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Abstract

The success of hybrid rice technology depends on the extent of heterosis realized, pest resistance and the grain quality of
rice. To identify gall midge resistant, non aromatic maintainers and restorers, 114 germplasm lines were crossed with six
CMS lines (2 indigenous and four exotic) to get one hundred fifty five hybrids (Rabi, 2012-13) and evaluated with 10
checks (Kharif, 2013) at Rice Research Station, Regional Agricultural Research Station, Jagtial, Andhra Pradesh. Based on
pollen sterility and spikelet fertility studies, 49 maintainers and 31 restorers were identified. Screening hybrids and their
parental lines for gall midge incidence indicated the involvement of dominant genes for gall midge resistance. Forty three
hybrids, eleven maintainers and eighteen restorers were resistant to gall midge biotype 3. Gall midge resistant maintainers
and restorers will be used for new CMS line and hybrid development respectively. The conventional method of restore line
identification among rice germplasm pool is time consuming and labor intensive. Molecular mapping of fertility restorer
genes in rice have yielded several closely linked DNA markers that can be used in identifying restorer lines. In order to
utilize this available information effectively in marker assisted restorer line identification, validation of reported Rf3 and
Rf4 gene linked DNA markers was carried out in this study. A total of seven DNA markers reported to be closely linked
with two Rf genes of wild abortive CMS (WA-cms) were chosen. These markers were screened among twenty identified
restorers and five maintainer lines. The genotypic data set was generated based on the specific PCR product size. Two DNA
markers in combination (RM10313 and RM6100) showed 100% selection efficiency in identifying restorers in the
germplasm and 90% selection efficiency in differentiating maintainers from restorers. These validated molecular markers

linked to Rf genes would save time and money besides adding accuracy in identification of restorers.
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Introduction:

Rice (Oryza sativa L.) is one of the most important
food crops and primary source of food for more
than half the world’s population (Hashemi et. al.,
2009). Over 75% of the world supply is consumed
by people in Asian countries and thus rice is of
immense importance to the food and lively hood
security of Asia. Rice production must be
increased to meet the requirement of increasing
population. Since the yield of high yielding
varieties (HYVs) of rice has plateaued, it is rather
difficult to achieve this target with the present day
inbred varieties. Hybrid rice technology is the only
proven technology currently available for stepping
up rice production significantly and is considered
as one of the promising, practical, sustainable and
eco-friendly options to break the yield ceiling in
rice (Sheeba et al., 2009). First hybrid was released
in 1975 in China; up to 30 percent heterosis is
recorded with rice hybrids. In India first hybrid
was released for cultivation in 1994. Since then 59
hybrids have been released in India (DRR, 2013).

Combination of a CMS line, a maintainer line and
a restorer line carrying the restorer gene (Rf) to
restore  fertility is indispensable for the
development of hybrid varieties in three line
system (Virmani et al., 2003). Presently hybrids
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occupy around five percent of 44 million hectares
of rice area. Major reasons for slow rate of
adoption of hybrid rice in India are undesirable
grain quality (stickiness and mild aroma) and
susceptibility to insect pests (gall midge and stem
borer). Development of parental lines with
desirable traits like non aromatic and gall midge
resistance is a prerequisite for development of gall
midge resistant hybrids with higher yields. Rice
gall infestation is a serious rice problem caused by
a dipterans insect pest known as gall midge
(Orseolia oryzae (Wood-Mason)). The annual
yield losses due to rice gall midge have been
calculated to vary from 20% to 30% or even
higher. So far, 11 gall midge resistance genes have
been characterized in rice (Himabindu et al.,
2010), and seven biotypes of the pest have been
reported (Vijayalakshmi et al., 2006). At present,
chemicals and pesticides are less effective to
control gall midge and more application of
chemicals and pesticides leads to environment
pollution. The best logical approach to overcome
this problem is to breed new cultivars with high
resistance to rice gall midge.

