
Plant domestication is a time- and labour-intensive process involving altering a 
plant from its wild state to a new form that can serve human needs.





• Thousands of years ago, ancient farmers initiated the domestication 
of all major crops, including rice, wheat and maize.

• However, our ancestors used only a limited number of progenitor 
species during the domestication process, and simply selected plants 
with improved traits such as high yield and ease of breeding, culture, 
harvest and storage, resulting in the loss of genetic diversity and 
reduced nutritional value and taste of our current food crops. 

• Increasing current crop diversity is one of the most powerful 
approaches for promoting sustainable agricultural systems, and the 
domestication of neglected, semi-domesticated or wild crops would 
increase such diversity.



Solanum pimpinellifolium, which is remarkably 
stress tolerant but is defective in terms of fruit 
production



• In one study, six loci that are important for yield and productivity 
were targeted, and the engineered lines displayed increased fruit size, 
fruit number and fruit lycopene accumulation

• In tomato, at least six loci important for key domestication traits have
been identified: general plant growth habit (SELFPRUNING), fruit
shape (OVATE) and size (FASCIATED and FRUIT WEIGHT 2.2), fruit
number (MULTIFLORA), and nutritional quality (LYCOPENE BETA 
CYCLASE)



general plant growth habit (SELFPRUNING)
Shoot architecture of Arabidopsis and tomato. (A) Monopodial 
organization of Arabidopsis shoots. The indeterminate 
vegetative apex generates leaves on its flanks before changing to 
an indeterminate floral apex that extends indefinitely (arrow) as 
flowers are now generated in succession upon its flanks. Side 
arrows indicate coflorescences arising in the axils of cauline 
leaves and black circles represent solitary flowers. (B) Sympodial 
organization of tomato shoots. The primary vegetative shoot (J, 
leaves 1-11 in this example) is terminated by a flower. 
Subsequently, a vegetative shoot arises in the axil of the leaf just 
below the inflorescence. This first sympodial segment unites 
with the basal part of the leaf that subtends it thus placing it 
above the inflorescence and in addition displacing the 
inflorescence sideways. Reiterated units consisting of three 
nodal leaves (a, b, c in sympodial sections I and II) and a terminal 
inflorescence, are then generated indefinitely. New flowers 
(black circles) arise successively to the side of each earlier arising 
flower in a zig-zag pattern to generate the scorpioid
inflorescence.



general plant growth habit (SELFPRUNING)

• Wild tomatoes display indeterminate 
growth, resulting from a sequential 
addition of modules (sympodial units) 
formed by three leaves and an 
inflorescence.

• spontaneous recessive mutant with a 
compact, bushy growth habit

• a single-nucleotide substitution in the 
SELF-PRUNING (SP) gene

• Breeding the SP mutation into industrial 
tomato cultivars was instrumental in the 
advent of mechanical harvest

(A) Indeterminate (SP) shoot
(B) ‘Determinate’ (sp/sp) shoot. Only one 

nodal leaf separates the first two 
inflorescences

(C) Shoot of an sp double mutant





Auxins are involved

Dgt gene encodes a component of a specific auxin signaling pathway.



• A major quantitative trait locus 
(termed ovate) controlling the 
transition from round to pear-
shaped fruit has been cloned 
from tomato.





SUN and OVATE control elongated shape whereas FASCIATED (FAS) and LOCULE 
NUMBER (LC) control fruit locule number and flat shape.





fruit number (MULTIFLORA)

• Gene function: WUSCHEL-homeobox 
(WOX) transcription factor; homologue to 
the AtWOX9/STYP gene  Gene effect: 
plants with the mutated allele delay the 
differentiation of inflorescence meristem 
into flower meristem.



LYCOPENE BETA CYCLASE



• CRISPR–Cas9 approach to generate loss-of-function alleles.

• constructed a single CRISPR–Cas9 plant transformation vector, 
pTC321, which harbored six single guide RNAs (gRNAs) targeting 
specific sequences in the coding regions of all six genes







• study used CRISPR to modify coding sequences, cis regulatory regions 
and uORFs of genes associated with day-length sensitivity, shoot 
architecture, flower/fruit production and ascorbic acid synthesis, and 
the desirable traits were successfully introduced into wild tomatoes





• Poor vitamin D status is a global health problem; insufficiency underpins 
higher risk of cancer, neurocognitive decline and all-cause mortality. Most 
foods contain little vitamin D and plants are very poor sources. We have 
engineered the accumulation of provitamin D3 in tomato by genome 
editing, modifying a duplicated section of phytosterol biosynthesis in 
Solanaceous plants, to provide a biofortified food with the added 
possibility of supplement production from waste material.



