
HAL Id: hal-00157521
https://hal.science/hal-00157521

Submitted on 26 Jun 2007

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Bioinformatics as a critical prerequisite to transcriptome
and proteome studies.

Elisabeth Jamet

To cite this version:
Elisabeth Jamet. Bioinformatics as a critical prerequisite to transcriptome and proteome studies..
Journal of Experimental Botany, 2004, 55 (405), pp.1977-9. �10.1093/jxb/erh221�. �hal-00157521�

https://hal.science/hal-00157521
https://hal.archives-ouvertes.fr


Published in Journal of Experimental Botany 55 (2004) 1977-1979. 

PMID: 15258172 

 

Bioinformatics as a critical prerequisite to transcriptome and 

proteome studies 

Elisabeth JAMET 

���������
	���
������������
������� �! "�#�%$��!�&� � �&�!� � �#�'��
 � �)(+*,�-�.������
���/0*1 !�0�
23�.�#�54�6
(�6

7� �08
9:��;<$5=>; �+? 9:@ �BA0A"C�D
E C�F  G�0�!H1�I*KJ0�MLN/ � J0� � / � (��
L�@POGQ>�R93S5��43TVU5U5�
WXOGW�E D $Y� � �5��=Z�Y�[�%\RU]\ � ��=
�^�!��_"`XW0W1a�b�c A3D EdOGe>W A W0b
fg� 8 _#`gW0W1a�b�c A�D EhOGe1W A b�E
� ? H1�!�&�g_ji��!Hk��
7lm�n ���oqp ��r � ? 
��s�t��p ���

Abstract 

U]� � (�� ? �n !�!�.�P(��-*,/+H1�. u��
 � Jv�w�#�x�V
 � /0*�(��zy � �!��y{/0*{�-*0*,/,
7�j
���/0*+���
o��!�.�&�
	��.�|��*{J0��
7��	}�#�n���h
�/

J0�#�n��(+*~� 80r � � �.Hk�!*"
7�-�%� ��r0r / � 
n�3� �  
�d�"�3� ��� �
y}��/ � 
s/h� 80r �.�!�I* � �"� � ��
n�3�I*�
7� � H�/ � 	��w/+��/0(+�. "�#�

HK�!�!*0�I*0(qp^��/���
1/ � 
��,�#�n�[��* � / � HZ��
��w/v*���/ � �z(+��*���
7� �V� /vH�	���/+��* � / � H1��
7�� r0� �!Jv�. �
��w/v*���p��'�,�-� �

�! ! ��� �! 
y~�,���Z�-�.�5����
��0�!� �R� �-�.�
o��!*, !�Z
7/d� 8 �&��
���*�(�	��./0��/0(+�� ��-�%J0��
7�Z	��� !/+H1�K � ��
��w #�!�q
7/���o�/0�&J

Hk���n��*#
7� �7r0� ��
7��
���/0*1/ � � 80r � � ��Hk�!*"
7�-� � �#� � ��
n��p



Introduction 

�'�,�:��*0 � �!���n�I*0(��!H1/ � *"
%/ � �t��� � �!*0 !���]��o��!�.�&�
	��.�:��*KJ+��
7��	��#�t��� F ��� � *,J � �!JZ
���HK���%�0�I(���� � 
��0�!*


7�
* yv�!� � � �
(�/ a��#
�
 r _ ���&�3�:��p *0 �	�� p�*0�&H�p *0�I�}p (�/,o����3�-*�	v�!*�����(��!*�	v�-*�� ��
7��
n��p �"
�H �)c F Hk�	���,�x
����

�! ! ��� �! 
y / � ���
� � �-*, !�[�!*0*,/,
7�j
���/0* ��( � �!��
1 
�,�!�&�.�!*0(���p^T�*  �/v*"
 � �#�V
3
�/ (0��/,	v�!�3�-*,�!�Iy��t���K/ �


 � �
*��n � � r 
7��/0*0�!�g�! �
7�wo�� 
VyK
��0��
]�!��H ��
��n !�!*0*0��*0(k
��0�3(��!*0/�H1� � / ��r /#
7�G*#
��.�!��
 � �
*+�t � � r 
��w/v* � *0��
��

a�$��0/ � J��0� � y ��
B�!��p F E�b0bXO��
���!HK�!J+�x��
B�!��p F E�b0b0W�c F 
 � �
*��n � � r 
7/0H1�x�!*0J r0� /�
7�G/vH1�P�V
 � J��.���

� ��� � � � � �V
 �V�  j
 ��� �<�
*0J �&� *0 �
7��/0* / � (��!*0�"��
7/ 	v� r0� �� -�.���-�zy J0��
7� � H1��*��!J�p1� � �
*+�t � � r 
7/vHK�

�V
 � J������ � ��� � � � �>� �7� �
y���J0���n�z(�*��!J 
s/ � /+����/��{
��0�>� 8,r0� �#�j�n��/�*B/ � � r �! !� � �& 1 !/��I�.�! �
���/0*+�Y/ � (��!*����


