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In animals, major classes of Rho guanine nucleotide exchange factors (GEFs) possess a Dbl (diffuse B-cell lymphoma)-
homology (DH) domain that functions as a GEF-catalytic domain. However, no GEFs with the DH domain had been
identified in plants. Recently, we found that the rice homolog of human SWAP70, Oryza sative (Os) SWAP70, containing
the DH domain, exhibited GEF activity toward the rice Rho GTPase OsRac1, and regulates chitin-induced production of
reactive oxygen species and defense gene expression in rice.1 Arabidopsis contains a single SWAP70 gene. A T-DNA
insertion mutant of Arabidopsis SWAP70 was morphologically wild type. Measurement of in planta growth of
Pseudomonas syringae DC3000 hrcC, a mutant incapable of type III effector delivery, revealed enhanced growth of the
pathogen in the atswap70 mutant, indicating that AtSWAP70 is required for PAMP-triggered immunity. In addition, the
atswap70 mutation reduced the RPM1-mediated hypersensitive response. These results suggested that AtSWAP70 plays
a role in both PAMP- and effector-triggered immunity in Arabidopsis.

Plants have developed multiple immune systems to protect them
from pathogens.2 The first layer of defense is triggered by the
recognition of pathogen-associated molecular patterns (PAMPs)
by plant cell surface receptors, and is called PAMP-triggered
immunity (PTI).3 To interfere with PTI, some pathogens have
developed a type III secretion system, which deliver Type III
effector proteins that suppress a variety of host immune responses.
The second layer of defense depends on the ability of disease
resistant (R) proteins to recognize effector proteins and induce
robust immune responses including hypersensitive response (HR),
and is called effector-triggered immunity (ETI).3

Rho family small GTPases function as key molecular signaling
switches by cycling between GDP-bound inactive and GTP-
bound active forms, which regulate many important cellular
processes in animals and plants.4 The switch between GTP-bound
and GDP-bound forms is controlled by three regulatory proteins:
guanine nucleotide exchange factors (GEFs), GTPase-activating
proteins (GAPs), and guanine nucleotide dissociation inhibitors
(GDIs). GEFs promote the activation of small GTPases by
catalyzing the exchange of GDP for GTP.4 Most Rho GEFs in
animals contain a DH domain located at the N-terminus of the
pleckstrin homology (PH) domain. Although these DH-PH-type
Rho GEFs have large gene families and are widespread in animals,
none have been found in plants.5 Instead, plants contain the Rac/
Rop GEFs with a PRONE domain, which constitute a large
family in the plant kingdom.6,7 There are 14 and 11 PRONE-type
Rho GEFs in Arabidopsis and rice, respectively.8 Recently, we
have identified OsSWAP70A as a novel Rac/Rop GEF for plants.1

SWAP70 contains both DH and PH domains, but their

arrangement is the reverse of that in typical DH-PH-type Rho
GEFs, wherein the DH domain is flanked by a C-terminal PH
domain.9 OsSWAP70A showed GEF activity toward OsRac1,1

one of seven of rice Rac/Rop GTPases which regulate a series of
PTI and ETI responses including cell death, the production of
reactive oxygen species (ROS), the activation of pathogenesis-
related genes, lignification, and the production of phytoalexin.10-12

In addition, OsSWAP70A regulates chitin-induced ROS produc-
tion and defense gene expression possibly though OsRac1 in rice.1

Recently, we have reported that Arabidopsis contains a single
SWAP70 gene (At2g30880).1 AtSWAP70 possessed a DH domain
at the C-terminus of the PH domain (Fig. 1A), a charac-
teristic of the human SWAP70 Rho GEF.9 Although similarity
between the amino acid sequences of AtSWAP70 and human
SWAP70 was limited in the PH and DH domains, AtSWAP70 was
highly homologous (64% identity; 90% similarity) to
OsSWAP70A overall. The PH and DH domains of AtSWAP70
had 85.1% and 64.5% identity to those of OsSWAP70A,
respectively (Fig. 1B and C). The PH domain contained four
basic amino acids conserved in the PH domains of animal SWAP70
proteins, which are critical for binding to phosphatidylinositol
3,4,5-triphosphate (PtdIns(3,4,5)P3).13 Predictions of the second-
ary structure of the AtSWAP70 DH domain using Jpred3 (www.
compbio.dundee.ac.uk/www-jpred/) indicated entirely a-helices
(data not shown), which coincided with the conserved three-
dimensional structure of typical DH domains, suggesting that
AtSWAP70 belongs to the DH family of Rho GEFs.

