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s  u  m  m  a  r  y

Abiotic  stresses  affect  plant  growth,  metabolism  and  sustainability  in a significant  way  and  hinder  plant
productivity.  Plants  combat  these  stresses  in  myriad  ways.  The  analysis  of  the mechanisms  underly-
ing  abiotic  stress  tolerance  has  led to the  identification  of  a highly  complex,  yet  tightly  regulated  signal
transduction  pathway  consisting  of  phosphatases,  kinases,  transcription  factors  and  other  regulatory  ele-
ments.  It is becoming  increasingly  clear  that  also  epigenetic  processes  cooperate  in  a  concerted  manner
with  ABA-mediated  gene  expression  in  combating  stress  conditions.  Dynamic  stress-induced  mecha-
nisms,  involving  changes  in  the apoplastic  pool  of ABA,  are  transmitted  by a chain  of phosphatases  and
kinases,  resulting  in  the  expression  of stress  inducible  genes.  Processes  involving  DNA methylation  and
chromatin  modification  as  well  as  post  transcriptional,  post  translational  and  epigenetic  control  mech-
CGT cis element
rotein phosphatase 2C

anisms,  forming  multiple  tiers  of  regulation,  regulate  this  gene  expression.  With  recent  advances  in
transgenic  technology,  it has  now  become  possible  to engineer  plants  expressing  stress-inducible  genes
under  the  control  of an inducible  promoter,  enhancing  their  ability  to withstand  adverse  conditions.
This  review  briefly  discusses  the synthesis  of ABA,  components  of  the  ABA  signal  transduction  pathway
and  the  plants’  responses  at the  genetic  and epigenetic  levels.  It  further  focuses  on the  role  of  RNAs  in
regulating  stress  responses  and  various  approaches  to develop  stress-tolerant  transgenic  plants.
ntroduction

Plants, though continuously exposed and challenged by envi-
onmental cues, are capable of surviving by means of adaptations
t the molecular, cellular and chromatin level of organization
Kim et al., 2010). Drought, salinity and temperature variations are
mong the major abiotic stresses, which hamper plant growth and
roductivity and often cause a series of morphological, physiolog-

cal and biochemical changes. One such example can be seen in
lants adapted to cold conditions, which show up-regulation of
enes involved in the synthesis of unsaturated fatty acids, while
hose exposed to drought show a decrease in the number and sur-

ace area of leaves and an increase in root length (Shinozaki et al.,
003). Abscisic acid (ABA) is a widely studied phytohormone, and

ts role in ameliorating abiotic stress in plants is well established.

Abbreviations: PP2C, protein phosphatase 2C; SNF, sucrose non-fermenting;
nRK2, SNF1-related protein kinase 2.
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In plants, ABA is of paramount significance as it plays an important
role in mediating host responses to both biotic and abiotic stresses.
It not only helps in seed maturation and seed dormancy but also
gives desiccation tolerance to the cells during dehydration stress
and is hence aptly called as a stress hormone.

ABA: evolutionary significance, synthesis and stress
regulatory mechanisms

ABA: ubiquitous presence across different lineages

ABA is present in cyanobacteria, algae, bryophytes, fungi, lichens
and higher plants. Out of eleven species of cyanobacteria tested for
ABA synthesis under varied stress conditions, four species showed
an increase in the level of ABA when subjected to salt stress
(reviewed in Wolfram, 2010). Even though the majority of bacte-
rial species does not exhibit ABA synthesis, a study has reported
the presence of ABA in endophytic bacteria, which are present

in the roots of Helianthus annuus under water stress conditions
(Forchetti et al., 2007). In the cyanobacterium Anacystis nidulans,
exogenous ABA has been shown to increase growth (Ahmad et al.,
1978;Wolfram, 2010). ABA is believed to have protective functions

dx.doi.org/10.1016/j.jplph.2013.12.007
http://www.sciencedirect.com/science/journal/01761617
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Fig. 1. Cellular synthesis of abscisic acid: ABA biosynthesis occurs partly in chloroplasts, and partly in the cytoplasm. The preliminary steps involve generation of zeathanxin
from  carotenoids via the MEP  pathway. ABA synthesis starts from the breakdown of zeaxanthin to all-trans violaxanthin under the catalysis of zeaxanthin epoxidase (ZEP).
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he  all-trans violaxanthin, an intermediate product, is catalyzed to xanthoxin in 

ransported to the cytoplasm. In the cytoplasm, xanthoxin is first converted to absci
s  converted to ABA by the action of abscisic aldehyde oxidase (AAO).

n lower plants as it shields Chlamydomonas reinhardtii cells from
hotoinhibition and oxidative damage caused by salt and osmotic
tress (Saradhi et al., 2000). ABA has also been found to regulate
pening and closing of stomata in mosses and sporophytes of horn-
orts elucidating yet another function. More than 100 species of

lgae have also been reported for the presence of ABA though dif-
erent algae respond differently to the applied stress (reviewed by

olfram, 2010). With the evolution of liverworts, mosses and ferns,
he endogenous levels of ABA have been observed to rise. However,
he quantity of ABA has been shown to be very low in lower classes
f plants.

BA biosynthesis

ABA biosynthesis occurs via the mevalonic-acid independent
athway in plastids ABA, the 15-carbon isoprenoid plant hormone,

s synthesized in plastids via the mevalonic acid-independent
athway called the 2-C-methyl-d-erythritol-4-phosphate (MEP)
athway. The 15 carbon atoms of ABA are derived from the cleavage
f C40 carotenoids originating from the MEP  pathway (Nambara and
arion-Poll, 2005). The biosynthesis of ABA starts in the plastids

rom the C40 carotenoid zeaxanthin and ends in the cytosol with
he formation of abscisic aldehyde, which in turn, is oxidized into
BA (Seo and Koshiba, 2002). The mechanism of ABA biosynthesis

s shown in Fig. 1.

n the plastid: from zeaxanthin to xanthoxin
The first step of the ABA-biosynthetic pathway is the conversion

f zeaxanthin to all-trans-violaxanthin, catalyzed by zeaxanthin

poxidase (ZEP). Antheraxanthin is formed as an intermediate in
his reaction. Thereafter, the conversion of all-trans-violaxanthin
o 9-cis-violaxanthin or 9′-cis-neoxanthin occurs. The enzyme(s)
nvolved in this reaction are not known (Seiler et al., 2011). The
esence of 9-cis epoxycarotenoid dioxygenase (NCED) in the chloroplast which is
ehyde by short chain dehydrogenase reductase (SDR) and finally abscisic aldehyde

oxidative cleavage of 9-cis-violaxanthin and/or 9-cis-neoxanthin,
catalyzed by 9-cis-epoxy carotenoid dioxygenase (NCED), leads to
the formation of a C15 product, xanthoxin, and a C25 metabolite.
This reaction is considered to be the rate-limiting step, and NCED
is the key enzyme in ABA biosynthesis (Tan et al., 1997).

In the cytosol: from xanthoxin to ABA
Xanthoxin is transferred to the cytosol where it is converted

to ABA via two  enzymatic reactions. In the first step, xanthoxin is
converted to abscisic aldehyde by an enzyme belonging to short-
chain dehydrogenase/reductase (SDR) family. The gene responsible
for this has been identified in Arabidopsis thaliana, named AtABA2
(Gonzalez-Guzman et al., 2002). The final step of ABA biosynthe-
sis is the oxidation of abscisic aldehyde to ABA. This reaction is
catalyzed by an abscisic aldehyde oxidase (AAO).

ABA transport

ABA transport is both passive and mediated by ABA transporters
The level of endogenous ABA is maintained by interaction

between anabolic and catabolic pathways. The catabolic products
like ABA glucosyl ester and phaseic acid are stored in the vacuole or
apoplast pool. Under drought stress, ABA is released from its conju-
gate form, which is facilitated by �-glucosidase, and is transported
to guard cells where its accumulation leads to stomatal closure. One
such enzyme, AtBG1, a type of �-glucosidase, has been reported in
A. thaliana (Lee et al., 2006a).

It is not clear if specific transporters facilitate the movement of

ABA between cells. It has been shown that ABA transport to the
outside of cells in response to pH changes can occur without a spe-
cific transporter (Seo and Koshiba, 2011). Similarly, at the site of
action, ABA uptake into cells could be mediated by diffusion or by
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Fig. 2. Brief outline of ABA signaling and its transport “as shown in Arabidopsis thaliana”: The components involved in ABA signaling include – receptor PYR/PYL/RCAR, a
negative regulator PP2C, a positive regulator SnRK2s and transcription factors (AREB/ABFs). The ABA signaling occurs in both, cytoplasm and nucleus. Under abiotic stress
conditions (and developmental conditions) the synthesis of ABA increases in vascular parenchyma cells. ABA is transported via AtBCG25 (from parenchyma cells) and AtBCG40
transporters (to target cells). In the presence of ABA, a complex is formed between ABA, receptor and PP2C (ABA-PYR/PYL/RCAR-PP2C) which prevents PP2C in carrying out
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xpression of target genes. In ABA insensitive condition, ABA insensitive 1-1 (Abi1-1
nd  thereby preventing the expression of the downstream target genes.

pecific transporters. Therefore, both carrier-mediated and passive
BA transport mechanisms are suggested to exist.

Studies in A. thaliana have revealed several ABA transporter
enes in vascular tissues belonging to the ATP-binding cassette
ABC) family. One such gene is AtABCG25,  which codes for an ABA
ransporting protein (Kuromori and Shinozaki, 2010). It has been
uggested that AtABCG25 mediates ABA export from the inside to
he outside of the cell. On the other hand, another transporter
tABCG40, expressed in guard cells, has been reported to be respon-
ible for importing ABA from the outside to the inside of cells. Both
hese genes are reported to be involved in ABA signaling (Kuromori
nd Shinozaki, 2010).

