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Sugarcane belongs to the botanic group known 
as Saccharum officianale, domesticated since 
7 000 BC. The process of domestication started in 
New Guinea from where seedlings were taken to 
Continental Asia. In China and India, prevailing 
favorable conditions allowed the development of 
two different species, S. sinense and S. barberi 
respectively. From approximately a century ago, 
selective breeding produced Saccharum officina-
rum, also known as Nobel Clones. These varieties 
have been progressively replaced by modern vari-
eties from crossings between S. officinarum and 
S. robustum,species which currently predominate 
worldwide. As sugarcane is a hybrid plant, the 
identification of genes of greater economic inter-
est is a laborious and lengthy process e.g. it takes 
about 15 years to release a new commercial variety. 
This gives an indication of the difficulties involved 
in developing new commercial varieties.

In Brazil, increasing commercial pressure to 
improve sugarcane productivity faces the chal-
lenge to develop new varieties adapted to the 
different conditions in the country. For example, 
it is estimated that to supply internal and external 
demand, Brazil will have to duplicate sugarcane 
production within the next 5 to 7 years, requiring 
investment in new mills, expansion of cultivated 
area, increase productivity and better cane variet-
ies etc. The expansion of sugarcane to new areas 
must also include the preservation of unique bi-
omes and biodiversity. In São Paulo State, Brazil’s 
largest producer of sugarcane, increasing produc-
tivity with new varieties of higher sucrose content 
is particularly attractive as this will limit land area 
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use. Land available for sugarcane expansion in 
the short term is located in the Central Plateau 
which suffers from water shortages. Therefore the 
development of new sugarcane varieties resistant 
to drought will be necessary if sugarcane is to be 
cultivated in pastures land, to avoid the “cerrado” 
and tropical forest areas. Producers in the North-
east can also benefit from new cultivars resistant to 
drought as they could increase productivity quite 
significantly in this region.

Genetic improvement is, however, limited by 
two biological barriers: sexual reproduction, in 
the case blooming plants, and cellular equilibrium 
that guarantees the correct signaling between the 
cells, tissues, and organs of the whole plant and, 
ultimately, its interaction with the environment. 
In the first case transgenic techniques can be a 
possible alternative in the short run, but it is nec-
essary to know which gene needs to be modified 
or introduced. Of the various breeding strategies 
aimed at the development of varieties with new 
characteristics, it seems that better understanding 
of the biological network may effectively lead to 
cultural management, thus increasing the potential 
of existing cultures, as well as the development of 
new ones, through “assisted genomic selection”.

The use of biological systems with tools from 
genomics opens the possibility for integrating 
know-how on different areas, and together with 
the use of statistics, can help to improve the man-
agement of new sugarcane varieties.

Informatics and the identification of relevant 
biological characteristics to address specific prob-
lems are the pillars of what is currently called 
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“biological systems”, or a systematic approach 
that offers considerable potential to improve crops 
of economic value. Its application to sugarcane 
could made a significant contribution particularly 
to our understanding of the sucrose content, re-
sistance to biotic stress (i.e. pathogens), abiotics 
(i.e. drought tolerance). The genetic diversity 
available to breeding programs can be explored 
using genomic and biotechnological approaches 
to accelerate the exploitation of the most promis-
ing varieties.

Brazil uses sugarcane bagasse in co-generation 
in sugarcane distilleries or as animal feed that in-
creases significantly the overall efficiency of the 
system. One challenge will to develop enzymatic 
and acid hydrolysis processes that can use cel-
lulose and hemicellulose as feedstock, increasing 
ethanol production even further. From an energy 
point of view, 2/3 of sugarcane is not used in the 
production of bio-ethanol.

Some varieties of sugarcane have been devel-
oped by breeding programs (i.e. the Inter-Univer-
sity Network for the Development of the Sugar/
Alcohol Sector – Ridesa, the Sugarcane Center 
of Technology – CTC, and the Sugarcane Centre 
of the Agronomy Institute of Campinas – IAC), 
adapted to different Brazilian conditions such cli-
mate and soil, that are highly productive and with 
high sugars or fiber content. A good example of 
RIDESA breeding program is the Centre of Agri-
cultural Sciences (CCA) at the Federal University 
of São Carlos – UFSCAR.

