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ABSTRACT

The major biotic factor affecting sorghum production during its early growth
period is the sorghum shoot fly (Atherigonna soccata Rond.). There are
numerous ways to minimize yield losses from shoot fly attack but, it is
necessary to develop the genetically resistant lines through marker-assisted
breeding. The current study was carried out to screen the F, generation
developed from the cross K8 x IS 18551 for the major four sorghum shoot
fly resistance QTLs in linkage groups SBI-05 and SBI-10. IS 18551 is
used as a resistance source. The segregating population was subjected
to genotyping. Foreground selection was carried out using SSR markers
flanking the QTLs. As a result of Marker Assisted Selection (MAS), 5 plants
with 4 QTLs and 37 plants with 3 QTLs, 22 plants with 2 QTLs and 32 plants
with 1 QTL was identified by genotyping. From the component trait analysis,
it has been evident that the plants with resistant QTLs recorded very less
shoot fly infestation. The homozygous lines harbouring resistant QTL's
can be evaluated in yield trials and may also be useful in further breeding
programmes for management of shoot fly in sorghum.
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INTRODUCTION

Sorghum bicolor L. Moench is the fifth most
important cereal crop globally, and third most
important crop in India. It is mostly raised in semi-
arid tropics of Asia and Africa for food, feed and fuel
(Kumar et al., 2013) because of its drought-tolerant
nature (Ashok Kumar et al., 2011). It is the staple
food for the poorest people because of its micro-
nutritional value and energy (Kumar et al., 2009).
Recently, the area under sorghum cultivation and
its yield are limited due to biotic and abiotic factors
(Kiranmayee et al., 2015; Mohammed et al., 2015;
Sharma et al., 2015).

Among the biotic factors affecting sorghum
production, sorghum shoot fly (Atherigonna soccata
Rond.) is the most economically important pest
in Asia, America, Australia and Africa. Shoot fly
infestation results in the typical “Dead Heart”
symptom leading to the production of side tillers
with reduced yield (Kiranmayee et al., 2015;
Sharma et al., 2015). Usually, sorghum is raised
after monsoon showers as a post-rainy season
crop. It is not possible for the poor farmers to
go for chemical sprays for insect control as it
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involves cost and manpower (Gorthy et al., 2017;
Mohammed et al., 2016). Development of host
plant resistance is the cost-effective and long term
control to reduce pestincidence (Gorthy et al., 2017;
Kiranmayee et al., 2015; Mohammed et al., 2018).
For selecting the plants with resistance based on
phenotypic observations alone is not reliable as
shoot fly resistance is a quantitative trait regulated
by environmental interactions (Gorthy et al., 2017).
Breakthrough in sorghum improvement occurred
only after the availability of sorghum sequence
which facilitated fine characterization, synteny
studies and comparative QTL studies through the
integration of genetic and physical maps (Paterson
et al., 2009). Shoot fly resistance is a quantitative
trait associated with morphological traits such as
leaf glossiness, dead heart per cent, seedling vigour
and trichome density (Kiranmayee et al., 2015).
The QTLs associated with shoot fly resistance were
identified by several scientists (Apotikar et al., 2011;
Aruna et al., 2011b; Gorthy et al., 2017; Kiranmayee
etal., 2016; Satish et al., 2012; Satish et al., 2009).
Sorghum shoot fly resistant QTLs reported by
Satish et al. (2012) were used for marker-assisted
screening (MAS). The K8 is an elite sorghum cultivar
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released from Kovilpatti research station from the
cross IS 12611 x Sc 108. Duration of the crop is
about 85-95 days but is susceptible to shoot fly. The
IS 18551 is the internationally used check for shoot
fly resistance with poor agronomic traits and yield.
The aim of this study is to screen the F, generation
plants derived from the cross K8 x IS 18551 for
shoot fly resistance through molecular markers
along with phenotypic confirmations.

