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Transgenic sugarcane around the world

• USA

• Australia

• China

• India

• Argentina

• Colombia

• South Africa

• BRAZIL



Potencial

• Introduction of specific traits to elite 

varieties

– Herbicide resistance

• Fix varieties and clones with some 

problem

– Resistance to insects

– Resistance to diseases

– Resistance to drought stress



Technical difficulties

• Many clones

– Backcross is not possible

– Each variety must be transformed

• Capacity of regeneration

• More time

• More expensive

• “Yield lag”



Technical difficulties

Yield lag – a transgenic clone produces less than a new clone 

Transgenic sugarcane New clone

100 ton/ha 120 ton/ha



Varietal profile
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NA56-79
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SP70-1143
SP71-1406
RB835054
RB845210
RB835089
RB845257
RB855156
SP80-3280
SP78-4764
RB855453
SP83-2847
RB855113
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SP79-1011
SP81-3250
RB72454

Source: Datagro(from 1991 to 2005 – estimated)

Percentage of area with main varieties of sugarcane



Steps for a transgenic variety

Security tests  Field trialsBasic studies

Obtaining 

transgenic 

plants

Trials at 

different 

environments

Transgenic 

variety

-CTC

-Alellyx

-Esalq

-IAPAR

-Others

•CTC

•Alellyx

•Basf

•Bayer
Biobalistics Agrobacterium



Field trials

• CTC (1997-2009) – 20 field trials
– Herbicide, disease, insect, sucrose, drought, 

flowering

• Alellyx Applied Genomics (1999-2008) – 18 field 
trials
– Herbicide, disease, sucrose, drought, 

insect+herbicide

• BASF (1999-2003) – 5 field trials

• BAYER (1997) – 1 field trial
– Herbicide

Source: CTNBIO, 2009



Field trials

• Total of 44 field trials

– Herbicide – 15 trials

– Sucrose – 13 trials

– Disease – 5 trials (Mosaic and Yellow leaf 
virus)

– Insect + herbicide - 5 trials

– Insect – 1 trial

– Drought – 4 trial

– Flowering – 1 trial



Consumer market

• Negative perception of consumers related 

to transgenic

• Transgenic sucrose

– Difficulties to trade

• Transgenic ethanol

– Better acceptance



Transgenic sugar beet

Source: ISAAA, 2009



When we will have a transgenic sugarcane?

• Still a long way to go

• My guess: at least more 5 years

Security tests  Field trialsBasic studies

Obtaining 

transgenic 

plants

Trials at 

different 

environments

Transgenic 

variety



Transgenics in RIDESA



Transgenics in RIDESA

• Rede Interuniversitária para o 

Desenvolvimento Sucroalcooleiro

• History

– Created in1990 with the end of 

IAA/Planalsucar

• 11 Federal Universities

• Breeding Program (PMGCA)

• RB Varieties





RB Varieties

• More than 50% area 

– RB72454

– RB867515

– RB92579

– RB966928



Transgenics in Ridesa

• Paternships

– IAPAR

– EMBRAPA



Transgenics in RIDESA



Drought resistance

• Paternship RIDESA/UFPR/IAPAR

– Biotechnology lab IAPAR 

– Thesis – Hugo Molinari

• P5CS Gene  

– Proline biosinthesis 

– Vigna angustifolia



Construction used

Tpin barP35S Tnosp5csAIPC

pJS107

Inducible stress Promoter

Gene for drought tolerance stress

Gene for herbicide resistance 
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Results

• 17 events were obtained

• Drought resistance tests

– Greenhouse

– 3 events  choosen – T4, T7 e T10

– 12 days without irrigation







Proline concentration
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Dry mass of aerial part after 12 days of 

stress
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Dry mass of root system after 12 days of 

stress

0

20

40

60

80

100

120

140

160

R
o

o
t 

d
ry

 m
a
s
s
 (

g
)

Controle

T4

T7

T10



Why transgenic plants were more tolerant to 

drought stress?

• Osmotic adjustment?

• Protection against oxidative stress?

– MDA

• Protection of the photosynthetic 

apparatus? 



Osmotic adjustment
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Protection against oxidative stress (ROS)



Lipid peroxidation (MDA level) on leaves
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Total chlorophyll on leaf segments treated 

with paraquat (5 µM)



Conclusions

• Role of proline on protection of 

photosynthetic apparatus throught the 

capacity to act as scavenge of ROS



Next steps

• Field trial

• Transformation of others varieties with 

P5CS gene
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