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1. Introduction

In 1957, Conrad Waddington (1905-1975) noted that “the main
respect in which the biological picture is more complicated than
the physical one is the way time is involved in it” [1]. This is par-
ticularly apparent during development of a multicellular organism.
Starting from a single cell, the generation of a complex organism
requires not only tight regulation in space, but also in time. How
a multitude of complex information (both in identity and inten-
sity) is processed to allow development is a central question that is
still not fully understood. Strikingly, this is accomplished by only a
limited number of conserved signalling pathways.

Theoretical considerations implied early on that signalling
dynamics might offer additional properties and layers of informa-
tion encoding. Signalling dynamics, in contrast to a static “either or”
perspective, describes the temporal evolution of a signalling system
[2]. Excitingly, technical advancements in visualizing and perturb-
ing intracellular signalling now enable experimental approaches
to investigate the significance of dynamics at the signalling level.
Indeed, experimental evidence indicates that upstream stimuli
can be encoded in the dynamic properties of signals, such as
delay, duration, fold-change or frequency (see Fig. 1). Here, we
discuss recent experimental progress in understanding signalling
dynamics, signal encoding and the implications for development
of multicellular organisms. We will first review general principles
of dynamic information transmission (Sections 2 and 3) before tur-
ning to specific examples in developing organisms (Section 4).

2. Properties of dynamic signal encoding

Dynamic signal encoding is characterized by robustness to
noise, high information content and the possibility for temporal
organization [3,4]. In recent years, it has become apparent that
these general features are also an integral part of biological infor-
mation encoding.

2.1. Robustness

For efficient cellular communication, the information has to be
robust to noise and convey the message in identity and quantity [5].
In biology, noise is generated by random fluctuations and changes
of environmental conditions such as pH or temperature, which in
turn impacts on the kinetics of all cellular reactions.

In general, a digital signal is more robust to noise than an ana-
logue one, as long as the noise amplitude is smaller than the discrete
quanta of the digital signal. Several studies provide theoretical and
experimental evidence that digital encoding in the signal frequency
orinthe fold-change of a signal is more robust and resistant to infor-
mation loss by noise than detection of absolute levels [6-10]. In the
human colon carcinoma cell line RKO or Xenopus laevis embryos
a fold-change in B-Catenin levels is detected upon stimulation
with Wnt [7]. Similarly, in the non-small cell carcinoma cell line
H1299 a fold-change in nuclear levels of ERK2 (extracellular signal-
regulated kinase 2), a mitogen-activated protein kinase (MAPK),
rather than absolute ERK2 level is relevant for the downstream
response upon stimulation with the epidermal growth factor (EGF)
[8]. By encoding information in the fold change instead of the abso-
lute level, cell-to-cell variations in basal signalling activity can be
compensated. Indeed, perturbations of the Wnt signalling pathway,
which alter the baseline but preserve (3-catenin fold-change, do not
interfere with the dorsoanterior development of X. laevis [7].

2.2. Increasing diversity through dynamic signal encoding

How a very limited number of conserved signalling pathways
can encode a wide variety of distinct downstream responses is a

longstanding question in the signalling field. Dynamic information
encoding can be seen as powerful strategy to provide additional
versatility: one and the same pathway can elicit different out-
comes depending on its dynamics. Information can, for example,
be encoded at the level of signal delay, duration, fold-change or
periodic signalling frequency.

This concept can be exemplified using signalling gradients in
development: the classical (static) view emphasizes the amount of
stimulus as key determinant [11]. This view is currently undergo-
ing drastic change. Accordingly, gradients can encode information
in versatile ways, including the rate at which a signal changes in
time [12]. In this dynamic view, two gradients with greatly differ-
ing absolute amounts that decay with the same kinetics over time,
could elicit similar downstream responses (Fig. 1).

2.3. Temporally ordered cells as basis for higher-order
spatiotemporal patterning

Within assemblies of cells, signalling dynamics, such as oscil-
lations, have an additional, critical potential: whenever coupling
between cells enables temporal synchronization, it can form the
basis for subsequent patterning that requires spatial, but also tem-
poral coherence. Development of multicellular organisms has been
one context in which such coherent spatiotemporal signalling
dynamics have been identified [3,11,13-16] and we will review
specific examples (see Section 4).

In the following, we will discuss specific modes of dynamic
information encoding in more detail as well as recent experimental
work that provided novel insights into underlying mechanisms.

3. Dynamic information transmission

In engineering a message is sent by a source, encoded (by the
transmitter), transferred and decoded (by the receiver) before reach-
ing the destination [5,17]. Similar principles apply to biological
information transmission, in which encoding and decoding are
accomplished by complex signalling networks. The topology of the
network defines signal dynamics and the consequent output. To
allow information encoding in signalling dynamics, more complex
molecular networks are necessary than for encoding information
only in the absolute signal [4]. Interestingly, the signalling topolo-
gies that have been identified so far involve recurrent motifs, such
as feedback or feedforward loops [4]. For instance, a steady stim-
ulus can lead to oscillatory signalling based on a limited set of
topological requirements, such as a delayed negative feedback loop
[18].

3.1. Network topology matters

The importance of the network topology for the resulting
dynamics of a signalling pathway can be illustrated at the level
of p53 signalling in response to DNA breaks (Fig. 2): whereas dou-
ble strand breaks (DSBs) result in oscillations of p53 levels with a
period of 4-7 h, single strand breaks (SSBs) induce a single pulse of
signalling [19-21]. The underlying mechanism that generates these
different dynamic outcomes involves subtle changes in the topol-
ogy being employed, in particular an additional negative feedback
present in the DSB-induced network, but lacking in SSB-induced
signalling (Fig. 2). While double strand breaks are digitally encoded
in the number of p53 oscillations (damage correlates with number
of oscillations), the extent of SSBs is encoded in signal duration and
amplitude [22]. Interestingly, in the context of p53, the functional
relevance of the different dynamic responses has been addressed.
Purvis et al. [23] used a small molecule inhibitor to change p53
dynamics upon DSBs from oscillations to sustained activity reflect-
ing SSB-specific signalling dynamics. Instead of only promoting cell
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Fig. 1. Principles of dynamic information transmission. An upstream stimulus is encoded in a specific intracellular signalling event. The signal is then decoded to induce
a cellular response. In these examples, either absolute signalling levels or signalling dynamics, e.g. signal duration, rate of change or frequency, can be read out. Decoding
of different features of a dynamic signal can result in quantitatively (and qualitatively) different responses. For instance, two signals with the same amplitude but different
durations induce the same response, if absolute levels are taken into account, but induce different responses, if signal duration is critical (A). Signals that show different
absolute levels but increase, i.e. ramp, with an identical slope can induce the same response, if the rate of change is taken into account (B). Information can be encoded in
oscillation frequency and hence signals at different absolute levels, but with identical frequency, result in the same cellular response (C).

cycle arrest, this prolonged activity led to changed gene expression
and the induction of senescence and pro-apoptotic factors.