MATERIAL AND METHODS

Field screening of sorghum F, generation was
carried out during Kharif 2018 at New Area field
no. 4 C under the Department of Millets, TNAU,
Coimbatore at the Latitude 11.0136 °N and
longitude 76.9378 °E with an altitude of 436.8 m.
The segregating plants from the F, generation of
K8 x IS 18551 cross harbouring the resistant QTL's
(Table 1) for sorghum shoot fly resistance were
evaluated in F,generation. The selected plants were
sown with a spacing of 45 x 15 cm along with the
parents. General agronomic practices were followed
as per Crop Production Guide ( 2012) except for
insecticide spray.

Simple Sequence Repeat (SSR) markers (Table 2)
associated with shoot fly resistance, which is closely
linked to the major QTL's were used for screening
the F, population raised in the field. In addition to
genotyping, important component traits of shoot fly
resistance such as leaf glossiness, seedling vigour,
oviposition percentage, dead heart percentage,
number of side tillers were phenotypically observed
and recorded.

DNA isolation and genotyping

The F, generation plants were tagged individually.
Leaf samples were collected from the young leaves
for isolation of DNA. DNA was isolated by using a
modified DNA isolation protocol given by Doyle and
Doyle (1990). The isolated DNA was quantified by
Nanodrop spectrophotometer and diluted to the
final concentration of 50ng/ul. The diluted DNA was
used as a template for the further PCR reaction. The
markers linked to four major QTLs were used in the
study and the respective characteristics associated
with QTLs taken for research were provided in Table
1. The primer details were provided in table 2. The
PCR was performed with the profile of about 94°C
for 5 min of initial denaturation, 94 °C for 1 min for
denaturation, 55 °Cor 58 °C for 1min for annealing
and 72°C for 1 min for extension and the cycle was
repeated 35 times and final extension of about 72°C
for 7 min with hold temperature of 4°C. The PCR
product was resolved using 3.5% agarose gel and
the progenies were scored (Fig 1).

Study for shoot fly resistant component traits
Seedlings with high leaf glossiness showed
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resistance to shoot fly infestation. Leaf glossiness
has been observed during the early morning hours
at 10 DAE based on the scale from 1 - 5 (score of 1
indicates highly glossy light green leaves which are
shining, narrow and erect and score of 5 is given to
plants with non -glossy dark green dull broad and
drooping leaves) (Aruna et al., 2011a).

Seedling vigour has a direct correlation with
shoot fly resistance as the plants with high vigour
escapes shoot fly incidence. The seedling vigour
was observed at 10 DAE using vigour scale of 1-5,
a score of 1 was given to highly vigorous, robust
plants having a maximum height with more number
of fully expanded leaves with good adaptation and a
score of 5 indicates plants with poor seedling vigour,
growth and less adaptation (Aruna et al., 2011a).

Seedlings with a lower oviposition frequency
show shoot fly resistance (Figure 2 A). Oviposition
percentage was calculated on the 21% and 28" day
after emergence. It was calculated using the formula

Oviposition (%) Number of seedlings with eggs 100
i = %
vipesien Total number of seedlings

Dead heart percentage was calculated after 40
DAE as it was the direct measure of shoot fly
resistance (Figure 2B). It was calculated using the
formula

Dead H ) Number of seedlings with dead heart 100
t = X
Fad Hear Total number of seedlings

As a result of dead heart, side tillers were
produced. Total number of side tillers were recorded
(Fig 2C).

RESULTS AND DISCUSSION
DNA isolation and genotyping

As the classical conventional breeding involves
time and labour a new technique of Marker Assisted
Breeding (MAB) came into existence.

