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Brazilian External Dependence on Oil 
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Brazilian Cane, Sugar and Ethanol Production 
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Sugar

Sugarcane

Ethanol

Brazil increased ethanol production and the same time 
that increased its sugar production

3Source: UNICA
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renewable sources (2009)
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cane

18%

Renewables in Brazil: 47%; World: 13%; OECD: 7,2% 
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Energy from renewable sources
Some industrialized countries
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Source: IEA, Renewables Factsheet, 2007
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Energy CaneSugarcane Mill



Brazilian Bioethanol production costs are the cheapest in the world

Industry estimates the cost of producing ethanol from sugarcane at approximately US$ 0.29/L (1 
gallon = US$ 1.00).

(Goldemberg, Nigro e Coelho, 2008). 



Total bioethanol production for 2010/11 is projected at 28.5 billion L 

Total sugarcane production is estimated to be 664,33 ton/ha for 2010/2011

54,6% (362,8 million tons) for ethanol (20,14 billlion L hydrated and 8,4 billion L 
anyhidride)

45,4% (301,6 million tons) for sugar (38,7 million tons)

405 plants of which 157 are exclusive to ethanol



Sugarcane for ethanol uses 0.4% of total area 
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Area used for sugarcanefor ethanol (3.4
Mha, 0.4%)

Areausedfor agriculture(76.7 Mha, 9%)

Ruralpropertiesarea(355Mha, 42%)

Totalcountry area(851Mha, 100%)

Source: Horta Nogueira e Seabra (2008)

Small bioenergy footprint

Pasture 200 Mha
Soya      22 Mha



Average yield 80 ton/hectare

High yield variety: 260 ton/ha in 13 months 
(commercial at Agrovale, Bahia) and 299 ton/ha 
(experimental at Fazenda Busato, Bahia)



Sugarcane, the most productive of cultivated plants - a large biomass

Commercial sugarcane is vegetatively propagated through stem cuttings

In 12 months the plant will reach 4-5 meters with the extractable culm measuring 2-3 meters

After harvest, underground buds will sprout giving rise to a new crop (6 harvests)

C4 carbohydrate metabolism - large amount of carbon partitioned into sucrose (up to 42%

of the stalk dry weight, around 0.7 M in mature internodes)

Fonte: International Energy Agencia (2005). 
*ISPA



Biofuel yield per hectare
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C!hΣ ά¢ƘŜ ǎǘŀǘŜ ƻŦ ŀƎǊƛŎǳƭǘǳǊŜ нллуέ
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Produ ûo de cana-de-a îcar no Brasil (milhües 

de toneladas)
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Cultivar Biomass and Ethanol Production in Brazil
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Sugarcane improvement is lagging behind



Cellulosic Ethanol  

70õs

Today

82 %

In 10 years?

40 -60 % 12.000/h
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BIOEN DIVISIONS

BIOMASS
Contribute with knowledge and technologies for Sugarcane Improvement
Enable a Systems Biology approach for Biofuel Crops

PROCESSING AND ETHANOL TECHNOLOGIES
Increasing productivity (amount of ethanol by sugarcane ton), energy 
saving, water saving and minimizing environmental impacts

ENGINES
Flex-fuel engines with increased performance, durability and decreased 
consumption, pollutant emissions 

BIOREFINERIES AND ALCOHOL CHEMISTRY
Complete substitution of fossil fuel derived compounds
Sugarchemistry for intermediate chemical production and 
alcoholchemistry as a petrochemistry substitute 

IMPACTS
Studies to consolidate sugarcane ethanol as the leading technology path 
to ethanol and derivatives production
Horizontal themes: Social and Economic Impacts, Environmental studies 
and Land Use 



6 Calls for Projects

55 projects granted
118 fellowships
R$ 57 million (FAPESP)
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30% of the projects are related to Chemistry
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6 Calls for Projects

