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Floral initiation process at the soybean shoot apical meristem may
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Flowering and seed set underpin most of the agriculture
production. In the 57 Issue of The Plant Journal, we analysed
the gene expression changes in the shoot apical meristem (SAM)
during the transition from vegetative to flowering phase in
soybean, an important legume crop. We identified a number of
genes that are actively transcribed or repressed during the transi-
tion to flowering and the annotation of which have allowed us to
infer the involvement of at least three hormonal pathways: those
that involve abscisic acid (ABA), auxin and jasmonic acid (JA) in
the regulation of floral initiation process in soybean. Intriguingly,
the induction of known floral homeiotic transcript that includes
APETALAI in the SAM occurred after the induction of these
hormonal transcripts adding a likely novel biochemical dimen-
sion to the current understanding of floral regulatory pathways.
In view of recent studies, a cross-regulatory mechanism involving
these hormones is proposed to operate at the SAM to initiate
flowering.

Introduction

Many flowering plants use the change in day length (photope-
riod) as signals for flowering. The molecular component underlying
the photoperiodic control of flowering remains unknown especially
in crop legumes. Molecular studies carried out in the long-day
model plant, Arabidopsis thaliana have nevertheless advanced our
understanding of floral pathways.! However, the application of
knowledge gained from Arabidopsis to legume crop plants can be
challenging as the reproductive phase in Arabidopsis involves the
cessation of leaf production to flower initiation while this phase in
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legumes such as soybean involves both the development of flow-
ering inflorescence and leaves.” Recent studies involving the use
of mutants? and transcriptome?-> have started to highlight unique
aspects of legume development.

Our current understanding of floral pathways is incomplete.
With the exception of giberellic acid, there is a lack of represen-
tation of other hormones such as abscisic acid (ABA), auxin or
jasmonic acid (JA) in current floral pathways although research
to date have implicated the involvement of these hormones in the
flowering process. We have used soybean as a model system to
uncover molecular events happening at the SAM in response to
SD-induced ﬂowering.G Our result implicates a cross-regulatory
mechanism involving ABA, JA and auxin in the floral initiation
process in soybean.

Involvement of Multiple Hormonal Pathways in the Floral
Initiation Process

We used soybean GeneChip® to investigate the molecular
events taking place in the soybean terminal shoot apex that leads
to the conversion of the SAM into an inflorescence meristem and
the initiation of the floral meristem as a result of short-day (SD)
photoperiod.® To identify events that specifically took place in
the SAM, SAMs were dissected under microscope from soybean
plants subjected to different length of SD treatment (0, 1, 2, 4
and 6 SD). The resulting microarray data was analyzed using
Microarray Significant Profiles (maSigPro)” to identify transcripts
with significantly differential expression profiles in the time-course
experiments.

A total of 331 transcripts with significant expression profile
changes were identified. Among them are putative soybean
orthologs of floral homeotic transcripts that includes APETALAI
(AP1), FRUITFUL (AGLS8) and AGL9 MADS BOX gene (Fig. 1).
Since we are interested in the molecular events that drive the floral
initiation process, we focus on transcripts with significant profile
changes on 1 SD i.e., preceding that of floral homeotic sequences.
Intriguingly, these are mostly related to ABA, auxin or JA (Fig. 2).

When our dataset was compared with the datasets generated
from a recent study in Arabidopsis analyzing the transcriptional
effects of ABA,® one fifth of the transcripts could be identified as
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Arabidopsis orthologs that are responsive to ABA.® Subsequent
measurement of ABA level in the soybean SAM verified the
increase of ABA during the floral initiation process® and hence
implicating the promoting role of ABA in flowering. ABA is
perceived as a stress hormone. Since there is a striking occurrence

Gan

of abiotic stress-related transcripts among the 331 sequences,
overlap of the floral signaling pathway in soybean with that of the
abiotic stress is therefore very probable. This is in line with a recent
report of the existence of a cluster of flowering control proteins in
the interaction network associated with abiotic stress.”

Auxin exerts the majority of its effect in plants as indole acetic
acid (IAA). Factors that influence the steady-state levels of free
IAA in plant cells include the biosynthesis by the tryptophan-de-
pendent pathway and the reversible conjugation with amino acid.
The increased expression of a putative IAA-amino acid hydrolase6
(Gma.3543.1.51_at) and tryptophan synthase (Gma.736.1.A1_at)
on 1 SD (Fig. 2), and the subsequent induction of auxin efflux
carrier and a number of auxin-responsive proteins imply the
increase of auxin level in the SAM during the floral initiation
process.©

Meanwhile, transcripts annotated to encode DEFECTIVE
IN ANTHER DEHISCENCE1 (DADI1; Gma.12487.1.51_
at), allene oxide cyclase (AOC; Gma.12166.1.S1_at), allene
oxide synthase (AOS; Gma.9894.1.S1_at), and s-adenosyl-l-
methionine: jasmonic acid carboxyl methyltransferase (JMT;
GmaAffx.47649.1.51_at) are also among the transcripts induced
at 1 SD (Fig. 2). Similar genes are known to be involved in the
biosynthesis of JA and its methylated form, methyl jasmonate
(MeJA). For example, in Arabidopsis DAD1 has been reported
to encode a novel phospholipase protein catalysing the initial step
of jasmonic acid biosynthesis!® while JMT has been reported to
catalyse the methylation of JA to form MeJA.!! All these provide
strong evidence of an increased level of JA in the SAM during the
floral initiation process.

