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��	E� 

FGG 8 -� " GGH� I3GG: +	 "GG9$�;J K>GG)� + "GG8��- L+�GG)�

 5)��< ,-�+�./)�(+ C>GM2* 	�G9 N8 O��3G�� ,��G( +

���- O<�/ "G* 5G$P* ��$G�( Q�B R( 6	��+ ,�< 5)GS�()T.(

6�G$! 5G)U �	>:>* 0�;�E*� + -�$; 4�A� �( V W� ��-�+�.X

 "G* �.X 0	�8 Y(�Z* �� [ �\* 5G))X.RGX �GA� ]-^ �G*�

�.$( K_&�;` R( ':�� ,��a5)S�( R�S�	 .RGb;�)U ,-�+�G.X 

��G<�$! �G.X VG W� "G�c + 6�$! d� e1� "Nf�	 �.X R(

	-�	�g( R8�3* �	 "<�$! 6	�>;�B d���)( hG�� 	5#�* i�^	 �(

 C>M2* "j��5� ��M1; V:>* + 6	>%; "=>H� �.X Y��&

C�A "& 5GS 5<�>B "=�>�* ,�< .	�GE N8 O<�GX iG$=	 �	

R8>Nj* Rj$�; ,�+��G( + ,3$\ H�c �5S FX �$k; " *�>8

,��N$( + 0��` R#A>� + O��3�� �l�B O<�GX �"<�G$! ,�<

�$Bm 6[ 8 �$#N: O��3�� �l�B �	 L` �\GA �-�< ,�<

 F\GS ]�Gj;� RGj$�; �	 n�GB YGN8 �	 "8��- l�B �5S

i*�>8 ���A + ���E� "*5S�()��(.h���(�)( F$Gk)� �G( 5G��(

� �	 "8��- ��<�$! �.X8>Nj* �( RZ(�R�	 RGX �i*�>8 h��

6��>X - "��G�ES�+ VG:>* 05*-��	 �� 05*�5G)<�>B K�

R( �5S 	�X R (�1* " N8 + L> Z* "1��&.

-� "E�"��*�5o� 5$=>� O��3�� �	 RX��<�$! "G8��-�	>G%a(

 �a;` �$P$X +FG< h$G*- "��G�B O<�GX h$G)U +�	 dG���

 L+�G)� ,��G:� 	��	 �� "GNa* O1; ,-�+�.X VGA�)* "G8��-

�A� )�7.(RG( -�G(��	 -� "G9$�;J K>G)� + "8��- L+�)� ��>G)8

]�k; ��/�� R( "�)A ,-�+�./ 5$=>� ,�< "G* ��NGS RG��� 5G;� .�	

h$G112* RG:>� 	�>G* ��.$( "8��- L+�)� �F��$( ��o C+� RN$;

