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Identification and properties of a small protein that interacts
with a tobacco bZIP-type transcription factor TBZF
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Abstract  The tobacco bZIP transcription factor, TBZE functions in leaf senescence and floral development. In order to
identify TBZF-interaction partner(s), we screened a cDNA library constructed from leaves of tobacco (Nicotiana tabacum
cv. Xanthi) by the yeast two hybrid method. Among 16 clones initially identified, one clone was further characterized
because of its highly specific binding to the bait. The full length cDNA of 776 bp encoded a polypeptide of 12.5kDa, which
was designated NtTIP1 (Nicotiana tabacum TBZEF-Interaction Protein 1). A high similarity was scored to potato CI21A, a
member of the ASR/CI21 family of proteins, most of which are induced by biotic and abiotic stresses. NtTIP1 was revealed
to be localized in the nucleus by fluorescence assay of NtTIP1-GFP fusion protein in onion epidermal cells. Both NtTIPI and
TBZF transcripts accumulated at high levels in flowers and senescing leaves. The expressional correlation was also observed
particularly after 6 h cold stress, and after ABA, JA and ethylene treatments. The results suggest that NtTIP1 and TBZF form

a complex in vivo, and they possibly function in flower development and stress response.
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The bZIP transcription factors form a large diverse
family. More than 200 genes for bZIPs have so far
been identified in plants and the number may further
increase in future. Even in a single species, the genes
constitute a superfamily. For example, Arabidopsis
genome analysis revealed that this organism contains
almost 75 forms (Riechmann and Ratcliffe 2000).
The bZIPs are characterized by a basic region, that
establishes sequence-specific DNA binding, and an
adjacent section of heptad leucine repeats that form two
parallel o helices arranged as a coiled-coil. This enables
dimerization of two proteins, which determines the
orientation of the basic domains within the major groove
of the DNA (Landschulz et al. 1988; Vinson et al. 1993).
The bZIPs have been suggested to form homodimers
and heterodimers and also to interact with non-bZIP
type proteins to regulate transcription. Identification
of proteins interacting with bZIP proteins should
thus provide valuable clues to determine regulatory
mechanisms underlying bZIP dependent gene regulation.
For example, yeast two hybrid screening identified
seven genes encoding 14-3-3 proteins, which specifically
interact with RSG, a bZIP-type transcription factor

involved in the gibberellin signaling pathway (Igarashi et
al. 2001). Such an interaction between bZIPs and 14-3-3
proteins appears to be involved in translocation to the
nucleus (Igarashi et al. 2001).

Functional roles of bZIP transcription factors have
been documented in response to light (Oyama et al.
1997), hormones (Fukazawa et al. 2000), and biotic
(Zhou et al. 2000) as well as abiotic stresses (Ito et
al. 1999). They are also involved in cell proliferation
(Mikami et al. 1995) and developmental processes
(Chuang et al. 1999). In our previous report, we
described identification of two tobacco bZIPs, TBZF
and TBZ17 (Yang et al. 2001). Their encoding genes
were originally isolated from aged tobacco leaves
and found to show 73% identity with each other. Both
proteins are located in nuclei where they preferentially
bind to DNA fragments through the G-box motif and
show transactivation activity. In situ hybridization
analysis revealed transcripts of TBZF and TBZ17 to be
predominantly located in guard cells and vascular tissues
of senescing leaves. Accumulation of TBZF transcripts
could also be shown in developing flower organs.
These results suggest that TBZF and TBZ17 are both

Abbreviations: bZIP, basic region leucine zipper protein; 3-AT, 3-aminotriazole; SD, synthetic dextrose; ASR, ABA/water stress/ripening-induced;

CI21, Cold-induced 21.
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involved in controlling transcription of genes related
to functions of guard cells in senescing leaves and that
TBZF bifunctionally acts in floral development (Yang et
al. 2001).

