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Insect Resistance to Genetically Engineered Crops: 
Successes and Failures

 
Bruce E. Tabashnik, Thierry Brévault and Yves Carrière

Background

Since 1996, farmers worldwide have planted a cumulative total of more than a billion acres 
(400 million hectares) of genetically engineered corn and cotton that produce insecticidal 
proteins from the bacterium Bacillus thuringiensis (Bt)1. The area of Bt crops planted each 
year continues to increase, with 170 million acres (69 million hectares) grown in more than 
two dozen countries in 2012, including 67% of all corn and 77% of all cotton in the United 
States1,2. Bt proteins, used for decades in sprays by organic farmers, kill some devastating 
pests but are considered environmentally friendly because they do not harm people and 
most other non-target organisms3,4. Benefits of Bt crops include fewer insecticide sprays, 
pest suppression, conservation of beneficial natural enemies, increased yield, and higher 
farmer profits5-7. However, evolution of resistance to Bt toxins by pests can curtail these 
benefits.

Results from Monitoring Resistance to Bt Crops

A review of data gleaned from 77 studies conducted in eight countries reveals 
that reduced efficacy of Bt crops was associated with field-evolved resistance in some 
populations of 5 of 13 species of major pests by 2010 (Table 1), compared with only one 
such species in 20058.  Factors contributing to this surge in documented cases of resistance 
include more extensive monitoring as well as increases in the area planted to Bt crops, the 
number of pest populations exposed to Bt crops, and the cumulative duration of exposure.  
Three of the five resistant pests are in the United States, which accounts for about half of 
the world’s Bt crop area each year.  The other two resistant pests are from India and South 
Africa.  Four of the five resistant pests are caterpillars; the fifth is an insidious beetle called 
western corn rootworm (Diabrotica virgifera virgifera)9. 

The review examined 24 cases, with each case study evaluating resistance of one 
pest species to one Bt toxin in one country (Table 1). Whereas most previous assessments 
characterized pest populations only as resistant or not, the new analysis introduced a series 
of five color-coded levels ranging from strong evidence of no increase in resistance (green) 
to the most serious cases of resistance, which are indicated by reports of reduced efficacy 
of Bt crops and >50% resistant individuals in at least one population of the pest (red). The 
goal of this graded alert system is to promote objective classification of the data and to 
facilitate management actions that are geared to the specific level of resistance detected in 
each case.



       
Information Systems 

for Biotechnology

Virginia Tech
1900 Kraft Drive, Suite 103

Blacksburg, VA 24061

Tel.  540-231-3747
Fax  540-231-4434

Subscribe to and access 
archived issues of  the ISB 
News Report online:

www.isb.vt.edu

Editor:  
Ruth Irwin
rirwin@vt.edu

ISB welcomes your comments 
and encourages article 
submissions. If  you have a 
suitable article relevant to our 
coverage of  agricultural and 
environmental applications of  
genetic engineering, please 
email it to the Editor for 
consideration.

The material in this News Report is 
compiled by Information Systems 
for Biotechnology, Virginia 
Tech. Any opinions, findings, 
conclusions, or recommendations 
expressed in this publication are 
those of  the author(s) and do not 
necessarily reflect the view of  
the US Department of  Agriculture 
or of  Virginia Tech. The News 
Report may be freely photocopied 
or otherwise distributed for non-
commercial purposes only, with 
attribution.

PUBLISHED BY

ISB NEWS REPORT  •  JANUARY 20142  

On an encouraging note, 14 of the 
24 cases are in the two least resistant 
categories (Table 1). Three of these 
were classified as “incipient resistance” 
(blue), where a statistically significant 
increase in resistance occurred, 
but <1% of the individuals were 
resistant (Table 1). The monitoring 
data provided strong evidence of no 
increase in resistance in 11 cases. At 
the other end of the spectrum, 6 of the 
24 cases are in the two most resistant 
categories. Five of these six cases are in 
the red category described above. The 
sixth case entails >50% 
resistant individuals, 
yet reduced efficacy of 
the Bt crop was only 
expected and had not 
been reported (orange). 
The remaining four 
cases constituted 
“early warning” of 
resistance, with 1 to 6% 
of individuals resistant 
(yellow).