BA signaling

ABA plays an important role in various aspects of plant stress
esponses, embryo maturation, seed dormancy, germination, root
ranching, stomatal closure, etc.  A great many studies have
ttempted to shed light on the mechanisms and core components of
BA signaling (reviewed in Cutler et al., 2010; Umezawa et al., 2010;

iu, 2012). There are three major components of ABA signaling:
yrabactin resistance (PYR)/PYR1-like (PYL)/regulatory component
f ABA receptor (RCAR), protein phosphatase 2C (PP2C; a nega-
ive regulator) and (sucrose non-fermenting) SNF1-related protein
n factors such as AREB/ABFs by phosphorylation which subsequently induces the
acts with SnRK2, hence inhibiting its interaction with ABA-PYR/PYL/RCAR complex

kinase 2 (SnRK2: a positive regulator). These are assembled as a
double negative regulatory system and form a signaling complex
known as ‘ABA signalosome’ (Fig. 2).

PP2C is a global negative regulator of ABA signaling
Phosphorylation and de-phosphorylation, mediated by kinases

and phosphatases, respectively, help in the transmission of signals
from external to internal environment of the cell, and thereby bring
about physiological changes.

In A. thaliana, 76 genes encode for PP2Cs and are divided into
10 groups (A-J). PP2Cs belong to the PPM family of phosphatases
(Mg2+-dependent phosphatases). PP2Cs like ABA insensitive 1
(ABI1), ABI2 (homolog to ABI1), AHG3/PP2CA, ABA-Hypersensitive
Germination1 (AHG1), hypersensitive to ABA1 (HAB1) and HAB2
are members of the group A (Saez et al., 2004; Schweighofer et al.,
2004; Yoshida et al., 2006). The members of the group A have
definite roles in different tissues and organs, and demonstrate
tissue-specific expression patterns.

ABA-Insenstive1 (ABI1) and ABI2 were identified in a genetic
screen for ABA-insensitive A. thaliana mutants. The abi1-1 and

abi2-1 mutants show ABA insensitivity in various tissues and
developmental stages, suggesting that PP2C acts as a negative reg-
ulator of ABA signaling (Leung et al., 1997; Rodriguez et al., 1998;
Umezawa et al., 2010). The ABA signaling regulators HAB1 and
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AB2 were isolated based on sequence similarity to ABI1 (Saez
t al., 2004). AHG1 and AHG3/AtPP2CA were cloned from genetic
creens of A. thaliana and a yeast complementation test. It has been
hown that all of the loss-of-function mutants of group A PP2Cs
xhibit significant hypersensitivity, which establishes them as the
ajor negative regulators of ABA signaling (Umezawa et al., 2010).

he negative regulatory role of PP2C in ABA signaling is now well
ounded, and this has been shown in various other plant species.
his is further corroborated by the fact that double or triple PP2C
nockout mutants show increased ABA hypersensitivity.

Gene expression data and genetic analysis has indicated a domi-
ant role of HAB1, ABI1, ABI2 and PP2CA in ABA signaling pathways

n both seeds and vegetative tissues. Recessive Hab1-1 mutants
how enhanced ABA responsive gene expression, enhanced ABA-
ediated stomatal closure and ABA-hypersensitivity leading to

eed germination and growth inhibition. Conversely, HAB1 reduces
BA sensitivity upon constitutive expression. These results are con-
istent with the fact that HAB1 negatively regulates ABA signaling
Saez et al., 2004).

Negative regulation of MAPK (MAPK4 and MAPK6) by A. thaliana
P2C, AP2C1 (Schweighofer et al., 2004) also potentially links PP2Cs
ith cold and drought stress responses. A PP2C encoding gene
P2C has been indicated to be responsible for inactivation of

tress-activated MAPK (SAMK) pathway, by accumulation of MP2C
hosphatase which inhibits further signal transmission (Meskiene
t al., 1998) hence confirming the role of PP2Cs as global negative
egulators of ABA signaling.

nRK2 is a positive regulator of ABA signaling
The identification of PP2C indicated that protein phosphoryla-

ion events should be important components of the ABA signaling
athway. Many protein kinases were actually found to be involved

n ABA signaling. The first SnRK2 cDNA clone (PKABA1) was  isolated
rom an ABA-treated wheat embryo cDNA library (Anderberg and

alker-Simmons, 1992). In fava bean, the SnRK2 family was iden-
ified as ABA-Activated Protein Kinase (AAPK) (Li et al., 2000) and
. thaliana SRK2E/Open STomata1 (OST1)/SnRK2.6 (Yoshida et al.,
002, 2006).

SnRKs are serine/threonine protein kinases grouped under SNF1
amily, which also includes yeast’s SNF1 kinases and AMPKs from

ammals. These are positive regulators of ABA mediated signaling,
esponsible for the phosphorylation of bZIP transcription factors
nown to bind cis-regulatory motif having ACGT as a core sequence.
nRKs can be classified into 3 sub-divisions: SnRK1, SnRK2 and
nRK3 (Kulik et al., 2011).

The SnRK2 family is the key regulator of plant response to abiotic
tress. SnRK2s are monomeric serine/threonine protein kinases.
nRK2s are divided into 3 subgroups based on the affinity toward
BA viz. group I, II and III. There are 10 SnRK2 members in A.

haliana, SRK2A-SRKJ or SnRK2.1-SnRK2.10. Group I kinases do not
espond to ABA, group II does not, or weakly, respond to ABA,
nd group III strongly responds to ABA. Experimental data suggest
unctional overlap between group II and group III SnRK2s inactivat-
ng bZIP type transcription factor ABA responsive element binding
actor/ABA binding factor (AREB/ABF). Group III is believed to be
he key regulator in ABA-dependent pathway of gene expression,
hereas group II may  be involved by a parallel pathway which
eans that group II SnRK2s could be variants of group III kinases

hat are not activated or weakly activated by ABA. Phylogenetic
tudies have also revealed group II as an intermediate during tran-
ition of group I to group III (for review refer Hrabak et al., 2003;
ulik et al., 2011).
Phosphorylation at the post-translational level and gene
esponse to changes in the environment regulate SnRK2 expres-
ion. Members of SnRK2 family are found in algae (Ballester et al.,
008), monocots like rice, sorghum (Kobayashi et al., 2004; Li et al.,
ysiology 171 (2014) 486–496 489

2010), maize (Huai et al., 2008) and wheat (Mao  et al., 2010; Zhang
et al., 2010), and dicots like tobacco (Kelner et al., 2004), soybean, A.
thaliana (Monks et al., 2001; Boudsocq et al., 2004) and fava bean (Li
et al., 2000). Enhanced expression of SnRK2 genes in maize occurs
in response to NaCl and cold while heat suppresses it (Huai et al.,
2008). Induced expression of SnRK2 genes in soybean occurs in
response to hyperosmolarity, and the regulation of expression of
some SnRK2s in response to dark-light cycle has also been reported
(Monks et al., 2001).

SnRK2 kinases encode a protein of about 40 kDa. The N-terminal
of the amino acid sequence is a highly conserved kinase domain,
and the C-terminal is a variable regulatory domain with stretches
of glutamate (Glu) or aspartate (Asp) which functions in protein
interactions. Domain I, a subdomain of C-terminal is independently
activated by osmotic stress whereas domain II is ABA dependent
and is responsible for activation by ABA and interaction with ABI1
(Yoshida et al., 2010). Group I has a glutamate rich region in domain
II, whereas group II/III have aspartate rich regions in this domain,
which accounts for their differential response toward ABA acti-
vation (Mizoguchi et al., 2010; Yoshida et al., 2010; Fujita et al.,
2013).

Three members of SnRK2 subgroup III namely SnRK2D/SnRK2.2,
SRK2E/OST1/SnRK2.6 and SRK2I/SnRK2.3 are major regulators of
plant response to ABA. SRK2E/OST1/SnRK2.6 is expressed in guard
cells leading to stomatal closure in the presence of ABA. Other
SnRK2s like SRK2D/SnRK2.2 and SRK2I/SnRK2.3 are expressed in
seeds and vegetative tissues. Although partial functional redun-
dancy has been shown for all of them but their importance
in regulating water stress as well as ABA-dependent develop-
mental processes cannot be neglected. A triple mutant in A.
thaliana not only had disrupted stomatal closure but also had
down regulated ABA and water stress induced genes resulting in
ABA insensitivity and reduced drought tolerance (Yoshida et al.,
2002, 2006; Fujita et al., 2009; Fujii and Zhu, 2009; Nakashima
et al., 2009a). This mutant also showed up-regulation of jasmonic
acid (JA) dependent genes, genes regulating flowering and those
related to photosynthesis and tetrapyrrole synthesis. Researchers
have also reported down regulation of almost all genes encoding
dehydration-responsive late embryogenesis abundant (LEA) pro-
teins and group A PP2Cs under water stress conditions in this
mutant indicating the essentiality of these three genes in control-
ling seed development and dormancy (Nakashima et al., 2009a).

SRK2E/OST1/SnRK2.6 majorly regulates ABA dependent stoma-
tal closure in water deficit conditions. Its mutant is unable to
withstand low humidity and shows a wilted phenotype indicating
its crucial role in combating environmental stress (Yoshida et al.,
2002). It also regulates reactive oxygen species (ROS) production in
the cell wall through phosphorylation of the two  plasma membrane
NADPH oxidases (RbohD and RbohF)  in an ABA-dependent manner
leading to stomatal closure (Kwak et al., 2003). Apart from this,
OST1 has also been shown to positively regulate stress response
genes like RD29B and RD22 (Yoshida et al., 2002).

ABA and osmotic stress activate SRK2E/OST1 mediated sto-
matal closure by two  independent pathways namely ABA and
OS-dependent pathways as shown by experiments on ABA-
insensitive or ABA-deficient mutants. C-terminal domain II is
believed to be responsible for ABA-dependent activation of OST1
while low humidity or OS-mediated (ABA-independent) activation
transduces stress signals to induce stomatal closure. Thus, both
pathways are required to respond to sudden water stress by causing
complete stomatal closure (Yoshida et al., 2006).