In hybrid rice technology maintainer and restorer

lines will be identified by crossing germplasm
lines with a CMS line and evaluating the F; for
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pollen and spikelet fertility. This system of restorer
identification is time consuming and labour
intensive. CMS can be restored by nuclear genes
governing fertility restoration (Rf) (Nematzadeh
and Kiani, 2010). Among five fertility restorer
genes identified for WA (wild abortive) cytoplasm
(Rf), Rf3 and Rf4 genes reported to be of more
value for identification of restorers (Revathi et al.,
2013) . Several DNA markers closely linked to Rf
genes have been reported (Ahmadakhah et. al.,
2007, Bazrkar et. al., 2008, Alavi et. al., 2009,
Neeraja et al, 2009, Sheeba et. al., 2009 and
Grishma Shah et. al., 2012) which are useful in
marker assisted identification of restorers in rice
germplasm and further use in hybrid breeding
program. In order to utilize this information in
normal breeding the reported markers need to be
validated. Hence, present study was undertaken to
identify gall midge resistant, non aromatic hybrid
rice parental lines and validate markers linked to
fertility restoration.

Material and Methods

The present investigation was conducted at
Research farm of Regional Agricultural Research
Station, Jagtial, Karimnagar, Andhra Pradesh,
India during Rabi, 2012-13 and Kharif, 2013. The
experimental material comprised 114 non aromatic
germplasm lines and six Cytoplasmic Male Sterile
(CMS) lines from two sources viz., indigenous
(JMS1 and JMS11 developed at RARS) and exotic
(CMS11A(IR68902A), CMS14A(IR69628A),
CMS23A(IR72081A) and CMS46A(IR80559A)
developed at International Rice Research Institute,
IRRI, Manila, Philippines). A total of 155 hybrids
were produced by crossing germplasm lines with
CMS lines during rabi 2012-13. Twenty five days
old seedlings of both hybrids and male parents
were planted in augmented design, with checks
repeating after every ten hybrids. Ten popular high
yielding  varieties  (JGL11470, JGL18047,
MTU1010, JGL20171, JGL19621, JGL3844 &
Badri) and hybrids (27P31, 27P64, JKRH401) of
different maturity and duration were used as
checks in the experiment. Each entry was planted
in a single row of 20 plants with standard spacing
20x20cm. Recommended package of practices
were followed during crop growth period.
Observations were recorded on five randomly
selected plants in each treatment for gall midge
incidence, pollen sterility and spikelet fertility. To
get more gall midge incidence susceptible check
(BPT5204) was planted around and in-between the
experiment plot. Gall midge incidence percentage
was recorded in each entry 30 days after
transplanting, by counting number of hills with
silver shoots. Entries with less than 10 percent of
hills with silver shoots were considered as
“resistant” and others grouped as “susceptible”
(SES, 2002). Jagtial is known to be hot spot for
gall midge screening and more than 98 percent of
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gall midge incidence was observed in susceptible
check BPT5204.

Pollen sterility and Spikelet fertility:Pollen and
spikelet fertility percentages were assessed during
flowering and harvesting stage respectively (Yui et
al., 2003). To estimate pollen sterility, samples are
collected from at least ten florets from individual
plants at flowering stage and fixed in 70% alcohol.
Two to three anthers are extracted from five of the
florets on a glass slide and pollen are squeezed out
with a spear-shaped needle in a drop of 2% IKI
(lodine-Potassium lodide) solution.  Removed
anthers were crushed and visualized under
microscope at 100X magnification. At least three
microscopic fields are used to count sterile pollen
grains, the unstained, irregular pollen grains were
recorded as sterile and completely stained, round
pollen grains as fertile. Finally, the percentage
pollen sterility was calculated based on the number
of sterile pollens over the total number of pollen
grains analyzed. Entries with more than 95%
pollen sterility were considered as “sterile”; 70%
to 95% as “partially sterile”; 40% to 69.9% as
“partially fertile” and less than 40% as “Fertile”.
Spikelet fertility was estimated by bagging three
panicles per plant with selfing covers during
flowering stage and at harvesting stage, bagged
panicles were collected, sun dried and spikelet’s
were counted for the number of filled and unfilled
grains. The percentage spikelet fertility was
calculated by considering the number of
unfilled/filled grains over total number of spikelet
per panicle. Classified the hybrids based on
spikelet fertility as Fertile (>75%), Partial (10% -
75%), sterile (<10%) (SES, 2002). The criteria for
classifying the parental lines as maintainers and
restorers were used as proposed by Virmani et al.
(1997).

