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Somatic embrj@genesis

A type on non-sexual embryogenesis in which cells of the plant
body (somatic) are stimulated to develop into embryos
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Somatic embryos are morphologically similar to their zygotic
counterparts and genetically identical to the mother plant

Plant cloning
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A type on non-sexual embryogenesis in which microspores
(future pollen grains) are stimulated to develop into embryos

Pollen plant

Haploid plants

Chromosome doubling

Homozygous diploid plants
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Non-zygotic e

In some species, embryos arose from cells other than the zygote
— non zygotic embryogenesis

Cleavage polyembryony (Pinus sp.) Adventitious apomixis (Citrus sp.) Leaf embryos (Bryophyllum sp.)

4 embryos from
the same zygote
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Non-zygotic embryogenesis is the expression of totipotency
exhibited by some plant cells

Plant cell

wikipedia

Gottlieb Haberlandt (1854-1945)

July 11t 2022 Summer Course on Plant Biotechnology | Somatic embryogenesis — more than cloning CiB/DCV-UC/USDA




12/07/2022

2@ oo

Meristematic and poorly specialised cells

epidermis

phelogen

&
collenchyma £

’\ i ‘Leaf
/ ~primordia

h vascular cambium
parenchyma

Y ouds Mg

Longitudinal section of a stem apex

July 11th 2022 Summer Course on Plant Biotechnology | Somatic embryogenesis — more than cloning CiB/DCV-UC/USDA

2 1&:14 90

Somatic embryogenesis is usually induced from embryonic
organs such as whole zygotic embryos or young leaves

Zygotic embryo Leaves

»
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Problems of tH&§oung explants

When starting from young explants, such as zygotic embryos,
the phenotype is unknown

Leaves from elite plants previously established in vitro are a
reliable alternative

——
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Cells of the explant only acquire totipotency following a
previous step of proliferation
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Auxins proma

Cells of the explant only acquire totipotency following a
previous step of proliferation
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In some species somatic embryos are able to develop in the
presence of an auxin; in others no

Somatic embryos

" w0 Auxin rich medium PEM

SE - soatic embryos; PEM — proembryogic masses
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Embryogenic callisoriginate SE invan auxin-freé.medium @ -

M N

When embryogenic calli are transferred to an auxin-free medium,
somatic embryos develop from the proembryogenic masses

Embryogenic callus

July 11th 2022
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In 1958, Steward et al. and Reinert first induced somatic
embryogenesis in callus tissue of carrot

g

=) K

Auxin (2,4-D) Embryogenic callus
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Arbutus unedo
(strawberry tree)

Pinus halepensis

Solanum betaceum .
(Aleppo pine)

(tamarilho)
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Somatic embryogenesis for what?

Somatic embryogenesis can be used for different purposes, namely:
Cloning
Genetic transformation
Synthetic seeds
Conservation of endangered species

Propagation of hybrids or
dioecious species

Production of tetraploids

Embryo development
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Cloning . , : AN
Through somatic embryogenesis a great number of SE and plantas

can be obtained

Tamarillo (Solanum betceum)

Mass proliferation (measured as fresh weight—FW) and total number of somatic embryos (SE) and emblings obtained after 1 and
3 months on the embryo development medium (MS medium, 0.07 M sucrose) and under photoperiod conditions

Explant Tnitial embryogenic Callus + SE FW Number of SE per explant Number of emblings per
tissue FW (g) after 1 month (g) (after 1 month of culture) explant (after 3 months)

Normal/cotyledonary SE  Abnormal SE

1 0.049 1.06 8 8 2

2 0.052 1.32 2 13 7

3 0.026 1.16 3 33 23

4 0,041 0.96 10 28 41

5 0.040 1.57 8 15 23

6 0.050 1.06 6 28 32

Mean + SE* 0.043 £ 0.004 1.19 £ 0.1 6.2+ 1.3 20.8 + 4.1 213 4+ 6.0
Number of SE/emblings per g of initial embryogenic tissue FW* 143.9 £+ 30.2 482.6 £953 4942 + 139.5