SRK2E/OST1 in Arabidopsis also interacts with ABI1/ABI2, where

both have distinct roles in controlling its activity. Experimental
results have indicated two  roles of ABI1 in ABA dependent path-
way. It acts as a negative regulator of SRK2E in ABA signaling and
as a positive regulator in activation of SRK2E in low humidity.
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nteraction of SRK2E with ABI1 and activation by ABA requires the
resence of domain II, whereas in its absence, SRK2E is activated
y low humidity, partially complementing the wilted phenotype of
rk2e. A proposed explanation is the interaction of domain II with a
ownstream factor triggered by low humidity leading to stomatal
losure. It has also been reported that ABI-1 protein acts as a dom-
nant negative inhibitor, which blocks interactions of downstream
roteins with domain II of SRK2E (Yoshida et al., 2006).

nRK2s and downstream effectors of ABA action
SnRK2s are central components of ABA signaling pathways.

he SnrK2.2/2.3/2.6 triple mutant plants are nearly insensitive to
BA, suggesting that most of the molecular actions of ABA are

riggered by the SnRK2s-mediated phosphorylation of substrate
rotein. Only a few substrate proteins of SnRK2s are known. In
n effort to identify additional substrates of SnRK2s, Wang et al.
2013) used quantitative phosphoproteomics to compare the global
hanges in phosphopeptides in wild type (WT) and snrK2.2/2.3/2.6
riple mutant seedlings in response to treatment. They reported
hat ABA could increase the phosphorylation of 166 peptides and
ecrease the phosphorylation of 117 in WT  seedlings. They further
eported that with snrK2.2/2.3/2.6 triple mutant, 84 of the 166 pep-
ides, representing 58 proteins, could not be phosphorylated. These
esults shed new light on the role of the SnRK2 protein kinases and
n the downstream effectors of ABA action.

BA-PYR/PYL/RCAR receptor
ABA receptors encode STAR domain/Bet V allergen super family

roteins. Genome wide studies of A. thaliana have revealed pres-
nce of 14 highly conserved PYR/PYL/RCAR protein encoding genes
ut of which 9 are major in interactions with ABI1 (Ma et al., 2009;
ark et al., 2009; Hubbard et al., 2010; Nishimura et al., 2010).

It has been reported that the PYR/PYL/RCAR receptor, which is
 direct ABA receptor, interacts with PP2C in the presence of ABA,
hich inhibits phosphatase activity of PP2C and acts as negative

egulator. These receptors play an important role and are observed
n the case of quadruple mutants pyr1, pyl1, pyl2 and pyl4, which
re insensitive toward ABA. On the other hand, over-expression
f RCAR1/PYL1, PYL5/RCAR8 or PYL8/RCAR3 gives more tolerance
oward drought stress in A. thaliana. Even in case of ABI1 and ABI2,
AB1 activity is inhibited by stereo-specific RCAR1, RCAR3, RCAR8,
CAR11 and RCAR12 receptors in the presence of ABA, but not
bserved in the absence of receptors (Ma  et al., 2009; Park et al.,
009; Nishimura et al., 2010).

PYR/PYL/RCAR interaction with ABI1 can be both ABA-
ependent as in case of PYR1 and PYL1-4 or constitutive as shown

n case of PYL5-12. Similar results have been obtained for A. thaliana
Nishimura et al., 2010). Bimolecular fluorescence complementa-
ion (BiFC) and co-immunoprecipitation assays have established
YL5 as an HAB1 antagonist. PYL5 inhibits HAB1, ABI1 and ABI2
unctions in an ABA dependent manner activating ABA signaling
ascade (Ma  et al., 2009; Park et al., 2009).

Resolution of ABA binding with PYR1/PYL1/PYL2 has revealed
he presence of a proline cap and a leucine lock. ABA binding leads
o closing of the cap, limiting the enzyme within the cavity, and
reventing solvent contact while the lock rearranges sealing the

id over ABA. The conformational changes brought about by this
inding create an oval site for PP2C interaction further stabilizing
he structure. This shields the catalytic site of PP2C leading to its
nactivation by PYR/PYL/RCAR (Ma  et al., 2009; Nishimura et al.,
009; Park et al., 2009). The crucial role of this cap and lock can be
ndicated by reduced ABA sensitivity in the mutant. Also disruption
f ABA-PYR1 interactions by mutating the residues, which make
irect contact with ABA highlights the importance of ABA-induced
onformational (Nishimura et al., 2009) changes .
ysiology 171 (2014) 486–496

Antoni et al. (2013) showed that ABA-dependent inhibition
of PP2Cs by PYR/PYLs is required for the perception of mois-
ture gradient. The pyl8 mutant showed reduced sensitivity to
ABA mediated root growth inhibition. They discovered that this
was due to lack of PYL8-mediated inhibition of several group
A PP2Cs. It has been demonstrated in vivo that PYL8 interacted
with at least five PP2Cs, namely HAB1, HAB2, ABI1, ABI2 and
PP2CA/AHG3. Consistent with the above observations are the facts
that ABA-hypersensitive pp2c quadruple mutant showed enhanced
hydrotropism, whereas an ABA-insensitive sextuple pyr/pyl mutant
showed reduced hydrotropic response.

Changes at gene expression level

Onset of drought and salt stress induces the accumulation of
ABA, which then acts as a stress signal. ABA regulates expres-
sion of many stress-responsive genes grouped as ABA responsive
genes. Cis-elements such as ABA-responsive element (ABRE) are
present up stream of the ABA-dependent stress responsive genes,
which have a core sequence PyACGTGGC along with one or two
coupling elements (CE) also found upstream of stress-responsive
genes. Genes having ABRE sequence belong to G box element. This
sequence is target of many members of the bZIP transcription factor
family known as ABA-responsive element binding protein (AREB).
A major finding is the importance of distance between the ACGT
cis-elements. Two ACGT cis elements separated by five nucleotides
have been found to be induced in response to salicylic acid (SA), and
similarly motifs separated by twenty-five base pairs are induced in
response to ABA (Shen et al., 2004; Mehrotra and Mehrotra, 2010).

In accordance with the basic rules, the probability of occurrence
of two  ACGT motifs separated by a single nucleotide (ACGTN1ACGT)
has been found to be more as compared to that of N2, N3, N4 and
N5 separating nucleotides in A. thaliana genome. Statistically, the
occurrence of ACGTN1ACGT is 1605 but no biological role has been
assigned or reported to N1, N2, N3 and N4 so far. Only N5 and N25 have
been found to be associated with biotic and abiotic stress responses
(Mehrotra and Mehrotra, 2010; Mehrotra et al., 2012, 2013). A study
has also shown that flanking sequences play an equally important
role in defining the binding efficiency of bZIP transcription factors
(Foster et al., 1994). Nucleotides at +2/−2, +3/−3 and +4/−4 pos-
itions define the specificity and affinity for binding of bZIP class
of transcription factors. Presence of G at +2/−2 positions (G-box),
presence of A/C at +3/−3 (C-box) and presence of G/T at +4/−4 are
preferred over other nucleotides. Hence it could be reasonably con-
cluded that two ACGT motifs in close proximity cannot serve as
flanking sequences for each other (Foster et al., 1994; Mehrotra
et al., 2012).

A similar study (Suzuki et al., 2005) considered 5 classes of
stress-responsive gene promoters namely ABA-regulated (ABR),
ABA-dependent (ABD), VP1-dependent (VPD), VP1 and ABA-
dependent (VAA), VP1 or ABA-dependent (VOA). In all these
classes, distribution of flanking sequences of ACGT motifs was
studied. It has been reported that out of 64 variants, 23 vari-
ants were distributed among these 5 stress-responsive promoters.
GAC as a flanking sequence of ACGT has been observed in
all classes majorly in VAA. Another variant GCCACGT has been
dominantly reported in VAA, VPD and in two sub-classes of VP1-
dependent class of promoters. Similarly, AACACGT and CCCACGT
were reported in ABA-dependent and ABA-regulated gene promo-
ters, respectively. Genes regulated by cold also exhibit the same
whereas CCGACGT sequence was  found to be predominating in
up-regulated cold genes along with ABA and VP1-regulated genes

(Suzuki et al., 2005).

Different members of the bZIP class of transcription factors bind
to the ACGT core specifically. This binding also depends upon the
sequences flanking the core region. Flanking sequences are also



lant Ph

r
m
b
d
2
fi
(

T

c
t
u
a

t
A
h
i
2

r
c
l
r
t
t

e
i
p
t
e

c
a
t
s
s
f
s
(

a
M
b
d

t
r
i
t
O
a
I
o

s
l
t
s
I
(
c
t

R. Mehrotra et al. / Journal of P

esponsible for differential distribution of stress-responsive pro-
oters across the genome, which could be one of the reasons

ehind the often-observed differences in ABA regulation and/or
ependency (Riechmann et al., 2000; Mehrotra and Mehrotra,
010). The flanking sequences might influence the binding speci-
city of different members of bZIP class to the ACGT core sequence
Foster et al., 1994; Suzuki et al., 2005).

ranscription factors involved in stress signaling

The interaction between specific transcription factors and their
is-elements, causes expression of stress inducible genes. Major
ranscription factor (TF) families, which are involved in the reg-
lation of abiotic stress responses, are bZIP, MYB, MYC, NAC, ERF
nd DREB/CBF (C repeat binding factor).

The ABRE-binding (AREB) proteins or ABRE-binding fac-
ors (ABFs) encode bZIP transcription factors among which
REB1/ABF2, AREB2/ABF4 and ABF3 are induced by dehydration,
igh salinity or ABA treatment in vegetative tissues, and are

nvolved in enhanced drought stress tolerance (Riechmann et al.,
000; Yoshida et al., 2010).