The rate of resistance evolution 
varied dramatically, with serious 
resistance (red or orange) appearing 
after as little as two to three years in 
the worst cases, while pests remained 
completely susceptible (green) after 15 
years in the best cases (Table 1). The 
variation in how quickly resistance 
evolved was consistent with predictions 
from evolutionary theory. As expected 
from small-scale experiments and 
computer models simulating insect 
population genetics, three factors were 
associated with delayed resistance: a low 
initial frequency of alleles conferring 
resistance, recessive inheritance  of  
resistance,  and abundant “refuges” of 

non-Bt host plants near Bt crops.
Refuges consist of plants that 

do not produce Bt toxins and thus 
allow survival of susceptible pests. 
Planting refuges near Bt crops reduces 
the chances that two relatively rare 
resistant pests will mate with each 
other, making it more likely they 
will breed with a susceptible mate. If 
inheritance of resistance is recessive, 
pests are resistant only if they get a 
resistance allele from both parents, and 
the heterozygous progeny from matings 
between resistant and susceptible pests 

die on the Bt plants. 
The value of refuges 
has been controversial, 
and in recent years, the 
U.S. Environmental 
Protection Agency 
(EPA) has relaxed 
its requirements for 
planting refuges. 

Evidence from the 
field suggests that refuges 
have helped to delay pest 

resistance to Bt crops. For example, 
the pink bollworm, a caterpillar pest 
that devours seeds within bolls of 
cotton, evolved resistance to Bt cotton 
quickly in western India, but not in 
the southwestern United States. Both 
countries had regulations requiring 
refuges of non-Bt cotton planted near 
Bt cotton. However, farmers planted 
refuges in the United States, but not 
in India. Although other differences 
between the countries could have also 
influenced resistance evolution, the 
striking contrast in compliance with 
refuge regulations appears to have 
played a key role. 
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"Planting refuges near 
Bt crops reduces the 

chances that two
relatively rare resistant 

pests will mate with 
each other, making it 

more likely
they will breed with a 

susceptible mate."
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Table 1: Status of field-evolved resistance to Bt crops in 13 species of major insect pests8.
Pesta Bt Crop Toxin Country Yearsb High dosec Low initial freq.d

>50% resistant individuals and reduced efficacy reported
B. fusca Corn Cry1Ab South Africa 8 No ?e

D. v. virgifera Corn Cry3Bb USA 7 No No
H. zea Cotton Cry1Ac USA 6 No No
P. gossypiella Cotton Cry1Ac India 6f No ?
S. frugiperda Corn Cry1F USA 3 No ?

>50% resistant individuals and reduced efficacy expected
H. zea Cotton Cry2Ab USA 2g No No

1 to 6% resistant individuals
D. saccharalis Corn Cry1Ab USA 10 No No
H. armigera Cotton Cry1Ac China 13 No No
O. furnacalis Corn Cry1Ab The Philippines 5 No ?
P. gossypiella Cotton Cry1Ac China 13 No ?

<1% resistant individuals
H. armigera Cotton Cry1Ac Australia 15 No Yes
H. armigera Cotton Cry2Ab Australia 8 Yes No
H. armigera Cotton Cry2Ab Australia 8 Yes No

No decrease in susceptibility
D. grandiosella Corn Cry1Ab USA 6 ? Yes
D. v. virgifera Corn Cry34/35Ab USA 4 No No
H. punctigera Cotton Cry1Ac Australia 10 ? Yes
H. virescens Cotton Cry1Ac USA 11 Yes No
H. virescens Cotton Cry1Ac Mexico 11 ? ?
H. virescens Cotton Cry2Ab USA 2 Yes ?
O. nubilalis Corn Cry1Ab USA 15 No Yes
O. nubilalis Corn Cry1Ab Spain 4 ? ?
P. gossypiella Cotton Cry1Ac USA 13 Yes No
P. gossypiella Cotton Cry2Ab USA 5 Yes Yes
S. nonagroides Corn Cry1Ab Spain 7 ? Yes