Genotyping: Molecular markers reported for two
fertility restorer (Rf) genes (Rf3 & Rf4) of WA
cytoplasm was studied. Based on the centi Morgan
(cM) distance between gene and the marker,
closely linked markers were identified and used for
polymerase chain reaction (PCR) analysis (Table
1). DNA was isolated using mini-preparation
method (Thippeswamy, 2007) by collecting young
leaves in 1.5 micro-centrifuge tubes, labeled and
placed the tubes on ice during transit. Leaf samples
were cut in to small pieces and grinded by adding
800 pL extraction buffer. 400 pL of chloroform
was added, mix well and spun for 5 min at 12,000
rpm, top aqueous phase is transferred into another
tube. 800 pL of chilled absolute ethanol was
added, mixed gently and spun for 5 min in a micro-
centrifuge at 12,000rpm, supernatant was
decanted. DNA pellet was washed with 70%
ethanol and air-dried the DNA and suspended the
DNA in 50 uL of TE buffer. The integrity of DNA
was judged through gel analysis by casting 0.8%
agarose gel in 1X TBE (Tris Borate EDTA) buffer
containing 3 pL of Ethidium bromide at 100 Volts.
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PCR amplification was carried out in 20 ul
reaction volume containing 20 ng genomic DNA,
1X PCR buffer (Tris with 1.5 mM MgCl,), 50 uM
dNTP (2.5mM each dNTP), 5pM of each forward
and reverse primer, 0.5 units of taq polymerase
enzyme. Amplification was performed in a thermal
cycler (Eppendorf, USA) and the PCR performed
with a program of initial denaturation at 94°C for 5
minutes, cyclic denaturation at 94°C for 2 minute,
primer annealing at 50°-54°C (vary from marker to
marker) for 1 minute and primer extension at 72°C
for 2 minute. The cycle was repeated 40 times and
ended with the final extension at 72°C for 10
minutes. The amplified PCR products were
resolved in gel electrophoresis on 3.0%
Seakem®LE agarose gel (Lonza, USA) along with
50 bp molecular marker (Bangalore Genie, India),
stained with ethidium bromide and documented
using gel documentation system (Alpha Innotech,
USA). The genotypic dataset was generated based
on the PCR amplification profile by scoring
presence and absence of specific allele with
specific base pair (bp) size for all the samples.
Validation of linked markers was carried out using
20 identified restorers and five maintainers.

Results and discussion

Identification of restorers and maintainers in the
existing germplasm is the most quick and simple
approach for exploitation of hybrid vigor in rice.
One hundred and fifty five hybrids were produced
and evaluated by crossing 114 non-aromatic
germplasm lines with six female lines viz., IMS1A
(64 hybrids), JIMS11A (11 hybrids), CMS11A (13
hybrids), CMS14A (4 hybrids), CMS23A (36
hybrids), CMS46A (27 hybrids). Sixty one hybrids
showed fertile reaction in pollen studies, out of
which 38 were classified as fertile and 23 were
partials in field spikelet fertility studies. Eight
hybrids having partially fertile pollen were having
fertile spikelet fertility and most of the hybrids
(28) with partial pollen sterility recorded either
partial (18) or sterile (10) spikelet fertility
(Table2). All 58 hybrids having sterile pollen
grains had sterile spikelet fertility. Thirty one
genotypes were considered as restorers, which
showed fertile pollen and spikelet fertility when
crossed with different CMS lines. Among 114
lines used, forty nine genotypes were identified as
maintainers which were showing hybrid sterility.
In the present study 43% of total germplasm
constituted of maintainers and 27% of restorers.
Higher frequency of maintainers than restorers was
also found by Ali and Khan (1996), Sabar and
Akhter (2003), Virmani and Kumar (2004) and
Akhter et al. (2008). The new non aromatic
maintainer lines (Table 3) will be used to develop
locally adapted CMS lines through recurrent
backcrossing. Three genotypes (JGL21823,
JGL21851 and JGL22311) behaved as a restorer
for the one CMS line and as maintainer for other
CMS line (Table 2 & 3). The variations in
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behavior of fertility restoration indicate that their
fertility restorer genes interact differently with
nuclear genes of various maintainers. Similar
results have been reported by Hemareddy et al.
(2000), Gannamani (2001) and Bisne and
Motiramani (2005) and Sri Krishnalatha and
Deepak Sharma (2012). A total of 77 non
aromatic maintainers and restorers identified in the
present study form a new genetic pool for
exploitation of hybrid vigor and diversification of
hybrid rice parental lines (Table 3).