The sugarcane breeding program (PMGCA) 
has 36 years of research experience. Over 16 
years the PMGCA/CCA/UFSCAR has developed 
48 new improved sugarcane varieties suitable for 
differing environmental conditions and mechanical 
harvesting, all of which have been made available 
to the sugarcane sector. Currently Ridesa and 
the CTC are jointly responsible for about 95% of 
the varieties planted in Brazil (CTC for 30%, and 
Ridesa for 65%). This shows that the public sector 
is able to create and spread the technology to the 
sugar/alcoholic sector. The success is due to the 
close partnership among universities and the mills/
distilleries, and good communication channels be-
tween research and industrial sectors. Currently 

RIDESA has the largest public collection of sug-
arcane genotypes of Brazil. CTC (ex-Copersucar) 
has probably one of the most important private 
germoplasm collections of the world.

The use of molecular techniques based on 
the systemic analysis of genomics data, can help 
in the selection and trials of cultivars adaptable to 
specific environments; and create the conditions 
for acid and enzymatic hydrolysis that will be one 
of the main challenges of sugarcane biotechnology.

Another major challenge will be to develop new 
strategies in biological research to create the basis 
for the development of biofuels in Brazil. It would 
be necessary to stimulate the creation of integrat-
ing mechanisms between the sugar and alcohol 
sectors with genetic improvement programs of sug-
arcane and advance biological research, integrating 
genomics, molecular, biochemical and physiological 
data, as a response to new environment require-
ments. A good example is the project Sucest, 
supported by Fapesp through the Onsa Genome 
Program, which is the outcome of more than 200 
researchers of 50 research groups who have identi-
fied and analyzed 238,000 ESTs of sugarcane from 
26 libraries of cDNA from 13 cultivars [1-3]. However, 
the impact of this study is still rather limited, and 
therefore it is necessary to implement an efficient 
program to identify research gaps and develop 
a basic research to increase productivity, in the 
medium and long term, in the productive sector.

The efficient use of sugarcane as a source of 
renewable energy depends on the integration of 
characteristics that control plant growth, the vol-
ume of biomass and its adaptation to the environ-
ment. In all cases, the genetic stability associated 
to the agronomic characteristics of the variety is 
fundamental. A better understanding of the plant 
growth and the optimized use of the nutrients is 
necessary to develop an efficient and environmen-
tally sustainable agriculture. Within this perspec-
tive it is important to provide research funding to 
support diversification of control mechanisms for 
efficient use of carbon and sugars, in angiosperms 
through comparative analysis involving sugarcane 
and other models. The results should contribute 
to tuned manipulation of homeostasis of energy 
by crossing or transgenesis.
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The process of energy and biomass generation 
has been analyzed only at cellular or on micro-
organism level and has shown a complex net of 
reactions. Genes related to sucrose content were 
identified[4] and through a study with transgenic 
plants was found that they are responsible for 
the increase of the synthesis of sugar. This work 
was carried out by researchers at the Institute 
of Chemistry and the Institute of Biosciences 
of USP, in collaboration with CTC[5-7]. Moreover, 
studies of transcriptome in sugarcane identified 
around 700 genes associated to sucrose content, 
lignin and drought response[8-9]. Despite the fact 
that the role of several individual genes has been 
demonstrated, the biggest structure of the system 
remains unknown. After 50 years of research with 
sugarcane, the process and enzymes involved in 
the accumulation of sucrose have been identi-
fied and used to produce transgenic plants, but 
the results are not encouraging, probably due 
to the complex systems regulations. Transgenic 
sugarcane plants have been obtained with several 
agronomic characteristics of commercial inter-
ests[10-26], including water stress[27-28]; varieties, with 
regeneration capacity; and transgenic plants of 
Brazilian sugarcane genotypes have already been 
described[12, 17, 29, 30]. The development of transgenic 
plants is a necessary step to better understand and 
control the regulating routes of the plant’s carbon 
metabolism.

