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The Climate Emergency

Climate change is, arguably, the most 
significant global threat that society 
faces. Even small perturbations 
in the planet’s climatic system 
have disproportionately severe 
consequences, leading to water 
shortages, crop failures, biodiversity 
loss, and increasingly common natural 
disasters. Without drastic measures to 
combat climate change, these impacts 
will continue to increase in severity and 
frequency, posing a major threat to the 
stability of human society and all life on 
Earth.

These changes are driven by increasing 
levels of atmospheric ‘greenhouse 
gases’, such as carbon dioxide. Released 
as a by-product of fossil fuel combustion 
and other human activities, the level 
of carbon dioxide in the atmosphere 
is over 45% higher than it was 200 
years ago. Like all greenhouse gases, 
carbon dioxide slows the dissipation 
of heat from the Earth’s surface into 
outer space, causing the planet to heat 
up, and disrupting its delicate climate 
systems.

GENETICALLY ENGINEERED 
PLANTS: A POTENTIAL 
SOLUTION TO CLIMATE 
CHANGE

Climate change is already having devastating effects felt across 
the globe. Without adequate measures to counteract the human 
drivers behind climate change, these negative consequences are 
guaranteed to increase in severity in the coming decades. Esteemed 
biomedical scientist, Dr Charles DeLisi of Boston University, urges 
that a multi-disciplinary approach to mitigating climate change is 
vital. Using predictive modelling, he has demonstrated the potential 
power of genetically engineering plants to remove excess carbon 
dioxide from the atmosphere, thereby mitigating climate change.

‘During the post-industrial period, the 
planetary temperature has increased 
rapidly,’ explains Dr Charles DeLisi of 
Boston University. ‘Ice sheet melting 
has accelerated, ocean levels have risen 
with concomitant increases in coastal 
flooding, and extreme weather events 
have increased in frequency.’

Emissions Reductions: Not the Whole 
Solution

Thus far, measures to tackle climate 
change have focused on reducing our 
emissions of carbon dioxide and other 
greenhouse gases. Over the last three 
decades, over 100 nations across the 
globe have signed multiple agreements 
to voluntarily limit their emissions, 
but these measures alone are proving 
ineffective at slowing climatic 
disruption. 

Even if completely effective, current 
measures would still only solve a small 
proportion of the problem. Emissions 
from agriculture, construction and 
transportation are largely unaffected 
by current emissions restrictions, 
while carbon dioxide remains in the 
atmosphere for hundreds of years. 
‘Consequently, even an immediate halt 
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to all emissions would not help the 
current situation, and the temperature 
would have to increase another 0.5°C 
or so before the heat radiated from the 
planet would match the incoming solar 
radiation,’ says Dr DeLisi. 

Additionally, developing nations rely 
on the readily available and relatively 
cost-effective use of coal to meet their 
growing energy requirements, which 
will make rapid reduction in the near 
future difficult.  Therefore, by relying 
solely on reducing emissions, we risk 
irreversibly damaging the planet’s 
delicate ecosystems and our own ability 
to sustain the human population. 

Without additional measures to 
counteract the impact of human activity 
on Earth’s climate, the annual global 
temperature is likely to be greater than 
2°C higher than pre-industrial levels 
before the end of the century. Methods 
to physically remove carbon from the 
atmosphere – called ‘negative emission’ 
– are gaining traction as a necessary 
strategy to slow climate warming 
over the next few decades while 
countries across the globe develop the 
infrastructure required to use greener 
energy sources. As Dr DeLisi explains: 
‘It is crucial that the international 

community agree on and develop 
technologies that would augment 
regulatory approaches by irreversibly 
drawing carbon from the atmosphere.’ 

Removing Atmospheric Carbon

Dr DeLisi, whose academic 
achievements include the development 
of the Human Genome Project, 
proposes the use of Synthetic and 
Systems Biology (SSB) to develop 
powerful tools to remove carbon from 
the atmosphere. He suggests that 
by using the revolutionary genetic 
techniques of SSB that could scarcely 
have been imagined just a decade ago, 
genetically modified plants could help 
regulate the carbon cycle and achieve 
negative emission. Dr DeLisi’s proposals 
have the potential to inform an 
interdisciplinary approach to mitigating 
climate change that could help society 
avoid disastrous consequences.

A number of carbon removal strategies 
have been proposed previously, 
however, Dr DeLisi’s recent opinion 
piece in the peer-reviewed journal 
Biology Direct is the first of its kind 
to incorporate suggestions based on 
SSB technologies into an atmospheric 
carbon dioxide prediction model.

By using SSB technologies to develop 
plants with a greater capacity for 
removal and storage of carbon from 
the atmosphere, Dr DeLisi suggests 
that the ‘fast carbon cycle’ – the 
exchange of carbon between land, 
sea and atmosphere over decadal 
time scales – could be manipulated 
to achieve negative emission. Without 
human influence, approximately 120 
gigatons (120 billion tonnes) of carbon 
is removed from the atmosphere each 
year by plants during photosynthesis, 
while almost the same amount of 
carbon is returned to the atmosphere 
through plant and microbe respiration. 

Dr DeLisi explains that SSB technologies 
could be used to design plants and 
microbes that return less carbon dioxide 
to the atmosphere than they remove, 
thus shifting the annual cycle towards 
carbon-negative values. 

