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a  b  s  t  r  a  c  t

The  midgut  (intestine)  of  the  nematode,  C.  elegans,  is  a  tube  consisting  of  20 cells  that  arises  from  a  single
embryonic  precursor.  Owing  to  its comparatively  simple  anatomy  and  the  advantages  inherent  to  the
C. elegans  system,  the  gut has  been  used  as  a model  for  organogenesis  for more  than  25  years.  In  this
review,  the  salient  features  of  C.  elegans  gut development  are  described  from the E  progenitor  through
to  the  20-cell  intestine.  The  core  gene  regulatory  network  that  drives  specification  of  the  gut,  and  other
genes  with  roles  in  organogenesis,  lumen  morphogenesis  and  the  cell cycle,  are  also  described.  Questions
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for future work  are  posed.
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. Introduction

The major functions of the C. elegans gut are to import dietary

cell divisions and movements. Its simple anatomy and importance
in many biological functions, coupled with the many tools avail-
able in C. elegans, have made the gut the focus of studies for over
acromolecules, process them metabolically, and store chemical
nergy. The gut also serves as an entry point for pathogens and acti-
ation of immune responses. In hermaphrodites, the gut supplies
hemical energy to oocytes for embryonic development after fer-
ilization. The gut is a simple tube consisting of 20 cells that arises
rom a single cell called E that proceeds through a stereotyped set of

E-mail address: mmaduro@ucr.edu

ttp://dx.doi.org/10.1016/j.semcdb.2017.01.001
084-9521/© 2017 Elsevier Ltd. All rights reserved.
25 years. The least-studied aspect of the gut has been its cellular
development, both in terms of the genes that drive it downstream of
specification, and how the gut primordium dynamically generates
the intestine. In this review, the salient features of gut morphogen-
esis will be described based on recent studies. As listed in Table 1,
genes involved in gut development, including those important for

specification, differentiation and morphogenesis, will be described.
Finally, future work to fully elucidate the intestinal gene network,
and address aspects of the robustness of intestinal development,
will be proposed.

dx.doi.org/10.1016/j.semcdb.2017.01.001
http://www.sciencedirect.com/science/journal/10849521
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Table  1
Examples of genes important for C. elegans gut development.

Gene/Product Mutant Phenotype Reference(s)

Specification and Maintenance of Differentiation
skn-1/Nrf2 loss of gut specification in ∼80% of embryos [44]
pop-1/TCF ectopic specification of gut fate from MS;  synergy for loss of gut with skn-1 [50,88]
med-1,2/GATA loss of gut specification in 15–50% of embryos [46,56,89]
end-1,3/GATA complete loss of gut specification (double mutant) [33]
elt-2/GATA loss of gut integrity [54]
elt-7/GATA no phenotype alone; enhances elt-2 phenotype [55]
Morphogenesis and Cell Polarization
vang-1/Van Gogh misalignment of E4 primordium cells in ∼40% of embryos [13]
mab-20/Semaphorin defects in int2 intercalation [13]
eph-4/Ephrin defects in int2 intercalation [13]
lin-12/Notch failure of pre-rotation of int2L [13]
unc-6/Netrin failure of int3 and int4 rotation; partial failure of int2 rotation [13]
madd-2/E3 ubiquitin ligase asymmetric expression of madd-2 in left side cells of int2, int3 and int4 important for rotation

of  int2-4
[13]

erm-1/Ezrin disorganization of lumen [36]
chc-1/Clathrin loss of apicobasal polarity, failure of lumen organization [37]
dlg-1/Discs Large loss of adherens junction integrity [35]
sptl-1/lipid enzyme loss of apical targeting of vesicles, formation of ectopic lumen [41]
let-413/Scribble loss of maintenance of apical localization of terminal web [17]
ifo-1/Novel mislocalization of intermediate filaments; synergy with dlg-1 and erm-1 [34]

nction
stage 

2

m
s
i
n
m
f
m
t
c
p
t
i
t
b
t
o
t

d
t
t
b
r
c
d
f
c
t
m

c
t
T
d
t
t
i
f

Cell Division
cdc-25.1/Cdc25 supernumerary gut nuclei (gain-of-fu
cdc-25.2/Cdc25 no nuclear or cell divisions after E16 

. Nomenclature, function and anatomy

The C. elegans digestive tract runs most of the length of the ani-
al  (Fig. 1). The fully formed intestine serves the animal for its life

pan, as cells are not replaced. It is subdivided into the pharynx,
ntestine, and hindgut; between each pair of regions are a small
umber of valve cells. In the wild, animals generally consume a
oist diet of microbes found primarily on rotting plants and their

ruits [1]. The pharynx, analogous to the vertebrate esophagus, is a
uscular organ that pumps food [2]. Within the posterior half of

he pharynx is the grinder, a cuticle-lined structure that mechani-
ally breaks down food into smaller particles that travel through the
harynx-intestine valve and into the anterior lumen of the intes-
ine. Within the intestinal lumen, the contents slosh around along
ts length, while macromolecules are broken down by enzymes and
he products are absorbed. Defecation through the hindgut occurs
y a set of body contractions approximately every 45 s [3]. Bacteria
ransit the intestine rapidly: With each defecation cycle, 43 +/− 10%
f the intestinal volume is expelled, corresponding to a residence
ime of 1–2 min  [4].

The C. elegans intestine has additional roles. Animals can store
ietary fat in lipid droplets throughout lysosomal compartments in
he gut cytoplasm [5]. In hermaphrodites, the intestine is the loca-
ion of synthesis of vitellogenins, yolk protein precursors that will
e delivered to oocytes [6]. It is also a primary site of innate immune
esponses [7]. Larger macromolecules and some microorganisms
an also enter gut cells intact. Consumption of bacteria expressing
ouble-stranded RNA (dsRNA) can stimulate RNA-mediated inter-
erence (RNAi) [8]. Particles of the Orsay virus can enter intestinal
ells and replicate if the host strain is deficient in RNAi [9,10] and
he eukaryotic intracellular pathogen, microsporidia, infects ani-

als through the gut lumen [11].
The entire gut is descended from a single embryonic precursor

alled E (Fig. 1A). A single-cell origin for gut occurs among dis-
antly related nematodes, suggesting that this trait is ancestral [12].
he E cell undergoes a stereotyped pattern of cell divisions to pro-
uce 20 cells (and on occasion, one or two more) that will form

he intestine [13–15]. Cells in the gut primordium are identified by
heir pattern of descent from E and the pattern of division axes,
.e. anterior-posterior, left-right or dorsal-ventral. For example, the
our grand-daughters of E are Eal, Ear, Epl and Epr, where ‘Eal’ indi-
 mutation) [75,76]
[77]

cates the cell that is the left daughter of the anterior daughter of E. A
particular stage is referred to by the total number of E descendants
present, hence the aforementioned stage is called E4. It becomes
more convenient to identify later cells according to their positions
at the E16 stage [13].

The gut lumen is found on the apical surface of intestinal cells,
lining the digestive tract. A transverse transmission electron micro-
scope image through a larval intestine is shown in Fig. 2. The lumen
appears as a flattened oval, lined with a brush border containing
microvilli. A flattened shape may  better support the body bends
that occur during locomotion [13]. The microvillar membrane pro-
jections into the lumen are supported by an actin-rich network
that emerges from the terminal web, a cytoplasmic layer of inter-
mediate filament proteins (sometimes called the “endotube”) that
surrounds the lumen [16–18]. Along two  sides of the lumen are
adherens junction complexes that connect the intestinal cells [17].
The exterior surface of the microvilli, i.e. the apical surface within
the lumen, is associated with a glycocalyx. This region likely con-
sists of glycoproteins and enzymes that function in breakdown of
macromolecules and protection of the microvilli [19]. The lumen
can be modulated dynamically over time to suit developmental
stage and food availability [20].

