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Seeking for motives

e Morphogenesis of plants.

e Physical and chemical
interactions.

H Root hair cell
e Root hairs of plants as biological | Nonsare
mOdel' H Cortex cell
e Important role of auxin. | Root cap el
rAuxinﬂow
J. D. Jones, 2011
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Seeking for motives

I5" How do these interactions occur and, consequently, trigger
outgrowth?

2" How is this growth governed such that it happens at
specific times and places?

IE" Can we do educated guesses leading to the better
understanding of these interactions and experiments
designing?

IF" Can we predict—analytically—patch location and root hair
phenotype conditions to be occurred?
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Idealising

Activation and binding
processes catalysed by

Cell membrane :

—P QP quzin are represented by
kU1
v KU ki) =k + ———
Unbinding ( ’ Z) 14 kU4 ’
Growth patch region @ q > 0 (Z 2)
GEF: Guanine nucleotide @
exchange
GAP: Rho GTP; . 3
accelerati%gprotasei%; Cytoplasm k2 o kgo, no gradlent
Auxin interior pathway ]CQOOZ (X), gradient
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THE ORIGINAL PROBLEM

Active ROP: U= D1AU + K(U; k;)V — (¢ + 1)U,
in xeQ, t>0
Inactive ROP:  V, = DoAV — K(U; k;)V + U + b,
where
K(U;k) = k1 + kU2,

and
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THE FUNDAMENTAL SYSTEM

Up = 0Upy +a(x)UPV =U+ 2V,  in 0<az<1,1>0

Vi =DV =V +1—1717 [a(a:)U2V — U] — ByU,

where
D, Dy c+r k20
jm— P p D2 _
L2(c+r)’ L2k‘1’ g kq » o0 c+r’
E? r
127 ﬁ =
Ozob kl
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Lengthening & auxin sweeping
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Chasing solutions
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5=\/3, U=¢ctu, V=ev, D=c1D
OUTER SCALE SYSTEM
2
Uy = Uy + a(r)uv —u + —uv,
eTvy = Dougy +1—ev—e ! (7”)/ (a(w)u% — u) + ,nyu) .

«40)>» «F>r «=>»




( 2

_dndxg €
e i ug uge + (axo) + e (x0)€) uv — u + —Tfyv,
dnd
—627-d—z dinovg = Dovge — ey ((a(zo) + ed! (z0)€) u?v — u) —
| —eByu + €2 + 3v.
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dxg
——8§u0 = 8§5u1 —uy + 2a($0)vou0u1 + ( (zo)v1 + a'(:co)fvo) u%,

dn
Eul

where

01(§) = (£ (z - 20)) — 0",

Dy B
—8&5'()1 — a(xo)vou% +ug — —ug = 0.
TY T
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e — w
u1 0= a(zg)v?
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Second order

Matching condition:

1
Ogv1(£00) = D—OGI (xéc;xo)

Result (Single interior spike location dynamics)

Fore <1 and D ~ O (5_1), let n = £2t. Then the spike
position xo(n) of the slow dynamics is described by

dxg 1 1 o (1'0)
0 o e a(ao) (5 70 ) + 25220
dn 38vDg 2 a(xo)
[>{0] Vé University of
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Extensions

Result (Two interior spike location dynamics)

For e < 1, the location dynamics of the two—spikes case is
described by

d:L’O . no 1_ _ _ O/(xo)
% _73ﬂ’yD0a(x0> {no (2 .I'o) (1 —np) mo] + 270[(%0) ,

ci;; :;’;yg(;a(xl) |:(1 — no) <; — l‘1> + ’no(l - $1):| SN 2M,

where ng satisfies equation

w2 (no; o, 1) = p2 (no; o, 1) -
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Multiple spikes

@ Proceed in the usual way
ut, ) = us + Np(x),  o(t,x) = v+ M), 9,9 < 1.

® Look for an eigenfunction in the form
N
o(z) ~ Zgoj (871 (x — x])) , @; — 0 as || — oo.
=0

©® Approximate singular terms asymptotically by a Dirac—b
function.

© Obtain the NLBVP for vector ® = Q[go, ..., on]",
88 B uns:
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Multiple spikes

Result (ROP competition stability)

The quasi—equilibrium solution of the OUTER SCALE SYSTEM
with spikes at x, ..., xN is unstable on an O(1) time-scale if
there exists at least one j =0,...,N (N > 1) for which

N 1
" 68Dgy’

where the eigenvalues of the NLBVP satisfy A\ > —f/71 and
A> —(o;+0%).

*
g; >0, O
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Multiple spikes

For A := kL3kog, instability on an O(1) time-scale is presented

if

Two interior spikes:

1 [ 1 1 17! 1
A>A=— + ‘ , lop=—"—
()3[() _Oz(IL’())’II% 04(35'1) (1 — 71,0)2_ : 0 xr1 — Xg
Boundary and interior spikes:
1 1 I 1
A> AN = 4= , = —
6601 [4a(0) (1 —n1)*  a(zo)n?] '

An alternating—sign—fluctuation of spike amplitude is given by

_ T em Bl university of
y1 = [1,—1] ©3 @8 BRISTOL
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IE” Spike formation is a direct consequence of bistability.
Autocatalysis governs active—ROPs aggregation.

B5" Spike position of the slow dynamics is described
theoretically. The gradient controls the location of
the patch.

K" Turing pattern is destroyed by spatial inhomogeneity,
providing robust wave—pinned-like solutions. Robustness
is particularly relevant to model theoretically
biological interactions.

I5" Early multiple spikes configuration can be killed by some
instability at fast time scale. This could supply
theoretical highlights for mutants to be occurred.
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