


Grafico 4.2 | Dependéncia Externa de Petroleo
Chart 4.2 | External Dependence on Oil
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Sugarcane (103t)
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Brazil increased ethanol production and the same time

that increased its sugar production

Source: UNICA
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Energy from renewable sources
Some Industrialized countries

S.Korea
UK
Russia
Japan
Germany
USA
France
ltaly
Spain
Mexico
Canada
China
Brazil
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Source: IEA, Renewables Factsheet, 2007

10052010;bioenergyn-brazit
20100510.pptx;CHBritoCruz & BIOEN






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

Preco do etanol aos produtores;
Preco da gasolina (US$ 2004/m?3)
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Produgdo Acumulada de Etanol (milhares m?)

~4-PregoEtancl BR ~ ~Pregogasolina BR ~i-Prego gasolina Rofterdam
(Goldemberg, Nigro e Coelho, 2008).



Total sugarcane production is estimated to 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



Small bioenergy footprint

Total country area(851Mha, 100%)

Ruralpropertiesarea(355Mha, 42%)

) Areausedfor agriculture(76.7 Mha, 9%)

Area used for sugarcanefor ethanol (3.4
Pasture 200 Mha Mha, 0.4%)
Soya 22 Mha

Source: Horta Nogueira e Seabra (2008)



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



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)
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Biofuel yield per hectare
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Increased yield production per hectare
for some Brazilian crops (1976 - 2009)
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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
Flexfuel 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 Grants

55 projects granted
118 fellowships
R$ 57 million (FAPESP)

118 Fellowships

u Fellowship (Visiting schollat
i Fellowship (PhD;

. Fellowship (Direct PhD

u Fellowship (Scientific

Initiation)

i Fellowship (Young
Researcher)

i Fellowship (Masters)

1. Fellowship (Postloc)

i Grant (Young Researche
u Grant (PITE)
. Grant ("Tematico")

i Grant (Regular)



30% of the projects are related to Chemistry

Chemistry

Microbiology
Mathematics
Interdisciplinary
Geosciences

Genetics

Physics
Pharmaceutical science
Environmental Engineering
Chemical Engineeriny
Nuclear Engineering
Mecanical Engineering
Materials Engineering
Economy

Ecology

Food Technologies
Information Technologies

Botany

Biochemistry
Biophysics

Agronomy
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6 Calls for Projects

5 Divisions

R$ 57 million (FAPESP)

3.327.769

3.325.014

Budget grants

Dlvisions

u Biofuel Technologies
u Biomass
.. Biorefinery

i Impacts

u Biofuel Technologies
i Biomass

.. Biorefinery

w Impacts

. Engines



314 researchers under the BIOEN Program
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BIOEN Foreign Partners (11 countries)

AUSTRALIA_AUSTRIA  CHINA

2%
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50%
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52 foreign researchers from 36 institutions
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A Proposed by FAPESP, USP, Unicamp and UNESP tc
State of Sao Paulo government

A BIOEN Research Areas

A Investment (R$ 165 million)

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

I R$ 55 million from the Universities
T R$ 55 million from FAPESP

22 23092009; FAPESP BIOEN



BIOMASS DIVISION

Improvement of Biomass (Agronomy, Breeding, Biotechnology)
|dentify new paths to genetically manipulate the energy metabolism of cultivated
plants, creating new biofuel alternatives

Uncover metabolic networks related to the production of carbohydrates and sucrose through the use
G2YA0a¢ 0GUSOKy2f23ASa

Integrate the results in a single platform and develop bioinformatic tools to assess the information
Discovery of genes associated with agronomic characteristics of interest

Development of new sugar cane cultivars

Signaling, regulation of gene expression and regulatory networks

Genetic transformation of sugarcane and other grasses

Molecular markers, statisticagjenetics, mapping and breeding

Sequencing, physical, genetic and molecular mapping of genomes

Understand cell wall structure, architecture and biological function

Discover new cellulolytic fungi species capable of degrading biomass

Refine field practices for enhancing crop production including soil management, fertilization and

precision agriculture

w  Improve control of weed, pests, and diseases though chemical or biological control, resistant varieties

and field practices

-+

gegeggeeegeegegmeg

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



Brazil has great tradition in sugarcane cultivation
(since 1532)
A 8.0 million ha
A World leader
A Several public and private institutions
dedicated to P&D
A Very competitive costs and production
technology