AREB1 requires ABA for full activation, and its activity is
egulated by ABA-dependent multi-site phosphorylation of the
onserved domains by SnRK2. SnRK2 protein kinases phosphory-
ate serine/threonine residues at R-X-X-S/T sites in the conserved
egions of AREB/ABF proteins causing its inactivation which is fur-
her promoted by ABA-mediated inactivation of the PP2Cs, known
o negatively regulate protein kinases (Nakashima et al., 2009a).

GmbZIP1, a member of AREB subfamily has been identified (Gao
t al., 2011) in soybean cv.Tiefeng8. Its expression was found to
ncrease in the presence of ABA, drought, high salt and low tem-
erature. Stomatal closure under stress was induced because of
he over expression of GmbZIP1 in transgenic plants, leading to
nhanced tolerance to abiotic stresses.

Members of bZIP family, like ABP9, have been found to be asso-
iated with enhanced photosynthetic capacity of plants in drought
nd heat stresses (Zhang et al., 2008). Another bZIP transcrip-
ion factor, OsABF1, reported (Hossain et al., 2010) in roots of the
eedlings and shoots of rice has been found to be involved in abiotic
tress responses and ABA signaling. In tomato, a bZIP transcription
actor SIAREB1 participates in abiotic stress by regulating oxidative-
tress related proteins, LEA proteins and lipid transfer proteins
LTPs) (Orellana et al., 2010).

MYC  and MYB  also play an important role in ABA signaling by
ctivating some stress-inducible genes like RD22 (Abe et al., 2003).
YB in A. thaliana namely AtMYB60, AtMYB44 and AtMYB15 have

een found to be involved in stomatal closure, and protects against
rought and salt stresses.

NAC family studies reveal that cDNAs encoding NAC-like pro-
eins namely ANAC019, ANAC055, ANAC072 bind to ERD1 (early
esponse to dehydration 1) present in the promoter region of stress
nducible genes. Enhanced expression of these transcription fac-
ors ANAC019, ANAC055, ANAC072 and SNAC1, OsNAC6/SNAC2,
NAC045 leads to tolerance against drought stress in A. thaliana
nd rice vegetative tissues, respectively (Nakashima et al., 2009b).
n wheat, TaNAC69 has been found to be involved in the regulation
f drought stress responses (Xu et al., 2011).

AtNAP (a NAC family transcription factor in Arabidopsis) and
enescence associated gene113 (SAG113) (a PP2C family member
ocalized in Golgi apparatus) have been reported to get activated in
he presence of ABA. Knock out studies have shown that expres-
ion of SAG113 is dependent on AtNAP (Zhang and Gan, 2012).

n the presence of ABA, binding of AtNAP to 9 bp core sequence
CACGTAAGT) present in the promoter of SAG113 leads to stomatal
losure, creating a dehydration condition, which ultimately leads
o leaf senescence (Zhang and Gan, 2012).
ysiology 171 (2014) 486–496 491

The central concept involved in ABA signaling is the inhibi-
tion of phosphatase activity of PP2C by ABA bound PYR/PYL/RCAR
receptors. This leads to the subsequent activation of SnRK2 and
phosphorylation of downstream targets such as AREB/ARF basic
domain leucine zipper (bZIP), slow (S) anion channels and oth-
ers, leading to stress induced response in plants (Ma et al., 2009;
Park et al., 2009). Activation of ABA-responsive genes requires
the ABA responsive element (ABRE). Three members of AREB/ABF
family viz., AREB1, AREB2 and AREB3 have been identified to be
expressed in response to ABA and water stress. AREBs require
ABA for their full activation and show certain level of redundancy
(Yoshida et al., 2010). The AREB/ABF encode bZIP transcription fac-
tors and belong to group A subfamily (Riechmann et al., 2000).
Several late embryogenesis abundant (LEA) genes, group A PP2C
genes and transcription factors as downstream targets of AREB/ABF
have also been revealed (Yoshida et al., 2010). By generating a triple
mutant of areb1 areb2 abf3, their role in stress tolerance and reg-
ulation of ABRE dependent gene expression in ABA signaling was
elucidated. The triple mutant not only shows down regulation of
LEA genes but also group A PP2Cs such as AHG1, AHG3, HAI1, HAI2
and HAI3 (Schweighofer et al., 2004; Yoshida et al., 2010).

The srk2dei (same as SnrK2.2/2.3/2.6) triple mutants also exhibit
reduced phosphorylation of bZIP transcription factors includ-
ing ABI5 which indicates that through phosphorylation of ABI5,
SRK2D/E/I also plays a role in controlling genetic expression in ABA
signaling pathways (Nakashima et al., 2009a).

Epigenetic changes in response to abiotic stress

Chromatin remodeling plays a major role in the regulation of
gene expression under stressful conditions and the expression of
stress-responsive genes requires them to be free from the confines
of the nucleosome organization (Kim et al., 2010). Such histone
modifications are mainly carried out by enzymes such as HAT
(histone acetyl transferases), HDAC (histone deacetylases), HMT
(histone methyltransferases) and HDM (histone demethylases).

Acetylation (ac) and/or methylation (me) of specific lysine
residues in histone proteins have been reported in mammals, yeast
and plants and H3K9Me3, H3K27me3 and H3K9ac are used as a
marker. 28 such sites have also been reported in abiotic stress
related genes in A. thaliana with the aid of techniques such as mass
spectroscopy and chromatin immunoprecipitation (ChIP) (Zhang
et al., 2007; Kim et al., 2008, 2010). In case of dehydration stress in
A. thaliana, changes in nucleosome occupancy have been observed
and the levels of methylation or acetylation of histone H3 have also
been found to vary (Kim et al., 2008).

Not only genes but also promoters can be constrained by chro-
matin architecture. PvAlf, a putative seed specific phas activator
(encodes phaseolin, seed storage protein of Phaseolus vulgaris)
potentiates the phas promoter by repositioning nucleosomes on
three TATA boxes initiating remodeling, and ABA further recruits
the machinery leading to gene expression. A PvAlf factor has also
been reported to assign chromatin switches (SWI/SNF) or in an
alternative pathway acetylate or phosphorylate histone tail by his-
tone kinases for transcriptional activation (Li et al., 1999). These
findings not only elucidate diverse physiological roles of ABA but
also provide a link between ABA and chromatin remodeling.

Histone modifications by acetylation and de-acetylation

Histone acetylation causes relaxation of the chromatin struc-

ture. Twenty-six lysine sites that undergo acetylation have been
reported which are 9, 14, 18, 23 in H3; lysine 5, 8, 12, 16, 20 in H4;
lysine 5 and 9 in H2A; and lysine 5, 12, 15 and 20 in H2B (Turner,
2002).
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HATs have been classified into four groups on the basis
f sequence homology: GNAT-MYST family, p300/CBP family,
AF11250-related family and the nuclear receptor co-activator
amily. Apart from modifying histones, HDACs and HATs have also
een reported to target non-histone proteins like p53, retinoblas-
oma protein (pRb), tubulin, and c-Myc (reviewed by Pawlak and
eckert, 2007).

Salt stress causes an increase in transcriptional expression
hrough histone acetylation (Waterborg et al., 1989) and drought
tress leads to acetylation of H3K23 and H3K27 in a gene specific
anner (Kim et al., 2008). High salinity, cold and ABA stress

lso increase phosphorylation of H3Ser10, phosphoacetylation of
3Ser10 and Lys14 and acetylation of H4 in A. thaliana T87 and

obacco BY-2 cell lines (Sokol et al., 2007).
AtGCN5, a HAT protein in A. thaliana, which responds to

nvironmental changes such as cold (Stockinger et al., 2001), is
ephosphorylated by AtPP2C-6-6 (a PP2C protein) in vitro (Servet
t al., 2008). However, atpp2c-6-6 mutants do not show reduction
f acetylation levels of H3K14 and H3K27 but the same is not true
or atgcn5 mutants. Also, reduced expression of several ABA stress
nducible genes like RAB18,  RD29A (responsive to dehydration 29A),
D29B and COR15A under high-salinity conditions was  observed in
tpp2c-6-6 mutants, whereas in atgcn5 mutants RAB18 and RD29B
enes were up-regulated in unstressed conditions with no effect
n genes under high-salinity stress. These results suggest that
lthough AtPP2C-6-6 plays a role in induction of stress-inducible
enes, this interaction might not involve AtGCN5.

In vitro studies have shown that GCN5 protein interacts
ith transcriptional adaptor proteins Ada2a and Ada2b as well

Stockinger et al., 2001). Interaction of GCN5 and ADA with CBF1,
hich transcribes downstream cold-responsive genes by recruiting
DA/SAGA-like complexes, regulates cold tolerance by mediat-

ng chromatin remodeling in target genes. During cold stress,
ow expression of the cold-induced COR genes was observed in

utant for ADA and SAGA histone acetyltransferase in A. thaliana
Vlachonasios et al., 2003).

HDACs deacetylate lysine residues resulting in gene inactiva-
ion. In eukaryotes, they have been divided into three groups in A.
haliana namely RPD3/HDA1, HD2 and SIR2 families. RPD3/HDA1
amily is further divided into classes I, II, III (Fu et al., 2007)
nd IV in rice (Sridha and Wu,  2006). A plant-specific HD2-type
DAC in A. thaliana (AtHD2) (Song et al., 2005) has been found

o be repressed by ABA and its over expression can modulate
BA stress-responsive genes by regulating stomatal aperture. Over
xpression of AtERF7 (which represses transcription via its inter-
ction with histone deacetylase HDA19) in transgenic A. thaliana
lants shows reduced ABA sensitivity of guard cells and elevated
ater loss through transpiration. These results show that his-

one deacetylation also regulates guard cell mediated stomatal
losure and that ABA regulated stomatal response mediated by
hromatin remodeling plays an important role in abiotic stress
olerance.