O<+p� + �S�	 ���o 0�>GH RG)$*- hG�� �	 3G$; ,	5#�* ,�<

���! .\* e���S R( R:>� �( ��>G< + L` RG N: -� "Z$2* [ �

 F�G�$A �"!5;��( + Q�B "G* �� "%GA�)* "(+�G)� ,�G< �	 ��>G�

	�	 V$��� ����� K��3* .L+�G)� h�� �	 �./ i(�o ��<�$! �*� �G<

"* 	+52* 5)S�()7.(���!5G))/ 5G$=>� �k; R( �)( R/ "1&�)* �	

 ��G<�$! �	�	 ,�G: ��A� 6��a( �� 63$��� ]5)! �S�/ �( ��>=+�

 �	 �Ga;` qG�J>=>/� ,5)*	>GA R( r>)* ��./ ,>�=� �	 ���	

"* ��-�+�./ ,	�M�o� �$#@+ 	>%a( ��>� + L+�)� 6�+	 5GS�(

)��.(

�G� 6�+	 q�J>=>�3$� + q�J>=>��>* 0�PH + 	�9 N8 ,�3:�

 h$G$#� iG*�>8 -� RG;�	 �5S ��G; ]5G)! �	 "��Ga; 	�G9 N8 65G))/

)Triticum aestivum L.("GG*5)GGS�( .�+� ,��GG( ,	5GG#�* ,�GG<

Fa* s$\.� + h$$#� ]5G)! RG;�	 	�G9 N8 �( ���!�$tu� I3: h���

 	��	 	>:+ ��;)v.(hG�� h���-��G( -� "G9� �$G�* V���G@ R�3j�

�+�"* �< 5S�()?+��.("GA��( ,��G( �$G�* V���@ R�3j� -�

 [G �\* ��G<�$! �	 RG;�	 	�G9 N8 �G( [G �\* 0�PH �$tu� ��3$*

 �GA� 65S 6	�P�A�)������T��v+7�.(��GN< �$G�* V���G@

q� -� R/ 5)��< 	��5;��A� �>$A�!� V���@ h$G( 0^	�G#* ,�GA

"GG* iGGH�c i1�GG�* + R�GG�(�+ �GG$w�* 5;>GGS)��.(,��GG( 6-+�GG*�

Fa* s$\.� 3G�� R;�	 0_W �	 R;�	 	�9 N8 �( �tx* 0�PH h���

R( �+� ��G$ 8 RG�3j� R $GA+ C5G* + �G< 6	�P�GA� ,5G�5: ,�G<

"* ����G9N< + C��>G* C	 �$GA��! �+� �Ga;` -� "9� R/ 	>S)�(

"*5S�( .i! ��N�B�A R#A>� 6�G$! "G.�+� '��GA 5S� "& �	 �<

"* y�P�� 5���)�?.(R;�	 �5S�� �	 -� 5G#( + iG%o 	�>G* C�G1�;� ��G<

i! "GNa* ��$G�( OG1; RG;�	 5S� "& �	 	�>* 	5j* C�1�;� + "<	

 5;��	)��+��.(� -� ,��$�( �	 RG/ 5)�G�< R��& +	 0�&�%��� h�

 ����GG9N< + C��>GG* C	 �$GGA��! �+�)�+�(RGG���! �GGk; �	

"* 5;>S .L+�G)� h$G( 0+�GP� "GA��( �RG#=�Z* h�� -� z5< ,�G<

 L+�G)� �$tuG� RG���1* �RG;�	 	�9 N8 {�2= -� "8��- [ �\* ,�G<

 	�G9 N8 ,�3G:� + 	�G9 N8 �( ���!�$tu� i*�>8 �( "8��- [ �\*

�; ]5)! + ���	 Fo� �L+�)� �t� "A��( i*�GS [G �\* "8��- ,�<

]5)!|	>\;|]5)! �]5)!|R%)�|]5)! �]5)!|R;�+5)<|]5G)! �]5G)!|

]5)!|]5)! �]5)!|�3 /|]5)! + ]5)!|��	��(���`|( ]5)! ,�G<�t� �

�$ 8 F$1��*�$W + F$1��*	>(.

d�� �  ��� �4

h$$#� [ �\* 0�PH "A��( �>k)* R( �	 	�G9 N8 65G))/ ]5G)! RG;

 ��; ���	 Fo�L+�)� �	 L+�G)� RG���1* + "8��- [ �\* ,�< ,�G<

 ��` qGG�J>=>��>* + "GG8��- 0�PGGH �GG( �$tuGG� {�GG2= -� [GG �\*
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�T 

Q> ( }�& V=�o �	 ".��*-` �	 ���G9� OS �( "�	�M� i*�/ ,�<

 ��G:� 4++�G/ 5G%)! ,-�+�./ 0�1$12� 6������ "��1$12� R8�3*

5S .( R:>� �( "(+�)� ,�<��N$� L�G\�;� RG1Z)* �	 VG=�W �8��- R

5GS ."G8��- L+�G)� K>G; OGS i*�GS "GA��( 	�>G* ,�G<��N$�

)]5)!|	>\;63$f��|]5)! �]5)!|R%)�|]5G)! �]5)!|RG;�+5)<|�]5G)!

]5)!|]5)!|]5)! �]5)!|,�3 /63$f��|]5G)! + ]5G)!|��	��(�G��`|

]5)! (C�GA -� Q>G ( �G< �	 "G.��*-` 5Gc�+ OS �	 R/ 5;	>(

��v� ./ �( C�A �� + K+�S ]5)! ���v� RG$ / �	 ]5)! �./ �(

L+�)� R*�;�( Y(�Z* �<5c�+���� RN��B "8��- ,�< .	�>G* ��<�$!