Gall midge screening results revealed that the forty
three hybrids, eleven maintainers and eighteen
restorers are resistant to gall midge (Table2 & 3).
All six female lines used have shown varying
levels of gall midge susceptibility (21% to 64%)
and most of the hybrids are resistant whenever
male parent is resistant. This indicates the
dominant gene inheritance of gall midge
resistance. This finding is in line with the dominant
gene inheritance of so far reported 11 gall midge
resistance genes except gm3 (Bentur et. al., 2003,
Thippeswamy et.al., 2006 and Sama et.al., 2014).
Seven hybrids (TCN385, TCN412, TCN449,
TCN455, TCN487, TCN508 and TCN509) showed
resistance though both the parents are susceptible;
this may be due to involvement of multiple genes
with minor effects. Biotype3 is most virulent and
largely prevalent in India and same biotype is
reported at Jagtial (DRR, 2014). Hence, these
resistant hybrids will be having wider adaptability
and reduce the average annual yield loss of US$ 80
million (Widowsky and O’Toole, 1996) due to gall
midge in India.

Validation of Rf gene linked DNA markers: A total
of seven DNA markers reported to be linked with
two fertility restorer genes (Rf3 and Rf4) of WA
cytoplasm among twenty restorer lines and five
maintainer lines. Genotypic data showed number
of alleles identified per marker was variable. Only
those alleles reported to be linked to Rf genes were
scored and efficiency of each marker to identify
restorer and maintainer is calculated (Table4). Nas
et al. (2003) demonstrated for the first time use of
molecular markers for restorer line identification
and reported that PCR based marker RG140STS
exhibited 83% efficiency in identifying putative
restorers. Efficiency of linked markers to identify
restorer vary from 0 (RM3873) to 90 (RM10318).
PCR based markers RM10313 and RM6100 linked
to Rf3 and Rf4 respectively, found to be more
accurate compared to other linked markers in
identifying restorers and differentiating
maintainers from others. These two DNA markers
in combination (RM10313 and RM6100) are 100%
efficient in identifying restorers in the germplasm
and 90% efficient in differentiating maintainers
from restorers (Table4, Figurel & 2). These results
are in close confirmation earlier reports. Revathi et
al. (2013) found PCR based markers RM6100 and
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RM10313 exhibiting 80 to 85% efficiency in
restorer identification and Singh et al. (2005)
reported that usefulness of RM6100 in marker
aided selection of restorer with selection accuracy
of 97%. RM6100 amplified the Rf4 linked allele in
a majority of the restorers with a selection
accuracy of 94.87% (Sheeba et al., 2009).

