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Introduction

Pigments account for most of the colours widespread in nature, however the
strongest and brightest colours arise from physical structures, made of transparent material. These ‘structural colours’ are much more intense and pure
than chemical colours and they are commonly associated with iridescence, i.e.
the colour changes when an object is viewed from different angles (Figure 1).
Animals often use structural colour to create vivid effects: peacocks, butterflies
and iridescent jewel beetles owe their stunning colours to the manipulation of
light by minute structures periodically organized on or just below their surfaces
([11]).

Figure 1: Striations on top of the petal form a diffraction grating, dividing white
light into its different components. Rays scattered from different points on the
grating interfere and give rise to an angular colour variation (iridescence). The
grooves on a CD are a common example of a diffraction grating
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Flowering plants also exhibit iridescence, which pollinators can use as a cue
to detect flowers ([17]). Earlier experimental work has identified the physical
mechanism responsible for this iridescent effect on the petals of a number of
different species, namely surface diffraction gratings (Figure 2). Diffraction
gratings are ordered striations. The particular amplitude and frequency of
these striations cause interference, giving rise to an angular colour variation
(Figures 1-2). The regularly spaced data grooves on a CD act (inadvertently)
as a diffraction grating, producing a familiar example of iridescence (Figure
1). Understanding how petals develop structures to attract their pollinators
is a major goal in plant biology: an estimated 35 % of global crop production
depends on petal-mediated animal pollination but a decrease in pollinator
numbers across the world has started to limit the odds of pollination and
to affect crop production rate. Unveiling the mechanisms behind diffraction
grating formation will therefore allow us to understand both how plants build
structures that mediate interspecies communication and how epidermal cell
types can regulate the morphology of plant surfaces, both important aspects of
maintaining crop pollination.

Figure 2: Flowers of Mentzelia lindleyii, Tulip ‘Queen of the night’ and Hibiscus trionum (left column) produce iridescence (right column, iridescent effect
recorded by transmission) due to the presence of striations on top of the petal
epidermis (middle column, Scanning Electron Microscope images, each striation is < 1µm).
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The presence of a diffraction grating depends on the shape of the epidermal
cells and the patterning of their surface. First, cells must be flat, as rounded
or conical cells do not allow directional reflection since they scatter light. The
genetic cause of gross epidermal shape is well understood, being controlled
by a family of transcription factors known as the MIXTA-like genes. Secondly,
the epidermal cells must be striated. These striations are part of the cuticle; a
protective waxy covering produced by the epidermal cells. The cuticle consists
of a polymer matrix that is covered with epicuticular waxes and incorporates
intracuticular waxes. Its thickness, structure and chemical composition vary
widely between species and between different organs of the same plant, but the
potential functional consequences of such differences are poorly understood
(3). The biosynthesis of cuticular components (mostly cutin and waxes) within
the cell and their secretion through the plasma membrane have been described
([12]; [15]; [14]). In addition, regulators of cutin and wax biosynthetic genes
have been recently identified as SHINE-like transcription factors ([4]; [1]). However, the mechanisms responsible for the assembly and patterning of the cuticle
remain to be understood.

Figure 3: The cuticle forms a boundary between the plant and its environment.
Epidermis cells produce the cuticle, a polymer matrix known to contain cutin,
waxes and sometimes polysaccharides (pectin) of the cell wall. In addition,
wax crystals are sometimes present on top of the cuticle proper. These basic
components can be organized differently to create a smooth or a striated surface.
The striations can be parallel or perpendicular to the cell elongation axis.
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Overall Objectives