In the following sections, we will address encoding of infor-
mation in certain features of a dynamic signal and corresponding
decoding mechanisms. Whenever known, relevant network motifs
will be discussed.

3.2. Signal duration

Certain network topologies have been implicated in encoding
information in the duration of a signal. For instance, coherent feed-
forward loops (e.g. X activates Y, both X and Y are then necessary to
activate Z [4]) can integrate stimulus duration, since these topolo-
gies ensure that a signal is only generated by a prolonged stimulus
and hence function as persistence detectors. As such, noise in the
form of short stimulus fluctuations are buffered and do not lead to
a downstream signalling event [4].

Several molecular examples for duration encoding have been
identified. Besides p53 signalling in response to SSBs (see Section
3.1), ERK signalling in PC12 cells is an example for encoding stimu-
lus identity in signal duration. In PC12 cells, NGF induces persistent
ERK activity via the receptor tyrosine kinase (RTK) TrkA and leads
to differentiation, whereas EGF binds to the EGF receptor (EGFR)
and induces only transient activation and results in proliferation
[24-26]. As in the examples above, the differences in ERK dynamics
can be traced back to different network topologies being employed
upon NGF or EGF stimulation [27].

Artificially mimicking persistent activation of ERK by expression
of a constitutively active MAPK kinase was sufficient to promote
neurite formation in unstimulated cells [24]. Toettcher et al. [28]
used optogenetics to investigate the effect of different ERK signal
durations on NIH3T3 cells (mouse fibroblast cells). By inducing ERK

signalling with varying durations they identified fast responding
genes, activated by ERK pulses of 20 min each, and other genes, such
as STAT3, that were only activated after a longer activity period of
120 min.

In 2002, Murphy et al. proposed a molecular explanation for the
decoding of ERK signal duration. ERK signalling, transient or sus-
tained, induces the expression of immediate early genes such as
the transcription factor c-Fos. However, only upon sustained ERK
signalling, c-Fos is additionally phosphorylated by ERK, leading to
the stabilization of c-Fos. In contrast, in transient ERK signalling c-
Fos is upregulated but remains unstable at the protein level [29].
Therefore, proteins like c-Fos can function as persistence sensors
for induction of downstream effects such as the neuronal differen-
tiation in PC12 cells in situations of prolonged signalling.

3.3. Frequency encoding

Periodic signals are abundant in biology, showing a wide spec-
trum of forms, from sharp pulses similar to a relaxation-type
oscillator to sinusoidal oscillations [2], and covering largely varying
time scales, such as the circadian clock [30] with a period of approx-
imately 24 h or calcium oscillations with periods in the milliseconds
range [18,31,32]. Periodic signals offer particularly diverse pos-
sibilities for information encoding: amplitude, frequency, phase,
oscillation form, number of oscillations are some of the levels at
which information can be encoded.

Frequency encoding indicates that the quantity and quality of
an upstream stimulus controls the frequency of a signal (which
is hence frequency modulated, FM) and downstream responses
are decoded based on these signal frequencies. Numerous exam-
ples for frequency encoding are known, including classic examples
from neurophysiology, such as encoding of stimuli at the level of
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Fig. 2. Network topology defines p53 signalling dynamics upon DNA strand breaks.
Whereas DNA DSBs lead to the activation of the kinase ATM, SSBs induce the acti-
vation of the kinase ATR. Due to differing signalling networks, p53 signalling either
oscillates (in the case of ATM activation) or is transiently activated (in the case of ATR
activation). p53 induces the phosphatase Wip1, which inhibits ATM, thus forming
an additional negative feedback loop, which results in the formation of oscillations.
In contrast, ATR is not inhibited by Wip1 [21]. The signal is then decoded to induce
particular cell responses.
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action potential frequency [33]. More recently, several signalling
pathways have been shown to employ frequency modulation and
encoding as well [34,35].

3.3.1. ERK signalling

A major signalling pathway using frequency encoding is the
MAPK cascade. Continuous stimulation of MCF-10A cells (human
mammary epithelial cells) with EGF results in multiple ERK activity
pulses, in which the duration and frequency of ERK pulses cor-
relate with EGF stimulus concentration [36]. Toettcher et al. [28]
used optogenetics to investigate the role of frequency modulation
in ERK signalling. By inducing ERK signalling pulses with varying
stimulus frequencies, they found that the ERK signalling network
functions as a low-pass, high-bandwidth filter: ERK was not acti-
vated at high frequencies (hence low-pass), but at the same time,
could encode a wide range of frequencies, i.e. from 4 min to 2 h (high
bandwidth). Evidence for frequencies indeed encoding information
was obtained by analyzing the effect of varying frequencies on the
ability to induce proliferation: quantitative response curves indi-
cated that proliferative stimuli correlated with signal frequency,
strongly supporting the presence of frequency encoding [36]. How
these network dynamics are transmitted on the molecular level to
induce the cell cycle remains to be determined.

3.3.2. NFkB signalling

NFkB signalling has also been implicated in frequency encoding.
This signalling pathway oscillates with NFkB periodically shuttling
between nucleus and cytoplasm upon stimulation by the inflam-
matory cytokine TNFa [37,38]. After its activation, NFkB shuttles to

the nucleus, where it activates the transcription of various genes,
among them IkBa [39], which inhibits NFkB and thus forms a
delayed negative feedback. Ashall et al. [40] induced nuclear local-
ization pulses with varying frequencies by periodically stimulating
cells with high doses of TNFa.. Remarkably, the expression of late
genes, like the chemokine RANTES, is only induced with high fre-
quency pulses, whereas early or middle genes are also expressed
at lower frequencies.