The gut is classically described as consisting of nine “rings” num-
bered int1 through int9 from anterior to posterior (Fig. 3) [14]. Rings
2 through 9 consist of a pair of cells each, while the first ring consists
of four cells. The rings are conveniently referred to by their relative
locations in the E16 primordium, using the naming system of Asan
et al. (2016). In this notation, int2 through int9 have a left (L) and
right (R) cell (e.g. int2L and int2R form int2), while the four cells in
int1 are also marked dorsal (D) and ventral (V) (i.e. int1RD, int1LD,
int1LV, int1RV). In the later stages of gut morphogenesis, a rota-
tion of several rings occurs to cause most of the left-right pairs to
adopt a nearly dorsal/ventral orientation [13,21]. The pairs of cells
that form rings 3–9 are often diagrammed as being in anterior-
posterior register with respect to one another as shown in Fig. 3.
However, the right-side cells are displaced anteriorly from the left
side by some 10–30% of their lengths [13]. The outside of the gut is

surrounded by a basement membrane [21], and aside from attach-
ment to the foregut and hindgut, is not rigidly attached to the body.
The gut is not associated with neurons and is connected to a single
muscle at its posterior [18].
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Fig. 1. Lineal origin of the C. elegans gut and its appearance in embryos and larvae. (A) The gut forms through a stereotyped pattern of cell divisions that generates 20
descendants of the E blastomere [14]. The intestine is the largest organ in the L1 larva, occupying two thirds of the body length and a substantial fraction in cross section. (B)
The  appearance of the developing gut by differential interference contrast (DIC) and fluorescence microscopy. Gut cells are marked by a membrane-targeted end-1:CAAX:GFP
reporter  [86] while the nuclei are marked by expression of elt-2:mCherry after the E8 stage. At E8, the anterior displacement of the right-hand cells is shown by a green
arrow  and yellow marks indicating the left/right cell pairs. At E16, the polarization of gut granules away from the midline is shown on the DIC image by black arrowheads,
and  the midline is shown by green arrowheads in the fluorescence image. At E20, the Primordial Germ Cell lobes (PGC) can be seen inserted into the gut by a reduction in
c s: Images were acquired on a Canon DSLR and Olympus BX51 microscope, then merged
a  are shown in a dorsal view with right upwards, while the E20 (1.5-fold) and larva stages
a ong, while the larva is ∼180 �m long.
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Fig. 2. Midbody cross-section of an intestinal ring in a first larval stage
hermaphrodite. The section is located approximately 60% along the anterior-
posterior length of the animal and likely shows the int6 ring. Abbreviations:
aj,  adherens junction; gc, glycocalyx; m, body muscle; mt, mitochondrion; mv,
microvilli, no, nucleolus; nu, nucleus. The original micrograph was obtained from
wormimage.org (animal L1Q, image print #102, negative #3152-03 taken by Nichol
Thomson, Medical Research College, Cambridge, England, and annotated by David
H.  Hall). The image was adjusted for contrast and stretched to restore circularity to
ytoplasmic GFP. In the larva, the gonad (G) remains associated with int5. Method
nd  enhanced in Adobe Photoshop. Anterior is to the left. The E4, E8 and E16 stages
re  shown in a lateral aspect with dorsal upwards. A C. elegans embryo is ∼50 �m l

The postembryonic gut is functional at hatching (the first lar-
al stage, L1). The gut grows with the animal through the L2, L3
nd L4 and adult stages. The gut undergoes no further cell divisions
ut instead increases in size. During L1, the 14 nuclei among the

nt3 through int9 rings typically undergo one nuclear division to
ecome binucleate, bringing the number of gut nuclei to 30–34 per
nimal [15,22]. At each larval molt the nuclei undergo an endoredu-
lication, such that by the adult stage, each nucleus carries a DNA
ontent of 32C [22].

While gut cells are generally similar in overall appearance, some
ifferences occur. The anterior-most gut cells are rich in rough
ndoplasmic reticulum and secretory vesicles, and have fewer stor-
ge granules, while the rest of the intestine has more storage
rganelles and fewer secretory vesicles [16]. This suggests that
ost enzyme secretion into the lumen occurs where food enters

he gut, while nutrient absorption and storage of chemical energy
ccurs more posteriorly. This is consistent with the observation that
he lumen is larger in int1, and that it is the only ring comprised of
our cells. Transcriptional differences also support regional special-
zation of the gut: Expression of the cysteine protease gene cpr-1
ccurs primarily in the anterior [23], while the phosphatase gene
ho-1 is expressed in the rings posterior to int2 [24].

. Morphogenesis of the gut

.1. Cellular events

C. elegans embryos develop from the zygote to 558-cell stage in
pproximately 14 h at 25 ◦C [14]. The embryo is transparent and
xhibits a nearly invariant pattern of cell divisions, features that
ave made it a useful system for the study of embryonic devel-
pment, as changes in cell division or positioning, as a result of
xperimental manipulation, can be easily detected.

Studies over many years have built up a detailed description of
ow the gut forms from the E progenitor. These are summarized

iagrammatically in Fig. 3. Gut is autonomously specified when

 is born, as an E cell that has been removed from the embryo
ill produce gut-like descendants, although these do not form a

ube [21]. After E undergoes mitosis, its daughters Ea and Ep move
the section in Adobe Photoshop. A similar tracing of a section through the int2 ring
in  an embryo appears in another work [13].

toward the interior of the embryo, marking the onset of gastrulation
[25]. The migration of Ea and Ep into the interior has been stud-
ied extensively, and requires both cell-intrinsic and cell-extrinsic
mechanisms [25].

Following internalization, the E daughter cells divide along the
left-right axis of the embryo, and then divide again along the
anterior-posterior to form E8, in which the cells are arranged
in a roughly planar configuration. The four E4 cells must be in
correct alignment for the E8 cells to adopt this arrangement. How-
ever, variation of the E4 cell positions occurs in 27% of wild-type
embryos, even though embryos typically show normal positioning
of the E8 cells [13]. E4 variation is suppressed by a VANG-1/Van
Gogh-dependent mechanism, as vang-1 mutants exhibit abnor-

mal  positioning among the E8 and E16 cells, causing abnormal
gut development in 32% of embryos [13,26]. Therefore, variation
in positions of cells in the gut primordium can be suppressed by
interactions with the surrounding cells.
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Fig. 3. Features of development of the C. elegans intestine. For clarity, E and its descendants are shown by themselves; in later stages, the intestine is depicted as being
straight as it would be in the larva. From E to the E16 stage, most cell divisions are roughly synchronous and occur along the antero-posterior axis; only the E2 cells divide
in  a left-right manner. Hallmarks of gut development are indicated as follows. (i) At E8 stage, two  cells reposition ventrally and the space is closed by movement of the most
anterior cells. (ii) At E16, the daughters of the repositioned cells intercalate back into the upper tier. (iii) At E16, the nuclei (shown for the anterior-most pair) migrate toward
the  midline that runs along the anterior-posterior axis. (iv) A cell body of the gonad primordium (G) is shown in close association with the int5 cells. (v) At E20, division of
the  anterior and posterior pairs of cells results in the four cells of int1, and the posterior-most int8 and int9 pairs. (vi) At E16, a ‘rotation’ of the int2, int3 and int4 pairs of cells
begins.  (For simplicity this rotation is not shown in the leftmost E20 diagram.) A later rotation occurs in the posterior rings; int5 does not rotate. The rotations are shown
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y  arrows on the appropriate subset of rings depicted in the final diagram, which a
odified from prior work [13,21].

Although the E8 primordium consists of four pairs of cells in a
lanar array, the right-hand cells are displaced anteriorly (shown

n Fig. 1B, E8 fluorescence panel). This displacement, which per-
ists through to the adult intestine, requires Notch signaling in
he primordium [13]. Following formation of the E8 primordium,
he second left-right pair of E8 cells (just behind the anterior-

ost pair) becomes repositioned underneath the remaining six
ells prior to the next round of cell division, a movement driven
y dorsal constriction [13]. The E8 cells then divide along the
nterior-posterior axis with the posterior-most pair of daughter
ells displaced slightly ventrally. The four cells, descended from the
wo that were repositioned earlier, undergo an intercalation back
nto the top plane of cells to align the E16 cells to a common A/P
xis.