��0��
gH � ��
q	�� � �!�.�
o��!*#
q
�/�
��0�M	���/+�w/v(��. !�!��� � ���V
��w/v*1��J+J � �"�j�n��J�p-@ � /#
7�G/vH1�. �� r0r0� /��! 
�,�#� � �!��yK/+*


��0�P��J0�!*#
7� � �. !��
7��/0* / �Br0� /�
7�
��*+� r � � � / � HK�!J������ HK���j�x� r �! �
 � /0H1��
 � y{�!��
���� �d��� /+H r � r 
��wJ+�

�n��� � �!*, -��*0(K/ �5r � r 
���J0��H1���j� � ��*0(�� ��r0� ��*#
7�I*�(qp

L���/��I* � / � H1��
7�� ��%�!*0�!�Iy}���#�%� � �R*0/��{H1�!J����!�#�n�.� � �n��*� !�R
��0��� � �!����
VyZ/ � 
��0����o}�-���.�
	��.�Z�t/ � 
��Z� � ���

�
*0J�/ � 
��0�1�!*0*0/�
7��
��w/v*�� r0� /,o��.J0�!JB	0y~J0��
7��	}�#�t�,� ���  "/v*"
��I* � / � �n�zy~�&H r0� /�o���*�( F ��� r �! !�&�!�.�Iy � / �

r �w�-*"
%H1/�J0�-�}/ � (��
*0�&�nHB�����������
�������������! "�# %$'&(��)��*�(+(���G*0J-,
�#.�/"�- ���$��#�0�gp�T�* � / � H1��
���/0*+� � �!�.��
7�!J


�/ (��
*,� �V
 �V�  j
 ��� � �
*,J � 80r0� �#���n��/+* � � � ��o��!���&�
	��.� ��
 =K$]L T

aV�#
.
 r _ ���&�3�:��p *0 �	���p *0�&H�p�*0���}p (�/�o���11��
7��	}�#�n�"���I*�J0� 8 p��#
�H1�.c�p �3�
*,/vH1�. F  21�=K� �!*,J � � �

�n��� � �!*, !���3� � �B !/�H r � � �!J 
7/��#�V
7��	������n� 
����B� 8 /0*3����*"
 � /0*[��
 �V�  �
 ��� �k/ � (��!*,�,��p�LN��/+��* � / � HK��
��. 

r0� �!J0�� �
7��/0*+� � � �  !�0�! 0����J �!*0J ��ov�!*#
 � �!���Iy  !/ ��� �� �
7�!J � �n��*�( r0� ��HK� � y �n��� � �!*0 ��v�

aV�#
.
 r _ ���&�3�:��p *0 �	���p *0�&H�p�*0���}p (�/�o��.;3� �n� ���3��c as@ �V� ��
�
 �G*0J ���
(���/,
.
 F E�b0bXO�c�pkT�* � / � H1��
7��/0*+� /+*

r0� /#
7�
��* �&� *0 �
7��/0*���� � � r0� /�o���J0�!Jh��*[�t��o}� � �!�5J0��
7��	}�"�n������*0 !� � Jv��*0( 9Z*0� r0� /,
%�>�,� � �>
��0�k/ � �z(}�&*

/ � 
��0� r0� / r /��t�!J �&� *0 �
7��/0* ��� H1�!*#
7��/0*0�!J a7� 8,r � � ��HK�!*#
7�!� / � �G���! �
 � /0*0�� �-*0*,/,
7�j
���/0*�c

aV�#
.
 r _ ���&�3�:��p � 80r �#��y}p � *0� r0� /,
tp / � (��&c aV� r �Z�!�&�.� � 4 $ ��)�5 F E�b0b C c F =K$]L T

aV�#
.
 r _ ���&�3�:��p *0 �	���p *0�&H�p�*0���}p (�/�o��s�!*#
 � �
2	��� � � � y}p �  
(���6!J�	�7+= �  !�.�!/#
���J��
c F �'��T�;



aV�#
.
 r _ ���&�3�:��p � � ��	���J0/ r �n����p / � (��.c F �XT �N; a��#
&
 r _ �#�.�:����p 
��z( � p / � (���
7J#	��s�
E(�5O�����
��gO���c �
*0J �xTV@ �

aV�#
.
 r _ ���&�3�:��p H � r ��p 	���/� !�0�!HBp�H r (qp J0�2� r0� /�i��&
��0�!� ��J�	�����*}J0� 8 p �#
�H1��c�p

�'�0��� r � r � � �1�&�.� r0� /,o��.J0� �t/+H1� � 8 �-H r �.�,� / � Hk���n�.�!�!J0�I*0( �-*0*,/,
7�j
���/0*+�[�Z��
�� � �
(�� � J 
�/

r�� 
7��
��zov� r0� /#
7�G�I* �&� *, �
7��/v*P
��,��
BH1�
yu !� � �n�xHk����
7�0���#���!��
7�0� � ��* � �7� �
y J0���n�z(+* / � ��*<J���
7�

��*#
7� ��r0� ��
7��
��w/v*}pY� 8 �!H r �.���k�1���.�:	��xHK�-��*0��yP
7�0���
* ��� /vH ��5 $'&(��)#���(+(�u�
*0J ��� /+H r�� 	��.���n���#J

r � r � � �'/ � J0��
7��	v�#�n����� �  !�1�#�X91*0� r0� /,
 F =K$^L T F �'��T�; F �5T �N; �
*,J�� TV@ � p

Proteins rich in particular amino acids 

$��-���+�Z�!���X�V
 �V�  �
 �0� �
� r0� /,
7�
��*�� r0� /,o���J0����*#
7� � �,��
���*�(B� 8 �!H r �.�,�'/ �qr /�/ � � � �
����
�yK�!*0*0/�
7�j
���/v*ZJ � �


�/�
��,�-� � �t��� � �-*, !�#�>
��,��
1� � � � �� !�m��* r � � 
��� � �.� � �!H1�&*0/ �! !��J+��p]�'� � �!�d !�&�"���n�#�K/ � �V
 ���  �
 ��� �!�

r0� /#
7�
��*+�%�,��o}�R	����-*Z -�.�"� � �zyKJ0� � ��*��!Jq_�� 8 
7�G*��n�I*��] !�0� � �" �
7� � �z2-�!JZ	0y>
���� r0� �#�n�!*0 ��:/ � * � HK� � / � �

� � �n? @ � /
�
aV*�� W�cRH1/�
�� � �3�n� r � � ��
7�!Jk	0y~�'y �n?�F U^y}� ?�F�� �V� F �
*,J 41�!� ?�� �. !� � �
(���/+*�� a��>�.�!�&���n2"���K���}�

�
*0J>U]�!H r / � 
 F OGe0e C c�� � y0J � / 8 y r0� /+����*��2�&@ � /0���I*�� ? ;��. !� r0� /#
7�
��*+�%a � �.@ ;�@%��c% !�,� � �! �
7� � �)2"�!JZ	0y��

�0��(+�  !/v*"
7�
*#
���*�@ � / �
*0J�@ � / ? @ � / ?���? � ? U5y��1H1/�
�� � � F ���0� � � �>F � 7q4>�!� F �'y �nF	� ��� F / � ��� �

a � �0/��1�!��
7� �nF OGe0e0W"c��,�-*,J �:�zy� #��*�� ? ;��. !� r0� /#
7�
��*��%a��R;R@%�7c% 
�0� � �! �
7� � �z2"��JZ	0yK���0��(+�1 �/v*"
7�-*"
g�&*

�:�zy~a ��r 
�/hQ0b�
 cY/ � (��G*0�z2"�!J ��* � � r �!��
n� / � 
��0�1a��:�zy ?�� c�H1/�
�� ��F �1�0� � � � 7 �:��y F �3�&� F / ��� � �

a � �0/��1�!��
7� �nF OGe0e�W�c�pq= � H1� � / � � r0� /#
7�
��*+� r0� �!J0�. �
7�!J[
�/m�,��o��d�[�n��(+*,�!� r � r 
���J�� 	0yx@ � \R;N�

aV�#
.
 r _ ��� r �n/ � 
�p *��z	0	qp �! �p i r � � / � HBp �"
�H1��c �
*0J �^� � (���
�@

aV�#
.
 r _ ���&�3�:��p  �	���p�J#
 � p J������n� � o��. !�#� �s�^� � (���
�@ ��c��
*,J �n��/,����*�( /v*0��y{�n�0/ � 
��s
 � �! 
�0�"��/ � @ � / / �

�:�zy �0�
o�� 	}�!�!*d� � /0*�(��zy �!*0*0/�
7��
7�!Jx�"�1� 8 
7�
*+�n��* ? �&���}� F @ ;�@u/ � �R;�@�p%�5�0�&�1���k*,/#
7��	��zy[
����

 !�#�t� � / � �R
�E0(�W0W0Q0e0bxa
O C p D 
 @ � /�c F �R
 A (0E D b0Q0b�aVE0W�p A 
 @ � /0c1�
*0J[�R
 C (0E���W0b0bxaGOGW�p D 


@ � /0c �
*�*,/,
7�j
7�!J��#� � 8 
7�G*+�n��*�� / � @q;�@%���I*k
��,�:91*0� r0� /#
 F =k$^L T F �'��T�;{�
*,J �5T �R;{J0��
7��	v�#�n����p

�R
 C (�W C W0b0bda
O C p Q

 �3�wy�c F �R
 C (�W0W0e0W0b�aGO C p D 
 ���Iy,c3�-*,J��R
�E0(5O A W C bda
OGQ�p D 
 �:�zy0c3� � �

r0� �#�t�
*#
7�zyB�!*0*,/,
7�j
7�!J1�#� �R;�@^�%��*>
��0��=k$^L T F �'��T�; �!*0J1�'T �N; J0��
7��	}�#�t��� F 	 � 
 �#� r�� 
7��
��zo}��/ �



� *���*0/��>* r0� /�
7�
��*+� �I*k
��,�:91*0� r0� /#
]�
*0J � TV@ � J0��
7��	}�#�t�#��p�\R
��0� � � 8 �!H r �.�#� � � � r0� /�o���J��!J 	�y

� � �� !�
*#
�
 � �
*��n � � r 
7/0H1����
 � J,y /0* r ���! !�m	0y � � �-��*}/#
&
�� 4 $%��)�53aVE�b0b0W�c�p�$�/v*"
��z(<bXOGb|�n�,/,�K�

�0/+HZ/+��/0(vy3
7/:
��0� ��D+A b D EK !/#
&
s/v* � �w	}� �5r0� /#
7�
��* D a���/0�0* F OGe0e D c�p � ��*0 !� F 
��0��� r0� /�
7�
��*1�0�#�]/0*0�Iy

/v*,� �7�0/ � 
 � � �7? ���zydH1/�
�� ��F ��
  !�
*0*,/,
%	��K !�����j�n� � �&��Jh�!H1/+*�(��V
 �V�  j
 ��� �
� r0� /#
7�
��*����"�:� � (0(��,��
7�!J

	0y 
��,�B� � 
��0/ � ��p�T�* 
��,� �t�-HK� �Z�
y F  !/0*#
7�z(PO�E A �n�0/��K���0/+HZ/+��/0(vyB
7/ �
�������*�����! �* $'&(��)��*�(+(�

=Z@��%OGQ D�C0C b�aV�R
GO�( D E A OGb�cjpg�5�0� r0� ��Hk� � y �t��� � �!*, !� / � 
��,� �G*0 !/�J0�!J r0� /#
7�
��*[�,���>/0*0�zy /v*��

���,/ � 
 ��? @ � /[as����
�� � 7 � ��� F U%y�� F �>�n* F �5� �nF�� � � c3J0/0H1�!��*�
��,��
����3�G(��-��*�*0/�
:� ���V� �& !�.�!*#
�
�/

 !�����j�n� � y ��
��!H1/v*�(|��
 �V�  j
 ��� �
� r0� /#
7�G�I*��Z�#�1HK�!*#
7��/v*,�"J���*�
��,� �xT�@ � J0��
7��	��#�t��p^�3 �
 � �!���Iy F �w


 !/0H r0� �s�t���>�k@qfg��� J0/0H1�!�I* as@qfgb0b�E�W C c�J0� � ��*+��*0( � r0� /#
7�!�#�t� ��*0�0�z	}��
7/ � ���n���!J���
�/ � �
(��2�.U]� @

� �!HK�&�zy�at�"
�
 r _ ������� 
n��p�����	 ? �n�z	qp  !�3�� G(+� ? 	���*��&@qf � $M� = c] !�.�#� � �zy��I*�J0�. !��
7�!Jk��*>
��0��=K$YL T F �5��TV; �!*0J

�'T �N; J0��
7��	��#�t�,��p

Proteins having several biological activities 

�:* � 8 �!H r �.� ��� r0� /,o���J0��J 	0y � r0� /#
7�G�I* � �!H �.�Iy �
*, !/+J0��*�( r�� 
7��
��zo�� �>� r r0� /#
7���#�n�#��p T�


 !/0H r0� �s�t���3�
	�/ � 
^
��0� � 
VydHZ�-H>	}� � �>�n�,� � ��*�(h
��0�kTV@q;Nb�b0e0b0b0Q�J0/0H1�!��* � / ��r � r 
��wJ+�#�t�B��� r � � 
��. 

aV�#
.
 r _ ���&�3�:��p ��	���p �! �p � ����T7*#
7� � @ � / �  !�G*3��c�p � /��s
 / � 
��,�-H � � � r0� ��Jv�. �
7�!J 
�/ 	�� �n�! � ��
�/ � y

r0� /#
7�
��*+�1	0yx@ � \N;N� �!*0J �%� � (���
�@%p5fg/ ��� / � 
��,�!H aV�R
GO�(�b0e0Q A b F �R
 A (�b0Q0b0W0b F �R
7W�( A"C0C b0b

�
*0Jd�R
7W�( D O �"E�b�cR�1� � �k��J0�!*#
7� � �.�"J���* r0� /#
7�G/0H �. h�V
 � Jv�����3/0* ��5 $'&(��)��*�(+(� r0� ��HK� � yd !�!�.�'�Z�#���

asLN/ � J0� � �.�#� 4 $ ��)�5 F E�b0b0W �0LN/ � J0� � 
 4 $ ��)�5 F}� * r�� 	����s�n���"J � �"� � ��
n��c�p���/���
%/ � 
��0�!H � � � r0� �#�t�!*#
7�Iy

�
*0*0/�
7�j
7�!J �#�d !�0��/ � / r �����V
�* �  -�.�!/���J / � * �  !�.�!/+��J�1�=1� 	���*0J0��*0( ?V� �!�.��
7�!J r0� /#
7�G�I*��d��* 
����

=k$^L T �!*,J � TV@ � J0��
7��	v�#�n����pd�3 �
 � �!���Iy F 
��0���t� r�� /#
7�
��*+�{� � � �0/+HZ/v��/0( 
7/�� 
�/�	��! � !/

 
�0��/ � / r ���"�V
�* �  !�&��/+��J 1�=K� ? 	���*�J0��*0( r0� /,
7�
��* 
��,��
��K�#�>�n�,/,�Z* 
7/��,��o}�B� r0� /#
7�!�#�n�B�� �
��zo���
7y

as� ��� �0���!H � 4 $���)#5 F E�b0b0b�c�p0�5�0�>�G*0*0/�
7��
���/0*B/ � ��5 $ &(��)#���(+(� r0� /#
7�
��*�����* 
��,�R=B$^L T��!*0J � TV@ �

J0��
7��	v�#�n���X
�� � ��� r0r �!� � �X
7/>	���Hk���n�.�!�!J0��*0(qp�\:*3
��0�3 !/v*"
 � � � y F �!�&�0
��0���n� r0� /�
7�
��*+�]� � �� !/ �7� �! �
���y



�
*0*0/�
7�j
7�!J[�#���>� r�r0� /,
7���#�n�#����*�91*0� r0� /�
3�#���Z�!�I�Y�,�1��*d
��0� � 5 $ &(��)#���(+(� �5T �N; �
*0Jx�5��T�;

J0��
7��	v�#�n����p

Proteins containing several functional domains 

@ � /#
7�
��*��� !/0*#
7�G�I*0��*0( �n�
o}� � �!� �&� *� �
��w/v*��!�KJ0/+H1�!��*��[HK�
y 	}�P� r0� /�	��.�-H �1�,�!* � �#� � ��
n��/ �

�n��� � �!*, !�k !/�H r � � ���n/0*h/ �R�&� *0 �
7��/0*0�!�%J0/+H1�!��*[�t�!� �  !�d� � � *0/#
M !� � � �&� �&��yd��*#
7� �7r0� ��
7�!J�p�� � � � �V


� 8 �!H r �&�[���k
��,� r0� /�
7�
��* �-*, !/�J0�!J�	0y<�R
7W�(0E0E�b D b�p�TV
Z�&� r0� �#���!*#
��zy �!*0*0/#
7��
7��JP�#� � �! !� r 
s/ �

r0� /#
7�
��* ����*��#�n� � �!�.��
7�!Jx��*�
��,�k=B$^L T F �'��TV; �!*0Jx�%T �N; J0��
7��	��#�t�,�>	v�! "� � �n�h��
� �/v*"
7�-��*��K�

@qfX�R� r0� / � �I�.� *,�!Hk��J 1Z/vHK�!��* / � 9Z*���*0/��>* f � *0 �
7��/0* 139>f�E D as@qfgbXO D+A Q�c � � � �!�&�&y

�#�j�t/+ !����
7�!JZ�1� 
��>
��0� r0� /#
7�
��*-����*��#�n�>J0/�H1�!�I*1@Xfg�R� as@qfgb0b0b D e�c%*0/�
 r0� �"�n�
*"
%�I*1
��0��� r0� /,
7�
��*}p

�'�,� r0� /#
7�G�I*����#��
��0� � � � / � �1*0/ r0� �!J��� �
7��	��.� �&� *� �
��w/v*d��
^
��,� H1/+HZ�-*"
�p�� �n�� !/v*,Jh� 8 �!H r �.�k�V�


��0��
 / �[r0� /�
7�
��*+�P	v�!��/+*�(���*0( 
7/ � � �!HK�&�Iy / �  ���  � �I��* ? �������{a�Hk�!*0*,/��t� ? 	���*�Jv��*0(0cP�.�! �
���*��

aV�R
GO�(�Q � � A b F �R
GO�(�Q � � D b��
*0J[�R
GO�(5O D e0b0b�c�pgTs
3�&�1HK�!*#
7��/0*0�!J[��*d
��,� =B$^L T F �5��TV; F �5T �R;

�
*0Jh�xTV@ � J0��
7��	v�,�t�#��
��0��
�
��,��y �n�0/�����/,� �n�&HK�&�.� � ��
�yh
7/[� � � � �s�'� ��r0� /#
7�
��* ����*��,�t� / ��� 4 �

� �".� <a���T<_>E A e ��b D Q�c�p1�5�0�&�P�n�.Hk�&�.� � ��
�y J0/��#�x� 8 ���V
h����
�� 
��0�  ���  � ����* ? �&����� a�HK�!*0*0/��n� ?

