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Actual importance of lignocellulosic alcohol in the brazilian context

Increase in internal demand (flexi-fuel vehicles) 

 increase in brazilian exportation of alcohol (increased international demand)

 high petroleum prices

 brazilian production of biodiesel (ethanol used in the transesterifications of FA;5%)

Key points in lignocellulose alcohol technology (Workshop Energy Cane 2007) 

Characterization of variability in sugarcane culm cell wall e its effect in alcohol production

Establish standard technologies to evaluation of lignin

 Identify germoplasm and breeding for energy cane

Development of pre-treatment and hydrolysis technology of sugarcane bagasse

 Improvement of fermentation technology 



What sugarcane breeding can help us 

to improve lignocellulosic alcohol production?



Network responsable for 57% of 
sugarcane cultivated area

RIDESA
Rede Interuniversitária para o Desenvolvimento do Setor Sucroalcooleiro

(Academic Network for the Development of Sugar-Alcohol Sector)

Successful interaction with private companies: no need of public money

http://www.ufrpe.br/
http://www.ufrrj.br/
http://www.ufpr.br/portal/
http://www.pmgca.ufv.br/
http://www2.ufscar.br/home/index.php
http://www.ufg.br/page.php
http://www.ufal.br/ufal/


Genotype evaluation in 34 different field trials experiments annualy:

Yearly, only at Ridesa/UFV, 200000 clones are evaluated



Area of cultivation and limits of sugarcane cultivation 

Stalk growth is inhibited by temperatures lower than 21oC



Sugarcane Germplasm

•  Wild cane (S. spontaneum)

• Wild cane (S. robustum)

• Wild cane (Erianthius arundinaceus)

• Wild cane (Miscanthus species)

• Noble cane (S.officinarum)

• Sugarcane (advanced interspecific hybrids)

S. officinarum: high sugar, low fiber, low yield, poor ratooning (“soca”) and low pest 

resistance

S. spontaneum: low sugar, high fiber, low yield, excellent ratooning and disease 

resistance, hybrid vigour when crossed

• S. robustum: Medium sugar, high fibre, low yield, medium ratooning

• Erianthus: low sugar, high fibre, medium yield, excellent ratooning

• Miscanthus: low sugar, high yield, adopted to cooler climate



S  barberi.
2n = 111-120

S.robustum
2n = 60-205

S.spontaneum
2n = 40-128

Saccharum officinarum
2n = 80

Cultivated varieties:

Interespecif hybrids 

2n  100-130

S.sinense
2n = 81-120

GRAMINEAE Family

(Poaceae)
Tribe      Andropogonaceae

Genus  Saccharum

Polyploids

Aneuploids

Complexity of the sugarcane genome  higher than any important polyploid crop



60% in 30 years (2% e.y.)

Theoretical potential: 350 t/ha





Frontiers of sugarcane cultivation

A2

A3

A5
A6

A7

A4

A9

A8A10
A11

A12

A1
A16

A13

A14

A15

A17
2004 Area

(106 ha)
Soybean 22
Maize 12
Sugarcane                                6
Agriculture Total 60
Pastures                                  200
Agriculture Potential          320

Source: Estudo Etanol MCT/CGEE, 2007.

Challenge for breeding:

Need for different sets of varieties adaptable to 

different environments



CB41-76

NA56-79

SP70-1143

70’s

80’s

90’s

2000’s

Yield  in week soils 

Yield und mechanical harvesting

+ sucrose

Diseases

Rust introduction

RB867515

Early harvesting

Good yields in new frontiers

RB855453

SP83-2847

SP81-3250

IAC87-3396

RB72454

RB855156

RB72454

Co419

60’s

Main Brazilian sugarcane cultivars in the last 50 years

CTC (Coopersucar):

Landmark in sugarcane breending



Method of choice for sugarcane breeding 

Method of recurrent selection 

Characteristics of recurrent selection

Increasing the frequency of favourable alleles  repeated cycles of selection 

and crossing

Favor additive genetic effects 

Maintaining genetic variation in breeding populations

Ex; Increase sugar levels

Distribution of Brix in four cycles

of recurrent selection



Multiparental cross Biparental crosses



 Productivity

 Stalk sucrose content

 Stalk sprouting after mechanical harvesting

Longevity

Disease resistance

Low susceptibility to flowering

Energy cane:

 Higher biomass production keeping or increasing sugar production/area

Low lignin and/or changed lignin composition



Water 73-76

Total Solids 24-27

Total Soluble Sugars 10-16

Fiber (DW) 11-16%

Actual sugarcane interespecific hybrids culm composition

50% of its dry weight as sucrose



Alcohol production using only sucrose : wasting of energy

Conversion Efficiency

1st Generation

1) 86 L ethanol + 10.8 kg bagasse (DM) = 2200 MJ  efficiency = 29.8%

2) 86 L ethanol + 60 kWh = 2230 MJ  efficiency = 30.1%

Alcohol production using sucrose and burning bagasse for thermical energy :

still waste of energy: 70% of energy present in sugarcane is lost



Source: Rhao S. (2006)

Production of lignocellulosic alcohol: 

