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Abstract: Endosomal trafficking plays an integral role in various eukaryotic cellular activities and
is vital for higher-order functions in multicellular organisms. RAB GTPases are important proteins
that influence various aspects of membrane traffic, which consequently influence many cellular
functions and responses. Compared to yeast and mammals, plants have evolved a unique set of
plant-specific RABs that play a significant role in their development. RABs form the largest family
of small guanosine triphosphate (GTP)-binding proteins, and are divided into eight sub-families
named RAB1, RAB2, RAB5, RAB6, RAB7, RAB8, RAB11 and RAB18. Recent studies on differ-
ent species suggest that RAB proteins play crucial roles in intracellular trafficking and cytokinesis,
in autophagy, plant microbe interactions and in biotic and abiotic stress responses. This review re-
captures and summarizes the roles of RABs in plant cell functions and in enhancing plant survival
under stress conditions.
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1. INTRODUCTION
Endocytic  trafficking  in  eukaryotes  is  vital  for  normal

growth and development as well as in stress signaling. The
major  players  involved in  the  process  include  RAS,  ARF,
RAN and SNAREs (soluble N-ethylmaleimide-sensitive fac-
tor (NSF) attachment protein receptors). Vesicular traffick-
ing targets the newly synthesized membrane or soluble car-
go proteins either for secretion via the plasma membrane (P-
M) or for degradation in lysosomes\vacuoles via the endo-
plasmic reticulum (ER) and trans-Golgi network (TGN) path-
way.

In animals and lower eukaryotes, RAS family members
function as signaling molecules that are activated by extra-
cellular stimuli and regulate intracellular signaling, which,
in  turn,  controls  gene  transcription,  thus  influencing  cell
growth and differentiation. Presently, no homologue of the
mammalian RAS has been identified in plants [1, 2]. In con-
trast, plant RAB, ARF, RHO and RAN GTPase proteins are
well characterized. It seems that only the RAS and RHO GT-
Pases are involved in signaling networks, whereas RAB and
ARF  family  of  proteins  are  involved  in  the  regulation  of
vesicular trafficking. RAN proteins are abundant in cells and
are involved in nuclear transport [3-5]. Most of these RAS
family  members  signal  through  a  wide  range  of  effectors,
such as  coat  complexes  (COP,  AP-1 and AP-3)  and lipid-
modifying enzymes (PLD1, phosphatidylinositol 4,5-kinase,
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and phosphatidylinositol 4-kinase). RAB GTPase regulates
intracellular  vesicular  transport  and the trafficking of  pro-
teins between different organelles via endocytotic and secre-
tory  pathways  in  both  plants  and  animals  [6-8].  They  are
more diverse in plants and mammals than in yeast [9]. Multi-
ple copies of RABs have been reported in plants and other
organisms; 52 in Oryza sativa [10], 57 in Arabidopsis thal-
iana  [11],  67  in  Populus  trichocarpa  [12],  11  in  Saccha-
romyces cerevisiae [13, 14], 7 in Schizosaccharomyces pom-
be [13], 31 in Caenorhabditis elegans [15], 33 in Drosophi-
la melanogaster [10] and 65 in Homo sapiens [16].

Phylogenetic  analyses  of  the  amino  acid  sequences  of
RAB GTPases suggest their segregation into different sub-
families on the basis of their localization and/or function in
membrane  trafficking  [17].  Plant  RABs  are  divided  into
eight  sub-families:  RAB1,  RAB2,  RAB5,  RAB6,  RAB7,
RAB8, RAB11 and RAB18. In silico analyses revealed that
monocots and dicots have divergent profiles, probably to ex-
ecute unique cellular functions between the two groups [10].
Plant RAB proteins appear to have followed a different evo-
lutionary pathway than animal or fungal RABs, as revealed
by recent functional information on plant RAB proteins and
discussed more in detail later in this review.

Plant and animal cells have similar core elements for G
protein-coupled signaling, however, they differ from animal
cells only in network architecture and intrinsic properties of
G  protein  elements.  In  comparison  to  animal  G  proteins,
plant G proteins are self-activating, and therefore the regula-
tion of their activation occurs at the deactivation step [18].
Molecular and biochemical analyses have shown that plants
have both heterotrimeric and small G proteins (small GTPas-
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es), both of which work as protein switches that are turned
on and off by the nucleotide GTP. When GTP is bound, the
G proteins and GTPases are “on” and activate downstream
signals [8, 19-21].

In recent years,  remarkable progress has been made in
understanding the endomembrane system in plants. Howev-
er it is still not clear how small GTPases participate in the
signaling steps that regulate developmental processes, con-
trol hormone biosynthesis or activity, and mediate biotic and
abiotic stress tolerance. In this review, we will focus mainly
on the structural and functional characterization of RAB pro-
teins in plants. However, the eukaryotic trafficking system
has to be summarized briefly so as to provide a better unders-
tanding of how plant RABs are compared to those of other
organisms.

2.  EUKARYOTIC  PROTEIN  TRAFFICKING  PATH-
WAYS

In eukaryotic organisms, each organelle membrane has a
specific arrangement of proteins and lipids and operates an
accurate and highly co-ordinated vesicular trafficking path-
way for the establishment and maintenance of compartmen-
talization. This intracellular compartment creates specialized
environments for various chemical reactions important for
cellular functions [22]. The trafficking process begins with
the  budding  of  transport  vesicles  from  donor  membranes
and  ends  with  their  fusion  to  target  organelles.  A  single
round in the transport process from vesicle budding to its fu-
sion involves two classes of RAS-like, small GTPase family
proteins.  These  are  SAR  (Secretion-associated  Ras-relat-
ed)/ARF, and RAB. The SAR/ARF act during vesicle budd-
ing, and RAB functions in targeting and/or tethering trans-
port  vesicles  to  specific  acceptor  compartments.  The
SAR/ARF  proteins  are  highly  conserved  among  species,
from yeast to mammals as well as in plants. In any one spe-
cies, the Rab gene number is typically larger than the num-
ber of Sar/Arf genes. For example, in S. cerevisiae there are
11 RAB/Ypt (yeast protein 2), one SAR and three ARF GT-
Pases [23, 24].

3. SMALL GTP BINDING PROTEINS IN PLANTS
Small GTP-binding proteins are monomeric G proteins

with molecular masses of 20-30 kDa, and they are related to
the α-subunit  of  heterotrimeric  G proteins.  The small  GT-
Pase super-family is structurally divided into five families,
including  RAS,  RHO,  RAB,  RAN  and  ARF  [17,  25,  26].
The RAB, RAN and ARF families are conserved in eukary-
otes  and  are  involved  in  different  cellular  processes.  The
genome of Arabidopsis has 11 Rho, 57 Rab, 4 Ran and 21

Arf genes [11]. In fact, RAB proteins constitute the largest
family of the small GTPases [27, 28].

RAS and RHO are signaling proteins mainly responsible
for  transmitting extracellular  signals  in yeast  and animals.
RAS homologs are absent in Arabidopsis [1]. The RHO fam-
ily in animals is composed of conserved sub-families, CD-
C42, RAC and RHO, while in plants it belongs to a unique
sub-family, ROP [4]. The RHO-related GTPases have high-
er  similarity  with  human RAC GTPases  and  therefore  are
called RAC GTPases [29].