3.4. Number of signal oscillations

Periodic signals also allow digital information encoding in the
number of oscillations. For example, p53 signalling in response to
DSBs has been shown to employ oscillation-number encoding (see
Section 3.1) [22].

NFkB signalling, which has been implicated in frequency encod-
ing (see Section 3.3), has additionally been suggested to rely on
signal encoding based on the number of induced nucleocytoplasmic
NFkB oscillations [41]. Using a microfluidic system to investigate
single-cell dynamics of NFkB shuttling the authors found that
increasing the dose of TNFa was followed by increasing number of
oscillations (while no change of frequency was seen in this context).
Accordingly, while during the first oscillation wave only early genes
like IkBae were induced, the activation of late genes, such as pro-
apoptotic factors, was only seen after multiple nuclear localization
peaks [41].

Very recently, a counting mechanism underlying the classic
example of cAMP oscillations in Dictyostelium discoideum has been
revealed to connect stimulus (i.e. starvation) to output (i.e. induc-
tion of gene expression) [10].

3.5. Fold-change detection

Another type of dynamic signal encoding employs fold-change
detection of either stimulus or signal. Hence, instead of detecting
absolute levels, the relative change is relevant for the downstream
response. In fact, the perception of a stimulus relative to the base-
line is a common feature in physiological sensing and was first
described in 1834 by Ernst Weber for the perception of tactile
impulses [33].

At the signalling level, it has been found that Wnt and EGF
signalling pathways induce a fold-change response in downstream
signalling in certain cell lines. Accordingly, perturbations that
change the overall signalling intensity but leave the fold change
intact do not change the downstream response (as discussed in
Section 2.1) [7,8]. Similarly, in TNF-induced nucleocytoplasmic
shuttling of NFkB in HeLa cells not absolute nuclear NFkB level is
detected, but rather its fold change, thus compensating for stochas-
tic fluctuations of signalling components [42].

Fold-change detection can be accomplished by network topolo-
gies capable of adaptation. Adaptation or perfect adaptation
indicates that — despite continuous stimulation - signal duration
is limited to a transient activation period before returning to a
steady state or even the pre-stimulus level, respectively. Two net-
work motifs have been proposed to account for adaptation: (a) an
incoherent feedforward loop (incoherent feedforward loop type 1
(I1-FFL): factor X activates both Y and Z and then Y inhibits Z [4])
or (b) an integral feedback circuit including a buffering node (e.g. X
activates Z, which in turn activates Y, which then inhibits Z) [43]. In
both cases, the downstream target is first activated and inhibited
after a delay. In the above-mentioned examples of Wnt, EGF and
NFkB signalling an incoherent feed-forward loop has been sug-
gested to execute the fold-change detection [42,44], whilst it has
not been shown whether a network motif containing a buffering
node can also allow fold-change detection [45]. It will be interest-
ing to find out whether such a detection mechanism is common
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in signalling pathways employed during development, as recent
findings indicate ([ 12], see Section 4.1).

4. Signalling dynamics during development

So far, most studies on signalling dynamics addressed in pre-
vious sections have been performed with single cells. However,
similar mechanisms probably govern aspects of development in
multicellular organisms. With technical advancements in real-time
imaging researchers have started to quantitatively and function-
ally analyze signalling dynamics in multicellular organisms. For
proper development pattern formation is essential, which requires
organization of the whole cell population in time and space.
While theoretical studies provided the conceptual framework how
higher-order signalling dynamics could form the basis of pattern-
ing [13,14,46-48], more recently, experimental evidence for the
significance of signalling dynamics is emerging.

4.1. Dynamic readout of signalling gradients

During development gradients of signalling molecules provide
long-range spatial stimuli for embryonic patterning [11,47,49].
Classically, these signalling molecules, termed morphogens, were
proposed to induce concentration-dependent cell specification
[31,50]. In contrast to the classical view, it has become increasingly
clear in recent years that firstly, morphogen gradients are dynamic
and can change over time [51-53]. Secondly, gradients cannot only
be read out in absolute levels but also by signalling duration or
fold change within each cell [12,53-55]. Interestingly, during plant
development the flux of the morphogen Auxin across cells has also
been proposed to encode information [56].

In the developing neural tube, a gradient of sonic hedgehog
(Shh) is essential for the development and specification of dis-
tinct neuron types [57-59]. The gradient of Shh originates from
the ventrally located notochord and floor plate and is highly
dynamic, as gradient amplitude and range increase over time
[60,61].Importantly, both morphogen concentration and also dura-
tion of exposure were found to determine differentiation in the
neural tube and the Shh inhibitor patched 1 (PTC1) has been impli-
cated in the molecular mechanism encoding signal-duration [53].
Decoding of the Shh gradient (in level and duration) in combina-
tion with the activity of SoxB1 transcription factors determines the
sequential expression of downstream transcription factors for the
specification of neural tube cells [53,62-64].

In addition, morphogen gradients can also be decoded by
a fold-change-detection mechanism, such as in the case of
the decapentaplegic (Dpp) gradient during Drosophila wing disc
development [12]. Dpp is produced along the anteroposterior com-
partment boundary in the centre of the wing disc [65-68] and a
spatial Dpp gradient is found across the wing disc. In addition, Dpp
levels increase over time during growth of the wing disc, form-
ing a temporal Dpp gradient [12,51,69,70]. Interestingly, despite
different absolute levels of Dpp, cells experience similar temporal
gradients, i.e. a similar fold-change of Dpp over time [ 12]. Decoding
this fold-change of Dpp is, in turn, the basis enabling homogenous
cell proliferation throughout the imaginal wing disc [12].

Thus, dynamic readout of signalling gradients - for instance in
the form of signal duration or signalling fold-change - can underlie
spatiotemporal patterning in developing organisms.

4.2. Signal oscillations in development

Periodic signal dynamics are a common feature of developing
organisms and recently, approaches relying on real-time imaging

have provided insights into the role of signalling oscillations in
development.