The yeast two-hybrid screening was performed using
the HybriZAP vectors Cloning System (Stratagene). In
order to obtain a prey population, an expression cDNA
library was generated in pAD-GAL4 (Stratagene) using
mRNA isolated from tobacco leaves, so that fusion
products of the GAL4 activation domain and proteins
from tobacco cDNAs could be produced. The original
library contained approximately 2X10” independent
clones. Plasmids were obtained by in vivo excision using
a helper phage (ExAssist, Stratagene) and employed
for subsequent transformation of yeast. For the bait
construct, the entire coding region of TBZF was cloned
into the pBD-Gal4 Cam vector to produce a fusion
of the GAL4 DNA binding domain and TBZF (pBD-
TBZF). Yeast strain Y190 was first transformed with
pBD-TBZEF and it was confirmed that pBD-TBZF did not
activate reporter genes. The library plasmids described
above were then introduced into yeast harboring
pBD-TBZF by the polyethylene glycol/lithium acetate
method. Transformants (1X10°) was harboring the bait
and prey plasmids were screened on plates containing
20mM 3-aminotriazole (3-AT) in synthetic dextrose
(SD) medium without Trp, Leu and His. Interaction
assays were performed on plates containing 0, 25, 50 or
75mM 3-AT in SD medium without Trp, Leu and His.
For qualitative f-galactosidase assessment, activity was
detected in filter-lifting assays using 5-bromo-4-chloro-
3-indolyl 5-p-galactoside. For quantitation, yeast cells
were grown overnight in SD selection medium, diluted
1 to 5 in YPDA medium and grown for an additional 3
to 5h at 30°C. Three independent colonies were assayed
for each construct. As the substrate o-nitrophenyl -p-
galactopyranoside was applied and p-galactosidase
activity (U) was calculated as U=1,000X(OD,,)/[Time
(min) X Vol (ml) X (ODg)].

In order to identify proteins interacting with TBZF,
a cDNA library containing 10”7 independent clones
was screened using the yeast two-hybrid system. Prior
to screening, pBD-TBZF fusion protein was confirmed
not to activate transcription of reporter genes by itself
(data not shown). A total of 1.8X10° transformants were
screened for their ability to grow on medium without His
and in the presence of 20 mM 3-AT. This initial screening
identified 135 colonies, which were subsequently tested
in the qualitative f-galactosidase assay. Sixty three
colonies were positive for activation of both HIS3 and
LacZ. Plasmid DNAs were prepared from these colonies
and transformed into the Y190 strain to confirm whether
the activation was indeed due to the presence of the
fusion protein. The results showed 16 clones to be able
to activate HIS3 and LacZ in the presence of pBD-TBZF
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Figure 1. Clones encoding the TBZF-interaction proteins. (A) Yeast

two-hybrid screening of tobacco leaf cDNA library for the identification
of the clones encoding TBZF interacting proteins. The yeast cells
carrying pBD-TBZF were transformed with the cDNA library. The
colonies grown on SD medium (-Leu/Trp/His) containing 20 mM
3-AT were selected. The clones carrying pAD-TBZ17 and pAD-TBZF
were eliminated and the residual candidate clones were retransformed
to yeast cells carrying pBD-TBZE The resulting 16 clones were tested
for their strength of TBZF-interaction activity. BLAST results of cDNA
clones 1-16 are listed in supplementary Table 1, clone 1 corresponds to
NtTIP. (B) -galactosidase assay of the clones. Colonies grown on SD
medium (-LTH, 0mM 3-AT) were used for filter-lift -galactosidase
assay. (C) Quantitative f3-galactosidase activity assay. Three individual
transformants were used to measure $-galactosidase activity. Vertical
bars represent standard deviations.

(Figure 1A, B, Supplementary Table 1). Of them, clones
1,2,7,8, 15 and 16 strongly activated the reporter genes.
In this study, clone 1, showing the strongest interaction
with TBZF (Figure 1C), was subjected to further analysis.
Vital growth of the transformant carrying pBD-TBZF
and clone 1 was observed even in the presence of 3-AT
at a concentration as high as 75mM (Figure 1A). First,
a full length cDNA was isolated, since the clone selected
by the two-hybrid screening was partial, using primers
for the vector and the ¢cDNA region. RACE-PCR
yielded a cDNA in size of 776 bp which contained the
entire ORFE. This cDNA, designated NtTIP1 (Nicotiana
tabacum TBZ Interacting Protein 1, accession number
HE664126) encoded a putative protein consisting of 110
amino acids with a predicted molecular mass of 12.5kDa,
which showed a high identity to tomato and potato
proteins (Figure 2A). A phylogenic tree indicated NtTIP1
to be closely related to potato CI21A, a member of the
ASR/CI21 family (Figure 2B). During the two-hybrid
screening, we identified TBZF and TBZ17 as interacting