Alavi et al. (2009) reported that RM1 and RM3873
primers are having 89 and 74% efficiency in MAS
for fertility restoration trait. However, when they
are used together, their efficiency would be 99% in
identification of restorers. In present study RM1
and RM3873 showed around 35% efficiency in
restorer identification whereas non-restorers also
identified with higher selection accuracy in
comparison with pollen and spikelet fertility. Map
distance between Rf3 gene and the molecular
markers RM1, RM3233, and RM3873 is 5.6¢cM,
17cM and 14cM respectively. As these primers are
not closely linked with Rf genes, they are not able
to differentiate putative restorers and non-restorers.
Hence, these primers are not useful in marker
assisted selection of restorer lines. Two other
primers (RM258 and RM10318) linked to Rf4 gene
were 50% efficient in restorer identification.
Identification of candidate gene based marker for
fertility restoration trait would be very useful in
distinguishing  restorers ~ from  non-restorers.
Recently candidate gene based marker for fertility
restoration trait has been reported (Ngangkham et.
al., 2010). These genic markers are based on
pentatricopeptide repeat (PPR) motif containing
genes on chromosome 10. But further experiment
is required to validate the identified candidate PPR
genes to establish its precise role in restoration of
fertility of WA-CMS. The present study indicates
that molecular screening with RM6100 and
RM10313 for fertility restoration can be a useful
tool for identifying restorers from breeding lines of
unknown restoration status with 100% efficiency
without making and evaluating large number of
test crosses. But identified restorers based on
molecular screening must be test crossed with
appropriate CMS lines to confirm higher level of
heterosis. Thus use of molecular markers linked to
Rf genes would save time and money besides
adding accuracy in identification of restorers.
These markers are useful in marker assisted
identification of Rf genes in back cross breeding
program to develop near isogenic lines with
multiple Rf genes towards the development of
superior restorer lines. The identified gall midge
resistant restorers are being used for development
of high yielding and wide adoptable rice hybrids.
Maintainers with gall midge resistance and good
grain quality were used in back cross breeding
program for development of new CMS lines.

Acknowledgment

Acknowledge the Rashtriya Krishi Vikas Yojana
(RKVY) for funding of hybrid rice project. We

http://sites.google.com/site/ejplantbreeding

thank B. C. Viraktamath, Project Director,
Directorate of rice Research, for his support and
encouragement.

Reference

Ahmadikhah, A., Karlov, G.I., Nematzadeh, G.H. and
Ghasemi Bezdi, K. 2007. Inheritance of the
fertility restoration and genotyping of rice
lines at the restoring fertility (Rf) loci using
molecular markers. Int. J. Plant Prod., 1(1):
13-21.

Akhter, M., M. A., Zahid, M., Sabar and Ahamd, M.
2008. Identification of restorers and
maintainers for the development of rice
hybrids. J. Anim. PI. Sci., 18(1):39-41.

Alavi, M., Ahmadikhah, A., Kamkar, B. and Kalateh, M.
2009. Mapping Rf3 locus in rice by SSR and
CAPS markers. Int. J. Genet. Mole. Biol., 1:
121-126.

Ali, S. S. and M. G. Khan. 1996. Maintainers and
restorers identified in some rice cultivars of
Pakistan. Intl. Rice Res. Newslr., 21(2-3): 31.

Bentur, J. S., Pasalu, I. C., Sarma, N. P., PrasadaRao, U.
and Mishra B. 2003. Gall midge resistance in
rice. DRR Research Paper Series 01/2003.
Directorate of Rice Research, Hyderabad, p
20.

Bazrkar, L., Ali, A. J., Babaeian, N. A., Ebadi ,A. A,
Allahgholipour, M., Kazemitavar, K,
Nematzadeh, G. 2008. Tagging of four fertility
restorer loci for wild abortive cytoplasmic
male sterility system in rice (Oryza sativa L.)
using microsatellite  markers.  Euphytica,
164:669-677.

Bisne, R. and Motiramani, N.K. 2005. Identification of
maintainers and restorers using WA source
cytoplasmic male sterile lines in rice. Int. Rice
Res. Notes, 30(1): 14-15.

Directorate of Rice Research 2014. DRR annual
progress report, gall midge screening trial,
entomology, vol.2, Page. 2.4.

Directorate of Rice Research, 2013, Proceedings of 48th
Anuual group meetings, page 4.

Gannamani, N. 2001. Study of heterosis and combining
ability by utilizing cytoplasmic genetic male
sterility and fertility restoration system in rice
(Oryza sativa L.). M.Sc. (Ag.) Thesis, IGAU,
Raipur.

Grishma Shah, Sasidharan, Sudeshna Chakraborty, N.,
Ruchi Trivedi, Rallapalli Ravikiran and Deepti
Davla. 2012. Genetic diversity and molecular
analysis for fertility restorer genes in Rice
(Oryza sativa L.) for wild abortive (WA)
cytoplasm using microsatellite markers. J.
Agri. Tech., 8(1): 261-171.