	���*�Jv��*0(0c%�&�� �
���*1J0/�H1�!�I*�as@qfgbXO C�A W�c F 	 � 
g*0/�
 ����
��>
���� r0� /#
7�
��* ���I*��"�n�3J0/+H1�!��*ka�@Xfgb0b0b D e�c%/ �


��0� � 5 � �".� r0� /#
7�!��*��
	����!*#
���*�HK�-*�y~HK�!HZ	}� � � / � 
��,� �.�" �
���* � �!H1�&��yqp � �!HK� � �!HK� � �h����
 �V� �

� / � �R
GO�( A W0b0Q0b�
��0��
������-*0*,/,
7�j
7�!J��#� r0� /#
7�
��* �+��*������ � �-�w��
7�!J�p5�5�0�h�!*, !/+J0��J r0� /#
7�
��*��0���1�

�.�
( � HK�>�.�" �
���*k	}��
7�>J0/0H1�!�I*�a�@ f b0bXOGW0e�c��!*0JB*0/ r0� /#
��!��*-����*��,�t�>J0/+H1�!��*�p}�'�,�1�-*0*,/,
7�j
���/0*B/ �

(��
*0�����R
GO�(�Q � � A b[�
*,J[�R
GO�( A W0b0Q0b[H �����.�!J�
��,� � � 
��,/ � �>/ � � r0� /�
7�
/0H1�. ��V
 � J#y J0�s�t � �j�n��*+(


��0� r0� �#�t�!*0 !�1/ �%r�� 
7��
���o}� r0� /#
7�
��* ����*��,�t�#� �I*~ "�!�I�X� �-��� r0� � r � � ��
���/0*+� a7$M�0�zo}���n� 4 $ ��)#5 F E�b0b�E��

=kJ0��H>	}� 4 $ ��)#5 F E�b0b0W�c�p%�5�0�
y �� �
 � �!�I��y � / � *0J r�� 
7��
 �wo}�d�.�! �
7�I*��>�1��
7�  !/+H r �.��
7�!�zy Jv� ��� � � �!*#


	���/+��/0(��& ��-� ��� *, �
��w/v*���p



Conclusion  

�:�.� 
��,� HK�!*#
7��/v*,�!J HK�s�n�.�"�!J0��*�(d�!*0*0/#
7��
���/v*�� / � �z(+��*���
7� ��� /0H Hk������*#
7� ��r0� ��
7��
��w/v*�/ � �n�
� � �-*� "�

 !/0H r � � ���n/0*�� / � J�/0H1�!��*[�n��� �  !�0����p��  "� � � �&� �5�!*,J  � ��
��. !�!�X	���/+��* � / � HK��
7�� 1�!*0�!�Iy}�n����/ � 1N= �

�
*0J3�s/ �5r0� /#
7�
��* �t��� � �!*0 !���X
��,� � � � / � ��� r0r �!� � �X
7/>	����!*K�
	��n/�� � 
7� � ��� � � � �!HK�!*#
q	�� � / � �Z��
7� � 
��I*0(

� 
 � �
*+�t � � r 
7/0H1���-*,�!�Iy������ / � J����n � ���n�I*0( � �#� � � 
n� ��� /0H � r0� /�
7�G/vH1�. ��-*,�!�Iy��n����pP�^���

�&H r / � 
7�
*, !�3/ �  !/0H r � � ��*�( � �#� � ��
n�]/�	�
7�!��*��!JZ�1� 
��KJ0� ��� � � �!*#
g	���/+��* � / � HK��
7�� �t/ � 
��Z� � �#�]�s�5�K�!�.�

���,/,�1* ��*[
��0�h� � �!HK�!H *,/+* J0��
7��	v�#���d�#� r �� -�.�!�&��y J0���n�z(+*���J 
s/m !/0���.�! �
��I*"
7�
( � �!�RHK�!H>	 � �!*��

r0� /#
7�
��*+�Ya��#
�
 r _ ����� � �
HK�!H1*0/+*}p 	v/,
7�G*0� �qp � *0� ? ��/+�!��*�p J0�2� cRa �  G�#�Z�! 0��� 4 $ ��)�5 F E�b0b0W�c�pvT�
%�I*"
7�
( � ��
7�"�

J0��
7� ��� /0H O0O�
 � �
*+� ? Hk�!H>	 � �!*0� r0� �!Jv�. �
��w/v*��%�!*,J �1�n��(�*0�!� r � r 
���J0� r0� �!Jv�. �
7��/0*+�%�!*,J �&�.� � �V
 � ��
7�"�


��0�[
�y r �m/ � J0���n � � r �-*, !�&���B
��0��
BH1�
y 	v�m/�	��t� � o��!J|	v��
��Z�!�
*P
��0� � �#� � ��
n��pM� / � �G/,ov� �nF 
��0�

� �!���
o��!*0 �� / � 	���/+��* � / � HK��
7�� r0� ��Jv�. �
7��/0*+��
7/�	���/���/v(0�. "�!�%J+��
7� ���0/ � ��J�	��B !���! 0����J~�Z�0�!*��
o�� �

r /����n�z	��&�:
7/ r0� ��o��!*#
YH ����
7�0���#��p�T�*0J��!�!J F 	��w/+��/0(+�� "�!�5J���
7� r0� /,ov�!J�
7/B	��1�#���n�!*"
����!�q
7/���H r0� /,o}�


��0� � � �!����
Vy~/ � (��!*0/�H1�k�!*0*0/�
7�j
���/v*�� ��� � �! !�!*#
7�zy[�n�,/,��*B	0y[��y}�V
7�!H1��
7�� �t��� � �!*� !�I*0(~/ �M�&� �&� ?

