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Abstract

Sugarcane is an important industrial crop of semitropical and tropical areas. Due to the importance
of this crop it is cultivated on nearly 20 million hectares by more than 90 countries. This crop
belongs to family Poaceae, a grass family which is economically vital tracheophyte family that
has properties much like that of wheat, maize, rice and sorghum. The Poaceae family is globally
vital for providing dietary macromolecules, carbohydrates, and different nutrients. The most
important item of sugarcane for the consumption is sucrose that gets accumulated in the stalk
internodes. Sucrose is taken out and refined by different mills which is used as a sweetener in
human food industries and in the fermentation industry. Large production of alcohol is attained by
Brazilian sugarcane industries.
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Introduction

The capability of sugarcane to accumulate high level of sucrose and vegetative propagation ability
make it most important crop among others (Welbaum and Meinzer, 1990; Dillon et al., 2007).
World generation of this crop in 2011 brought about around two billion tons of crude material,
which related to a gross pay of more than US$ 52 billion (Tilman et al., 2011). Despite the
importance of this crop there are still lots of challenges related to genetic mechanism due to most
difficult genome, with diploid numbers ranging from 100 to 130 chromosomes, showing a high
ploidy level, and also consistent aneuploidy events (Jannoo et al., 2007). Owing
to this complexness, the use of molecular tools representsa gorgeous approach to the
development of sugarcane breeding programs.

The high concentration capacity of sucrose in sugarcane makes it most valuable crop among the
tropical and subtropical sides. It is necessary to identify the genes that are responsible for control
and sucrose accumulation in sugarcane would provide attractive tools for increasing the
concentration of sugar by either using genetic modification and selection strategies (Iskandar et
al., 2004). Recently, by the analysis of expressed sequence tags (ESTs) several expressed genes
have been detected in different tissues of sugarcane ( Vettore et al., 2001). Through the macro or
microarrays technique a number of gene expressions can be analyzed ( Meotti et al., 2003) and by
use of these strategies the expressed genes in the mature and immature stems and tissues of the
sugarcane have been identified (Iskandar et al., 2004).

Sugarcane cultivation

Sugarcane producing countries of the world lie between 36 °N and 31°S of the equator reaches out
from tropical to semitropical zone. Worldwide in 107 nations, sugarcane possesses territory of
20.42 million ha with an aggregate production of 1333 million tons (Natrajin, 2005). Sugarcane
territory and profitability vary broadly from country to country. Brazil has most astounding zone
(5.34 million hectare) while Australia has most elevated profitability (85.1 t ha-1). The biggest
makers are Brazil, India, China and Pakistan accounting over half of world creation (Qureshi and
Afghan, 2005).

World largest producer of sugarcane is Brazil with around 4.5 million hectares planted in
northeastern and southeastern region of the country (Galvao et al., 2005). In Brazil, sugarcane is
involved to get sugar, anhydrous alcohol (gasoline additive) and hydrous alcohol (natural, clean

and renewable pure fuel for vehicles) for the inner external markets (de Oliveira, 2002). To
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enhance the productivity of the Brazilian business, new verities of sugarcane with higher yields
are persistently created and tried. A perfect sugarcane verity should adopt environmental variation
like climate, soil type and cutting season (Badaloo et al., 1999; Bissessur et al., 2000). It also
should have immune to pest, disease and draught conditions having high concentration of sucrose
in their tissues (Croft et al., 2000). According to 2018 data the top ten sugarcane producing
countries are following.

Table 1.1 Top ten Sugarcane Producing Countries.

S.No Countries Production

1 Brazil 739.3 million metric tons

2 India 341.2 million metric tons

3 China 125.5 million metric tones

4 Thailand 100.1 million metric tons

5 Pakistan 63.8 million metric tons

6 Mexico 61.2 million metric tons

7 Columbia 34.9 million metric tons
Indonesia 33.7 million metric tons
Philippines 31.9 million metric tons

10 United States | 29.235 million metric tons

Sugarcane production in Pakistan

Sugarcane is the second biggest money yield of Pakistan and is being developed on 0.966 million
hectares contributing around 3.6 % of Gross local creation (GDP) (Qureshi and Afghan, 2005). At
present records it accounts for 4.8% cropped area and 11% value added of the aggregate products
(Zia-ul—Hussnaln et al.). The sugar industries play important part for the development of
Pakistani economy. This crop is not only source of sucrose but also provides fiber, biofuel,
compost and other organic fertilizer with ecologically viable properties. Molasses is the least
expensive sustain stock for the refineries. The bagasse has been acknowledged as a reasonable
elective crude material to wood in the paper and mash industry. The industry of sugar almost

contributes 4 billion rupees to the Govt directly or indirectly in the form of sale tax (Qureshi and
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Afghan, 2005).

