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Somatic embryogenesis
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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
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Somatic embryos are morphologically similar to their zygotic 
counterparts and genetically identical to the mother plant

Plant cloning

somatic zygotic
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Pollen embryogenesis

Haploid plants

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

Homozygous diploid plants

Pollen grains Pollen plant

Chromosome doubling
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Non-zygotic embryogenesis occurs naturally
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

embryo

embryo

embryo

embryo
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Totipotency (1902)
Non-zygotic embryogenesis is the expression of totipotency 

exhibited by some plant cells

Gottlieb Haberlandt (1854-1945)
wikipedia

Plant cell
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Which plant cells?

Cross section of a stem 
Longitudinal section of a stem apex 

Meristematic and poorly specialised cells 

parenchyma

collenchymaphelogen

vascular cambium

epidermis
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Zygotic embryos and young leaves are used
Somatic embryogenesis is usually induced from embryonic 

organs such as whole zygotic embryos or young leaves 

Zygotic embryo

Cells of the embryos

Leaves

Cross section
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Problems of the young 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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Callus formation is usually an intermediate step 
Cells of the explant only acquire totipotency following a 

previous step of proliferation

In vitro cultured leaves Callus
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Auxins promote dedifferentiation
Cells of the explant only acquire totipotency following a 

previous step of proliferation

Auxin
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SE may (or may not) appear in the auxin medium
In some species somatic embryos are able to develop in the 

presence of an auxin; in others no 

Somatic embryos Embryogenic callus

Auxin rich medium

PEM

PEM

PEM

PEM

SE

SE

SE – somatic embryos; PEM – proembryogic masses
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Embryogenic callus originate SE in an auxin-free medium

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

Embryogenic callus
Auxin-free

Auxin

Somatic embryos and plantlets

Increase the biomass of embryogenic callus
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Carrot was the first species in which SE has been induced

CiB/DCV-UC/USDA

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

1.5 month

Auxin (2,4-D) Embryogenic callus Somatic embryos

Auxin-free medium
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SE has been achieved in many species
Arabidopsis thaliana

Acca sellowiana
(pineapple guava)

Arbutus unedo
(strawberry tree)

Ceratonia siliqua
(carob)

Pinus halepensis
(Aleppo pine)

Solanum betaceum
(tamarilho)
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Somatic embryogenesis for what?
Somatic embryogenesis can be used for different purposes, namely:

Cloning

Genetic transformation

Synthetic seeds

Embryo development

Conservation of endangered species

Propagation of hybrids or 
dioecious species

Production of tetraploids
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Cloning

Tamarillo (Solanum betceum)

Through somatic embryogenesis a great number of SE and plantas
can be obtained
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Cloning - acclimatisation
Transfer to ex vitro conditions is particularly problematic 

In vitro Ex vitro
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Genetic transformation
Prior regeneration through somatic embryogenesis, cells can be 

genetically transformed
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Synthetic seeds

Somatic embryos can be encapsulated and used to produce artificial 
seeds
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Synthetic seeds

Forestry companies are producing artificial seeds of several 
coniferous species

Pinus halepensis somatic embryos
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Synthetic seeds

Forestry companies are producing artificial seeds of several 
coniferous species

Pramod Gupta
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Synthetic seeds

Forestry companies are producing artificial seeds of several 
coniferous species

Pramod Gupta

Loblolly pine (Pinus taeda) somatic embryo germinated from 
manufactured seed and zygotic embryo
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Conservation of endangered species
Somatic embryogenesis can be used to propagate species that are 

endangered

Summer Course on Plant Biotechnology I Somatic embryogenesis – more than cloningJuly 11th 2022 CiB/DCV-UC/USDA

24



12/07/2022

13

Conservation of endangered species
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Fruits Seeds

Jacinto-azul-do-Barrocal

Bellevalia dubia (Guss.) Schult.f. 