aComplete species names:  Busseola fusca, Diabrotica virgifera virgifera, Helicoverpa zea, Pectinophora gossypiella, Spodoptera frugiperda, Diatraea saccharalis, Helicoverpa armigera, 
Ostrinia furnicalis, Helicoverpa punctigera, Diatraea grandiosella, Heliothis virescens, Ostrinia nubilalis and Sesamia nonagrioides. D. v. virgifera is a beetle; the other 12 pests are 
caterpillars.
bYears elapsed between the first year of commercialization in the region studied and: a) for the six cases with >50% resistant individuals and reduced efficacy reported or expected (red 
and orange), the first year of field sampling that yielded evidence of resistance, or b) for all other cases, the most recent year of monitoring data reviewed here. 
cBased on direct evaluation of recessive inheritance of resistance for 12 cases with relevant data and on survival of susceptible individuals on Bt plants for 7 cases without such direct data. 
dBased on an initial resistance allele frequency below the detection threshold; yes indicates initial screening did not detect any major resistance alleles.
eCould not be determined with available data.

fExcludes years when Bt cotton was grown illegally in India before it was commercialized in 2002.  Resistance was first detected in samples collected in 2008, 6 years after commercialization.  
If illegal planting started in 2000, the total years elapsed would be 8.
gMay reflect some cross-resistance caused by selection with Cry1Ac.
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Comparisons between Australia and the United 
States among three pest species in the moth genus 
Helicoverpa also support the idea that refuges have 
slowed pest resistance to Bt crops. For these pests, 
Australia's refuge requirements for Bt cotton have been 
more stringent than those in the United States and the 
outcome in Australia has been better. 

For first-generation Bt cotton that produced 
only one crystalline Bt toxin (Cry1Ac), the required 
minimum percentage of cotton planted to non-Bt 
cotton on each farm was 70% in Australia versus 4% in 
the United States. For second-generation Bt cotton that 
produces two toxins active against 
Helicoverpa species (Cry1Ac and 
Cry2Ab), Australia requires 10% non-
Bt cotton or the equivalent in terms of 
other non-Bt crop host plants on each 
farm, whereas the United States has 
eliminated refuge requirements in most 
regions. In Australia, farmers shifted 
abruptly from one-toxin Bt cotton to 
two-toxin Bt cotton. In the United 
States, however, the two types of Bt 
cotton overlapped for nearly a decade, 
which is expected to accelerate resistance evolution 
relative to the pattern in Australia. In Australia, both 
species of Helicoverpa remain completely susceptible 
or nearly so to both toxins (green or blue level). By 
contrast, some populations of the Helicoverpa species 
in the southeastern United States show >50% resistance 
to both toxins (red or orange level).

Conclusions
The rise in cases of pest resistance to Bt crops is not 
surprising given the remarkable adaptive ability of 
insects and their extensive exposure to these transgenic 
crops during the past 16 years. Beyond simply keeping 
score, systematic tracking of field-evolved resistance 
along with factors hypothesized to affect the rate of 
resistance evolution offers the opportunity to learn 
some valuable lessons about why pests adapted quickly 
to Bt crops in some cases, but not others.

Analysis of the available data suggests that the 
risk of rapid evolution of resistance to a Bt crop can be 

gauged before the crop is deployed widely in the field. 
In particular, outcomes in the field imply, as predicted, 
that the risk of resistance is higher when plants do not 
meet the "high-dose" standard. The high-dose standard 
is met when plants produce a concentration of toxin high 
enough to kill all or nearly all individuals heterozygous 
for resistance. Thus, for plants that meet the high-
dose criterion against a particular pest, inheritance of 
resistance is recessive for that pest. Although direct 
tests of this standard are often problematic, particularly 
before a Bt crop is commercialized, EPA guidelines 
specify that Bt plants meet the high-dose standard if 

they kill >99.99% of susceptible pests 
in the field. In 19 cases where the high-
dose standard was assessed directly or 
indirectly, rapid field-evolved resistance 
to Bt crops was significantly associated 
with failure to meet the high-dose 
standard (Table 1)8.