A huge loss of plant yield happened environmental biotic and abiotic stresses during the planting
season under various agrarian creation time, which may bring about 70% lessening of the potential
yields of harvest plants (Agarwal et al., 2006). Abiotic stresses coming just because of water
shortage, high saltiness, or times of dry season unfavorably influence plant development and shows
major driving force for plant evolution (Inze and MONTAGU). These stresses constitute genuine
dangers to farming due to the failure to control water accessibility aside from through exorbitant
water system methodologies. Universally, an information from FAO in 2004 demonstrated that
around 22% of the agrarian area is salty, and the inexorably harm caused by shortage of water has
been accounted to constrain plant development which results loss of efficiency of plants
particularly in crop species (Burke et al., 2006).

Sugarcane modification

Traditional strategy like breeding is not so effective for the resistance improvement due to the lack
of information related to stress tolerance trait. Therefore, world demand cannot be full fill because
of lack of information related to stress, absence of effective choice method and low of genetic
variance and fertility (Rodr guez et al., 2005). Recently, few technuques known as hybridization
(Patade et al., 2011), cDNA-microarray (Casu et al., 2004), transcriptome (Manners and Casu,
2011), transcript expression (Patade et al., 2012), proteome (Zhou et al., 2012) and microRNA-
seq (Gentile et al., 2013) are the effective tools to determine the genes and molecular markers
which are related to the environmental responses, and also the modification of these genes and
markers would have a vast benefit for the improvement of breeding, that gave much better results
(Sreenivasulu et al., 2007).

Transcriptomic studies are prioritized, permitting identification of candidate genes concerned in
biological process and plant responses to environmental cues that have eventually led to the
invention of practical molecular markers (Manners and Casu, 2011). Quantitative real time reverse
transcription PCR depend on high particular polymerase chain reaction related with delicate
fluorescence, permitting the identification of variation in gene expression, together with discreetly
transcribed genes (Guénin et al., 2009). This technology has been used as a diagnostic tool for
identification of plant pathogen, external transgene expression (Gachon et al., 2004), human
diseases (Gao et al., 2013) and confirmation of transcriptional profiles generated by totally

different methodologies, like Eastern Time libraries (Yong et al., 2011), microarray (Golisz et al.,
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2011), HT-SuperSAGE (Molina et al., 2011) and RNA-seq (Bleeker et al., 2011).

Now a days, an analytical technique known as quantitative PCR (qPCR) also referred as real time
PCR widely used for gene expression analyses. The main advantages of the real time PCR as
compare to the conventional reverse transcription-polymerase chain reaction (RT-PCR) are its
high specifity, sensitivity and broad quantification range up to several order magnitude (Bustin,
2002; Gachon et al., 2004). In spite of being very high technique for exactly measuring changes
in gene expression, some factors like RNA quality and integrity, potency of DNA synthesis and
variation in RNA effect the performance on gPCR performance and will not get good results
(Bustin, 2002; Granados et al., 2016).

To stay away from the impact of these components, a standardization gene expression data is
needed (Pfaffl et al., 2004) to correct variations that exist among the samples and conditions (Jain
et al., 2006; Paolacci et al., 2009). To select an appropriate reference gene for g°PCR analyses there
are different mathematical algorithms are planned, like NormFinder, GeNorm, and DeltaCT
(Silver et al., 2006). RefFinder is another algorithmic program used for reference sequences
analyses, grouping all pervious algorithms cited for the higher assessing a comprehensive ranking
of stability genes (Xie et al., 2012). Therefore, identification of an appropriate reference sequence
extremely and perpetually expressed is vital so as to get reliable results (Dean et al., 2002).
During the RT-gPCR, product formation is observed throughout every cycle of the reaction
(Saunders, 2004) to get fast and specific detection of the amplified product (Gachon et al., 2004).
Expression of the target sequence is typically normalized relative to the reference sequence that is
either illustrious or assumed to specific stable levels of transcript in most tissue or a minimum of
within the tissue being compared. One or many reference genes are the basic demand of getting
reliable results of gene expression by gRT-PCR. These sequences show uniform expression across
various experimental samples and serve as the interior control which is basic approach to balance
the difference between the reaction and samples (Nicot et al., 2005; Ovesna et al., 2012).
Sugarcane housekeeping genes

