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Inheritance pattern of resistance to cotton leaf curl disease (CLCuD)
in Gossypium hirsutumlL.
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ABSTRACT : Cotton leaf curl disease (CLCuD), caused by begomoviruses in association with satellite molecules,
is the biggest threat to cotton production and productivity in north India. The line GVS-9 showed resistance to
CLCuD, and it was crossed with two CLCuD susceptible genotypes CSH 3129 and F 2228, seperatly and F's were
developed. F s were planted for disease reaction and reported resistant, also selfed to develop F,s. The segregation
behavior of disease reaction on F,s showed a segregation pattern of 3 (resistant) : 1 (susceptible) ratio, thereby
indicating that the dominant gene governs the CLCuD resistance. The chi-square for goodness of fit was 1.204
with p (0.05) of 0.2725 and also represented a test for 3 (resistant): 1 (susceptible) ratio, confirming that the

resistance to CLCuD is governed by a single dominant gene.
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Cotton has manifold merits, it is used as
fibre, lint for making clothes, food, feed, and
cottonseed oil. Linters use in manufacturing of
high grade paper and rayon, and also for making
X-ray films. G. hirsutum cotton occupies the
major area, i.e. more than 90 per cent of 12.2
million ha. (Anonymous 2020;
https://pib.gov.in/Press ReleasePage.
aspx?PRID=1605056). In the present scenario,
Cotton leaf curl disease (CLCuD) is the major
threat to cotton production and productivity in
north India. CLCuD is caused by begomovirus
(family: Geminiviridae) having single-stranded
(ss), circular DNA genomes and associated with
satellite molecules viz. betasatellite and
alphasatellite and it is transmitted through its
vector, whitefly (Bemicia tabaci) Brown et al.,
2015, Sattar et al., 2017; Zerbini et al., 2017).
The CLCuD disease on G. hirsutum, was first
reported during 1989 at the Indian Agricultural
Research Institute, New Delhi and subsequently
in 1993 at Sriganganagar district of Rajasthan
state (Gupta and Kumar, 2017). In a short span
of 4-5 years it covered entire northern India
region of cotton cultivation and presently is the
major threat to G. hirsutum cotton area of this

region (Gupta and Kumar, 2017). Begomoviruses
occurring across India (Northern India) and
Pakistan have complex genetic structures and it
has been observed that they are fast changing
and varies from region to region. Mainly four
Begomoviruses viruses viz., Cotton leaf curl
Rajasthan virus (CLCuRV), Cotton leaf curl
Mutan virus (CLCuMuV), Cotton leaf curl
Kokhran virus (CLCuKV) and Tomato leaf curl
Bangalore virus-cotton (ToLCBV) are prevalent in
India (Ahuja et al, 2007). Another virulent,
resistance breaking Cotton leaf curl Burewala
virus (CLCuBuV) is predominantly prevalent in
Pakistan and India during 2009-2010
(Rajagopalan et al.,, 2012, Igbal et al., 2014 and
Rahman et al., 2017). Recently the CLCuD
epidemic during 2015-2016 was caused by
CLCuMuV in North India (Datta et al, 2017). A
recent study has indicated that the beta satellite
molecules of CLCuD shared 95-99 per cent
nucleotide sequence identity with Cotton leaf
curl Multan betasatellite (CLCuMB) while
alphasatellite molecules revealed 98 per cent
identity with Guar leaf curl alphasatellite
(GLCuA) which is earlier reported from Pakistan
(Quadir etal., 2019).
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Thickening of small veins on upper young
leaves is the initial symptom of the CLCuD, which
later induce curling of leaves (both upward and
downward). Even enations are present on leaves
infected with this disease. The disease is
transmitted through whitefly, but no correlation
has been established that whitefly is directly
responsible for spread and severity of disease.
However, a highly significant and positive
correlation between viruliferous whitefly
population and per cent diseases index of CLCuD
on cotton plants was observed (Kumar et al.,
2019). Moreover, it was also reported that
minimum temperature and sunshine hours have
significant negative correlation with the
incidence and progress of the CLCuD. It was also
observed that humidity and rainfall have positive
correlations (Bhattacharyya et al., 2017).