The relevant theory and data 
imply that if the high-dose standard 
is met, resistance can be delayed 
with limited refuges. Conversely, if 
this criterion is not met, abundant 

refuges probably will be needed to substantially slow 
resistance. Therefore, systematic assessment of this 
criterion can be used proactively to enhance resistance 
management. Moreover, if reporting of the results of 
evaluation of this criterion becomes standard practice, 
the data available for testing predictions will increase 
steadily, thereby facilitating refinements in resistance 
management strategies8.

The planting of a cumulative total of more than a 
billion acres of Bt crops represents a milestone, but is 
still just the beginning of pest control with genetically 
engineered crops. Some new transgenic crops 
produce vegetative insecticidal proteins (Vips) from 
Bt in addition to crystalline (Cry) Bt proteins. Crops 
genetically engineered to make modified Bt toxins and 
other types of insecticidal proteins, as well as those that 
kill pests via RNA interference, are also promising. 
As with the current Bt crops, sustaining the efficacy 
of future transgenic insecticidal crops will require 
effective strategies for combating pest resistance.

“Analysis of the 
available data 

suggests that the risk 
of rapid evolution of 

resistance to a Bt crop 
can be gauged before 
the crop is deployed 
widely in the field.”
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Transglutamination Enables Production and Characterization of  Native-
sized Spider Silk-ELP Fusion Proteins from Genetically Engineered Plants

Nicola Weichert, Valeska Hauptmann, Udo Conrad

Summary
In the last two decades, plants have shown great potential 
for production of specific heterologous proteins. High 
cost and inefficient downstream processing are the main 
technical impediments for the broader use of plant-based 
production technology, especially for protein-based 
products intended for use as fibers or biodegradable 
plastics and for medical applications. High-performance 
fibers from recombinant spider silks are a prominent 
example. Spiders produce different proteinaceous silk 
materials that have excellent elasticity and toughness 
properties. Natural spider silk proteins have a very high 

molecular weight, and it is precisely this property that is 
thought to confer strength. Genetically engineered plants 
have been generated to produce recombinant spider silk 
derivatives fused with elastin-like peptides (ELP). These 
fusion proteins are purified by a non-chromatographic 
method and enzymatically multimerized with 
transglutaminase in vitro. Layers produced by casting 
protein monomers and multimers are characterized 
using atomic force microscopy (AFM) and AFM-based 
nanoindentation. The layered multimers formed by 
mixing lysine- and glutamine-tagged monomers are 
associated with the highest elastic penetration modulus.
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Introduction
Molecular Farming generally refers to the large-scale 
production of proteins and other compounds in plants 
or in plant cells for pharmaceutical and technical use. 
In the last decade an extensive number of different 
complete antibodies, antibody derivatives of several 
types, vaccines, and other therapeutic proteins for 
medical and veterinary use have been produced in 
plants1. Plant-based expression systems can provide 
complex correctly folded and post-translationally 
modified proteins. Plant expression systems are 
relatively low cost, safe, and scalable. However, the 
cost of downstream processing steps, such as protein 
extractions, protein recovery, and protein purification, 
are generally similar in all recombinant production 
systems and can amount to more than 80% of the 
overall processing costs2. High-performance fibers as 
spider silk are a prominent example.

Spiders have evolved to produce many different 
proteinaceous silk materials4. These fibers are 
superior to man-made fibers in terms of elasticity and 
toughness5. The mechanical properties of dragline silk 
are extraordinary; it is five times stronger than steel and 
three times tougher then Kevlar, the most promising 
artificial fiber. Natural spider silk proteins have a 
large molecular weight, at least 250 kDa to several 
hundred kDa. It is blieved that this large size of spider 
silk proteins is a key factor for toughness and tensile 
strength6-8. Large dragline silk proteins contain several 
repeated motifs that facilitate multiple intramolecular 
and intermolecular interactions. Smaller proteins could  
lead to more chain end gaps during spinning8.

