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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)

Large amount of carbon partitioned into sucrose (up to 42% of the stalk dry weight)
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Potential yield of sugarcane
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Hemicellulose

and pectin
synthesis
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New Varieties

I 2006 I

13 clones in
final phase

168 clones in
Experimental Trials

619 clones in T3

: 12 years
92 clones in T2 (1.349 Clones Brix > RB855

398.477 Seedlings in T1

Total: 406,069 genotypes
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Leaf +1

65-70% of the genes
have no known function
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Categories

Low Brix x High Brix pools
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SASGMS37131 stress Aquaporin -

Differentially expressed genes found when Low brix versus High brix from Leaf+1 and Internode 1 were pooled and when High brix genotypes
were compared with low and high photosynthesis.
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12SNF8b
c10 12SNFTc 8SNF2b

se
accharides (ratio) 0.47 051 0.57 0.73 3.36 5.38 9.19 931

3.23 31.42 14.15 39.03 66.2 53.49 64.75 72.28

Sugarcane transgenic plants with increased
sucrose content:
3 CIPKs gene silencing using RNA.I

Papini-Terzi, F. S., Rocha, F. R., Véncio, 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 Genomics 10, 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.

Glducia Mendes Souza, Flavia Stal Papini-Terzi, Flavia
Riso Rocha, Alessandro Jaquiel Waclawovsky, Ricardo
Zorzetto Nicollielo Véncio, Josélia Oliveira Marques,
Juliana de Maria Felix, Marcelo Menossi Teixeira,
Marcos Buckeridge, Amanda Pereira de Souza,
Eugénio César Ulian.

Universidade de Sao Paulo, Unicamp, Centralcool,
CTC and FAPESP



Phosphorylates sucrose phosphate synthase (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
adapter 14-3-3 protein GF14
adapter 14-3-3 protein GF14
adapter 14-3-3 protein GF14
protein kinase SNF-like kinase caneSnRK1-2
SnRK1 SnRK1 UDP-Glucose + Fructose 6-P
-
AKINBy/AKINy D Sucrose
= > — Phoslghate
, Synthase
14-3-3 Y
Sucrose 6-P
Sucrose 6-P
Phosphatase
Sucrose

Storage parenchyma (R), Phloem (f), Fiber and bundle parenchymal cells (arrows), Bundle distal

cells (ce), Bundle proximal cells (ci)




a ABA absent

PP2C Phosphatase

Kinase

Receptor
IN/IEE 7NN SnRK2, PP2C, ABA and

osmotic stress
/> Transcription
.

b ABA present

Active site’

ABA

PYR/PYL/RCAR \YA

Plant biology: Signal advance for abscisic acid
Laura B. Sheard & Ning Zheng
Nature 462, 575-576(3 December 2009)
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Functional category Gene Expression

Signaling transduction G protein Down

Phosphatases PPZC Catalytic Subunit Down
PP2C Down
PP2C-like Down

Kinases caneCDPK-3 Down
caneCIPK-27 Down
canePRABAL Down
caneCDPE-11 Down
caneCDPK-12 Down
MAPK,/MAPKK/MAPKKK Down

Calcium-binding Probable calcium-binding protein  Down
CMLAS
Probable calcium-binding protein  Down
CML12
Probable calcium-binding protein  Down
CML1G
Probable calcium-binding protein ~ Down
CMLAS

Transcription factors DREB1 Down
DRE binding protein Down
Putative NAC domain-containing Down
protein 94
DRE binding factor Down
MAC domain-containing protein 67 Down
Transcriptional factor MYB-like Up
Transcriptional factor MYB-like up



37 receptors
40 Transcription factors

Plant STC GT 3', ',

Ll e

Sheen et al., 2006



Sequencing the Sugarcane Genome
Need Promoters!

Whole Genome Shot-gun: 10 x coverage of the monoploid genome (10 Gb)
BAC-by-BAC: sequence 4000 BACs corresponding gene-rich regions (1000 BACs)

Full length cDNA sequencing: S. officinarum, S. spontaneum, SP80-3280, RB867515, RB855486
Annotation pipeline

Assembly algorithms
Chromatin Immunoprecipitation ChIP-Seq
Integrated Database



Genome organization of a
modern cultivar

Each bar represents a
chromosome

Chromosomes in the same
column are homologues

—1 S. officinarum

— S. spontaneum

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



Synthetic genome: poliploid genome with macro rearrangements

Gueries

Con b

W Connet Mates Linking

96 artificial chromosomes, 10 x sequencing coverage, 1kb fragments
Comparative genome assembly (AMOS)