To find out the source of resistance/
tolerance, the whole pool of germplasm available
at ICAR-CICR, Nagpur was screened against
CLCuD at ICAR-CICR, Regional Station, and
none of the gemplasm line was observed to be
resistant. Since 2005, Bt cotton hybrids were
introduced in north zone of India and presently
more than 90 per cent area of cotton crop has
come under Bt cotton varieties and hybrids,
including BG I and BG II hybrids recommended
for Northern India are not having absolute
resistance to this disease. There was a severe
epidemic of CLCuD in north India during 2009-
2010 crop season (Rajgopalan et al., 2012). Even
tolerant varieties/hybrids showed susceptible
reaction at hot spot areas of CLCV incidence.
Begomoviruses causing CLCuD overcome the
resistance of cotton during 2009-2010 due to
recombination of events over the years coupled
with favourable environmental conditions.
CLCuKoV-Bu was associated with the
2009-2010 CLCuD outbreak in Punjab and
Rajasthan states of India (Monga et al., 2011;
Rajagopalan et al., 2012). Recently, during 2015
another CLCuD epidemic caused by CLCuMuV
was experienced with whitefly outbreak (Dutta et
al.,2017).

MATERIALS AND METHODS

Screening of GVS 8 and GVS 9 for CLCuD
disease

Two CLCuD resistant G. hirsutum lines
GVS 8 and GVS 9 were imported from USA during
2015-2016 and were planted at farm of ICAR-
Central Institute for Cotton Research, Regional
Station, Sirsa in the CLCuD disease screening
nursery. No CLCuD incidence was observed on
GVS 8 and GVS 9 genotypes, for two consecutive
years. These lines were also ratooned for the next
year’s crop and no disease was reported on
ratooned plants also.

Observations of CLCuD on each cotton
plant were recorded by observing CLCuD
symptoms The observations were taken at 0-6
disease ratting scale (DRS) as described in the
Table 1 (Akthar et al., 2010; Monga, 2014). Total
numbers of plants showing leaf curl virus disease
symptoms (upward/downward curling with
thickened vein on underside of leaf) were counted
every time during the observations and percent
disease incidence was calculated as given below:
Infected plants

Per cent disease incidence = Total plants x100

Per cent disease intensity/Index (PDI) was also
calculated by using the formulae:

Sum of numerical rating

PDI = - x 100
Total number of plants x

6 (maximum severity grade)

Development of F, and F, population

During 2016-2017 crop season, GSV 9
was crossed with two genotypes susceptible to
CLCuD namely, CSH 3129 and F 2228 and Fls
were developed. Both F1s (GSV9x CSH 3129 and
GVS 9 x F 2228) were planted during 2017-2018
and disease reaction was recorded on F1s and no
disease was reported. The Fls were ratooned to
2018-2019 and no CLCuD disease was reported
on ratooned plants also. During 2017-2018, F s
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Table 1. Cotton leaf curl virus disease ratting scale used during the study

S.No. Symptoms Disease rating Per cent Disease
scale (DRS)/ disease response
symptom index
severity scale
1 Complete absence of symptoms 0 0 Immune
2 Symptoms of vein thickening on few upper leaves 1 0.1-10 Highly Resistant
3 Symptoms of vein thickening, cupping and curling on few 2 11-20 Resistant
upper leaves
4 25 per cent plant affected with vein thickening, cupping 3 21-30 Moderately Resistant
and curling, leaf enations
5 50 per cent plant affected with vein thickening, cupping 4 31-40 Moderately Susceptible
and curling, leaf enations
6 75 per cent plant affected 5 with vein thickening, cupping 5 41-50 Susceptible
and curling, leafy enation
7 Plants stunted severely and complete plant affected with 6 >51 Highly Susceptible

vein thickening, cupping and curling and leafy enation

of both the crosses were selfed to develop F2s. A
total of 204 plants were raised in F2 for cross GVS
9 x CSH 3129 and 134 plants for GVS 9 x F 2228.
Numbers of resistant and susceptible plants
were counted in respective F2s. CLCuD reaction
observed in segregation generations were
subjected to chi-square test for goodness-of-fit.

