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ABSTRACT

Sugarcane, a vital member of the Poaceae family, plays a significant role in global sucrose
production, contributing approximately 80% of the world's total sucrose output. Furthermore,
sugarcane serves as a crucial raw material for bioethanol production, offering an alternative
source of renewable energy. In the realm of sugarcane genomics, substantial progress has been
achieved in transferring genes from various plant and non-plant sources to sugarcane, facilitated
by efficient transformation systems, selectable marker genes, and genetic engineering tools.
Genetic engineering techniques enable the cloning and characterization of beneficial genes, as
well as the enhancement of commercially important traits in elite sugarcane varieties, leading to
the development of an ideal cultivar. Sugarcane is a complex polyploid crop, making it challenging
to identify a single technique that best confirms polygenic and phenotypic characteristics. To gain
a deeper understanding of how basic omics approaches can be applied to sugarcane, particularly
in terms of agronomic attributes, industrial quality traits, and responses to various biotic and
abiotic stresses. Genetic improvements in sugarcane face obstacles such as its complex genome,
low fertility ratio, lengthy production cycle, and susceptibility to numerous biotic and abiotic
stresses. Biotechnological interventions are expected to offer solutions to these challenges and
enhance sugarcane crop production. Thus, this review article presents up-to-date insights into how
advanced omics data, including genomics, proteomics can be harnessed to advance sugarcane
cultivation.
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INTRODUCTION sugarcane improvement

faces considerable

approaches rely heavily on
intricate

Sugarcane holds the primary
position as the world's leading
sugar source, contributing to
a substantial 80% of global
sugar production. Modern
sugarcane varieties present a
complex genome
characterized by high
polyploidy and aneuploidy,
stemming from a genomic
composition of roughly 70%-—
80% derived from Saccharum
officinarum and 10%-20%

from S. spontaneum. This
combination leverages the
high sugar content of S.
officinarum with the
resilience, disease
resistance, and ratooning
ability of S. spontaneum.
Conventional breeding for
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challenges due to the crop's
limited genetic diversity and
intricate  genome  structure.
Recent research efforts in
sugarcane have delved into
molecular biology,
encompassing cytogenetic
analysis and various omics

investigations, including
genomics, transcriptomics
and proteomics. These

endeavors aim to enhance
yields, elevate sucrose
content, bolster resistance to
biotic and abiotic stresses,

and unravel the genetic
regulation and underlying
mechanisms governing
sugarcane's traits and
characteristics. Omics

understanding the
relationships among genetic
composition, genes and
proteins.  However, their
effectiveness is greatly
dependent on  analytical
methods like bioinformatics,
computational analysis, and

various  other biological
disciplines. These
approaches have yielded a
wealth of new information
concerning the molecular
mechanisms underlying

sugarcane's resistance and
tolerance to herbicides, cold,
drought, salinity stress, and
plant development.
Furthermore, proteomic
methods such as two-
dimensional difference gel
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electrophoresis (2D-DIGE)
and isobaric tags for relative

and absolute quantitation
(ITRAQ) have revealed
various differentially

expressed proteins (DEPS)
and their functions in signal
transduction  pathways in

response to both biotic and
abiotic stresses. In more
recent times, metabolite

analysis has deepened our
comprehension of complex

regulatory processes,
focusing on potential
metabolites such as

saccharides and derivatives.
High-throughput technologies
enable the determination of
metabolic phenotypes,
shedding light on resistance
mechanisms.
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Figure-1 Graphical strategy showing the role of biotechnological interventions for the
development of sugarcane crop

Genomics Studies in
Sugarcane

Until now, the assembly of the
modern sugarcane cultivar
genome has remained a
formidable challenge due to
its intricate nature,
characterized by interspecific
hybridization, polyploidy, and
aneuploidy. The monoploid
genome size of Saccharum
officinarum measures 930
Mb, while that of Saccharum
spontaneum is 750 Mb. A
recent  breakthrough by
Zhang et al., (2018) involved
the assembly of the
autopolyploid sugarcane S.
spontaneum genome using
haploid S. spontaneum

