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Abstract: Cotton is the major cash crop of South Asian countries. Due to its
large cultivation, it is susceptible to various fungal, bacterial and viral
diseases. Out of viral diseases, Cotton leaf curl virus (CLCuV) is the most
devastating viral disease of cotton. It is caused by begomovirus of family
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geminiviridae and spread by ubiquitous whitefly (Bemisia tabaci). Due to the
vast destruction caused by this virus in 1992 and 2001, farmers and scientists
tried to tackle this disease through various techniques and methodologies. All
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these techniques are not fruitful because this virus is not easy to handle. This
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is because of the structure and environmental conditions in which virus
survives. RNAi technique is the natural defense mechanism against viruses in
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plants, animals, and fungus. Biotechnologists used this technique for their own
benefit. They manipulate the viral genome through this technique and made
the plant resistant to disease. They diminish the expression of viral genome by

Introduction

DNA methylation and by post-transcriptional gene silencing (PTGS). In DNA

Cotton is one of the major
cash crops of the world
(Briddon 2003). More than
100 countries in the world
grow

cotton.

susceptible

Cotton
to

is

various

methylation, a methyl group is attached to a gene of viral coding protein and
restricts its transcription. In PTGS, dsRNA molecule is produced by the cell
itself or can be inserted in the cell from outside. This dsRNA form dicer with
microRNA and cut the mRNA of virus which is to be translated for
disease-causing infectious protein. Thus, by using the RNAi technique, the
viral genome of begomovirus is degraded and its expression is suppressed.
Keywords: Begomovirus, Betasatellite, Post-Transcriptional Gene Silencing
(PTGS), Whitefly.

