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Although significant knowledge on lignin in plants
has been obtained, we still do not know to which extent
plants can survive without this polymer. Lignin content
may vary in response to several biotic and abiotic
stresses and understanding how this occurs may help to
understand the control of lignin biosynthesis. We know
“almost nothing” about lignin in sugarcane. However,
taking in account the information accumulated for
other plants and the agronomical practices and
problems in sugarcane cultivation, we may have
enough hints to plan several studies on how sugarcane
modulates lignin composition and content. Therefore,
the aim of this project is 1) to cultivate contrasting
sugarcane genetic material for lignin content in 5
locations well characterized for temperature, water
availability and irradiance and analyze lignin, sucrose
and cellulose, and then, based on these results to
study gene expression and perform a more detailed
study of lignin composition; 2) to search the SUCEST
database for ESTs coding transcription factors known
to be involved in lignin metabolism in model plants
and use this information in controlled studies (on water
supply, nitrogen fertilization, light intensity and low
temperatures under field and greenhouse conditions,
and growth chamber) to establish correlations between
transcription factors regulation and lignin content; 3)
search the SUCEST database for ESTs coding ortologs
to peroxidases and laccases and use this information
in the controlled studies to evaluate the involvement
of these enzymes in lignin biosynthesis; 4) to perform
a system biology study of regulatory network involved
in lignin biosynthesis. With this information we may get
some valuable knowledge on the lignin biosynthesis
in the complex sugarcane genome.
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Figure 1. Anatomic cuts of a sugarcane stalk showing stained vessels
for lignin (A and B) and in situ expression of dirigent proteins (C-F).
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The main result of this BIOEN project was the identification
of 6 genes that can be used to produce genetic modified
sugarcane for lower or modified lignin. They were two of the
lignin biosynthetic pathway – ferulate 5-hydroxylase (F5H),
hydroxycinnamoyl transferase (HCT) – a dirigent protein –
DIR1 – and two transcription factors – NHS and MYB58.
Other very important result was the realization that
there is variation in the ratio S/G in the pith and rind f the
sugarcane stem during its development. This was initially
observed in two contrasting genotypes for lignin growing
in the greenhouse and then in four genotypes grown in
the field. This shows that during cane ripening S are mainly
synthesized in the cortical cells, which is desirable, since
lignin with S units is more easily removed by chemical
treatments, increasing the efficiency to obtain cellulose.
This result defined the choice of the F5H gene, which is in
the unit S biosynthetic branch of lignin pathway, as well as
transcription factor MYB58, which showed strong correlation
with the expression of F5H. It is worth mentioning that the
control F5H by MYB58 bypasses the control or interaction
with other transcription factors. In the rind, either on
new stems or mature culms, S/G ratio remains low. Thus,
as a consequence the following questions become very
important: In relative terms, how important is the rind and
pith lignin in the total lignin content of the sugarcane?
What is the amount found in both tissues and this would
affect sacharification?
The control of gene expression in the pith is certainly
different of the cortex, since they have different S/G ratio,
but would be feasible to manipulate gene expression in
a way that S/G was also high in the rind? Transformed
sugarcane for F5H and MYB58 gene could provide an answer
to this. The project also allowed developing methods for
determination of lignin oligomers and S/G ratio.

Cesarino I, Araújo P, Mayer JLS, Leme AFP, Mazzafera P.
2012. Enzymatic activity and proteomic profile of class
III peroxidases during sugarcane stem development.
Plant Physiology and Biochemistry. 55: 66-76.
Kiyota E, Mazzafera P, Sawaya ACHF. 2012. Analysis of
soluble lignin in sugarcane by ultrahigh performance
liquid chromatography-tandem mass spectrometry
with a do-it-yourself oligomer database. Analytical
Chemistry. 84: 7015-7020.
Cesarino I, Araújo P, Domingues Jr AP, Mazzafera P.
2012. An overview of lignin metabolism and its effect
on biomass recalcitrance. Brazilian Journal of Botany.
35: 303-311.
Cesarino I, Araújo P, Leme AFP, Creste S, Mazzafera
P. 2013. Suspension cell culture as a tool for the
characterization of class III peroxidases in sugarcane.
Plant Physiology and Biochemistry. 62: 1-10.
Cesarino I, Araújo P, Mayer JLS, Vicentini R, Berthet
S, Demedts B, Vanholme B, Boerjan W, Mazzafera
P. 2013. Expression of SofLAC, a new laccase in
sugarcane, restores lignin content but not S:G ratio
of Arabidopsis lac17 mutant. Journal of Experimental
Botany. 64: 1769-1781.
Boaretto L.F., Mazzafera P. (2013) The proteomes
of feedstocks used for the production of secondgeneration ethanol: a lacuna in the biofuel era.
Annals of Applied Biology 163: 12-22.
Bottcher A, Cesarino I, dos Santos AB, Vicentini R,
Mayer JLS, Vanholme R, Morreel K, Goemmine G,
Moura JCMS, Nobile PM, Carmello-Guerreiro SM, dos
Anjos IA, Creste S, Boerjan W, Landell MGA, Mazzafera
P. 2013. Lignification in sugarcane: biochemical
characterization, gene discovery and expression
analysis in two genotypes contrasting for lignin
content. Plant Physiology. 163: 1539-1557.
Araújo P, Ferreira MS, Pereira L, Sawaya ACHF,
Catharino RR, Mazzafera P. 2014. Mass spectrometric
imaging: an expeditious and powerful technique to
study lignomics in Eucalyptus. Analytical Chemistry.
86: 3415-3419.

Paulo Mazzafera
Instituto de Biologia
Universidade Estadual de Campinas (UNICAMP)
Departamento de Biologia Vegetal
Rua Monteiro Lobato, 255
CEP 13083-862 – Campinas, SP – Brasil
+55-19-3521-6213
pmazza@unicamp.br