To evaluate the role of AtSWAP70, we analyzed a mutant
(GABI_096E03) of AtSWAP70, in which T-DNA was inserted at
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the 6th intron (Fig. 2A). No transcript of AtSWAP70 was
detected in the mutant by RT-PCR using AtSWAP70-specific
primers (Primer A and Primer B) (Fig. 2B). The atswap70 mutant
was morphologically wild type, suggesting that AtSWAP70 was
dispensable for normal plant development under our growth
conditions. To examine the possible function of AtSWAP70 in
PTI responses, we measured the in planta growth of Pseudomonas
syringae DC3000 and P. syringae DC3000 hrcC, a type III
secretion system-deficient mutant unable to deliver type III

effectors into host cells. The growth of P. syringae DC3000
hrcC was suppressed as compared with P. syringae DC3000
(Fig. 2C), which is explained by the fact that P. syringae
DC3000 hrcC is unable to inhibit PTI because of a loss of
the type III effector delivery. The growth of P. syringae
DC3000 hrcC in atswap70 was 2-fold that in the wild-type
Col-0 (Fig. 2C), although no significant difference between
the wild type and atswap70 in the growth of P. syringae
DC3000 was found, suggesting that PTI was partially
compromised in the atswap70 mutant.

To elucidate whether AtSWAP70 participates in ETI
induced by the recognition of AvrRpm1, a Pseudomonas
Type III effector, with the Arabidopsis NB-LRR R-protein
RPM1, we quantified RPM1-dependent HR by monitoring
electrolyte leakage.14 Wild-type Col-0 leaves inoculated
with P. syringae DC3000 (avrRpm1) displayed increased
ion leakage at 3–6 h after inoculation, which was not
detected in Col-0 inoculated with P. syringae DC3000. The
atswap70 mutant showed significantly less ion leakage than
Col-0 in repeated experiments (Fig. 2D). It is therefore
likely that AtSWAP70 positively regulates RPM1-dependent
HR. However, there was no difference in bacterial growth
between Col-0 and atswap70 (data not shown).

The data shown here indicates that AtSWAP70 plays
important roles in PTI and ETI, suggesting that AtSWAP70
controls host immune responses possibly through regulation
of ROP/Rac activity in Arabidopsis. In fact, rice OsRac1
activated by OsSWAP70A has been demonstrated to func-
tion as a key regulator for PTI and ETI.15,16 Although there
are 11 ROP GTPases in Arabidopsis,8 no involvement of
these ROP GTPase in immune responses has been
found. The identification of ROP GTPases regulated by
AtSWAP70 would help us to understand the roles of ROPs
in Arabidopsis immune responses.
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Figure 1. Identification of Arabidopsis SWAP70. (A) Schematic representation
of AtSWAP70, showing the Pleckstrin homology (PH) and Dbl homology (DH)
domains. (B) Comparison of amino acid sequence between the PH domains
of AtSWAP70, OsSWAP70A and human SWAP70. Identical and similar amino
acid residues are indicated by vertical bars and dots, respectively. Shaded
boxes indicate PtdIns(3,4,5)P3-binding sites. (C) Alignment of the amino acid
sequences of the DH domains of AtSWAP70, OsSWAP70A and human
SWAP70. Identical and similar amino acid residues are indicated by vertical
bars and dots, respectively.
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Figure 2. The AtSWAP70 T-DNA insertion mutation partially compromised PTI and ETI. (A) Schematic map of the T-DNA insertion mutation in AtSWAP70.
The black and gray boxes indicate the translated and untranslated regions, respectively. T-DNA is located at the 6th intron. The arrows indicate primers
(primer A and primer B) used for RT-PCR. (B) The RT-PCR analysis of AtSWAP70 mRNA in the mutant. Arabidopsis Ubiquitin (UBQ)10 was used as a control.
(C) Bacterial growth with Pst DC3000 and Pst DC3000 hrcC in atswap70 and Col-0 at 3 d post-inoculation. An asterisk indicates a significant difference with
the t-test at p , 0.01. (D) Conductivity of a solution containing four leaf disks from either Col-0 or atswap70 inoculated with Pst DC3000 (avrRpm1) or Pst
DC3000 at 107 cfu/ml.
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