A Breeding Programs (since 1910)
IAC (1934)
Campos (1946-1972)
CTC (ex Copersucar, 1968)
Ridesa (1971)
Canavialis (2003)

Fertilizer experiments. IAC, 1938




Saccharum sinence

Saccharum

S. officinarum X

Saccharum Saccharum barberi officinarum S spontaneum
officinarum (crosses to wild relatives clones (interspecific
natural hybrids) World hybrids)
trade
Chewing Sugar extraction  Manufacturing Cottage plantation ~ Modemn
I I | mdulstrles factories Breledlng
Na & R R R P S
%QQ ,\QQ 12) COOQ& O@ O@ O@
Q)O

SE Asia Intertropics Persia Mediterranean Canary Dominican Java
Pacific Islands Spain Madeira Republic India

West Africa  Brasil

Modern sugarcane cultivars




Solved some of the disease problems but also provided increased yields,
improved ratooning ability and adaptability for growth under various stress
conditions

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



Resource

Analysis and Functional Annotation of an Expressed
Sequence Tag Collection for Tropical
Crop Sugarcane o

André L. Vettore,'-** Felipe R. da Silva,'-** Edson L. Kemper,'*® Glaucia M. Souza,’ |
Aline M. da Silva,® Maria Inés T. Ferro,® Flavio Henrique-Silva,® Eder A. Giglioti,?

Manoel V.F. Lemos,” Luiz L. Coutinho,'® Marina P. Nobrega,'' Helaine Carrer,'? L
Suzelei C. Franca,'? Mauricio Bacci r.,'* Maria Helena S. Goldman,'* Suely L. Gomes,> SUCEST
Luiz R. Nunes,'* Luis E.A. Camargo,'® Walter . Siqueira,'® Marie-Anne Van Sluys,* The Sugar Cane EST Project
Otavio H. Thiemann,'” Eiko E. Kuramae,'® Roberto V. Santelli,® Celso L. Marino,'®

Maria L.P.N. Targon,? Jesus A. Ferro,**” Henrique C.S. Silveira,® Danyelle C. Marini,’

Eliana G.M. Lemos,® Claudia B. Monteiro-Vitorello,'® José H.M. Tambor, "

Dirce M. Carraro,'%?4 Patricia G. Roberto,'? Vanderlei G. Martins,?! 50 labs

Gustavo H. Goldman,?? Regina C. de Oliveira,'* Daniela Truffi,'® Carlos A. Colombo,'®
Magdalena Rossi,* Paula G. de Araujo,* Susana A. Sculaccio,'” Aline Angella,'®
Marleide M.A. Lima,'® Vicente E. de Rosa Jr.,'® Fabio Siviero,? Virginia E. Coscrato,"®
Marcos A. Machado,?® Laurent Grivet,?* Sonia M.Z. Di Mauro,®

Francisco G. Nobrega,'' Carlos F.M. Menck,> Marilia D.V. Braga,*#® 238000 ESTs
Guilherme P. Telles,” Frank A.A. Cara,* Guilherme Pedrosa,” Joao Meidanis,” and 43000 Transcripts
Paulo Arruda'-27-2°

200 researchers

13:2725-2735 €2003 by Cold Spring Harbor Laboratory Press IS5M 1088-9051/03 $5.00; www.genome.org Genome Researc
WWW ZENOME.org

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



Number of scientific articles on ISI WoS
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| R570 BAC library (Hindlll)=

A | 103,296 clones Screening for gendch regions by membrane
1IN / j (Tomkins et al, 1999, TAG) hybridization, overgo or 3{ools

i 1.3x total genome equivalent

14x basic genome equivalent

R - http://bacman.sourceforge.net

Three dimensional pools (3D-pools) production:
o P - An efficient ready-to-use tool for BAC library
. screening

B Plate Pools

e o 16 Lne Pools

Suan 78 - _..v. : / 24 Colurrm pooils



[ BAC_NAME] Shcrba_022 020
[Annotation_Ref Gene_1] Replication protein A 70kDa

[Synonyms] REPAL, 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_56UTR] tgg. .. FREBERKQGBROWSHItpMA.R] tgg. .. [ ORI