4.2.1. Signalling oscillations and neuronal fate decisions

Several transcription factors have been identified to govern cell
fate decisions during neuronal differentiation in mouse embryo-
genesis [71-76], such as Hes1, Olig2 and Ascl1, which oscillate in
undifferentiated neuronal progenitor cells (NPCs) with a period in
the range of a few hours [77-79]. More recently, both the mech-
anism controlling these oscillations (77) and, importantly, their
functional relevance (78) have been addressed. In an elegant study,
the group of Kageyama succeeded in using optogenetic tools to
control expression dynamics of a selected transcription factor. This
revealed that oscillatory Ascll expression leads to NPC maintenance
and proliferation, while sustained Ascll expression promotes neu-
ronal fate determination. This exemplifies the role of signalling
dynamics in controlling specific downstream responses in a devel-
opmental context (see review article by Harima et al., in this issue).

4.2.2. Spatiotemporal dynamics and signalling oscillations

Ultradian oscillatory signalling activities have been identified
during the process of embryo segmentation, first in vertebrates
[80-83] and excitingly, also in several arthropod species [84-86].
In all these species, the hallmark of oscillatory activity in the seg-
mentation context is the striking degree of synchronization within
a cell population, generating higher-order temporal coherence in
signalling activity.

This temporal coherence is commonly thought to provide tem-
poral control over the segmentation process. Hence, the oscillations
have been implicated to function as segmentation clock. Several
excellent reviews have covered the molecular details and possible
role of asegmentation clock in somitogenesis [87,88]. Nevertheless,
the precise function of oscillations per se during somite formation
is not entirely clear [89-91].

Here, we focus on a potential mechanism that highlights the
functional relevance of spatiotemporal synchrony between oscil-
lations within a population of cells. In vertebrates, i.e. mouse and
zebrafish embryos, the ability to reveal oscillations using reporter
strategies and real-time imaging has allowed novel and direct
insights into this synchronization [92-94]. Neighbouring oscillat-
ing cells show a slight degree of phase-shift, i.e. peaks of oscillations
are not reached at the same time, but rather with a shift of a
few minutes (Fig. 3A). As this phase-shift is orderly distributed
across the cell population, periodic activity waves are generated
that sweep through the population of cells. These spatiotemporal
activity patterns have received considerable attention with regard
to how synchrony is established [94-99].

Recently, our group addressed the significance of spatiotempo-
ral synchronization in the context of segment scaling, a property
that ensures that patterning remains proportional, even when the
overall size of the to-be-patterned field of cells has been altered
experimentally [100,101]. By employing a novel 2-dimensional ex
vivo assay, we found that the phase-shift between cells is the sin-
gle predictor for future segment size during patterning and scaling
(Fig.3B)[101]. While the mechanism that leads to scaling of phase-
shift between cells awaits discovery, these findings allowed us to
place oscillatory activity in a distinct perspective: oscillations are
not limited to a clock or timer function, conversely, the temporal
order (i.e. the phase-shift between neighbouring oscillators) car-
ries temporal and importantly also spatial information. Intriguingly,
this first evidence supports — at the abstract level - a theoreti-
cal model put forward decades ago, in which Goodwin and Cohen
proposed a patterning model which relies on information encoded
in phase-shifted periodic activities [14]. How this information is
encoded in and decoded from the signal dynamics is a central ques-
tion that is currently being addressed. In any case, the context of
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Fig. 3. Tissue-wide signalling dynamics govern pattern formation during somito-
genesis. (A) The segmenting PSM, represented by a row of cells, shown at four
timepoints within a somite formation cycle. Each cell displays signalling pathway
oscillations (in Notch, Wnt and FGF signalling in the mouse PSM). In this scheme,
Notch signalling oscillation phases ranging from 0 to 277 (colour-coded) are shown.
Signalling waves are generated by a phase shift Ag between neighbouring oscil-
lators, leading to the generation of tissue-wide signalling dynamics, which have
been implicated in governing the segmentation process. (B) Phase shift between
neighbouring oscillators correlates with PSM size, i.e. the signalling phase gradient
(colour-coded as in A) scales with PSM size. In a larger PSM the phase shift between
neighbouring oscillators is smaller than that in a shorter PSM (A < Agy).

signalling oscillations, which show complex dynamics and syn-
chronization in time and space, offers an ideal experimental set up
to study the role of signalling dynamics in encoding information
during development.

5. Discussion

Given the widespread identification of dynamic signal encod-
ing at the cellular level, a future challenge will be to address and
transfer these findings to more complex systems, such as develop-
ing embryos, organogenesis or disease. As the underlying signalling
machineries are highly conserved and recurrent network topolo-
gies have been identified, it is likely that similar concepts will
be revealed in such systems. Indeed, initial studies have provided
evidence for utilization of dynamic signal-encoding principles in
developing embryos. Still, the mechanism of generation and func-
tion are in most cases not fully understood.

For the study of signalling dynamics several challenges are
faced: first, the pathways have to be quantitatively described in
space and time. To this end, live cell reporters enabling the quantifi-
cation of signalling dynamics have to be generated and in addition,
in vivo real-time imaging has to be further improved. For instance,
selective plane illumination microscopy (SPIM) allows real-time
imaging of multicellular organisms with low phototoxicity and high
spatiotemporal resolution [102,103]. Additionally, other imaging
techniques such as FRET (fluorescence resonance energy trans-
fer), FRAP (fluorescence recovery after photobleaching) and FCS
(fluorescence correlation spectroscopy) have high potential for
studying the kinetics of signalling pathways [52]. In parallel to
advancements in real-time imaging, methods available to generate

high throughput proteomics, transcriptomics or metabolomics are
increasingly sensitive, requiring less input material. This will enable
novel approaches using developing organisms and will likely lead to
the identification of more dynamic pathways relevant for metazoan
development. Concordantly, periodic expression of thousands of
genes (with a period of 8 h) has recently been found in the develop-
ing worm Caenorhabditis elegans by high throughput, genome-wide
analyses [104].

Second, the biological function of signal dynamicity can only be
addressed by perturbing signal dynamics. However, instead of dis-
rupting a pathway completely, the effect of subtle changes of the
dynamics on cellular behaviour should be analyzed. Reversibly acti-
vating or inhibiting a pathway using for example optogenetics can
achieve this goal. Recently, optogenetics was employed to investi-
gate signalling dynamics of the Ras-MAPK pathway in single cells
[28] or the dynamics of the transcription factor Ascl1 during brain
development [79]. In addition, signalling dynamics can be changed
by temporally controlled treatment with agonists and/or inhibitors
[23,40].