Table 1. Sorghum SSR markers flanking QTL's and
QTL-related biophysical traits

Chr Traits iated with
number QrL

QTLs and SSR markers

QTL 1
Xtxp65- XnhsbmSFC61*
*Candidate gene markers

Leaf surface glossiness,
SBI-5 Dead heart % and
Oviposition

QrL2
Xtxp 020 Xnhsbm1011

Leaf surface glossiness,

Seedling vigour, Dead Satish
heart %, Oviposition etal.
and trichome density (2012)

SBI-10

QTL 3 XnhsbmSFC1034%*-
Xnhsbm SFCILP30 SBI-10
*Candidate gene markers

Leaf surface glossiness,
Oviposition, Dead Heart
% and trichome density

QTL 4

Xtxp129-Xtxp331 SBI-10 Dead Heart % and leaf

surface glossiness

The use of molecular markers in sorghum dates
back to the 1990’s. The first report on the use of
Marker Assisted Backcross Breeding (MABC) for



Table 2. Primer sequence information of Sorghum SSR markers used in genotyping

Melting temp
Primer Name Primer Sequence (5’ to 3’) No. of nucleotides QTL
(Tm)
Xtxp 65 -F CAC GTC GTC ACC AAC CAA 18
55C
Xtxp 65 -R GTT AAA CGA AAG GGA AAT GGC 21 QTL
Xnhsbm SFC 61-F GCA AGA CCC AAA GAG AGA CG 20 5.1
58 C
Xnhsbm SFC 61-R TTC ACA GCA GCA GCA ACT TC 20
Xtxp 129-F TCC TCG ACATCCTCCA 16
55C
Xtxp 129-R GAC ACC TCG TAG CAC TCC 18
QTL 10.1
Xtxp 331- F AAC GGT TAT TAG AGA GGG AGA 21
55C
Xtxp 331-R AGT ATA ATA ACA TTT TGA CAC CCA 24
Xtxp 020-F TCT CAA GGT TTG ATG GTT GG 20
55C
Xtxp 020-R ACC CAT TAT TGA CCG TTG AG 20
QTL 10.2
Xnhsbm 1011-F TGG GAT GCC ATATTC TTT TTG 21
58C
Xnhsbm 1011-R GTT CCT GGT GTT CGT TTG CT 20
Xnhsbm SFC34-F GCT CAA CTG TGG GTC GTT CT 20
58C
Xnhsbm SFC34-R TCG CAG TCA ATG ATC TCC TG 20
QTL 10.3
Xnhsbm SFC IL P30- F GGG AAC TGT GGG AAG AAG GT 20
58C
Xnhsbm SFC IL P30-R AGA GAG CCT GTT TGG CAA GA 20

shoot fly resistance was given by Gorthy et al.
(2017). Based on the earlier studies carried out by
Satish et al. (2012) the four major QTLs associated
with major component traits of shoot fly resistance
were found to be present in SBI-05 and SBI-10. A
total of 96 plants were screened. As a result, five

plants with 4 QTLs, thirty-seven plants with 3 QTLs,
twenty-two plants with 2 QTLs and thirty-two plants
with 1 QTL was observed. The plants with maximum
QTLs were forwarded to the next generation for
further studies.

Table 3. Correlation of F3 generation plants with resistant QTLs and shoot fly resistance component traits

Plants With
Genotypes Respective Seedling Leaf Oviposition Dead No._ of
and Number OF vigour lossiness heart side
Generation , g g (%) (%) tillers
QTL’s
1 4.5 453 48.3 33.3 4.9
F3 2 3.84 3.95 36.5 19.7 3.86
4 1.68 1.53 22.3 11.2 0.53
Recurrent 5 5 79.4 59.8 0.98
parent(K8)
Parents Donor parent
1 1 11.3 6.3 0.13
(IS 18551)
CD (5%) 0.053 0.046 0.65 0.058 0.107

*Mean of five plants with respective number of QTLs
Study for shoot fly resistant component traits

Leaf glossiness is known as the reflectance of
light from the leaf surface. A negative correlation was

observed between leaf glossiness to oviposition and
dead hearts. The intensity of glossiness is directly
proportional to the resistance in seedlings (Dhillon
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Figure. 1 - Foreground selection for presence of

shoot fly resistant QTL and scoring of gel
L- NEX-GEN 100 bp DNA ladder,

P1- Susceptible parent (K8)

P2- Resistant parent (IS 18551),

A- Progeny with homozygous allele of parent A (K8)

B- Progeny with homozygous allele of parent B (IS 18551)

H- Progeny with alleles from both the parents

et al., 2005; Gorthy et al., 2017). The plants with
maximum QTLs show high glossiness thereby a low
number of eggs and dead heart. Seedling vigour is
a negatively associated trait with dead heart and

oviposition (Dhillon et al., 2005; Gorthy et al., 2017).
Plants with resistant QTLs recorded high seedling
vigour than susceptible ones.