�.�-*�(�
��� 21N=k� � a � �!�"� 4 $ ��)#5 F E�b0b�E0c F�� �n��/ � /+����(�/v* �  !���!/�
���J0�:
7�I�.�&��*0(~� ��� �
y�� a��>�!H1�!J�� 4 $ ��)#5 F

E�b0b0W�c F �
*0J r0� /#
7�
/0H1�& "�%a�$M�,/ � J��,� � y 4 $ ��)#5 F E�b0bXO F L�/ � J0� � �.�#� 4 $(��)#5 F E�b0b0W�c�p

Acknowledgements 

�'�,�>� � 
��,/ � ���]( � ��
7� �&� ��
7/�@ � / � ;N� � ���-��@ /0*#
 ? U]�
2"�� "� � / �  � ��
7�� !�!� � �!�!J0��*0(�/ � 
��0�>HK�!* � �� � � r 
�p

�'�,���.�
	�/ � ��
s/ � y1����� ��r0r / � 
7�!J:	0y3
��0��� 4 +�$*� 4�� ��$��#��+(��) � 4 )*��� 4�� & 4 � � & 4	�
� � 4 +�$*� �(�
��� 4 �
*0J:
����

� +���� 4 �  "� $����!�
�() � ���3��$*� 4 � F �%/ � ��/ � �n� F f � �
*0 !��p



References 

���������
	��
��������������������������� �"!#�������%$&�
�'���(���)������$+*,��-+-.����/0�1������23�&45��6878���:9��
��;'�

!#�<��-+9=!#�?>)���+�A@��B�DCE��9��%��-<�FCG�,CG���H78��-ICKJL�?M��N7O�P	:�FQ"���SRUTVQ���-+�NW3��-X�Y�

����Z+��6[���+��M��P\�����>�23] E�b0b C p
9�*0��@ � /�
�_�
��0�M9�*0�zo}� � ���-��@ � /#
7�G�I* ��*0/��1���!J�(}�
	��#�t��p � � � ) 4 � �
� � �*�( � 4  4 �(� � &5^�_ F 1~O0O A�? 1hO0OGe�p

�����%Z+�N�%�:�16�45�<JL��*,��7`;)�<>)�Pab�
7c78���(�<����6[6d�:9�-+�P	eCE�&JL���+-<�1���?���f�'���+Z&���A7)4g�fCE��-+6[���1���P7

�'�e;�6dh+�<�1�����%i8j`�<9��Nk3��CEjl�e�'���+Z<�%7l���em0��-f7bic>)�A@
�n�1�.�B] E�b0b0W�p+@ � /#
7�
/0H1�. ,�N/ � ��/�/��t�!�Iy
	v/ � *,J� "�!���^�Z�-�.� r0� /,
7�
��*��>/ � � � ��	��.J0/ r �n���R
����!�I�.�!*��� !�!�I� � � � r �!*+�n��/�*d � ��
 ��� �#��_'�B � � 
��. "�#�
�
*,�!�Iy�������pHo
) 4�� $ �"���!&���� 4  "�# `_Lp F W C E5O ? W�E�p

�Y�+�VW3��6[�q2&�`MBZ+��*.r+�s��t���23�:*,��-u�FJL�l����r+���H786[�L-vQ��w\��ux�>)�lt,-+�PysJ�m0�l�'�P	z����	�	�m0�

2L	���r+��6{�B��] E�b0b�Eqp�@ � /#
7�
/0H1�& �!*,�-��y��n���{/ � 
��,� �
�������������! "�* $'&(��)#���(+(�  !�!�I�x�Z�-�.��p
o ) 4�� $'�"���!&���� 4  "�# w_�^ F OGQ A"C�? OGQ D+A p

�Y�+���+Z+�+���|k}J&23�w�)	�����$+6~78����$���m0���(���1��6ckqQ(CE�l�(�P7c78�%��	:	)J&2&] E�b0bXO"pX� ��
7 
�0��*�( r � r 
��wJ+�
HK���j�K� r �! �
 � ��
s/�� � � �G*0J�(��!*,/+H1�& 1�=k� J0��
7��	}�#���"��p����0o �`� � �*+ �
����$ 4�� &(+��()#����.��
� F
� OGQ ?j� E0Eqp

JL���+-�CK;�] OGe0e D p � 
 �V�  j
 �0� �G�1 !�0� � �� �
7� � �z2"��
7��/0* / � (��G*0���~ !/ �7� �#� r /0*0J0��*�( 
7/  G/#
&
s/v* � �z	}� �
H>;]=k� F � D _ � �!J �  !�!J � D r0� /#
7�G�I* ��* 
 � �
*���(��!*0�. r ���!*"
n��	0y �!*#
7���n�!*+�t� (}�!*0��p�� )*�(+�$
� �() 4�� �()��(���
���()#����.,^L� � E�e0Q ? W0b D p