Finally, dynamic systems show complex and non-intuitive
behaviours and hence quantitative experimental approaches need
to be combined with theoretical and in silico modelling in order
to gain fundamental insight [105]. Modelling enables to formalize
dynamic behaviours using mathematical and physical principles
and to predict the outcome of specific (time-resolved) perturba-
tions at the systems level. In turn, the ability to experimentally
verify these predictions and to derive quantitative, dynamic data
is critical and can lead to an iterated cycle between experimental
and theoretical work. This synergy has already been illustrated in
several recent publications (e.g.[12,21,36,41,43,44,61,96,101,106])
and holds great promise for the future study of dynamic signalling
and systems.

To extend on Waddington’s words, we see that complementing
the “biological picture” with the “physical one” will help to unravel
“how time is involved” in development of multicellular organisms.

Acknowledgements

We thank members of the Aulehla Laboratory for discussions
and comments on the manuscript. KF.S. was supported by the
“EMBL Interdisciplinary Postdoc Programme” under the Marie
Curie COFUND Actions (Grant 18877 (Cofund 2)) and the Swiss
National Science Foundation (Grant PBBSP3_146958).

References

[1] Waddington CH. The strategy of the genes; a discussion of some aspects of
theoretical biology. London: Allen & Unwin; 1957.

[2] Strogatz SH.Nonlinear dynamics and chaos: with applications to physics, biol-
ogy, chemistry, and engineering. Reading, MA: Addison-Wesley Pub; 1994.

[3] Rapp PE. Why are so many biological systems periodic. Prog Neurobiol
1987;29:261-73.

[4] Alon U. An introduction to systems biology: design principles of biological
circuits. Boca Raton, FL: Chapman & Hall/CRC; 2007.

[5] Shannon CE. A mathematical theory of communication. Bell Syst Tech ]
1948;27:2-3.

[6] Rapp PE, Mees Al, Sparrow CT. Frequency encoded biochemical regula-
tion is more accurate than amplitude dependent control. ] Theor Biol
1981;90:531-44.

[7] Goentoro L, Kirschner MW. Evidence that fold-change, and not absolute level,
of beta-catenin dictates Wnt signaling. Mol Cell 2009;36:872-84.

[8] Cohen-Saidon C, Cohen AA, Sigal A, Liron Y, Alon U. Dynamics and variability
of ERK2 response to EGF in individual living cells. Mol Cell 2009;36:885-93.

[9] Cai L, Dalal CK, Elowitz MB. Frequency-modulated nuclear localization bursts
coordinate gene regulation. Nature 2008;455:485-90.

[10] Cai H, Katoh-Kurasawa M, Muramoto T, Santhanam B, Long Y, Li L, et al.
Nucleocytoplasmic shuttling of a GATA transcription factor functions as a
development timer. Science 2014;343:1249531.

[11] Neumann C, Cohen S. Problems and paradigms. Morphogens and pattern
formation. Bioessays 1997;19:721-9.

[12] Wartlick O, Mumcu P, Kicheva A, Bittig T, Seum C, Jiilicher F, et al. Dynamics
of Dpp signaling and proliferation control. Science 2011;331:1154-9.


http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0005
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0010
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0015
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0020
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0025
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0030
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0035
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0040
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0045
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0050
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0055
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0060
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0060

K.F. Sonnen, A. Aulehla / Seminars in Cell & Developmental Biology 34 (2014) 91-98 97

[13] Turing AM. The chemical basis of morphogenesis. Philos Trans R Soc
1952;237:37-72.

[14] Goodwin BC, Cohen MH. A phase-shift model for the spatial and temporal
organization of developing systems. ] Theor Biol 1969;25:49-107.

[15] Winfree AT. Biological rhythms and the behavior of populations of coupled
oscillators. ] Theor Biol 1967;16:15-42.

[16] Meinhardt H. Models of biological pattern formation. London: Academic
Press; 1982.

[17] Oppenheim AV, Willsky AS, Nawab SH. Signals & systems. 2nd ed. Upper
Saddle River, NJ: Prentice Hall; 1997.

[18] Novak B, Tyson J]. Design principles of biochemical oscillators. Nat Rev Mol
Cell Biol 2008;9:981-91.

[19] Batchelor E, Mock CS, Bhan I, Loewer A, Lahav G. Recurrent initiation a
mechanism for triggering p53 pulses in response to DNA damage. Mol Cell
2008;30:277-89.

[20] Geva-Zatorsky N, Dekel E, Batchelor E, Lahav G, Alon U. Fourier analysis
and systems identification of the p53 feedback loop. Proc Natl Acad Sci USA
2010;107:13550-5.

[21] Batchelor E, Loewer A, Mock C, Lahav G. Stimulus-dependent dynamics of p53
in single cells. Mol Syst Biol 2011;7. Article number: 488.

[22] Lahav G, Rosenfeld N, Sigal A, Geva-Zatorsky N, Levine AJ, Elowitz MB, et al.
Dynamics of the p53-Mdmz2 feedback loop in individual cells. Nat Genet
2004;36:147-50.

[23] Purvis JE, Karhohs KW, Mock C, Batchelor E, Loewer A, Lahav G. p53 dynamics
control cell fate. Science 2012;336:1440-4.

[24] Cowley S, Paterson H, Kemp P, Marshall CJ. Activation of MAP kinase kinase
is necessary and sufficient for PC12 differentiation and for transformation of
NIH 3T3 cells. Cell 1994;77:841-52.

[25] Traverse S, Gomez N, Paterson H, Marshall C, Cohen P. Sustained activation
of the mitogen-activated protein (MAP) kinase cascade may be required for
differentiation of PC12 cells. Comparison of the effects of nerve growth factor
and epidermal growth factor. Biochem ] 1992;288(Pt. 2):351-5.

[26] Marshall CJ. Specificity of receptor tyrosine kinase signaling: transient
versus sustained extracellular signal-regulated kinase activation. Cell
1995;80:179-85.

[27] Santos SDM, Verveer PJ, Bastiaens PIH. Growth factor-induced MAPK net-
work topology shapes Erk response determining PC-12 cell fate. Nat Cell Biol
2007;9:324-30.

[28] Toettcher JE, Weiner OD, Lim WA. Using optogenetics to interrogate
the dynamic control of signal transmission by the ras/erk module. Cell
2013;155:1422-34.

[29] Murphy LO, Smith S, Chen R-H, Fingar DC, Blenis J. Molecular interpreta-
tion of ERK signal duration by immediate early gene products. Nat Cell Biol
2002;4:556-64.