The plants with more number of eggs have higher
rates of dead heart formation indicating that
oviposition has a direct correlation with dead heart
incidence (Dhillon et al., 2006). This correlation was
found to go in line with this study also. Susceptible
plants were found to have more oviposition
percentage and dead heart, whereas resistant
plants with QTL's recorded significantly high level of
shoot fly resistance. All the above component traits
were found to be connected with a resistance
mechanism known as non-preference for oviposition
(Gorthy et al., 2017). The consolidated results of
component traits from the mean of 5 plants with 1-4
number of QTLs were given in table 3.

Figure 2. A) Egg of shoot fly (Atherigonna soccata Rondani) on the abaxial side of sorghum leaf
B) Typical dead heart symptom caused by maggot feeding on central whorl

C) Side tillers produced by shoot fly infestation

CONCLUSION

The segregating population of 96 plants were
screened using the markers associated with the
resistant QTLs for the presence of major QTLs.
Eight SSR markers flanking the QTLs were used
for genotyping and the component characteristics
associated with shoot fly resistance were recorded.
The lines identified with shoot fly resistant QTLs can
be used for further evaluation and in future breeding
programmes.

ACKNOWLEDGEMENT

A part of this work was carried out under the
Department of Biotechnology, New Delhi funded
project (Dr. N. K. (BT/ PR10928/ AGII/106/ 954/
2014 dt 29.06.2015)). Gowri Shankari A.P. thanks
DBT for providing necessary funds to carry out this
research, Department of Millet, TNAU, Coimbatore
for providing field area and labours, Centre for Plant
Molecular Biology and Biotechnology (CPMB &B) for
providing the necessary facilities.

REFERENCES
Apotikar, D., D. Venkateswarlu, R. Ghorade, R.

106 | 4-6 | 398

Wadaskar, J. Patil and P. Kulwal. 2011. Mapping
of shoot fly tolerance loci in sorghum using SSR
markers. Journal of genetics. 90: 59-66.

Aruna, C., P. Padmaja, B. Subbarayudu and N.
Seetharama. 2011a. Genetics of traits associated
with shoot fly resistance in post-rainy season
sorghum (Sorghum bicolor L.). Indian Journal of
Genetics and Plant Breeding (The). 71:9-16.

Aruna, C., V. Bhagwat, R. Madhusudhana, V. Sharma, T.
Hussain, R. Ghorade, H. Khandalkar, S. Audilakshmi
and N. Seetharama. 2011b. Identification and
validation of genomic regions that affect shoot
fly resistance in sorghum [Sorghum bicolor (L.)
Moench]. Theoretical and applied genetics.
122:1617-1630.

Ashok Kumar, A., B.V.S. Reddy, H.C. Sharma, C.T. Hash,
P. Srinivasa Rao, B. Ramaiah and P.S. Reddy. 2011.
Recent advances in sorghum genetic enhancement
research at ICRISAT. American Journal of Plant
Sciences. 2:589-600.

Crop Production Guide. 2012. . Dept. of Agriculture,
Govt. of Tamil Nadu and Tamil Nadu Agricultural
University,Coimbatore. pp. 147 -161.

Dhillon, M., H. Sharma, R. Singh and J. Naresh. 2005.
Mechanisms of resistance to shoot fly, Atherigona
soccata in sorghum. Euphytica. 144:301-312.



Dhillon, M., H. Sharma, B. Reddy, R. Singh and J.
Naresh. 2006. Inheritance of resistance to
sorghum shoot fly, Atherigona soccata. Crop
science. 46:1377-1383.

Doyle, J.J. and J.L. Doyle. 1990. Isolation ofplant DNA
from fresh tissue. Focus. 12:39-40.