5 Divisions
R$ 57 million (FAPESP)

13.066.846

30.538.839

3.327.769

3.325.014

Budget grants

Biofuel Technologies

Biomass

Biorefinery

Impacts
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Engines



314 researchers under the BIOEN Program

84%

8%

2%

BRAZIL

USA

FRANCE

GERMANY

THE NETHERLANDS

DENMARK

SPAIN

AUSTRALIA

AUSTRIA

CHINA 

FINLAND

PORTUGAL

BRAZIL 262

USA 26

FRANCE 7

GERMANY 4

THE NETHERLANDS 4

DENMARK 3

SPAIN 3

AUSTRALIA 1

AUSTRIA 1

CHINA 1

FINLAND 1

PORTUGAL 1



52 foreign researchers from 36 institutions

BIOEN Foreign Partners (11 countries)

AUSTRALIA
2%

AUSTRIA
2%

CHINA 
2%

DENMARK
6%

FINLAND
2%

FRANCE
13%

GERMANY
7%

PORTUGAL
2%

SPAIN
6%

NETHERLANDS
9%

USA
50%

AUSTRALIA

AUSTRIA

CHINA 

DENMARK

FINLAND

FRANCE

GERMANY

PORTUGAL

SPAIN

THE NETHERLANDS

USA

USA 26

FRANCE 7

GERMANY 4

THE NETHERLANDS 4

DENMARK 3

SPAIN 3

AUSTRALIA 1

AUSTRIA 1

CHINA 1

FINLAND 1

PORTUGAL 1

TOTAL 52



State of São Paulo Bioenergy Research Center

ÅProposed by FAPESP, USP, Unicamp and UNESP to the 
State of São Paulo government

ÅBIOEN Research Areas

ÅInvestment (R$ 165 million)

ïR$ 55 million from the State Government (R$ 45 M already 
committed)

ïR$ 55 million from the Universities

ïR$ 55 million from FAPESP

23092009; FAPESP BIOEN22



BIOMASS DIVISION

Improvement of Biomass (Agronomy, Breeding, Biotechnology)
Identify new paths to genetically manipulate the energy metabolism of cultivated 

plants, creating new biofuel alternatives 

Contribute with knowledge and technologies for Sugarcane Improvement
Enable a Systems Biology approach for Biofuel Crops

ω Uncover metabolic networks related to the production of carbohydrates and sucrose through the use 
ƻŦ άƻƳƛŎǎέ ǘŜŎƘƴƻƭƻƎƛŜǎ
ω Integrate the results in a single platform and develop bioinformatic tools to assess the information
ω Discovery of genes associated with agronomic characteristics of interest
ω Development of new sugar cane cultivars
ω Signaling, regulation of gene expression and regulatory networks
ω Genetic transformation of sugarcane and other grasses 
ω Molecular markers, statistical-genetics, mapping and breeding
ω Sequencing, physical, genetic and molecular mapping of genomes 
ω Understand cell wall structure, architecture and biological function
ω Discover new cellulolytic fungi species capable of degrading biomass
ω Refine field practices for enhancing crop production including soil management, fertilization and 
precision agriculture
ω Improve control of weed, pests, and diseases though chemical or biological control, resistant varieties 
and field practices



Brazil has great tradition in sugarcane cultivation

(since 1532)

Å 8.0 million ha

Å World leader

Å Several public and private institutions

dedicated to P&D

Å Very competitive costs and production

technology

Å Breeding Programs (since 1910)
IAC (1934)

Campos (1946-1972)

CTC (ex Copersucar, 1968)

Ridesa (1971)

Canavialis (2003) 

Fertilizer experiments.  IAC, 1938

Sugarcane production



Domestication and early evolution of sugarcane

Saccharum 

officinarum

Chewing

Saccharum sinence
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(crosses to wild relatives 

natural hybrids)
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Interspecific breeding: a major breakthrough in modern sugarcane breeding

Solved some of the disease problems but also provided increased yields, 

improved ratooning ability and adaptability for growth under various stress 

conditions

Genome organization of a

modern cultivar

Each bar represents a

chromosome

Chromosomes in the same

column are homologues
S. officinarum

S. spontaneum

Contributing genera: Saccharum, Erianthus, Miscanthus, Sclerostachya and Narenga

Saccharum genus (six polyploid taxonomic groups): 