[30] Brown SA, KowalskaE, DallmannR. (Re)inventing the circadian feedback loop.
Dev Cell 2012;22:477-87.

[31] Gilbert SF. Developmental biology. 9th ed. Sunderland, MA: Sinauer Asso-
ciates; 2010.

[32] Elowitz MB, Leibler S. A synthetic oscillatory network of transcriptional reg-
ulators. Nature 2000;403:335-8.

[33] Kandel ER, Schwartz JH, Jessell TM. Principles of neural science. 4th ed. New
York, NY: McGraw-Hill, Health Professions Division; 2000.

[34] Woods NM, Cuthbertson KSR, Cobbold PH. Repetitive transient rises
in cytoplasmic free calcium in hormone-stimulated hepatocytes. Nature
1986;319:600-2.

[35] Dolmetsch RE, Lewis RS, Goodnow CC, Healy ]J1. Differential activation of tran-
scription factors induced by Ca%* response amplitude and duration. Nature
1997;386:855-8.

[36] Albeck JG, Mills GB, Brugge JS. Frequency-modulated pulses of ERK activity
transmit quantitative proliferation signals. Mol Cell 2013;49:249-61.

[37] Friedrichsen S, Harper CV, Semprini S, Wilding M, Adamson AD, Spiller
DG, et al. Tumor necrosis factor-alpha activates the human prolactin
gene promoter via nuclear factor-beta signaling. Endocrinology 2006;147:
773-81.

[38] Nelson DE. Oscillations in NF-kB signaling control the dynamics of gene
expression. Science 2004;306:704-8.

[39] SunSC, GanchiPA, Ballard DW, Greene WC. NF-kappa B controls expression of
inhibitor I kappa B alpha: evidence for an inducible autoregulatory pathway.
Science 1993;259:1912-5.

[40] Ashall L, Horton CA, Nelson DE, Paszek P, Harper CV, Sillitoe K, et al. Pulsatile
stimulation determines timing and specificity of NF-kB-dependent transcrip-
tion. Science 2009;324:242-6.

[41] Tay S, Hughey J], Lee TK, Lipniacki T, Quake SR, Covert MW. Single-cell NF-
kB dynamics reveal digital activation and analogue information processing.
Nature 2010;466:267-71.

[42] Lee REC, Walker SR, Savery K, Frank DA, Gaudet S. Fold change of
nuclear NF-kB determines TNF-induced transcription in single cells. Mol Cell
2014;53:867-79.

[43] Ma W, Trusina A, El-Samad H, Lim WA, Tang C. Defining network topologies
that can achieve biochemical adaptation. Cell 2009;138:760-73.

[44] Goentoro L, Shoval O, Kirschner MW, Alon U. The incoherent feedfor-
ward loop can provide fold-change detection in gene regulation. Mol Cell
2009;36:894-9.

[45] Ferrell JE. Signaling motifs and Weber's law. Mol Cell 2009;36:724-7.

[46] Kondo S, MiuraT. Reaction-diffusion model as a framework for understanding
biological pattern formation. Science 2010;329:1616-20.

[47] Wolpert L. Positional information and the spatial pattern of cellular differen-
tiation. ] Theor Biol 1969;25:1-47.

[48] Meinhardt H, Gierer A. Pattern formation by local self-activation and lateral
inhibition. Bioessays 2000;22:753-60.

[49] Aulehla A, Pourquié O. Signaling gradients during paraxial mesoderm devel-
opment. Cold Spring Harb Perspect Biol 2010;2:a000869.

[50] Lewis EB. A gene complex controlling segmentation in Drosophila. Nature
1978;276:565-70.

[51] Wartlick O, Kicheva A, Gonzalez-Gaitain M. Morphogen gradient formation.
Cold Spring Harb Perspect Biol 2009;1:a001255.

[52] Kicheva A, Pantazis P, Bollenbach T, Kalaidzidis Y, Bittig T, Jiilicher F, et al.
Kinetics of morphogen gradient formation. Science 2007;315:521-5.

[53] Dessaud E, Yang LL, Hill K, Cox B, Ulloa F, Ribeiro A, et al. Interpretation of the
sonic hedgehog morphogen gradient by a temporal adaptation mechanism.
Nature 2007;450:717-20.

[54] Harfe BD, Scherz PJ, Nissim S, Tian H, McMahon AP, Tabin CJ. Evidence for an
expansion-based temporal Shh gradient in specifying vertebrate digit identi-
ties. Cell 2004;118:517-28.

[55] Ahn S, Joyner AL. Dynamic changes in the response of cells to positive hedge-
hog signaling during mouse limb patterning. Cell 2004;118:505-16.

[56] Bennett T, Hines G, Leyser O. Canalization: what the flux. Trends Genet
2014;30:41-8.

[57] Roelink H, Porter JA, Chiang C, Tanabe Y, Chang DT, Beachy PA, et al.
Floor plate and motor neuron induction by different concentrations of the
amino-terminal cleavage product of sonic hedgehog autoproteolysis. Cell
1995;81:445-55.

[58] Ericson ], Morton S, Kawakami A, Roelink H, Jessell TM. Two critical periods
of sonic hedgehog signaling required for the specification of motor neuron
identity. Cell 1996;87:661-73.

[59] Briscoe J, Pierani A, Jessell TM, Ericson J. A homeodomain protein code speci-
fies progenitor cell identity and neuronal fate in the ventral neural tube. Cell
2000;101:435-45.

[60] Chamberlain CE, Jeong ], Guo C, Allen BL, McMahon AP. Notochord-derived
Shh concentrates in close association with the apically positioned basal body
in neural target cells and forms a dynamic gradient during neural patterning.
Development 2008;135:1097-106.

[61] Balaskas N, Ribeiro A, Panovska J, Dessaud E, Sasai N, Page KM, et al. Gene
regulatory logic for reading the Sonic Hedgehog signaling gradient in the
vertebrate neural tube. Cell 2012;148:273-84.

[62] Oosterveen T, Kurdija S, Alekseenko Z, Uhde CW, Bergsland M, Sandberg M,
et al. Mechanistic differences in the transcriptional interpretation of local and
long-range Shh morphogen signaling. Dev Cell 2012;23:1006-19.