Another HDAC known as HDA6 in A. thaliana has been found to
e involved in RNA-directed DNA methylation (Aufsatz et al., 2002)
nd histone deacetylation in response to stress (Zhou et al., 2005).
ow expression of ABA, DREB2A, RD29A and salt stress marker genes
ave been observed in those plants which show low expression of
DA6 during stresses (Chen et al., 2010). Enhanced expression of
DA19 caused by stress, affecting chromatin modifications by his-

one deacetylation have also been reported. Studies have revealed
hat acetylation level of H3K9 is affected in hda19 mutant plants at
eedling stage, which greatly affects gene expression (Zhou et al.,

010).

HOS15 of A. thaliana (high expression of osmotically responsive-
enes 15) through histone H4 deacetylation represses abiotic stress
esponse genes by encoding a protein complex WD40. HOS15
ysiology 171 (2014) 486–496

mutants have been found to be hyper sensitive to low temperatures
(Zhu et al., 2008).

Experimental data has provided evidence for differential roles
of different family members of HDACs in regulating processes
controlled by plant hormones. Interplay of HDACs and HATs
may  regulate stress response genes by integrating signaling path-
ways for ethylene, jasmonic acid, salicylic acid and abscissic acid
(Demetriou et al., 2009).

HDACs, HvA22, HvADC2 in barley and HDT701 and HDT702 in
rice are induced by ABA and jasmonic acid respectively suggest-
ing functional similarities among monocots for HD2 genes. But on
the same hand, repression of HDT genes in rice and AtHD2 in A.
thaliana (Sridha and Wu,  2006) upon ABA treatment and differential
responses of barley genes to ABA may  indicate functional differ-
ences for HD2 members not only among monocots but between
dicots and monocots as well (Demetriou et al., 2009).

Methylation and stress

DNA cytosine methylation represses gene promoters and gene
transcription by asymmetric (mCpHpH) and symmetric (mCp-
GandmCpHpG) methylation. De novo methylation is catalyzed by
methyl transferase domains rearranged methylase1 and 2 (DRM1
and DRM2), while enzymes like MET1 (DNMT-1 like enzymes) and
plant-specific enzyme chromomethylase3 (CMT3) maintain sym-
metric CG and CHG methylation respectively (Henderson, 2007;
Kim et al., 2010). MET1 and CMT3 may  also catalyze new methyla-
tion, and maintenance of symmetric methylation may  also require
DRM1 and DRM2.

Importance of occurrence of methylation was reported in
mutant methyl transferase Dnmt1 as cells, which failed to main-
tain methylation process lost their viability (reviewed by Madlung
and Comai, 2004). Mutant MET1, a homologue of Dnmt1 results in a
severe pleiotropic phenotype as observed in plants (Finnegan and
Dennis, 1993, Finnegan et al., 1996). Also methylation has been
reported to be crucial in retrotransposon suppression (Hirochika
et al., 2000). Transposons, which are repressed by methylation,
can be activated through demethylation induced by environmental
factors. Similar findings have been observed in Antirrhinum majus,
where cold stress mediated hypomethylation led to transposition
of Tam3 transposon (Hashida et al., 2006).

Histone H3Lys4 tri methylation and histone H3Lys9 and Lys27
di methylation have been correlated with gene activation and
silencing respectively (Chinnusamy and Zhu, 2009). Tri methyla-
tion of H3K27, a negative histone modification marker was found
to decrease in response to cold stress in A. thaliana (Kwon et al.,
2009).

Methylation of histone H3 has been found to be regulated by
mono ubiquitination by H2B mediated by hub gene, which pos-
itively regulates ABA-induced seed dormancy (Liu et al., 2007).
H2B deubiquitination by nuclear ubiquitin protease SUP32/UBP26
directs CpNpG and CpNpN methylation leading to gene inacti-
vation. The genome wide map  of H3K4 methylation pattern of
chromatin during drought stress in A. thaliana has been studied
(Dijk et al., 2010). In this study, genes with high levels of expression
were found to contain nucleosome free regions located upstream
of the transcription start site.

H3K9 undergoes either acetylation or mono-di or tri-
methylation. These epigenetic modifications have been reported
to be involved in the regulation of gene transcription and chro-
matin organization, with varied impact. H3K9 acetylation has
been consistently found to be associated with high gene expres-

sion/activation while dimethylation of H3K9 is reported to be
linked with low gene expression. The balancing mechanism, which
occurs between methylation and acetylation of H3K9makes tran-
scription insensitive to variation disruption which affects the
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rocess. A study shows that H3K9 acetylation effect decreases in
he presence of H3K27 tri methylation (Zhou et al., 2010).

hromatin remodeling factors

Chromatin modifying factors remodel or reposition the nucleo-
ome by sliding histone octet in an ATP dependent process.
hromatin modifying factors include switch SWI/SNF complexes,
hich consist of ATPase SWI/SNF2, a pair of SWI3, SNF5 and

WP73 polypeptides. Plant genomes contain these ATPases of
WI2/SNF2 subgroup chromatin remodeling ATPases, which are
alled BRAHMA (BRM), SPLAYED (SYD) and SNF5 and FASCIATA
FAS).

Four SWI3-like proteins in A. thaliana have been identified
amely SWI3A, SWI3B, SWI3C and SWI3D (Sarnowski et al., 2002;
hou et al., 2003). SWI/SNF remodeling complexes have been found
o be involved in hormonal response to abiotic stress conditions
Saez et al., 2008).

Interaction of SWI3 with a functional catalytic domain of HAB1
as been established in the plant cell nucleus by using BiFC and
o-immunoprecipitation assays. BiFC assays of tobacco nuclei have
lso shown interaction of SWI3B with PP2CA, ABI1 and ABI2. Anal-
sis of mutants of swi3b alleles, swi3b-3 and swi3b-4 showed that
WI3B positively regulates ABA in seeds and vegetative tissues, and
lso plays a key role in plant growth and development. It has been
ostulated that SWI3B regulates only a subset of ABA-inducible
enes, and shows redundancy for other ABA-responsive genes (Saez
t al., 2008).

ABA-insensitive phenotype of Hab1-1swi3b-3 mutants, but not
f hab1-1 mutants, showed that SWI3B functions downstream of
AB1 in ABA signaling pathways. ChIP assays suggested repression
f ABA-induced transcription by HAB1 through direct chromatin
nteraction, which can be released by subsequent ABA treatment.
AB1 has been found to be present near RAB18 and RD29B promo-

ers, and its presence can be eliminated by ABA treatments. This
uggests that SWI3B might anchor HAB1 to a putative SWI/SNF
omplex targeted to some ABA-responsive promoters and HAB1
egulates its activity by dephosphorylating a component essential
or proper functioning of the complex. Given the opposite roles
f HAB1 and SWI3B in ABA-signaling pathways, it is also possible
hat HAB1 by negatively regulating SWI3B modulates its role as a
ositive regulator (Saez et al., 2008).

In pea, PsSNF5 gene encoding a homologous SNF5 protein of
he SWI/SNF complex was found to be up-regulated by ABA and
rought stress conditions. This shows a possible role of PsSNF5 in
BA signaling pathways through changes in chromatin structure

Rio et al., 2007).
In A. thaliana, AtCHR12, a SNF2/Brahma-type chromatin remod-

ling factor has been found to arrest growth of normally active
rimary bud and primary stem temporarily when subjected to
rought and heat stress. Also the growth arrest response was  found
o be proportional to degree of severity of stress applied (Mlynárová
t al., 2007). Han et al. (2012) described the role of A. thaliana BRM
WI/SNF2 chromatin remodeling complex components in direct
ranscriptional repression of ABI5 during post germination devel-
pment.

The chromo domain helicase-DNA-binding (CHD3) class of
WI/SNF2 has been found to be associated with regulating stress-
esponse genes in plants. PICLKE (PKL), which codes for A. thaliana
HD3 chromatin remodeling factor together with HDACs, has been

mplicated to play an important role in ABA signaling (Ogas et al.,
999) and also in methylation of H3K27 (Zhang et al., 2007).
Mutations in DDM1 (decrease in DNA methylation1), an Ara-
idopsis SWI2/SNF2 subfamily member results in methylation
epletion by building heterochromatin structures, which are tar-
eted by methyl transferases. However, role of DDM1 in DNA
ysiology 171 (2014) 486–496 493

hemimethylation right after DNA replication by recruiting methyl
transferases has also been established (Jeddeloh et al., 1999). This
establishes a link between chromatin remodeling factors and DNA
methylation.

RNAs and abiotic stress

Abiotic stress regulation also occurs at post-transcriptional and
post-translational levels. The former involves processing of pre
mRNA which starts with splicing of introns and joining of exons. In
A. thaliana, a gene STA1, which codes for nuclear pre-mRNA splic-
ing factor, has been identified under cold stress (Lee et al., 2006b).
Sta1-1 mutant was found to have defective splicing mechanisms
as it could not splice introns from COR15A pre-mRNA. This unpro-
cessed pre-mRNA showed hypersensitivity toward cold, salt stress
and ABA.

Some glycine rich proteins known as RNA binding proteins
(RBP) have also been identified to have an important role to play
in mRNA splicing. GR-RBP over expressing transgenic plants has
been observed to develop more resistance toward cold stress (Kim
et al., 2007; Zhu et al., 2007). Up regulation of these proteins
was also reported under environmental stress. A similar protein
oligouridylate binding protein (UBP1) has been identified in A.
thaliana. Interaction of UBP1 and RBPs results in formation of UBP
associated proteins (UBA) (Lambermon et al., 2000). UBA1 leads to
increased accumulation of processed mRNA in protoplasts, which
suggests a role of UBA proteins in stabilizing mRNA in cytoplasm as
well (Lambermon et al., 2002). A homolog of UBA1 from Vicia faba,
ABA-activated protein kinase (AAPK)-interacting protein 1 (AKIP1),
has been identified, which upon activation by AAPK through ABA
dependent phosphorylation stabilizes dehydrin gene mRNA which
is involved in cell protection (Li et al., 2000, 2002).