Various strategies have been developed to construct 
recombinant silk-like proteins that strongly resemble 
natural spider silk proteins9. Remarkably, dragline 
silk-like proteins of native size have been produced 
in Escherichia coli by metabolic engineering, and 
the fibers spun from this material show mechanical 
properties comparable to those of native spider silk8.

Genetically engineered plants could be used to 
scale-up spider silk production, but only if downstream 
processing and purification strategies can be developed 
that meet economic demands10. The highly repetitive 
aspect of spider silk sequences causes genetic instability 
and mRNA instability in plants and therefore the size 
of the open reading frames is limited. One method of 

post-translational multimerization in vitro is to use 
transglutamination by enzymatic interconnection of 
lysines and glutamines. We casted layers of cross-linked 
MaSp1-ELP fusion proteins and characterized them by 
topographic analyses and AFM-based nanoindentation 
to investigate the mechanical properties of the purified 
material in terms of elastic modulus. The results show 
that post-translational multimerization could be a useful 
option for development of materials with extraordinary 
properties from plants.

  
Design, heterologous expression, and 
purification of ELPylated spider silk proteins
A major ampullate spidroin 1-derived gene (MaSp1), 
obtained from the Golden orb spider Nephila 
clavipes sequence11, was designed to enable in vitro 
post-translational multimerization by a bacterial 
transglutaminase obtained from Streptomyces 
mobaraensis. For this purpose an appropriate lysine-tag 
or a glutamine-tag was inserted at the N-terminus of the 
MaSp1 sequence. The MaSp1 protein was fused with 
ELP to enhance expression and purification and assist 
with recovery of the recombinant fusion proteins. The 
expression of the resulting proteins in tobacco leaves 
was analyzed by Western blot and immunodetection.

The spider silk-ELP monomers as well as 100xELP 
were purified from tobacco leaves by a rather simple 
and scalable purification strategy—the membrane-
based Inverse Transition Cycling method. The yield 
was 65–75 mg of lyophilized MaSp1-ELP fusion 
proteins produced per kg of leaf material, determined 
by weighing the desalted and lyophilized product.

Cross-linking by transglutaminase
The purified monomers were cross-linked by 
transglutaminase treatment in vitro, producing much 
larger protein molecules. The cross-linking experiments 
involved either the lysine- or the glutamine-tagged 
MaSp1-ELP separately, or a mixture of both. In all three 
approaches, the molecular weight of the product rose 
to over 250 kDa (Fig. 1). The sequences also included 
a number of internal glutamine and lysine residues, 
implying that not just the N-terminal glutamine or 
lysine residues were targeted by the transglutaminase. 
Nearly native-sized spider silk protein variants were 
produced using this strategy.
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Surface topography and elastic properties of 
recombinant spider silk fusion proteins

The surface structure of monomeric MaSp1-ELP layers 
and cross-linked MaSp1-ELP was characterized by high 
resolution AFM phase image analysis. All casted spider 
silk protein layers appeared homogenous on the surface, 
with very low roughness—smaller than 10.5 nm. In 
general, no preferable direction for the orientation of 
fine structures on the surface was observed. The layer 
thicknesses (1.9 to 5.5 µm) were several hundred-fold 
greater than their surface roughness, which ranged from 
1.9 to 8.5 nm. Therefore, the fundamental requirement for 
nanoindentation experiments—that the indentation depth 
should be smaller than 10% of the layer thickness—was 
fulfilled12. The homogeneity of the spider silk-ELP protein 
layers was sufficient to perform highly reproducible 
nanoindentation measurements, based on a penetration 
depth of 10 to15 nm. Despite fulfilling all preconditions, 
such as homogeneity as well as having low roughness, 
the small penetration depths restricted the interpretation 
of the mechanical properties to the near-surface range.

Elastic penetration moduli E values were determined 
from three independent series of indentation experiments 
involving ~3000 measurements for each protein material. 
The highest E value was determined for the cross-linked 
MaSp1-ELP layer compared to the other characterized 
recombinant polymers (Table 1).