 ̂ >��G< FGo� �3G / i*�GS O��*-` h�� �	 6	�P�A�?�� FGo� 	>G\; �

�>��=��U Fo� R;�+5)< �ic�A Fo� R%)� ���*�` ��	��(�G��` + ,�G!

�>���< Fo���5;	>( .,�<5c�+ 6-�5;� ".��*-`7?	>G( 'G(�*��*

 5c�+ �< R/�7i*�S + �S�	 C>& ��*��R GH�� �G( [G�	�7�

"�;�A[�	� h$( ��*	>( �< .Rb<�$! 	�5#� ,�G)%* �G( [�	� �< ,�<

�T� 5S F$k)� R8�3* �	 ]5)! ,��( '(�*��* �	 ��( .�G/m RG( ]-^

 �]5G)! �G( L+�G)� �	 C+�5�* 6�$! �"A��( 	�>* R1Z)* �	 R/ �A� 

�A� �3 /.

Q�B 6��.��*-` Q�B R�3j� ~���; R( R:>� �( ��5G1* �"A�)S

7�� + �GGS�/ -� iGG%o �PGG�� 	>GG/ ��GG�9< �	 ]�!>GG $/7�� 

��GS�/ ��G*- RG c�* RGA �	 �J+�G�$; 	>/ ���9< �	 ]�!> $/

Rj)�R %)A + ";- 5GS z�GM* + e$�1� ]5)! ,��( "<	 .h$G*-

q� �( O��*-` 	�>* G��	 ��( +	 + F\S ��( -� ]�5G/ �G< �	 q

L+�)� ���Go L+�G)� �	 RG/ "�^>M2* ,���1( + 5�	�! 6	�*` �<

5;5S r> \* Q�B �( 5)���! .6�G$! �< ,��( 	>/ z�M* ��3$*

L+�)� �	 C�A �< �	 Q�B R�3j� ~���; R( R:>� �( [ �\* ,�<

	>( "<��.��*-` .	>G\; + �3G / �]5G)! �S�	�( + �S�/ 
����

R( C+� RN$; �	 V$��� ,��G( + 	>G( 6�G* 	�	�GB ]+	 RN$; + ��(`


���� ��	��(���` + 5)PGA� C+� RG<	 -� 5;	>( 0��%8 �>/�* ,�<

�$� .R( �S�	�( + �S�/ 
���� �R%)� ,��( h�	�+�� �B�+� V$���

	>( 6�* �a* ]+	 RN$; +.F<
���� �R;�+5)< ,��( h$)U �G/m ,�<

R( 65S 	>( 	�	�* + �.a%�	�� V$��� .,��G$(` 0^>GM2* RG$ /

R( "(+�)� �G(>&� �5;�GA� 5Gc �	 �` ��3G$* + ";���G( 0�>H

	>( "8��- �$��� 5c R( Q�B .��3G / �]5G)! �S�	�( + �S�/

R( ��	��(���` + 	>\; [�	� �( V$��� ]�Gj;� h��G%N/ + "ZB ��/

5S .]�Gj;� �GA	 �G( �GS�	�( + �GS�/ �RG;�+5)< + R%)� ,��(

���! ."(��-�� 	�>* 0�PH�%8-� 5)��:

6�$! ".�+� 5S� 6�+	 C>&)Vegetative growth period, 

VP :(R( q�J>=>�3$� �5$A� �� �./ ��*- -� 6�+	 C>G& ��>)8

5S �%t 6�$! ".�+� 5S� .RG;�	 �5GS �� 6�+	)Grain filling 

period, GF :(i! ,�<-+� 	�5#� qG�J>=>�3$� "!5$GA� �� "<	

R( �k; �	 R;�	 �5S�� 6�+	 ��>)8 5GS RG���! .�	 R %)GA 	�5G#�

 '(�*��*)S:(R %)A 	�5#� �PH h�� �%t ,��(��* q� ,�<'(�* 

[�	� -�5S 6	�NS 0_� �< eA+ ,�< .R %)A�< �	 R;�	 	�5#�

)Kernel number per spike, KS :(6-�5;� ,��( �PH h�� ,�$!

