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�� ]�,���K! � � ��� !.  The effect of spermidine phytohormone on inducing resistance of two tolerant Termeh and sensitive Capitan cultivar of tomato against Fusarium wilting disease caused by Fusarium oxysporum f.sp. lycopersici  Seyed Kaem Sabbagh1*, Masoud Golestani2, Esmaeil Abbasi saryazdi3, Mohammad Reza Sarafraz ardakani4 and Marzieh Taheri5 1. Department of Biology, Faculty of Science, Yazd University 2.Department of Agriculture, Peyam-Noor University of Yazd 3.MSc student of Biotechnology, Department of Biotechnology, Faculty of Natural Resources of Desert, Yazd University 4. Department of Biology, Faculty of Science, Yazd University 5. Laboratory of medical genetics of doctor Mazaheri (Received: March 16, 2020   - Accepted: Sept  26, 2020 ) ABSTRACT In this research, the effects of spermidine polyamine on induced resistance of two sensitive and tolerant cultivars of tomato to Fusarium wilting disease caused by Fusarium oxysporum f.sp. lycopersici was investigated. For this reason, a designed factorial experimental based on randomized completed block design was performed under greenhouse conditions. Spermidine solution at 0, 1, and 0.1 mM concentrations was used as a resistance inducer by spraying on tomato plants. Tomato at the six-leaf stage was inoculated by the pathogen. Sampling was performed at 48 and 72h periods after inoculation. The level of several antioxidant enzymes and also the expression of some transcription factors as up-stream regulators of various resistance-related genes (npr1, eds1, and pds) were measured by spectrophotometry and Real-time PCR, respectively. Results showed that approximately the highest enzyme activity was related to infected tomato plants treated with 1mM concentration of spermidine 72 h after inoculation with Fusarium oxysporum f.sp. lycopersici. Gene expression analysis showed that all tested genes were affected by spermidine application in infected plants. The highest and lowest expression level was observed for npr1 and pds genes, respectively. Based on these results, we suggest that exogenous application of spermidine with an appropriate concentration on tomato under disease stress condition could improve the plant growth condition, which can result in plant resistance against pathogen attack.   Keywords: Antioxidant enzymes, Gene expression, Induced resistance, Plant disease, Spermidin 
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1 .'u&�( .BYF �$ ,-� �� �� H�@�7#4I ,��:I .�0�O; �"2/� (@ 1�2��(34" cY�X� =)876 9:(; TA& .+& �����> � )�(& 5 5���� Z��- D47&Fusarium oxysporum f.sp. lycopersici   5:��� ���@ �� ��48  �72 56�70I �" 2O@ .<�4 .Q�(M �@ �$��	�&  }_4 �� H��G��05/0 ="�"�  Q\�["AO�5 �"� 2A��$.  Figure 1. The effect of different spermidine concentration on the rate of Ascorbat enzyme activity in two tomato cultivars Termeh and Capitan, under biotic stress by F. oxusporum f.sp. lycopersici at two time periods (48 and 72 h) after inoculation. Treatments with different letter are significantly different at p ≤ 0.05 level.    5:��� ���@ ��72  5&"(��f& 56�70I �" 2O@ .<�4 5:��� ���@ )@ . �: 5	��:I48  56�70I �" 2O@ .<�4 �"� �C: "� =(&���� H"(��f& . ,��:I "��� 1�(�C�@ .BYF ��1 5Y��  ��	�& �� � 1�2��(34" �" �`7�2
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2 .'u&�( .BYF �$5Y� ,��:I .�0�O; �"2/� (@ 1�2��(34" cY�X� =  ,-� �� �� �"2��>" *A;)876 9:(; .+& �����> � )�(& 5 5���� TA&  Z��- D47&Fusarium oxysporum f.sp. lycopersici  5:��� ���@ �� ��48  �72 56�70I �" 2O@ .<�4 . �@ �$��	�& Q�(M  }_4 �� H��G��05/0  Q\�[" ="�"�AO�5 �"� 1��$�.  Figure 2. The effect of different spermidine concentration on the rate of Polyphenoloxidase enzyme activity in two tomato cultivars Termeh and Capitan, under biotic stress by F. oxusporum f.sps lycopersici at two time intervals periods (48 and 72 h) after inoculation. Treatments with different letter are significantly different at p ≤ 0.05 level.   v:�AK *#
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3(.       *#
3 .'u&�( .BYF �$ ,-� �� �� �`�&�> ,��:I .�0�O; �"2/� (@ 1�2��(34" cY�X� =)876 9:(;> � )�(& 5 TA& .+& ����� 5���� Z��- D47& Fusarium oxysporum f.sp. lycopersici  5:��� ���@ �� ��48  �72 56�70I �" 2O@ .<�4 . �@ �$��	�& Q�(M  }_4 �� H��G��05/0  Q\�[" ="�"�AO�5 �"� 2A��$.  Figure 3. The effect of different spermidin concentration on the rate of Catalase enzyme activity in two tomato cultivars Termeh and Capitan, under biotic stress by F. oxusporum f.sp. lycopersici at two time periods (48 and 72 h) after inoculation. Treatments with different letter are significantly different at p ≤ 0.05 level.  :�AK *#
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4 .'u&�( .BYF �$ ,-� �� �� *> *A; ="7�+� (@ 1�2��(34" cY�X� =)876 9:(; TA& .+& �����> � )�(& 55���� Z��- D47&Fusarium oxysporum f.sp. lycopersici   5:��� ���@ �� ��48  �72 56�70I �" 2O@ .<�4 .Q�(M �@ �$��	�&  }_4 �� H��G��05/0  Q\�[" ="�"�AO�5 �"� 2A��$.  Figure 4. The effect of different spermidin concentration on the total phenol content enzyme activity in two tomato cultivars Termeh and Capitan, under biotic stress by F. oxusporum f.sp. lycopersici at two time periods (48 and 72 h) after inoculation. Treatments with different letter are significantly different at p ≤ 0.05 level.   