The ROP GTPases control the assembly of filamentous
actin structures and the development of cell polarity in eu-
karyotes. ROPs also regulate multiple responses of plants to
abscisic acid (ABA) and auxin, including changes in gene
expression, pollen tube growth, root hair development, cell
cycle progression and H2O2 production [30].

RAN proteins regulate trafficking of  RNA and protein
molecules through nuclei  by regulating nucleocytoplasmic
transport during the G1, S, and G2 phases of the cell cycle.
They also play a role in the organization of microtubules dur-
ing the M phase [26, 27, 31]. In contrast to other signaling
proteins  like  RAS  and  RHO,  RAN  itself  is  not  a  mem-
brane-bound  protein.

ARF family members regulate intracellular vesicle traf-
ficking. They recruit cytosolic coat proteins (COP-I, COP-II
and clathrin coats) to transport vesicles [28, 32].

4. A BRIEF OVERVIEW OF THE STRUCTURE AND
FUNCTION (S) OF RABS

The RAB GTPases make up the largest subfamily of the
RAS super-family, and their role has been analysed in many
different  plant  species.  A  comparison  of  different  RAB’s
shows that they share 30-55% similarity at the primary se-
quence level. RAB proteins have several conserved structu-
ral domains (Fig. 1), including four guanine nucleotide-bind-
ing domains (G1, G3, G4 and G5), an effector-binding do-
main (G2), a membrane attachment domain (C-residues) and
YRG  domain  [33].  The  G1  (GDSGVGKT)  domain  is  in-
volved in Mg+ and phosphate binding. The G3 (WDTAGQ)
domain is the site where DTAG sequence interacts with the
γ-phosphate of GTP. The G4 (GNKXD) domain is  the re-
gion that  determines  guanine  specificity,  and the  G5 (ET-
SAK)  domain  is  the  site  where  ETSA  sequence  interacts
with the D residue in the NKXD sequence. The effector re-
gion G2 (YKATIGADF) specifies RAB function, and its TI-
GADF motif interacts with specific GTPase-activating pro-
teins GAPs [17]. The role of YRG is not well established.

Fig. (1). Schematic representation of the domain architecture of a typical RAB protein. Coloured rectangle represents different conserved mo-
tifs of GTP binding and hydrolysis. G1, G3, G4 and G5 are guanine nucleotide-binding domains and G2 is an effector-binding domain. YRG
domain function is not yet known. (A higher resolution / colour version of this figure is available in the electronic copy of the article).
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RABs are the first RAS proteins involved in the regula-
tion of vesicle trafficking. Like other small GTPases, they
function as molecular  switches that  cycle between a GTP,
membrane-bound, active form and a GDP, cytosolic, inac-
tive form. In the GTP-bound activated form, the RAB trans-
mits  signals  to  downstream effectors.  In  the  inactive  GD-
P-bound  form,  RAB  detaches  itself  from  the  membrane
(Fig.  2)  [8].

RAB proteins have to recruit GTPase activating protein
(GAP) to efficiently hydrolyse GTP because their intrinsic
GTPase activity is low. Once GTP is hydrolyzed, the GD-
P-bound  RAB  binds  to  the  GDP  dissociation  inhibitor
(GDI), which masks the geranylgeranyl moiety at the C-ter-
minus  of  RAB,  resulting  in  membrane  association.  Thus,
GDI  solubilizes  RAB GTPases  in  the  cytosol  for  the  next
round of GTPase cycle. Activation of RAB is catalyzed by
the  guanine  nucleotide  exchange  factor  (GEF),  which  re-
places GDP with GTP on RAB proteins. For signal execu-
tion, RAB GTPases must detach from RAB GDI and move
to the target organelle membranes. This step is facilitated by
the GDI displacement factor (GDF) [34], which comprises a
group  of  small  membrane  proteins  that  belong  to  the
PRA/Yip family [35]. Active RABs bound to GTP associate
with  RAB  effectors  to  activate  downstream  reactions.
Through genetic and biochemical approaches, a large num-
ber of RAB effectors have been identified [36-38] and can
be  categorized  as  (1)  tethers,  (2)  regulatory  factors  (i.e.,
GEF or GAP), or (3) others, like APPL (RAB5 effectors), a
protein  that  directly  links  RAB5  to  endosomal  signaling
[39-41]. Tethers are RAB effector proteins that function by
attaching transport vesicles to the target membranes and are
divided  into  two  groups  (1)  long  fibrous  proteins  and  (2)
large multiprotein complexes [22].  GM130,  giantin,  p115,
and EEA1 are examples of long fibrous RAB effector tether
proteins,  while  TRAPP,  COG,  exocyst,  CORVET,  and
HOPS  are  RAB  effector  tether  multiprotein  complexes.

5. FAMILY OF RAB PROTEINS IN PLANTS
The complete genome sequencing of A. thaliana, O. sa-

tiva,  S.  cerevisiae,  S.  pombe,  C. elegans,  D. melanogaster

and  H.  sapiens  has  uncovered  divergent  organizations  of
RABs encoded in different genomes. Plant RABs are more
diverse in comparison with those of other eukaryotes.

The genome of A. thaliana contains 57 RAB GTPases,
which  are  grouped  into  eight  clades  (RAB1/RABD,
RAB2/RABB, RAB5/RABF, RAB6/RABH, RAB7/RABG,
RAB8/RABE, RAB11/RABA, and RAB18/RABC). Out of
eight  clades,  six  clades  (RAB1,  RAB5,  RAB6,  RAB7,
RAB8 and RAB11) are conserved among plants, yeasts and
animals.  The  other  two  clades  are  not  found  in  yeast  but
have high similarity with the mammalian RAB2 and RAB18
[23].

The gene organization of each sub-family is conserved
in  the  genomes  of  Arabidopsis,  maize  and  rice.  In  these
genomes, RAB1  and RAB8  genes have eight exons; RAB2,
RAB6,  and  RAB18  have  six  exons,  and  RAB5  (except
OsRAB5D1) and RAB18 clade and RAB7 have seven exons,
indicating the common ancestral origin of the genes in a sub-
-family. However, RAB11 members have a different origin,
as  evidenced  by  their  highly  diverged  gene  organization
with  exon  numbers  varying  between  one  and  four  [10].

6.  ROLE  OF  RAB’S  IN  INTRACELLULAR  TRAF-
FICKING

On  the  basis  of  localization  of  RAB’s  in  different  or-
ganelles, their role in trafficking can be categorised as dis-
cussed in the following sections.

6.1. ER to Golgi Trafficking
The  RAB1/RABD  group  regulates  traffic  between  the

ER and the Golgi in yeast and mammalian cells and is wide-
ly conserved among eukaryotes.  Plant homologs of RAB1
complemented a mutation in the yeast RAB1 ortholog, YP-
T1,  indicating  that  its  function  is  conserved  in  plants  [42,
43]. Transient co-expression of mutant AtRABD2a and fluo-
rescent markers in tobacco cells showed there are five differ-
ent A. thaliana RAB1 homologs involved in ER-Golgi traf-
ficking [44].