[63] Peterson KA, Nishi Y, Ma W, Vedenko A, Shokri L, Zhang X, et al. Neural-
specific Sox2 input and differential Gli-binding affinity provide context and
positional information in Shh-directed neural patterning. Genes Dev2012;26:
2802-16.

[64] Cohen M, Briscoe ], Blassberg R. Morphogen interpretation: the transcrip-
tional logic of neural tube patterning. Curr Opin Genet Dev 2013;23:
423-8.

[65] Entchev EV, Schwabedissen A, Gonzdlez-Gaitan M. Gradient formation of the
TGF-beta homolog Dpp. Cell 2000;103:981-91.

[66] Teleman AA, Cohen SM. Dpp gradient formation in the Drosophila wing ima-
ginal disc. Cell 2000;103:971-80.

[67] Bollenbach T, Pantazis P, Kicheva A, Bokel C, Gonzalez-Gaitan M, Jiilicher F.
Precision of the Dpp gradient. Development 2008;135:1137-46.

[68] Affolter M, Basler K. The decapentaplegic morphogen gradient: from pattern
formation to growth regulation. Nat Rev Genet 2007;8:663-74.

[69] Ben-Zvi D, Pyrowolakis G, Barkai N, Shilo B-Z. Expansion-repression mech-
anism for scaling the Dpp activation gradient in Drosophila wing imaginal
discs. Curr Biol 2011;21:1391-6.

[70] HamaratogluF, de Lachapelle AM, Pyrowolakis G, Bergmann S, Affolter M. Dpp
signaling activity requires pentagone to scale with tissue size in the growing
Drosophila wing imaginal disc. PLOS Biol 2011;9:e1001182.

[71] Ohtsuka T, Sakamoto M, Guillemot F, Kageyama R. Roles of the basic
helix-loop-helix genes Hes1 and Hes5 in expansion of neural stem cells of
the developing brain. ] Biol Chem 2001;276:30467-74.

[72] Nieto M, Schuurmans C, Britz O, Guillemot F. Neural bHLH genes con-
trol the neuronal versus glial fate decision in cortical progenitors. Neuron
2001;29:401-13.

[73] Tomita K, Moriyoshi K, Nakanishi S, Guillemot F, Kageyama R. Mammalian
achaete-scute and atonal homologs regulate neuronal versus glial fate deter-
mination in the central nervous system. EMBO ] 2000;19:5460-72.

[74] Wu Y, Liu Y, Levine EM, Rao MS. Hes1 but not Hes5 regulates an astrocyte
versus oligodendrocyte fate choice in glial restricted precursors. Dev Dyn
2003;226:675-89.

[75] Lu QR, Yuk D, Alberta JA, Zhu Z, Pawlitzky I, Chan ], et al. Sonic hedgehog
- regulated oligodendrocyte lineage genes encoding bHLH proteins in the
mammalian central nervous system. Neuron 2000;25:317-29.

[76] Zhou Q, Wang S, Anderson DJ. Identification of a novel family of oligoden-
drocyte lineage-specific basic helix-loop-helix transcription factors. Neuron
2000;25:331-43.

[77] Shimojo H, Ohtsuka T, Kageyama R. Oscillations in notch signaling regulate
maintenance of neural progenitors. Neuron 2008;58:52-64.

[78] Bonev B, Stanley P, Papalopulu N. MicroRNA-9 Modulates Hes1 ultra-
dian oscillations by forming a double-negative feedback loop. Cell Rep
2012;2:10-8.


http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0065
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0070
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0075
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0080
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0085
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0090
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0095
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0100
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0105
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0110
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0115
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0120
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0125
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0130
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0135
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0140
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0145
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0150
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0155
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0160
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0165
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0170
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0175
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0180
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0185
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0190
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0195
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0200
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0205
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0210
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0215
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0220
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0225
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0230
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0235
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0240
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0245
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0250
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0255
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0260
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0265
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0270
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0275
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0280
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0285
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0290
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0295
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0300
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0305
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0310
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0315
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0320
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0325
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0330
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0335
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0340
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0345
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0350
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0355
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0360
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0365
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0370
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0375
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0380
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0385
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0390
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0390

98 K.F. Sonnen, A. Aulehla / Seminars in Cell & Developmental Biology 34 (2014) 91-98

[79] Imayoshi I, [somura A, Harima Y, Kawaguchi K, Kori H, Miyachi H, et al. Oscil-
latory control of factors determining multipotency and fate in mouse neural
progenitors. Science 2013;342:1203-8.

[80] Palmeirim I, Henrique D, Ish-Horowicz D, Pourquié O. Avian hairy gene
expression identifies a molecular clock linked to vertebrate segmentation
and somitogenesis. Cell 1997;91:639-48.

[81] Hirata H, Yoshiura S, Ohtsuka T, Bessho Y, Harada T, Yoshikawa K, et al. Oscil-
latory expression of the bHLH factor Hes1 regulated by a negative feedback
loop. Science 2002;298:840-3.

[82] Aulehla A, Wehrle C, Brand-Saberi B, Kemler R, Gossler A, Kanzler B, et al.
Wnt3a plays a major role in the segmentation clock controlling somitogene-
sis. Dev Cell 2003;4:395-406.

[83] NiwaY, MasamizuY, Liu T, Nakayama R, Deng C-X, Kageyama R. The initiation
and propagation of Hes7 oscillation are cooperatively regulated by Fgf and
notch signaling in the somite segmentation clock. Dev Cell 2007;13:298-304.

[84] Sarrazin AF, Peel AD, Averof M. A segmentation clock with two-segment peri-
odicity in insects. Science 2012;336:338-41.

[85] Pueyo ]I, Lanfear R, Couso JP. Ancestral Notch-mediated segmentation
revealed in the cockroach Periplaneta americana. Proc Natl Acad Sci USA
2008;105:16614-9.

[86] Stollewerk A, Schoppmeier M, Damen WG. Involvement of Notch and Delta
genes in spider segmentation. Nature 2003;423:863-5.

[87] Oates AC, Morelli LG, Ares S. Patterning embryos with oscillations: structure,
function and dynamics of the vertebrate segmentation clock. Development
2012;139:625-39.

[88] Pourquié O. Vertebrate segmentation from cyclic gene networks to scoliosis.
Cell 2011;145:650-63.