The movement of these cells back into the dorsal plane occurs in
wo steps [13]. First, the posterior pair of cells intercalates between
he dorsal third and fourth pair of cells to become the future L/R
ells of int5. This is driven by ventral constriction of the dorsal
ells, permitting the int5 cells to migrate fully into the dorsal plane
f cells, and takes ∼65 min  at 20–22 ◦C. Second, the anterior pair
ntercalates between the first and second pair of cells to become
he L/R cells of int2; this is shown in the first part of Fig. 4. The
ntercalation of the int2 cells is more variable than int5, taking
etween 24 and 48 min, and generally occurring through one of
wo modes. The first, which occurs in 27% of wild-type embryos,
nvolves intercalation of int2L/R together in a manner similar to
nt5L/R: Both cells extend dorsal processes and that meet up at
he dorsal midline. In the second mode, int2L extends dorsally
ut stalls, while int2R rotates to position the int2 ring dorsally.

ntercalation requires the Ephrin EPH-4, and the semaphorin-2a
rtholog MAB-20 [13]. Ephrins and semaphorins act in short-range
ell signaling and morphogenesis in many developmental contexts

27,28]. A failure of int2 intercalation is not a lethal condition in the
aboratory, as mutations in eph-4 or mab-20 are generally viable;
he gut is intact and functional, although abnormal patterning of
he adherens junctions becomes apparent [13].
ows the lumen and adherens junctions. Diagrams were drawn in Adobe Illustrator,

The E16 stage serves as the reference point for the nomenclature
used by Asan et al. (2016), as the arrangement of the rings is now
established. A rotation, called intestinal twist, occurs around the
future lumen [21] (Figs. 3 and 4). The int2, 3 and 4 rings rotate in
their respective pairs, in a way  that eventually positions their right-
hand cells dorsally. Viewed from the front toward the posterior,
the rotation occurs in a clockwise direction. In generating the final
E20 gut, the anterior-most cells undergo a D/V pair of divisions,
resulting in the four cells of int1, while the posterior-most cells
undergo mitosis to form the int8L/R and int9L/R cells (Fig. 4). The
E20 diagram in Fig. 3 shows the final orientation of the int2 cells
as an example; this can be compared with the int5 cells that do
not rotate. The posterior rings (e.g. int7 and int8 in Fig. 3) are also
rotated in the newly hatched larva, implying that they also undergo
a rotation. These are apparently counterclockwise, as it is their left
cells that lie dorsally in the E20 gut [13].

Cellular and genetic requirements for the int2-4 rotations have
been investigated [13,29]. Laser ablation of the surrounding cells,
or their precursors, established that rotation requires contact with
overlying dorsal ectoderm cells and underlying neural cells. The
int2L cell begins rotation 30 min  earlier than the remaining cells;
this ‘pre-rotation’ requires LIN-12/Notch. Components of the UNC-
6/Netrin pathway are also required, as mutants in unc-6 show a
complete failure of int3 and int4 rotation. Rotation of int2 can
occur in unc-6 mutants, however its rotational direction is often
counterclockwise instead of clockwise, and fails to show the int2L
pre-rotation. Similar phenotypes are observed with loss of the
Netrin ligand UNC-40/DCC and MADD-2, an E3 ubiquitin ligase
that regulates UNC-40 signaling [13]. A MADD-2:GFP reporter is
expressed specifically in the left-hand int2-4 cells, and this asym-
metric expression is correlated with correct rotation [13]. The
failure of int2-4 rotation is also not a lethal condition, as animals

survive but exhibit abrupt changes in the orientation of the lumen
between int1 and the int2-4 region. This shows that intestinal twist
likely occurs to maintain the alignment of the flattened shape of the
lumen between rings.
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Fig. 4. Features of gut development from mid-E16 to early E20, a period of approximately 70 min. The diagrams outline the cells of the gut primordium; see Fig. 1, E20
fluorescence image for comparison. Following the intercalation of the int5L/R cells, int2L/R undergo intercalation (arrow) as shown in the E16 diagram. Intestinal twist,
the  rotation of the int2, int3 and int4 rings, commences at this stage. The int1 cells divide in the dorsal/ventral direction to generate the four cells of int1 at the E18 stage.
At  the E20 stage, the int8 cells divide along the anterior/poster axis to generate the full complement of 20 intestinal cells. Intestinal twist is apparent, shown by the three
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D  reconstructions in Asan et al. (2016) [13]. Appearance of the gonad primordium
30]. Anterior is to the left and dorsal is up.

From the E16-E20 stages, the two Primordial Germ Cells (PGCs)
ach have a process, or lobe, inserted into the int5 pair of cells [14]
Fig. 4). Over a period of approximately two hours, the lobes are
ctively removed by scission of the ‘neck’ joining to lobe to the cell
ody outside the gut, in an event described as cell cannibalism [30].
his event remodels the contents of the gonad, removing most of
he mitochondria and other cell debris from the PGCs.

Throughout morphogenesis, the remaining somatic tissues
evelop in parallel. The embryo becomes enclosed in the epider-
is  (classically called the hypodermis) and elongates, ultimately

eaching some 3.5x the length of the egg. When body muscles
ecome functional at the two-fold stage of elongation, the ani-
al  begins to writhe about within the egg. Intestine elongation

ollows embryo elongation and is likely driven by the same mus-
ular contractions [31], as mutations that affect embryo elongation
lso prevent elongation of the intestine [21,32]. Morphogenesis of
he rest of the embryo can occur without the gut, at least some
f the time, although the resulting larvae undergo developmental
rrest [33].

.2. Formation of the gut lumen

The earliest signs of lumen formation occur at E16. Microtubule-
ependent cytoplasmic polarization becomes apparent as nuclei
igrate toward the midline that runs along the length of the pri-
ordium (Figs. 1B and 3, E16 stage), while gut granules and other

rganelles migrate away from the midline [21]. The lumen forms
piecemeal” within each of the rings, beginning as small regions
f cell separation between pairs of cells. Appearance of these gaps
oincides with intracellular accumulation of small apical vesicles
ear where the lumen will form, and localization of adherens junc-
ion (AJ) components near the midline [21]. The AJs are enriched in
ctin, the novel coiled-coil protein AJM-1, and DLG-1/discs large
34,35]. As the lumen forms, the AJs become visible as distinct
airs of belts around the lumen (Figs. 2 and 3), and at the junction
etween rings, resembling a ladder running the length of the intes-
ine. The integrity of the AJs requires LET-413/Scribble and DLG-1
17,35].
Proper lumen structure requires proteins that support the
icrovilli and establish or maintain apicobasal polarity. One is

he Ezrin/Radixin/Moesin membrane-cytoskeleton linker protein
RM-1, which localizes just inside the forming luminal surface [36].
ll bodies (G) and lobe (L), inserted into int5, is shown. Diagrams were traced from
rpreted from fluorescence images in Asan et al. (2016) [13] and Abdu et al. (2016)

ERM-1 is first detected at the E16 stage when polarization occurs
[37]. Loss of erm-1 results in a distorted lumen with regions of
varying width, although the AJs and polarity remain intact. ERM-
1 function is mediated in part by the actin gene act-5 and the
�-H-Spectrin gene sma-1,  consistent with a role for ERM-1 in stabi-
lization of the apical membrane onto the underlying cytoskeleton.

Trafficking of endosomal vesicles plays an essential role in for-
mation and maintenance of the lumen. When the Clathrin ortholog
chc-1 is depleted, ERM-1:GFP becomes distributed throughout the
membranes of the gut primordium while the AJs remain intact
[37]. Partial loss of chc-1 results in surviving larvae and adults with
ectopic lumen structures that contain an underlying terminal web.
Restoration of chc-1 function to larvae can decrease the severity
of this phenotype, consistent with an ongoing role for CHC-1 dur-
ing growth of the intestine when new luminal membrane must
be deposited apically. As in other systems, Clathrin and AP-1 likely
function in proper apical trafficking of post-Golgi vesicles. The AP-1
adaptor genes aps-1 and apb-1 show similar loss-of-function phe-
notypes as loss of chc-1, consistent with the known dependence of
Clathrin on adapter proteins [37,38]. Loss of Clathrin and AP1 also
cause a decrease in apical enrichment of vesicles labeled with GFP
fusions to endosomal proteins such as RAB-11 [37,39].