RESULTS AND DISCUSSION

The cotton crop season in the north zone
of India normally begins with sowing during mid-
April to mid-May. The cotton crop sown before
April attracts early CLCuD infection. The first
symptom of CLCuD infection appears within 50
days of sowing among susceptible genotypes
(Ahuja et al., 2007). However, the progress of the
disease was reported to be in increasing trend
from August to October with maximum during
the month of August as compared to July and
September in Northern India (Monga et al., 1998,
Kumar et al.,, 2019). During the early part of the
cotton growing season, the maximum
temperature touches to 45-46°C and there is
severity of expression of CLCuD symptom.
CLCuD screening is difficult as the disease
occurrence depends on vector whitefly,
susceptible host and favourable environment.
During 2015-2016 there was epidemic of whitefly

in Northern part of India, which caused favorable
conditions for CLCuD occurrence and expression
of symptoms and no disease symptom of CLCuD
were observed on GVS 8 and GVS 9. In later years
also there was good occurrence of the disease and
favoured the screening of the material against
CLCuD. The GVS 9 based on its consistency of
being noted as resistant and F 2228 and CSH
3129 as susceptible parents for three
consecutive years 2016 to 2018. There were 8 F1
plants of cross GVS-9 x CSH-3129 and none of
them showed symptom of CLCuD during two
consecutive years 2017 to 2018 (Table 2).
Likewise, in the cross of GVS-9 x F2228, 4 F1
plants were resistant and no symptoms were
observed during two consecutive years 2017 to
2018. There were 204 F2 plants in the cross of
GVS-9 x CSH-3129 and out of them 163 plants
were observed resistant while 41 were observed
with mild to severe symptoms of CLCuD and they
were treated as CLCuD susceptible. The
segregation pattern of F2 in this cross was
observed 3 (resistant) :1 (susceptible) thereby
indicated that the gene responsible for CLCuD
resistance is dominant. The chi square (S«2)
value for goodness of fit was 2.614 with p (0.05) of
0.1059. In another cross of GVS-9 x F2228, there
were 134 F2 plants and out of them 106 plants
were observed resistant while 28 were CLCuD
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Table 2. Cotton Leaf Curl Disease reaction in F, and F, population of the crosses between

GVS-9x CSH-3129 and GVS-9 X F 2228

Year Entry CLCuD reaction Total Expected Sép =0.05

Plants Ratio

(R:S)
Resistant (R) Susceptible (S)

2016t02018 GVS-9 2 0 2 - - -
2016-2017t02018 CSH 3129 0 4 4 - - -
2017-2018 F, (GVS-9x CSH-3129) 8 0 8 - - -
2018-2019 F, (GVS-9 x CSH-3129)- ratooned 8 0 8 - - -
2018-2019 F, (GVS-9 x CSH-3129) 163 41 204 3:1 2.614 0.1059
2016-2017t02018 F2228 0 4 - -
2017-2018 F,(GVS-9xF2228) 4 0 4 - -
2018-2019 F,(GVS-9 x F2228)- ratooned 4 0 4 - -
2018-2019 F,(GVS-9xF2228) 106 28 134 3:1 1.204 0.2725
Pooled 269 69 338 3:1 3.791 0.05153

susceptible as they were having CLCuD
symptoms. The segregation pattern of F2 in this
cross was also observed 3 (resistant) :1
(susceptible), which supported that the
dominant gene governs the CLCuD resistance.
The chi square (S«2) value for goodness of fit was
1.204 with p (0.05) of 0.2725. The homogeneity
chi-square value was also well within the
accepted limit. Therefore, the data were pooled
and summed data chi-square thus represented a
test for 3 (resistant) :1 (susceptible) ratio,
confirming that the resistance to CLCuD is
governed by single dominant gene. Earlier
findings of Ali (1997), Rehman et al., (2002),
Haider (2002), Mahmood (2004) and Rehman et
al., (2005) has also suggested that CLCuD is
controlled by a single gene with dominant effects.