25

Botanic 
Garden/Field 

conditions

Bulbs of B. dubia were collected in the field and potted in the 
Botanic Garden of the University of Coimbra 

March/April/May

Mr. Arménio
Matos

Conservation of endangered species
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Conservation of endangered species
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Leaf segments from in vitro growing shoots and mature 
zygotic embryos  were used to induce somatic embryogenesis 

1 cm

1 cm

2 cm

Somatic embryogenesis in B. dubia
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Somatic embryogenesis in B. dubia
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globular hearth-shaped Scutelar germination

development 2n=8 acclimatisation flowering
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Propagation of hybrids or dioecious species
To keep the features of the hybrids they must be propagated 

asexually, for example, through somatic embryogenesis
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Propagation of hybrids or dioecious species
To same is true for dioecious species (kiwi)

Propagation of hybrids or dioecious species

Female flower Male flower
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Propagation of hybrids or dioecious speciesProduction of tetraploids

Embryogenic callus

Treatment with a c-
mitotic agent

Flow cytometry analysis

Staining - Feulgen
reagent Chromosome

counting

Δt

Flow cytometer
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Propagation of hybrids or dioecious speciesProduction of tetraploids
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Diploids 2n=24 Tetraploids 2n=48
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Propagation of hybrids or dioecious speciesEmbryo development

Summer Course on Plant Biotechnology I Somatic embryogenesis – more than cloningJuly 11th 2022 CiB/DCV-UC/USDA

Pistil

Ovule

Zygotic embryos develop inside the ovule and ovary being 
surrounded by several mother tissues

34



12/07/2022

18

Propagation of hybrids or dioecious speciesEmbryo development
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On the contrary, in a single explant hundreds of somatic 
embryos may be produced

Embriões somáticos

35

Leaves

Dedifferentiation

Callus

2,4-D or picloram (auxin)
Sucrose
Dark
25 0C

4-6 weeks

6 weeks

Propagation of hybrids or dioecious speciesEmbryo development
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Propagation of hybrids or dioecious speciesTamarillo as a model system
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Embryogenic Non-embryogenic

Same growth conditions (auxin)

Same initial tissue (leaf cells)
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Propagation of hybrids or dioecious speciesProteomics to compare the two types of calli
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Solanum betaceum
Solanum tuberosum
Solanum lycopersicum

Capsella rubella
Arabidopsis lyrata
Arabidopsis thaliana
Brassica rapa
Brassica rapa
Thellungiella parvula
Citrullus lanatus
Cucumis melo
Carica papaya
Citrus sinensis
Gossypiumraimondii
Theobromacacao
Vitis vinifera
Eucalyptus grandis
Glycine max
Medicago truncatula
Lotus japonicus
Fragaria vesca
Prunus persica
Malus domestica
Malus domestica

Chlamidomonasreinhardtii
Ostreocuccus lucimarinus
Populustrichocarpa
Beta vulgaris
Amborella trichopoda
Physcomitrellapatens
Manihot esculenta
Ricinus communis

Oryza sativa spp japonica
Zea mays

Results colour-coded for amino acid conservation

The current colourscheme of the alignment is for amino acid conservation.

The conservation scoring is performed by PRALINE. The scoring scheme works from 0 for the least conserved alignment position, up to 10 for the most conserved alignment position.
The colour assignments are:

Unconserved 0 1 2 3 4 5 6 7 8 9 10 Conserved

. . . . . . . . . 10 . . . . . . . . . 20 . . . . . . . . . 30 . . . . . . . . . 40 . . . . . . . . . 50
AL7G28230 ---MVGFESY VVVHNIAKRH NVGTLARSAT AFGVTELILV GRRDFNAFGS
SB_NEPTC MENEKKLESF VLVHNIAKRH NVGTLARSAT AFGVSEMILV GRRDFNAFGS
BR01G20430 ---MAGYESY VVVHNIAKRH NVGTLARSAT AFGVTELILV GRRDFNAFGS
AT4G15520 ---MAGFESY VVVHNIAKRH NVGTLARSAT AFGVTELILV GRRDFNAFGS
CRU_007G25200---MVGFESY VIVHNIAKRH NIGTLARSAT AFGVTELILV GRRDFNAFGS
BR03G42710 ---MVGFESY VVVHNIAKRH NVGTLARSAT AFGVTELILV GRRDFNAFGS
SL01G080470 MENEKKLESF VLVHNIAKRH NVGTLARSAT AFGVSEMILV GRRDFNAFGS
ST01G022540 MENENKLESF VLVHNIAKRH NVGTLARSAT AFGVSEMILV GRRDFNAFGS
Consistency 1115456**8 *7******** *9******** ****7*8*** **********