Recent work revealed that lipid biogenesis plays an important
role in lumen formation, likely due to the role of specialized lipids
in sorting of lumen components to the apical membrane. Apical
trafficking is dependent on synthesis of glycosphingolipids (GSLs),
as disruption of enzymes in lipid biosynthesis results in ectopic
lumen formation [40]. Loss of function of let-767,  which encodes
an enzyme in sphingolipid biosynthesis, results in defects similar to
loss of chc-1 [37]. Maintenance of apicobasal polarity also requires
branched-chain fatty acid synthesis, as knockdown of either the
fatty acid elongase gene elo-5, or the serine palmitoyltransferase
gene sptl-1, dramatically affects trafficking of apically localized
lumen components [41].

Additional factors restrict lumen to the apical surface. When
LET-413/Scribble is absent, ERM-1, cortical actin and the termi-
nal web  become progressively localized on the lateral and basal
surfaces of the gut cell membranes [17,40]. LET-413 is normally

distributed basolaterally, where it likely restricts expansion of the
terminal web beyond the apical surface. The novel protein IFO-1
is required for proper organization of the intermediate filaments
and actin in the terminal web  [34]. LET-413 also restricts IFO-1
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Fig. 5. A GATA factor network controls gut specification in C. elegans and Drosophila.
In  C. elegans, specification results from the combined maternal inputs of SKN-1/Nrf2,
POP-1/TCF and PAL-1/Caudal, which activate expression of zygotic END-1 and END-
3.  SKN-1 acts on the end genes in part through direct activation of med-1,2 [46]. In
turn, END-1,3 activate the self-maintaining expression of elt-2 and elt-7, with elt-2
being the main gut fate maintenance factor [55,69]. The endogenous expression of
the  upstream specification factors is transient. In Drosophila,  a similar cascade of
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ATA transcription factors (dark text) controls gut development, even though the
pstream activators are different and downstream gut anatomy is more complex
65,87]. The diagrams are redrawn from previously published works [52,64].

o the apical region. Overall, therefore, a complex network of cell
iological functions is essential for the proper targeting of lumen
omponents during embryonic gut development, and maintenance
f the lumen throughout larval development and adulthood.

. Gut specification

The core Gene Regulatory Network that specifies the C. elegans
ut is summarized in Fig. 5. Specification occurs when the redun-
ant single zinc finger, GATA-type transcription factor genes end-1
nd end-3 are activated in the early E lineage [42,43]. The ends have
verlapping function; mutation of both genes abolishes all gut spec-
fication, causing E to adopt the fate of the mesectodermal precursor

 [42,43]. Activation of the ends occurs downstream of the maternal
actors SKN-1 and POP-1. SKN-1 is a bZIP/homeodomain transcrip-
ion factor that specifies E and its sister cell MS  [44,45]. SKN-1
ctivates specification of E in part through activation of the diver-
ent GATA factor genes med-1 and med-2 [46]. SKN-1 and MED-1,2
ctivate end-1 and end-3 directly [47–49]. Loss of skn-1 or the meds
oes not fully block specification due to other regulatory inputs into
nd-1,3 activation. Most of this additional activity comes from the
CF-like regulator POP-1. In E, POP-1 activates the ends through
ssociation with the divergent �-catenin, SYS-1 [50,51]. There is
lso evidence for a minor contribution to end-1,3 activation from
AL-1/Caudal [49,52,53].

The role of the END-1 and END-3 factors is ultimately to acti-
ate expression of the terminal gut regulator elt-2. Loss of elt-2
s compatible with gut specification, but the gut loses integrity
fter embryonic development, resulting in larval lethality [54,55].
nother GATA factor gene, elt-7, is activated in the early E lineage
efore elt-2. Although loss of elt-7 alone has no phenotype, loss
f elt-2 and elt-7 together has a stronger phenotype than loss of
lt-2 alone, indicating that ELT-7 promotes some aspects of gut
ate [55]. Complex synergistic interactions occur among the C. ele-
ans zygotic gut specification factors, suggesting these have some
nique functions [52,56].

The four GATA factors END-1, END-3, ELT-2 and ELT-7 comprise
 set of ‘endodermal GATAs’ with similar DNA-binding properties
57,58]. It is likely that the redundancy and structure of the gene

etwork contribute to the robustness of gut specification, such that
ll these factors make additive contributions to promote timely
ctivation of ELT-2 [52]. Indeed, forced early expression of elt-2 in
he E lineage can rescue simultaneous loss of end-1, end-3, elt-2 and
pmental Biology 66 (2017) 3–11

elt-7, supporting the notion that the purpose of END-1,3 and ELT-7
is to activate ELT-2 [57]. The network of GATA factors upstream of
elt-2 may  be fairly recently evolved, perhaps by duplication of elt-2
[59], as only close relatives of C. elegans have genes identifiable as
end-1/3 or med-1/2 orthologues [60].

The endodermal GATAs can function as ‘master regulators’: In
the early embryo, forced ectopic expression of any of END-1, END-3,
ELT-2 or ELT-7 alone is sufficient to promote widespread endoderm
specification [42,54,55,61]. Forced expression of either ELT-2 or
ELT-7 can also reprogram some differentiated cells toward an endo-
derm fate, in a surprising example of ‘transorganogenesis’ [62,63].
These latter results point to a regulative, self-organizing ability of
the intestine when generated in an ectopic spatial and temporal
context.

There is evidence of broader roles for GATA factors in endoderm
in other animals. A small network of endoderm GATA factors also
specifies the midgut in Drosophila (Fig. 5). In a cascade similar to
that of C. elegans, the Drosophila GATA factor serpent (srp) activates
the GATA factor dGATAe, which like C. elegans ELT-2 is essential for
midgut differentiation [64]. Upstream activation occurs by unre-
lated mechanisms, and both srp and dGATAe also expressed outside
of the endoderm [65]. In vertebrates, the GATA4/5/6 genes are
important for endoderm development [66,67]. Expression of these
is complex and occurs in non-digestive tissues such as the heart.
Despite these differences, forced overexpression of C. elegans end-1,
or Drosophila srp or dGATAe can induce endoderm differentiation in
Xenopus ectoderm, demonstrating conservation of function [65,68].
Hence, it is possible that a GATA factor was  associated with endo-
derm in a common ancestor of vertebrates and invertebrates.

Perhaps unexpectedly, genes active in the early endoderm also
have functions in the adult intestine. A partial compromise of end-
1,3 activation, which delays activation of elt-2, causes changes to
adult gut metabolism for reasons that are not yet understood [52].
ELT-2 is a central regulator of many gut functions long after gut
development is complete, as its loss in adults compromises expres-
sion of genes encoding hydrolytic enzymes, and those involved in
innate immunity, among many other functions [7,69]. SKN-1 is
structurally similar to mammalian Nrf proteins that control pro-
tective responses to various stresses, a role it also has in the adult
C. elegans intestine [70,71]. Finally, the PHA-4/FoxA factor is essen-
tial for development of the pharynx, but it is expressed throughout
the developing digestive tract and regulates longevity in adults
[72–74].