How these ridges develop in such a regular pattern on top of the epidermis is
unknown and we are interested in understanding the biomechanical principles
governing their formation. This is complicated by the facts that striations
often start to develop once most of the cell elongation has been completed,
and that striations can be both parallel to and perpendicular to the long axis
of the cell. By developing models, we aim to gain insight into the processes
governing their location, spacing, height and regularity (crucial to achieve an
optical effect). Many different striation patterns have been observed and were
catalogued during the study group (see figure 4), and we investigate whether
a common mechanism can explain this range of observations.
A number of different mechanisms could generate the striations. It could
be a biochemical process which is intrinsic to the cuticle, for instance cuticle
components could self-organise; however the striations are relatively large on
a molecular scale. The cell could locally regulate the secretion or assembly of
cuticle components in a patterned fashion along the plasma membrane. Biomechanical forces within a growing layer attached to an elongating substrate could
lead to striation formation through a mechanical instability. This mechanism
does not require any additional processes, and thus is the focus of the current
study.
The literature on buckling instabilities of thin layers of material on a substrate provides us with a useful foundation for the present study. Experimentally, it is well established that lateral compression can be used to manipulate
buckling patterns [13]. Orthogonal compressive and extensional stresses will
generate organised wrinkled patterns. These are susceptible to secondary instabilities (such as herringbone patterns) if the stress field becomes compressive
in both directions [10]. Figure 8 of [2] provides a schematic map of parameter
space identifying stability boundaries for the onset of different patterns under
biaxial compression for a composite layer (a stiff film bound to a soft substrate),
a framework that we adopt below. Buckling can arise either through external
compression or through swelling or growth of a material such as a gel. The
wavelength of instability of a soft layer on a stiff substrate often scales with the
layer depth, but this can involve a delicate dependence on surface effects [3].
In this report, we develop biomechanical models in order to investigate
whether buckling of the cuticle layer can create the striation patterns observed
on petals and leaves. In section 3, we investigate the stresses within the cuticle
layer, showing how compressive stresses can arise due to both differences
between the rate of cuticle production and the growth of the underlying cell wall
or isotropic cuticle growth with anisotropic growth of the cell wall. In Section
4, we examine how these compressive stresses generate buckling, using, for
simplicity, a one-dimensional model. We show that the two-layered structure
of the cuticle is essential for buckling, suggest bounds on the compressive
force, and show how the wave length of the buckles depends on the material
properties and geometry of the cuticle. We conclude by returning to our list
of observed striation patterns in section 5; many of these observations can be
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captured by the model in given parameter regimes, and we discuss how this
provides experimentally verifiable predictions of how growth rates and cuticle
production rates vary between the different species and developmental stages.

3

Calculating the stresses within the cuticle layer

Here we examine how differences between the (anisotropic) growth rate of the
cell wall and the (isotropic) production of cuticle generate stresses in the cuticle
layer. As described in section 4, compressive stresses can lead to mechanical
instabilities that generate striations in the cuticle.
Cuticle tissue has been shown to be viscoelastic and strain hardening, with
biomechanical properties that depend on temperature and humidity [7]. However, while investigating the viscoelastic behaviour of the cuticle would be
interesting, we consider here a simpler case and model the cuticle as a incompressible nonlinearly elastic material. We denote the strains in the cuticle by
(λ1 , λ2 , λ3 ) (using a Cartesian co-ordinate system). Supposing that the cuticle
is tightly adhered to the underlying cell wall, we assume that the cell wall is
much stiffer than the cuticle, so that λ1 and λ2 will be prescribed by strains
of the cell wall. Without loss of generality, we suppose that the underlying
cell wall has grown with strains λ1 and λ2 parallel and perpendicular to the
“long axis” of the cell, respectively. We note that for flat cells, these strains
will reflect cell growth. Stretching will cause the cuticle layer to thin, and we
suppose that new material is added from the cell wall to maintain a constant
cuticle thickness. We suppose, for simplicity, that the new cuticle material is
laid down with the same strain as the existing material. In practice the newly
added material is likely to be unstressed and its deposition would provide a
mechanism for stress relaxation in the cuticle; however, accurately modelling
this process would require us to homogenise the strain through the thickness
of the cuticle, which is beyond the scope of this report.
We suppose that the elastic properties of the cuticle are described by a
neo-Hookean strain energy function of the form
1
(1)
µ(I1 − 3) − 21 f (I3 − 1),
2
where I1 and I3 are strain invariants which will be described below (2) and µ is
the shear modulus. Prescribing constant f to be large imposes incompressibility
(I3 = 1), which is enforced through the introduction of a pressure p.
Using incompressibility, the deformation gradient is F = diag(λ1 , λ2 , 1/λ1 λ2 ),
the left and right Cauchy strains, B = FFT and C = FT F, are also diagonal and
the strain invariants I1 and I3 are given by
W=

I1 ≡ trace(C) = λ21 + λ22 +

1
λ21 λ22

,

I3 ≡ det(C) = 1.

(2)

The Cauchy stress is given by
σ = µFFT − pI
5
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Figure 4: Table listing the different striation types observed on plant petals and
leaves. The location of the striations for the starred entries are shown on the
diagram of the Daisy and Hibiscus petals. Development types are shown in
the blue tables below.
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(see e.g. [16]), so that
σ11 = µλ21 − p,

σ22 = µλ22 − p,

σ33 =

µ
λ21 λ22

− p.