R;�	 	�5#� ,�<��R( R�>( [�	� -� '(�*��* q� �	 "�	�M� �>&

�$W 5S 6	�NS �S�	�( -� i%o R$S�c .R;�	 �-+)Mean kernel 

weight, MKW :(R;�	 �-+ "G.��*-` 5c�+ -� '(�*��* q� ,�<

5�	�! �%t .R;�	 	�9 N8)Grain yield, GY :( �c��* 	�9 N8

[�	� z�c -� �� ".��*-` 5c�+ q� RG( R$GS�c ,�G< ��>G)8

5S �%t R;�	 	�9 N8 .G)� �	 [G �\* 0�PH h$�;�$*L+� ,�G<

 �+� R( "8��- [ �\*LSD C�N�c� �ZA �	T%5GS R���1* .

L+�)� e���S �	 0��$$w� h�� "�;>�U + K>; h$$#� ,��( ,�G<

 "��G�%N< �5�(� �"A��( h�� �	 [ �\* "8��- h$G( 6	�GA ,�G<

5S h$$#� 0�PH .���G; ]5)! 6�$! -� ";J>�;` C5* q� �	 �gA

F$1��* �t� R( V���@ h�� -� ]�5/ �< 5S R��9S F$1��* �$W +

)i9S�(.

5GS� 6�+	 C>G& + 'G(�*��* �	 R %)GA 	�5G#� �F��$A h�� �	

 "G* RG���! �k; �	 R��& +	 r�%��� q� �	 6�$! ".�+� 5;>GS .�G<

 ���5GN< �G( " (�G1�* �$tuG� 5GS� 6�+	 ,�5G�(� �	 y>� �PH +	

5;��	 .��N< i9S �	 R/�>&�"* Rkc_* "G.�+� 5S� 6�+	 	>S

 6�$! "G* �$tuG� RG;�	 �5GS�� 6�+	 + R %)A �	 R;�	 	�5#� �( 	���G! .

Rj)� R#GA>� �Ga;` 5G$=>� -� �G� R/ 5;��	 "��PH �( F$1��* �t� �<

"* �5$�5)/ ."* 3$; R;�	 �5S �� 6�+	 R %)GA �< �	 R;�	 	�5#� 5;�>�

R;�	 	�5#� O<�/ �( �� 5G<	 ���Go �$tu� �2� F$18 + 65.; �� ,�< .
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�� 

R1#&. �1�"� ��23� �  �1�"� 5
� f�=�� ��4�
6� N,�"/ :!�
0 �%,�� 	#� !��  ��G)VP(�/�  .	# �T !��  9)GF(��=*�  �	? 9

^����F� � )S(��=*� �4 �  �/�   �	? 9)KS(�/�  .�� 9)KW(�/�   �1�"� 9)GY .(�� � �.�1
T 9�4P.�%/ �� ��J> $
EF6� �+� !	*4 

� �V,	"4 R���G �  f�=����	#��.

0^	�#* �y>� i(�1�* e(�+� R( R:>� �( �G�- C	 �$GA��! eGA>�

 ����9N< + C��>*)�(0�PGH h$G( "G;+�	 e(�+� "A��( ,��(

5S 	�a).$� ��; ]5)! "8��- :

]�[r P r P r P= + +26 26 24 46 25 56

]7[r r P P r P= + +46 24 26 46 45 56

]�[r r P r P P= + +56 25 26 45 46 56

]?[r P r P r P= + +25 25 23 35 24 45

]T[r r P P r P= + +35 23 25 35 34 45

]�[r r P r P P= + +45 24 25 34 35 45
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]5)!|	>\;|]5)! + ]5)!|RG;�+5)<|]5G)! ,��G.$( ,�G��( �	
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L+�)�5S R%A�2* "A��( 	�>* ,�< .	�G9 N8 h$G( "��G�%N<
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R;�	 	�9 N8 �(��( �	 '(�*��* �	 R %)A 	�5#�

F$1��* �t�, P26 ��v/� 7��/�| �?v/�| T��/�| ���/� T��/�

��*�$W �t�Y��& -� F$1

R %)A �	 R;�	 	�5#�,r24P46 �??/� �?�/�| T��/� �7v/� ���/� ?��/�

R;�	 �-+,r25P56 T�T/�| �?�/� ���/�| ���/� �7T/� ��7/�|

"���%N<, r26 �?�/� 77?/�| T�?/�| ?��/�| ?vT/� 7v?/�

R;�	 	�9 N8 �(��( �	 R %)A �	 R;�	 	�5#�

F$1��* �t�, P46 T��/�| �??/� ���/� T��/�| T��/�| T�T/�|

Y��& -� F$1��*�$W �t�

'(�*��* �	 R %)A, r24P26 ���/� ���/� ���/�| �7�/� ��7/�| �?7/�

R;�	 �-+,r45P56 ��v/� ��7/�| �7T/�| �?�/�| ���/�| ?�T/�|

"���%N<, r46 �v7/�| �T�/� 7v7/� TT7/�| ���/�| ���/�|

R;�	 	�9 N8 �(��( �	 R;�	 �-+

F$1��* �t�, P56 ���/� ���/� ��T/� �v7/�| ?T�/� ���/�

Y��& -� F$1��*�$W �t�

'(�*��* �	 R %)A 	�5#�, r25P26 ���/�| �v?/�| T�7/� �vT/� �T�/� ?�?/�|

R %)A �	 R;�	 	�5#�,r45P46 �7�/�| �v�/�| ��7/�| �7�/�| ���/� 7�T/�|

"���%N<, r56 ��7/� ���/�| �T?/�| ���/�| ���/� �T�/�

:A ]5)!|]5)!|�]5)! :B ]5)!|�3 /|�]5)! :C ]5)!|	>\;|�]5)! :D ]5)!|R%)�|�]5)! :E ]5)!|R;�+5)<|+ ]5)! :F]5)!|��	��(���`|�]5G)!P+

�R( ��.; V$��� �A� 6	�A "���%N< + F$1��* �t� 65)<	.

�	*0 )��*S �I/S�	*0 

]5G)! ".�+� 6�+	 R( Y #�* L+�)� h�� �	 F$1��* �t� h���.$(

 ,+� RG;�	 �5S�� 6�+	 + ��aU �$�* �	 R;�	 �5S�� 6�+	 ,+�

 	>( R %)A �	 R;�	 	�5#�)i9S�(.�Gt� 'G(�*��* �	 R %)A 	�5#�

")#* + "P)* F$1��* �GS�	 RG;�	 �-+ ,+� ,��	 )C+5G:�(.

< R %)A �	 R;�	 	�5#� RG;�	 �-+ ,+� "P)* + F$1��* �t� h$)bN

�S�	.

�	*0 )��*S�=*TS�	*0 

	�5G#� �'G(�*��* �	 R %)A 	�5#� R/ 	�	 ��.; �$ 8 R�3j� ~���;

5;��	 R;�	 	�9 N8 �( "P)* F$1��* �t� R;�	 �-+ + R %)A �	 R;�	 .

�5GS�� 6�+	 + '(�*��* �	 R %)A 	�5#� �6�$! ".�+� 5S� 6�+	

P)* �t� R;�	5)�S�	 R %)A �	 R;�	 	�5#� �( ".,�3G:� h$G( �	 �G*�

 �Gt� R;�	 �5S�� 6�+	 + R %)A �	 R;�	 	�5#� �R;�	 �-+ R( r>(�*

 5;��	 R;�	 �-+ �( "�%�* + F$1��*)C+5:T.(

�	*0 )��*S�/��	*4S�	*0 

�$tuG� R %)GA �	 RG;�	 	�5G#� RG/ 	�	 ��G.; �$�* V���@ R�3j�

")#*�	 	�9 N8 �( ,��	�S�	 R;.-� "P)* F$1��*�$W ,�<�t� �*�

 "��G�%N< 5GS �8�( R;�	 �-+ + '(�*��* �	 R %)A 	�5#� Y��&

5(�� O<�/ R;�	 	�9 N8 + R %)A �	 R;�	 	�5#� h$( "��a; .	�5#�

 �$tuG� �G2� �� R;�	 �-+ �R;�	 �5S�� 6�+	 + '(�*��* �	 R %)A 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
91

.2
.6

.7
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

24
-0

4-
26

 ]
 

                             8 / 12

https://dorl.net/dor/20.1001.1.22518517.1391.2.6.7.7
https://jcpp.iut.ac.ir/article-1-1736-fa.html


)��* �+� ������	*0  �1�"� ��23� �  �1�"� �� ����� ��4…

v� 

��	3m.�� �/�  .�� D
�� �,2� �
aF� .��*� �� �/�  .	#�T !��  � ��=*� �  �/�   �	? 9^����F� �  ��=*�  �	? � �F6��� REF6� �
aF� .��*� 