Wild species Early cultivars Marginal species

S. spontaneum (2n=40 to 128) S. officinarum (2n= 80) S. edule (2n = 60 to 122))

S. robustum (2n= 60, 80 and up to 200) S. barberi (2n=81-124)

S. sinense (2n=116-120)

Giant Genome (n @750-930 Mpb) Polyploid (2n = 70-120 cromossomos) ~10 Gb



50 labs 

200 researchers

238000 ESTs

43000 Transcripts

The SUCEST EST Sequencing Project

26 libraries - 13 cultivars - Over 90% of sugarcane genes tagged



Defining Initiatives for Sugarcane Genomics and Biotechnology in Brazil



R570 BAC Library

R570 BAC library (HindIII)= 
103,296 clones
(Tomkins et al, 1999, TAG)
1.3x total genome equivalent
14x basic genome equivalent

http://bacman.sourceforge.net

Screening for gene-rich regions by membrane 
hybridization, overgo or 3D-pools



Statistics of Align - Sequences = 15 

Identical Sites = 133,845 (97.4%) - Pairwise % Identity = 67.6% - Freq % of non-gaps  = A:  43,107  28.5%; C:  33,665  22.3%; G:34,215  22.6%;  T:  40,174  
26.6%; N:  3 0.0% GC: 67,880  44.3%

Finding the 5´ and 3´ UTRs  and promoter regions using sorghum as 
reference

BAC by BAC Structural Annotation  

[ BAC_NAME] Shcrba_022_o20

[Annotation_Ref_Gene_1] Replication protein A 70kDa

[Synonyms]  REPA1, Replication factor A protein 1, Replication protein A 70 kDa DNA-binding

[Zea_mays_gene] GRMZM2G115013  [Sorghum_bicolor_Genomic_Blastn] Chr 4  [Sorghum_Bicolor_Gene] Sb04g034780 [SEQ_GENE]  

gtggtagtt... [SEQ_5Kb_5ôUTR] tgg... [SEQ_5Kb_3ôUTR] tgg... [ORIENTATION] (+/-) [LINK_GBROWSE] http://... 



dec/10 assembly 

A

B C D

EF

G

H

Shotgun sequencing of sugarcane genome (SP80-3280)

Leaf DNA from the sugarcane variety SP80 3280 was broken into 500 to 1000 
bp fragments (average ~650 bp) and sequenced using 454

10 runs were made using 2 gaskets 

~11 million reads were obtained

~3.5 Gbp were sequenced

8 contigs align to SbGI; 96% identity 71% coverage



A draft of the sugarcane monoploid genome (1  Gb)

Genome organization of a

modern cultivar

Each bar represents a

chromosome

Chromosomes in the same

column are homologues
S. officinarum

S. spontaneum

Giant Genome (n @750-930 Mpb) Polyploid (2n = 70-120 cromossomos) ~10 Gb



Area Crossings

Bi-parental Crossings

Multiple Crossings

Breeding

Seedlings



New Varieties

13 clones in 

final phase

168 clones in 

Experimental Trials

619 clones in T3

6.792 clones in T2   (1.349 Clones Brix > RB855156)

398.477 Seedlings in T1

Total: 406,069 genotypes

2006

12 years

Selection



Sugarcane Map incorporating double and triple dose markers (SSR, EST-SSR, RFLP)

Mollinari, M; Silva, RR; Margarido, GRA; Marconi, TG; Souza, AP; Garcia, AAF

SP80-180 x SP80-4966, 200 individuals

934 markers

Final map with 347 linked 
markers
329 single dose (239 1:1 and 
90 3:1)
16 double dose  
2 triple dose
Assembled in 102 linkage 
groups
The total map length 2,880.3 
cM (4,361.3) with a density 
of 7.6 cM (11.6)



Setting up the priorities



1 ςGene Discovery
Genes associated to agronomic traits of 
interest
Gene function evaluation
C4 model plant system
2 ςPhysiology
Sucrose metabolism, carbon partitioning, 
photosynthesis, stress responses
3 - Genome Sequence
Full length transcripts
Surveys of several genomes 
Gene enrichment methods for regions to 
be sequenced 
BAC library with 10x coverage
BAC screening mthods
4 - International Bioinformatics 
International Consortium
5 ςTransgenics
Expression vectors
Complete ORFeome
Promoters
Screening methods for phenotyping 
(metabolomics, qPCR, biochemical assays, 
cell wall)
6 - Marker identification
Integrated databases and translation of 
transcriptome data to marker assays   

Biotechnological Roadmap for Sugarcane Improvement



How far can we go?

