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Poplar trees genetically modified not to damage 
air quality grow as well as non-modified trees
Surprising results toward greater environmental 
sustainability and fossil fuel alternatives

Science Daily has reported that 
“while providing benefits to the 
environment, some trees also emit 
gases to the atmosphere that worsen 
air pollution and alter climate. 
Field trials in Oregon and Arizona 
show that poplar trees, which emit 
trace amounts of the gas isoprene, 
can be genetically modified not to 
harm air quality while leaving their 
growth potential unchanged.” 
The finding were published in Pro-
ceedings of the National Academy 
of Sciences by a team of scientists 
from The University of Arizona; 
the Institute of Biochemical Plant 
Pathology at Helmholtz Research 
Center Munich, Germany; Port-
land State University and Oregon 
State University. Scientists from 
the University of California, Riv-
erside, NASA’s Goddard Space 
Flight Center and the Institute for 
Microbiology in Greifswald, Ger-
many also supported the study.
Poplar trees grow quickly and are a 
source of biofuel and other prod-
ucts including paper, pallets, ply-
wood and furniture frames. Over 
the past 15 years, poplar planta-
tions have more than doubled and 
now cover 9.4 million hectares 
(36,294 square miles) globally.

Isoprene contributes to 
global warming 
In response to climate stress-
ors such as high temperature and 

drought, poplars and other trees 
produce isoprene in their leaves, 
which signals cellular processes to 
produce protective molecules, ex-
plained Science Daily. However, 
isoprene is volatile and millions 
of metric tons leak into the at-
mosphere each year. In turn, the 
emitted isoprene reacts with gases 
produced by tailpipe pollution to 
produce ozone, a respiratory irri-
tant. In addition, “isoprene causes 
higher levels of atmospheric aero-
sol production, which reduces the 
amount of direct sunlight reaching 
the earth (a cooling effect), and it 
causes the global warming poten-
tial of methane in the atmosphere 
to increase (a warming effect). 
The warming effect is most likely 
greater than the cooling effect. The 

net effect of emitted isoprene is 
to worsen respiratory health and, 
most likely, warm the atmosphere.”

Genetic modifications for 
isoprene suppression
During the study, poplars were 
genetically modified using RNA 
interference so they would not 
produce isoprene, then tested in 
three- and four-year trials at plan-
tations in Oregon and Arizona. 
The genetic tools for modifying 
the trees, and the protein analyses 
that revealed changes in the use of 
biochemical pathways, were devel-
oped by scientists at the Institute 
of Biochemical Plant Pathology, 
Helmholtz Research Center in 
Munich, Germany.
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protection that enhances survival 
during mid-season climate stress 
is likely more important than pro-
cesses that promote growth early 
in the season.

Reasons for optimism
“The fact that cultivars of pop-
lar can be produced in a way 
that ameliorates atmospheric im-
pacts without significantly reduc-
ing biomass production gives us a 
lot of optimism,” Monson added. 
“We’re striving toward greater en-
vironmental sustainability while 
developing plantation- scale bio-
mass sources that can serve as fos-
sil fuel alternatives.”

Study funding
The National Science Foundation, 
the German Ministry of Educa-
tion and Research, Portland Gen-
eral Electric, the US Department 
of Agriculture, Portland State 
University, Oregon State Univer-
sity and the state of Arizona sup-
ported the research.
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“You could do the same thing 
through conventional breed-
ing. It might be a nightmare for 
a breeder…but it could be done,” 
said study coauthor Steven Strauss, 
a distinguished professor of forest 
biotechnology at Oregon State 
University. “New technologies…
that allow for precise DNA editing 
at specific stretches of the genetic 
code should work even better.”

Surprising results
The trees whose isoprene produc-
tion was genetically suppressed 
“did not suffer ill effects in terms 
of photosynthesis or ‘biomass pro-
duction.’” They produced cellu-
lose, (used in biofuel production) 
and grew as well as trees that were 
not modified. Because isoprene has 
a protective effect in stressful cli-
mates, like the extremely heat in 
Arizona, the results were surprising.
Corresponding author Russell 
Monson, a professor of ecology 
and evolutionary biology at The 
University of Arizona explained, 
“The suppression of isoprene pro-
duction in the leaves has triggered 
alternative signaling pathways that 
appear to compensate for the loss 
of stress tolerance due to isoprene. 
The trees exhibited a clever re-
sponse that allowed them to work 
around the loss of isoprene and ar-
rive at the same outcome, effec-
tively tolerating high temperature 
and drought stress.”
In addition, the researchers found 
that trees were able to adjust to the 
loss of isoprene because most plan-
tation growth takes place during 
cooler and wetter times of the year. 
“For this species, the natural sea-
sonal cycle of growth works in favor 
of high biomass production when 
the beneficial effects of isoprene are 
needed least,” said Monson. 
The researchers believe their find-
ings also clarified isoprene’s adap-
tive role in natural forests, where 