Fig. (2). The RAB GTPase regulatory cycle. RAB-GTPases cycle between an active GTP-bound and an inactive GDP-bound state. GEFs ac-
tivate RAB, which, in turn, interact with specific effectors to mediate downstream pathways. GAPs stimulate the GTPase activity of RAB
proteins, catalyse the inactivation of their regulatory activity. (A higher resolution / colour version of this figure is available in the electronic
copy of the article).
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The RAB2/RABB homolog group is conserved in plants
and animals but  it  is  not  present  in budding yeast  [23].  In
mammalian cells, RAB2 localizes on cis-Golgi membranes,
interacts with Golgi matrix proteins, and acts in ER-Golgi
trafficking.  RAB2  homologs  are  well  conserved  among
plants. Some RAB2 group members in A. thaliana and Nico-
tiana tabacum  are expressed predominantly in pollen,  and
there  is  evidence  they  are  important  for  pollen  function.
Dominant-negative  mutants  of  NtRAB2  showed  slow
growth  of  pollen  tubes  and  reduced  transport  between  the
ER and the Golgi [45]. Fluorescent protein-tagging and im-
munoelectron microscopy studies showed that NtRAB2 is lo-
calized to the Golgi apparatus. Thus, as in mammals, RAB2
proteins in plants could be an important regulator of ER-Gol-
gi trafficking.

RAB6/RABH are involved in retrograde trafficking path-
ways from the Golgi to the ER. An A. thaliana  RAB6 ho-
molog, AtRABH1b could replace the function of yeast YP-
T6 [46]. Additionally, A. thaliana RAB6 proteins can physi-
cally interact with Golgi proteins that act as putative tethers
[47].

6.2. Secretion
The RAB8/RABE in mammals and SEC4, its yeast coun-

terpart, also participate in retrograde membrane trafficking.
Transgenic  A.  thaliana  constitutively  expressing  GF-
P-RABE1d revealed these to be associated with the Golgi ap-
paratus and PM in leaf.  These localization studies support
their proposed role in mediating the traffic of secretory vesi-
cles from the Golgi to the PM [48]. A study in A. thaliana
demonstrated that the RAB8 group regulates vesicular traf-
ficking in the secretory pathway, either at or after the Golgi
[49].  When  a  dominant-negative  AtRABE1  was  co-ex-
pressed with secGFP, the secretion of secGFP was disturbed
resulting in its accumulation in cells and getting misdirected
to the vacuolar transport pathway. In tobacco cells, the local-
ization of YFP-AtRABE1 on the Golgi also suggests that it
may function in the late secretory pathway. This result fur-
ther supported the conclusion that RABE1 acts downstream
of RABD2.

The  RAB11/RABA  group  is  the  largest  sub-clade  in
plant RABs. In A. thaliana, the RAB11 group comprises 26
members,  out  of  the  total  of  57  RABs  [50].  Similarly,  17
RAB11 group members are present in rice out of 52 RABs
[10].  However,  in  H. sapiens  only 3 RAB11 members are
classified as 66 RAB GTPases and 2 RAB11 group mem-
bers  out  of  11  RAB GTPases  in  S.  cerevisiae  [16,  51].  In
non-polarized  mammalian  cells,  RAB11a  localizes  to  the
membrane of recycling endosomes and regulates transport
from the sorting endosomes to the recycling compartments.
In polarized epithelial cells, RAB11a, RAB11b and RAB25
localize  to  the  apical  recycling  endosomes.  Though  the
RAB11 and RAB25 sub-classes appear to co-localize, yet it
seems these control distinct transport routes of the recycling
endosomes  and  the  Golgi  to  the  PM.  The  S.  cerevisiae
RAB11 homolog, Ypt31/32, is implicated in endocytic recy-
cling and vesicular export from the late Golgi compartment
to the PVC or the PM [52].

In  plants,  the  RAB11  group  is  divided  into  six  sub-
groups  (RABA1  to  RABA6).  Out  of  the  six  sub-groups,
RABA1 is  the  largest  subgroup  in  A.  thaliana,  which  has
nine members (RABA1a-RABA1i). RABA1 homologs are
absent  in  yeast  or  mammals.  In  A.  thaliana,  RABA1 sub-
group, RABA1a, RABA1b, RABA1c and RABA1d, expres-
sion is abundant in all tissues and these RABA1 proteins lo-
calize to a compartment adjacent to the TGN. Several lines
of evidence further indicate that RABA1 regulates transport
between the  TGN and the  PM and plays  a  role  in  salinity
stress tolerance in plants [52]. The N. tabacum RABA1 pro-
tein, NtRAB11b, localizes to the apical zone of the elongat-
ing pollen tubes and its  proper functioning is  essential  for
the  secretion  and  endocytic  recycling  at  the  tips  of  pollen
tubes [53]. The RABA2 sub-group shows high similarity to
mammalian RAB11 and yeast Ypt31/32, suggesting it may
function in post-Golgi or endocytic pathways. The RABA3,
A4, A5, and A6 have no homologs in yeast and mammals. A
recent  study  demonstrated  that  A.  thaliana  RABA2  and
RABA3 co-localize on a new post-Golgi membrane domain
in root tip cells [54]. The RABA2/A3 compartment was dist-
inct from, but often close to, Golgi stacks and the PVC, and
partly overlapped with the VHA-a1-positive TGN. Intrigu-
ingly, RABA2/A3 localized on cell plates in dividing cells
[54]. This finding suggests that these sub-groups might play
crucial roles in cytokinesis via the regulation of polarized se-
cretion.

Experimental  evidence  suggests  that  even  the  RABA4
subgroup in A. thaliana functions in polarized secretion as
shown in root hair cells. Enhanced yellow fluorescent pro-
tein  (EYFP)-tagged  RABA4b  specifically  localized  in  the
tips of growing root hair cells but was absent in mature root
hair cells that had stopped expansion [55]. The tip-localized
fluorescence was disrupted by treatment with latrunculin B,
which disrupts the actin cytoskeleton of cells, indicating that
the proper localization of RABA4b required actin polymer-
ization.  Interestingly,  most  of  this  protein  was  found  in  a
unique membrane compartment that  did not co-fractionate
with the TGN SNAREs, SYP41 or SYP51 [55]. Neverthe-
less, RABA4b was detected on the TGN by immunoelectron
microscopy [56]. These results suggest that there are at least
two distinct TGN-related compartments with different pro-
tein  contents.  Sub-cellular  localization  of  P.  sativum  GFP
tagged RABA3 and RABA4 proteins expressed in tobacco
BY-2 cells  showed PRA2 on Golgi  stacks and endosomes
predominantly, while PRA3 was present in the TGN and/or
the pre-vacuolar compartment, suggesting their differential
localization/function in the trafficking pathway [57].