Waclawovsky, A. J., Sato, P. M., Lembke, G. M., Moore, 
P. H. and Souza, G. M. Sugarcane for Bioenergy 
Production: an assessment of yield and regulation of 
sucrose content (Plant Biotech. J. 2010)

High yield variety: 260 ton/ha in 13 months 
(commercial at Agrovale, Bahia) and 299 ton/ha 
(experimental at Fazenda Busato, Bahia)



Waclawovsky, A. J., Sato, P. M., Lembke, G. M., Moore, P. H. 
and Souza, G. M. Sugarcane for Bioenergy Production: an 
assessment of yield and regulation of sucrose content 
(Plant Biotech. J. 2010)

Potential yield of sugarcane

Teoretical potential of sugarcane crop production



Approach

Over 50 cultivars and ancestor genotypes are being evaluated at the 
sequencing, expression and physiological level

SP80-3280 as a reference cultivar

Contrast:
High vs Low
Precocious vs Late
Tolerant vs Susceptible

RB867515

S. officinarum
S. robustum

S. sinensis
S. spontaneum



Genetical Genomics of Traits of interest

Progeny 1 

Genotypes Brix

Sucrose 

% m/m

Glucose 

% m/m

Fructose 

% m/m

Progeny 2 

Genotypes Brix

CTC98-241 18.00 7.311 1.322 0.988 C158 18.3

CTC98-242 18.60 9.183 1.430 1.014 C121 18.8

CTC98-243 19.20 10.956 0.649 0.602 C171 16.8

CTC98-244 14.60 11.161 0.633 0.646 C496 17

CTC98-246 18.80 10.974 0.709 0.545 C11 19.2

CTC98-252 18.00 6.370 0.840 0.579 C6 18.2

CTC98-253 19.60 11.120 0.660 0.643 C113 21

CTC98-258 18.00 6.739 1.116 0.865

CTC98-261 7.00 1.14 0.878 0.755 C436 13.9

CTC98-262 7.40 1.37 0.968 0.823 C292 15

CTC98-265 6.40 0.49 1.200 1.090 C231 13.9

CTC98-268 4.80 0.70 0.342 0.326 C38 12.9

CTC98-271 6.00 0.92 1.098 0.992 C250 11.5

CTC98-272 6.80 1.07 0.725 0.632 C405 15.2

CTC98-277 7.40 1.58 0.774 0.716 C144 13.2

CTC98-279 7.80 1.74 1.318 1.066



SnRK1

Phosphorylates sucrose phosphatesynthase (SPS) and nitrate reductase (NR), which 
together with binding of 14-3-3 proteins inhibits their activity

category sub category 1 sub category 2 HB vs LB MIn vs IIn Drought ABA Sucrose Glucose

adapter 14-3-3 protein GF14 1 3
adapter 14-3-3 protein GF14 4
adapter 14-3-3 protein GF14 2
adapter 14-3-3 protein GF14 1
protein kinase SNF-like kinase caneSnRK1-2 1 2 3

A B

C D

R

R

f
Storageparenchyma(R),Phloem(f), Fiberand bundle parenchymalcells (arrows),Bundledistal

cells(ce),Bundleproximal cells(ci)



SNF-like Protein kinases

Boudsocq & Lauriere (2005)
Plant Physiol. 138,1185-1194

Rocha et al. (2007). BMC Genomics 8, 71



Physiology of sucrose and biomass accumulation

Waclawovsky, A. J., Sato, P. M., Lembke, C. 
G., Moore, P. H and Souza, G. M.
Sugarcane for Bioenergy Production: an 
assessment of yield and regulation of 
sucrose content. Plant Biotechnology 
Journal (2010)