fungal, bacterial, parasitical and even viral diseases (Sun and Yuan 2017). In Pakistan,
cotton accounts for 1.5% of total GDP (GoP 2010). According to the US department of
agriculture, annual cotton production of Pakistan in 2018 is 8000 (unit, 1000 480 lb. Bales),
which decreased from 10600 in 2014. The decrease in yield is due to various factors,
including many diseases and numerous other factors like political, lack of knowledge of
farmers etc.
One of the most devastating viral diseases of cotton, which has affected the cotton
adversely, is Cotton leaf curl disease (Hashmi et al. 2011). It is caused by a specie
begomovirus of family geminiviridae and spread through the ubiquitous whitefly. The major
attack of the virus is in southern Asia because this region provides the best condition for
growth of the best cotton. In Pakistan, it first appeared in 1967 on few plants in Multan and
in 1992-93, caused a decline in production down to 9.05 million bales and during 1993-94,
to 8.04 million. That was a significant decrease in cotton production in Pakistan (Farooq et
al. 2014). During the late 1990s, the resistant variety was introduced in the market and
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diminishes the disease to great extent (Rahman et al. 2017). Then again in 2001, the
resistant variety was observed to having diseased symptoms again. This signaled the start
of a second epidemic. (Amrao et al. 2010).
There are many conventional methods to control the virus including late sowing, seed
poisoning etc. but all these methods are useless as virus emerges with the new strain. So
molecular techniques should be used to circumvent the disease. One of these techniques is
the RNAi technique.
What is the cotton leaf curl virus?
Cotton leaf curl disease is caused by the cotton leaf curl virus. The disease induces upward
curling of leaves, vein thickening, dark green coloration of leaves, small leaf-like appearance
under the leaf, leaf enation, plant become a dwarf, decrease fiber length, bowl size. Fiber
length also decreases (Sattar et al. 2013).
Cotton leaf curl virus (CLCuV) or cotton leaf curl disease (CLCuD) is caused by a complex of
begomoviruses in association with satellite molecules i.e. Alpha and Beta satellite (Iqbal et
al. 2016). Satellite viruses are those which have small sequence of nucleotide that depend
on their helper virus for most of the function but helper
virus is not depend upon its satellite molecule for
anything (Krupovic and Cvirkaite-krupovic 2011). Of
these two satellites of begomovirus, betasatellite has
more role in appearance of symptoms of the disease (as
it encodes for suppressor protein BC1 (Mubin et al.
2010)) as compared to Alphasatellites. The protein
encoded by betasatellite, i.e. BC1, is a suppressor of
host defense (Hussain et al. 2007), a pathogenicity
determinant (Saeed et al. 2007). CLCuD is transmitted by begomovirus of family
geminiviridae. Family geminiviridae include 360 species with 9 genera. CLCuD associated
begomovirus is transmitted by ubiquitous whitefly Bemisia tabaci (Iqbal et al. 2016). The
genomes of whitefly-transmitted geminiviruses consist of two molecules (Mansoor et al.
2008), DNA-A and DNA-B (Monga et al. 2011), or of one DNA-A-like molecule, of circular
single-stranded DNA (Liu et al. 1998). A small number of begomoviruses have a
monopartite DNA genome that resembles the DNA A of bipartite begomoviruses. This DNA
carries all necessary gene functions for replication and pathogenesis (Saeed et al. 2007). No
evidence is found about cotton leaf curl virus isolates possess a DNA-B, for simplicity we
refer the DNA-A-like molecules as DNA-A (Liu et al. 1998).
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Fig 2. Begomovirus mostly have bipartite genome (DNA-A and DNA-B) but sometimes it
also exhibit monopartite genome (DNA-A like genome). Begomovirus is associated with two
satellite molecules (Alpha satellite and beta satellite). These satellites play role in disease
transmission in host cell.
Available methods to tackle the disease
Management of CLCuD includes various ways inclusive of:
A. Conventional methods
1. change in sowing time (changing climate scenario, cotton varieties either susceptible are
sown early can escape from virus and whitefly but the resistant one could be susceptible in
late sowing which is the cause of ambiguity between susceptible and resistant (Farooq et al.
2014)),2. Crop nutrition (low supply of K decreased the growth, but it also increased the
severity of disease incidence in the plant. Increase in disease incidence is possibly
associated with lower photosynthetic pigments, lower rates of photosynthesis, and lower K
and N use efficiency and low accumulation of Mg2+in the leaves (Zafar and Athar 2013)), 3.
Cultural practices, 4. Vector control (Rahman et al. 2017), 5. Buffer crops and 6. Systemic
poisoning of cotton seed by seed treatment 7. Eradicating weeds (Smalling et al. 2013)
(Saxena and Tiwari 2017) (Malik et al. 2016) (X et al. 2012) will make the cotton crop
relatively safe. But all these conventional methods are not successful to control this disease
as all these are short term remedies (Vyas et al. 2017) (Follett 2017) (Basit et al. 2013).
Introducing resistant variety is not helpful so far (Sattar et al. 2013) because a new viral
strain emerges and causes destruction of crop.
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B. Molecular techniques
With the emergence of biotechnology, various techniques and methods introduced to
manipulate the DNA and in result to manipulate the protein which is encoded by specific
sequence on that DNA. These techniques include various molecular biology techniques,
genetic engineering, CRISPR cas9, RNAi; moreover various markers have been developed to
identify the pathogenic gene and replacing it with a beneficial gene through gene therapy
technique. Biotechnologists introduce the technique of gene silencing (RNAi), which
eliminate or degrade the mRNA that translates for that viral protein or in some cases, the
viral coding gene (Pooggin et al. 2003). In this review article, we discuss that how we control
this epidemic disease by the use of RNA interface (RNAi) technique, in which mRNA
transcribed by DNA molecule is degraded or manipulated to stop translation of the viral
protein.
Difficulties in controlling the disease
The disease epidemiology is changed by abiotic factors especially temperature and plant age
(Farooq et al. 2011). As this disease is transmitted by whitefly, using insecticidal may seem
appropriate. But when whitefly is seen in the fields, it is possible that flies have already
transmitted the virus to plant (Khan et al. 2015). Whitefly is also the vector of various viral
diseases. So the various viral genomes combine to form new strain which is uncontrollable.
A new strain of CLCuV has emerged (Saleem et al. 2016) which is the combination of Multan
strain and khokhran strain. That new strain is called Burewala strain and cause great cotton
disaster/catastroph in 2001-02 in Pakistan. Various conventional methods are used to
control the disease like late sowing, seed treatment etc. All these methods are successful to
some extent but cannot control the virus completely. Introducing resistance species is also
not successful so far because resistance broke and plant again become susceptible to
disease (Singh 2014). According to an Indian researcher, the disease is also difficult to
control because every farmer does not take the precautionary measures. If a single farmer
take the basic precautionary measures, and other does not, the disease cannot be controlled
because whitefly will attack from neighboring farmer's field.
RNAi technique, why we use it?
RNA interference or RNAi technique is the method to control the gene expression. It is also
the basic defensive technique (Voinnet O. 2001) in plants, animals, and fungi against viral
attack (Belk 2014). By the advancement of science, the RNAi technique has begun in
laboratories for desired purposes. It is also being used to make any cultivar virus-free. It is
widely used for plants that cannot be made virus free by conventional methods.
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Methods in RNAi technique
RNAi technique diminishes the viral attack in two ways, one is by DNA methylation and
other is by mRNA degradation or post-transcriptional gene silencing (PTGS)
(Shepherd et al. 2009).
1. DNA methylation
In DNA methylation, a methyl group is attached to the DNA molecule (Schübeler 2015)
which restricts the transcription of that specific portion of DNA (Du et al. 2015). DNA
methylation is the epigenetic mark, i.e. it didn’t alter the structure of DNA in generations
(Jin et al. 2011). It is widely used for clinical treatments and as a tumor suppressor
(Lopez-Serra and Esteller 2012). This technique is also very efficient for gene silencing, to
suppress the effect of any gene in plants and animals (Law and Jacobsen 2010). Thus by
using DNA methylation, one can suppress the effect of any unwanted nucleotide sequence
(Law and Jacobsen 2010).
2. Post-transcriptional gene silencing (PTGS)
In mRNA degradation, post-transcriptional gene silencing (PTGS) is most common. In PTGS,
viral mRNA is degraded. dsRNA molecule is inserted in the cell (Pusch et al. 2003).

