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Hmmmmm...and what
may these hairy roots

be? \
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Hairy Roots?

* 1930-1960: Sign of plant disease.

* 1970-1980: Agrobacterium
rhizogenes identified as cause.

* 1980-present: Establishment,
development and optimization of
hairy root cultures for over 100
plant species.

(plantdiseases.org)
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Background
Hairy Roots in Nature

* R. rhizogenes infects plant via
the integration of T-DNA into
plant genome.

* rol genes modulate cell
differentiation and plant
growth — leads to formation of
hairy roots at wounded site.

* Hairy roots produce high
volume of opines —
catabolized by Rhizobium
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Background
Hairy Roots in vitro

* Enhanced growth rate on
plant growth regulator free
medium.

* Simple method to generate
genetically and
phenotypically stable
transgenic plants/organ.

* Extracellular excretion of
certain metabolites — simple
purification
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What’s the point of
these weird roots? \



Stellenbosch ou rican

Background O " SAGWRI s
Applications of -
| -

Hairy Roots production
system

Re-
combinant
protein
production

Abiotic /
biotic stress
testing

Functional
analysis of
genes

Large-scale
bioreactor
potential

Phyto-
remediation
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Generation of Vitis O EE" SAGWRI e
Hairy Root Cultures

Vitis vinifera scion cultivars:

 Redglobe
e Sultana
 Chardonnay

Rootstocks cultivars:

e Ramsey (Vitis champinii)

e Gravesac (Vitis berlandieri x Vitis riparia x Vitis
rupestris)

e 143B (Vitis riparia x Vitis vinifera)

» SO4 (Vitis berlandieri x Vitis riparia)
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Generation of Vitis Hairy Root Cultures @?:SS!SR‘W“

$TER RS

Excised internode method:

Day -30 Generation
of plant
materials

Grapevine /In
vitro plantlet

(created by Tumelo Moyo with BioRender.com)
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Generation of Vitis Hairy Root Cultures | Stellerbosch | e
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(created by Tumelo Moyo with BioRender.com)
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Generation of Vitis Hairy Root Cultures

Excised internode method:

Day -30 Generation
of plant
materials
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Day 1 with
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(created by Tumelo Moyo with BioRender.com)
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Rhizobium rhizogenes:
Strains: A4T, C58C1 and
LBA9402



Generation of Vitis Hairy Root Cultures

Excised internode method:

Day 14 Root
emergence

Independent

Day 21 growth of
hairy roots on

solid medium

Excision of hairy Hairy roots on
roots from 1/2 MS medium
internodes

(created by Tumelo Moyo with BioRender.com)
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2 weeks after
infection

3 weeks after
infection

Day of excision



Generation of Vitis O & SAGWRI csni
Hairy Root Cultures
Hairy Root Development:

N -

Day of excision from explant

[
2 weeks after excision
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Hairy Root Cultures
Hairy Root Development:

/. l‘ R |
1: Initial weight 74 mg, final weight 3.841 g

1.2: initial weight 2.158 g, final weight 18.258 g 1.2: Weight 38.174 g
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Generation of Vitis O EEr SAGWRI g
Hairy Root Cultures
Anti-browning agent testing:

" E s AN -

PVPP and L-glutamine Activated charcoal
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drelner
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Generation of Vitis O " SAGWRI s
Hairy Root Cultures
Anti-browning agent testing:
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WHERE YOU GO
PVPP???!1]
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Function of
Terpenes in Vitis

Membrane
stability

Photo- Grape /
synthetic Terpenes Wine
pigments Flavour

Pollinator /
Seed Communi-
disperser Protection cation
attraction against

biotic and
abiotic
stressors
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Functional characterization
of Terpene synthases Enzyme assay it A e e
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Spatiotemporal Terpene synthase gene expression

A Scores - Hairy roots, in vitro plantlet roots and leaves M2, OPLS-DA I Hairy roots B Loadings - Hairy roots, in vitro plantlet roots and leaves M2, OPLS-DA X
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Ellipse: Hotelling's T2 (95%) s , - Normalized to unit length, R2X[1] = 0.193, R2X[2] = 0.141
SIMCA 17.0.2 - 12/18/2022 3:32:10 PM (UTC+2) A A 5 AT

Hairy roots distinct from in vitro plantlet roots

* Plant-microbe interactions trigger defense responses in plants (Kiselev et al, 2007)

 The rol genes activate the transcription of defense genes even in the absence of plant defense hormones
(Bulgakov, 2008)
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Baseline Terpene Profiles
Spatiotemporal Terpene synthase gene expression

A Scores - Hairy roots and in vitro plantlet roots M2, OPLS-DA

to[1] * 1.09226

10
. Scions Hairy roots
@scRN
6 @ Ry (HR1
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t[1] * 1.00162
Scaled proportionally to R2X, R2X[1l] = 0.318, R2Xo[1l] = 0.2,
Ellipse: Hotelling's T2 (95%)

In vitro plantlet roots
» Scion/rootstock clustering observed

Hairy roots

. Ramsey Hairy roots
Ramsey In vitro roots

[ Redglobe Hairy roots

[l Redglobe In vitro roots
S04 Hairy roots

[ 504 In vitro roots

[l sultana Hairy roots

I Sultana In vitro roots

* Scion/rootstock clustering not observed
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Baseline Terpene Profiles O EE" SAGWRI s
|
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Baseline Terpene Profiles O EE" SAGWRI s
Hairy Roots vs T |
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Induced Terpene Production O EE" SAGWRI s
Untreated Hairy Roots vs | #

MeJA treated Hairy Roots B e e Treaiment - w
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Establishing Transgenic Vitis |\ sizn SAGWRI e
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Hairy Root Cultures

© @ Electric shock
Incubation

(e.9., 15 kV/em,

(® » (® -

Electrocompetent cell
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* Established a Rhizobium-mediated hairy root transformation protocol and generated
hairy root cultures of various grapevine genotypes (Sultana, Redglobe, SO4, Ramsey,
143B and Gravesac).

* Tested analytical methods on grapevine tissue and obtained the hairy root baseline
terpene profile for Sultana, Redglobe, SO4 and Ramsey grapevine genotypes.

* Showed that growth elicitor MelJA induced the production of selected terpenes in
established hairy root cultures.

* Successful transformation of hairy roots provides scope to use the system for testing
the functions of genes and constructs before whole plant transformation is
implemented.
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e Bioreactor

Biomass e Compound
production production

e Phytoremediation
Grapevine

Hairy
Roots

I

e Assess approaches

Model e Testing functions of
system genes

e [nvestigate interactions
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