Abiotic stresses like temperature have also been found to be
regulated by specific small RNAs. In A. thaliana, 24-nt SRO5-P5CDH
nat-siRNA cleaves mRNA and thereby down regulates the expres-
sion of P5CDH leading to increased proline accumulation and hence
increased salt tolerance (Borsani et al., 2005). Microarray analy-
sis has also revealed that abiotic stresses, particularly ABA play
an important role in RNA-mediated DNA methylation. However,
further studies are required to elucidate the exact mechanism. A.
thaliana RDR2 has been reported to be involved in transcriptional
gene silencing (Chan et al., 2004). Epigenetic changes through chro-
matin remodeling or DNA methylation can also be induced by
non-coding RNAs (Bond and Finnegan, 2007).

Abiotic stresses including ABA have been reported to enhance
transcription of miR402, which regulates Demeter-like protein 3
(DML3), a DNA glycosylase domain protein encoded by At4g34060.
It has been hypothesized that miR402 under ABA induction reduces
the transcript level of DML3 resulting in gene repression through
methylation (Sunkar and Zhu, 2004; Chinnusamy et al., 2008).

Discussion

ABA seems to be ubiquitously distributed from cyanobacteria
to plants. In many groups, where 9-cis-neoxanthin is missing, ABA
is likely to be synthesized directly via farnesyl diphosphate. Sev-
eral recent reports suggest that algal ABA may have protective role
against oxidative stress (Yoshida et al., 2003), although a clear role
has not been described. The possibility that the complete biochem-
ical pathway to form and metabolize ABA was  invented in bacteria,
cyanobacteria and algae cannot be ruled out, although it may  not
have been adding to fitness advantage (Wolfram, 2010). During

the course of evolution, when organisms such as submerged living
liverworts started to occupy terrestrial habitats, ABA must have
gained an important role as a stress hormone. The ability to tol-
erate drought has been one of the critical steps in the evolution
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f land plants. Liu et al. (2008) has shown that Selaginella exhibits
BA responsive mechanisms with a subset of core components. This
eans that ABA signaling pathway was established in bryophyte.

ryophytes occupy an intermediate position between aquatic and
and plants and the establishment of ABA signaling mechanism was
f great advantage in achieving drought tolerance.

The central principle involved in ABA signaling is the inhibi-
ion of phosphatase activity of PP2C by ABA bound PYR/PYL/RCAR
eceptors. PYR/PYL/RCAR-PP2C-SnRK2 pathway is highly redun-
ant, suggesting that combination of various members of the
omplex have distinctive roles in ABA signaling among different
ells, tissues and organs. To elucidate the finer details of ABA signal
ransduction, further functional analyses of each combination are
equired. Many direct substrates or interacting proteins of PP2C or
nRK2 have been discovered and many others need to be unraveled.
o fully understand the ABA signaling in plants, screening of SnRK2
ubstrates is still a major challenge. Global changes in phosphopep-
ides in WT  and SnrK2.2/2.3/2.6 triple mutant seedlings in response
o ABA treatment have been analyzed by Wang et al. (2013) with
he use of qualitative phosphoproteomics. It was observed that ABA
ould increase the phorphorylation of 166 peptides and decrease
he phosphorylation of 117 peptides in WT  seedlings, whereas 84
f the 166 peptides representing 58 proteins could not be phos-
horylated by the same. These results shed new light on the role of
he SnRK2 protein kinases and on the downstream effectors of ABA
ction.

Once a plant detects the onset of stress, TFs characteristically
espond by inducing the expression of a cascade of downstream
argets. However, their activation is in part also dependent on
heir chromatin structure, which is largely determined by epige-
etic means (Boyko and Kovalchuk, 2008; Bilichak et al., 2012).
here exists a very clear time lag between transcriptional activa-
ion, DNA methylation and histone modification. Song et al. (2012)
ave shown in soybean that a promoter was demethylated within

 h of the imposition of salt stress. However, there was  no evi-
ence for the TF’s activation before 3 h. Similar time lags have been
oted for the building of H3K4me3 within the coding regions of A.
haliana drought related genes rd29A and rap2.4 during stress (Kim
t al., 2008) suggesting the events of transcriptional activation, DNA
ethylation and histone modification are not simultaneous.

uture perspectives

A good number of genes have been documented which encode
or enzymes conferring tolerance to abiotic stress. Transgenics of
ice, oat, etc., have been engineered to express osmo-protectants
uch as glycine betaine, proline, polyamines and several other genes
ncoding enzymes involved in abiotic stress responses (Amudha
nd Balasubramani, 2011). Constitutive expression of group3 LEA
roteins has resulted in improved growth characteristics and
rought tolerance. HVA1 (group3 LEA) gene from barley (Xu et al.,
996) a PMA1959 (group1 LEA) from wheat (Cheng et al., 2002)
ave been reported to confer drought and salt stress tolerance.

To eliminate adverse effects of ROS generated under envi-
onmental stress, detoxifying genes have been incorporated in
lants. These genes express anti-oxidant proteins like glutathione
eroxidase, superoxide dismutase, ascorbate peroxidase and glu-
athione reductase, etc.  that scavenge the ROS thereby enhancing
olerance to oxidative stress. Over-expression of superoxide dismu-
ase (SOD), particularly in mitochondria and chloroplast, has been
eported to have a profound effect on the relative tolerance of trans-

enic plants to stress conditions. Apart from this, transformation of
lants with TFs like MYC, MYB, bZIP has also been proved to show a
ramatic improvement in the performance of plants (Amudha and
alasubramani, 2011).
ysiology 171 (2014) 486–496

Early approaches were targeted on stress responsive genes for
creation of transgenic plants. But continuous expression of stress
inducible genes is a highly energy intensive process which casts a
heavy burden on the plant machinery subsequently compromis-
ing the quality and quantity of the yield. This can be overcome
by designing an inducible promoter where expression is under
the control of an inducer. With improvements in sequencing tech-
niques, advent of whole genome sequencing and construction of
databases like PLACE, TRANSFAC, PlantCARE, JASPER, etc., the task
of promoter designing and analysis has become easier. Strategies
have been developed to design tissue specific promoters, which
direct gene expression in particular tissues only (Mehrotra et al.,
2011).

Synthetic promoters have found great application in plant
biotechnology particularly in studies related to abiotic stress
responses. A minimal expression cassette (Pmec) and transcrip-
tional activation module (TAM) were designed which contain many
cis motifs responding to biotic and abiotic stresses and growth and
development (Sawant et al., 1999). These motifs show not only
self-activation but also synergistic activation. Using this concept,
a synthetic bidirectional expression module was made by arrang-
ing the positions of Pmec and TAM, Pmec being placed on the 5′

and 3′ end of TAM (Chaturvedi et al., 2006).
More recently, synthetic promoters have been produced for

stringent regulation. However, the challenge of homology based
gene silencing (HBGS) is yet to be met. On similar lines, bidirec-
tional promoters have been developed which not only overcome
the risk posed by synthetic promoters but also reduce the quantity
of foreign DNA being introduced in the organism (Mehrotra et al.,
2011).

Conclusion

Advancements in systemic computational and molecular biol-
ogy have led to a deeper understanding of the underlying
mechanisms of the involvement of ABA in stress tolerance; though
a lot is yet to be discovered. The physiological changes that lead to
adaptive responses are far more advanced in plants as compared
to animals. An understanding of ABA signal transduction pathways
and epigenetic modifications can be further exploited to produce
better transgenic plants that can withstand adverse climatic condi-
tions. Genetic regulation through cis engineering can be achieved by
designing promoters targeted at tissue specific expression through
which plant dynamics can be further explored.
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rellana S, Yañez M,  Espinoza A, Verdugo I, González E, Lara SR, et al. The transcrip-
tion factor SlAREB1 confers drought, salt stress tolerance and regulates biotic and
abiotic stress-related genes in tomato. Plant Cell Environ 2010;33:2191–200.

ark SY, Fung P, Nishimura N, Jensen DR, Hiroaki F, Zhao Y, et al. Abscisic acid
inhibits PP2Cs via the PYR/PYL family of ABA binding START proteins. Science
2009;324:1068–70.

awlak S, Deckert J. Histone modifications under environmental stress. Biol Lett
2007;44:65–73.

iechmann JL, Heard J, Martin G, Reuber L, Jiang C, Keddie J, et al. Arabidopsis
transcription factors: genome-wide comparative analysis among eukaryotes.
Science 2000;290:2105–10.

io G, Gagete AP, Castillo J, Berbel A, Franco L, Rodrigo I. Abscisic acid and desiccation-
dependent expression of a novel putative SNF5-type chromatin-remodeling
gene in Pisum sativum. Plant Physiol Biochem 2007;45:427–30.

odriguez PL, Benning G, Grill E. ABI2, a second protein phosphatase 2C involved in
abscisic acid signal transduction in Arabidopsis. FEBS Lett 1998;421:185–90.

aez A, Apostolova N, Gonzalez-Guzman M,  Gonzalez-Garcia MP,  Nicolas C, Lorenzo
O,  et al. Gain of function and loss of function phenotypes of the protein phos-
phatase 2C HAB1 reveal its role as a negative regulator of abscisic acid signaling.
Plant J 2004;37:354–60.

aez A, Rodrigues A, Santiago J, Rubio S, Rodriguez PL. HAB1-SWI3B interaction
reveals a link between abscisic acid signaling and putative SWI/SNF chromatin-
remodeling complexes in Arabidopsis. Plant Cell 2008;20:2972–80.