At present, there are very few reports on the functions of
RABA5 and RABA6 proteins. Immunoelectron microscopy
of  pollen  indicated  that  one  member  of  the  A.  thaliana
RABA5 group, ARA4 (RABA5c), is localized on the Golgi
and adjacent vesicular structures [58]. The yeast two-hybrid
system  was  used  to  screen  molecules  that  interacted  with
ARA4  [59].  However,  the  physiological  function  of
RABA5/A6  is  still  not  clear.

Overall the plant RAB11/RABA group of RAB proteins
appear  to  reside  on  post-Golgi  organelles,  including  the
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TGN, and mediate both exocytic and endocytic trafficking.
Thus, they are likely to play an especially important role in
vesicle trafficking in polarized cells, including cell plate for-
mation during cytokinesis and the tip growth of pollen tubes
or root hairs.

6.3. Vacuolar and PVC/endosomal Trafficking
The RAB7/RABG and Ypt7p function in lysosomal and

vacuolar  biogenesis  in  mammals  and  yeast,  respectively.
Transient expression of GFP-fused OsRAB7 showed that it
localizes  to  vacuoles  in  Arabidopsis  protoplasts,  which
suggested  it  could  have  a  role  in  vacuole  biogenesis  [60].
Transgenic plants constitutively overexpressing AtRAB7 in
Arabidopsis had accelerated endocytosis in roots, leaves and
protoplasts, which could be due to faster vesicle trafficking
during endosome-vacuole fusion [61]. Other RAB7-related
proteins, like AtRABG3b/AtRAB75 were also shown to be
localized on the vacuolar membrane [62]. A proteomic analy-
sis of vacuoles isolated from rosette leaves of A. thaliana re-
vealed the presence of AtRABG3b and AtRABG3d/AtRA-
B72 [63], and the vacuolar membrane fraction showed RAB-
D2a/ARA5, RABE1c/ARA3, RABB1a and RABD2b. Some
of these RAB7-related proteins have been reported to func-
tion in ER-Golgi trafficking, which may suggest a direct traf-
ficking  route  from the  ER to  vacuoles  in  plants  [64].  The
physiological function of the RAB7 protein group is not yet
clear.  However,  overexpression  of  AtRABG3e  in  A.
thaliana conferred tolerance to both salt and osmotic stress
[61]. Similarly, the constitutive overexpression of PgRAB7
in  tobacco  and  rice  plants  also  enhanced  tolerance  to  salt
and osmotic stress [65, 66]. These reports suggest that the
RAB7/RABG group plays important roles in stress physiolo-
gy by regulating vacuolar functions.

In yeast and mammalian systems, the Yip/PRA1 family
of proteins facilitates the delivery of RAB GTPases to the
membrane  by  dissociating  the  RAB-GDI  complex  during
vesicle trafficking. As evaluated by the yeast two-hybrid as-
say, OsPRA1 (a putative prenylated rice RAB acceptor) is
an interacting partner of OsRAB7 along with other RAB GT-
Pases that are involved in vacuolar trafficking. Studies using
GFP as a tag found that OsPRA1 was localized to the pre-
vacuolar  compartment,  and  a  Northern  blot  analysis  re-
vealed its high expression in rice shoots and mature stems.
These results suggest that OsPRA1 may function as a RAB
effector for vacuolar trafficking in plants [67]. A trafficking
assay using Arabidopsis  protoplasts  showed that  the  point
mutant  of  OsPRA1  (Y94A)  strongly  inhibits  the  vacuolar
trafficking of cargo proteins but has no inhibitory effect on
the PM trafficking of H+-ATPase-GFP, suggesting its specif-
ic involvement in vacuolar trafficking. OsPRA1 also interact-
ed with OsVAMP3, implying its involvement in vesicle fu-
sion. A study using a yeast expression system showed that
OsPRA1 counteracts OsGDI2 activity and facilitates the de-
livery of OsRAB7 to the target membrane [68]. This result
is  consistent  with  the  conclusion  that  OsPRA1  targets
OsRAB7 to the tonoplast during vacuolar trafficking [68].

The RAB5/RABF is a very well characterized RAB GT-
Pase in mammals with respect to its localization and func-

tions.  It  localizes  on  the  PM  and  early  endosomes  and  is
shown to be involved in a wide range of endocytic events,
like biogenesis of clathrin coated vesicles, a homotypic fu-
sion between early endosomes, endosomal motility, compart-
mentalization of endosomal membrane domains, modifica-
tion of lipid moieties in endosomal membranes and endoso-
mal  signaling  [23].  All  green  plants  have  a  mammalian
RAB5  homolog  in  addition  to  a  group  of  plant-specific
RAB5s with unique structural features. This group lacks a
C-terminal variable region and the Cys motif, structural fea-
tures essential for localization, membrane binding, interac-
tion  with  GDI  and  the  function  of  RAB  GTPases.  These
plant RAB5s have an extra amino acid sequence present at
their N-terminus that is acylated and helps in membrane an-
chorage.

In plants, RAB5 was first identified in Lotus japonicas
[50], and later in Mesembryanthemum crystallinum [69] and
A. thaliana [70]. TBC2 functions as a GAP to cycle RAB5
from an active GTP-bound to an inactive GDP-bound state,
which is  required for  maintaining the dynamic changes of
RAB5 on phagosomes and serves as a switch for the progres-
sion of phagosome maturation [71]. There are three RAB5
homologs  in  the  A.  thaliana  genome,  ARA7/RABF2b,
RHA1/RABF2a and ARA6/RABF1. ARA7 and RHA1 are
conventional RAB5s and ARA6 is a unique RAB5 in plants.
All these RAB5 proteins are involved in the endocytic path-
way [70-74].  The endocytic  nature of  the ARA7-compart-
ments was futher confirmed by using BOR1, a boron trans-
porter that promotes endocytosis when induced by high con-
centration of boron [75]. During endocytosis, BOR1 passed
through  ARA7  endosomes  before  reaching  the  vacuoles.
Functional analysis with a dominant-negative ARA7 also in-
dicated its involvement in endocytosis. When the dominan-
t-negative  ARA7  was  overexpressed  in  A.  thaliana  plants
and  tobacco  BY-2  cells,  endocytosis  was  severely  sup-
pressed  [76].

Several  lines  of  evidence  have  suggested  that  plant
RAB5s also function in the vacuolar transport pathway. The
overexpression of dominant negative mutants of ARA7 and
RHA1 disturbed the transport of soluble vacuolar proteins to
the vacuole in N. tabacum leaf cells and A. thaliana proto-
plasts, respectively [77, 78]. These results indicate that con-
ventional RAB5s play their role where endocytic and biosyn-
thetic pathways are closely associated or merged. Recently,
using immunoelectron microscopy it was demonstrated that
all  RAB5s  are  localized  on  multivesicular  bodies  [79],
suggesting that at least some portion of the RAB5-bearing
endosomes corresponded to the organelle previously identi-
fied as the pre-vacuolar compartment. This evidence is also
consistent with the observation that RAB5 proteins mediate
both  endocytic  and vacuolar  transport.  However,  transient
expression analysis showed contradictory results about the
participation of plant unique RAB5 proteins in vacuolar tran-
sport. The overexpression of dominant-negative ARA6 did
not  perturb  the  transport  of  sporamin-GFP  to  the  vacuole
[78]  while  a  dominant  negative  construct  of  m-RABmc,  a
M. crystallinum ARA6 homolog, inhibited the trafficking of
aleurain-GFP to the vacuole [69]. This discrepancy can be
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explained by the fact that sporamin is a storage protein in tu-
bers,  while  aleurain  is  sorted  to  the  lytic  vacuole.  Further
physiological and genetic analyses with loss-of-function mu-
tants may clarify the differential effect of targeting by these
proteins.