Whereas, some workers have also
reported different kinds of ratio of resistance to
susceptible in segregating generations. Siddiq
(1970) suggested that a major dominant gene is
involved in controlling resistance of CLCuD along
with minor (modifier genes). Kumar (2002)
investigated the inheritance of CLCuD and
reported a phenotypic ratio of 15 (resistant): 1
(susceptible). Sajjad et al., (2003) reported that a
single dominant gene control with modifiers.
Igbal et al.,, (2003) reported the involvement of
two dominant genes and behaved as dominant
epistasis in controlling resistance to CLCuD.

Rehman et al., (2005) reported the involvement of
three genes in G. hirsutum resistance to CLCuD,
two for resistance (R1ClCuDhir and R2
ClCuDhir) and a third suppressor of resistance
(sClCuDhir). Quantitative inheritance with
predominance of additive gene effects for CLCuD
resistance was also revealed by Khan et al,
(2007). Likewise Ahuja et al., (2007) reported 4
types of segregation pattern in F2 generations, 15
:3
(susceptible), 9 (resistant) :7 (susceptible) and

(resistant) :1 (susceptible), 13 (resistant)
three gene control with triplicate dominant
epistatsis which lacked segregation. Inheritance
of cotton leaf curl virus disease (CLCuD) was
studied in four crosses involving resistant and
susceptible parents, six generations i.e. P1, P2,
F1, F2, BC1 and BC2 were generated. Resistant
reaction was dominant over susceptibility as all
the plants in F1 generation were resistant in both
R x S crosses and R x R cross. All the plants in F1
generation of S x S cross were susceptible. In F2
generation of both R x S crosses showed the
duplicate dominant (15 resistant: 1 susceptible)
effect for inheritance of cotton leaf curl virus
disease in upland cotton. These results were
further confirmed by observed ratio in backcross
generations. The F1 s of crosses viz., GCH 3 x HS
6, GCH 3 x RST 9, H 1353 x HS 6 and H 1353 x
RST 9 had resistance to CLCuD, indicated that
resistance is a dominant trait. The expression of
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resistance in all (R x S) crosses revealed that
there was no cytoplasmic inheritance for the
expression of susceptibility to CLCuD. The
pattern of segregation in F2 gave a good fit to 9
resistant: 7 susceptible indicated the presence of
complementary type of gene action and presence
of dominant alleles of both the genes controlled
the resistant trait. Disease was expressed in
those plants which had any one of the two or both
the genes in the homozygous recessive state.
Complementary type of gene interaction for
CLCuD was further confirmed by a good fit of 3
resistant: 1 susceptible ratio of backcrosses with
susceptible parents. During 2018 Mushtaq et al.,
reported that resistance gene analogues (RGA)
and ESTs (expressed sequence tags) expressed
only in G. arboreum and in asymptomatic plants
of G. hirsutum, could be useful in the study of
resistance against CLCuV in addition to that RGA
and ESTs did not express in Coker might be
helpful in the study of CLCuV resistance. Several
workers have reported from one gene to two genes
hypothesis and also quantitative genes
responsible for explanation of inheritance of the
disease. Due to the fast rate of change of
recombination events of the virus, the single or
two genes become suppressed over the time. A
comprehensive strategy including genotypes
with broad genetic base and resistant genes from
different sources may provide durable and
sustainable resistance to CLCuD.