aradhi PP, Suzuki I, Katoh A, Sakamoto A, Sharmila P, Shi DJ, et al. Protection against
the  photo-induced inactivation of the photosystem II complex by abscisic acid.
Plant Cell Environ 2000;23:711–20.

arnowski TJ, Swiezewski S, Pawlikowska K, Kaczanowski S, Jerzmanowski A.
AtSWI3B, an Arabidopsis homolog of SWI3, a core subunit of yeast Swi/Snf chro-
matin remodeling complex, interacts with FCA, a regulator of flowering time.
Nucleic Acids Res 2002;30:3412–20.

awant SV, Singh PK, Gupta SK, Madanala R, Tuli R. Conserved nucleotide sequence
in  highly expressed genes in plants. J Genet 1999;78:1–8.

chweighofer A, Hirt H, Meskiene I. Plant PP2C phosphatases: emerging functions
in  stress signaling. Trends Plant Sci 2004;9:236–40.

eiler C, Harshavardhan VT, Rajesh K, Reddy PS, Strickert M,  Rolletschek H, et al. ABA
biosynthesis and degradation contributing to ABA homeostasis during barley
seed development under control and terminal drought-stress conditions. J Exp
Bot  2011;62:2615–20.

eo M,  Koshiba T. Complex regulation of ABA biosynthesis in plants. Trends Plant
Sci  2002;7:41–8.

eo M, Koshiba T. Transport of ABA from the site of biosynthesis to the site of action.
J  Plant Res 2011;124:501–10.

ervet C, Benhamed M,  Latrasse D, Kim W,  Delarue M,  Zhou DX. Characterization of a
phosphatase 2C protein as an interacting partner of the histone acetyltransferase
GCN5 in Arabidopsis. Biochim Biophys Acta 2008;1779:376–80.

hen QJ, Casaretto JA, Zhang P, Ho THD. Functional definition of ABA-response com-

plexes: the promoter units necessary and sufficient for ABA induction of gene
expression in barley (Hordeum vulgare L.). Plant Mol  Biol 2004;54:111–20.

hinozaki K, Yamaguchi-Shinozaki K, Seki M.  Regulatory network of gene expression
in the drought and cold stress responses. Curr Opin Plant Biol 2003;6:410–20.
ysiology 171 (2014) 486–496

Sokol A, Kwiatkowska A, Jerzmanowski A, Prymakowska-Bosak M.  Up-regulation
of  stress-inducible genes in tobacco and Arabidopsis cells in response to abiotic
stresses and ABA treatment correlates with dynamic changes in histone H3  and
H4  modifications. Planta 2007;227:245–50.

Song CP, Agarwal M,  Ohta M,  Guo Y, Halfter U, Wang P, et al. Role of an Arabidopsis
AP2/EREBP-type transcription al repressor in abscisic acid and drought stress
responses. Plant Cell 2005;17:2384–90.

Song Y, Ji D, Li S, Wang P, Li Q, Xiang F. The dynamic changes of DNA methylation and
histone modifications of salt responsive transcription factor genes in Soybean.
PLoS  ONE 2012;7:1–11.

Sridha S, Wu K. Identification of AtHD2C as a novel regulator of abscisic acid
responses in Arabidopsis. Plant J 2006;46:124–30.

Stockinger EJ, Mao  Y, Regier MK,  Triezenberg SJ, Thomashow MF. Transcriptional
adaptor and histone acetyl-transferase proteins in Arabidopsis and their inter-
actions with CBF1, a transcriptional activator involved in cold-regulated gene
expression. Nucleic Acids Res 2001;29:1524–30.

Sunkar R, Zhu JK. Novel and stress-regulated micro RNAs and other small RNAs from
Arabidopsis.  Plant Cell 2004;16:2001–10.

Suzuki M,  Ketterling MG,  McCarty DR. Quantitative statistical analysis of
cis-regulatory sequences in ABA/VP1- and CBF/DREB1-regulated genes of Ara-
bidopsis.  Plant Physiol 2005;139:437–40.

Tan BC, Schwartz SH, Zeevaart JA, McCarty DR. Genetic control of abscisic acid
biosynthesis in maize. Proc Natl Acad Sci U S A 1997;94:12235–40.

Turner BM.  Cellular memory and the histone code. Cell 2002;111:285–90.
Umezawa T, Nakashima K, Miyakawa T, Kuromori T, Tanokura M,  Shinozaki K,

et  al. Molecular basis of the core regulatory network in ABA responses: sensing,
signaling and transport. Plant Cell Physiol 2010;51:1821–30.

Vlachonasios KE, Thomashow MF,  Triezenberg SJ. Disruption mutations of ADA2b
and GCN5 transcriptional adaptor genes dramatically affect Arabidopsis growth,
development, and gene expression. Plant Cell 2003;15:626–30.

Wang P, Xue L, Batelli G, Lee S, Hou Y, Van Oosten MJ,  et al. Quantitative phospho-
proteomics identifies SnRK2 protein kinase substrates and reveals the effectors
of  abscisic acid action. Proc Natl Acad Sci U S A 2013;110:11205–10.

Waterborg JH, Harrington RE, Winicov I. Differential histone acetylation in alfalfa
(Medicago sativa)  due to growth in NaCl: responses in salt stressed and salt
tolerant callus cultures. Plant Physiol 1989;90:237–40.

Wolfram H. The evolution of abscisic acid (ABA) and ABA function in lower plants,
fungi and lichen. Funct Plant Biol 2010;37:806–10.

Xu D, Duan X, Wang B, Hong B, Ho THD, Wu  R. Expression of a late embryogenesis
abundant protein gene, HVA1, from barley confers tolerance to water deficit and
salt  stress in transgenic rice. Plant Physiol 1996;110:249–50.

Xu GP, Way  HM,  Richardson T, Drenth J, Joyce PA, McIntyre CL. Overexpression of
TaNAC69 leads to enhanced transcript levels of stress up-regulated genes and
dehydration tolerance in bread wheat. Mol  Plant 2011;4:697–700.

Yoshida K, Iigarashi E, Mukai M,  Hirata K, Miyamoto K. Induction of tolerance to
oxidative stress in the green alga, Chlamydomonas reinhardtii, by abscisic acid.
Plant Cell Environ 2003;26:451–60.

Yoshida R, Hobo T, Ichimura K, Mizoguchi T, Takahashi F, Aronso J, et al. ABA-
activated SnRK2 protein kinase is required for dehydration stress signaling in
Arabidopsis.  Plant Cell Physiol 2002;43:1473–80.

Yoshida R, Umezawa T, Mizoguchi T, Takahashi S, Takahashi F, Shinozaki K.  The
regulatory domain of SRK2E/OST1/SnRK2.6 interacts with ABI1 and integrates
ABA and osmotic stress signals controlling stomatal closure in Arabidopsis. J Biol
Chem 2006;281:5310–20.

Yoshida T, Fujita Y, Sayama H, Kidokoro S, Maruyama K, Mizoi J, et al. AREB1, AREB2
and ABF3 are master transcription factors that cooperatively regulate ABRE-
dependent ABA signaling involved in drought stress tolerance and require ABA
for full activation. Plant J 2010;61:672–80.

Zhang H, Mao  X, Wang C, Jing R. Over-expression of a common wheat gene TaS-
nRK2.8 enhances tolerance to drought, salt and low temperature in Arabidopsis.
PLoS ONE 2010;5:16041–50.

Zhang K, Gan SS. An abscisic acid-AtNAP transcription factor-SAG113 protein phos-
phatase 2C regulatory chain for controlling dehydration in senescing Arabidopsis
leaves. Plant Physiol 2012;158:961–70.

Zhang K, Sridhar VV, Zhu J, Kapoor A, Zhu JK. Distinctive core histone post-
translational modification patterns in Arabidopsis thaliana. PLoS ONE 2007.,
http://dx.doi.org/10.1371/journal.pone.0001210.

Zhang X, Wollenweber B, Jiang D, Liu F, Zhao J. Water deficit and heat shock effects
on  photosynthesis of a transgenic Arabidopsis thaliana constitutively expressing
ABP9,  a bZIP transcription factor. J Exp Bot 2008;59:839–40.

Zhou C, Miki B, Wu K. CHB2, a member of the SWI3 gene family, is a global regulator
in  Arabidopsis. Plant Mol  Biol 2003;52:1125–30.

Zhou C, Zhang L, Duan J, Miki B, Wu K. Histone deacetylase 19 is involved in jas-
monic acid and ethylene signaling of pathogen response in Arabidopsis. Plant
Cell 2005;17:1196–200.

Zhou JL, Wang XF, He K, Charron JBF, Elling AA, Deng XW.  Genome-wide profiling
of  histone H3 lysine acetylation and dimethylation in Arabidopsis reveals cor-
relation between multiple histone marks and gene expression. Plant Mol  Biol
2010;72:585–90.