(AP85-441). This effort
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resulted in the creation of 32
pseudo-chromosomes, each
holding eight homologous
groups consisting of four
members, encompassing
35,525 genes with well-
defined alleles. This
remarkable achievement
revealed that the reduction in
the number of essential
chromosomes from S.
spontaneum, from ten to
eight, was the outcome of the
fission of two ancestral
chromosomes followed by
their translocation to four
chromosomes. Notably, 80%
of nucleotide-binding  site
encoding genes associated
with disease resistance.

Geneticists are actively

exploring the connections
between the genomes of
complex sugarcane and other
closely related crops and
plants. The genomic
complexity of plants in the
Poaceae family varies from
diploid to triploid, with gene
function preservation and
origin closely tied to genomic
homology. The expansion of
genomes in grasses is
significantly influenced by
TEs, particularly transposons
and retro-transposons.
Among these, the most
abundant reverse
transcription element is the
LTR (long terminal repeat)
retro-transposon, facilitated
by transposase proteins in
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the insertion-deletion
mechanism. The active site of
transcription regulates the
retro-transposon's movement,
reinserting it into the genome
after each breeding cycle to
increase its copy number.

In the context of sugarcane,
TEs can be activated and

studied using functional
transcriptomic approaches
(Mustafa et al, 2018;
Shingote et al, 2019).
Grasses, especially
sugarcane, exhibit a

significant degree of TEs,
which can be systematically
activated  and analyzed
through functional
transcription techniques. This

approach helps unveil the
complexity of sugarcane
traits, such as sucrose

accumulation, fiber content,
and research on pathogen-
resistance proteins. Notably,
recent studies have
highlighted mutant-like
transposases as prominent
transposon transcripts in the
sugarcane transcriptome
(Chuong at al., 2017).

Transcriptomics Studies in
Sugarcane

Transcriptome analysis
furnishes crucial gene-related
data through various in silico
techniques, including probe
hybridization arrays,
expressed sequenced tags
(ESTs), or known genes from
closely related crops. Brazil
boasts one of the largest
sugarcane EST databases,
housing approximately
238,000 ESTs sourced from
26 different cDNA libraries
constructed using various
tissues from a diverse range
of Brazilian sugarcane
varieties (Vettore at el., 2003;
Cardoso-Silva et al.,, 2014).
These ESTs have been
organized into 43,141
putative unique transcripts,
encompassing 26,803 contigs

and 16,338 singletons,
collectively referred to as
sugarcane assembled

sequences. Nevertheless, the
absence of an accurate and
comprehensive reference
genome for sugarcane poses
a challenge in terms of gene
function prediction and
harnessing the transcriptome
dataset. As a workaround,
researchers commonly turn to
the reference genome of
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Sorghum  bicolor,  which
exhibits a high degree of
homology (95%) in genic
regions between sugarcane
and sorghum  genomes.
Notably, approximately 47%
of the wunigenes in the
sugarcane transcriptome data
exhibited top hits in BLASTX
searches matching Sorghum
bicolor proteins. While high-
throughput RNA-Seq has
found widespread use in
eukaryotic transcriptome
analyses, it has limitations,
such as generating short
reads that necessitate
extensive computational
assemblies and cannot span

full-length  transcripts. To
overcome these limitations,
single-molecule long-read

sequencing technologies,
such as Pacific Biosciences
long-read isoform sequencing

(Iso-Seq), have been
developed and widely
adopted in transcriptome

sequencing. This approach
offers a superior alternative
for sequencing more
complete transcriptomes and
enhances the accuracy of
gene model prediction and
validation.
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A workflow sketch of sugarcane transcriptome analysis including construction

of reference transcriptome from the de novo assembly and annotation and
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functional characterization of differentially expressed transcripts (DETS)

Proteomics  studies in
Sugarcane

In addition to transcriptomics,
proteomics approaches also
yield fresh insights into
intricate biological processes.
Therefore, understanding the
mechanisms for quantifying
proteins and their post-
translational modifications is
fundamental for
comprehending biological
systems. While the genome
remains static, an individual's

proteome dynamically
responds to environmental
stimuli and intracellular

metabolite levels.