Research on generation of vegetative transfor-
mation methodologies must be encouraged. The 
process of biobalistic transformation is not very 
efficient with sugarcane, depending on the gene 
or genotypic and plant generation efficiency. The 
genetic transformation by Agrobacterium tume-
faciens needs also to be investigated and applied 
to sugarcane[11, 31-34]. With proper manipulation 
and control of conditions of in vitro culture, age/
type/stage of embryogenic culture and methods 
of transformation, and by improvement of the 
virulence of the genealogy A. tumefaciens, it has 
been demonstrated that it is possible to increase 
the efficiency of the transformation of this specie 
via A. tumefaciens. Despite the intrinsic difficul-
ties of this method in sugarcane, further attention 
should be paid to the advantages offered by A. 

tumefaciens, as it has the advantage of be able to 
transfer relatively long segments of DNA with few 
resetting, integration of a short number of copies of 
the transgene, simplicity and lower procedural cost.

Whatever the desirable agronomic trait may-
be, this will have to be incorporated to breeding 
programs by means of crossbreeding or transgen-
esis. So, efficient markers and the know-how of 
the genetic potential associated to the cultivars 
are essential. Sugarcane has a complex genome 
that varies from cultivar to cultivar as the genome 
is hybrid and poliploide. With about 760 to 926 
Mbp, the size of the basic monoploid genome of 
Saccharum is about twice the size of rice (389 
Mbp), similar to the Sorghum bicolor Moench 
(760 Mbp), and significantly smaller than the corn 
(2500 Mbp). The size of the genome of one somatic 
cell (2C) of the modern culture R570 (2nd = about 
115) was estimated as 10,000 Mb[35].

In function of such characteristics, focused 
access to allelic diversity in germplasm database, 
through the use of the traditional genetics, be-
comes extremely difficult. The SUCEST project 
opened up a new perspective in the development 
of breeding programs with advanced molecular 
techniques. After the ESTs progression, genetic 
maps were obtained from cultivars of interest and 
molecular markers have been developed, that fur-
ther support breeding programs[36-39]. The complete 
genome of a sugarcane cultivar is not yet available 
and should be promoted by Brazilian research 
groups to improve biotechnological research on 
sugarcane, while at the same qualifying Brazilian 
geneticists and breeders. The progression of the 
sugarcane genome and the comparison of the 
genome of several cultivars will create the condi-
tions to establish a platform for in-depth studies 
on the diversity of the germoplasm of Saccharum 
genus. Contrary to the ESTs sequence, the genome 
sequencing will permit the identification of regula-
tion areas, comparative studies of the evolution of 
chromosomal regions and other plants pattern, and 
identification of potential allelic variation observed 
among cultivars. The understanding of the genomic 
structure of sugarcane in terms of physical loca-
tion of the genes and allelic proportion, as well as 
genetic ambiance where they were introduced, will 
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improve our understanding of the genetic ambi-
ance where they have been inserted; it will also 
enable a better understanding of the epigenetic 
effects over the genetic expression of sugarcane.

Consequently, it will be possible to increase 
the efficiency in the use of biotechnological tools 
for a better result for this culture e.g. the transfor-
mation of plants. It is possible through sequencing 
of a complete genome, to identify the regulatory 
regions of the genes (promoters) and genomic 
sequences that allow the transgenic expression 
in a controlled way, and tissue-specific. Several 
sugarcane promoters have already been identified 
e.g. tissue-specific expression data[40, 41], induced 
by insects[42] and of transposons[43]. Studies of this 
nature are important as they provide greater free-
dom to operate and to have intellectual property 
rights in an area dominated by foreign biotechnol-
ogy companies.

The identification of molecular markers asso-
ciated to phenotypes of interest is extremely im-
portant for the genetic improvement of sugarcane, 
avoiding the crossing between related parents. In 
this way it is possible to take maximum advantage 
of heterosis, based on the information from the 
identified quantitative characteristics – QTL. The 
molecular markers will also serve as tools in the 
evaluation and guidance for the introduction of the 
genetic variety in Saccharum. Genetic variety is 
fundamental to obtain cultivars resistant to pests 
and diseases and improving the most important 
economic characteristics such as sucrose and 
biomass volume.

The result of such studies could be used by 
public and private institutions with banks of sug-
arcane germplasms, to better understand their ge-
netic variability. This will allow the establishment 
of core collections of available germplasms, and 
identify new ones. The genetic change by trans-
genics will enable existing species of sugarcane to 
improve their commercial lifetime, particularly in 
new sugarcane growing areas.