*Mean number + standard error
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Genetic transfain fation

Prior regeneration through somatlc embryogene5|s, cells can be
genetically transformed

Control
(without antibiotics)

Selective media

Cefo + Carb (250mg/L) Cefo + Carb (125mg/l) Kan (50 mg/L) Kan (50 mg/L)
Kan (100 mg/L) Kan (100mg/l)
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Synthetic seedSi

5 |

Somatic embryos can be encapsulated and used to produce artificial
seeds

Alg. 3% som. emb.

Washing and
storage
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coniferous species
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coniferous species

Mimics functions of natural seed

Artificial h,
rtificial Gametophyte Cavity Filler

US patent #

US patents
#8466086, #8375630, #8252718 8375630

Dead-end seal
US patent #7882656

Seed Coat with
anti-microbial
coatings
US patent
#5701699,
#7795377

Cotyledon
Restraint
US patent #7131234
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Forestry companies are producing artificial seeds of several
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Forestry companies are producing artificial seeds of several

-
R
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Weyerhaeuser

CiB/DCV-UC/USDA

Primary End Seal
US patent #
7795377

Lid
US patent #
6119395

Tertiary end Seal
US patent #5666762

Pramod Gupta Weyerhaeuser
CiB/DCV-UC/USDA
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Synthetic seedSis

Forestry companies are producing artificial seeds of several
coniferous species

Loblolly pine (Pinus taeda) somatic embryg/germinated from A
manufactured seed and zygotic embryo

Pramod Gupta Weyerhaeuser
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Conservation oler dangered species
Somatic embryogenesis can be used to propagate species that are
endangered

In Vitro Cell.Dev.Biol.—Plant (2010) 46:47-56
DOI 10.1007/511627-009-9258-y

MICROPROPAGATION

In vitro propagation of the wild carrot Daucus carota

L. subsp. halophilus (Brot.) A. Pujadas

for conservation purposes
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CiB/DCV-UC/USDA

Bulbs of B. dubia were collected in the field and potted in the
Botanic Garden of the University of Coimbra
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Somatic embry@genesis in B. dubia b
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Leaf segments from in vitro growing shoots and mature
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zygotic embryos were used to induce somatic embryogenesis

CiB/DCV-UC/USDA
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germination

development acclimatisation flowering
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To keep the features of the hybrids they must be propagated
asexually, for example, through somatic embryogenesis

w

kdy ¢ 8
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* F1 Micropropagation
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Propagation offligbrids or dioecious species '\,

To same is true for dioecious species (kiwi)

Male flower
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Production of t@
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Embryogenic callus

Staining - Feulgen
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reagent counting
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Embryo developmeént

July 11th 2022
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Zygotic embryos develop inside the ovule and ovary being

surrounded by several mother tissues
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CiB/DCV-UC/USDA

CiB/DCV-UC/USDA

17



12/07/2022

Embryo developmiént

S % e

On the contrary, in a single explant hundreds of somatic
embryos may be produced
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Leaves
6 weeks

2,4-D or picloram (auxin)
Sucrose Dedifferentiation
Dark
250C
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Tamarillo as a

Embryogenic |

Same growth conditions (auxin)

Same initial tissue (leaf cells)
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Proteomics to @@mpare the two types of calli.,

A RNA methyl transferase is consistently expressed in non-embryogenic callus
(NEP-TC)

Encodes 221 amino acids with a theoretical mass of 24.74 kDa and a
theoretical isoelectric point of 6.09