(4)

An unsupported elastic sheet would have σ33 = 0 on its free surface, which
would determine p. In the case of the cuticle, we instead impose a surface
stress σ33 = µΠ, where Π is a constant which reflects the effect of isotropic
cross-linking within the cuticle which we later prescribe to depend on the
strains. Thus, we set
µ
(5)
p = 2 2 − µΠ,
λ1 λ2
giving
σ11
σ22



 2

1
= µ λ1 − 2 2  − µΠ,
λ1 λ2



 2
1
= µ λ2 − 2 2  − µΠ.
λ1 λ2

(6)
(7)

This approach follows thermoelasticity, and has been adopted within a linear
elasticity framework by Edwards & Schwarz [8], who used an isotropic stress
to represent expansion or contraction in a planar cell layer.
It remains to prescribe the constant Π. If the expansion is isotropic, λ1 =
λ2 = λ, so if we were to take Π = λ2 − λ−4 , the cuticle would remain stress-free
as it expands. Motivated by this special case, for non-isotropic expansion, we
take



1 

Π = β λ1 λ2 − 2 2  ,
(8)
λ1 λ2
where β > 1 (β < 1) represents overproduction (underproduction) of cuticle (in
the sense that σ11 and σ22 would both be positive (negative) during isotropic
growth). Substituting (8) into (4), we have
β−1
σ11
= λ1 (λ1 − βλ2 ) + 2 2 ,
µ
λ1 λ2
β−1
σ22
= λ2 (λ2 − βλ1 ) + 2 2 .
µ
λ1 λ2

(9)
(10)

We can then map out regions of the (λ1 , λ2 ) plane (see figure 5) in which
• σ11 > 0, σ22 > 0: tension in both directions, suggesting the cuticle will be
smooth (denoted region D in Figure 5);
• σ11 > 0, σ22 < 0: tension in the 1 direction, but compression in the
2 direction, so the cuticle will buckle for sufficiently great compressive
stresses, forming ridges aligned with the 1 direction (denoted region C in
Figure 5);
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• σ11 < 0, σ22 > 0: tension in the 2 direction, compression in the 1 direction.
Again, for sufficiently great compressive stresses, the cuticle will buckle,
forming ridges aligned with the 2 direction (denoted region A in Figure
5);
• σ11 < 0, σ22 < 0: compression in both directions, which if sufficiently
large will promote buckling with irregular patterns that may not show a
preferred direction (denoted region B in Figure 5).
In general the cuticle is stress free only at λ1 = λ2 = 1, except when β = 1, in
which case the cuticle is stress free along the line λ1 = λ2 .
For 0 ≤ β < 1, underproduction of cuticle implies that it must be stretched
to fit onto the expanding epidermal cell. Thus the cuticle will be smooth if λ1
and λ2 are similar sizes (region D in Figure 5a,b), whereas buckling can occur if
either strain is sufficiently large with the other strain remaining close to unity.
We emphasise that patterns with a high degree of spatial correlation are most
likely to arise when the cuticle is compressed in one direction and extended in
the other (regions A and C in Figure 5)
For β > 1, overproduction of cuticle implies that it must be compressed to
fit onto the epidermal cell and buckling will occur even when the cuticle grows
substantially. As β becomes large, the region in (λ1 , λ2 ) space for which the
cuticle is under compression in only one of the two directions shrinks in area,
and instead the cuticle is typically compressed in both directions (region B in
Figure 5d,e), which we expect to result in irregular patterns.
For β = 1, the cuticle is compressed in the direction of lower growth and
under tension in the direction of greater growth, so there may be a pattern only
parallel to the direction of greatest growth. (Note that if the cell wall expands
isotropically there is no pattern).
We can confirm that the zero-stress curves, σ11 = 0 and σ22 = 0, intersect at
λ1 = λ2 = 1 by setting λi = 1 + λ̂i where |λ̂i |  1. Then in the neighbourhood of
λ1 = λ2 = 1, (10) becomes
σ11
= 4λ̂1 + 2λ̂2 − 3β(λ̂1 + λ̂2 ),
µ
σ22
= 2λ̂1 + 4λ̂2 − 3β(λ̂1 + λ̂2 ).
µ

(11)
(12)