Gorthy, S., L. Narasu, A. Gaddameedi, H.C. Sharma,
A. Kotla, S.P. Deshpande and A.K. Are. 2017.
Introgression of shoot fly (Atherigona soccata
L. Moench) resistance QTLs into elite postrainy
season Sorghum varieties using marker assisted
backcrossing (MABC). Frontiers in plant science.
8:1494.

Kiranmayee, K., C.T. Hash, S.P. Deshpande, K.
Varaprasad and P. Kishor. 2015. Biotechnological
approaches to evolve sorghum (Sorghum bicolor
(L.) Moench) for drought stress tolerance and shoot
fly resistance. Curr. Trends Biotechnol. Pharm.
9:257-264.

Kiranmayee, K.U., P.K. Kishor, C.T. Hash and S.P.
Deshpande. 2016. Evaluation of QTLs for Shoot
Fly (Atherigona soccata) Resistance Component
Traits of Seedling Leaf Blade Glossiness and
Trichome Density on Sorghum (Sorghum bicolor)
Chromosome SBI-10L. Tropical Plant Biology.
9:12-28.

Kumar, A.A., B.V. Reddy, B. Ramaiah, P.S. Reddy,
K. Sahrawat and H. Upadhyaya. 2009. Genetic
variability and plant character association of grain
Fe and Zn in selected core collection accessions
of sorghum germplasm and breeding lines. Journal
of SAT Agricultural Research. 7

Kumar, A.A., H.C. Sharma, R. Sharma, M. Blummel,
P.S. Reddy and B.V. Reddy. 2013. Phenotyping in
sorghum [Sorghum bicolor(L.) Moench], p. 73-109
Phenotyping for plant breeding. Springer.

Mohammed, R., R.S. Munghate, A.K. Are, K.K.B.
Polavarapu, B.V. Reddy and H.C. Sharma. 2016.

Components of resistance to sorghum shoot fly,
Atherigona soccata. Euphytica. 207:419-438.

Mohammed, R., A.K. Are, R.S. Munghate, A. Gaddameedi,
K.K.P. Bilhan and H.C. Sharma. 2018. Pattern of
genetic inheritance of morphological and agronomic
traits of sorghum associated with resistance to
sorghum shoot fly, Atherigona soccata. Euphytica.
214:32.

Mohammed, R., A.K. Are, R. Bhavanasi, R.S. Munghate,
K. Kishor, B. Polavarapu and H.C. Sharma. 2015.
Quantitative genetic analysis of agronomic and
morphological traits in sorghum, Sorghum bicolor.
Frontiers in plant science. 6:945.

Paterson, A.H., J.E. Bowers, R. Bruggmann, |. Dubchak,
J. Grimwood, H. Gundlach, G. Haberer, U. Hellsten,
T. Mitros and A. Poliakov. 2009. The Sorghum
bicolor genome and the diversification of grasses.
Nature. 457: 551-556.

Satish, K., R. Madhusudhana, P. Padmaja, N. Seetharama
and J. Patil. 2012. Development, genetic mapping
of candidate gene-based markers and their
significant association with the shoot fly resistance
quantitative trait loci in sorghum [ Sorghum bicolor
(L.) Moench]. Molecular breeding. 30:1573-1591.

Satish, K., G. Srinivas, R. Madhusudhana, P. Padmaja,
R.N. Reddy, S.M. Mohan and N. Seetharama.
2009. Identification of quantitative trait loci for
resistance to shoot fly in sorghum [ Sorghum bicolor
(L.) Moench]. Theoretical and Applied Genetics.
119:1425-1439.

Sharma, H.C., V.R. Bhagwat, R.S. Munghate, S.P.
Sharma, D.G. Daware, D.B. Pawar, A.A. Kumar,
B.V. Reddy, K.B. Prabhakar and S.P. Mehtre.
2015. Stability of resistance to sorghum shoot
fly, Atherigona soccata. Field Crops Research.
178:34-41.

106 | 4-6 | 399



