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Introduction of CRISPR technology
What could it mean for food?

Dr. Wilbert Sybesma
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CRISPR-Based Technologies and the Future 
of Food Science
• CRISPR principles
• SSDR-CRISPR in lactic acid bacteria
• Examples relevant for agriculture and food
• For discussion: 

• How can CRISPR be used for next-generation food products with enhanced quality 
and health promoting functionalities?
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• 1,2,3: Short segments of foreign 
(bacteriophage) DNA, spacers, are 
incorporated into the genome 
between CRISPR repeats

• 4: They serve as a 'memory' of 
past exposures. 

• 5,6: CRISPR spacers are then used 
to recognize and silence 
exogenous genetic elements in a 
manner analogous to RNAi in 
eukaryotic organisms

CRISPR - principles
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No Need to Understand CRISPR mechanism by heart, but 
make sure you know what it is and what you can do with 
CRISPR
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CRISPR - principles

1. Acquistion

2. Expression

3. Interference
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Genome editing by incorporating «guide RNA»



Wilbert Sybesma EPFL Course ENG-436 Only for Teaching Purposes - Personal Copy

CRISPR-Cas9 as molecular scissor 
Clustered Regulatory Interspaced Short Palindromic Repeat associated with Cas9 nuclease

5/20/248 eJ NRC/EW



Wilbert Sybesma EPFL Course ENG-436 Only for Teaching Purposes - Personal Copy13

Final product is a organism that contains a user-defined
base-change(s) in its genome, which genetically cannot 
be distinguished from a natural-mutant isolate
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Applications 
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Double-muscled pigs are made by disrupting, or editing, a 
single gene 

5/20/2417 eJ NRC/EW

• Super-muscly pigs created by small genetic tweak
Nature, 523, 2 July 2015 

Belgian Blue bull Muscly pigs could become the first GM animal approved for human consumption

A team of scientist from South Korea and China developed muscly pigs
The myostatin gene (MSTN) functions as a negative regulators of muscle growth. Mutations of the myostatin MSTN gene 
induce proliferation of the muscle cells creating abnormal bulk of muscle fibers. CRISPR-Cas9 was used to edit the 
MSTN gene, inducing segment deletions/inversions, in porcine embryo fibroblasts. Via SCNT, cloned pigs with 
homozygote mutations were generated. Similarly to Belgian Blue and Piedmontese cattle breeds, which harbor natural 
mutations in MSTN gene, muscly pigs were engineered for meat production. 
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Gene edited mushroom and waxy maize got USDA approval

5/20/2418 eJ NRC/EW
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Gene editing on the farm - Genome editing plays an increasing 
role in the improvement of animal traits for agriculture
• Production of hornless dairy cattle from genome edited 

cell lines
Nature Biotechnology, 2016, 34, 5, 479-481

5/20/2419 eJ NRC/EW

Photograph of Spotigy at 2 months of age, 
so named after the black spots where 
horn buds would have developed. 

Photograph of Buri (left) and Spotigy at 2 
months of age
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Gene editing to engineer pigs that are more resilient to a deadly 
virus infection

5/20/2420 eJ NRC/EW

Efficient Generation of Myostatin Mutations in Pigs Using the CRISPR/Cas9 
System (Scientific Reports | 5:16623 | DOI: 10.1038/srep16623)

• Pig’s genetic code altered in bid to 
tackle deadly virus 

In pigs, the susceptibility to the haemorrhagic Swine 
Fever Virus infection is associated with RELA gene. 
Swine Fever infection is a highly contagious disease 
that kills up to two-thirds of infected animals.
The African warthog (which belong to the same 
family as domestic pigs) tolerate the infection; its 
RELA gene sequence differs from that of domestic 
pig by only 3 times 3  nucleotides out of more than 
about 1600 (GenBank: FN999989.1).
At the Scotland’s Roslin Institute, the RELA gene of 
embryo fibroblast cell lines of pigs were mutated by 
means of CRISPR in order to achieve the exact 
warthog RELA sequence. The cell lines were cloned 
by SCNT and after pregnancies, the born piglets 
were resistant to haemorrhagic Swine Fever 
Infection. Phacochère = warthog
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China ‘cloning factory’ to produce cattle, racehorses and 
pets

5/20/2421 eJ NRC/EW
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« simple » gene editing targets be for coffee and cacao 

• « Caffeine gene knock out » for caffeine free coffee 
(small gene family associated with caffeine synthesis and 
a Japanese academic group has already showed
that caffeine was reduced using antisense technology
…. CRISPR may be a better approach)

• Viral immunity in cacao (develop immunity to Cacao 
Swollen Shoot Virus – CSSV; a growing issue for Cacao) 
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III Issues

a) Regulatory

b) Patents/Licensing for CRISPR in Plants

c) Consumer Acceptance
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Nature 2016
24
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The gene edited polled calves with a PP genotype can passed 
on the polled trait to the subsequent generations.

5/20/2426 eJ NRC/EW

Mating a homozygous polled bull to homozygous 
horned females and the possible genotypes and 
phenotypes of the calves. 

From: Genetics of Horned, Polled and Scurred Cattle • www.eBEEF.org • 2015
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Conclusions

• Gene editing allows to “cut and paste” the genome
• As a technology, gene editing is:

• Accurate
• Rapid
• Reliable 
• Cheap

• Gene editing impacts agriculture and food:
• Gene editing in the fields ð crops breeding activities (“CRISPR crops”)
• Gene editing on the farm ð livestock breeding activities 
• Geen editing for improvement of microorganisms

• Great impact of gene edited crops & livestock in the next 
5 years (commercialization)

• Regulatory status not assessed yet and controversial

5/20/2427 eJ NRC/EW

Illustrations from J. Holland, The Scientist, June 2014 
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https://www.youtube.com/watch?v=7TmcXYp8xu4
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https://www.youtube.com/watch?v=7TmcXYp8xu4
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https://www.youtube.com/watch?v=UKbrwPL3wXE 2 min. 
https://www.youtube.com/watch?v=ANehpGhbuF4 10 min.
https://www.youtube.com/watch?v=MnYppmstxIs 7 min.

Please check one of these movies to understand CRISPR. 
(I think the 7 minutes movie is best, as it also explains the origin of CRISPR) 
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