Table 1. Elastic penetration moduli of recombinant spider silk fusion 
protein layers obtained by AFM-based nanoindentation.  (Source: *Weichert 
et al., 2013)

Sample Elastic indentation 
modulus E
E [GPa]

Total number of
measurements
N

100xELP 2.74 ± 0.02 3267
Lysine-tagged MaSp1-
100xELP

2.78 ± 0.02 3267

Glutamine-tagged 
MaSp1-100xELP

3.10 ± 0.03 3172

Mixed cross-linked 
MaSp1-100xELP

3.29 ± 0.03 3267

 GPa: Gigapasqual

Discussion
Initially spider silk proteins were efficiently produced in 
plants, but a size limit of about 100 kDa was observed13. 
Highly repetitive sections in spider silk sequences could 
cause genetic instabilities in Agrobacterium tumefaciens, 
thus limiting the maximal size of plant-produced spider 
silk proteins. This challenge could be overcome by three 
different strategies: post-translational multimerization as 
non-repetitive C-terminal domains, producing dimers14; 
self-linking inteins15; and cross-linking transglutaminase. 
The fusion with ELP is a useful tool for both purification 
of spider silk-ELP fusion proteins and expression 
enhancement in planta16. Purification of the monomers is 
achieved by a simple membrane-based method. Nearly 
complete multimerization by transglutaminase produces 
spider silk-ELP fusion proteins in excess of 250 kDa in 
size. Interestingly, we achieved comparable results using 
either glutamine-tagged fusion proteins, lysine-tagged 
fusion proteins or a mixture of both versions.

The atomic force microscopy images demonstrate 
that homogeneous layers with a uniform structure can 
be produced from highly purified and recombinant 
spider silk-ELP fusion proteins. The elastic penetration 
values of all recombinant spider silk layers were in 
the typical range for glassy amorphous polymers, e.g., 
Polystyrene, Polymethacrylate, and Nylon17. The high 
elastic penetration modulus of the multimeric protein 
layer is caused by a significant degree of cross-linking. 
Transglutaminase-catalyzed interconnections of protein 

Figure 1. Increases in molecule sizes of in vitro cross-linked spider 
silk fusion protein monomers by transglutamination. –rMTG: 
monomers without transglutaminase. +rMTG: cross-linked proteins with 
transglutaminase. 1: equimolar mixture of lysine-tagged MaSp1-ELP and 
glutamine-tagged MaSp1-ELP. 2: glutamine-tagged MaSp1-ELP. 3: lysine-
tagged MaSp1-ELP. C+: positive control. (Source: *Weichert et al., 2013)
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20. Allmeling C, Jokuszies A, Reimers K, Kall S and Vogt PM. (2006) Use of spider silk fibres as an innovative material in a biocompatible artificial nerve 

conduit. J Cell Mol Med 10, 770-777.

Nicola Weichert, Valeska Hauptmann, Udo Conrad
Leibniz Institute of Plant Genetics and Crop Plant Research, Gatersleben, Germany

conradu@ipk-gatersleben.de

cause an increase in tensile strength and elongation 
at break of films, and the cross-links decrease film 
permeability. It is important to note that the elastic 
penetration moduli could be correlated to the other 
moduli that describe important properties for the use of 
such materials18, 19. Thus, we expect higher toughness and 
stiffness of fibers and layers derived from multimerized 
plant-based spider silk protein derivatives.

We demonstrate that spider silk-ELP derivatives, 
with their potential for further use in nanotechnology 
and medicine, can be produced in plants, purified, 
modified, and mechanically tested according important 

parameters. Bioresorbable materials could be produced 
as a promising alternative for applications such as 
promotion of nerve regeneration. Schwann cells adhere 
to spider silk and show cell proliferation20. Additionally, 
spider silk layers have been shown to enhance survival 
of chondrocytes and to prevent dedifferentiation of 
these cells that are crucial for cartilage formation.

