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GENETIC ENGINEERING – SYNTHETIC BIOLOGY

- “Synthetic Biology is a further development 
and new dimension of modern biotechnology
that combines science, technology and 
engineering to facilitate and accelerate the 
understanding, design, redesign, 
manufacture and/or modification of genetic 
materials, living organisms and biological 
systems”

WHAT IS A SYNTHETIC BIOLOGY?

- Operational definition adopted by the UN Convention 

on Biological Diversity COP13,  Cancun - December 

2016.



GENETIC ENGINEERING – SYNTHETIC BIOLOGY

- Humans always tried to make nature more ‘engineerable

WHAT IS A SYNTHETIC BIOLOGY?



GENETIC ENGINEERING – SYNTHETIC BIOLOGY

- Making ‘engineerable’ genetic systems based standardized, predictable genetic 
parts (genetic circuits) to create new programmable life forms

WHAT IS A SYNTHETIC BIOLOGY?



GENETIC ENGINEERING – SYNTHETIC BIOLOGY

- Synthetic Biology is the next generation of genetic engineering.

HOW IS IT DIFFERENT?

Recombinant DNA technology Synthetic biology

Target - Modifying existing biological systems - Designing and fabricating new ones that are built 

with DNA that is partially or entirely artificial.

Level of  

complexity

- Focusing on expression of  single genes or gene 

components

- Involves whole interacting genetic networks, 

genomes and entire organisms

What is it about? - Introducing of  naturally occurring, mutated or otherwise 

altered DNA into an organism with the source of  DNA being 

an organism of  a different or the same species. 

- Limited to the modification of  natural organisms

- Introducing synthetically constructed parts 

- Extended to the construction of  new life forms with 

no natural counterpart.

Both incorporate the techniques of molecular biology





Genome READING

2015 Study:  2,500 high-throughput instruments, located in nearly 1,000 sequencing centers in 55 countries

PLoS Biol. 2015 Jul; 13(7): Stephens et al “Big Data: Astronomical or Genomical?”

This is now…



Annual genomic data If 1 bp was a grain of sand… New industrial raw 

material

PLoS Biol. 2015 Jul; 13(7): Stephens et al “Big Data: Astronomical or Genomical?”

2015:  35 petabases of genome 

sequencing (35 thousand trillion BP)

-32,000 microbial genomes, ~5,000 

plant and animal genomes, and 

~250,000 individual human genomes .

2025:  1 zetabase of genome sequencing 

(1 thousand million trillion BP).

Encompass All 1.2 million described species 

of plants and animals. 

Estimated that there will be at least 2.5 

million plant and animal genome sequences

X 154



This is now… new industrial tools

GMO’s 2.0 – Wider 

toolbox of techniques, 



Clustered Regularly Interspersed Short Palindomic

Repeats (CRISPR),

Directed Evolution,  

DNA-based genetic circuits, 

DNA Synthesis and Assembly,

Epigenetic Modification, 

Expanded Genetic Alphabets, 

Genome Editing, 

Genome-level Engineering,

Genome Shuffling, 

Gibson Assembly, 

Minimal Genomes, 

Multiplex Automated Genome Engineering,

Oligonucleotide Directed Mutagenesis, 

Protocell Construction,

Refactoring of Genomes,

RNA-Directed DNA Methylation (RDDM).

RNAi (RNA Interference)

Standard Modular DNA ‘parts’ or ‘Biobricks’

Synthetic Metabolic Pathway Engineering, 

Synthetic Genomics, 

Transcription-Activator-like Effector Nucleases (TALENs), 

Xenobiology, 

Zinc Finger Nucleases(ZFN), 



Synthesizing the parts of life



Genome WRITING

Commercial gene synthesis:  7- 17 cents per base Currently a  billion base market – around a million genes.   

Commercial Oligo Synthesis – 5 cents per base.  Currently a 4.8 billion base market

Roughly equivalent to one human genome per year. 

Source Rob Carlson  synthesis.cc – March 2016



7500bp

Polio genome =

Approx $500 to 

synthesize??