Pathway 2       

A B C D E F

R;�	 �-+ �(��( �	 '(�*��* �	 R %)A 	�5#�

F$1��* �t�, P25 �?�/�| 7�?/� �7�/� ��T/�| �7�/� ��?/�|

Y��& -� F$1��*�$W �t�

R;�	 �5S�� 6�+	, r23P35 ���/� ��7/�| 7T�/�| ���/�| ���/� �v�/�

R %)A �	 R;�	 	�5#�,r24P45 ���/�| 7��/� ��v/�| �7�/�| ���/� ���/�

"���%N<, r25 ?�v/�| �v7/� T?�/�| ���/�| 7�v/� �7�/�|

R;�	 �-+ �(��( �	 R;�	 �5S�� 6�+	

F$1��* �t�, P35 v?�/� 7��/� ���/� ?��/� ?v�/� �vv/�

Y��& -� F$1��*�$W �t�

'(�*��* �	 R %)A 	�5#�, r23P45 ���/� �7�/�| ���/�| �T�/� ��T/� ���/�|

R %)A �	 R;�	 	�5#�,r34P45 ���/� ��7/�| v�?/�| ��?/�| ��7/� ���/�

"���%N<, r35 vv�/� ���/�| �?�/�| 77v/� T�?/� 7T�/�

5#�R;�	 �-+ �(��( �	 R %)A �	 R;�	 	�

F$1��* �t�, P45 ���/� �7�/� Tv�/�| T��/� �T�/�| �T?/�|

Y��& -� F$1��*�$W �t�

'(�*��* �	 R %)A 	�5#�, r24P25 7��/� ��T/�| ��7/� ���/� �?�/�| ��7/�

R;�	 �5S�� 6�+	, r34P35 ���/� ���/� ?�v/� 7v�/�| ���/�| �T�/�|

"���%N<, r45 T��/� T��/�| �77/�| 77�/� 7T�/�| �T�/�

:A  ]5)!|]5)!|�]5)! :B ]5)!|�3 /|�]5)! :C ]5)!|	>\;|�]5)! :D ]5)!|R%)�|�]5)! :E ]5)!|R;�+5)<|]5)!+:F]5)!|��	��(�G��`|�]5G)!P+r

R( ��.; V$��� �A� 6	�A "���%N< + F$1��* �t� 65)<	.

;	�	 ���o5.,+� 3$U�G; "G=+ "P)* �t� R %)A �	 R;�	 	�5#� �*�

�S�	 R;�	 �-+ .�5GS�� 6�+	 YG��& -� "P)* F$1��*�$W �t�

 + RG;�	 �-+ h$G( "��a; "���%N< �R %)A �	 R;�	 	�5#� + R;�	

 	�	 O<�GG/ �� R %)GGA �	 RGG;�	 	�5GG#� .FGG< ,�GG<�t� h$GG)U

 + 'G(�*��* �	 R %)GA 	�5#� Y��& -� "P)* F$1��*�$W 	�5G#�

 �� R;�	 �5S�� 6�+	 + R;�	 �-+ h$( "���%N< �R %)A �	 R;�	

	�	 O<�/ .	�5G#� �G( �� "G�%�* F$1��* �t� R;�	 �5S�� 6�+	

F< + R�S�	 R %)A �	 R;�	 R %)GA 	�5G#� + ".�+� 6�+	 h$)U

 5G;��	 RG;�	 �5GS�� 6�+	 �G( "G�%�* F$1�G�* �t� '(�*��* �	

)C+5:�(.