Modelling Atmospheric Carbon 
Removal

Dr DeLisi proposes a few potential 
methods of using SSB technologies 
to modulate the fast carbon cycle 
that warrant further investigation. 
For example, genetically engineering 
plants that have an increased ‘root to 

WWW.SCIENTIA.GLOBAL

‘It is crucial that the international community agree on and develop 
technologies that would augment regulatory approaches by irreversibly 

drawing carbon from the atmosphere.’



shoot’ ratio could help them to capture more carbon beneath 
the soil. Genetically engineered soil microbes that perform a 
similar function are also within the realms of possibility. Other 
strategies warranting further investigation include genetically 
modifying trees that are not under large forest canopies to 
produce pigments that help to reflect heat away from the 
planet’s surface – which may become increasingly important as 
larger areas of the polar ice caps are lost to melting.

To demonstrate the potential power of atmospheric carbon 
removal strategies that employ SSB technology, Dr DeLisi 
modelled the potential reductions that could be achieved 
using genetically modified trees under different hypothetical 
scenarios. ‘Trees were used to fix ideas because they are the 
dominant engine of carbon turnover, so in the longer term I 
expect they will be the major mitigant,’ he says. 
If 10% of the planet’s trees were genetically engineered to 
operate at 90% efficiency, atmospheric carbon would drop 
from its current level of 850 gigatons to 647 gigatons over a 
period of 80 years. However, the model also highlights the 
importance of using atmospheric carbon removal strategies 
in conjunction with measures to reduce emissions, as these 
results can only be achieved if emissions also steadily reduce to 
zero over the next 80 years. 

Currently, an extra 5 gigatons of carbon is added to the 
atmosphere each year due to human activity. Without a 
reduction in emissions, Dr DeLisi’s model demonstrates that 
even with the best outcomes for modified tree efficiency, 
atmospheric carbon would only be reduced to 833 gigatons 
over the 80-year period. In contrast, reducing emissions 
without using additional removal techniques would see the 
atmospheric carbon levels rise to 1047 gigatons during the 
same period. 

Delaying these actions also has significant consequences. 
Reducing emissions, as we are currently attempting, but 
delaying implementation of carbon removal strategies by 
20 years, adds approximately 100 gigatons of carbon to the 
atmosphere. Even at optimum modified tree efficiency and 

successful reduction of emissions, a delay of 20 years would 
result in atmospheric carbon levels of 793 gigatons after an 
80-year period, in comparison to the 647 gigatons achievable if 
actions were implemented immediately.

The Future is Collaboration

Trees are likely to be an important component in long-term 
strategies to mitigate climate change. However, the complexity 
of their genomes is likely to delay their utility in carbon 
removal strategies. In contrast, many agricultural crop plants 
have already been genetically altered to produce desirable 
characteristics. As Sir Richard Roberts, a leading molecular 
biologist commented: ‘Agricultural crops grown for food 
production might be a better short-term target. Many are 
already understood genetically sufficiently well that further 
modification might be relatively straightforward.’

Having demonstrated the ramifications of delaying 
atmospheric carbon removal strategies, Dr DeLisi agrees that 
using other plants as short-term solutions may be vital. ‘The 
fact that many agricultural plants are much better understood 
than trees and would offer a quicker start is especially 
important given the urgency of the problem,’ he says. 

However, Dr DeLisi emphasises that to progress towards these 
goals, a thorough evaluation of various potential strategies 
is necessary. ‘What’s needed now is a careful vetting by the 
scientific community of the various technical strategies, 
including the state of the underlying science, plausible 
timelines and trade-offs between different approaches, costs, 
environmental impact, efficacy and governance,’ he elaborates. 

Ideally, the success of climate change mitigation strategies will 
be amplified through collaboration between researchers from 
multiple scientific disciplines. For example, plant physiologists 
and synthetic and systems biologists and engineers will 
need to work closely together to genetically engineer plants 
with the required carbon removal characteristics. ‘We’re 
hoping that some of the ideas generated by engaging various 
communities – climate scientists, biotechnologists, ethicists, 
policy experts – will be helpful in formulating a scientific plan 
to begin addressing this challenge, which will require strong 
international collaboration,’ says Dr DeLisi.

Given the immense complexity and potentially devastating 
consequences of climate change, it is imperative that all 
available technologies are given serious consideration. In 
previous decades, focus has largely been on strategies to 
reduce greenhouse gas emissions. However, Dr DeLisi’s model 
demonstrates absolutely that a multifaceted plan employing 
many different strategies is necessary to avoid a worldwide 
climate disaster.
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Dr Charles DeLisi earned his PhD in Physics from New York 
University, before continuing onto postdoctoral research in 
Chemistry and Engineering at Yale University. His pioneering 
research into immunology, cell biophysics, genomics, and 
protein and nucleic acid structure and function has been 
internationally recognised. He is considered the father of the 
Human Genome Project. Dr DeLisi currently holds the positions 
of Professor of Biomedical Engineering, and Metcalf professor 
of Science and Engineering at Boston University. His research 
team within the Bimolecular Systems Laboratory develops 
and applies computational and mathematical methods to 
investigate gene and protein expression within cells. Dr DeLisi 
has recently been applying his extensive expertise to identifying 
potential solutions to global problems such as climate change.
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