We see that the zero-stress curves cross horizontally and vertically when β = 2/3
or β = 4/3 (Figures 5b,d).
The above calculations tell us how the production rate of the cuticle, and
the (anisotropic) growth of the underlying cell wall may lead to compressive
stresses in the cuticle that could induce buckling. However, this does not give
us any information about the wavelength of the striations, and we also expect
that these conditions will be necessary but not sufficient for buckling, with a
critical compressive stress needed for buckling to occur.
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Figure 5: Model predictions of cuticle ridge patterns. Panels a-e show the
dependence of the predicted patterns on λ1 and λ2 (the stretches parallel and
perpendicular to the long axis of the cell), for a number of different values of
the cuticle production rate: a) β = 0, b) β = 0.67, c) β = 1, d) β = 1.33 and e)
β = 5. Note that β < 1 corresponds to under-production and β > 1 to overproduction. Regions A-D are demarcated using (9, 10), with A corresponding
to σ11 < 0, σ22 > 0, B corresponding to σ11 < 0, σ22 < 0, C corresponding to
σ11 > 0, σ22 < 0 and D corresponding to σ11 > 0, σ22 > 0 (with the dashed blue
lines marking σ11 = 0 and the continuous red lines σ22 = 0). The numbered
asterisks mark representative parameter values for several of the different cases
considered in Table 4, as discussed in §5. Panel f shows the expected direction
of the compressive stresses when considering a conical cell (see §5 for details).
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Figure 6: Schematic showing geometry of the cuticle layer (used with deriving
the buckling wave length in §4).
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Calculating the buckling wave length

In this section, we address the questions of how large the compressive stress
needs to be for buckling to occur and how the wavelength of the striations
depends upon the material properties of the cuticle layer. If the cuticle is
treated as a single homogeneous layer resting on a rigid surface (i.e. the cell
wall), it has been shown that the critical wave length is zero at the onset of
buckling, with surface effects selecting a length-scale comparable to the layer
thickness [3].
As the analysis of the single layer is somewhat involved, and does not reflect
the inhomogeneity of the cuticle, we improve our model by incorporating the
two-layered structure of the cuticle (figure 6), with an underlaying layer of
width H which consists of cutin, wax and pectin, and an overlaying layer of
width h, which consists of just cutin and wax. In the following analysis, we
show how the wavelength of the striations depends on the Young’s moduli and
Poisson’s ratios of the two layers, and determine the minimum compressive
force F necessary to produce these striations.
Treating the overlaying layer as an elastic beam, the classical force balance
equation [6] gives
E f Izxxxx + Fzxx + Kz = 0,

(13)

with
Ef =

Ē f

,
2

1 − νf

I=

wh3
,
12

(14)

where z(x) is the height of the layers in terms of the distance along the cuticle,
x. Here, F denotes the compressive force, Ē f and ν f are the Young’s modulus
and Poisson’s ratio of the overlaying (cutin and wax) layer, w is the cell width,
and K is a constant which depends on the thickness of the underlaying layer,
H, the mechanical properties of the underlaying layer and the wave length
of the striations (see below). In equation (13), the terms represent bending of
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the overlaying layer, compression of the overlaying layer and stretching of the
underlaying layer, respectively.
Following [6], we assume that the vertical displacements are sinusoidal, so
seek a solution of the form


2πx
(15)
z(x) ∼ A sin
γ
where γ and A are the wave length and amplitude of the striations. Substituting
this form, (15), into equation (13), we obtain
16E f I

 4
 2
π
π
− 4F
+ K = 0.
γ
γ

(16)

Rearranging (16), we obtain a formula for the compressive force
F=

E f I  π 2
γ

4

 
K γ 2
+
.
4 π

(17)

We consider a number of different cases which depend on the thickness
of the underlaying layer, H. If γ  H, the underlaying cutin-pectin layer is
effectively infinitely thick, in which case K is the Winkler’s modulus of an elastic
half-space:
K=

Es wπ
γ

(18)

Es =

Ēs
,
1 − ν2s

(19)

Here

where Ēs and νs are Young’s modulus and Poisson’s ratio of the underlaying
layer. Substituting (18) into the force balance equation, (16), and balancing the
bending and stretching terms, provides the critical wave length at the onset of
the instability, namely
E f h3
γ4

∼

Es
γ

(20)

which gives
γ∼

 E 1/3
f

Es

h.