Hashemi,S.H., Maibody, S.A.M.M., Nematzadeh and
Arzani, A. 2009. Identification of rice hybrids
using microsatellite and RAPD markers.
African J. of Biotech., 8(10): 2094-2101.

Hemareddy, H.B., Lohitswa, H.C., Patil, R.S.,
Manjunath, A., Mahadevappa, M. and
Kulkarni, R.S. 2000. Differential fertility
restoration behaviour of genotypes of WA,
Oryza perennis and MS 577 A cyto-sterile
system of rice. Oryza, 37(1): 26-28.

Himabindu, K., Suneetha, K., Sama, V.S.A.K. and
Bentur, J. S. 2010. A new rice gall midge
resistance gene in the breeding line CR57-

418


https://www.google.co.in/url?q=http://rkvy.nic.in/&sa=U&ei=gQJUU6C1LMXyrQfS2oGIDw&ved=0CB0QFjAA&sig2=COn97lLdN77IA4jiTsg7qQ&usg=AFQjCNETrR6eu5-W4WZ-zpOFr9tz2uMbNQ

ISSN 0975-928X

Electronic Journal of Plant Breeding, 5(3): 415-427 (Sep 2014)

MR1523, mapping with flanking markers and
development of NILs. Euphytica, 174:179-187.

Nas, T. M. S., Casal, C. L., Li, Z. and Virmani, S. S.
2003. Application of molecular markers for
identification of restorers. Rice Genet. Newslr.,
20: 69-71.

Neeraja, C. N., P. Balaji Suresh, N. Dharika, M. S.
Ramesha, L. R. Vemireddy, R. M. Sundaram,
and B. C. Viraktamath. 2009. Fine mapping of
fertility restoration loci Rf3 and Rf4 for WA-
CMS of rice. In 7th International Symposium
on Rice Functional Genomics, 16-19
November 2009, Manila, Philippines, P. 5-15.

Nematzadeh, G. A. and Kiani, G. 2010. Genetic analysis
of fertility restoration genes for WAtype
cytoplasmic male sterility in Iranian restorer
rice line DN-33-18. African J. of Biotech., 9
(38): 6273-6277.

Ngangkham, U., Parida, S. K., De, S., Kumar, K. A,
Singh, A. K., Singh, N. K. and Mohapatra, T.
2010. Genic markers for wild abortive (WA)
cytoplasm based male sterility and its fertility
restoration in rice. Mol. Breed., 26: 275-292.

Revathi, P., Pavani Medoju, Arun Kumar Singh, R. M.
Sundaram, Sravan Raju, P., Senguttuvel, K.,
B. Kemparaju, A. S. Hariprasad, M. S.
Ramesha, C. N. Neeraja, N. Shobha Rani and
B. C. Viraktamath. 2013. Efficiency of
molecular markers in identifying fertility
restoration trait of WA-CMS system in rice.
Indian J. Genet., 73(1): 89-93.

Sama, V.S.A.K., Nidhi Rawat, R. M. Sundaram,
Kudapa Himabindu, Bhaskar S. Naik,
B. C. Viraktamath and Jagadish S. Bentur.
2014. A putative candidate for the gm3 in rice
identified and validated. Theor Appl Genet.,
27:113-124

Sabar, M. and Akhter, M. 2003. Evaluation of rice
germplasm for the development of hybrid rice.
Asian J. Plant. Sci., 2:1195-1197.

Sheeba N. K., Viraktamath B. C., Sivaramakrishnan S.,
Gangashetti M. G., Pawan Khera and
Sundaram R. M. 2009. Validation of
molecular markers linked to fertility restorer
gene(s) for WA-CMS lines of rice. Euphytica,
167: 217-227.

Singh A. K., Mahapatra T., Prabhu K. V., Singh V. P.,
Zaman F. U., Mishra G. P., Nandakumar N.,
Joseph M., Gopalakrishnan S., Aparajit G.,
Tyagi N. K., Prakash P., Sharma R. K., Shab
U. S. and Singh S. K. 2005. Application of
molecular markers in rice breeding: progress
at IARI. In: Advances in marker assisted
selection  workshop. Trainee’s manual,
Handouts and references.