. . . . . . . . . 60 . . . . . . . . . 70 . . . . . . . . . 80 . . . . . . . . . 90 . . . . . . . . . 100
AL7G28230 HGSASHIRFR HFHSLIEART YLKEEKDCDI CGVEIADGAS AVNEHPFKRN
SB_NEPTC HGSTSHVRFR HFHSLADAKT FLKER-DCDI CGVEITENAV AINEHPFKRS
BR01G20430 HGSASHVRFR HFHSLIEARN YLKEEKECDI CGVEIADGAA QVNDHPFKRN
AT4G15520 HGSASHIRFR HFHSLIEARN YLKEEKDCDI CGVEIADGAS AVNEHPFKRN
CRU_007G25200HGSASHIRFR HFHSLADART YLKEEKDCDI CGVEIADGAA AVNEHPFKRS
BR03G42710 HGSASHVRFR HFHSLIEARN YLKDEKDCDI CGVEIADGAS AVNEHPFKRS
SL01G080470 HGSTSHVRFR HFHSLADAKT FLKER-DCDI CGVEITENAV AVNEHPFKRS
ST01G022540 HGSTSHVRFR HFHSLADAKT FLKER-DCDI CGVEITENAV AVNEHPFKRS
Consistency ***7**9*** *****67*86 8**9739*** *****786*5 89*9*****7

. . . . . . . . . 110 . . . . . . . . . 120 . . . . . . . . . 130 . . . . . . . . . 140 . . . . . . . . . 150
AL7G28230 TAFLLGNEGS GLSAKEYEIC DFFVYIPQYG CGTASLNVTV AASIVLHHFG
SB_NEPTC TAFLLGNEGT GLSTKECEIC DFFVYIPQYG CGTASLNVTV AASIVLHQFG
BR01G20430 TAFLLGNEGS GLSAKEYEIC DFFVYIPQYG CGTASLNVTV AASIVLHHFG
AT4G15520 TAFLLGNEGS GLSAKEYEIC DFFVYIPQYG CGTASLNVTV AASIVLHHFG
CRU_007G25200TAFLLGNEGS GLSAKEYEIC DFFVYIPQYG CGTASLNVTV AASIVLHHFG
BR03G42710 TAFLLGNEGS GLSAKEYEIC DFFVYIPQYG CGTASLNVTV AASIVLHHFG
SL01G080470 TAFLLGNEGT GLSAKECEIC DFFVYIPQYG CGTASLNVTV AASIVLHQFG
ST01G022540 TAFLLGNEGT GLSAKECEIC DFFVYIPQYG CGTASLNVTV AASIVLHQFG
Consistency *********7 ***8**5*** ********** ********** *******6**

. . . . . . . . . 160 . . . . . . . . . 170 . . . . . . . . . 180 . . . . . . . . . 190 . . . . . . . . . 200
AL7G28230 VWAGFSERVR DGSKFIVAD- -RPVRQGRRN FCAGTEESII E----ERKLR
SB_NEPTC VWAGFSERTR EGNKFIVAE- -RPFKQAKKN YCMETSESVA E----ERRLK
BR01G20430 VWAGFSERVR DGSKFIVAD- -KPVRQGRRN FCAGTEESIV E----ERKLR
AT4G15520 VWAGFSERVR DGSKFIVAD- -RPVRQGRRN FCAGTEESVI EERKLRKESA
CRU_007G25200VWAGFSERVR DGSKFIVAD- -RPVRQGRRN ICAGTEESII EERKLRKESA
BR03G42710 VWGGFSERVR DGSKFIVAD- -RPLRQGKRN ICAGTEESIV E----ERKLR
SL01G080470 VWAGFSERTR EGNKFIVAER HFKQAKKNYC MESSESVAEE R------RLK
ST01G022540 VWAGFSERTR EGNKFIVAER PFKQAKKNYC MESSESVAEE R------RLK
Consistency **8*****7* 8*7*****80 0574685656 5576776865 7000034666