Regulation of sucrose accumulation and biomass

Hemicellulose 
and pectin 
synthesis

Cellulose 
synthesis

Sucrose 
synthesis

Sucrose 
synthesis

Drought 
responses

Drought 
responses

Waclawovsky, A. J., Sato, 
P. M., Lembke, C. G., 
Moore, P. H and Souza, 
G. M.Sugarcane for 
Bioenergy Production: 
an assessment of yield 
and regulation of 
sucrose content. Plant 
Biotechnology Journal 
(accepted)



BIOEN - HC 03-2010 GSB Project 46

Sugarcane crop production

Å Southeastern BR: > 1100 mm 
rain
ïRainfed
ïά{ŀƭǾŀƎŜέ ƛǊǊƛƎŀǘƛƻƴ ǘƻ ŜƴǎǳǊŜ 

germination in dry periods
ï Irrigation is option for higher  

yields

Å Northeastern BR: irregular ou 
insufficient rain
ïPart of the area is irrigated

GSB Project



BIOEN - HC 03-2010 GSB Project 47

Å In most regions irrigation is not necessary

(except salvage irrigation in some areas)

Å Breeding programs: search for drought tolerant varieties: dry 
winter and soils with low water holding capacity

Å Industry: Legislation restricts water use in new projects to 
maximum 1 m3/t cane. 

ïGreat water use efficient improvements in the last 20 years 
(5.6 to 1.8 m3/t cane)

ïModel mill: 0.46 m3/t

Å More strict laws for surface water protection

Water use in sugarcane in Brazil



Sensors (30, 60, 90 cm) 

Irrigation

Drought Field Experiments with 10 genotypes:  Goianésia, Goiás (CW)

10 genotypes 
(pre-selected based 
on performance 
over 2009 from a 
group of 100 clones) 

IAC



Drought Field Experiments with 6 cultivars:  São Paulo, Pernambuco, Alagoas (SE, NE)

irrigated Non-irrigated USP, UNICAMP, UFV, UFAL, UFPE, UFRPE



Plant Information

Variety, Location, Sample, Replicate

Sugarcane Physiology and Technological Data

Measures

IRGA, LAI, SPAD,Fluorometer, Brix, etc

Treatment

Condition, Field/Vase, Date/Time

Statistical MeasuresMicroarray Expression

Phenotype Explanation/Interested Genes

Statistical Analysis

Pathways/Annotation



Sugarcane Transgenics

Explants: 
Immature Leaves

CEBTEC and  IQ - USP

Callus 
Induction

Regeneration Selective 
Medium

Greenhouse

PCR and qPCRRooting Shoot Growth

Production of transgenic sugarcane plants 
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Sugarcane transgenic plants with increased 
sucrose content:
3 CIPKs gene silencing using RNAi

Papini-Terzi, F. S., Rocha, F. R., Vêncio, R. Z. N., Felix, J. 
M., Branco, D., Waclawovsky, A. J., Del-Bem, L. E. V., 
Lembke, C. G., Costa, M. D-B. L., Nishiyama-Jr, M. Y., 
Vicentini, R., Vincentz, M., Ulian, E. C., Menossi, M., 
Souza, G. M.(2009). Genes associated with sucrose 
content. BMC Genomics10, 120. doi:10.1186/1471-
2164-10-120

Genes associated to sucrose content, sugarcane with 
increased sucrose levels 
USPTO Patent US 11/716,262. 
PCT/BR2007/000282. 
Gláucia Mendes Souza,Flávia Stal Papini-Terzi, Flávia 
Riso Rocha, Alessandro Jaquiel Waclawovsky, Ricardo 
Zorzetto Nicollielo Vêncio, Josélia Oliveira Marques, 
Juliana de Maria Felix, Marcelo Menossi Teixeira, 
Marcos Buckeridge, Amanda Pereira de Souza, 
Eugênio César Ulian.
Universidade de São Paulo, Unicamp, Centralcool, 
CTC and FAPESP



Gene Expression

Physiology

Sequencing

Gene Categorization Functional Annotation

TFs

Kinases

Cell Wall

Phosphatases

cDNA Chip

qRT-PCR miRNA

oligo Chip

Gene Ontology

Pathways

GRASSIUS

Molecular Markers

KEGG

Genome

PromotersSUCEST

Functional Genomics

The SUCEST-FUN DB is based on five main topics: Gene Annotation, Gene Expression, 
Public Resources, Sequencing Projects and Functional Genomics.

