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CnAlIP2 (Callitropsis nootkatensis ABI3-Interacting Protein 2) was previously identified as a protein that interacts with
the yellow-cedar ABI3 protein. CnAIP2 plays important roles during several key transitions of the plant lifecycle and acts
as a global regulator with functions opposite to those of ABI3 proteins. Here we report that the CnAIP2 gene promoter is
strongly upregulated by all of the major plant hormones. Young Arabidopsis seedlings expressing a chimeric CnAlP2,, -
GUS construct were subjected to exogenously applied hormones; the maximum fold-enhancement of GUS activity was
as high as 47-fold, and each hormone showed a distinctive cell/tissue-specific pattern of GUS induction. By far the great-
est response was elicited by the synthetic auxin 2,4-D (47-fold induction); the other hormones tested stimulated GUS
activities by 8- to 21-fold. The CnAIP2 promoter also responded to glucose and salt (NaCl), albeit to a lesser extent (2- to
3-fold induction). As well as acting in an antagonistic way to the global regulator ABI3, CnAIP2 appears to participate in
multiple hormonal crosstalk pathways to carry out its functions.

Seeds of yellow-cedar (Callitropsis nootkatensis, formerly
known as Chamaecyparis nootkatensis) exhibit deep dormancy
at maturity and require several months of cool moist conditions
to break dormancy. As a high elevation species whose seeds are
dispersed in the fall, seed dormancy represents an adaptive trait
that prevents germination during the cold winter months. We
have isolated the ortholog of the ABI3 gene from yellow-cedar,
CnABI3 (Callitropsis nootkatensis ABscisic Acid /nsensitive 3).
Characterization of the gymnosperm ABI3 in both yellow-cedar,
and in heterologous (angiosperm) hosts, shows that the CnABI3
protein has similar roles as its angiosperm counterparts.”? As
reported in a recent publication, using a yeast 2-hybrid approach,?
we further identified a new protein of yellow-cedar, CnAIP2,
that interacts with CnABI3. CnAIP2 plays important roles dur-
ing several key transitions of the plant lifecycle, and this protein
appears to act as a global regulator with functions opposite to
those of ABI3 proteins. Four processes or transitions are impacted
by CnAIP2: 1) eatly-to-mid seed development, in which overex-
pression of CnAIP2 decreases seed viability, 2) lateral root initia-
tion, 3) dormancy to germination, and 4) vegetative growth to
reproductive initiation (flowering). Expression of CnA]PZW in
roots and seeds is greatly enhanced by auxin.

Here we report that besides auxin, all of the major plant hor-
mones significantly increased the expression of a GUS reporter
gene driven by the CnAIP2 gene promoter. Glucose and salt
were able to induce expression by 2- to 3-fold. Multiple hormone
induction of gene expression is a unique characteristic of a plant
promoter.
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We first conducted analyses to identify putative responsive
cis-elements on the 2.6-kb CnAIP2 gene promoter fragment that
we had isolated previously* using the online software PLACE
(htep:/fwww.dna.affrc.go.jp/PLACE/,’) and PlantCare (http://
bioinformatics.psb.ugent.be/webtools/plantcare/html/®).  This
uncovered responsive elements to all the major plant hormones
including abscisic acid (ABA), gibberellins (GA), auxins, cyto-
kinins, and ethylene, and to the defense-response-hormones,
jasmonic acid (JA) and salicylic acid (SA) (Fig. 1A). Sugar-
responsive elements were also evident. Although this analysis
is only based on sequence similarities to the known responsive
elements (some of which are indicated in Figure 1), obviously
they may not represent bonafide response elements. Yet clearly
there were sufficient numbers of candidate sequences to warrant
further testing to determine their authenticity. This is verified
below by the hormonal responses when transgenic Arabidopsis
seedlings expressing CnAIP2 -GUS were treated with various
hormones.