5. Control of the cell/nuclear divisions in the E lineage

Despite a highly stereotyped pattern of cell divisions, the C.
elegans gut is surprisingly tolerant of changes in the number of
gut cells. Two Cdc25 orthologs are known to influence nuclear
and cell divisions with the E lineage. Gain-of-function mutations
in cdc-25.1 cause an increase in embryonic cell divisions specifi-
cally in the gut, resulting in embryos that carry greater than 30
gut nuclei, and in adults, up to 60 [75,76]. In the embryo, the
supernumerary nuclei correspond to extra cells (M.M.  and Gina
Broitman-Maduro, unpublished observations). In adults, it is likely
that the additional nuclei (beyond those found in the embryo)
are the result of nuclear division, just as occurs in the wild type
[15]. The Cdc25 ortholog CDC-25.2 is required for all nuclear divi-
sions after the E16 stage [77]: Loss-of-function cdc-25.2 embryos
hatch with a 16-cell gut that also fails to undergo both the binu-
cleation and endoreduplication that occur in the wild type. In both

of these cases, specification of endoderm fate is not affected. More
surprisingly, even with fewer cells (i.e. 16) or too many (greater
than 50) the gut seems to form relatively normally with little
other phenotypic consequences, at least in the laboratory. Exami-
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ation of the gut primordium in cdc-25.1 gain-of-function mutants
uggests that organogenesis accommodates the extra cells, some-
imes producing what appear to be extra intestinal rings (M.M.
nd Gina Broitman-Maduro, unpublished observations). In mutant
ackgrounds affecting morphogenesis it is also possible for rings
o consist of three or four cells outside of int1 [13]. In mutants
hat partially compromise specification, the number of gut cells
lso varies among surviving embryos and adults [52,56]. Together,
hese results suggest that the mechanisms that drive C. elegans gut

orphogenesis are not strictly dependent on the number of cells
ade by the E cell, and point to further mechanisms that are robust

n promoting formation of a functional intestine.

. Future questions

With a recent high-resolution description of the cellular events
hat occur in gut morphogenesis, newer in vivo markers and meth-
ds that allow identification of transcripts from single cells, the
eld is poised to investigate new questions about C. elegans gut
evelopment [13,78,79]. Some asymmetrically expressed factors
re apparent in the gut primordium, and in the surrounding cells,
ut most of these have not yet been connected to the core endo-
erm specification network or specification mechanisms in other
issues [13,21]. It should now be possible to define the gene regula-
ory network that drives all steps of gut development, starting with

 cell-by-cell description of the transcriptome. Similarly, regional
unctionalization of the intestine could be studied by examining
he transcriptome of cells in each of the nine rings. It would also be
f interest to identify pre-patterning factors that specify such dif-
erences in the earliest stages in the primordium, extending earlier
ndings [21,29]. Open-ended screens have likely missed many fac-
ors that operate in the early gut, presumably due to redundancy
r because such factors are used in other developmental contexts.
issue-specific knockout methods may  be a way to identify require-
ents for such factors; alternatively, focused screens to enhance

ompromised but viable backgrounds may  identify new factors as
as been recently done [80].

Although the early gut specification network is well-
nderstood, the evolution of the network itself has been less
tudied. It is known that the contributions of SKN-1 and POP-1
re different in the related nematode, C. briggsae, and that the
ed genes experience rapid gene duplication [81,82]. As pointed

ut above, outside of close relatives of C. elegans (including C.
riggsae), there appear to be no recognizable med or end genes at
ll, raising the question of how the more widely conserved elt-2
ene becomes activated in these other species [60,83].

Another area for exploration is to understand mechanisms that
romote the robust formation of the intestine. Beyond the repro-
ucibility of the cell lineage, C. elegans has evolved ways to suppress
henotype variation across the embryo due to environmental stress
r physical deformation of the egg [84,85]. As described above,
he gut primordium forms a functional intestine even when the
umber of gut cells has been changed drastically. With new mark-
rs and methods, the mechanisms by which the gut primordium
ccommodates such changes can now be examined.

. Conclusions

For the past 25 years, the C. elegans gut has been a useful model
or organogenesis due to such advantages as its defined cell lineage,
ransparency, rapid development, ease of genetic analysis, and a

ell-established core gene regulatory network. With new meth-

ds to follow development and to establish the transcriptomes of
ndividual cells, future work promises to make further advances
hat will reveal, at high spatiotemporal resolution, how a single

[

[

pmental Biology 66 (2017) 3–11 9

cell gives rise to an entire germ layer. As many aspects of gut devel-
opment, such as polarization and morphogenesis, involve similar
mechanisms in other systems, it is likely that these newer findings
will continue to be relevant to development in many animals.

Acknowledgements

I apologize to colleagues whose work could not be cited for
space reasons. This article was made possible by support from
the National Science Foundation (IOS#1258054). MM gratefully
acknowledges the contribution of images taken by Gina Broitman-
Maduro; James Priess for the end-1:CAAX:GFP membrane marker
strain; useful comments from an anonymous reviewer; and advice
from Laura Herndon and David H. Hall.

References

[1] K.C. Kiontke, M.A. Felix, M.  Ailion, M.V. Rockman, C. Braendle, J.B. Penigault,
D.H. Fitch, A phylogeny and molecular barcodes for Caenorhabditis, with
numerous new species from rotting fruits, BMC  Evol. Biol. 11 (2011) 339.

[2] S.E. Mango, The C. elegans pharynx: a model for organogenesis, WormBook:
Online Rev. C. elegans Biol. (2007) 1–26.

[3] D.W. Liu, J.H. Thomas, Regulation of a periodic motor program in C. elegans, J.
Neurosci. 14 (4) (1994) 1953–1962.

[4] S. Ghafouri, J.D. McGhee, Bacterial residence time in the intestine of
Caenorhabditis elegans, Nematology 9 (1) (2007) 87–91.

[5] S.O. Zhang, A.C. Box, N. Xu, J. Le Men, J. Yu, F. Guo, R. Trimble, H.Y. Mak,
Genetic and dietary regulation of lipid droplet expansion in Caenorhabditis
elegans, Proc. Natl. Acad. Sci. U. S. A. 107 (10) (2010) 4640–4645.

[6] J. Spieth, T. Blumenthal, The Caenorhabditis elegans vitellogenin gene family
includes a gene encoding a distantly related protein, Mol. Cell. Biol. 5 (10)
(1985) 2495–2501.

[7] D.H. Block, K. Twumasi-Boateng, H.S. Kang, J.A. Carlisle, A. Hanganu, T.Y. Lai,
M.  Shapira, The developmental intestinal regulator ELT-2 controls
p38-dependent immune responses in adult C. elegans, PLoS Genet. 11 (5)
(2015) e1005265.

[8] L. Timmons, A. Fire, Specific interference by ingested dsRNA, Nature 395
(6705) (1998) 854.

[9] M.A. Felix, A. Ashe, J. Piffaretti, G. Wu,  I. Nuez, T. Belicard, Y. Jiang, G. Zhao, C.J.
Franz, L.D. Goldstein, M. Sanroman, E.A. Miska, D. Wang, Natural and
experimental infection of Caenorhabditis nematodes by novel viruses related
to nodaviruses, PLoS Biol. 9 (1) (2011) e1000586.

10] A. Ashe, T. Belicard, J. Le Pen, P. Sarkies, L. Frezal, N.J. Lehrbach, M.A. Felix, E.A.
Miska, A deletion polymorphism in the Caenorhabditis elegans RIG-I homolog
disables viral RNA dicing and antiviral immunity, eLife 2 (2013) e00994.

11] E.R. Troemel, M.A. Felix, N.K. Whiteman, A. Barriere, F.M. Ausubel,
Microsporidia are natural intracellular parasites of the nematode
Caenorhabditis elegans, PLoS Biol. 6 (12) (2008) 2736–2752.

12] E. Schierenberg, Embryological variation during nematode development,
WormBook: Online Rev. C. elegans Biol. (2006) 1–13.

13] A. Asan, S.A. Raiders, J.R. Priess, Morphogenesis of the C. elegans intestine
involves axon guidance genes, PLoS Genet. 12 (4) (2016) e1005950.

14] J.E. Sulston, E. Schierenberg, J.G. White, J.N. Thomson, The embryonic cell
lineage of the nematode Caenorhabditis elegans, Dev. Biol. 100 (1) (1983)
64–119.