. . . . . . . . . 210 . . . . . . . . . 220 . . . . . . . . . 230 . .
AL7G28230 KESAENGFFD DDGNGNGSSS SDLLDGLFLN E-
SB_NEPTC KENLSNGFFE DTGK--EESP SNLLDTLFDD --
BR01G20430 KESAENGFFD VNGN--ETSS TDLLNGLFLN E-
AT4G15520 ENGFFDDNGN ENGS----SS SDLLDGLFLN E-
CRU_007G25200ENGFFDDNGN ENGN----SS SDLLDGLFLN E-
BR03G42710 KESAKNGFFD EDGN--GNSS SELLNGLFLN E-
SL01G080470 RENLSNGFFE DAGK----EE SPSNLLDTLF DD
ST01G022540 RENLSNGFFE DAGK----EE SPSNLLDTLF DD
Consistency 6765477666 64*6001076 8566445675 60

06/07/2018 02:59:23 PM
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SpoU_methylase

SpoU_methylase

SpoU_methylase

B

C

A

Fig. 1. Tamarillo NEP-TC sequence alignment and similarity relationships of themost closely related proteins (A) Neighbour-joining tree of S.
betaceum NEP-TC (SB_NEPTC) HOM03D005634 family of proteins in plant and al gae speci es. Proteins of the NEP-TC family from a
selection of 34 species representing all major Viridipl antae taxa were used in the phylogenetic analysis. The phylogenetic tree was
construc ted usi ng maximum-likehood and bootstrap values fr om 1000 replicates. Numbers on each branch represent the percentages of
bootstrap. Conserved domai n analysis of S. betaceum NEP-TC (SB_NEPTC). (B) Multiple sequence alignment of conserved r egions
matching significant protein motifs (SpoU_methylase, PF00588) and domains of NEP-TC and orthologs fr om the Brassicaceae [Arabidopsis
lyrata (AL7G2830), Brassica rapa (BR01G20430 and BR03G42710), Ar abidopsis thaliana (AT4G15520), Capsella rubella
(CRU_007G2500)] and Solanaceae [Solanum lycopersicum (SL01G080470), Solanum tuber osum (ST01G022540)] families. Amino acid
consistency was classified from 0 (unconserved) to 10 (conserved); perfect amino acid match in all speci es is indicated with an as terisk.
Gaps (-) were introduced to maximize alignment. (C)Three- dimensional modulation of NEP-TC conformation using the software Swiss-Model
to predict the str ucture and the exposed domains (red l oops), including the pepti de IPQYGCGTASLN against which a polyclonal antibody
was made.

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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Propagation of hybrids or dioecious speciesTranscriptomics
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Propagation of hybrids or dioecious speciesSilenced lines of tamarillo for NEP-TC
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Propagation of hybrids or dioecious speciesSome silenced lines show na increase on SE induction
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Propagation of hybrids or dioecious speciesOngoing works
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NEW INSIGHTS

NEW BIOLOGICAL QUESTIONS
Somatic embryogenesis

Proteomics

Transcriptomics

Epigenomics

NEW 
DATA

Data integration

NEW 
HYPOTHESIS

Tamarillo somatic embryogenesis

Bruno Casimiro (PhD student)
Development of bioreactor systems for plant-derived
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

Daniela Cordeiro (PhD student)
Functional characterization of epigenetic markers
during plant regeneration

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

Ricardo Ferraz (PhD student)
Exploring the rRNA methyltransferases signalling
pathway during Solanum betaceum and Arabidopsis
thaliana somatic embryogenesis
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Pinus halepensis

Pinus radiata

Propagation of hybrids or dioecious speciesOngoing works on somatic embryogenesis
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Propagation of hybrids or dioecious species
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Cátia Pereira

Ongoing works on somatic embryogenesis
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Propagation of hybrids or dioecious species
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Ongoing works on somatic embryogenesis

João Martins

Cloning adult trees of Arbutus unedo L. through 
somatic embryogenesis
Martins J; Correia S, Pinto G & Canhoto J
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Propagation of hybrids or dioecious species
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Collaborations
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Propagation of hybrids or dioecious species
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We, the people
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Thank you

Jorge Canhoto

Summer Course – Plant Biotechnology

Centre for Functional Ecology, 
Department of Life Sciences, 

University of Coimbra

July 11th 2022

48