13 iBJD 131 ,I5I]I] 131 ,I?5I] 132,|I]I]I] 132 ,|25IJ 132 ,|5I]IJ 132 ,I?5IJ 133 ,II]I]D 133,372 133,|?5I] 134,|I]I]I] 134,|25I] 134,|5I]I] 134,|?5I] 135,|I]I]I] 135,|25I] 135,|395

ldentity

Tarzen | 141,406 (ERINAE] AEIED] T3z, 111 T32.328 132,504 T3z 6al 133,026
E‘l‘I,BA.C_[]ZZ_oZ[]_Suga__ — L HHTHUH A HTRL HHH HTH B TR AT W HCOT B T SR A BT W 00 148 2
L+ 2 SCVPRZ2036F02.g ————
L+ 3. SCUTSBI1076B11.9
2 a2 3249 78 785
L+ 4 SCSGFL4118D01.q ()
L+ 5 SCPILB2024E02.9
i 221 470 677
[+ 6 SCMCLR1010A02.g I —— —
L+ 7. SCEQAM2037D06.Q
1 212 446 G748 and 1,152 1,375 1,612 1,838 2,088 2,338 2,538 2,838 3,085 3371
[+ 5 SB04g0347680_Geno...
1 184 426 BTG Q26 1,176 1,426 1,673 1,850
L+ 9. SB040034780 CDS
60 408 ] X 1,102 1,344 il k I o . 4 d p 4 o i ]
L+ 10. Zmays_GRMZM2G... — — 1 - 1 - I I LTI I I |
L+ 11, 5UTR_Zm_GRMZM... h
1 125 373 @02
L+ 12, CDS_1_Zm_GRMZ... o —
1 235 4G5 To7 Q56 1,284
L+ 13, INTRON_Zm_GRM... N - O O 1
1 1581 401 a51 a1 1.181 1,398 1,684
L+ 14, CDS_2_Zm_GRMZ...
1 1 334
L+ 15, 3UTR_Zm_GRMZM... -

Statistics of Align - Sequences = 15

Identical Sites = 133,845 (97.4%} Pairwise % ldentity = 67.6%- Freq % of nongaps = A: 43,107 28.5%; C: 33,665 22.3%;3%,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



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
~3.5 Gbp were sequenced

~11 million reads were obtained

dec/10 assembly

Shi3goosado.l icds

(I RE I I £ W EE e CEERLEEREEE Thermmmmmmmemmmem e S I— B W L W SEEREEELEEREEE I, - [ 1 S I TEEEY W . I—
contigaizdas contigs2aa2 contigdoona’? contiglogado
I (- ] | I
length=516 numreads=2, score=dz9 length=1659 numreads=3d, score=1195 length=1075 numreads=15, score=953 length=1002

contigl 51097 contigzzd762

] ]

length=868 rumreads=12, =score=&73 length=72Z numreadz=5, =score=5&67
contigll3doa

- -
length=951 numreads=11. =score=115
contiged3ea5

[ |
length=202 numreads=3, score=g9

8 contigs align t&bGjJ 96% identity 71% coverage
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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
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New Varieties

I2006 I

13 clones in
final phase

168 clones in
Experimental Trials

619 clones in T3

; 12 years
2 clones in T2 (1.349 Clones Brix > RB855

398.477 Seedlings in T1

Total: 406,069 genotypes



SP86180 x SP8@966, 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)

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




Tropical Plant Biol.
DOI 10.1007/s12042-010-9050-5

The Biotechnology Roadmap for Sugarcane Improvement

Carlos T. Hotta - Carolina G. Lembke - Douglas S. Domingues - Edgar A. Ochoa -
Guilherme M. Q. Cruz -« Danila M. Melotto-Passarin + Thiago GG. Marconi -

Melissa O. Santos - Marcelo Mollinari - Gabriel R. A. Margarido -

Augusto César Crivellari - Wanderley D. dos Santos - Amanda P. de Souza -

Andrea A. Hoshino - Helaine Carrer+ Anete P. Souza - Antonio A. F. Garcia -
Marcos 8. Buckeridge « Marcelo Menossi - Marie-Anne Van Sluys « Glaucia M. Souza
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Improved Sugarcane

N ———

1 ¢ Gene Discovery

Genes associated to agronomic traits of
interest

Gene function evaluation

C4 model plant system

2 ¢ Physiology

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 ¢ Transgenics

Expression vectors

Complete ORFeome

Promoters

Screening methods for phenotyping
(metabolomics, gPCR, biochemical assays,
cell wall)