In mammalian cells, the RAB18/RABC protein plays a
role in multiple cellular functions, including endocytic trans-
port [80], lipid droplet localization [81] and secretion [82];
however, its precise function is still unclear. Members of the
RAB  sub-family  C  in  Arabidopsis  have  homologs  called
RAB18 in mammals, but not in yeast. Mammalian RAB18s
are expressed in the polar epithelial cells and control endocy-
tosis [6, 83]. Thus substantial variation in the amino acid se-
quences  of  plant  and  animal  RAB18  proteins  in  the
conserved domains defines sub-class specificity and hence
their different roles.

6.4. Cytokinesis
Cytokinesis is the final stage of eukaryotic cell division

leading to  the  partitioning of  cytoplasm between daughter
cells.  Recent  evidence  from  different  organisms  suggests
that some RAB proteins may play a crucial role during cy-
tokinesis. When tagged with YFP, RAB11/RABA proteins
relocate  from  punctate  cytoplasmic  structures  to  the  cell
plate  during cytokinesis,  which suggests  a  role  for  RABA
GTPase  in  co-ordinating  membrane  traffic  to  or  from  the
cell plate [84]. A functional analysis of small RAB GTPases
in Arabidopsis revealed that RABA1c has a role in cytokine-
sis [84, 85]. Similarly, RABA2 and RABA3 were found on
a novel domain of the post-Golgi membrane and co-local-
ized with KNOLLE/AtSYP111 on cell plates during mitotic
phase [54]. In particular, these proteins localized to the grow-
ing  edges  of  the  cell  plates,  where  VHA-a1,  GNOM  and
PVC residents were excluded. Conditional expression of a
dominant-negative RABA2a construct resulted in enlarged
polynucleate cells with cell wall stubs. As these stubs are lo-
calized on the growing edges of cell plates, this result could
indicate that RABA2/A3 plays a role in cell plate formation,
possibly  by  regulating  secretion  or  endocytosis  associated
with developing cell plates.

7. ROLE OF RABs IN PLANT
RABs have been extensively studied in animals, but not

much work has been carried out in plants. The available liter-
ature suggests RABs were involved in plant growth and de-
velopment, autophagy, abiotic stress, plant-microbe interac-
tion and biotic stresses (Fig.  3).  The RAB GTPase and its
functions are summarized in Table 1.

7.1. Role of RABs in Plant Growth and Development

7.1.1. Pollen and Root Growth
RAB proteins are crucial regulators of vesicular traffick-

ing in  tip  growth both in  pollen tubes  and root  hairs  [85].
During  reproduction  in  flowering  plants,  the  germinating
pollen  tubes  grow in  a  directional  manner  towards  the  fe-
male  gametophyte  to  fertilize  the  egg  cell.  This  polarized

pollen tube growth at the tip is facilitated by the transport of
newly  synthesized  membrane  and  cell  wall  components.
Two  tobacco  RAB  GTPases  NtRAB2  and  NtRAB11b  are
important in this process. NtRAB2, a Golgi-localized RAB2
protein, is expressed predominantly in pollen [45]. The ex-
pression  of  a  dominant-negative  form  of  NtRAB2  was
shown to disturb ER-Golgi trafficking in pollen tubes and in-
hibited  the  transport  of  cargo  proteins  affecting  the  tube
growth.  However,  when  expressed  in  leaf  cells,  NtRAB2
was not properly recruited to the Golgi apparatus. This re-
sult  suggested that  pollen tubes may possess a specialized
mechanism for localizing NtRAB2 to the Golgi. For the cor-
rect  localization,  these  vesicles  require  an  intact  actin  cy-
toskeleton and functional GTPase cycle [45].

In Arabidopsis, there are also several RAB proteins asso-
ciated with pollen tube growth. For example, RABA4D is ex-
pressed at  the tips of growing pollen tubes.  Mutant pollen
with  a  disrupted  RABA4D  gene  showed  bulges  with  a  re-
duced rate of growth in vitro and altered deposition of cell
wall  components.  The wild  type phenotypes  could be res-
tored only with the EYFP-RABA4d expression and not with
EYFP-RABA4b in raba4d mutant pollen tubes. In vivo, dis-
ruption of RABA4D also resulted in a male-specific transmis-
sion defect, which was aberrant growth in the ovary and re-
duced guidance to  the  micropyle,  suggesting its  important
role in pollen tube growth [86].

Two other RABs associated with pollen in Arabidopsis
are AtRABD2b and AtRABD2c. These two have different
but overlapping expression patterns, but both are highly ex-
pressed  in  pollen.  These  proteins  localize  to  Golgi  bodies
and play important roles in pollen development, germination
and tube elongation. Both single as well as double mutants
of AtrabD2b and AtrabD2c did not show any morphological
changes in comparison to the wild-type plants during vegeta-
tive  growth,  except  that  the  siliques  were  shorter  than  the
wild type in the double mutants. Compared with wild-type
plants,  AtrabD2b/2c  mutants  produced  swollen  and
branched pollen tube tips, and their shorter siliques could al-
so be due to pollen defects [87].

Tube growth depends on vesicle  trafficking that  trans-
ports phospholipid and pectin to the tube tip. There are 328
vesicle  trafficking genes,  of  which 14 are  up-regulated by
the  gibberellin  signaling  pathway  during  pollen  develop-
ment, including RABA4D  and SNARE genes [88]. Loss of
AtSEC22  function  affects  gametophyte  development.  At-
sec22 mutant pollen becomes abnormal during the bi-cellu-
lar stage, giving rise to degenerated pollen grains. In many
mutants, embryo sacs failed to support embryogenesis and
displayed unfused polar nuclei in their central cell [89].

A role for RABs has also been demonstrated in root hair
growth.  RAB11/RABA,  (AtRABA4b)  are  expressed  in
roots, leaves, stems and flowers. Tip localization of AtRA-
BA4b-domains are required for the expression of root hair-
defective (RHD) gene products, which were found mislocal-
ized in rhd mutants. Recently, RHD4, a mutated rhd gene,
was  found  to  encode  a  phosphatidylinositol-4-phosphate
[PI(4)P] phosphatase. The product of the enzyme PI(4)P was
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Fig. (3). Role of RAB GTPase in plants. Role of RAB GTPase are mainly devided into three parts in plants: (1) growth and development, (2)
plant-microbe interaction and biotic stresses, and (3) abiotic stress. (A higher resolution / colour version of this figure is available in the elec-
tronic copy of the article).

localized  in  the  PM at  the  tip  region  of  growing  root  hair
suggesting  that  PI(4)P,  or  one  of  its  derivatives  (e.g.,
PI(4,5)P, generated by phosphatidylinositol-phosphate 5-ki-
nase),  may  act  as  a  positional  cue  in  this  region  [90,  91].
This  is  an  important  finding  linking  phosphoinositide
metabolism to RAB11/RABA functions. In further support
of this link, a study on the AtRABA4b effector protein re-
vealed that it interacted with the plant phosphoinositide ki-
nase (Pl-4Kβ1, phosphatidylinositol 4-OH kinase) and that
both proteins  co-localized to  the  tip-localized membranes,
and  played  a  role  in  controlling  the  growth  of  root  hairs
[56].