Successful ancestor genome assembly (1 copy) IVHOSOft' I

Could not distinguish multiple copies of the same chromosome
Work algorithms to poliploidy

Gabriel Margarido, Bob Davidson, Glaucia Souza, Augusto Garcia, David Heckerman



average | average
coverage | identity

Match - Saccharum ESTs Hits No Hits %, %

(1) Blastn Saccharum ESTs vs

Sorghum Genome 205,061 78,096 72 92

(2) Blastn Saccharum ESTs vs

Sorghum CDS 200,207 82,950 80 94

“No match”Saccharum ESTs in

Sorghum Genome

(3) Blastn Saccharum ESTsNoMatch

vs Maize Genome 7,761 70,335 42 93

(4) Blastn Saccharum ESTsNoMatch

vs Oryza sativa jp. Genome 831 77,265 31 93

(5) Blastn Saccharum ESTsNoMatch

vs Brachypodium Genome 9,184 68,912 30 90

(6) Blastn Saccharum ESTsNoMatch

vs Miscanthus Genome (1%) 13,690 64,406 30 93

(7) Total Saccharum ESTs Match 225,967

against the genomes (79.8%)

(8) Total Saccharum EST No Match 57,190

against the genomes above (21.2%)




27 454 runs; 10.8 Gbp were sequenced from 5 different shotgun libraries
Leaf DNA from the sugarcane (SP80 3280) was broken into fragments of 500 bp

to 1000 bp (average ~650 bp) and sequenced using 454

Assembly of 6.0 Gbp using Newbler (40pb coverage, 90% overlap) generated

598 Mbp of unique assembled sequences

14,000

12,000 o

10,000

8000 -

000 -

4,000 -

2,000 4

Mumber Of Library Reads

o0 200 300 400

U T T
500 &00 700 00

Fead Length, Region Total

T T .
800 1,000 1,100

Raw Wells

Key Pass Wells
Passed Filter Wells
Total Bases

Length &verage
Length 5td Dewiation
Longest Reads Length
Shortest Reads Length
Median Reads Length

1,165,054 1,148,896
1,135,628 1,117,380
874,191 860,882
374,471,974 362,600,534

42836 421.20

113.00 113.32
1,190 933
40 40
466.0 458.0

2,313,950
2,253,008
1,735,073

737,072,508

424.81
1,190

40
462.0




BAC
sequencing

Shotgun
sequencing

SASGMS27187
E

1
BAC146 1 11370

E
|

1
11504 2 11799 11922
11452

p 11859 94142bases
\
\

697
302 637 760
SASGMS27187
19085 19480 19863
BAC511 19022 19145

19562

132528 bases
N \ \
\ \ \
\ \ \

1 1
\ 1 1
v 1
\ \ \ A 1
\ ) O L 1
\ v i 1
697 637 302
760

1
SASGMS27187

scgal_contig92266

SASGMS27187

Scale of identities

95% 96% 97% 98% 99% 100%



The Sugarcane Gene

BAC Prediction Pipeline

[AUGUSTUS; MYOP; PASA]

Batch PlantProm SWISS-Prot
CD-Search DB SAS Database

BLAT
EXONERATE

SUGARCANE GENOME
ANNOTATION

MYOP predicted 1646 genes with a total of 2.732.522
nucleotides

AUGUSTUS predicted 1701 gene with a total of 2.192.548
nucleotides

Incorporates data
from 3 different
sources

MYOP,
AUGUSTUS,
SUCEST mapping
with PASA

387 genes with
EST partial
validation

of which 306 are
supported by
both predictors

Around 16
genes/BAC
without masking
repeats



' _ Sugarcane ancestor

\ ‘ High sugar content
) Low yield

= S8 Disease susceptible

“’ Saccharum officinarum
\ Y/

Hardcopy Library
a) cDNA source
b) Clone isolation

Optional: Library Normalization
e Reduction of high and
e enrichment of low abundant genes

‘
Clone Array and CE sequencing

Enrich full length mRNA with

CAP specific antibody

"o

Prepare ds cDNA

Gateway

BxP

cDNA
Library

...........................................................

