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Unraveling regulatory networks in plant defense using microarrays
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Abstract

DNA microarrays are being used to comprehensively examine gene expression networks during the
plant defense response that is triggered when a plant encounters a pathogen or an elicitor molecule. In
addition to identifying new genes induced during defense, these studies are providing new insights into
the complex pathways governing defense gene regulation. 
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Figure 1
WRKY proteins are key regulators of gene expression
during SAR. (a,b) The PR-1 gene is thought to be regulated
by three transcription factors: a TGA-bZIP factor and an
unknown factor that activate transcription, and a WRKY
factor that represses transcription [11]. SNI1 is a negative
regulator of PR-1 gene expression, possibly acting through
the WRKY factor. (b) NPR1 regulates PR-1 gene expression
through interactions with the TGA-bZIP factor, and
possibly with the other two transcription factors and/or
with SNI1. (c) Common regulation of genes in the PR-1
regulon is proposed to occur through WRKY transcription
factors acting either positively or negatively and in an
NPR1-dependent fashion. Dashed lines indicate putative
interactions.

WRKY bZIP ?

WRKY

WRKY WRKY

NPR1

NPR1SNI1

SNI1

SNI1

bZIP ?

Non-induced
PR-1 gene

SAR-induced
PR-1 gene

PR-1 regulon
gene

(a)

(b)

(c)



co
m

m
ent

review
s

repo
rts

depo
sited research

interactio
ns

info
rm

atio
n

refereed  research

http://genomebiology.com/2001/2/1/reviews/1001.3

*����� +	�*��	��� 8<�9������������� /0=1&� ����	�� -���
� �	�

">=�(�6��������*����	��	������
�
�--������	���3'�������

����������*�����-� ��������	�*����&�6���.�'��'��������-

(�6�� �����.� �	�.����	�� 
��� ��� '��-������	�� ��'������	)

������-�'��	��4��
�-����)	�����	��
�(�6��������*����	��	�&

6������������.�-��
��.�-��*��������
���	�������4����-�����)


��	��
� .���� �3'�������� �	�.��� �������� ��� -���� ���	�)

*����&�����*'	�������-�����3'��������'��-�����-��*����-���

���	�*���������
��	��05C�.������������
���
����*����'��

���	�*����&� 2��� �3	*'���� ��� 	�
�<�� ����
���
� ==� .����&

2�����*�����	�-� ���.����� ��
���
���� �������������	���

��
���
����<��	�
�=>�.�������
���
�������-��.��������	���

��
���
��������<���	�
H����������&����4��������
����	4�

��
��	��
��	������� �������
��	�������������
�--������'�	��


�-����� '	��	���� ���� ����� ���
���� 	4�� ����� -�����
� ��

���� ��� 	� -��� .����� 	�� 	� ��*�&� 6�� �3����� �-� ��� �4���	'

�������� ���'	��	��� �	���������� -����� 	''����	��
����� 	

*����.���	��	�	�������-�.�����3'������������4��&�

2������*����	��	���3'���*����������'��4�
��-����������.��

����� ��� ��.�	���.� ������ �� .�4�����.� '�	��� 
�-����&

<����	��	�������	����.����-������*'��*�����-�	
�������

.����� ����� '��4�
�� 	� *���� ��*'����� 	�	�����&� <����	��	��


�4���'�
�-��������'�	����'������� �����
��.��*'���	������'

�'������� ����� 	���� '��4�
�� -������ ��-��*	����&� ��� ��� 	�����)

'	��
� �	�� ��� .���*�)��	��� ��-��*	����� .	�����
� -��*

����� �3'���*����� ����� ��� 
��� ������� '��4�
�� 	4������ -��

��	����.�
���	���������	����������'�'�	���&�

References
1. Hammond-Kosack KE, Jones JDG: Resistance gene-dependent

plant defense responses. Plant Cell 1996, 8:1773-1791.
2. Staskawicz, BJ, Ausubel, FM, Baker BJ, Ellis JG, Jones JDG: Molecu-

lar genetics of plant disease resistance. Science 1995, 268:661-
667.

3. Ryals JA, Neuenschwander UH, Willits MG, Molina A, Steiner H-Y,
Hunt MD: Systemic acquired resistance. Plant Cell 1996, 8:1809-
1819.

4. Ward ER, Uknes SJ, Williams SC, Dincher SS, Wiederhold DL,
Alexander DC, Ahl-Goy P, Metraux J-P, Ryals JA: Coordinate gene
activity in response to agents that induce systemic acquired
resistance. Plant Cell 1991, 3:1085-1094.

5. Maleck K, Levine A, Eulgem T, Morgan A, Schmidl J, Lawton KA,
Dangl JL, Dietrich RA: An Arabidopsis promoter element
shared among genes co-regulated during systemic acquired
disease resistance. Nat Genet 2000, 26:403-410.

6. Cao H, Glazebrook J, Clarke JD, Volko S, Dong X: The Arabidopsis
NPR1 gene that controls systemic acquired resistance
encodes a novel protein containing ankyrin repeats. Cell
1997, 88:57-63.

7. Ryals JA, Weymann K, Lawton K, Friedrich L, Ellis D, Steiner H-Y,
Johnson J, Delaney TP, Jesse T, Vos P, Uknes S: The Arabidopsis
NIM1 protein shows homology to the mammalian tran-
scription factor inhibitor I��B. Plant Cell 1997, 9:425-439.

8. Zhang Y, Fan W, Kinkema M, Li X, Dong X: Interaction of NPR1
with basic leucine zipper protein transcription factors that
bind sequences required for salicylic acid induction of the
PR-1 gene. Proc Natl Acad Sci USA 1999, 96:6523-6528.

9. Zhou J-M, Trifa Y, Silva H, Pontier D, Lam E, Shah J, Klessig DF:
NPR1 differentially interacts with members of the
TGA/OBF family of transcription factors that bind an
element of the PR-1 gene required for induction by salicylic
acid. Mol Plant-Microbe Interact 2000, 13:191-202.

10. Despres C, DeLong C, Glaze S, Liu E, Fobert PR: The Arabidopsis
NPR1/NIM1 protein enhances the DNA binding activity of a

subgroup of the TGA family of bZIP transcription factors.
Plant Cell 2000, 12:279-290.

11. Lebel E, Heifetz P, Thorne L, Uknes S, Ryals J, Ward E: Functional
analysis of regulatory sequences controlling PR-1 gene
expression in Arabidopsis. Plant J 1998, 16:223-233. 

12. Eulgem T, Rushton PJ, Robatzek S, Somssich IE: The WRKY super-
family of plant transcription factors. Trends Plant Sci 2000,
5:199-205.

13. Eulgem T, Rushton PJ, Schmelzer E, Hahlbrock K, Somssich IE: Early
nuclear events in plant defense signaling: rapid gene activa-
tion by WRKY transcription factors. EMBO J 1999, 18:4689-
4699.

14. Li X, Zhang Y, Clarke JD, Li Y, Dong X: Identification and cloning
of a negative regulator of systemic acquired resistance,
SNI1, through a screen for suppressors of npr1-1. Cell 1999,
98:329-339.

15. Schenk PM, Kazan K, Wilson I, Anderson JP, Richmond T, Somerville
SC, Manners JM: Coordinated plant defense responses in Ara-
bidopsis revealed by microarray analysis. Proc Natl Acad Sci USA
2000, 97:11655-11660.