6 - Marker identification

Integrated databases and translation of
transcriptome data to marker assays
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Waclawovsky, A. J., Sato, P. M., Lembke, G. M., Moore,
P. H. and Souza, G. Bugarcane for Bioenergy
Production: an assessment of yield and regulation of
sucrose content (Plant Biotech2D10)

High yield variety: 260 ton/ha in 13 months
(commercial at Agrovale, Bahia) and 299 ton/ha
(experimental at Fazenda Busato, Bahia)
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Waclawovsky, A. J., Sato, P. M., Lembke, G. M., Moore, P. H.

and Souza, G. Msugarcane for Bioenergy Production: an
assessment of yield and regulation of sucrose content

(Plant Biotech. J2010)

Potential yield of sugarcane

Yield potential
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|Commercial Average 84 39 10.7
|Commercial maximum 148 69 18.8
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Over 50 cultivars and ancestor genotypes are being evaluated at the
sequencing, expression and physiological level

SP803280 as a reference cultivar

-
=

o
[=]

Contrast:
High vs Low
Precocious vs Late 2
Tolerant vs Susceptible g

Mot differentially expressed

. . S. spontaneum
S. sinensis

S. robustum

S. officinarum

RB867515




Progeny 1 Sucrose |Glucose |Fructose |Progeny 2
Genotypes Brix % m/m |% m/m |% m/m |Genotypes |Brix
CTC98-241 18.00 |7.311 1.322 10.988 C158 18.3
CTC98-242 18.60 ]9.183 1430 |1.014 C121 18.8
CTC98-243 19.20 |10.956 [0.649 |0.602 C171 16.8
CTC98-244 1460 (11.161 [0.633 ]0.646 C496 17
CTC98-246 18.80 (10.974 [0.709 ]0.545 Cc11 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 129
CTC98-271 6.00 0.92 1.0908 ]0.992 C250 115
CTC98-272 6.80 1.07 0.725 [0.632 C405 15.2
CTC98-277 7.40 158 0.774 |0.716 Cl44 13.2
CTC98-279 7.80 1.74 1.318 |1.066

IMPACT

BMC FACTOR
Genomics 4.18
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Research article

Sugarcane genes associated with sucrose content

Flavia § Papini-Terzi =0, Flavia R Rocha ™, Ricardo ZN Vencio =, Juliana M Felix =, Diana § Branco =, Alessandro J Waclawovsky
B4, Luiz EV Del Bem 2, Carolina G Lembke 24, Maximiller DL Costa 2, Milton Y Nishiyama Jr B4, Renato Vicentini B4, Michel GA
Vincentz &, Eugenio C Ulian B, Marcelo Menossi B4 and Glaucia M Souza &4

BMC Genomics 2009, 10:120  doi:10.1186/1471-2164-10-120

Published: 21 March 2009

WORCAL . Expression Profile of Signal Transduction Components in a Sugarcane Population Segregating for
e Sugar Content

Journal Tropical Plant Biology

Publisher Springer New York

ISSN 1935-9756 (Print) 1935-9764 (Online)
Issue Volume 2, Number 2 / June, 2009
oot 10.1007/512042-009-9031-8

Pages 98-109

Subject Collection
SpringerlLink Date

Biomedical and Life Sciences
Wednesday, July 15, 2009

% PDF (394.7 kB) [ HTML i Supplemental Material

Juliana de Maria Felix® %, Flavia Stal Papini-Terzi®, Flavia Riso Rocha®,
Ricardo Zorzetto Nicoliello Véncio®, Renato Vicentini 2, Milton Yutaka Nishiyama Jr®, Eugénio César
Ulian®, Glducia Mendes Souza® and Marcelo MenossiZ ™

Crossing of 21 S. officinarum genotypes

Crossing of 13 S. spontaneum genotypes

Selection of S. officinarum hybrid
individuals with extreme sucrose
content (high and low brix)

Selection of S. spontaneum hybrid
individuals with extreme sucrose
content (high and low brix)

Crossing of selected individuals

Selection of F1 individuals with
low brix

Selection of F1 individuals with
high brix

Polycross 1 of selected F1 individuals
with high brix

Polycross 1 of selected F1 individuals
with low brix

Selection of Fi individuals with
low brix

Selection of F2 individuals with
high brix

Polycross 2 of selected F2 individuals
with low brix

Polycross 2 of selected F2 individuals
with high brix

Selection of 8 F3 individuals with the lowest
brix content from the population in graph

