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a  b  s  t  r  a  c  t

Plant  development,  as  occur  in  other  eukaryotes,  is  conducted  through  a complex  network  of  hormones,
transcription  factors,  enzymes  and micro  RNAs,  among  other  cellular  components.  They  control  develop-
mental  processes  such  as  embryo,  apical  root  and  shoot  meristem,  leaf,  flower,  or  seed  formation,  among
others.  The  research  in these  topics  has  been  very  active  in last  decades.  Recently,  an  explosion  of  new
data  concerning  regulation  mechanisms  as  well  as the  response  of  these  processes  to  environmental
changes  has  emerged.  Initially,  most  of investigations  were  carried  out  in  the model  eudicot  Arabidopsis
but  currently  data  from  other  plant  species  are  available  in the  literature,  although  they  are  still  limited.
The  aim  of  this  review  is focused  on  summarize  the main  molecular  actors  involved  in plant  development
regulation  in  diverse  plant  species.  A special  attention  will  be given  to the  major  families  of  genes and  pro-
teins  participating  in  these  regulatory  mechanisms.  The  information  on  the  regulatory  pathways  where
they  participate  will  be briefly  cited.  Additionally,  the importance  of  certain  structural  features  of  such
proteins  that  confer  ductility  and flexibility  to these  mechanisms  will  also  be  reported  and  discussed.

© 2015  Elsevier  GmbH.  All  rights  reserved.
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Introduction

The life cycle of a plant begins with a single cell zygote that
develops an embryo by asymmetric cell division and subsequently
new plant organs. In the eudicot Arabidopsis embryo includes a
basal root meristem, a central region hypocotyl and two seed leaves
or cotyledons, flanking a shoot apical meristem (SAM). The SAM is
a reservoir of undifferentiated stem cells that functions as a contin-
uous source of new cells yielding the adult root architecture. The
two meristems formed during embryogenesis give rise to the root
and shoot systems of the plant. The root stem cell niche (SCN) is a
part of the cell proliferation domain (Ivanov and Dubrovsky, 2013).
The SAM is the source of cells for all aerial organs produced after
germination (Nakajima and Benfey, 2002). The SAM has a highly
organized structure. It is subdivided into three domains: the central
zone (CZ) of pluripotent stem cells, the peripheral zone primordia
that contributes to the production of lateral organs, and the rib
zone (RZ). The CZ is maintained by an underlying organizing center
(OC). Below the OC is the RZ, which is responsible for the elonga-
tion of the stem. Cells in the peripheral zone and the RZ are rich
in cytoplasm and divide rapidly. In flowering plants like Arabidop-
sis thaliana during the vegetative phase the primordia develop into
leaves. Shoot meristems produce leaves on their flanks in regular
patterns called phyllotaxy. Therefore, the primary SAM produces all
the aerial structures of the adult plant, and alterations in SAM orga-
nization or function can have profound effects on vegetative and
reproductive plant morphology. Development of leaves from the
flanks of the SAM involves specification of proximodistal, dorsoven-
tral and mediolateral axes. Differential growth and morphogenesis
along these axes results in a planar organ specialized for photo-
synthesis. The final shape and complexity of leaves varies greatly
between species and within a plant leaf shape and size can also
vary depending on developmental stage and growth conditions.
The change to the subsequent generative phase is called floral tran-
sition, which is regulated by multiple flowering pathways that are
controlled by environmental and endogenous factors. Particularly,
the transition from vegetative to reproductive growth controlled by
day length is crucial. Day length is perceived in leaves and induces
a systemic signal, called florigen that moves through the phloem to
the shoot apex. At the SAM, florigen causes changes in gene expres-
sion that reprogram the SAM to form flowers instead of leaves. This
switch from vegetative to reproductive growth is one of the most

important plant developmental decisions because the right tim-
ing of the floral initiation is essential for the optimal production of
fruits and seeds that ensures reproductive processes. Additionally,
normal patterns of organogenesis in plants require coordination
between growth direction and growth magnitude.

Organogenesis in plants, as occur in animals, requires coor-
dination of complex transcriptional networks that regulate the
differential distribution of hormones. For instances, auxins are fun-
damental plant hormones in embryonic development (Möller and
Weijers, 2009), organogenesis (Vanneste and Friml, 2009), and
root cell patterning (Friml et al., 2003). Additionally, the transition
from vegetative to reproductive growth controlled by day length
is crucial. This switch from vegetative to reproductive growth is
important because of the right timing of the floral initiation is
essential for the optimal production of fruits and seeds in flower-
ing plants. The exposure to cold (vernalization) is also an important
factor. In this review, we give an overview of the main molecular
actors regulating developmental processes in plants. Most investi-
gations have been focused to regulatory mechanisms functioning in
A. thaliana, an angiosperm and eudicot model plant, but in the last
decade new data have been obtained in other plant species, either
monocots or eudicots including legumes. In this review a special
attention will be given to list the major families of genes and pro-
teins that participate in these mechanisms (Fig. 1). Additionally, the
importance of structural features that confer ductility and flexibil-
ity to the regulatory proteins has been pointed out in the last years.
These characteristics will be also discussed.

Embryo, root and shoot apical meristems development

Several factors are implicated in controlling the different func-
tional zones of the root meristem to modulate root growth, among
these, plant hormones auxins and cytokinins play crucial roles.
Auxin in root development has been established as a master reg-
ulator (Saini et al., 2013). Other hormones such as abscisic acid,
cytokinins, ethylene, jasmonic acid as well as brassinosteroids,
gibberellins, and strigolactones interact either synergistically or
antagonistically with auxin. The hormone synthesis as well as the
control of hormone levels involves the regulation of many differ-
ent genes and protein families. In this section, a briefly information
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