(Pusch et al. 2003) or produced by the cell itself as its normal mechanism. These dsRNA
form complex with micro RNA which is also produced by the cell itself in the nucleus (Saeed
et al. 2015). Micro RNA and dsRNA form complex and then cleaved into small RNA of almost
21 to 25 nt in length (Shepherd et al. 2009). This small RNA then binds to argonaute protein
which helps to convert dsRNA into ssRNA and moreover bind that ssRNA to the desired
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mRNA which is to be degraded (Höck and Meister 2008). That attachment of ssRNA with
mRNA is precise because ssRNA contains the complementary sequence of that unwanted
mRNA. Thus mRNA then cleaved into small fragments and thus their expression will be lost
(Shepherd et al. 2009). By using the same PTGS technique, one can suppress the viral
expression of begomovirus causing CLCuD. One can suppress this expression in both vector
as well as in the plant. But relatively difficult in the plant because when whitefly is visualized
in filed, it has already transmitted the virus to plants (Khan et al. 2015). By this method, one
can also degrade the betasatellite, as it also plays a vital role in disease by suppressing the
host defense mechanism. The protein encoded by beta satellite can also be altered by PTGS
(Qazi et al. 2007).
To which extent this method is successful
RNAi technique is the natural defense mechanism in plant, animals, and fungi (Belk 2014).
With the emergence of science, this technique has been using for various purposes, to
express the desired gene. RNAi technique is used to control many viral diseases by
degrading the viral genome in the host cell. Various viral diseases of geminivirus of various
plants are treated through this technique. This includes Mungbean yellow mosaic
virus-Vigna (MYMV-Vig) (Pooggin et al. 2003), African cassava mosaic virus (ACMV)
(Bieńkowska and Umińska-Tytoń 2015), and various other plant species like tobacco
(Pooggin and Hohn 2004). So RNAi technique is also used on the cotton plant to tackle
CLCuD. Various methodologies and experiments are conducted on cotton plant and the
resistant gene is made through RNAi technique, which helps plant in fighting begomovirus
(Khatoon et al. 2016). But all these methods are successful to some extent but not
completely. Viruses have very small genome size (Chemla and Smith 2012), their genome
change abruptly and change according to the condition. So developing the virus resistant
variety is not a good idea for long term use (Singh 2014). So, in addition to developing
resistant variety, various other precautionary measures should be taken to develop the crop
resistant to this disease. We cannot ignore conventional methods altogether, because they
are also to some extent. So, biotechnologists and conventional breeders should work
together to design the technique and methodologies to tackle the disease.
Conclusion
CLCuV is a bipartite virus associated with two satellite molecules alpha and beta satellite.
Beta satellite plays an important role as it encodes for the host defense suppressor protein
and various other disease-causing protein. Through RNAi technique, we can degrade the
problem causing mRNA degradation through PTGS or methylation of that gene can also be
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done to diminish the expression of the viral protein. RNAi technique to control this disease is
also not much beneficial so far as viral strain emerges rapidly. But still, it is most convenient
and useful method, among gene silencing, to tackle the cotton leaf curl and virus and cotton
leaf curl disease.
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