Genome WRITING

Human genome currently $21 

billion

¼ Gates (approx)

1/3 Zuckerberg

1/5 Bezos               

1 week US military spending 



ZYMERGEN

TRANSCRIPTIC

“Zymergen’s algorithms suggest 

making 

1,000 or so changes to the 

microbe’s genetic 

material . Then the robots take 

over, injecting the suggested DNA 

snippets into the specimens, 

testing their properties, collecting 

data and feeding that information 

“AI - POWERED BIOTECH”  

Robotic Genome construction



• Rapid market growth ($10.8 billon for 

2016.  $38.7 billion by 2020)

• Govt funding rapidly growing 

(US: dominated by Defence/DARPA)

• Many deals with fortune 500 companies 

– food, flavour, chemicals, cosmetics, 

fuels, pharma, textiles.

SYNTHETIC BIOLOGY INDUSTRY



“programming” 

lifeforms

> 
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Biosynthetic routes aiming to 

completely replace any natural 

sources” 



Over 200,000 

natural compounds





SECOND WAVE:   

CROPS, INSECTS, ANIMALS

GMO 2.0 INDUSTRY



GENETIC ENGINEERING – SYNTHETIC BIOLOGY

- Give scientists the ability to change an organism's DNA. 
These technologies allow genetic material to be added, 
removed, or altered at particular locations in the 
genome. Include CRISPR-CAS9, Zinc Fingers, TALENS, 
Directed Mutagenesis. 

GENOME EDITING TECHNIQUES



Genome edited crops:

- CRISPR-CAS9

- Zinc Finger Nucleases

- TALENS

- Oligo-Directed Mutagenesis

Epigenetic Enginering

- RNAi (RNA Interference)

- RDDM (RNA Directed DNA Methylation)





Biotech Industry argues:

- Not GMO’s according to regulations (legal argument around wording) – the techniques do 

not give rise to ‘a GMO’

- More ‘precise’/ less intervention (‘editing’)

- Do not use ‘foreign DNA’ therefore consumers will not be concerned.

- In some cases do not even involve modifying DNA.

NGO’s/critics argue:

- This is genetic engineering 2.0 – therefore should be regarded as GMO’s

- Genome editing has similar ‘off-target’ effects as 1st gen GMO’s – risks.

- Techniques are new and more powerful therefore GMO risk concerns are magnified.

- Creates entirely novel sequences.

- Wrong to claim that new edited sequences are ‘predictable’/well understood. Small 

genome changes > big changes in organism.







“Gene editing could, for example, be used to knock 

out the receptor that the fungus uses to invade cells



RNAi

(RNA Interference)

Spraying synthetic

RNA on crops to 

interfere with DNA 

functioning.

Big Ag very invested: 

Monsanto, Syngenta

“non-GMO”





GENETIC ENGINEERING – SYNTHETIC BIOLOGY

- The behavior of synthetic biological systems is inherently uncertain 
and unpredictable especially when it comes to potential ecological 
risks 

- No risk assessment protocols have been developed to assess all 
potential risks associated with synthetic biology 

- Assured containment of organisms developed with synthetic biology 
is not always practical or possible. (Xenobiology does not offer safe 
or reliable tools to ensure confinement or biological containment)

- Synthetic biology Researchers do not necessarily have training in 
biological sciences or biosafety. 

MAIN BIOSAFETY ISSUES



SYNTHETIC BIOLOGY

CBD TECHNICAL SERIES



GENETIC ENGINEERING – SYNTHETIC BIOLOGY

- The Cartagena Protocol does not sufficiently cover synthetic biology 
and its potential impacts on biodiversity. 
i. virtual (digital) transfer of LMOs 

ii. transfer of constituent parts of an LMO 

iii. import of synthetic organisms for contained use.

- Currently there is no comprehensive regulatory apparatus for the 
oversight and governance of synthetic biology 

- Synthetic biology could profoundly alter current practices related to 
the conservation and sustainable use of biodiversity and rules 
governing access and benefit sharing. It will also affect Food and 
Livelihood Security, especially in the developing World

MAIN BIOSAFETY ISSUES



Thank you !

For more information, please email

elkawyo@gmail.com

Ossama.elkawy@un.org

+201111561456