!�����65�)JL�l���P	
ab�NW36H$�k}MB�)j`�N��-E�"Q���j`�%���e$&�+��*�CE����	���y���-+Z+���NW}MB�`/0��	:Z�*.��-+-Kt5���

/�	��NWf��	:	`�(�������+�
7O�.R��l23�P	V@
r+�
�%9�2&>)] E�b0b�Eqpqf � ��� ? �.�-*�(�
��[HK���j�t�-*�(�� � ;�=K� �n��� � �!*� !���
( � ����
��zy1�&H r0� /�o��R(��!*0/0HK���
*0*0/�
7�j
���/v*}pP� 4 +�� � 4 �
���()#����.,^ F b0b�E�e+p�O ? b0b�E�e�psO�Eqp

t,�:��	���6O@��A��6H$&�BCKJL�Y>)��*.�+���H7.Q�j`] OGe0e C pM� 8 
7�
*��n�&*�_ � � r ��
7��
��zo}�mH1/�
�� � � F>�&� *0 �
7��/0*0�!�k�n��
7��� F
r /���
 ? 
 � �G*+�n����
7��/0*0�!�} !/+J0�"� F �
*0J r ��y���/0(��!*�yqpL� & 4 � )��(+�$N�(����� +(��)+� � O A Q ? Q�Eqp

CE�<�%��$&�L*.��2&��t,��-3Z<��\���MB��$3��-<�Kj`�B2&�
78�q/0] E,b0b0b�pY@ � /#
7�!�#�t�x�! �
��zo���
�y / � $'= 1 C O F �
 
�0�w/ � / r ���#�V
~* �  !�.�!/+��J�1�=K� ? 	���*�J0��*�( r0� /#
7�G�I* F ���n/+�.��
7�!J ��� /+H  � ��
 ��� ��Ju
7/�	��! � !/  !�!�����Gp
� o0� �(� 4 $�$ 4 �  )p���� F O A�? O ��p

MBZ+��*.r+�q�`t,���Y�+�zW3��6d�G2L�"!#��*.��	�78��-{J�Cu��2L��*.��-G�FJL�Y2L	���r<��6��B��] E�b0b0W�p^@ � /#
7�
/0H1�� 
 
�,�!*�(}�#�3�I*h
��,�B� 8 
 � �! !�!��� � �.� � HK��
 � � 8 / � � � ��	��.J0/ r �n�V�3 !�!�.�M� � � r �-*��n��/+*d � ��
 ��� �#�3�I*�J �  ��#J
	0y ��� *�(��!���!�.�& !��
7/ � ��p �!� ��$ 4 � � � �  w^ F OGb C Q ? OGb A e�p

m��%�+�
7c7�t�Q���CG��9P	��P7c70Q(�B] E�b0bXO�p#;N� �n� ���k�!*,J U]/+ � ��U���*��g_-=�$]L T%(��!*0� ?  ��-*"
7� � �!J � �#�t/ ���  ��#��p
� � � ) 4 � � � � �*�( � 4  4 �(� � &5_L� F OGW0Q ? O C b�p



23����������$3�U���l23���+-+���:Z+��� ����W3��- Z<�1��45�%����aca�;)� /0��6[���+�
�5t,���(�N78��-+��;)��Q���6d�:*,��-<��CE�

/�����* *.�
���F�'�e/�	��<9�9�� ��� �et,�+-�@ � ��] _L���P^ ] �R;����[�%�d=K\M= F �k*0/�o��!�%J0��
7��	}�"�n� � / �
� � �
	��.J0/ r �n�s�%��*#
7�G( � �!�+H1�!H>	 � �!*0� r0� /#
7�
��*���p � )*�(+�$ �!&".� �#�()�����. ��^+� F O D0? E D p

23�<�N���P	�78�
�l�BCE] OGe0e0W�p � 
 �V�  j
 �0� �3�
*0J ��� *0 �
7��/0*k/ �Xr �&�!*"
% !�!�����1�!�&� r0� /#
7�
��*���p&��& 4 � )*�(+�$ � 4 )#)
� � e ? E�W+p

j��%���:-+�P7c78�(>����)��-+�:- Q��Y�(��6[��Z+�L���K45] E�b0b0W�p��  !�!�I���K�!��� ? / � ���!*"
7�!JP(��
*0/+H1�. � r0r0� /��! 
�
� ��o��!�!���K��*,��� �!*0J � *,� 80r �! �
7��Jm !/0H r �.� 8 � 
Vy / � 
��,���t/ � 
7�
*0��*0(P��* r �!�� -���"��p<� ������+(��)�� �
o�� � 4 � � � 4 +�$'��)P� ��$'�(+". ��p F O �"E5O ? O ��W�E�p

\���*,��Z+� ��7��P	�] E�b0b0W�p �]H r � � �. !�!���!*0�!��y��n���1/ � 
 � �G*��� � � r 
��w/v*,�-�Y�! �
7�wo�� 
Vy���*�
��,� � � �
	��.J0/ r �n���
(��
*,/+H1��p �
� � 4 + ��4 ^L�P_ F � C E ? � C�D p