In our recent report we showed that the CrAIP2 promoter was
strongly upregulated by auxin, especially by the synthetic auxin
2,4-D.% Here our further investigations indicated that all of the
major plant hormones were able to upregulate the expression of
this promoter. As shown in Figure 1B and C, ABA, GA, the
ethylene precursor ACC, BAP (cytokinin), jasmonic acid, and
salicylic acid all significantly increased GUS expression driven
by the CnAIP2 promoter. The treatments were performed for
24 h on 3-d-old seedlings using 5 pM of each hormone in half-
strength liquid Murashige and Skoog (MS) media. For the salt/
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Figure 1. CnAIP2 promoter putative cis-elements and hormonal responses. (A) Putative cis-elements of the CnAIP2 gene promoter analyzed using
the online software PLACE (http://www.dna.affrc.go.jp/PLACE/) and PlantCare (http://bioinformatics.psb.ugent.be/ webtools/plantcare/html/).
Each colored bar represents the approximate position along the promoter of a putative cis-element conferring responsiveness to the indicated
hormone. (B) Expression of GUS driven by the CnAIP2 gene promoter as indicated by the GUS histochemical assay using X-gluc as substrate. Staining
was conducted over 16 h on 3-d-old seedlings that had been treated for 24 h in a half-strength liquid MS medium containing 5 uM of hormone, 200
mM NaCl, or 6% glucose. The control is shown for 3-d-old seedlings incubated in half-strength MS medium (alone) for 24 h. (C) Enhancement of GUS
expression driven by the CnAIP2 gene promoter in seedlings treated as described in (B) as determined by the flurometric activity assay.” Numbers on
bars indicate the fold-increase of GUS activity elicited by each treatment as compared with that of the control (seedlings incubated in half-strength

MS medium alone).

high sugar treatments, the young seedlings were treated for 24 h
with 200 mM NaCl and 6% of glucose, respectively, in half-
strength liquid MS media. In the control seedlings incubated
in the medium lacking hormone, GUS expression was mostly
localized within the roots, especially in the top part of the root
adjacent to the hypocotyl, and at sites of lateral root initiation
(Fig. 1B;%). The cell-/tissue-characteristics of expression induced
or enhanced by the other hormones differed greatly from that
induced by the auxin treatments (Fig. 1B). In auxin-treated seed-
lings, there was a huge increase in GUS expression in roots, while
almost no effect was detected in cotyledons (and leaves), except
at the very tips (Fig. 1B;%). In sharp contrast, when seedlings
were treated with all of the other hormones, there were minimal
increases of GUS expression in roots, but significant upregula-
tion in cotyledons (Fig. 1B). We also detected upregulation in
the leaves of older seedlings (data not shown).
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The GUS expression driven by the CnAIP2 gene promoter
was also measured using fluorometric activity assays.” All of the
hormones upregulated GUS expression significantly, with activi-
ties increasing by several-fold, as compared with those of control
seedlings (Fig. 1C). The synthetic auxin 2,4-D had the strongest
effect, enhancing GUS activity by 47-fold. Treatment with high
concentrations of salt (200 mM NaCl) and sugar (6% glucose)
increased GUS activities by 2- to 3-fold. Although these latter
treatments enhanced the GUS activity to a lesser extent than did
the hormone treatments, the fold-enhancement (2- to 3-fold)
was nonetheless significant. It is unclear if the upregulation was
direct, or if these stresses mediated an enhancement of GUS activ-
ity through increasing the levels of specific hormones (e.g., ABA).

Our recent report showed that CnAIP2 plays important roles
in several key transitions of the plant lifecycle, such as during seed
development, flowering, and root development.® The functions
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of CnAIP2 appear to be the opposite of those of ABI3/CnABI3.
Intriguingly, CnAIP2 expression appears to be greatly affected by
all the major hormones, including JA and SA, which play major
roles in plant defense responses. Even sugar and salt at high con-
centrations also increased the expression of CnAIP2. It is evident
that CnAIP2 is involved in multiple hormonal crosstalk, and the
regulatory characteristics of the CnA/P2 gene promoter are unique
in this respect. Crosstalk between plant hormones in controlling
a given developmental process is very complex; it may involve 2
hormones, sometimes with antagonistic or synergistic actions, or
it may involve simultaneous or sequential interactions between
multiple hormones.® As an example of the former scenario, ABA
can have antagonistic interactions with SA and MeJA; yet the
effect of simultaneous hormone treatments on gene expression
reveals that ABA interacts with SA and MeJA cooperatively as
well” To respond to ever-changing environmental conditions,
plants have developed extraordinary flexibility and adaptability.

Plant hormones act in an interconnected complex network of
interactions and feedback circuits that determines the final
outcome of the individual hormone actions.'"” The responses of
the CnAIP2 gene promoter to all of the hormones tested indi-
cate that this gene is uniquely positioned at nodes of hormonal
crosstalk. Further mechanistic investigations on how CnAIP2
participates in hormonal regulation during the different life-
cycle transitions will be of great significance in understanding
the functions of both CnAIP2 and CnABI3/ABI3 genes.
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