Selection of 8 F3 individuals with the highest
brix content from the population in graph

Freq. High Brix Population Freq. Low Brix Population
200 00
18.0 18.0
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14.0 140
120 120
10.0 100
80 80
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40 4.0
20 20
0.0 00
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Brix % Brix %

Pool of leaves +1 of the 8 highest brix individuals (LV-HB)
Pool of leaves +1 of the 8 lowest brix individuals (LV-LB)
Pool of internodes 1 of the 8 highest brix individuals (In1-HB)
Pool of internodes 1 of the 8 lowest brix individuals (In1-LB)
Pool of internodes 5 of the 8 highest brix individuals (In5-HB)
Pool of internodes 5 of the 8 lowest brix individuals (In5-LB)
Pool of internodes 9 of the 8 highest brix individuals (In9-HB)
Pool of internodes 9 of the 8 lowest brix individuals (In9-LB)



Phosphorylates sucrose phosphaimthase (SPS) and nitrate reductase (NR), which
together with binding of 148-3 proteins inhibits their activity

category sub category 1 sub category 2 HB vs LB Min vs lIn Drought  ABA Sucrose Glucose
adapter 14-3-3 protein GF14
adapter 14-3-3 protein GF14
adapter 14-3-3 protein GF14
adapter 14-3-3 protein GF14
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Sucrose 6-P
Phosphatase

Sucrose

Storageparenchyma(R), Phloem (f), Fiberand bundle parenchymalcells (arrows), Bundle distal
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Waclawovsky, A. J., Sato, P. M., Lembke, C.
G., Moore, P. H anflouza, G. M.

Sugarcane for Bioenergy Production: an
assessment of yield and regulation of
sucrose contentPlant Biotechnology
Journal(2010)
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Hemicellulose
and pectin
synthesis

Sucrose
synthesis

Waclawovsky, A. J., Sato,
P. M., Lembke, C. G.,
Moore, P. H an&ouza,
G. M.Sugarcane for
Bioenergy Production:
an assessment of yield
and regulation of
sucrose contentPlant
Biotechnology Journal
(accepted)
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A Southeastern BR: > 1100 mm
rain
I Rainfed
i af{l £t QgFr3S¢ ANN
germination in dry periods
I lrrigation is option for higher
yields

A Northeastern BR: irregular ou
iInsufficient rain

I Part of the area is irrigated

LOCATION

South-Central region
represents 87% of
sugarcane harvest

&—

BIOEN HC 032010 éSéE E’rt%jeeCEZt
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In most regions irrigation is not necessary
(except salvage irrigation in some areas)

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

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

I Great water use efficient improvements in the last 20 years
(5.6 to 1.8 Mt cane)

i Model mill: 0.46 ¥t
More strict laws for surface water protection

BIOEN HC 032010 GSB Project 47



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

Sensors (30, 60, 90 cm)

Irrigation

IAC



Stomatal conductance
Photosyntesis
Transpiration

Carboxylation Efficiency
Water Use Efficiency
Intrinsic Water Use Efficiency
Hydric Potential 4h
Hydric Potential 13h
Osmotic Potential 5h
Osmotic Pontential 12h
Potential Quantum Yield 5h
Potential Quantum Yield 13h
Effective Quantum Efficiency 10h

Plant Height

Leaf Lenght
Leaf Width

Expanded Leaves
Green Leaves
Plants in Central Line (NPLC)
Visible Sky
Leaf area index (IAF)

Carotenoids
Chlorophyll a
Chlorophyll b

Total Chlorophyll
Chlorophyll a/b

Soluble Sugar
Proline
Soluble Proteins
Soluble Amino acids
MDA
CAT
APX

irrigated Norrirrigated USP, UNICAMP, UFV, UFAL, UFPE, UFRPE




Plant Information

Variety, Location, Sample, Replicate

H

Treatment

Condition, Field/Vase, Date/Time

Measures

RGA, LAI, SPAD.Fluorometer, Brix, etc

Statistical Analysis

Statistical Measures

A

-

A

flicroarray Expression

A

A4

Pathways/Annotation

lJ

Phenotype Explanation/Interested Genes

-




Production of transgenic sugarcane plants

Explants: Callus Regenm:/lragprSelective
e — edium

Immature Leaves Induction
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Sugarcane transgenic plants with increased