• Vitamin D can be synthesized by 
humans from 7-dehydrocholesterol 
(7-DHC), also known as provitamin 
D3, following exposure of skin to 
ultraviolet B (UVB) light, but the 
major source is dietary

• 7-DHC is synthesized by some plants 
such as tomato, on route to 
cholesterol and steroidal 
glycoalkaloid (SGA) synthesis, 
predominantly in leaves. UVB 
exposure of leaves of tomato 
produces vitamin D3





MALDI images of 7-DHC (m/z 367.33) and its laser-
induced derivative ion (m/z 365.32), cholesterol (m/z 
369.35) and α-tomatine (m/z 1,034.55).





• Orphan crops, such as sweet potato, groundnut, cassava, banana and 
quinoa, are locally important crops that have good nutritional 
attributes and adaptations. However, despite their great potential for 
improving food and nutrition security, the undesirable characteristics 
(such as low yield, sprawling growth and fruit drop,) prevent orphan 
crops from wider cultivation. CRISPR technology, which is cheap, fast, 
precise and capable of editing multiple sites and modifying gene 
regulation, provides a powerful method for accelerating the 
domestication of orphan crops. It was recently used to target genes 
that control plant architecture, flower production and fruit size in 
groundcherry, a semi-domesticated orphan crop, and the modified 
plants showed improved domestication traits











1. What is a hazard ? A risk ?

2. Risk analysis in the EU law

3. Molecular characterization of GM plants : what, 
how and why ? 

4. The future : new avenues for the genetic
modification of plants and possible impacts on risk
assessment



• Hazard : something capable of causing harm (i.e.
adverse effects to health or the environment)

• Risk = hazard x exposure

Hazard and Risk

Hazards versus risks



• Hazard : something capable of causing harm (i.e.
adverse effects to health or the environment)

• Risk = hazard x exposure

Hazard and Risk

➢ Probability (likelihood) of adverse effects depends on exposure.

Hazards versus risks



Six steps within the environmental risk assessment (ERA) and relationship to risk management including monitoring according to 

Directive 2001/18/EC and Regulation (EC) No. 1829/2003. 

From hazards to risks (and back)

Hazards versus risks



The three pilars of Risk analysis :
Risk assessment, risk management, risk communication

RA: three pillars



Tirana, November 2014



Eurobarometer 2010 on Food-related risks: 
« What are all the things that come to your mind when thinking about possible 
problems or risks associated with food and eating ? »

« GMOs - genetically modified organisms »
« Diet too high in fat, sugar or calories / 
Unbalanced diet »

8 % 
7 % 

Risk communication : 
Scientific risk is not perceived risk.

Risk communication 



EU
• « Process-based approach », 

i.e. which regulation applies
depends on the technology

• Specific legislation for GMOs

• Horizontal and sectorial
regulations

• European Food Safety
Authority not competent for 
deciding on authorization
and adoption of risk
management measures.

USA
• « Product-based approach », 

i.e. which regulation applies
depends on the trait

• Use of existing legislation for 
GMOs

• Sectorial rules

• Federal agencies (USDA, EPA, 
FDA) competent for deciding
on « deregulation » (= 
authorization) and adoption 
of risk management 
measures.

Different regulatory frameworks
in the EU vs. USA

Regulatory frameworks



Tirana, November 2014

What is a GMO in Europe
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PMEM: Post market
environemental monitoring
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CRY1 expression against lepidopteran pests
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Elaboration of the opinion

Tirana, November 2014

➢ Strong interactions between the different Working Groups in 
order to reach a consensus and give an opinion



• Newly expressed proteins : bioinformatic search for 
similarities with toxins and allergens

• New ORFs : bioinformatic search for similarities of their
(putative) translation products with toxins and allergens

• Possible disruption of endogenous genes at the insertion site

• Similarities of the T-DNA with microbial DNA and their
possible impact on Horizontal Gene Transfer from plants to 
bacteria.

Molecular characterization of the GM plant : 
practical contribution to hazard identification

Tirana, November 2014



• The rationale:

• Authorization will bear on the «transformation event », i.e.  
the new DNA in its insertion locus (but possibly in multiple 
genetic backgrounds).

• This event needs to be precisely defined for the purposes
of risk assessment (task of EFSA) and of risk management 
(e.g. detection methods, task of COM JRC- Ispra).

• The aims: 

• To determine the number and structure of all detectable
inserts, complete or partial.

• To determine the sub-cellular location of the inserts

• To determine the flanking regions of the recipient genome

Molecular characterization : 
analysis of the structure of the insert

Tirana, November 2014
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Analysing the transgenic locus by DNA  sequencing : example
:

Tirana, November 2014



Southern blot analysis is extensively used for analysing
insert structure.

Tirana, November 2014



NB : SacI allows insert number determination.