A somatic embryogenesis inhibitor?
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[BlostxName _______________ ___________|logic_|
LOB domain-containing protein 22 - 5.37
Ninja-family protein AFP3 il 5.13
Protein FEZ i 432
Transcription factor bHLH30 <P 3.91
Late embryogenesis abundant protein <HENP 3.45
7‘87, State Transcription factor bHLH14 - 2.81
g Up Sig.: 1642 Transcription factor bHLH112 T 2.68
_!é Down Sig.: 1329 Protein flowering locus (Histone deacetylase) ~ Ep > 2.50
&81’ Insig.: 20240 Lisine-specific demethylase (Histone demethylase) ~gp >  2.27
- DNA (cytosine-5)-methyltransferase 1 ) 2.26
g Auxin-responsive protein IAA17 aE» =107
g Transcription factor bHLH68 P -5.46
g Auxin-responsive protein IAA14 - -5.74
¢ © LOB domain-containing protein 18 - -6.07
2 GE, Ethylene-responsive transcription factor 13 - -7.49 _

0 5 10 15
Average log2(Counts)

Comparative global transcriptional expression patterns of tamarillo genes. MA plot depicting the log2 fold change of
genes against the average expression level in embryogenic and non-embryogenic samples.
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Daniela Cordeiro (PhD student)
Functional characterization of epigenetic markers NEW INSIGHTS

during plant regeneration N
NEW BIOLOGICAL QUESTIONS

Proteomics l
| Transcriptomics I

Somatic embryogenesis |
André Caeiro (PhD student) 1
NMR-based analyses to identify metabolomic markers
of somatic embryogenesis in tamarillo (Solanum
betaceum Cav.)

Bruno Casimiro (PhD student) NEW
Development of bioreactor systems for plant-derived HYPOTHESIS
metabolite production in tamarillo (Solanum
betaceum Cav.)

Mariana Neves (PhD student)

The role of the plant hormone ethylene in tamarillo
(Solanum betaceum Cav.) in vitro micropropagation:
biochemical and molecular analyses

Ricardo Ferraz (PhD student)

Exploring the rRNA methyltransferases signalling
pathway during Solanum betaceum and Arabidopsis Tamarillo somatic embryogenesis
thaliana somatic embryogenesis
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ORIGINAL RESEARCH article
Front. Plant Sci., 12 April 2021 | https://doi.org/10.3389/fpls.2021.631239

Proteome-Wide Analysis of Heat-Stress in Pinus

radiata Somatic Embryos Reveals a Combined '

Response of Sugar Metabolism and Translational || Pinus radiata
Regulation Mechanisms

& Ander Castander-Olarieta’,  Catia Pereira:?, [[ Itziar A. Montalban'!,  Vera M. Mendes®,  Sandra Correia?,
Sonia Suarez-Al 1, |8 Bruno , £, Jorge Canhoto? and £ Paloma Moncalean®"t

Pinus halepensis

July 11th 2022 Summer Course on Plant Biotechnology | Somatic embryogenesis — more than cloning CiB/DCV-UC/USDA

plants Mo

Article

Heat Stress in Pinus halepensis Somatic Embryogenesis
Induction: Effect in DNA Methylation and Differential
Expression of Stress-Related Genes

Citia Pereira 20, Ander Castander-Olarieta 2, Ester Sales 3, Itziar A. Montalban 2, Jorge Canhoto *
and Paloma Moncalean 2*

forests mbPy

Article

Embryonal Masses Induced at High Temperatures in
Aleppo Pine: Cytokinin Profile and

Cytological Characterization

Citia Pereira 2, Ander Castander-Olarieta 2, Itziar A. Montalban 20, Ale§ Péntik %, Ivan Petfik 3,
Iva Pavlovi¢ 3, Eliana De Medeiros Oliveira ¢, Hugo Pacheco de Freitas Fraga 5,

Miguel Pedro Guerra 6, Ondrej Novik >, Miroslav Strnad 3, Jorge Canhoto 1*

and Paloma Moncalean *
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orrelos
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Cloning adult trees of Arbutus unedo L. through
somatic embryogenesis

Martins J; Correia S, Pinto G & Canhoto J
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Plant Cell, Tissue and Organ Culture (PCTOC) -
Jodo Martins
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