�	*0 )��*S �V��F��.�S�	*0 

�	 RG;�	 	�5#� �'(�*��* �	 R %)A 	�5#� F$1��* �t� �q� �$�* �	

5;5S "P)* R;�	 �-+ + R %)A )i9S�(.-� F$1�G�*�$W ,�G<�t�

	>GG( �GG%�* RGG;�	 �-+ + R %)GGA �	 RGG;�	 	�5GG#� YGG��& .,�GG<�t�

 '(�*��* �	 R %)A 	�5#� Y��& -� R %)A �	 R;�	 	�5#� F$1��*�$W

R( R;�	 �-+ +���	>( "P)* + �%�* V$ .F$1��* �t� �]+	 �$�* �	

 R %)A �	 R;�	 	�5#� + R;�	 �5S�� 6�+	 �'(�*��* �	 R %)A 	�5#�

R( 	>( "P)* + �%�* ��%�* V$��� .F$1�G�* �Gt� �]>GA �$G�* �	

 RGG;�	 �5GGS�� 6�+	 + 'GG(�*��* �	 R %)GGA 	�5GG#� �"GG.�+� 6�+	

5;	�	 n�M�B� 	>B R( �� ��51* h���.$( ..$( F$1�G�* �Gt� h��� 
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���� �� � 	
������� � ����� ������ ��� /�����  /!��"# $%# /&'(& 

v7 

��	3n.�� ��=*� �  �/�   �	? D
�� �,2� REF6� �
aF� �/�  .	#�T !��  � ^����F� �  ��=*�  �	? 9�%,�� !��  � �F6��� �
aF� .��*� 

Pathway 3       
A B C D E F

R %)A �	 R;�	 	�5#� �(��( �	 6�$! ".�+� 6�+	

F$1��* �t�, P14 ?��/�| 7T�/�| ?��/�| ��?/�| ��v/�| ?��/�|

Y��& -� F$1��*�$W �t�

'(�*��* �	 R %)A 	�5#�, r12P24 �?�/� ���/� �v7/�| ��?/� ���/�| ���/�

R;�	 �5S�� 6�+	, r13P34 �vv/� T��/� ���/� �7v/�| ���/� �T�/�

"���%N<, r14 �7�/�| 7��/� ��T/�| T��/�| ?v�/�| 7��/�|

5#�R %)A �	 R;�	 	�5#� �(��( �	 '(�*��* �	 R %)A 	�

F$1��* �t�, P24 ?v�/�| ���/�| T�7/� �T?/�| ��7/�| ��?/�|

Y��& -� F$1��*�$W �t�

".�+� 6�+	, r12P14 �?T/�| ��T/� �?�/� �?7/� 7?�/�| �T�/�

R;�	 �5S�� 6�+	, r23P34 ��7/�| 7�T/�| 7��/�| �Tv/� ��v/� ���/�

"���%N<, r24 ��v/�| �7?/�| Tv�/� �T�/�| �7�/�| �7?/�|

R %)A �	 R;�	 	�5#� �(��( �	 R;�	 �5S�� 6�+	

F$1��* �t�, P34 T?�/� ���/� �?T/� ?�?/�| ?��/� �v?/�
Y��& -� F$1��*�$W �t�

".�+� 6�+	, r13P14 ��7/�| ���/�| �??/�| 7�?/�| ���/�| ���/�|

'(�*��* �	 R %)A 	�5#�, r23P24 ��T/�| �7�/�| �?v/�| �7�/� �T?/�| ���/�|

"���%N<, r34 77�/� T��/� TT�/� ��v/�| �?v/�| �v�/�|

:A  ]5)!|]5)!|�]5)! :B ]5)!|�3 /|�]5)! :C ]5)!|	>\;|�]5)! :D ]5)!|R%)�|�]5)! :E ]5)!|R;�+5)<|]5)!+:F]5)!|��(���`��	|�]5)!P+
rR( ��.; V$��� �A� 6	�A "���%N< + F$1��* �t� 65)<	.

��	3o.�� �/�  .	#�T !��  D
�� �,2� �� ^����F� �  ��=*�  �	? � !�
0 �%,�� !��  � �F6��� �
aF� .��*� REF6� �
aF� .��*� 

Pathway 4
A B C D E F

".�+� 6�+	 �(��( �	 R;�	 �5S�� 6�+	

F$1��* �t�, P13 ��T/� ���/� ���/� ��T/� v��/� �??/�

Y��& -� F$1��*�$W �t�

'(�*��* �	 R %)A 	�5#�, r12P23 ���/�| �77/� ���/�| ��7/� ���/�| ���/�|

"���%N<, r13 v�v/� �T�/� �7v/� ���/� v��/� ���/�

* �	 R %)A 	�5#� �(��( �	 R;�	 �5S�� 6�+	'(�*��

F$1��* �t�, P23 ���/�| ��v/�| T�T/� �v?/�| ��T/� ���/�

Y��& -� F$1��*�$W �t�

".�+� 6�+	, r12P13 �v�/� �?T/�| �v7/�| 7T�/�| 7�v/� ���/�|

"���%N<, r23 ���/� ?��/�| 7�v/�| �?�/�| 7v�/� 7��/�

:A  ]5)!|]5)!|�]5)! :B ]5)!|�3 /|�]5)! :C ]5)!|	>\;|�]5)! :D ]5)!|R%)�|�]5)! :E ]5)!|R;�+5)<|]5)!+:F]5)!|��	��(���`|�]5)!P+