(21)

Substituting K, (18), and γ, (21), into (17), we find that buckling occurs if the
force is greater than
F ∼ (E2s E f )1/3 h.
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(22)

The critical stress needed to generate striations is therefore σc ∼ F/h = (E2s E f )1/3 .
The above treatment (in particular, use of (18)) assumes that the lower layer
is much thicker than the wavelength of the striations. For an incompressible
material and H  γ, the horizontal displacement scales with ∆x ∼ γ∆z/H,
resulting in the shear stress scaling with ∆x/H ∼ γ∆z/H2 , and the shear energy
being Es H(∆x/H)2 ∼ Es H(γ∆z/H2 )2 , giving
K=

Es γ2
,
H3

(23)

(as discussed in [5]). Substituting (23) into the force balance equation, (16), and
balancing the bending and stretching forces gives
 E 1/6
f
(hH)1/2 .
(24)
γ∼
Es
Substituting K, (23), and γ, (24), into (17), we find that buckling occurs if the
force is greater than
F∼

(Es E2f )1/3 h2
H

.

(25)

The third case treated is with H  γ, but with the underlaying layer being
compressible, for which
K=

Es
.
H

(26)

Substituting (26) into the force balance equation, (16), and balancing the bending and stretching forces gives
γ4 ∼

Ef
Es

Hh3 .

(27)

Substituting K, (26), and γ, (27), into (17), we find that buckling occurs if the
force is greater than
F∼

(Es E f )1/2 h3/2
H1/2

.

(28)

Considering microscopic images of the striations, we observe that their wave
length appears to be similar to the thickness of the overlaying layer, γ ∼ H. If
we substitute, γ ∼ H, into (21), (24) and (27), we see that
 E 1/3
f
H∼
h,
(29)
Es
and so to produce observed striations, we require the geometries and material
properties to be related via (29).
The above calculations indicate how the wavelength at the onset of the
instability and the critical compressive stress depend on the thickness and
mechanical properties of the cuticle layer.
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5

Biological insights

Having calculated the stresses within the cuticle and demonstrated how the
compressive stresses can lead to buckling, we now return to the table of biological observations (figure 4) and discuss how our modelling can provide
understanding of each of the cases. We have assigned possible positions on
the graphs in figure 5 for most of the observed cases (case 3 is not shown on
the figures but can be conceptually explained similarly as we will see below).
These positions do not contain quantitative information but are shown as a candidate explanation for the observed data, focusing on the positions relative to
the λ1 = λ2 line and the positions relative to each other. We are only interested
in the parts of the figures where λ1 and λ2 are greater or equal to 1. We should
also note that though B appears as a disordered pattern, the B region has the
potential to produce many different patterns [2], including the ordered ones
present in A and C. The difference is that A and C can only produce ordered
patterns.
Case 1: When β = 1, parallel striations appear almost exclusively and they
are parallel to the elongation axis, even for a small difference between λ1 and
λ2 . In figure 5, we have selected a point to indicate this, but in fact any other
point below the line would be valid, depending on the stretching the cuticle
undergoes in either direction.
Case 2: Striations perpendicular to the elongation axis are more difficult to explain. We can form some hypotheses to explain these, but more experimental
data of the development process during striation formation would be necessary
to select between them. We also note that these cells are ‘possibly shorter’ than
Daisy 1 cells, which might help to explain the different pattern, but should be
further tested to confirm. The hypothetical cases formed are shown in figures
5d and 5e. In figure 5d, we assume that the cells start from an elongated shape
and stretch in the direction perpendicular to the long axis of the cell (λ2 > λ1 ).
In figure 5e, we assume that the cells start from a square/disc shape and are
elongated, but with a shorter final length; with over-production of cuticle and
λ1 slightly larger than λ2 , the compressive forces in both directions may be
sufficient to form striations perpendicular to the long axis of the cell. This fits
with cases 5-7, showing a progression of order as λ1 /λ2 increases.
Case 3: For an approximately conical cell, growing convexly, we can imagine
the cuticle stretches in the direction of growth while the slower growth in the
azimuthal direction generates compressive forces (figure 5f), creating radial
striations. Such a mechanism would be consistent with experiments by Huang
et al. [9] which showed that indentation of a plane elastic film generates a radial
wrinkling pattern.
Case 4: The snap dragon mutant has a circular cell which suggests that λ1 /λ2
is close to 1. However the irregular pattern points to overproduction of cuticle,
suggesting the point chosen (figure 5e). This could also be in an equivalent
position in figure 5d.
Case 5: Case 5 is similar to case 2 but with additional compression perpendicular to the elongation axis (σ22 ) (figure 5e).
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Case 6: Close to region C but not quite, leading to parallel striations but not
continuous. This could be an equivalent point to the tulip case of 1, with only
the β being different.
Case 7: Case 7 is also similar to case 2 but the striations appear broken by
ridges along the elongation axis across the centre of the cell which is also the
top of the cell. This pattern appears to be strongly affected by the convex nature
of the cell’s surface. It is conceivable however that it is also a further squashed
case 5 where the central striations are a way to release this pressure.
Case 8: This shows an elongated cell with no striations. Since we have assumed λ1 and λ2 are greater than 1, this is only possible with underproduction
of cuticle. Depending on how elongated the cell is, this may also be possible
for a larger β, but again less than 1 (figure 5b).
Case 9: In the SHINE overexpressor Arabidopsis line, we see a mixture of cells
which are not elongated. This suggests values of λ1 /λ2 close to 1. The presence
of only parallel striations and smooth cells, suggests β is less than 1. This agrees
also with case 10.
Case 10: Smooth circular cells suggest λ1 /λ2 is close to 1 and we have underproduction of cuticle, possible in figures 5a and 5b. The SHINE knockout is
more likely to have a very low value for β because SHINE is involved in cuticle
production.
Cases 11-12: Cells of case 11 are shorter than those of case 12 and have less ordered striations. They are also found together on the petal which may suggest
similar β values. These two points support our hypothesis for the progression of 2-5-7-6 relating to the value of λ1 /λ2 . The pattern for case 11 points to
compression in both directions and therefore cuticle overexpression, while case
12 may be the result of stretching along the direction of elongation followed
by bulging that stretches the striations at the sides of the cell. This could be
possible in the B or C regions of figure 5e.