Copyright © 2012 The Japanese Society for Plant Cell and Molecular Biology



S. H. Yang et al.

A

ScASR2 CBY(05743.1 MAEEK—HOHHHHI FHHKNKRTHGPVDYEH HLEKT. Al [ 58
IpASR2 AAP37981.1 MARFK—HOHHHHL FHHKNKRCHAGPVDYFY H FRTGE] GT‘-HAMF’;[ [ 58
SaAsr2 ABYS84853.1 MARFKHOHOHHHHL FHHKNKRCHAGPVDYFY HL FRTGE] el [ 60
NASR ACV52581.1 HHENKH YFH HLERVIFLE [ 45
NtTTP1 HE664126 MAFEK- YEH HLEH! I_Gl ¥ ¥ [ 55

kkkkkkpk khkkkkk s kkAkkAkAky  KAAE KAAAE o KAAAE

SCASR2 CBY05743.1 [ARKDPNAHREK TFEE 2R RA KeEa 108
IpASR2 AAP37981.1 AKKOPRHAHKHK TFEETAANARVAGGR AR « IKEARGEHHHHY— 112
SaAsr? ARY84853.1 AKKDPHHAHKHK TFEFTAANAZVAGERA (] KEMEGHHHHIEGY 116
NeASR ACV52581.1 AKKDPRHAHKHK T FEEETAAARA G A IKFAFS — 100
NtTTP1 HE664126 AKKDPRHAHKHK T EEETAAARZN G A IKFAFS — 110

Fhkdhkkokkddkhhhhhhhd Fhdd. dhhkhhdiddohhdhhdr *k Fhk.

80 ScASR2 (CBY05743.1)

L LpASR2 (AAP37981.1)

SaAsr2 (ABY84853.1)
NbASR (ACV52581.1)

100 NtTIP1 (HE664126)

0.02

Figure 2. NtTIP1 is a member of CI21/ASR family. (A) Amino acid sequence alignment of NtTIP1 and other CI21/ASR family proteins. (B) A
phylogenic tree among CI21/ASR family proteins. Amino acid sequences are from SaASR2 (Solanum arcanum), SCASR2 (Solanum chilense), LpASR2
(Lycopersicon peruvianum), NbASR (Nicotiana benthamiana), and NtTIP1.

pGFP2 (provided by Drs. Chua and Spielhofer) at Xbal
and Kpnl sites, yielding pNtTIP1::GFP. Onion bulbs cut
into 9 cm?* were bombarded with gold particles (Bio-Rad)
coated with pGFP2 or pNtTIP1::GFP (Hara et al. 2000).
After 6h incubation at room temperature under complete
darkness, the epidermal cell layers were viewed using a
microscope (Olympus Provis AX70) equipped with a
fluorescence module. Transformation with the plasmid
expressing GFP alone showed fluorescence throughout
the cell (Figures 3A, B), whereas the green fluorescent
signal was detected exclusively in the nucleus in cells

35S::GFP

35S:NtTIP1-GFP

Figure 3. Nuclear localization of NtTIP1 in onion epidermal cells.

Onion bulbs were bombarded with gold particles coated with pGFP2 transformed with the plasmid expressing the NtTIP1-
(A, B) and pNtTIP1::GFP (C, D) plasmids, respectively. Differential

interference contrast images (A and C) and fluorescence images (B and GEP fusion protein (Flgu.res 3C, D). .
D). Tomato ASRI transcripts are reported to be induced

by water deficit and during fruit ripening (Iusem et al.
1993; Rossi and Iusem 1994). Other family members,

proteins (data not shown). The above result clearly
indicates that a non-bZIP protein, NtTIP1, efliciently
interacts with TBZE, and that TBZF forms hetero- as well
as homo- dimer.

To reveal the subcellular localization of NtTIPI,
the entire coding region of NtTIP1 was subcloned into