S. officinarum

48 Mb assembled

455, 000 reads

13,000 contigs

Range: 100 to 6,000 bp

V. i
Saccharum spontaneum y \ V

Sugarcane ancestor

Low sugar content \ |
High yield ‘& l'
Disease resistant ” ‘\ Y/

@ Life Technologies

S. Officinarum
266,771,118 reads (87% confirmed full length)
S. Spontaneum
263,313,288 reads (91% confirmed full length)


http://upload.wikimedia.org/wikipedia/commons/archive/a/a0/20090116025630!Saccharum_officinarum_Blanco1.18.jpg

* Exemple of full length cDNA (based in sorghum genome)
» ASPARAGINE SYNTHETASE

L]

{ 1 kbp | ,
+ t t t t } t t t t t t t t t | t t t t t t t t t | t
7298k 7299k F2e0k
* EEEEHEBUserBlast
match:BLAST

your .guerd BLAST chramozome_1 featurel [e-Yalue = Q]

[ =
+ B E B B HHE Transcript

Sholgingd2o .1
{ 1 " e

Color Key for Alignnent Scores

L4 d()=5i)

0 250 500 7590 1000

Two different SAS, same contig! (coverage >92%; identity > 99%)
— SAS extension/assembly



Regulatory Regions 5'Upstream __ 3’ Downstream Size

Total of Putative UTRs/ESTs 1791 2467 1-4000pb
Total of Putative Promoters 56 - ~300pb
Sugarcane ACCCTGTC-TATTCTTGITTACTTCTCAGATTGGACATGTTACGAAA - ACTGGCGA- - - - S4
O.sativa ATAATGACGCAATTAGGCTTAA AAGATT - - - CGTCTTGCAATTTACTGGCGAACTA 353
Sugarcane TATTGCTGOTCCTCRCCTCTTAGAGCACATAGTGGATGT - - - TGTTCTTT - - ATATGGAG 108
O.sativa TGTAATTATTTTTTTCTACATTTAATACTTCATGCATGTATCTGAACATTCAATGTGACA 113
Sugarcane [ - -TTGGTGAATTAC-TGCATCC- - AAATATT - GTGCCGCACACAAAC 15)
O.sativa COGTGAAAAATTTTATTTGOGAATTAAACATATCCTTAATCATCAGCACTTCATCAATAT 173

. LR L (AR R RR i " " L ‘ " L L
Sugarcane AAATACTTGATTCTGCCT GGGAAAATTCG AAATGATTTTCA AAGGT 197
O.sativa AAMAGAACAACCCAGCOTCOACTAATCCACTACACACCACGTGATTTCCTCTCCCARATC 233
Sugarcane CA- - AAT 202
O.sativa CACCAACCGTCCTCCGGT 291




apr/11 assembly

5 contigs align to SbG/; 91% coverage

Shidginsado.l icds

i 2 s i SEEERREELL 1 R SSCOURLIEEECOE s S e EEC s SERCECCEEIERES [ UL s SRR BN m—
contigd7986 contighiahid contigaddad contighddas
3.5 kpb upstream —apr/11
3 contigs; 44.3% coverage
-3500 -1
™ contig106037 - a ™ cont1g39355
&‘51%5_[5??? --------- R e RS  E——
3.5 kpb downstream — apr/11
4 contigs; 68.5% coverage
" 1Kc0ntig394154 cantig11554§K N *
contigdod?s

contigidae7a
—— 1t



We are u5|r.1g comme.r§|al antibody against SersP (& ..) Ser2,5P (& ...) S )
the C-terminal repetitive YSPTSPS of RNA nonP
Polymerase Il CTOK-
. eg e — Ser5P
ab5408 (Abcam): Recognizes repetitive (PTEFD) Ebue
region when phosphorylated and non
phosphorylated —~ e
pre- Initiating elongating terminating
initiating RNAPI RNAPII RNAPI
RNAPJI
Phatnani & Greenleaf (2006) 20:2922-2936 Genes Dev.
0,25
0,20
> 015 1012F12 and 1024E12: Leaf
= . Expressed genes
£ 0,10 T . .
SCEN: Centromeric repetitive
0,05 4- E sequences

1012F12 1024 E12 SCEN

|l IgG Mouse O ab5408 |




Reads mapped in shcrba_007_c22

%hcrha_ﬂﬂ?_czz

P 1 1 1 1 1 1 1 1 1 1 1 1

ok 100k, 20k 30k, 40k Rk, B0k 70k, auk, a0k, 100k 110k, 120k |}

o 100k, 20k 3k, 0k Rk, Bk 70k, Bk, a0k, 100k 110k, 120k
|

1 1 1 1 1 1 1 1 1
ok 10K 20k, E7na 40k Bk, B0k, 70K 0k a0k, 100k 110k, 1700k,
EERHEHHsimddb predictions

sherba_Be7_c22: 195.2 kbp 30 ka' |

23346 15CMCAMLLOLFOL .5 34111 :SCHMCST1055E10 .2 172 i SCRUFLLOLZROY . 8
bl O >
3866 1 SCHMCLELOSZEDS .8
| i i | B ]
16751 tSCCCCLAO01IHOL .5
L1 |
3322 SCEOFLT044C11
Ay |
/ 26610 1 SCEPCLEO1SH.
1l

| ——— v \\ ;
Ratio Pol i 11g6 Wwijh I MJW MMM MMWM T R )

nag n 1 ¥

-
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rLea;