7.1.2. Plant Organ Shape
Plants acquired diverse organ shapes that are generated

from the geometries of their constituent cells. While animal

cells achieve shape through the internal support of their cy-
toskeleton,  in  plant  rigid  exterior  walls  provide  structural
support  along  with  the  turgor  pressure,  which  determines
cell  shape.  The  plant  cell  wall  resists  or  responds  to  the
changes in tension, compression, and shear that result from
cell division and expansion as organs take shape during de-
velopment.  Previous  studies  have  suggested  that  the  junc-
tions of two planar cell walls (the geometric edges) have spe-
cial mechanical properties to deal with these dynamic forces
[92]. However, little is known about the trafficking mech-
anisms that could regulate plant cell geometry.

Recent reports provide some insight on how RAB-A5c,
a RAB-GTPase could help regulate cell shape. This RAB is
preferentially expressed in the shoot meristem and emerging
lateral root meristem, which rapidly attains a conical organ
shape that pushes through the outer layers of the parent root.
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Table 1. Summary shows the RAB GTPase different functions with references.

S. No. Functions Gene Names ID (GenBank Number) References

1. Pollen and root growth

NtRAB2
AtRABA4D

AtRABD2B and AtRABD2C AtSEC22
AtRABA4B
RAB-A5C

AF397451.1
OAP01381.1

AED95483.1 and AEE83907.1
AEE28809.1
AEE87150.1
BAH19889.1

[45]
[86]
[87]
[89]

[56, 90, 91]
[95]

2. Development and autophagy

AtRABE/RAB8
OsRAB5A

AtRABG3E/AtRAB7
AtRABG3B
RAB3GAP,
AtRABD2A

NP_001078278.1
CAC19792.1
AEE32414.1
OAP16282.1
NP_848805.2
OAP18309.1

[48]
[98]
[100]

[100, 103]
[21]
[21]

3. Plant-microbe interaction and biotic
stresses

sRAB1, sRAB7, vRAB7
MtRab7

MtRAB7A1
MtRAB7A2
AtRABE1D

AtPEN1
TaRAB7

AoRAB-7A and AoRAB-2
AtRAB5

L14929.1; L14930.2; L14928.1
-

TC101145
TC94423

AED90617.1
OAO99188.1
AFC93432.1

XP_011120064.1;XP_011119978.1
AEE79298.1

[104]
[107, 108]

[48]
[109]
[110]
[111]
[112]

4. Abiotic stresses

SsRAB2
AtARA6

AtRABF1 (ARA6)
MiRAB5

OsRAB6A
OsRAB7

AtRAB7/ AtRABG3E
PgRAB7
PjRAB7

AtRABA5E/AtCPRABA5e
AtRABA1

AtRABA1A
AtRABA1B
AtRABA1C
AtRABA1D
PtRABE1B
SlRABGAP

SlRABGAP18
SlRaABGAP22

AAD30658.1
NP_567008.1

NP_001327724.1
AHF81484.1

LOC_Os03g09140.1
AAO67728.1

Q9XI98.1
AY829438.1
EF591762.1

NM_100462.5
-

NM_100520.4
NM_101553.3
NM_123942.2
NM_117996.6

Potri.008G051700
-

Solyc01g101090
Solyc03g082590

[113]
[114]
[115]
[116]
[118]

[60, 87] [120, 121] [61]
[65, 66]
[119]
[122]
[52]

[12]
[21]

A  quantitative  analysis  of  the  distribution  of  RAB-A5c
showed its preferential localization to the geometric edges
of cells in the developing lateral root and that it traffics from
the TGN to an edge-localized compartment via the exocytic
pathway [93]. A series of localization and perturbation exper-
iments showed that RAB-A5c also functions in the traffick-
ing  pathway  that  regulates  the  mechanical  properties  of
edges, which would allow the lateral root cells to attain prop-
er shape [93-95].

7.1.3. Role in Development and Autophagy
RAB proteins have also been implicated in growth con-

trol. When RABE expression was down-regulated in Arabi-
dopsis, the transgenic plants showed altered leaf morpholo-
gy and reduced plant  size,  indicating that  RABE-GTPases
play an important role in regulating plant growth [48]. Dur-
ing plant growth and development, deposition of cellulose
microfibrils in cell-wall is essential. Cellulose synthase com-

plexes located in the PM are the enzymes responsible for cel-
lulose synthesis. Trafficking of these complexes between en-
domembrane compartments (EC) and the PM is vital for cel-
lulose biosynthesis. In A. thaliana, RAB-H1b, a Golgi-local-
ized small GTPase, participates in the trafficking of CELLU-
LOSE SYNTHASE 6 (CESA6) to PM. Loss of function of
RAB-H1b resulted in altered distribution and motility of CE-
SA6  in  the  PM  and  reduced  cellulose  content.  Seedlings
with this defect exhibited short, fragile etiolated hypocotyls.
This may be due to the fact that exocytosis of CESA6 was
impaired in  rab-h1b cells,  and endocytosis  in  mutant  cells
was also compromised. Impaired exocytosis and endocytosis
of CESA6 lead to the accumulation of vesicles around an ab-
normal Golgi apparatus, which has an increased number of
cisternae  in  rab-h1b  cells,  suggesting  a  defect  in  cisternal
homeostasis caused by RAB-H1b loss function. This finding
is consistent with the hypothesis that RAB GTPases play a
key role in cellulose biosynthesis during hypocotyl growth
and  suggests  that  RAB-H1b  is  crucial  for  modulating  the
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trafficking  of  cellulose  synthase  complexes  between  en-
domembrane compartments and the PM and for maintaining
Golgi organization and morphology [96].

Several lines of evidence have suggested a relationship
between vacuolar/endosomal trafficking and autophagy. In
mammalian cells, RAB7 is needed for the maturation of au-
tophagosomes and, thus, for the progression of autophagy.
The RabG3b gene is also implicated in autophagy [97, 98].
In Arabidopsis, accumulation of autophagosome-like struc-
tures was observed in the embryos of mutants that have im-
pairments  in  VCL1,  a  VPS16  homolog,  and  in  VPS9a,
which encodes a GEF for RAB5/RABF proteins [99, 100].
Both these mutants exhibited embryonic lethality; but other-
wise,  they  had  distinct  phenotypes.  This  suggested  that
VCL1 and VPS9a act  in  distinct  trafficking pathways  and
that they might not play a direct role in autophagy. Recent re-
port found two new members of subclass VI with a RAB3-
GAP domain whose functional roles in plants unknown [21].
However, in animal homolog, genes participate in the deacti-
vation  of  RAB3  (a  homolog  of  plant  RABD),  interaction
with ATG8 in autophagy processes, or activation of a RAB
GTPase of subfamily C, acting as a GEF in degradative path-
ways and macro-autophagy. Intriguingly, a RABD of plants
(RABD2A) localizes with EHD1 or SYP41 proteins associat-
ed with salt-stress tolerance.