Z:: = sucrose content:
2 o % SCE PR 3 CIPKs gene silencing using RNAI
g 006 |
§ 004 | co c1o
-y PapiniTerzi, F. S., Rocha, F. R., Véncio, R. Z. N., Felix, J
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e maig OB s s me @2 Re umna Vicentini, R., Vincentz, M., Ulian, E. C., Menossi, M.,
" Souza, G. M(2009). Genes associated with sucrose
3 o Jf content. BMC Genomic40, 120. doi:10.1186/1471
P SCS eIk ag) 216410120
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S o . Genes associated to sucrose content, sugarcane with
A increased sucrose levels
! e ﬁ ﬂ USPTO Patent US 11/716,262.
ey L - PCT/BR2007/000282.
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The SUCESTUN DB is based on five main topics: Gene Annotation, Gene Expression,
Public Resources, Sequencing Projects and Functional Genomics.

[ Transgenic Plant ]

Kinases [ Phosphatases ] [ Gene Ontology ] [ GRASSIUS ]

[ Functional Annotation }

------------------------------- [ KEGG } [ Pathways J

................................. P

Functional Genomics

[ SUCEST ] { Promoters
cDNA Chip oligo Chip \//

[ Gene Expression } [ Sequencing }

—

[ gRTFPCR ] { miRNA } [ Physiology ] [ Genome ] Molecular Markers i



http://sucest-fun.org
http://sucest-fun.org
http://sucest-fun.org
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DataBase & Tools Projects

Home » DataBase & Tot Cane Genome [ . CB Workflows
B Cane Gene Express!

SIS Yy  Functional Catalogue Signal Transduction _

Cane Transgenic DB Carbohydrate Met,

Mo Pending Actions

The Sugarcane Genc

Generic Tools [ CanePPaseDB

Published Data [ Cell wall
CanePromDB CanePKDB —
The goal of this proji  ©aneTFDB | Search by RegEXpr  \ents in the sugarcane

genome.

The SUCEST-FUN Database Project

The SUCEST-FUN Project aims to associate function to the genes identified by the Sugarcane EST
Project (SUCEST)

The Sugarcane Regulatory Network Database

This Project aims to study gene expression regulation and to generate tools that will allow us to
emmply a Systems Biology approach in sugarcane to identify regulatory networks
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PROCESSING DIVISION

NSNS

b

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

w Identify and improve bottlenecks in ethanol production chain at the mill (reception, juice extraction,
hydrolysis process, among others)

w Improve fermentation process yield

w  Optimization of water recycling and energy efficiency

w Improve separation processes especially to dehydrated ethanol

w Develop cellulosic ethanol technology focusing the following objectives:

Characterization and development of physiceemical 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



sSucrose

Bagasse
Cellulose

1 Ton of Cane = 1,2 Barrels of Oll

Sucrose — Ethanol

Bagasse — burnt for heat for the mill
and electricity sold to the grid

Leaves and Stalks — burnt on the field
— Burning phasing out in SP until 2014/2017
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Caogeneration 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 2015enetation
(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

N AWAVAENT P

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

Sugarchemistry for intermediate chemical production
Alcoholchemistry as a petrochemistry substitute
SYNTHETIC BIOLOGY

w  Consorted bioethanebiodieselbiokerosene production

w Develop products from ethanol via acetaldehyde and ethylene route

w Perform Chemical synthesis of intermediate oxygenated chemicals (alcohols, acid ketone
polymers (PHA, lactic acid), nutraceuticals directly from sucrose

w Develop biocatalysis for transformations of carbohydrates in valuable chemicals

w Biobased chemicals using a synthetic biology approach

Industrial microbiology Bioprospection and directed evolution of microorganisms
Automation, robotics for screening and selection of organisms

Metabolic engineering Desigmnof proteins and enzymes

DNA synthesis, expression systenfystems biology

Synthetic chemistry Consolidated bioprocessing

Complete substitution of fossil fuel derived compounds



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

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

A great impact of almost zero CO2 emission within the
whole integrated process

Rubens Maciel (Unicamp)



Rubens Maciel (Unicamp)