Possible to double the ethanol production:

increase from 6.000 L/ha to  12.000 L/ha

Potential : 1 ton cana→ 160 L cellulosic ethanol: 19000L/ha



Our sugarcane cultivars:

50% em α-cellulose, 

25-30% hemicelluloses

10-25% de lignina

Sugarcane have different cell walls than Dicots

Source: Vogel (2008)



Importance of hemicellulose composition for ethanol production

Ferulic acid crosslinkage of hemicellulose inhibits saccharification

We do not know nothing about the dinamic of this process

We do not know about the structure of this crosslinkages



Glucuronoarabionoxylans (GAXs)  major role in crosslinking cellulose microfibrils

Hemicellulose structures and functions in grasses

β- glucans (MLG) tightly coat the  cellulose microfibrils



Lignin: key control point in determining the efficiency of biofuels production

Challenge for sugarcane lignocellulosic ethanol biotechnology: 

to mitigate the negative effects of lignin in cellulosic ethanol production 

Lignin produces inhibition of saccharification enzymes

Reduction in cellulose hidrolytic activities due to adsorbtion of enzymes to lignin

Inhibition of fermentation 



Grasses have more H residues that dicots



Lignins are more complex that says the textbook 

Not only H, G, S, but …



Vanholme et al (2008)

Lignin can be engineered with large changes in H/G/S rations

Dixon group (2007): alfalfa: transgenic idenpendently downregulated in 6 lignin genes:

Doubling in sachararification efficiency

Frequently other undesirable phenotypes: dwarfing, collapse of vessel elements and increased 

susceptibility to fungal pathogens, etc



Possible targets that could mitigate the negative effects of lignin in ethanol production

Reducing the amount of lignin

Changing the lignin composition (reducing coniferyl  and guaiacyl content)

Changing the patterns of lignin polymerization:

 through manipulation of the activity of  monolignol-specific oxidases (peroxidases and 
laccases)

Introducing  molignols more eaily degradable (phenolic esters: p-coumarate  and p-
hydroxybenzoate, hidroxycinnamic acid amides

Reduce the acetylation of lignin and transform plants (inducible promoters)

To discover new enzymes to degrade lignin (complete genomic sequence of 
Phanerochaete chrysosporium (“white rot fungi”) and termites (metagenome sequencing of 
gut flora of Nasutitermes)



Considerable genetic potential for biomass is present in the sugarcane germplasm

• Extensive and long term breeding program is needed to produce high biomass varieties 

with desired characteristics (8-10 years)

• Important to get adequate number of families and seedlings are needed to maintain 

high  probability of selecting right variety

Past selection may have altered genome composition and shifted gene 

frequencies

Need to ensure right genes for appropriate fiber occur in the breeding population

What to do to beginning?

1) Characterize genetic diversity of culm cell wall compositon

2) Develop analytical methods for cell wall characterization for large scale phenotyping

3) Test the the effects of diversity in cell wall composition 

4) Select the progenitors for recurrent selection
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Sugarcane genotypes

Characterization of variability culm lignin content



Methods for large scale cell wall phenotype characterization

Pyrolysis+GC/MS: purified lignin from sugarcane stalks (TIC)



Pyrolysis+GC/MS: extracted cell walls from sugarcane stalks (TIC)





Similar values relative to 

the results from purified lignin

Analytical time used:

1) Method with lignin purification

Purify lignin: 4 days

Pyrolysis + GC/MS = 60 min

2) Method without lignin purification:

Extraction: 1 hour

Pyrolysis + GC/MS = 60 min



“Mini” UFV Bioen

Different sugarcane genotypes contrasting in cell wall characteristics

Bagasse Pre-treatment

Monolignols compositon

Kluyveromyces marxianus

Efficiency of xylulose 

fermentation 

Sacarification

Eficiency of

sacarification

Eficiency of

fermentation

Fermentation Alcohol

Lignin Xylose



10% of plant genome  genes to construction and rearrangement of their cell walls

Arabidopsis  ~ 2500 genes

Sugarcane  4300 genes?

Buckeridge and coworkers: 469 cell wall genes identified in sugarcane (~10%)

Gene discovery in sugarcane is needed to further identify other cell wall genes

Gene discovery and functional genomics: urgently needed in sugarcane

Simultaneous gene discovery and functional characterization strategy



UFV-Ridesa Sugarcane Breeding and Biotecnology Team

Prof. Marcio Pereira Barbosa

Prof. Marcelo Ehlers Loureiro

Prof. Andrea Miyasaka de Almeida

Francis Lopes (posdoc cell wall)

Flaviano Silverio (posdoc pyrolysis GC-MS)

Viviane Guzzo de Carli (PhD student full-length libraries-gain of function)

Emanuelle Ferreira Melo, (PhD student- full-length libraries-gain of function )

David Baffa (MSc student)

Abelardo Mendonca (Undergraduate -IC-Fellowship-sugarcane transformation)

UFV-Microbial Physiology Team

Flávia Maria Lopes Passos

Luciano Gomes Fietto

USP-Sao Paulo                  USP-Esalq                     USP-Lorena

Glaucia Souza                    Helaine Carrier     Adriane Maria Ferreira Milagres

Marcos Buckeridge

Unicamp

Marcelo Menossi

Research Network USP/Unicamp/   Ridesa-UFV