[89] Stauber M, Sachidanandan C, Morgenstern C, Ish-Horowicz D. Differential
axial requirements for lunatic fringe and Hes7 transcription during mouse
somitogenesis. PLOS ONE 2009;4:e7996.

[90] Dias AS, de Almeida I, Belmonte JM, Glazier JA, Stern CD. Somites without a
clock. Science 2014;343:791-5.

[91] Shifley ET, Vanhorn KM, Perez-Balaguer A, Franklin JD, Weinstein M, Cole SE.
Oscillatory lunatic fringe activity is crucial for segmentation of the anterior
but not posterior skeleton. Development 2008;135:899-908.

[92] Aulehla A, Wiegraebe W, Baubet V, Wahl MB, Deng C, Taketo M, et al. A beta-
catenin gradient links the clock and wavefront systems in mouse embryo
segmentation. Nat Cell Biol 2007;10:186-93.

[93] Masamizu Y, Ohtsuka T, Takashima Y, Nagahara H, Takenaka Y, Yoshikawa
K, et al. Real-time imaging of the somite segmentation clock: revelation of
unstable oscillators in the individual presomitic mesoderm cells. Proc Natl
Acad Sci USA 2006;103:1313-8.

[94] Delaune EA, Francois P, Shih NP, Amacher SL. Single-cell-resolution imaging
of the impact of notch signaling and mitosis on segmentation clock dynamics.
Dev Cell 2012;23:995-1005.

[95] Jiang Y-J, Aerne BL, Smithers L, Haddon C, Lewis DI-HJ. Notch signalling and
the synchronization of the somite segmentation clock. Nature 2000;408:
475-9.

[96] Riedel-Kruse IH, Miiller C, Oates AC. Synchrony dynamics during initi-
ation, failure, and rescue of the segmentation clock. Science 2007;317:
1911-5.

[97] Ozbudak EM, Lewis J. Notch signalling synchronizes the zebrafish segmen-
tation clock but is not needed to create somite boundaries. PLOS Genet
2008;4:e15.

[98] Okubo Y, Sugawara T, Abe-Koduka N, Kanno ], Kimura A, Saga Y. Lfng reg-
ulates the synchronized oscillation of the mouse segmentation clock via
trans-repression of Notch signalling. Nat Commun 2012;3:1141-9.

[99] MorelliLG, Ares S, Herrgen L, Schréter C, Jiilicher F, Oates AC. Delayed coupling
theory of vertebrate segmentation. HFSP ] 2009;3:55-66.

[100] Cooke ]. Control of somite number during morphogenesis of a vertebrate,
Xenopus laevis. Nature 1975;254:196-9.

[101] Lauschke VM, Tsiairis CD, Francois P, Aulehla A. Scaling of embryonic pattern-
ing based on phase-gradient encoding. Nature 2013;493:101-5.

[102] Weber M, Huisken J. Light sheet microscopy for real-time developmental
biology. Curr Opin Genet Dev 2011;21:566-72.

[103] Krzic U, Gunther S, Saunders TE, Streichan SJ, Hufnagel L. Multiview
light-sheet microscope for rapid in toto imaging. Nat Methods 2012;9:
730-3.

[104] Hendriks G-J, Gaidatzis D, Aeschimann F, GroBhans H. Extensive oscil-
latory gene expression during C. elegans larval development. Mol Cell
2014;53:380-92.

[105] Goldbeter A. Computational approaches to cellular rhythms. Nature
2002;420:238-45.

[106] Cooke ], Zeeman EC. A clock and wavefront model for control of the
number of repeated structures during animal morphogenesis. ] Theor Biol
1976;58:455-76.


http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0395
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0400
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0400
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0400
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0400
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0400
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0400
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0400
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0400
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0400
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0400
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0400
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0400
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0400
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0400
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0400
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0400
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0400
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0400
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0400
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0400
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0400
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0400
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0400
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0400
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0400
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0400
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0405
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0410
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0415
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0420
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0425
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0430
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0435
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0440
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0445
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0450
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0455
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0460
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0465
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0470
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0475
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0480
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0485
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0490
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0495
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0500
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0500
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0500
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0500
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0500
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0500
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0500
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0500
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0500
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0500
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0500
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0500
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0500
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0500
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0500
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0500
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0500
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0500
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0505
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0505
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0505
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0505
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0505
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0505
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0505
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0505
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0505
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0505
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0505
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0505
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0505
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0505
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0505
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0505
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0505
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0505
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0505
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0505
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0505
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0510
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0510
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0510
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0510
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0510
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0510
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0510
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0510
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0510
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0510
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0510
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0510
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0510
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0510
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0510
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0510
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0510
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0510
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0515
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0515
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0515
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0515
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0515
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0515
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0515
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0515
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0515
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0515
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0515
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0515
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0515
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0515
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0515
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0515
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0515
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0515
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0515
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0515
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0515
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0515
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0515
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0515
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0520
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0520
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0520
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0520
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0520
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0520
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0520
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0520
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0520
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0520
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0520
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0520
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0520
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0520
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0520
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0520
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0520
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0520
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0520
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0520
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0520
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0520
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0520
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0525
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0525
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0525
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0525
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0525
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0525
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0525
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0525
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0525
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0525
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0525
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0530
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0530
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0530
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0530
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0530
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0530
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0530
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0530
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0530
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0530
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0530
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0530
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0530
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0530
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0530
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0530
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0530
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0530
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0530
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0530
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0530
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0530
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0530
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0530
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0530
http://refhub.elsevier.com/S1084-9521(14)00192-X/sbref0530

	Dynamic signal encoding—From cells to organisms
	1 Introduction
	2 Properties of dynamic signal encoding
	2.1 Robustness
	2.2 Increasing diversity through dynamic signal encoding
	2.3 Temporally ordered cells as basis for higher-order spatiotemporal patterning

	3 Dynamic information transmission
	3.1 Network topology matters
	3.2 Signal duration
	3.3 Frequency encoding
	3.3.1 ERK signalling
	3.3.2 NFκB signalling

	3.4 Number of signal oscillations
	3.5 Fold-change detection

	4 Signalling dynamics during development
	4.1 Dynamic readout of signalling gradients
	4.2 Signal oscillations in development
	4.2.1 Signalling oscillations and neuronal fate decisions
	4.2.2 Spatiotemporal dynamics and signalling oscillations


	5 Discussion
	Acknowledgements
	References