Studies on environmental interaction of sug-
arcane and the investigation of molecular mecha-
nisms on physiologic responses and biochemical 
characteristic of the different cultivars are ex-
tremely important for the basic understanding of 

sugarcane. The identification and characterization 
of genes related to herbivores and pathogens is 
also one of the biggest challenges facing functional 
genomics. Studies have already been carried out 
on the characterization of the transcriptome of 
sugarcane to biotic stresses (sugarcane borer and 
endophytic nitrificant bacteria), abiotic stresses 
(dry and phosphate deficiency) and hormones 
responses[8]. Many candidate genes tolerance to in-
sects have already been tested and incorporated to 
the main genotypes of sugarcane[15, 44-50]. Resistance 
proteins as a soybean inhibitor protease[17] or the 
cry protein of Bacillus thuringiensis[51] increase 
resistance to the borer D. saccharalis, the most 
recurrent pest in Brazil. Moreover, the character-
ization of cysteine proteases inhibitors brought a 
new perspective in the control of pathogens e.g. 
growth inhibitors of the fungus Trichaderma 
reesei[52], suggesting that this can also be used in 
the control of sugarcane fungus infections. The 
interaction plant-insect is considered as a dynamic 
system, subject to continuous variations. Plants 
develop different mechanisms to reduce insect 
attachs, including specific responses to activate 
different metabolims, changing considerably their 
chemical and physical characteristics. On the other 
hand, insects have also developed several strate-
gies to overcome the plants’ defensive barriers, 
permitting their feeding, development and repro-
duction. Studies have shown adaptation of insects 
and proteases inhibitors through general increase 
of the expression of proteasis genes. Therefore it 
is important to continue to investigate this matter 
so that we understand the behavior of the borer, 
one of the most serious plagues of sugarcane in the 
Northeast Region; and more recently also in the 
Southeast region; it is very important therefore to 
develop new diseases and pest control strategies.

Several aspects point to changes in sugarcane 
production and productivity in the near future and 
this requires a serious study of the potential im-
pacts of climatic change on sugarcane, to put it in 
the right track. It is already known that there is an 
increase in photosynthesis (50%) and biomass in 
the stem (60%), in response to higher CO

2
, which 

suggests productivity increases over the next few 
years[53]. At the same time very little is known 
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about the mechanisms of temperature increases, 
for example. A further aspect relates to climatic 
changes associated to high consumption of fossil 
fuels and hence worldwide pressure to produce 
fuels of biological origin. Thus, it is important that 
Brazil starts to use sustainable renewable energy 
in harmony with the environment that accrues also 
social and environmental benefits.

A further possibility is to produce biofuels 
from polymeric compounds of cellular walls. Cel-
lular walls are constituted of cellulose, hemicellu-
loses and pectins, intertwined in such a way that 
it is extremely difficult to extract energy in their 
chemical connections efficiently. It will be neces-
sary to understand not only how the wall is built 
(biosynthetic processes), but also how the degra-
dation processes works, if we are to dismount the 
cellular wall and learn how to use the energy that 
it contains. Within this context we can also apply 
our knowledge from studies of hydrolases, fungi 
and ligno-cellulolytic microorganisms that degrade 
the vegetable walls from the diverse Brazilian 
biodiversity. This can be done by identifying and 

purifying new fungi, enzymes, microorganisms and 
insects that can degrade cellulose and other con-
stitutions of the wall. This should be in conjunction 
with industrial and fermentation process so that 
the new technologies have immediate commercial 
applications in the sugarcane sector.

Based on research experience in genomics in 
the State of São Paulo, we believe it is necessary 
to integrate the efforts of biologists, physiologists, 
biochemists, mathematicians and computer scien-
tists to develop an integrated Research Program in 
Bioenergy. With biological sugarcane mapping, us-
ing biological system tools we believe it is possible 
to shape responses adapted to existing cultivars; 
and as last instance, contributing to increasing 
productivity necessary in a context where keep-
ing environmental equilibrium is fundamental for 
future generations. It is important and urgent that 
Brazil acquires expertise in these fundamental 
aspects, to increase our capacity of “Freedom to 
Operate” in Biotechnology, training personnel to 
work in universities, and innovation agencies of 
the private and public sectors.
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