To assess differential and

comparative protein
expression levels in
sugarcane under various

biotic and abiotic stresses,
researchers employ diverse
protein isolation and
guantitation tools. These tools
include techniques like two-

dimensional electrophoresis
(2-DE), mass spectrometry
(MS), and matrix-assisted
laser  desorption/ionization-
time of flight mass
spectrometry  (MALDI-TOF-
MS), as reviewed by
Barnabas et al. in 2015.
Additionally, iTRAQ

represents one of the primary
guantitation methods utilized
in differential plant proteomic
research. In the realm of
sugarcane, numerous current
proteomic studies have been
conducted using both gel-
based and gelfree tools
under different biotic and
abiotic stress conditions.

Proteomics approaches have
been employed to study the
regulation of the proteome
during the  development
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processes of sugarcane, as
well as to profile the
proteomes of various
sugarcane organs. To date,
numerous research reports
have outlined the
characteristics of sugarcane

proteomes, encompassing
topics such as somatic
embryogenesis in both
embryogenic and non-

embryogenic callus induced
by putrescine and exposure
to different red and blue light
conditions, the cell wall
proteomes of different
sugarcane organs at various
developmental stages, and
the proteome features of
sugarcane stems, cell wall
remodeling in  suspension
cells, and lignin composition
during stem development.

Fonseca and collaborators
characterized the cell wall
proteomes of both young and
mature leaves and stems of
sugarcane. Their findings
revealed that sugarcane
leaves and young stems
exhibited the highest rate of
lipid metabolism (LM)
compared to other species.
They identified 277 cell wall

proteins (CWPs) in
sugarcane. Another study by
Calderan-Rodrigues and
colleagues focused on

characterizing the cell wall
proteome of young sugarcane
culms, with the aim of
identifying proteins involved
in cell wall biogenesis. Their
work identified 84 distinct cell
wall proteins related to lipid

metabolism and oxido-
reductase activity.
Challenges in Cane
Breeding

More recently, sugarcane

breeding has primarily
emphasized the
augmentation of its sucrose
content, as sucrose serves as
the primary substrate for
sugar and ethanol production.
Consequently, there has been
no distinct categorization of

sugarcane genotypes, as
both first-generation
technology and raw sugar
production rely on the
quantity of sucrose

accumulated in the stalk, a
characteristic greatly
beneficial to the sugarcane
industry. However, the advent
of second-generation
technology, which relies on
cellulose, necessitates a
return to genetic diversity
within  sugarcane breeding
projects.

The use of omics techniques
and modern bioinformatics
tools has simplified the
annotation of sequences and
the elucidation of regulatory
mechanisms in sugarcane,
thereby enhancing our
understanding of its genome,
genetics, physiology, and
molecular biology. Regulatory
genes associated with
sucrose synthesis, their allelic
variations, copy nhumbers,
and expression patterns have

been functionally
characterized in
contemporary sugarcane
cultivars.

A significant challenge lies in
deciphering the complete
genome sequence of
sugarcane due to its intricate
ploidy and aneuploidy
characteristics. Breeding
programs should leverage
these tools and incorporate
them into their selection
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processes to generate
superior new cultivars that
can meet the current and
future requirements of the
industry and the expectations
of society at large.

CONCLUSION

Sugarcane possesses all the
attributes necessary to serve
as a primary raw material for
energy, biofuels, and
electricity production, making
it a valuable resource in the
bioprocessing and bio-
refinery industries. Among
GM crops, more than 90%
are insect-resistant or
herbicide-resistant, resulting
in a substantial reduction,
around 37%, in the use of
chemical pesticides, a 22%
increase in yields, and a 68%
rise in growers' profits.
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