15] J.E. Sulston, H.R. Horvitz, Post-embryonic cell lineages of the nematode,
Caenorhabditis elegans, Dev. Biol. 56 (1) (1977) 110–156.

16] G. Borgonie, M.  Claeys, D. De Waele, A. Coomans, Ultrastructure of the
intestine of the bacteriophagous nematodes Caenorhabditis elegans,
Panagrolaimus superbus and Acrobeloides maximus (Nematoda: Rhabditida),
Fundam. Appl. Nematol. 18 (2) (1995) 123–133.

17] O. Bossinger, T. Fukushige, M.  Claeys, G. Borgonie, J.D. McGhee, The apical
disposition of the Caenorhabditis elegans intestinal terminal web is
maintained by LET-413, Dev. Biol. 268 (2) (2004) 448–456.

18] Z.F. Altun, D.H. Hall, Alimentary system, intestine, WormAtlas2009.
19] J.D. McGhee, The C. elegans intestine, WormBook: Online Rev. C. elegans Biol.

(2007) 1–36.
20] P.S. Albert, D.L. Riddle, Mutants of Caenorhabditis elegans that form

dauer-like larvae, Dev. Biol. 126 (2) (1988) 270–293.
21] B. Leung, G.J. Hermann, J.R. Priess, Organogenesis of the Caenorhabditis

elegans intestine, Dev. Biol. 216 (1) (1999) 114–134.
22] E.M. Hedgecock, J.G. White, Polyploid tissues in the nematode Caenorhabditis

elegans, Dev. Biol. 107 (1) (1985) 128–133.
23] C. Britton, J.H. McKerrow, I.L. Johnstone, Regulation of the Caenorhabditis

elegans gut cysteine protease gene cpr-1: requirement for GATA motifs, J.
Mol. Biol. 283 (1) (1998) 15–27.
24] T. Fukushige, B. Goszczynski, J. Yan, J.D. McGhee, Transcriptional control and
patterning of the pho-1 gene, an essential acid phosphatase expressed in the
C.  elegans intestine, Dev. Biol. 279 (2) (2005) 446–461.

25] J. Nance, J.Y. Lee, B. Goldstein, Gastrulation in C. elegans, WormBook: Online
Rev. C. elegans Biol. (2005) 1–13.

http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0005
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0010
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0015
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0020
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0025
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0030
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0035
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0040
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0045
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0050
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0055
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0060
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0065
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0070
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0075
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0080
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0085
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0095
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0100
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0105
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0110
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0115
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0120
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0125
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0125


1 Develo

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

0 M.F. Maduro / Seminars in Cell & 

26] M.  Hoffmann, C. Segbert, G. Helbig, O. Bossinger, Intestinal tube formation in
Caenorhabditis elegans requires vang-1 and egl-15 signaling, Dev. Biol. 339
(2) (2010) 268–279.

27] A. Kania, R. Klein, Mechanisms of ephrin-Eph signalling in development,
physiology and disease, nature reviews, Mol. Cell Biol. 17 (4) (2016) 240–256.

28] B.C. Jongbloets, R.J. Pasterkamp, Semaphorin signalling during development,
Development 141 (17) (2014) 3292–3297.

29] G.J. Hermann, B. Leung, J.R. Priess, Left-right asymmetry in C. elegans intestine
organogenesis involves a LIN-12/Notch signaling pathway, Development 127
(16)  (2000) 3429–3440.

30] Y. Abdu, C. Maniscalco, J.M. Heddleston, T.L. Chew, J. Nance, Developmentally
programmed germ cell remodelling by endodermal cell cannibalism, Nat. Cell
Biol.  18 (12) (2016) 1302–1310.

31] A.D. Chisholm, J. Hardin, Epidermal morphogenesis, WormBook: Online Rev.
C.  elegans Biol. (2005) 1–22.

32] J.R. Priess, D.I. Hirsh, Caenorhabditis elegans morphogenesis: the role of the
cytoskeleton in elongation of the embryo, Dev. Biol. 117 (1) (1986) 156–173.

33] M.  Owraghi, G. Broitman-Maduro, T. Luu, H. Roberson, M.F. Maduro, Roles of
the  Wnt  effector POP-1/TCF in the C. elegans endomesoderm specification
gene network, Dev. Biol. 340 (2) (2010) 209–221.

34] K. Carberry, T. Wiesenfahrt, F. Geisler, S. Stocker, H. Gerhardus, D. Uberbach,
W.  Davis, E. Jorgensen, R.E. Leube, O. Bossinger, The novel intestinal filament
organizer IFO-1 contributes to epithelial integrity in concert with ERM-1 and
DLG-1, Development 139 (10) (2012) 1851–1862.

35] M.  Koppen, J.S. Simske, P.A. Sims, B.L. Firestein, D.H. Hall, A.D. Radice, C. Rongo,
J.D. Hardin, Cooperative regulation of AJM-1 controls junctional integrity in
Caenorhabditis elegans epithelia, Nat. Cell Biol. 3 (11) (2001) 983–991.

36] V. Gobel, P.L. Barrett, D.H. Hall, J.T. Fleming, Lumen morphogenesis in C.
elegans requires the membrane-cytoskeleton linker erm-1, Dev. Cell 6 (6)
(2004) 865–873.

37] H. Zhang, A. Kim, N. Abraham, L.A. Khan, D.H. Hall, J.T. Fleming, V. Gobel,
Clathrin and AP-1 regulate apical polarity and lumen formation during C.
elegans tubulogenesis, Development 139 (11) (2012) 2071–2083.

38] M.S. Robinson, Adaptable adaptors for coated vesicles, Trends Cell Biol. 14 (4)
(2004) 167–174.

39] C.C. Chen, P.J. Schweinsberg, S. Vashist, D.P. Mareiniss, E.J. Lambie, B.D. Grant,
RAB-10 is required for endocytic recycling in the Caenorhabditis elegans
intestine, Mol. Biol. Cell 17 (3) (2006) 1286–1297.

40] H. Zhang, N. Abraham, L.A. Khan, D.H. Hall, J.T. Fleming, V. Gobel, Apicobasal
domain identities of expanding tubular membranes depend on
glycosphingolipid biosynthesis, Nat. Cell Biol. 13 (10) (2011) 1189–1201.

41] H. Zhu, A.K. Sewell, M.  Han, Intestinal apical polarity mediates regulation of
TORC1 by glucosylceramide in C. elegans, Genes Dev. 29 (12) (2015)
1218–1223.

42] M.  Maduro, R.J. Hill, P.J. Heid, E.D. Newman-Smith, J. Zhu, J. Priess, J. Rothman,
Genetic redundancy in endoderm specification within the genus
Caenorhabditis, Dev. Biol. 284 (2005) 509–522.

43] J. Zhu, R.J. Hill, P.J. Heid, M.  Fukuyama, A. Sugimoto, J.R. Priess, J.H. Rothman,
end-1 encodes an apparent GATA factor that specifies the endoderm precursor
in  Caenorhabditis elegans embryos, Genes Dev. 11 (21) (1997) 2883–2896.

44] B. Bowerman, B.A. Eaton, J.R. Priess, skn-1, a maternally expressed gene
required to specify the fate of ventral blastomeres in the early C. elegans
embryo, Cell 68 (6) (1992) 1061–1075.

45] B. Bowerman, B.W. Draper, C.C. Mello, J.R. Priess, The maternal gene skn-1
encodes a protein that is distributed unequally in early C. elegans embryos,
Cell 74 (3) (1993) 443–452.

46] M.F. Maduro, M.D. Meneghini, B. Bowerman, G. Broitman-Maduro, J.H.
Rothman, Restriction of mesendoderm to a single blastomere by the
combined action of SKN-1 and a GSK-3beta homolog is mediated by MED-1
and -2 in C. elegans, Mol. Cell 7 (3) (2001) 475–485.

47] G. Broitman-Maduro, M.F. Maduro, J.H. Rothman, The noncanonical binding
site of the MED-1 GATA factor defines differentially regulated target genes in
the C. elegans mesendoderm, Dev. Cell 8 (3) (2005) 427–433.