The phenotypes of transgenic plants overexpressing wild
type  (RABG3bOX),  constitutively  active  (RABG3bCA),
and  dominant  negative  (RABG3bDN)  forms  of  RABG3b
were indistinguishable from wild-type plants under normal
growth  conditions.  However,  both  RABG3bOX  and
RABG3bCA  plants  displayed  unrestricted  hypersensitive
programmed cell death when exposed to a fungal toxin, Fu-
monisin B1,  or  a  fungal  pathogen Alternaria brassicicola,
whereas  no  major  difference  was  observed  between  wild-
type and RABG3bDN plants. In addition, RABG3bOX and
RABG3bCA plants underwent accelerated leaf senescence
compared to wild type and RABG3b DN plants. These re-
sults suggest that RABG3b is a modulator for cell death pro-
gression during pathogen responses and senescence process-
es in plants [101].

Roles for RABs in development have also been studied
in crop plants. In peach 14 of the 24 genes encoding small
G-proteins are RABs. Some of these play key roles in fruit
development and maturation [102]. In rice, OsRAB5a plays
an essential role in the trafficking of storage protein to PBII,
as part of its function in organizing the endomembrane sys-
tem in developing endosperm cells [103].

7.2. Plant-microbe Interaction and Biotic Stresses
A number of studies have confirmed the role of vesicular

trafficking  during  symbiosis  and  nodule  formation  in
legumes. The peri-bacteroid membrane (PBM) surrounding
rhizobium in nodules originates from the fusion and expan-
sion of newly synthesized vesicles with the PM. To explore
the function of RAB GTPases in PBM biogenesis and nod-
ule  development,  several  genes  encoding  RAB  GTPases
were isolated from legumes, including sRAB1 and sRAB7

from  Glycine  max  and  vRAB7  from  Vigna  aconitifolia
[104]. Elevations in the transcript abundance of sRAB1 and
vRAB7 genes were observed during nodule formation, and
antisense suppression of these genes affected different steps
of nodule development. Antisense suppression of sRAB1 re-
duced the number of bacteroids in the cytoplasm and vac-
uoles, while antisense suppression of vRAB7 led to the accu-
mulation of late endosomal structures, including multivesicu-
lar bodies in the perinuclear region. These results indicate
RABs play critical roles in symbiosis and nodule formation.

Rhizobium  bacteria  from  N2-fixing  organelles,  called
symbiosomes, in the root nodules of legumes. The endocyt-
ic-like entry of rhizobia into nodule cells resembles the pha-
gocytosis  of  bacteria  into  animal  cells.  Using  membrane
identity  markers  such  as  regulatory  small  GTPases  and
SNARE proteins in Medicago truncatula, rhizobial symbio-
somes of Sinorhizobium meliloti were found to contain the
syntaxin MtSYP132 from the initiation of symbiosome till
their  complete  development  and  contained  endosomal
MtRAB7 once bacteria stopped dividing inside the host cells
[105, 106].

Roles  for  RABs  in  mediating  biotic  stress  responses
have also been documented. Phytophthora brassicae, a plan-
t-damaging oomycete that causes significant amount of crop
losses  worldwide,  produces  virulence  factors,  known  as
RxLR effector proteins, that are transferred into host cells to
suppress disease resistance. In the host cell, the conserved
RxLR effector interacts with host RABA-type GTPases to
block  vesicle-mediated  secretion  of  antimicrobial  proteins
such as PATHOGENESIS RELATED PROTEIN 1 (PR-1)
and DEFENSIN (PDF1.2), which function to block patho-
gen growth in the extracellular space. This important discov-
ery reveals a key role for RABs in plant-pathogen interac-
tions during host defenses [107, 108].

Other  studies  also point  to  the importance of  RABs in
plants’ responses to biotic stress. Although plant susceptibili-
ty to pathogenic Pseudomonas syringae bacteria was not af-
fected by the down regulation of RABE, constitutive expres-
sion of RABE1d-Q74L enhanced plant defences, conferring
resistance  to  P.  syringae  infection  [48].  When  elicitor
molecules  of  microbial  origin  called  Microbe  Associated
Molecular Patterns (MAMPs) act to trigger basal defence re-
sponses in plants, RAB-SNARE interactions may help medi-
ate these responses. The Arabidopsis syntaxin PEN1, a mem-
ber of the SNARE superfamily, is needed for the elicitor-me-
diated  induction  of  lipopolysaccharides  (LPS)  as  part  of
plant defenses, which would indicate it has a role in vesicle
trafficking  during  the  signaling  process  [109].  In  wheat,
knocking down TaRAB7 (Wheat RAB7 homologue) expres-
sion by virus-induced gene silencing enhanced the suscepti-
bility  of  wheat  cv.  Suwon 11  to  an  avirulent  race  CYR23
[110]. These results indicate that TaRAB7  plays an impor-
tant role in the early stage of wheat-stripe rust fungus interac-
tion and increases defense of wheat plant against the fungus
Pucinia striiformis f. sp. tritici. It was recently reported that
in  fungi  Arthrobotrys  oligospora,  two  RAB  GTPases
(AoRAB-7A and AoRAB-2) are involved in the regulation of
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mycelial  growth,  conidiation,  trap  formation,  stress  resis-
tance, and pathogenicity in the nematode [111].

Localization studies also implicate RABs in the biotic de-
fense  responses  of  plants.  Plant  RAB5  from  the  ARA6
group,  which  regulates  trafficking  events  distinct  from
RAB5 GTPases, was found to accumulate at the interface be-
tween host plants and biotrophic fungal and oomycete patho-
gens.  Recent  findings  suggest  that  A.  thaliana
ARA6/RABF1,  a  plant-specific  RAB5,  is  localized  to  the
specialized membrane that surrounds the haustorium (infec-
tion hyphae), the extrahaustorial membrane (EHM), formed
by the A. thaliana-adapted powdery mildew fungus Golovi-
nomyces orontii. The conventional RAB5, ARA7/RABF2b
was also localized to the EHM, endosomal SNARE whereas
the RAB5-activating proteins were not, which suggests that
the EHM has modified endosomal characteristic. The recruit-
ment of host RAB5 to the EHM was a property shared by
the barley- adapted powdery mildew fungus Blumeria grami-
nis f.sp. hordei and the oomycete Hyaloperonospora arabi-
dopsidis, but the extrahyphal membrane surrounding the hy-
pha  of  the  hemibiotrophic  fungus  Colletotrichum  higgin-
sianum at the biotrophic stage was devoid of RAB5. The lo-
calization of RAB5 to the EHM appears a link with the func-
tionality of the haustorium. This finding sheds light on the re-
lationship  between  plant  RAB5  and  obligate  biotrophic
pathogens  [112].