Auxin has been found to be essential for inducing organogen-
esis in the Arabidopsis inflorescence meristem and is believed to
be present in floral primordia from an early stage.!** DADI
protein is found to be essential for synchronizing pollen matura-
tion, anther dehiscence and flower opening in Arabidopsis'® and
the accumulation of a high level of JA in the soybean flowers has
also been reported.!> Although these findings are associated with
the later stage of floral organ development, our study has indicated
that JA or auxin may play a novel role in regulating the floral
evocation process. Interestingly, in addition to the increase of JA
in the soybean flower,!> an independent study has also uncovered
the increased level of JA in soybean leaves during the flowering
process.'® Thus, there exists the possibility that JA may originate
from distant plants parts such as leaves and thus participate in long
distance signaling forming part of the floral inductive stimulus
transmitted from the leaves. Once it is in the SAM, it may trigger
further increase of JA level by activating the expression of tran-
scripts related to JA biosynthesis as observed in this study. Future
experiments characterizing the phloem sap from soybean plants
undergoing the floral transition process shall assess the possibility
of hormones reported in this study as part of the floral inductive
stimulus transported from leaves.
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Figure 1. Expression dynamics of putative floral homeiotic transcripts dur-
ing the floral initiation process in the soybean SAM with dramatic induc-
tion on 2 SD. Log,transformed normalized intensities are shown for each
time point under study (SD: short-day).

Recent studies have suggested that cross-regulatory mechanisms
are often involved in hormone signaling which increase the speci-
ficity of responses in different cellular contexts.!” For instance,
there has been evidence suggesting an interplay between ABA and
auxin during lateral root initiation with the existence of an ABA
signaling cascade controlling meristem activity after lateral root
emergence.!8 It is more than likely that similar cross-regulatory
mechanism involving these hormones operates at the SAM to
regulate flowering. Further double-mutant genetic analyses and
detailed spatial localization studies shall help to resolve these
possibilities.

Potential Floral Repressors

Floral initiation process is also characterized by the downregula-
tion of genes and these could represent potential floral repressors
with their transcription inactivated for the floral evocation process
to occur in the incipient floral primordia. Transcripts down-
regulated at 1SD include transcripts predicted to encode glycosyl
hydrolase family 1 protein (GH; Gma.16515.2.S1_a_at), hypoxia-
responsive family protein (HP; Gma.3013.1.S1_s_at) and basic
helix-loop-helix ((HLH; GmaAffx.79175.1.S1_at) family protein
(Fig. 3). It is intriguing that the Arabidopsis counterpart of the
identified GH is reported to encode myrosinase and there has been
speculative model associating myrosinase with ABA signaling!”
while hypoxia has been reported to interfere with ABA metabo-
lism.?? Whether the downregulation of these transcripts is related
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Figure 2. The expression profile for significantly induced transcripts during the floral transition process in soybean SAM. Activation of selected tran-
scripts predicted to encode: (A) 9 cis-epoxycarotenoid dioxygenase (NCED) and ABA-responsive element binding protein (ABRE); (B) (IAA}-amino acid
hydrolase6 (ILL6), tryptophan synthase (TS; Gma.736.1.A1_at); (C) DEFECTIVE IN ANTHER DEHISCENCE1 (DAD1), allene oxide cyclase (AOC;
Gma.12166.1.51_at), allene oxide synthase (AOS; Gma.9894.1.51_at), s-adenosyl-methionine: jasmonic acid carboxyl methyltransferase (JMT;
GmaAffx.47649.1.51_at). Logytransformed normalized intensities are shown for each time point under study (SD: short-day).

to ABA during the floral transition process in soybean SAM awaits
further study. Meanwhile, the bHLH proteins are a superfamily of
transcription factors that can bind to DNA target sites and hence
play important regulatory roles in diverse biological process. The
transcript encoding bHLH identified in this study likely represents
a novel floral repressor.
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Conclusions

Our study has implicated the involvement of multiple hormones
during the floral initiation process in soybean. Future challenge will
thus be to identify how these integrate into the current floral regu-
latory pathways and whether any of the potential floral repressor
identified represents key players in such pathway.
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Figure 3. The expression profile of transcripts significantly repressed
during the floral transition process in soybean SAM. Repression of
selected transcripts predicted to encode glycosyl hydrolase fam-
ily 1 protein (GH; Gma.16515.2.51_a_at), hypoxia-responsive fam-
ily protein (HP; Gma.3013.1.S1_s_at) and basic helix-loop-helix (bHLH;
GmaAffx.79175.1.51_at) family protein. Log,transformed normalized
intensities are shown for each time point under study (SD: short-day). Log,-
transformed normalized intensities are shown for each time point under

study (SD: short-day).
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