rR( ��.; V$��� "���%N< + F$1��* 0��t� 65)<	�A� 6	�A ,�<.
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)��* �+� ������	*0  �1�"� ��23� �  �1�"� �� ����� ��4…

v� 

�GS�	 RG;�	 �5S�� 6�+	 ,+� ".�+� 6�+	 �� �%�*.��(�G)(�h

RGG;�	 �5GGS�� 6�+	 + RGG;�	 �-+ �'GG(�*��* �	 R %)GGA 	�5GG#� -�

 ,�<�>�/�� �	 Fa*L+�)� �	"* [ �\* "8��- ,�<5)S�(.

��;�� R/ 	�	 ��.; ~$�G<��N,+ ��5G1* ,+� "G8��- L+�G)�

	>( ���!�$tu� 0�PH -� ,��$�( r�%��� K>; .RG( �	 �C�G�* ��>G)8

L+�)�]5)! ,�<|]5)!|]5)! �]5)!|RG;�+5)<|]5G)! + ]5G)!|

��	��(���`|R( �]5)! �+	 �R;�	 �-+ V$��� 6�+	 + RG;�	 �5GS�� 6

O��3G�� ,��G( F$1��*�$W L�\�;� iN8 ]�j;� ,��( 6�$! ".�+�

 5)�G�< 5$P* ��$�( ]5)! R;�	 	�9 N8 ."=�Gc �	 L+�G)� �	 RG/

]5)!|�3 /|]5)! + ]5)!|	>G\;|�R %)GA �	 RG;�	 	�5G#� ]5G)!

 6�G$! "G.�+� 6�+	 + R;�	 �5S�� 6�+	 �'(�*��* �	 R %)A 	�5#�

,��.$( �$N<� -� 5)�G�< ��	�>GB�()C+�5G:?�G��.(~��G�;

L+�)� ]�N� �	 R/ 	�	 ��.; �$ 8 R�3j� [G �\* "G8��- ,�G<

 RG;�	 �5GS�� 6�+	 �G( 6�$! 5S� 6�+	 F$1��* �t� �"A��( 	�>*

�A� �%�* ."=�c �	 �	 	�G9 N8 ,+� RG;�	 �-+ F$1��* �t� R/

R( 	��>* ]�N� ]5)! 3:|R%)�|	>( "P)* ]5)! .�$k; "j���; 	��>G*

"* 65S �/m -�G$; 	�>G* L+�G)� K>G; ,��( "%A�)* ��9<�� 5;�>�

5<	 	�a).$� h$112* R( �� ]5)! 	�9 N8 O��3�� ,��(.

��
F/ �
0�

� ~(��;��-+ �'G(�*��* �	 R %)GA 	�5G#� RG/ 	�	 ��.; O<+p� h

Fa* -� R;�	 �5S�� 6�+	 + R;�	 ��5��� 5$=>� q� ,�<�>�/�� h���

L+�)� �	�- ,�<"* [ �\* "8�5)S�( .�'(�*��* �	 R %)A 	�5#�

 L+�G)� ]�GN� �	 RG;�	 �-+ + R %)GA �	 R;�	 	�5#� "G8��- ,�G<

 h$G$#� FGa* ,�3G:� -� [ �\* 5;5GS R�B�)GS 	�G9 N8 65G))/ .

,��$G�( r�%��� K>; + ��51* ,+� 3$; "8��- L+�)� K>; �RU�!�

	>( ���!�$tu� 0�PH -� ."* h���(�)(��! Rj$�; ��>� ,��G( RG/ �

"* L+�)� K>; �< L�G\�;� ]�Gj;� ,��( �� "M\.* 0�PH ��>�

	>N; 	�a).$� ��<�$! h���a( R( �5$A� ,��(.
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