Zhu J, Dong HC, Zhu JK. Interplay between cold-responsive gene regulation,
Biol 2007;10:290–300.
Zhu J, Jeong J, Zhu Y, Sokolchik I, Miyazaki S, Zhu JK, et al. Involvement of Arabidopsis

HOS15 in histone deacetylation and cold tolerance. Proc Natl Acad Sci U S A
2008;105:4945–50.

dx.doi.org/10.1100/2012/983528
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0345
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0350
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0350
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0350
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0350
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0350
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0350
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0350
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0350
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0350
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0350
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0350
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0350
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0350
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0350
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0350
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0350
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0350
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0350
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0350
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0355
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0355
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0355
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0355
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0355
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0355
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0355
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0355
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0355
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0355
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0355
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0355
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0355
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0355
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0355
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0355
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0355
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0355
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0355
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0355
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0355
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0355
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0360
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0360
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0360
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0360
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0360
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0360
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0360
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0360
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0360
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0360
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0360
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0360
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0360
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0360
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0360
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0360
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0360
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0360
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0360
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0360
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0360
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0360
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0360
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0360
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0360
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0360
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0360
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0365
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0370
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0370
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0370
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0370
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0370
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0370
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0370
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0370
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0370
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0370
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0370
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0370
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0370
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0370
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0370
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0370
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0370
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0375
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0375
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0375
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0375
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0375
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0375
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0375
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0375
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0375
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0375
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0375
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0375
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0380
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0380
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0380
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0380
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0380
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0380
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0380
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0380
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0380
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0380
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0380
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0380
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0380
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0380
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0380
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0385
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0385
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0385
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0385
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0385
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0385
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0385
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0385
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0385
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0385
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0385
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0385
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0385
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0385
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0385
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0385
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0385
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0385
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0385
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0385
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0390
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0395
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0395
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0395
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0395
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0395
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0395
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0395
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0395
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0395
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0395
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0395
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0395
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0395
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0395
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0395
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0395
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0395
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0395
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0395
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0395
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0395
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0395
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0395
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0395
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0395
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0400
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0400
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0400
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0400
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0400
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0400
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0400
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0400
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0400
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0400
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0400
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0400
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0400
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0400
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0400
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0400
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0400
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0405
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0405
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0405
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0405
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0405
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0405
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0405
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0405
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0405
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0405
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0410
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0410
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0410
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0410
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0410
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0410
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0410
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0410
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0410
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0410
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0410
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0410
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0415
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0415
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0415
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0415
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0415
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0415
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0415
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0415
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0415
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0415
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0415
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0415
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0415
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0415
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0415
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0415
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0415
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0415
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0415
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0415
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0415
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0415
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0415
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0415
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0420
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0420
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0420
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0420
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0420
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0420
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0420
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0420
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0420
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0420
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0420
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0420
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0420
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0420
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0420
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0420
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0420
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0420
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0420
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0420
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0425
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0430
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0430
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0430
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0430
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0430
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0430
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0430
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0430
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0430
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0430
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0430
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0430
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0430
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0430
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0430
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0430
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0430
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0430
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0430
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0430
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0430
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0430
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0430
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0435
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0435
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0435
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0435
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0435
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0435
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0435
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0435
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0435
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0435
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0435
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0435
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0435
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0435
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0435
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0435
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0435
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0435
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0435
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0440
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0445
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0445
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0445
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0445
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0445
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0445
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0445
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0445
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0445
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0445
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0445
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0445
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0445
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0445
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0450
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0450
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0450
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0450
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0450
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0450
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0450
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0450
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0450
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0450
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0450
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0450
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0450
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0450
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0455
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0455
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0455
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0455
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0455
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0455
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0455
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0455
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0455
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0455
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0455
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0455
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0455
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0455
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0455
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0455
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0455
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0455
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0455
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0455
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0455
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0455
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0455
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0455
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0460
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0460
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0460
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0460
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0460
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0460
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0460
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0460
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0460
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0460
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0460
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0460
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0460
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0465
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0465
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0465
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0465
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0465
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0465
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0465
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0465
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0465
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0465
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0465
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0465
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0465
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0465
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0465
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0465
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0465
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0465
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0465
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0470
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0470
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0470
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0470
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0470
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0470
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0470
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0470
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0470
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0470
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0470
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0470
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0470
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0470
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0470
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0470
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0470
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0470
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0470
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0470
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0470
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0470
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0470
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0470
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0475
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0480
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0480
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0480
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0480
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0480
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0480
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0480
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0480
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0480
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0480
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0480
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0480
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0480
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0480
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0480
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0480
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0480
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0480
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0480
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0485
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0490
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0490
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0490
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0490
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0490
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0490
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0490
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0490
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0490
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0490
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0490
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0490
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0490
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0490
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0490
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0490
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0490
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0490
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0490
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0490
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0495
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0495
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0495
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0495
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0495
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0495
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0495
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0495
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0495
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0495
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0495
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0495
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0495
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0495
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0495
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0495
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0495
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0495
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0495
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0495
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0495
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0495
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0500
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0500
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0500
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0500
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0500
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0500
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0500
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0500
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0500
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0500
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0500
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0500
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0500
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0500
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0500
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0500
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0500
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0500
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0500
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0505
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0510
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0510
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0510
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0510
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0510
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0510
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0510
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0510
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0510
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0510
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0510
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0510
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0510
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0510
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0510
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0510
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0510
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0515
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0515
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0515
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0515
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0515
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0515
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0515
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0515
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0515
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0515
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0515
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0515
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0515
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0515
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0515
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0515
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0515
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0515
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0515
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0515
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0515
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0520
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0520
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0520
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0520
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0520
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0520
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0520
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0520
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0520
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0520
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0520
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0520
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0520
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0520
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0520
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0520
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0520
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0520
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0525
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0525
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0525
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0525
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0525
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0525
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0525
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0525
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0525
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0525
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0530
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0530
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0530
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0530
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0530
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0530
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0530
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0530
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0530
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0530
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0530
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0530
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0530
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0530
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0530
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0530
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0530
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0530
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0530
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0530
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0535
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0535
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0535
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0535
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0535
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0535
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0535
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0535
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0535
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0535
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0535
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0535
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0535
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0535
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0535
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0535
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0535
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0535
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0535
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0535
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0535
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0535
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0540
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0540
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0540
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0540
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0540
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0540
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0540
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0540
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0540
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0540
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0540
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0540
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0540
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0540
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0540
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0540
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0540
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0540
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0540
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0540
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0540
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0540
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0540
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0540
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0540
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0540
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0545
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0550
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0550
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0550
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0550
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0550
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0550
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0550
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0550
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0550
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0550
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0550
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0550
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0550
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0550
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0550
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0550
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0550
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0550
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0550
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0550
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0550
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0555
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0555
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0555
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0555
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0555
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0555
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0555
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0555
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0555
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0555
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0555
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0555
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0555
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0555
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0555
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0555
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0555
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0555
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0555
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0555
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0555
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0555
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0555
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0555
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0555
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0555
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0555
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0560
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0560
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0560
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0560
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0560
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0560
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0560
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0560
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0560
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0560
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0560
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0560
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0560
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0560
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0560
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0560
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0560
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0560
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0560
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0560
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0560
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0560
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0560
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0565
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0565
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0565
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0565
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0565
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0565
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0565
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0565
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0565
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0565
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0565
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0565
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0565
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0565
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0565
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0565
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0565
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0565
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0565
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0565
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0565
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0565
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0570
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0570
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0570
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0570
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0570
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0570
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0570
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0570
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0570
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0570
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0570
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0570
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0570
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0570
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0570
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0570
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0570
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0570
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0570
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0570
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0575
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0575
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0575
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0575
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0575
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0575
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0575
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0575
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0575
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0575
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0575
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0575
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0575
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0575
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0575
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0575
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0575
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0575
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0575
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0575
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0575
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0575
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0575
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0575
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0575
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0575
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0575
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0580
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0585
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0585
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0585
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0585
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0585
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0585
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0585
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0585
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0585
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0585
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0585
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0585
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0585
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0585
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0585
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0585
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0585
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0585
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0585
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0585
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0585
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0585
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0585
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0585
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0590
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0590
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0590
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0590
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0590
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0590
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0590
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0590
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0590
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0590
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0590
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0590
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0590
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0590
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0590
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0590
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0590
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0590
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0590
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0590
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0590
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0590
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0590
dx.doi.org/10.1371/journal.pone.0001210
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0600
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0600
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0600
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0600
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0600
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0600
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0600
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0600
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0600
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0600
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0600
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0600
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0600
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0600
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0600
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0600
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0600
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0600
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0600
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0600
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0600
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0600
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0600
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0600
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0600
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0600
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0600
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0605
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0605
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0605
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0605
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0605
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0605
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0605
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0605
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0605
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0605
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0605
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0605
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0605
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0605
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0605
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0605
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0605
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0605
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0605
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0605
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0605
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0610
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0610
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0610
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0610
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0610
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0610
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0610
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0610
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0610
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0610
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0610
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0610
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0610
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0610
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0610
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0610
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0610
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0610
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0610
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0610
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0610
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0610
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0610
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0615
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0615
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0615
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0615
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0615
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0615
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0615
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0615
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0615
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0615
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0615
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0615
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0615
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0615
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0615
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0615
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0615
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0615
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0615
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0615
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0615
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0615
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0615
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0615
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0615
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0615
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0615
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0620
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0620
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0620
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0620
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0620
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0620
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0620
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0620
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0620
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0620
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0620
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0620
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0620
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0620
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0620
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0620
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0620
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0620
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0620
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0620
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0625
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0625
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0625
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0625
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0625
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0625
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0625
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0625
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0625
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0625
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0625
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0625
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0625
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0625
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0625
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0625
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0625
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0625
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0625
http://refhub.elsevier.com/S0176-1617(13)00480-X/sbref0625

	Abscisic acid and abiotic stress tolerance – Different tiers of regulation
	Introduction
	ABA: evolutionary significance, synthesis and stress regulatory mechanisms
	ABA: ubiquitous presence across different lineages
	ABA biosynthesis
	In the plastid: from zeaxanthin to xanthoxin
	In the cytosol: from xanthoxin to ABA

	ABA transport
	ABA transport is both passive and mediated by ABA transporters

	ABA signaling
	PP2C is a global negative regulator of ABA signaling
	SnRK2 is a positive regulator of ABA signaling
	SnRK2s and downstream effectors of ABA action
	ABA-PYR/PYL/RCAR receptor

	Changes at gene expression level
	Transcription factors involved in stress signaling
	Epigenetic changes in response to abiotic stress
	Histone modifications by acetylation and de-acetylation
	Methylation and stress
	Chromatin remodeling factors
	RNAs and abiotic stress

	Discussion
	Future perspectives
	Conclusion
	Acknowledgements
	References