48] M.F. Maduro, R. Lin, J.H. Rothman, Dynamics of a developmental switch:
recursive intracellular and intranuclear redistribution of Caenorhabditis
elegans POP-1 parallels Wnt-inhibited transcriptional repression, Dev. Biol.
248 (1) (2002) 128–142.

49] M.F. Maduro, J.J. Kasmir, J. Zhu, J.H. Rothman, The Wnt  effector POP-1 and the
PAL-1/Caudal homeoprotein collaborate with SKN-1 to activate C. elegans
endoderm development, Dev. Biol. 285 (2005) 510–523.

50] P. Shetty, M.C. Lo, S.M. Robertson, R. Lin, C. elegans TCF protein, POP-1,
converts from repressor to activator as a result of Wnt-induced lowering of
nuclear levels, Dev. Biol. 285 (2) (2005) 584–592.

51] B.T. Phillips, A.R. Kidd 3rd, J. Hardin, J. Kimble, Reciprocal asymmetry of
SYS-1/beta-catenin and POP-1/TCF controls asymmetric divisions in
Caenorhabditis elegans, Proc. Natl. Acad. Sci. U. S. A. 104 (9) (2007)
3231–3236.

52] M.F. Maduro, G. Broitman-Maduro, H. Choi, F. Carranza, A. Chia-Yi Wu,  S.A.
Rifkin, MED  GATA factors promote robust development of the C. elegans
endoderm, Dev. Biol. 404 (2015) 66–79.

53] C.P. Hunter, C. Kenyon, Spatial and temporal controls target pal-1

blastomere-specification activity to a single blastomere lineage in C. elegans
embryos, Cell 87 (2) (1996) 217–226.

54] T. Fukushige, M.G. Hawkins, J.D. McGhee, The GATA-factor elt-2 is essential
for  formation of the Caenorhabditis elegans intestine, Dev. Biol. 198 (2)
(1998) 286–302.

[

pmental Biology 66 (2017) 3–11

55] E.M. Sommermann, K.R. Strohmaier, M.F. Maduro, J.H. Rothman, Endoderm
development in Caenorhabditis elegans: the synergistic action of ELT-2 and
–7  mediates the specification–> differentiation transition, Dev. Biol. 347 (1)
(2010) 154–166.

56] M.F. Maduro, G. Broitman-Maduro, I. Mengarelli, J.H. Rothman, Maternal
deployment of the embryonic SKN-1–> MED-1,2 cell specification pathway in
C.  elegans, Dev. Biol. 301 (2) (2007) 590–601.

57] T. Wiesenfahrt, J.Y. Berg, E.O. Nishimura, A.G. Robinson, B. Goszczynski, J.D.
Lieb, J.D. McGhee, The function and regulation of the GATA factor ELT-2 in the
C.  elegans endoderm, Development 143 (3) (2016) 483–491.

58] L. Du, S. Tracy, S.A. Rifkin, Mutagenesis of GATA motifs controlling the
endoderm regulator elt-2 reveals distinct dominant and secondary
cis-regulatory elements, Dev. Biol. 412 (1) (2016) 160–170.

59] M.F. Maduro, Endomesoderm specification in Caenorhabditis elegans and
other nematodes, Bioessays 28 (10) (2006) 1010–1022.

60] M.F. Maduro, Developmental robustness in the Caenorhabditis elegans
embryo, Mol. Reprod. Dev. 82 (2015) 918–931.

61] J. Zhu, T. Fukushige, J.D. McGhee, J.H. Rothman, Reprogramming of early
embryonic blastomeres into endodermal progenitors by a Caenorhabditis
elegans GATA factor, Genes Dev. 12 (24) (1998) 3809–3814.

62] M.R. Riddle, E.A. Spickard, A. Jevince, K.C. Nguyen, D.H. Hall, P.M. Joshi, J.H.
Rothman, Transorganogenesis and transdifferentiation in C. elegans are
dependent on differentiated cell identity, Dev. Biol. 420 (1) (2016) 136–147.

63] M.R. Riddle, A. Weintraub, K.C. Nguyen, D.H. Hall, J.H. Rothman,
Transdifferentiation and remodeling of post-embryonic C. elegans cells by a
single transcription factor, Development 140 (24) (2013) 4844–4849.

64] T. Okumura, A. Matsumoto, T. Tanimura, R. Murakami, An endoderm-specific
GATA factor gene, dGATAe, is required for the terminal differentiation of the
Drosophila endoderm, Dev. Biol. 278 (2) (2005) 576–586.

65] R. Murakami, T. Okumura, H.  Uchiyama, GATA factors as key regulatory
molecules in the development of Drosophila endoderm, Dev. Growth Differ.
47  (9) (2005) 581–589.

66] M.H. Lentjes, H.E. Niessen, Y. Akiyama, A.P. de Bruine, V. Melotte, M.  van
Engeland, The emerging role of GATA transcription factors in development
and disease, Expert Rev. Mol. Med. 18 (2016) e3.

67] A.M. Zorn, J.M. Wells, Vertebrate endoderm development and organ
formation, Annu. Rev. Cell Dev. Biol. 25 (2009) 221–251.

68] S.A. Shoichet, T.H. Malik, J.H. Rothman, R.A. Shivdasani, Action of the
Caenorhabditis elegans GATA factor END-1 in Xenopus suggests that similar
mechanisms initiate endoderm development in ecdysozoa and vertebrates,
Proc. Natl. Acad. Sci. U. S. A. 97 (8) (2000) 4076–4081.

69] J.D. McGhee, T. Fukushige, M.W.  Krause, S.E. Minnema, B. Goszczynski, J.
Gaudet, Y. Kohara, O. Bossinger, Y. Zhao, J. Khattra, M.  Hirst, S.J. Jones, M.A.
Marra, P. Ruzanov, A. Warner, R. Zapf, D.G. Moerman, J.M. Kalb, ELT-2 is the
predominant transcription factor controlling differentiation and function of
the  C. elegans intestine, from embryo to adult, Dev. Biol. 327 (2) (2009)
551–565.

70] T.K. Blackwell, M.J. Steinbaugh, J.M. Hourihan, C.Y. Ewald, M.  Isik, SKN-1/Nrf,
stress responses, and aging in Caenorhabditis elegans, Free Rad. Biol. Med. 88
(Pt.  (B)) (2015) 290–301.

71] J.H. An, K. Vranas, M.  Lucke, H. Inoue, N. Hisamoto, K. Matsumoto, T.K.
Blackwell, Regulation of the Caenorhabditis elegans oxidative stress defense
protein SKN-1 by glycogen synthase kinase-3, Proc. Natl. Acad. Sci. U. S. A. 102
(45) (2005) 16275–16280.

72] J.M. Kalb, K.K. Lau, B. Goszczynski, T. Fukushige, D. Moons, P.G. Okkema, J.D.
McGhee, pha-4 is Ce-fkh-1, a fork head/HNF-3alpha, beta, gamma homolog
that functions in organogenesis of the C. elegans pharynx, Development 125
(12) (1998) 2171–2180.

73] M.A. Horner, S. Quintin, M.E. Domeier, J. Kimble, M.  Labouesse, S.E. Mango,
pha-4, an HNF-3 homolog, specifies pharyngeal organ identity in
Caenorhabditis elegans, Genes Dev. 12 (13) (1998) 1947–1952.

74] S.H. Panowski, S. Wolff, H.  Aguilaniu, J. Durieux, A. Dillin, PHA-4/Foxa
mediates diet-restriction-induced longevity of C. elegans, Nature 447 (7144)
(2007) 550–555.

75] I. Kostic, R. Roy, Organ-specific cell division abnormalities caused by mutation
in  a general cell cycle regulator in C. elegans, Development 129 (9) (2002)
2155–2165.

76] C. Clucas, J. Cabello, I. Bussing, R. Schnabel, I.L. Johnstone, Oncogenic potential
of a C. elegans cdc25 gene is demonstrated by a gain-of-function allele, EMBO
J.  21 (4) (2002) 665–674.