potato c¢i21A and ci21B, have been shown to be induced
upon cold-, ABA- and osmotic-stresses (Schneider
et al. 1997; van Berkel et al. 1994). Expression of the
ASR/CI21 gene family is also reported to be regulated
during developmental processes (Gillapsy et al. 1993;
Iusem et al. 1993; Meekswager 1993; Thomas 1993).
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Figure 4. Tissue-specific expression of NtTIP1 and TBZF. (A)
Expression profiles of NtTIP1 and TBZF in flowering stage tobacco
plants. Total RNA was isolated according to the aurin tricarboxylic
acid (ATA) method (Nagy et al. 1988), or by the acid guanidinium
thiocyanate-phenol-chloroform (AGPC) method (Chomczynski
and Sacchi 1987). Total RNAs (20 ug per each lane) were separated
by electrophoresis in formaldehyde-1.2% agarose gels, blotted onto
Hybond N membranes (Amersham) and subjected to crosslinking by
UV irradiation. Hybridization was carried out as described previously
(Yang et al. 2001), using respective probes, ORF for NtTIPI and 3'-
UTR for TBZF. Lane 1, flower; lanes 2 to 8, indicate leaves of different
developmental stages. Leaf positions from the tip to the base of
flowering stage tobacco plants are serially numbered with leaves 6 to
8 being senescent; lane 9, root. Tobacco actin cDNA was used as a
loading control. (B) Expression of NtTIP1 and TBZF along with flower
development. Total RNAs were extracted from flowers at various
developmental stages. Flower stages were serially numbered from
young bud (stage 1), bud (stage 2), mature bud (stage 3), young flower
with closed petals (stage 4), young flower with open petals (stage 5),
mature flower with completely open petals (stage 6) and faded flower
(stage 7). rrn18-cDNA was used as a loading control. (C) Tissue
specificity of NtTIPI and TBZF in tobacco flower organs. Ovule (O),
sepal (Se), pistil (Pi), pink part of petal (Pel) and lower white part of
petal (Pe2) were prepared from flowers at stage 6. rrnl8-cDNA was
used as a loading control.

Therefore, the expression of NtTIP1 was analyzed
by northern hybridization along with that of TBZF.
NtTIP1 expression was highly correlated with leaf
age, as similar to that of TBZF (Figure 4A; Yang et al.
2001). Furthermore, NtTIP1 and TBZF transcripts were
highly abundant in flower organs (Figure 4A), while
the timing of their transcript accumulation during
flower development was different (Figure 4B). Namely,
NtTIP] expression started specifically in young flower
and mature flower of stage 5 and 6, whereas TBZF was
expressed throughout the flowering stages except in
faded flower of stage 7 (Figure 4B). Moreover, in mature
flower, the abundance of NtTIPI and TBZF transcripts
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Figure 5. Transcript accumulation of NtTIPI and TBZF in tobacco
plants subjected to cold stress and to hormonal treatments. Tobacco
seedlings, grown in controlled environment chambers at 25°C under
continuous white light (90 yumolm™?s™' photosynthetically active
radiation (PAR)), were transferred to liquid 1/2 strength MS medium
and maintained for another 2 days before treatment. Then the seedlings
were exposed to 4°C (Cold), or treated with 20 uM abscisic acid (ABA),
20 uM ethylene (Ethylene) or 20 M jasmonic acid (JA). For ethylene
treatment, plants were exposed to 10ul/l ethylene gas in special glass
containers. At each time point, 2nd and 3rd leaves from the tops of
plants were harvested, frozen in liquid nitrogen and stored at —80°C
until use.

was very much correlated; i.e., lower in pistils and highly
abundant in all other flower tissues (Figure 4C). The
expression of NtTIP1 and TBZF was induced by low
temperature, but with different profiles (Figure 5). Their
expression is also responsive to the phytohormones ABA,
ethylene and JA, again with different profiles (Figure 5).

This paper documents the isolation and
characterization of a gene encoding NtTIP1, non-
bZIP protein, as a TBZF-interaction partner. In plants,
a notable finding is RSG, a rice bZIP transcription
factor that interacts with a 14-3-3 protein, regulating
genes involved in the gibberellin biosynthesis pathway
(Igarashi et al. 2001). To our knowledge, NtTIP1 is the
second such case, and its complex with TBZF possibly
functions in regulation of genes related to development
and stress responses. Our findings also provide a
clue to physiological functions of ASR/CI21 family
proteins since their induction profile is consistent with
that for NtTIPI, including ABA- and cold-induction.
It is conceivable that small proteins of this family
interact with various bZIPs, thereby controlling their
transcriptional activity. Finally, it is worth to mention
that, in addition to TBZF/NtTIP1 interaction, TBZF
was confirmed to interact not only with itself to form
a homodimer but also with TBZ17, a related bZIP
protein as heterodimer (Yang et al. 2001, data not
shown). This is consistent with a report that TBZF forms
heterodimers with other bZIPs involved in regulation
of flower development (Strathmann et al. 2001). Taken
together, the available information indicates that TBZF
can interact with several bZIPs and non-bZIP (NtTIP1)
proteins in a complex manner. Although the exact
interaction mode has yet to be ascertained, it is highly
probable that such transcription complexes play roles in
switch-on/off of relevant genes.