Housekeeping genes are basically needed for basal activities of the cells. There are number of
genes such as glyceraldehyde-3-phosphate (GAPDH), a and b tubulin (TUB), b and c actin (ACT),
ubiquitin (UBQ) and 25S ribosomal RNA (25S rRNA) were historically used as a reference gene
in bioscience (Thellin et al., 1999) and later in plant sciences (Gutierrez et al., 2008). As result

these genes were believed to possess the same level of expression under different treatments,
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tissues and biological process. Other genes like 18S ribosomal RNA (18S rRNA), elongation
factor 1-alpha (EF-la), elongation initiation factor 4-alpha (elF- 4a) ,cullin (CUL) clathrin device
advanced (CAC), tonoplastic intrinsic macromolecule (TIPS-41), anthranilate phosphoribosyl
enzyme (APRT) and pseudo response regulator (PRR), that is additionally stably expressed in
cultivated rice (Jain et al., 2006), Indian corn (Manoli et al., 2012) and mustard (Chandna et al.,
2012) or had been evaluate in sugarcane (Iskandar et al., 2004; Ling et al., 2014).

The term housekeeping gene was earlier often used to define a gene that was anticipated to be
essential and stably expressed in the cell and, thus, generally accepted for normalization without
the need for experimental evidence for its stability. This is in contrast to the term reference gene,
which should be reserved for genes that are experimentally found to be stably expressed in given
species and tissues under given experimental conditions and, thus, suitable for quantitative
analysis under the respective condition (Lavdal and Lillo, 2009). The prerequisite of a suitable
housekeeping gene is that it should, of course, be adequately expressed in the tissue of interest,
but most importantly, that it shows minimal variability in expression between samples and under
the experimental conditions used (Dheda et al., 2004).

Housekeeping genes are involved in basic cell maintenance and, therefore, are expected to
maintain constant expression levels in all cells and conditions. Housekeeping genes are genes
that are required for the maintenance of basal cellular functions that are essential for the
existence of a cell, regardless of its specific role in the tissue or organism. For example,
housekeeping genes were shown to have shorter introns and exons a different repetitive
sequence environment [enriched in short interspersed elements (SINEs) and depleted in long
interspersed elements (LINES)], more simple sequence repeats in the 50 un-translated regions
(UTR), lower conservation of the promoter sequence, and lower potential for nucleosome
formation in the 50 region of these genes. Protein products of housekeeping genes are enriched

in some domain families. These studies shed light on general aspects of gene structure and
evolution (Goodkind and Edwards, 2005; Eisenberg and Levanon, 2013).

A reference gene always expressed regularly with minimal change in their expressions and has no
experimental effect on them (Dean et al., 2002). In some studies the activities of these genes
showed that, it can go through stability changes in different abiotic stress conditions (Nicot et al.,
2005).Study showed, GAPDH,eukaryotic elongation factor alphal and eukaryotic elongation
factor alpha4 showed the most stable activity in multiple genotypes coressponding to the different
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abiotic and hormonal stress stmuli (Ling et al., 2014). Guo conducted expriment on sugarcane
genes and concluded that GAPDH and eukaryotic elongation factor alphal shows the best
expression when the genes are treated with NaCl and PEG800 (Guo et al., 2014). Various reference
genes have been studied which are involving in roots and leaves. Among them GAPDH and UBQI
are most appropriate genes in different drought conditions (Andrade et al., 2017). Multiple
reference gene have been identified, among them (tublin-actin and poly -ubiquitin) were being
used for the analyses and normalization of genes activities in sugarcane (Ling et al., 2014).
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