer of barrel shaped parenchyma 

cells. Outer to this layer is a protective, waxy, non-living layer of cuticle. Usually 

multicellular hair and stomata are found associated with this layer. 

 

(2) Cortex : 

 It lies below the epidermis and is divided into 3 regions : 

(i) Hypodermis : Lying immediately below the epidermis, it is formed of 3-5 

layers of collenchyma cells. These may contain chloroplast. 

(ii) General Cortex : Located below the hypodermis, it is formed of many 

layers of parenchyma cells. 

(iii) Endodermis : The innermost, third layer of cortex, endodermis is formed 

of a single layer of barrel shaped parenchyma cells containing starch 

granules. 

 

(3) Pericycle : 
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 Located below the endodermis, this multilayerd part is formed of alternating 

bundles of parenchyma and sclerenchyma cells. 

(4) Vascular bundles : 

 The vascular bundles are conjoint, collateral, open, of similar sizes and 

arranged in a ring below the pericycle. The scleremchyma bundle of pericycle is 

associated with vascular bundles. 

 

 Each bundle contains xylem, phloem and cambium. 

 Xylem is formed of tracheids, vesels,  xylem parenchyma and xylem 

sclerenchyma cells. Whereas the phloem is formed of sieve tube cells, companion 

cells, phloemparenchyma and phloem sclerenchyma cells. Cambium is found 

between the xylem and phloem. It is made up of 3-4 layers of thin, rectangular cells. 

 

(5) Pith or Medulla : It is the central, large portion, formed of parenchyma cells. 

This tissue extends in between the xylem bundles as pith rays or medullary rays. 
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