Copyright © 2012 The Japanese Society for Plant Cell and Molecular Biology



Acknowledgements

This work was supported by the National Research Foundation of
Korea Grant funded by the Korean Government (MEST [NRF-
2010-0024596] to S.H.Y and [NRE-2009-0075812] to S.H.K)
and a grant from the BioGreen 21 Program, Rural Development
Administration [PJ008040] to S.H.K. This work was also supported
in part by Grant-in-Aids from the Japan Society for the Promotion
of Science to T.K. (19658039), the research funding programme,
“LOEWE, Landes-Offensive zur Entwicklung Wissenschaftlich-
dkonnomischer Exzellenz” of Hesse’s Ministry of Higer Education,
Research, and the Arts to T.B.

References

Chomczynski P, Sacchi N (1987) Single-step method of RNA
isolation by acid guanidinium thiocyanate-phenol-chloroform
extraction. Anal Biochem 162: 156159

Chuang CF, Running MP, Williams RW, Meyerowitz EM (1999)
The PERIANTHIA gene encodes a bZIP protein involved in the
determination of floral organ number in Arabidopsis thaliana.
Genes Dev 13: 334-344

Fukazawa J, Sakai T, Ishida S, Yamaguchi I, Kamiya Y, Takahashi
Y (2000) Repression of shoot growth, a bZIP transcriptional
activator, regulates cell elongation by controlling the level of
gibberellins. Plant Cell 12: 901-915

Gillaspy G, Ben-David H, Gruissem W (1993) Fruits—a
developmental perspective. Plant Cell 5: 1439-1451

Hara K, Yagi M, Kusano T, Sano H (2000) Rapid systemic
accumulation of transcripts encoding a tobacco WRKY
transcription factor upon wounding. Mol Gen Genet 263: 30-37

Igarashi D, Ishida S, Fukazawa ], Takahashi Y (2001) 14-3-
3 proteins regulate intracellular localization of the bZIP
transcriptional activator RSG. Plant Cell 13: 2483-2497

Ito K, Kusano T, Tsutsumi K (1999) Cold-inducible bZIP protein
gene in radish root regulated by calcium- and cycloheximide-
mediated signals. Plant Sci 142: 57-66

Tusem ND, Bartholomew DM, Hitz WD, Scolnik PA (1993) Tomato
(Lycopersicon esculentum) transcript induced by water deficit and
ripening. Plant Physiol 102: 1353-1354

Landschulz WH, Johnson PE, McKnight SL (1988) The leucine
zipper: a hypothetical structure common to a new class of DNA
binding proteins. Science 240: 1759-1764

Meeks-Wagner DR (1993) Gene expression in the early floral

S. H. Yang et al.

meristem. Plant Cell 5: 1167-1174

Mikami K, Katsura M, Ito T, Okada K, Shimura Y, Iwabuchi M
(1995) Developmental and tissue-specific regulation of the
gene for the wheat basic/leucine zipper protein HBP-1a(17) in
transgenic Arabidopsis plants. Mol Gen Genet 248: 573-582

Nagy F, Kay SA, Chua NH (1988) Analysis of gene expression in
transgenic plants. In Plant Molecular Biology Manual (Gelvin
SB and Schilperoort RA eds) Dordrecht. Kluwer Academic
Publishers, B4: pp 1-29

Oyama T, Shimura Y, Okada K (1997) The Arabidopsis HY5
gene encodes a bZIP protein that regulates stimulus-induced
development of root and hypocotyl. Genes Dev 11: 2983-2995

Riechmann JL, Ratcliffe OJ (2000) A genomic perspective on plant
transcription factors. Curr Opin Plant Biol 3: 423-434

Rossi M, Iusem ND (1994) Tomato (Lycopersicon esculentum)
genomic clone homologous to a gene encoding an abscisic acid-
induced protein. Plant Physiol 104: 1073-1074

Schneider A, Salamini F, Gebhardt C (1997) Expression patterns
and promoter activity of the cold-regulated gene ci21A of potato.
Plant Physiol 113: 335-345

Strathmann A, Kuhlmann M, Heinekamp T, Droge-Laser W
(2001) BZI-1 specifically heterodimerises with the tobacco bZIP
transcription factors BZI-2, BZI-3/TBZF and BZI-4, and is
functionally involved in flower development. Plant ] 28: 397-408

Thomas TL (1993) Gene expression during plant embryogenesis
and germination: an overview. Plant Cell 5: 1401-1410

van Berkel J, Salamini F, Gebhardt C (1994) Transcripts
accumulating during cold storage of potato (Solanum tuberosum
L.) tubers are sequence related to stress-responsive genes. Plant
Physiol 104: 445-452