Southern analysis of insert number and structure

Tirana, November 2014



Southern analysis of the absence of the vector backbone : checking for 
the absence of (e.g.) antibiotic resistance marker genes

Tirana, November 2014



• Determination of the levels of the newly expressed proteins
(in a range of tissues depending on the scope of the 
application)

• Phenotypic data confirming generational stability of the trait / 
expression of the inserted genes

• Methods : typically ELISA

Molecular characterization of the expression of 
the insert

Tirana, November 2014



Elaboration of the opinion

Tirana, November 2014

➢ Strong interactions between the different 
WG in order to reach a consensus and give 
an opinion



The future : new avenues for the genetic modification of plants 
(and possible impacts on risk assessment)

• New « breeding » techniques are being developed for the 
targeted genetic modification of plants.

• They do not necessarily involve addition of transgenes.

• Whether they will be considered as GMOs in the sense of the 
EU law is still unclear.

Tirana, November 2014
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What about site directed nucleases?



GENIUS project
« Genome ENgineering Improvement for Useful plants of a Sustainable agriculture » 

Target gene (GBSS in this case)

Transgene (antisense against GBSS in this 

case)

Amflora potato from BASF 

Amylose free potato via SDN1

Transfo

Use of SDN in plant breeding
SDN1 strategy
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Transgene (expression of the TALEN raised 

against GBSS in this case)

Tirana, November 2014Tirana, November 2014

Case of the Amflora potato (root tubers contain only one 

type of starch), making it ideal for paper and textile 

production.



Amflora potato from BASF Amylose free potato via SDN1

QUESTIONS:

Was this plant a transgenic?

Is this plant a transgenic?

Is this plant different from the 

“mother” plant?

Subjected to EFSA analysis

Can I detect the origin of this plant?

Amylose free potato via EMS

YES NO NO

YES NO NO

Could be YES
Depend on transgene side effects 

Classical transgenesis New technology Classical breeding

YES ? NO

Could be YES
Depend on OTA 

Could be YES
Depend on mutagenesis

YES NO NO

Tirana, November 2014Tirana, November 2014

Use of SDN in plant breeding
SDN1 strategy



1. Molecular characterization (MC) contributes to hazard and 
risk identification, but must be complemented by biological 
evidence.

2. Both intended and unintended effects must be addressed.

3. New molecular techniques are emerging for the 
characterization of GMPs.

4. New breeding techniques are emerging for the genetic 
modification of plants, challenging the current risk 
assessment approach. Their status is still not clear ...

Tirana, November 2014

Conclusions



Luther Burbank, 1906

• “We have recently advanced our 
knowledge of genetics to the 
point where we can manipulate 
life in a way never intended by 
nature.”

• “We must proceed with utmost 
caution in the application of this 
new found knowledge.” 

“Conventional” vs. “new” breeding ...

Pioneer in agricultural science

Tirana, November 2014





e.g. Potato
• Beyond the yield gap, there are 

further environmental 
problems jeopardizing SDG 15 
caused by organic farming. 
Especially in organic potato and 
horticultural production, toxic 
copper-based pesticides are 
widely used to control fungal 
diseases. Furthermore, a few 
relevant insect pests in organic 
farming can only be controlled 
with certain broad-spectrum 
biological insecticides that are 
known to also harm honeybees 
and other nontarget organisms.



Mlo allele
• An example is the Mlo gene, which 

confers durable resistance to 
powdery mildew in barley. The 
recessive resistance allele mlo is a 
loss-of-function variant discovered 
decades ago in a landrace and has 
been widely used in barley breeding 
ever since . Generating 
corresponding mlo alleles with 
genome editing techniques in 
species such as wheat, tomato, 
grape, and other crops achieves 
comparable disease resistance



Mlo allele
• Barley (Hordeum vulgare) HvMlo

and Arabidopsis AtMLO2 encode 
members of a family of plant-
specific integral membrane proteins 
with seven membrane-spanning 
domains

• HvMLO and AtMLO2 are potentially 
targeted for pathogenesis by family 
members of the Erysiphales, 
common ascomycete pathogens that 
represent the causal agents of the 
powdery mildew disease in plants



SWEET suger exporters
• Similarly, broad-spectrum resistance 

to bacterial blight in rice, an 
important disease in Asian and 
African countries, was successfully 
engineered by changing only a few 
bases in the promoters of genes 
encoding SWEET proteins. The 
pathogen can no longer activate 
expression of these sugar exporters 
and thus lacks the extracellular 
nutrient supply essential for its 
virulence. Many more examples of 
pest and disease resistance through 
gene editing exist



https://ec.europa.eu/foo
d/plant/gmo/modern_bi
otech/new-genomic-
techniques_en



https://webgate.ec.europa.eu/dyna/gm_regis
ter/index_en.cfm
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What about site directed nucleases?
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