6

Conclusion

In this report, we considered the formation of striations on plant petals and
leaves from a purely mechanical point of view, using modelling to investigate whether the different patterns of striation observed could arise through
compression and buckling of the cuticle layer.
The model was based on the assumption that cuticle production was isotropic,
even in anisotropically growing cells, and shows how the combination of
isotropic production and anisotropic growth can lead to compressive stresses
within the cuticle. The cuticle was modelled as a thin non-linear elastic layer,
which is tightly adhered to the growing cell wall, and we found that a range
of striation patterns could be generated, with the rate of cuticle production
and the cell wall growth being the controlling factors. We identified regions
of parameter space in which the cuticle was either compressed in one or both
directions. With anisotropic growth, and suitably balanced cuticle production,
the cuticle will be in tension in the ‘long-axis’ of the cell, and in compression in
14

the short axis, leading to ridges aligned with the long axis. However, we found
that over-production of cuticle can result in compression in both directions,
which we suggest could lead to irregular buckling patterns.
We also examined how the wavelength of stress-induced striations may
depend on the thickness and mechanical properties of the cuticle layer. The
cuticle could not be treated as a homogeneous layer, as earlier work showed
that this resulted in an infinitely small critical wavelength at the onset of the
instability [3]. Instead, a model was proposed which treated the cuticle as two
distinct layers; this gave estimates for the critical compressive stress and the
wavelength of the striations. The main factor controlling the wavelength of the
striations was found to be the thickness of the cuticle layer, which is a prediction
that is yet to be investigated biologically.
The model suggests that it is possible to form striations on the surface
of a petal through a purely biomechanical process, which does not require
any additional unknown biological processes. It predicts that the thickness
of the cuticle is important for controlling the wavelength of the striations;
this prediction can be tested by examining the thickness of different cuticles
(for example, in different species or in genetic mutants). It explains many of
the observed patterns; however we note that those cases where striations are
generated perpendicular to the long axis of the cell prove difficult to understand
(i.e. case 2 discussed in section 5). In the current framework, they could be
caused by the cell expanding more rapidly perpendicular to the long axis during
the period of cuticle formation, or the formation of a dome on the top of the
cell. However, it is also possible that the model is inadequate to explain this
case.
While this report has focussed on the biomechanical processes in a single
rectangular cell, there are many related questions that require further study.
Eventually, we would like to generate a model (taking into account both
biomechanical forces and genetic data) explaining how the diffraction grating is formed on top of the epidermis, and how the growth of the cell and the
export of cuticular components are coordinated. It would be of mathematical
interest to consider both different cell shapes and the growth of the cuticle layer
in more detail (treating the new cuticle material as being deposited at the base
of the cuticle). Further work could also consider how striation formation is
co-ordinated between neighbouring cells, considering what causes the ridges
to be uninterrupted at the junction between two consecutive cells, and what
happens at the junction between striated cells and non-striated cells in a petal
with both cell morphologies.
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