77] Y.U. Lee, M.  Son, J. Kim, Y.H. Shim, I. Kawasaki, CDC-25.2, a C. elegans ortholog
of cdc25, is essential for the progression of intestinal divisions, ABBV Cell
Cycle 15 (5) (2016) 654–666.

78] S.C. Tintori, E. Osborne Nishimura, P. Golden, J.D. Lieb, B. Goldstein, A
transcriptional lineage of the early C. elegans embryo, Dev. Cell 38 (4) (2016)
430–444.

79] T. Hashimshony, F. Wagner, N. Sher, I. Yanai, CEL-Seq: single-cell RNA-Seq by
multiplexed linear amplification, Cell Rep. 2 (3) (2012) 666–673.

80] J.M. Sawyer, S. Glass, T. Li, G. Shemer, N.D. White, N.G. Starostina, E.T. Kipreos,
C.D. Jones, B. Goldstein, Overcoming redundancy: an RNAi enhancer screen
for morphogenesis genes in Caenorhabditis elegans, Genetics 188 (3) (2011)

549–564.

81] K.T. Lin, G. Broitman-Maduro, W.W.  Hung, S. Cervantes, M.F. Maduro,
Knockdown of SKN-1 and the Wnt  effector TCF/POP-1 reveals differences in
endomesoderm specification in C. briggsae as compared with C. elegans, Dev.
Biol. 325 (1) (2009) 296–306.

http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0130
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0135
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0140
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0145
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0150
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0155
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0160
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0160
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0160
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0160
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0160
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0160
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0160
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0160
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0160
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0160
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0160
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0160
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0160
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0160
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0160
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0160
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0160
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0160
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0160
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0160
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0160
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0160
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0160
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0160
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0160
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0165
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0170
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0175
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0180
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0180
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0180
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0180
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0180
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0180
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0180
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0180
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0180
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0180
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0180
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0180
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0180
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0180
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0180
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0180
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0180
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0180
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0180
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0180
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0180
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0180
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0180
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0180
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0180
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0180
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0185
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0190
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0190
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0190
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0190
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0190
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0190
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0190
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0190
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0190
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0190
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0190
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0190
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0190
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0190
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0190
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0190
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0195
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0200
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0205
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0205
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0205
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0205
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0205
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0205
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0205
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0205
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0205
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0205
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0205
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0205
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0205
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0205
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0205
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0205
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0205
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0205
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0205
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0205
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0205
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0205
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0205
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0205
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0205
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0205
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0210
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0215
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0220
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0225
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0230
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0235
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0240
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0245
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0250
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0255
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0260
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0265
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0270
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0270
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0270
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0270
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0270
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0270
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0270
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0270
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0270
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0270
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0270
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0270
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0270
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0270
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0270
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0270
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0270
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0270
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0270
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0270
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0270
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0270
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0270
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0270
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0270
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0270
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0275
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0280
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0285
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0290
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0295
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0295
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0295
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0295
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0295
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0295
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0295
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0295
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0295
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0295
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0295
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0295
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0295
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0295
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0295
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0295
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0295
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0300
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0300
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0300
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0300
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0300
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0300
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0300
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0300
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0300
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0300
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0300
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0300
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0300
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0300
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0300
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0300
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0300
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0305
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0310
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0315
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0320
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0325
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0325
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0325
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0325
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0325
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0325
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0325
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0325
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0325
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0325
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0325
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0325
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0325
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0325
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0325
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0325
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0325
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0325
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0325
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0325
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0325
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0325
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0325
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0325
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0325
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0325
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0325
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0330
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0335
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0335
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0335
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0335
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0335
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0335
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0335
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0335
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0335
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0335
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0335
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0335
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0335
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0335
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0335
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0335
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0335
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0335
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0335
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0335
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0340
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0345
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0350
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0355
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0360
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0365
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0370
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0370
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0370
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0370
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0370
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0370
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0370
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0370
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0370
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0370
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0370
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0370
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0370
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0370
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0370
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0370
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0370
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0370
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0370
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0370
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0370
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0370
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0370
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0370
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0375
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0375
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0375
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0375
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0375
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0375
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0375
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0375
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0375
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0375
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0375
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0375
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0375
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0375
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0375
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0375
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0375
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0375
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0375
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0375
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0375
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0375
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0375
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0375
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0375
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0375
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0375
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0380
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0385
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0390
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0395
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0395
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0395
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0395
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0395
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0395
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0395
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0395
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0395
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0395
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0395
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0395
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0395
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0395
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0395
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0395
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0395
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0395
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0395
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0395
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0395
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0395
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0395
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0400
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0405


Develo

[

[

[

[

[

[

[
for  the specification of a mesoderm precursor in early C. elegans embryos,
Cell 83 (4) (1995) 599–609.
M.F. Maduro / Seminars in Cell & 

82] C. Coroian, G. Broitman-Maduro, M.F. Maduro, Med-type GATA factors and
the evolution of mesendoderm specification in nematodes, Dev. Biol. 289
(2005) 444–455.

83] A. Couthier, J. Smith, P. McGarr, B. Craig, J.S. Gilleard, Ectopic expression of a
Haemonchus contortus GATA transcription factor in Caenorhabditis elegans
reveals conserved function in spite of extensive sequence divergence, Mol.
Biochem. Parasitol. 133 (2) (2004) 241–253.

84] J.L. Richards, A.L. Zacharias, T. Walton, J.T. Burdick, J.I. Murray, A quantitative

model of normal Caenorhabditis elegans embryogenesis and its disruption
after stress, Dev. Biol. 374 (1) (2013) 12–23.

85] R. Jelier, A. Kruger, J. Swoger, T. Zimmermann, B. Lehner, Compensatory cell
movements confer robustness to mechanical deformation during embryonic
development, Cell Syst. 3 (2) (2016) 160–171.

[

pmental Biology 66 (2017) 3–11 11

86] J.P. Rasmussen, J.L. Feldman, S.S. Reddy, J.R. Priess, Cell interactions and
patterned intercalations shape and link epithelial tubes in C. elegans, PLoS
Genet. 9 (9) (2013) e1003772.

87] B. Lemaitre, I. Miguel-Aliaga, The digestive tract of Drosophila melanogaster,
Annu. Rev. Genet. 47 (2013) 377–404.

88] R. Lin, S. Thompson, J.R. Priess, pop-1 encodes an HMG  box protein required
89] B. Goszczynski, J.D. McGhee, Re-evaluation of the role of the med-1 and
med-2 genes in specifying the C. elegans endoderm, Genetics 171 (2) (2005)
545–555.

http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0410
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0410
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0410
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0410
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0410
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0410
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0410
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0410
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0410
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0410
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0410
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0410
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0410
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0410
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0410
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0410
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0410
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0410
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0410
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0410
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0410
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0410
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0410
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0410
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0415
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0420
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0425
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0430
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0430
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0430
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0430
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0430
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0430
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0430
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0430
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0430
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0430
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0430
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0430
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0430
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0430
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0430
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0430
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0430
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0430
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0430
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0430
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0430
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0430
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0430
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0430
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0430
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0430
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0430
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0435
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0435
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0435
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0435
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0435
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0435
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0435
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0435
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0435
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0435
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0435
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0435
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0435
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0435
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0435
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0435
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0435
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0435
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0440
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0445
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0445
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0445
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0445
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0445
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0445
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0445
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0445
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0445
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0445
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0445
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0445
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0445
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0445
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0445
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0445
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0445
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0445
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0445
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0445
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0445
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0445
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0445
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0445
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0445
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0445
http://refhub.elsevier.com/S1084-9521(17)30001-0/sbref0445

	Gut development in C. elegans
	1 Introduction
	2 Nomenclature, function and anatomy
	3 Morphogenesis of the gut
	3.1 Cellular events
	3.2 Formation of the gut lumen

	4 Gut specification
	5 Control of the cell/nuclear divisions in the E lineage
	6 Future questions
	7 Conclusions
	Acknowledgements
	References