CONCLUSION

In the present study, in both the crosses
of susceptible genotypes with resistant genotype
GVS 9 a segregation pattern of 3 (resistant) : 1
(susceptible) was observed, which is indicating
that the dominant gene is responsible for CLCuD
resistance. Hence, is is proposed that dominant
resistant gene needs to be transferred to elite
cultivars through repeated backcrossing and for
long term sustainability of resistance multiple
crosses may be attempted to have diverse
populations.

201

REFERENCES

Ahuja, S. L., Monga, D. and Dhayal, L. S. 2007.
Genetics of Resistance to Cotton Leaf
Curl Virus Disease in Gossypium
hirsutum L. under field conditions. Jour.
Hered.,98: 70-83.

Akhtar, K.P., Haider, S., Khan, M.K.R.,
Ahmad, M., Sarwar, N., Murtaza, M.A.
and Aslam, M. 2010. Evaluation of
Gossypium species for resistance to leaf
curl Burewala virus. Ann. App. Biol., 157:
135-47

Ali, M. 1997. Breeding of cotton varieties for
resistance to cotton leaf curl virus. Pak J.
Phytopath.,9: 1-7.

Anonymous, 2020. DAC and FW, State
Govenments and Directorate of Cotton
Development, Nagpur

https://pib.gov.in/Press ReleasePage.

aspx?PRID=1605056.

Bhattacharyya, U.K., Godara, S., Kumar, P.,
Monga, D. and Biswas, K.K. 2017.
Recent status and distribution pattern of
cotton leaf curl disease in Northwest
India: an alarming situation in future
cotton cultivation. Indian J. Agri. Sci. 87:
624-33

Brown, J.K., Zerbini, F.M., Navas-Castillo, J.,
Moriones, E., Ramos-Sobrinho, R.,
Silva J.C., Fiallo-Olivé, E., Briddon,
R.W., Hernandez-Zepeda, C., Idris, A.,
Malathi, V.G., Martin, D.P., Rivera-
Bustamante, R., Ueda, S. and Varsani,
A. 2015. Revision of Begomovirus
taxonomy based on pairwise sequence
comparisons. Arch. Virol,. 160:

1593-1619.



202

Datta, S., Budhauliya, R., Das, B.,
Gopalakrishnan, R., Sharma, R.,
Chatterjee, S., Vanlalhmuaka, Srinivas
Raju, P and Veer,V., 2017. Rebound of
Cotton leaf curl Multan virus and its
exclusive detection in cotton leaf curl
disease outbreak, Punjab (India), 2015.
Scientific Reports 7: 17361 |
DOI:10.1038/s41598-017-17680-9.

Gupta, T. and Kumar, A. 2017. A Study on the
Diversity of Cotton Leaf Curl Virus
Infecting Cotton in India. Jour. Agroecol.
National Res. Manag., 4: 90-94.

Haider, S. 2002. Inheritance and molecular
studies of disease resis-tance genes in
cultivated cotton species Gossypium
spp.) Ph.D. Thesis. Uni. Agri. Faisalabad,
(Pakistan).

Igbal, M., and Khan, M.A. 2010. Management of
Cotton leaf curl virus by planting time and
plant spacing. AAB BIOFLUX., 2: 25-33.

Igbal, M., M. A. Chang, A. Mahmood,
Khumber, M. B., Nasir, A. and Hassan,
M. 2003. Inheritance of response to
cotton leaf curl virus (C 1CuV) infection in
cotton. AsiandJ. Pl Sci., 2: 261-64.

Igbal, M., Naeem, M., Aziz, U., Afzal, J. and
Khan, M. A. 2014. An overview of cotton
leaf curl virus disease, persistant
challenge for cotton production. Bulg. J.
Agric. Sci., 20: 405-15

Khan, A. I., Hussain, M., Rauf, S., Khan, T. M.
2007. Inheritance of resistance to Cotton
leaf curl virus in cotton (Gossypium
hirsutumL.). Plant Protect. Sci., 43: 5-9.