7.3. Abiotic Stress
Several reports reveal an important role of RAB proteins

in abiotic stress responses. A RAB2 homolog was induced
under dehydration in a desiccation-tolerant grass, Sporobo-
lus stapfianus [113]. Similarly, the enhanced expression of
RABF1 (ARA6), a plant-unique RAB5 protein, which regu-
lates an endosomal trafficking pathway in A. thaliana [114],
confers  greater  tolerance  to  salinity  stress  [115],  and  its
absence in rabF1 plants accelerates the senescence induced
by  dark  treatments  [115].  Recently  quantitative  RT-PCR
analysis of MiRAB5,  a RAB5  gene that is ubiquitously ex-
pressed in various tissues of the mango tree Mangifera in-
dica, demonstrated that it is up-regulated in response to vari-
ous abiotic stress conditions such as cold, salinity, and PEG
treatments, indicating that it participates in the signaling re-
sponse to these stresses [116].

Vesicle trafficking is shown to play a key role in facilitat-
ing the synthesis and modification of cell walls in fruits. Dur-
ing the process of fruit ripening, new cell wall polymers and
enzymes are synthesized and trafficked to the apoplast. Re-
cent review supports the finding that plant RABs (GTPases)
play  an  important  role  in  fruit  development  and  ripening
through vesicle trafficking to cell wall [117]. They also help
to mediate the Fe acquisition needed for plant growth and de-
velopment. The expression of a gene encoding the rice small
GTPase, OsRAB6a was rapidly and transiently up-regulated
by Fe deficiency. In Fe-sufficient medium, there were no dif-
ferences in growth and development among the OsRAB6a-
overexpression,  OsRAB6a-RNAi  (RNA  interference)  and
wild-type plants, but when grown in Fe-deficient medium,

plants overexpressing OsRAB6a showed greater tolerance to
the deficiency in comparison with OsRab6a-RNAi and wild-
type  plants,  exhibiting  larger  root  systems  than  wild-type
and  RNAi  plants.  In  both  wild-type  and  transgenic  rice
plants, exposure to Fe-deficient medium led to up-regulation
of OsIRO2, OsIRT1, OsNAS1 and OsNAS2 correlated with
the expression pattern of OsRAB6a. These findings suggest
that OsRAB6a plays an important role in the regulation of Fe
acquisition in rice plants both by modulating physiological
processes involved in Fe acquisition and by promoting an ex-
panded root system architecture in response to Fe-deficient
medium [118].

The expression of  a  rice  RAB7  gene was differentially
regulated by various environmental stimuli such as cold, Na-
Cl, dehydration, and ABA [60]. The transgenic plants over-
expressing AtRAB7 showed increased tolerance to salt and
osmotic stresses and reduced accumulation of reactive oxy-
gen species during salt stress [61]. Transgenic tobacco con-
stitutively overexpressing PgRAB7 (from Pennisetum glu-
acum) also showed tolerance to both hyperosmotic and hype-
rionic  stress  [65]  and  those  overexpressing  a  RAB7  from
Prosopis juliflora (PjRAB7) showed enhanced salt stress tol-
erance [119].  When RAB7 from O. sativa  was ectopically
expressed in Escherichia coli it conferred tolerance to heat,
cold  and  salt  stress  [87].  Overexpression  of  OsRAB7  en-
hanced tolerance to salt stress in transgenic rice plants, fur-
ther supporting the hypothesis that vacuolar trafficking is im-
portant for salt tolerance in plants [120]. Consistent with this
result, transgenic O. sativa plants constitutively overexpress-
ing  PgRAB7  also  showed  tolerance  to  both  drought  and
salinity stress. Rice plants overexpressing PgRab7 under Na-
Cl stress showed higher seed germination, survival and bet-
ter growth as compared to wild-type plants [66]. A recent re-
port found that overexpression of the OsRAB7 gene that im-
proves drought and heat tolerance also increases grain yield
in transgenic rice by modulating osmolytes, antioxidants and
the expression of abiotic stress-responsive genes [121]. This
finding  adds  even  stronger  support  for  the  importance  of
RAB7 in abiotic stress tolerance.

Studies on a novel RAB GTPase protein in Arabidopsis,
CPRABA5e, which is chloroplast localized, suggest that it
plays a role in development, stress responses, and photosyn-
thesis related processes. Infact, it has been demonstrated to
function in transport to and from thylakoids, similar to cyto-
solic  RAB  proteins  which  function  in  vesicle  transport
[122]. A study in Arabidopsis indicates that RABA1 GTPas-
es (a RAB11 member) is involved in transport between the
trans-Golgi network and the PM, and is required for salinity
stress tolerance [52]. Overexpression of the constitutive acti-
vation mutant PtRABE1b (Q74L) confers salt  tolerance in
Populus trichocarpa through larger root number and better
root  growth.  In  PtRABE1b  (Q74L)  overexpression  trans-
genic  lines  the transcript  level  of  trafficking-related genes
(Got1-like, KEU, p24, PHF1, SEC14, SKD1 and SYP61), a
stress-related TF (bZIP60), an autophagy-related gene (AT-
G18a-1) and development-related genes (EPC1) were up-reg-
ulated  [12].  A  comprehensive  study  of  the  transcriptional
profiles of different tissues and developmental stages of S. ly-
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copersicum, in response to heat, drought and salt stress con-
ditions, revealed that RABGAP genes associated with endo-
cytic and pre-vacuolar trafficking are up-regulated in roots
subjected to salt stress, suggesting that these genes play an
important role during salt stress in tomato [21]. Overall th-
ese findings suggest that RAB proteins that are involved in
transporting vesicles  play an important  role  in  plant  toler-
ance to salinity, osmotic, cold and heat stress.

CONCLUSION
In this review, we present reports showing that endoso-

mal trafficking plays an integral role in plants as it does in
other eukaryotic organisms. An understanding of the impor-
tance of endosomal trafficking in plants is rapidly growing,
but the molecular mechanism of this process is mostly un-
known. In eukaryotes, endocytic trafficking is basically me-
diated  by  five  gene  families  of  the  RAS  superfamily  of
which,  the  RAB  family  is  the  largest.  In  plants,  the  RAB
family is divided into eight subfamilies, and members of th-
ese families perform a wide variety of cellular functions, in-
cluding protein trafficking from ER to Golgi and vacuolar
and  PVC/endosomal  trafficking,  which  are  important  pro-
cesses required for secretion and cytokinesis. Recently sever-
al studies have begun to functionally characterize the plant
RABs  and  their  role  in  diverse  cellular  processes.  These
studies show that RABs are important components of mem-
brane trafficking involved in pollen and root tip growth, au-
tophagy, and also in protecting plants from damage induced
by biotic and abiotic stress conditions. However, the com-
plete mechanism(s) by which RAB overexpression provides
stress tolerance remains to be better understood. More de-
tailed  molecular  and  functional  characterization  of  RABs
will likely reveal the basis for their role in plant growth and
development and in biotic and abiotic stress tolerance.
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