Window Size: 200 pb
Fso0

B0, VORI, MBI il

1000

RNA Pol Il Mapped Overview ’N
Rl lag e

i St iSEES

B EH E - ChIPSeq_IgG_Statistica

IgG Mapped Overview Window Size: 200 pb
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Preliminary Data



Reads mapped in chromosome 1
(Sorghum bicolor)

chronosone_1
||||||||| | I T TR TR ST TN S M SR S | IR R T T S TN TR TN N TN T S S SN TN S SR T NN S T S SU S S SUN S S [ S S S SUN S T T S S SN T S S S S S T S S S S S
oM 10M 20 30M 40 50 60M 70M
} + + + + | + + + } :|
20600k | | 20700k |
.....

1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1 1 L 1 1 r\. 1 1 1 1 L 1 1 1 1 1 1 1
20660K 20670K 20680K 20680k 700k 20710k
* BEEREHBA Sorghum Protein-coding genes
019300

Shilg019310
Sholgndeaio, 1 SRR i fHk=—t=D

* EEHEHHBSim4db predictions

SCVPFLAOSEGOS .2
= O
SCRLLR1OESELO . g SCCONRIOOIFLL . g
S Uanien b1 [0 | [l | bonll || |
* BEEEHH Pol_livsigG
i A A A\ A, Ioannp, ﬂj\n Afi Nn

Preliminary Data



Targets (10)

SAS TF Develop |Drought
SASGMS00068 MYB
SASGMS00064 MYB
SASGMS00071 NAM
SASGMS00002 HLH
SASGMS27191 | AP1/MADS
SASGMS00003 | homeobox
SASGMS00001 HLH
SASGMS00062 WRKY
SASGMS34742 NAM
SASGMS00067 | AP2/EREBP
gRT-PCR Validation (10)

fv_': WRKY []Control
T 0,16, M Drought
I
o 0,124
% o
O
< 0,084
=
o'
&
»‘—E 0,00 ,[.1, Nl . BTN el

V1 V2 V3 V4 V1 V2 V3 V4

72h 120h

Construction (7)

SAS pCR8 pDEST15 | pDEST17
SASGMS00068 Ok Ok Ok
SASGMS00064 Ok Ok Ok
SASGMS00071
SASGMS00002 Ok Ok Ok
SASGMS27191 Ok Ok Ok
SASGMS00003 Ok Ok Ok
SASGMS00001
SASGMS00062 Ok Ok Ok
SASGMS34742 Ok Ok Ok
SASGMS00067 Ok Ok Ok

Antibody (7) / Western (3)

SAS TF Antibody Western
SASGMS00068 MYB Ok No tested
SASGMS00064 MYB Ok Ok
SASGMS00071 NAM
SASGMS00002 HLH Ok Ok
SASGMS27191 | AP1/MADS Ok No tested
SASGMS00003 | homeobox Maize Ok
SASGMS00001 HLH
SASGMS00062 WRKY Ok No tested
SASGMS34742 NAM Ok X
SASGMS00067 | AP2/EREBP
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11,725 oligos above background signal (expressed)

P | v
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Sub-projeto 2 Sub-projeto 5
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The SUCEST-FUN Database

'@ List of Publications
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Cane Genome
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) I} Cane Gene Express [ Microarray Admin  [»
Your Details
) _ Functional Cataloguel- Expression Profile |+ Crossing Samples
Cane Transgenic DB [ RT-PCR [ Cross Samples (|
Submit a Web Link Sge ples (log)
Generic Tools b Search Experiments Cross samples (11
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10.1111/.1757-1707.2009.01016.x
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31:8,1116-1127
Silva, A.P., Gaspar, M., Silva, E.A.; Ulian, E.C.; Waclawovsky, A.J.; Nishiyama, M.Y.; Vicentini, R.; Teixeira, M.M.; Souza, G.M.; Buckeridge, M.S. (2008).




Sucest-Fun Web Services

_ http://sucest-fun.org
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SUCEST-FUN DB Diagram

The SUCEST-FUN DB is based on six main topics: Gene Categorization,
Gene Expression, Functional Annotation, Sequencing, Transgenic Plant and
Physiology.
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