Kumar, A., Sain S.K., and Monga, D. 2019.
Study on Correlation between Population

Verma, Tuteja, Kumar, Sain, Paul, Monga and Waghmare

of Viruliferous Whitefly and the Per cent
Intensity of Cotton Leaf Curl Disease in
Cotton Int. J. Curr. Microbiol. App. Sci., 8:
922-37.

Mahmood, Z. 2004. Inheritance of cotton leaf
curl virus resistance in cotton (G.
hirsutumL.). Jour. Res. (Sci), 15: 297-99.

Monga, D. 2014. Status of cotton leaf curls virus
disease in India. Presented in 6th meeting
of Asian Cotton Research and
Development Network Held in Dhaka,
Bangladesh from 18-20 June 2014, Full
paper available at www.icac.org .

Monga, D., Raj, S., Verma, S.K. 1998.
Preliminary investigation on reaction of
cotton germplasm to leaf curl and losses
caused by the disease. National
Symposium on "Present Scenario in
Diseases of Oil Seeds and Pulses",
Aurangabad (India) pp 59.

Monga, D., Chakrabarty, P. K. and Kranthi, K.
R. 2011. Cotton leaf Curl Disease in
India-recent status and management
strategies. Presented in 5th meeting of
Asian Cotton Research and Development
NetworkHeld in Lahore in Feb. 23-25.

Navas-Castillo, J., Fiallo-Olive’, E. and
Sa’nchez-Campos, S. 2011. Emerging
virus diseases transmitted by whiteflies.
Ann. Rev. Phytopath., 49:219-48

Qadir, R., Khan, Z.A. Monga, D. and Khand,
J.A. 2019. Diversity and recombination
analysis of Cotton leaf curl Multan virus:
a highly emerging begomovirus in
northern India. BMC Genomics. 20: 274

Rehman, M., D., Hussain and Zafar, Y. 2002.
Estimation of genetic divergence among



Inheritance pattern of resistance to (CLCuD) 203

elite cotton cultivars- genotypes by DNA
finger-printing technology. Crop Sci., 42:
2137-44

Raehman, M., Hussain, D., Malik, T.A. and

Zafar, Y. 2005. Genetics of resistance to
cotton leaf curl disease in Gossypium
hirsutum. Plant Pathol., 54: 764-72.

Rahman Mehboob-ur, Khan, A.Q., Rahmat, Z.

and Igbal, M.A. 2017. Genetics and
genomics of cotton leaf curl disease, its
viral causal agents and whitefly vector: a
way forward to sustain cotton fibre security.
Front. Pl. Sci., 8: 1157.

Rajagopalan, P. A., Naik, A., Katturi, P.,

Kurulekar, M., Kankanallu, R. S., and
Anandalakshmi, R. 2012. Dominance of
resistance-breaking cotton leaf curl
Burewala virus (CLCuBuV) in north-
western India. Arch. Virol., 157: 855-68.

Sajjad, H, Khan, I.A.and Sahid, M. 2003.
Genetics of cotton leaf curl virus disease in
upland cotton. Sarhad J. Agri. 19: 207-10.

Sattar, M. N., Igbal, Z., Tahir, M. N. and Ullah,
S. 2013. The Prediction of a New CLCuD
Epidemic in the Old World. Front.
Microbiol., 8: 631.

Siddiq, M. A., Siddique M. A. and Hughes, L. C.
1970. Breeding for leaf curl resistance in
Sakel cotton. In: Cotton Growth in Gezira
environment. (eds.) Agri. Res .Corp
Sudan, pp. 153-58.

Zerbini, F.M., Briddon, R.W., Idris, A., Martin,
D.P., Moriones, E., Navas-Castillo, J.,
Rivera-Bustamante, R., Roumagnac,
P., and Varsani, A. 2017. ICTV Virus
Taxonomy Profile: Geminiviridae. J. Gen.
Virol.,98: 131-33.

Received for publication : April 17,2021
Accepted for publication : June 21,2021



