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Since the world faced the petrole-
um crisis in the 1970s and people
started to realize the limitation of fos-
sil energy resources coupled with
concerns over the effects of increas-
ing carbon dioxide in the atmos-
phere, major efforts were devoted to
the search for alternative energy
sources. In this context, the huge po-
tential of plant biomass, which could
replace fossil oil, has generated a sig-
nificant interest towards the sustain-
able production of renewable  energy.

Initially, biofuels were produced
from food crops with high content of
carbohydrates such as sugar from
sugarcane or sugar beet, starch from
corn for ethanol fermentation, and
vegetable oil from edible oilseed
crops for biodiesel production, al-
though controversial opinions on the
matter existed. In the meantime,
biofuel production has developed
forward to a second and third gener-
ation of biofuels produced from non-
food biomass, which does not com-
pete with classical food production
crops. In the latter case, research is
focusing on the use of bulk plant bio-
mass such as cellulose from the cell
walls (e.g. switch grass, poplar and
Miscanthus), or triacylglycerols from
new and non-food oil crops, e.g.
 Jatropha, but also oil palm, Camelina
and algae, to produce more positive
outcomes for our future need of sus-
tainable energy.

Given the growing importance
and increasing attention of biofuel
plants with their environmental ad-
vantages of reducing greenhouse
gas emissions as compared to fossil
fuel consumption, we considered
time to be right for a dedicated Spe-
cial issue of the science and biotech-
nology behind renewable biofuel
crops. Therefore, this Special issue
of several invited articles discusses
both annual and perennial biofuel

crops, and highlights the approach-
es by which they are genetically im-
proved using a range of different
technologies and applications and
the economic production of biofuels.

There are numerous strategies
and powerful advanced plant bio -
technology tools to improve crops or
fuel feedstock to produce or process
high quality biofuel (bioethanol and
biodiesel). Some attempts to pro-
duce lignocellulosic biofuels still
need to be developed into economi-
cally feasible strategies, as in the
case of sucrose conversion through
biomass oriented breeding or by ma-
nipulating the cell wall composition
of bioenergy feedstocks to decrease
lignin content and increase biomass.

Given the high genetic variabili-
ty and the favorable proportions of
cell wall components in Populus, a
valuable bioenergy feedstock, Porth
and El-Kassby [1] describe the huge
opportunities of the family Sali-
caceae with a specific focus on
poplars. They review economically
important traits relevant for inten-
sively managed biofuel crop planta-
tions, genomic and phenotypic re-
sources of poplars available, breed-
ing strategies, bioprocesses and
downstream applications related to
the efficient exploitation of this
bioethanol crop.

One attractive strategy to gener-
ate biofuel plants with altered cell
wall properties involves genetic
 engineering (recombination DNA)

strategies. With this aim, Poovaiah
et al. [2] overexpressed PvSUS1, one
of four identified isoforms of sucrose
synthase (SUS) in Panicum virga-
tum, which converts sucrose and
uridine di-phosphate (UDP) into
UDP-glucose and fructose, leading to
increased biomass in transgenic
switch grass. These results have sig-
nificant implications in improving
biofuel yield in bioenergy crops, es-
pecially in transgene stacks for in-
creasing saccharification and bio-
mass. To achieve this, it is neces-
sary to understand complex-signal-
ing networks closely linked to the
metabolism and the molecular
mechanisms underlying plant bio-
mass production. In addition, under-
standing how plants can adjust their
metabolic pathways in response to
environment stimuli to convert bio-
mass into biofuel.

Considering that some of the
most promising feedstocks for bio -
diesel production, such as oil palm
(Elaeis guineensis), jatropha (Jatro -
pha curcas), macaw palm (Acroco-
mia aculeata), and pongamia (Pon -
gamia pinnata) are perennial crops,
genomic breeding is therefore one of
the most promising ways to foster
the development of perennial crops
dedicated to biodiesel production
[3]. Since traditional selective breed-
ing of perennial crops relies on scor-
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ing plants over several years (10 to 14
years in the case of Jatropha and 18
to 20 years in the case of oil palm),
using molecular markers for the
 selection of the best genotypes in
breeding populations under field
evaluation has recently emerged as
the foundation of “genomic breed-
ing”.This allows breeders to obtain
higher selective accuracy, and to re-
duce the time needed to select elite
individuals in breeding programs of
perennial crops, especially in com-
parison to traditional selection based
on phenotypic data only.

To develop effective breeding
programs in perennial crops, e.g.
 Jatropha, it is necessary to increase
our understanding of intraspecific
variability and interspecific relation-
ships, providing insights into popu-
lation structure or adaptation. More-
over, to accelerate the process of ge-
netic improvement of oil seed crops,
the identification of natural variation
in genes of interest is important.
Since most of the functional varia-
tion resides in the coding regions 
of the genome, the identification of
SNP markers in these regions allow-
sto discover alleles that are under se-
lection and affect gene expression.
For this purpose, high-throughput
and cost effective technologies such
as Eco TILLING, allow to investigate
the function of candidate genes by
discovering new SNPs [4].

Finally, camelina is introduced as
an underutilized oilseed with a con-
siderable potential for sustainable oil
production [5]. Camelina is the crop

plant most closely related to the ge-
netic model plant Arabidopsis, it has
been proposed as a most suitable
biotechnology platform for translat-
ing Arabidopsis results into a field
crop. Therefore, this example illus-
trates the biorefinery potential of
camelina improvement, which allows
for the fine-tuning of fatty acid com-
position depending on utilization
needs: For biofuel production, RNAi
suppression of desaturase genes can
help to produce high-oleic acid oils,
whereas fatty acid elongase and de-
saturase gene cassettes can make
camelina to synthesize long-chain
polyunsaturated oils with unique
health properties, which are only
found in marine fish oils at present.

Although the list of crops and
platforms is far from being complete,
the applications presented are serv-
ing as examples of state-of-the-art
developments, which could also be
transferred to other biofuel produc-
tion platforms.

We wish to thank all contributors
to this Special issue and hope that its
appearance will raise the interest
and understanding of biofuels.
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Cover illustration
Special issue: Renewable Energy Crops, edited by Margit Laimer, Fatemeh Maghuly, Johann Voll-
mann and Nicolas Carels. Given the growing importance of environmental advantages of biofuel
plants reducing greenhouse gas emissions as compared to fossil fuel consumption, second and third
generation biofuels today are produced from both annual and perennial non-food biofuel crops, e.g.
switchgrass, poplar and Miscanthus, or from new and non-food oil crops, like Jatropha, Camelina and
oil palm. To achieve an economic production of biofuels for our future need of sustainable energy,
genetic improvement of the plant material must be  obtained by a range of different biotechnologies.
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