Plant-based production and purification by ITC are 
in principle scalable and therefore may potentially meet 
the demand for production of gram-amounts of product 
that will allow further exploration of this strategy in the 
development of novel protein-based materials.
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International Scientific Workshop: Risk Assessment Considerations  
for RNAi-based GM Plants

Brussels, Belgium  
June 4, 2014

The European Food Safety Authority (EFSA) is organising a scientific workshop on RNA interference (RNAi) based 
genetically modified (GM) plants on 4-5 June 2014 in Brussels, Belgium. The objectives of this workshop are to 
discuss: (1) RNAi mechanisms in plants, mammals and invertebrates; (2) current and future RNAi applications in 
GM plants; and (3) risk assessment approaches for such plants.

In several applications for the marketing of GM plants, the intended genetic alteration is obtained through RNAi-
mediated down-regulation of specific target genes in planta or in insect pests. Since RNAi mechanisms could 
potentially lead to unintended in planta or cross-species effects, there is a need to evaluate whether existing risk 
assessment strategies currently applied to GM plants remain appropriate, or whether new or complementary risk 
assessment strategies should be developed for RNAi-based GM plants. EFSA is organising an international scientific 
workshop to discuss the potential risks associated with the use of RNAi mechanisms in GM plants along with the 
approaches and challenges in assessing those risks.

The workshop aims to bring together scientists and specialists on risk assessment from academia, diverse risk 
assessment bodies and the private sector. Experts will give a state-of-the-art overview of their scientific work 
on mechanistic requirements of RNAi in plants, mammals and invertebrates, as well as current and future RNAi 
applications in GM plants. The current risk assessment approaches for these plants will be addressed in several talks 
and three break-out sessions. 

Registration for the workshop will open on 15 January 2014. Participation will be limited to approximately 120 
participants. No conference fee will be charged. Participants will be selected based on their scientific expertise in the 
RNAi field and/or risk assessment of GM plants.

For questions/clarifications, please send an e-mail to rnai2014@efsa.europa.eu

2nd Plant Genomics Congress
London, UK 

May 12-13, 2014

The conference will discuss platforms and technologies suitable for plant based research in aspects such as molecular 
marker development, crop/trait improvement, breeding, hybridization, conservation, evolution studies and pathology. 
Presentations concentrate on, but are not limited to, plant, crop and forestry research ranging from wheat, barley, 
maize and rice to potato, tomato, arabidopsis, spruce and ash.

Register at www.globalengage.co.uk/ngs/Register.html

M E E T I N G S
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MEETINGS

International Bioenergy Conference

Manchester, UK
March 11 – 13, 2014

 
World-leading bioenergy researchers are coming together for the first UK multidisciplinary, integrated, science-
led  International Bioenergy Conference on 11-13 March 2014 in Manchester, UK.

This conference will highlight the latest in advanced bioenergy research and help to build collaborations across 
research disciplines, including plant scientists, chemists, engineers, social scientists and national facilities.

Duncan Eggar, BBSRC Bioenergy Champion and chair of the RCUK Cross Council Bioenergy Strategic 
Coordination Group said: “Bioenergy research has moved at a great pace. The UK’s world-leading research 
base is delivering high impact research to realise the potential of a new generation of bio-based fuel sources. 
Advanced bioenergy solutions have the potential to offer renewable, carbon neutral replacement for fossil fuels, 
without using crops that could feed the world or relying on prime agricultural land. It’s time to show the world 
what advanced bioenergy research can achieve.” 

The conference includes sessions on: biomass feed-stocks, plant cell walls; enzymes; yeast and bacteria; 
gasification; combustion; pyrolysis, algae; anaerobic digestion; hybrid process; policy and incentivisation; 
ecosystem services; sustainability; international partnerships; the UK energy mix; global land use competition; 
community engagement; and much more.

The International Bioenergy Conference is being organised by the Biotechnology and Biological Sciences 
Research Council (BBSRC), Engineering and Physical Sciences Research Council (EPSRC), Economic and 
Social Research Council, Natural Environment Research Council, Science and Technology Facilities Council, 
and the Technology Strategy Board.

Early bird registration for the conference closes Friday 13 December 2013; standard registration closes in February 
2014. Researchers can submit abstracts to the conference before Monday 16 December 2013.

For more information, visit: bioenergy2014.co.uk  or contact: bioenergy2014@calders.org.uk.