Vinson CR, Hai T, Boyd SM (1993) Dimerization specificity of
the leucine zipper-containing bZIP motif on DNA binding:
prediction and rational design. Genes Dev 7: 1047-1058

Yang SH, Berberich T, Sano H, Kusano T (2001) Specific
association of transcripts of thzF and tbzl7, tobacco genes
encoding basic region leucine zipper-type transcriptional
activators, with guard cells of senescing leaves and/or flowers.
Plant Physiol 127: 23-32

Zhou JM, Trifa Y, Silva H, Pontier D, Lam E, Shah J, Klessig DF
(2000) 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 13: 191-202

Copyright © 2012 The Japanese Society for Plant Cell and Molecular Biology

399


http://dx.doi.org/10.1016/0003-2697(87)90021-2
http://dx.doi.org/10.1016/0003-2697(87)90021-2
http://dx.doi.org/10.1016/0003-2697(87)90021-2
http://dx.doi.org/10.1101/gad.13.3.334
http://dx.doi.org/10.1101/gad.13.3.334
http://dx.doi.org/10.1101/gad.13.3.334
http://dx.doi.org/10.1101/gad.13.3.334
http://dx.doi.org/10.2307/3869794
http://dx.doi.org/10.2307/3869794
http://dx.doi.org/10.1007/PL00008673
http://dx.doi.org/10.1007/PL00008673
http://dx.doi.org/10.1007/PL00008673
http://dx.doi.org/10.1016/S0168-9452(98)00250-7
http://dx.doi.org/10.1016/S0168-9452(98)00250-7
http://dx.doi.org/10.1016/S0168-9452(98)00250-7
http://dx.doi.org/10.1104/pp.102.4.1353
http://dx.doi.org/10.1104/pp.102.4.1353
http://dx.doi.org/10.1104/pp.102.4.1353
http://dx.doi.org/10.1126/science.3289117
http://dx.doi.org/10.1126/science.3289117
http://dx.doi.org/10.1126/science.3289117
http://dx.doi.org/10.1007/BF02423453
http://dx.doi.org/10.1007/BF02423453
http://dx.doi.org/10.1007/BF02423453
http://dx.doi.org/10.1007/BF02423453
http://dx.doi.org/10.1101/gad.11.22.2983
http://dx.doi.org/10.1101/gad.11.22.2983
http://dx.doi.org/10.1101/gad.11.22.2983
http://dx.doi.org/10.1016/S1369-5266(00)00107-2
http://dx.doi.org/10.1016/S1369-5266(00)00107-2
http://dx.doi.org/10.1104/pp.104.3.1073
http://dx.doi.org/10.1104/pp.104.3.1073
http://dx.doi.org/10.1104/pp.104.3.1073
http://dx.doi.org/10.1104/pp.113.2.335
http://dx.doi.org/10.1104/pp.113.2.335
http://dx.doi.org/10.1104/pp.113.2.335
http://dx.doi.org/10.1046/j.1365-313X.2001.01164.x
http://dx.doi.org/10.1046/j.1365-313X.2001.01164.x
http://dx.doi.org/10.1046/j.1365-313X.2001.01164.x
http://dx.doi.org/10.1046/j.1365-313X.2001.01164.x
http://dx.doi.org/10.1104/pp.104.2.445
http://dx.doi.org/10.1104/pp.104.2.445
http://dx.doi.org/10.1104/pp.104.2.445
http://dx.doi.org/10.1104/pp.104.2.445
http://dx.doi.org/10.1101/gad.7.6.1047
http://dx.doi.org/10.1101/gad.7.6.1047
http://dx.doi.org/10.1101/gad.7.6.1047
http://dx.doi.org/10.1104/pp.127.1.23
http://dx.doi.org/10.1104/pp.127.1.23
http://dx.doi.org/10.1104/pp.127.1.23
http://dx.doi.org/10.1104/pp.127.1.23
http://dx.doi.org/10.1104/pp.127.1.23
http://dx.doi.org/10.1094/MPMI.2000.13.2.191
http://dx.doi.org/10.1094/MPMI.2000.13.2.191
http://dx.doi.org/10.1094/MPMI.2000.13.2.191
http://dx.doi.org/10.1094/MPMI.2000.13.2.191
http://dx.doi.org/10.1094/MPMI.2000.13.2.191