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"� �78� = . p��W& �" *!�M ����:  ~:���"�?�"� �$  N�28 ��2 .4" ?2�I.    �= ���; ��7��4   ��@ "��� 54�(@m �$ =��7� )O0�_�  1�" �� T$�U�  ��	�@ � ,0�4 ?��6 .0�M �� �� )> �"� �C: ��@ "��� 1�2��(34" �@ ?2
 ��	�&m �$ Q2$ =  ��@ T�"�;")�
"� 2:" . ��@ "��� 54�(@m �$  �@ 2��(6 V�W:" ,0�4 � ��	�@ =�$��	�& p���/� . )87& �@  ����: )@)@ .4� ?2�I  ,-� �� ($ �� )> 2��(6 sXC� ��@ "��� �.BYF "��� T�"�;" �@m �$ =)O0�_���7�  "��� 1�(�C�@ 50� .4" )�;�� T�"�;" k7@(� T�"�;" m )@eds1  2��(6 . ') *#
5.(  T/: )@ )87& �@('e�  5����/� =�$(��� �� m 1�"  ��$��6�5 "7&  1�2��(34" �(@��> )> .;(6 )W��: �5 2:"7&  5��/0" .���/� �/0" 5�4�`�@ =�$(��� �� ('e� 2
�@ .)��W& �" *!�M ����:  �   *�Y+&?�"� �$ = & "��� 1�(�C�@ )> 2:�"� �C: m ��@ 5:m H"(��f  k7@(�)@ )@  meds1 ?�7@ ��> i��M ,-� )>��� @1�(�C� �"�� @�� .4" ?�"� �C: "� m ) *#
6.(   mpds  �C: ,-� �� ($ �� "� ��@ "��� 1�(�	>  �"�) *#
7 .( 1�2��(34" .BYF "��� T�"�;" �@  ��@ "���m �$  )�;�� T�"�;" )�(& *	+�� ,-� �� ,-� �� 50� .4"  (��f& �����> i��MAO�5 �"� "� = .4" ?�"2: �C:.    Freedown Total Phenol  Polyphenol oxidase Ascorbat proxidase Catalase Source of variation 1  29.302**  23853.828**  2.631** 262.015** Stress  1  11.100**  3606.520**  2.344**  863.334**  Hormone 2  342.745**  103174.583**  000**  505.552**  Cultivar 1  84.766**  9939.778**  16.300**  3370.627**  Stress×Hormone 2  23.418**  35972.238**  9.827**  2726.001**  Stress×Cultivar  2  402.679**  402.679**  .089**  1203.584**  Cultivar ×Hormone  2  000**  23075.328**  000  1236.698**  Cultivar ×Stress× Hormone  24  0.150  0.02  0.002  0.017  Error 
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5 .2��(34" ('" m ��@ H"(��f& "��� (@ 1�NPR1  ?�70I �����> � )�(& ,-� �� ��)@ 4��YpFusarium oxysporum f.sp. lycopersici   5:��� ���@ �� ��48  �72 =��	�@ �" 2O@ .<�4.  Figure 5. The effect of spermidine on relative expression of npr1 gene in two tomato cultivars Termeh and Capitan infected with F. oxusporum f.sp. lycopersici at two time periods (48 and 72 h) after inoculation.    Freedown Total Phenol content Polyphenol oxidase Catalase Ascorbat proxidase Source of variation 1 0.052ns 805.851** 778,545** 333.484** Stress 1 16.194** 1580.081** 434.128** 1168.943** Hormone 2 20.786**  9542.134** 162.912** 222.574** Cultivar 1 27.086**  2160.874** 294.725** 182.555** Stress×Hormone 2 4.754*  12045.077** 43.137** 3029.669** Stress×Cultivar 2 7.674**  725.532** 2243.789** 1248.278** Cultivar ×Hormone 2 117.919**  544.708**  3462.766** 1326.302** Cultivar ×Stress× Hormone 24 0.003 0.052 0.013 0.077 Stress 
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6. �(34" ('"1�2� � (@"�� f&H"(�� @��  mEDS1 ��> � )�(& ,-� �� ����� )@ ?�70I 4��YpFusarium oxysporum f.sp. lycopersici ��@ �� ��� :���5 48  �72 @ �" 2O@ .<�4=��	�.  Figure 6. The effect of spermidine on relative expression of npr1 gene in two tomato cultivars Termeh and Capitan infected with Fusarium oxysporum f.sp. lycopersici at two time periods (48 and 72 h) after inoculation.  .   PDS  gene
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7. �(34" ('"1�2� � (@"�� f&H"(�� @��  mPDS ��> � )�(& ,-� �� ����� )@ ?�70I 4��Y pFusarium oxysporum f.sp. lycopersici ��@ �� ��� :���5 48  �72 @ �" 2O@ .<�4=��	�. The effect of spermidine on relative expression of npr1 gene in two tomato cultivars Termeh and Capitan infected with F. oxusporum f.sp. lycopersici at two time periods (48 and 72 h) after inoculation.    5:��� ���@ �� m ��@ ��0�:I72  56�70I �" 2O@ .<�4  "��� )> �"� �C:f&��E�(�( ��@ =m �$ =��7� )O0�_�  5:��� ���@ )@ . �:48  2O@ .<�4 56�70I �" "��� 1�(&`�@ ��: ?��@ 1�" �� 50� .4" ?�7@ (�C�@
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