Transgenic Plant

SUCEST-FUN DB (http://sucest -fun.org) 

http://sucest-fun.org
http://sucest-fun.org
http://sucest-fun.org


http://sucest -fun.org



Lignin Biosynthesis is associated to sucrose content

Genes associated to sucrose content, sugarcane with increased sucrose levels  USPTO Patent US 11/716,262.  
PCT/BR2007/000282. Gláucia Mendes Souza,Flávia Stal Papini-Terzi, Flávia Riso Rocha, Alessandro Jaquiel Waclawovsky, 
Ricardo Zorzetto Nicollielo Vêncio, Josélia Oliveira Marques, Juliana de Maria Felix, Marcelo Menossi Teixeira, Marcos 
Buckeridge, Amanda Pereira de Souza, Eugênio César Ulian.
Universidade de São Paulo, Unicamp, Centralcool, CTC and FAPESP



PROCESSING DIVISION

Engineering, processing and equipment design aspects of bioethanol production
Cellulosic Ethanol

Increasing productivity (amount of ethanol by sugarcane ton), energy saving, 
water saving and minimizing environmental impacts

ω Identify and improve bottlenecks in ethanol production chain at the mill (reception, juice extraction, 
hydrolysis process, among others)
ω Improve fermentation process yield
ω Optimization of water recycling and energy efficiency
ω Improve separation processes especially to dehydrated ethanol
ω Develop cellulosic ethanol technology focusing the following objectives:

Characterization and development of physical-chemical pretreatment of bagasse for ligninocellulose 
hydrolysis
Development of acid catalyzed and biocatalyzed saccharification 
Development of high performance cellulases and hydrolases 
Reduction of the impact of fermentation inhibitors
Development of microorganism strains capable to efficient fermentation of pentoses and hexoses
Byproducts recovery



Energetic Potential of Sugarcane



Co-regeneration

Co-generation in 2009/10 = 1.800 MW (3% of electricity matrix)
In 2020 = 14.000 MW (14% equals 1 Itaipu) Investments of R$ 45 billion until 2015 on Co-generation 
(boilers from 21 bar to 92 bar)
Eolic = 602 MW (2009)
UN approved 140 new Clean Energy Generation Projects for Carbon Credits
Water usage decreased from 5 to 1 million m3/processed ton 
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BIOREFINERIES DIVISION

Industrial units near sugar and alcohol industrial facilities that take advantage of renewable raw 
materials available (ethanol, sugar, CO2, bagasse, trash, yeasts) to produce high added value products 

Sugarchemistry for intermediate chemical production
Alcoholchemistry as a petrochemistry substitute  

SYNTHETIC BIOLOGY

Complete substitution of fossil fuel derived compounds

ω Consorted bioethanol-biodiesel-biokerosene production  
ω Develop products from ethanol via acetaldehyde and ethylene route  
ω Perform Chemical synthesis of intermediate oxygenated chemicals (alcohols, acid ketones), 
polymers (PHA, lactic acid), nutraceuticals directly from sucrose
ω Develop biocatalysis for transformations of carbohydrates in valuable chemicals
ω Bio-based chemicals using a synthetic biology approach

Industrial microbiology Bioprospection and directed evolution of microorganisms

Automation, robotics for screening and selection of organisms 
Metabolic engineering Designof proteins and enzymes
DNA synthesis, expression systemsSystems biology
Synthetic chemistry Consolidated bioprocessing



Third Generation Bioethanol Ą is produced from  
algal/glycerin/bagasse  biomass either from catalytical or 
biological fermentation of syngas. 

A branch ofThird Generation Bioethanol has a major appeal 
of consuming carbon dioxide produced in the First and 
Second Generation processes :

Ą great impact of almost zero CO2 emission within the 

whole integrated process.

Project Goals
Zero Carbon Emission Biorefinery Concept

Rubens Maciel (Unicamp)
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