Sri Krishnalatha and Deepak Sharma. 2012.
Identification of maintainers and restorers for
WA and Kalinga sources of CMS lines in rice
(Oryza sativa L.). Electron. J. Plant Breed.,
3(4):949-951.

Standard evaluation system for rice, 2002, International
Rice Research Institute (IRRI), Manila,
Philippines.p33.

Thippeswamy. S., Padmavathy, C. H., Bentur, J. S. and
Nagaraju, J. 2006, Identification of diagnostic
ISSR markers and microsatellite capturing for
biotype identification in Asian rice gall midge
(Orseolia  oryzae). In proceedings of
International Symposium on Insect Genetics

http://sites.google.com/site/ejplantbreeding

and Genomics, CDFD, Hyderabad from 9th -
11th January, 2006, P.71.

Thippeswamy, S. 2007. Application of molecular
markers for blast resistance. In: manual of
seventh hands-on training workshop on
applications of marker assisted selection to
crop improvement, Research and Training
Centre, Barwale Foundation, Hyderabad,
India, Page 5.

Vijaya Lakshmi, P., Amudhan, S., Hima Bindu, K,
Cheralu, C. and Bentur, J. S. 2006. A new
biotype of the Asian rice gallmidge, Orseolia
oryzae (Diptera: Cecidomyiidae),
characterized from the Warangal population in
Andhra Pradesh, India. Intl. J. Tropic. Insect
Sci., 26:207-211.

Virmani, S.S., Mao, C. X. and Hardy, B. 2003. Hybrid
rice for food security, poverty alleviation and
environmental protection. Proceedings of the
4™ International Symposium on hybrid rice,
14-17 May 2002, Hanoi, Vietnam Los Banos
(Philippines): International Rice Research
Institute. p 2-20.

Virmani, S. S. and Kumar, 1. 2004. Development and
use of hybrid rice technology to increase rice
productivity in the tropics. Intl. Rice Res.
Newslet., 29:10-19.

Virmani, S. S., Viraktamath, B. C., Casal, C. L., Toledo,
R. S., Lopez, M. T. and Manalo, J. O. 1997.
Hybrid Rice Manual. International Rice
Research Institute, Philippines.P.25.

Widowsky, D. A. and O’Toole, J. C. 1996. Prioritizing
rice research agenda for eastern India. In:
Evanson, R.E., Herdt, R.W/, Hussain, M.
(eds). Rice research in Asia: progress and
priorities. Int. Rice Res. Inst, Manila,
Philippines, pp. 109-129.

Yui, R., lketani, S., Mikami, T. and Kubo T. 2003.
Antisense inhibition of mitochondrial pyruvate
dehydrogenase Ela subunit in anther tapetum
causes male sterility. Plant J., 34: 57— 66.

419



f\ Electronic Journal of Plant Breeding, 5(3): 415-427 (Sep 2014)

ISSN 0975-928X

Fertility restorer (Rf) genes and linked markers used for validation

Linke Genetic Allele
S. d DNA Distanc  Forward sequence(5' - 3") Reverse sequence (5' - 3") Chro_mosome sizen Reference
No. Marker location restorer
gene e (cM) (bp)

1 Rf3 RM1 5.6 GCGAAAACACAATGCAAAAA GCGTTGGTTGGACCTGAC 1 115 Ahmadakhah et. al., (2007)

2 Rf3 RM3873 14 GCTATAGACGCCTCCTCCTTATCC AAAGCTAGCTAGGACCGACATGC 1 210 Alavi et. al., (2009)

3 Rf3 RM3233 16.9 GAAATTCGAAATGGAGGGAGAGC  GGTGAGTAAACAGTGGTGGTGAGC 1 140 Alavi et. al., (2009)

4 Rf3 RM10313 4 ACTTACACAAGGCCGGGAAAGG TGGTAGTGGTAACTCTACCGATGG 1 188 Neeraja et al., (2009)

5 Rf4 RM258 44 TGCTGTATGTAGCTCGCACC TGGCCTTTAAAGCTGTCGC 10 140 Bazrkar et. al., (2008)

6 Rf4 RM10318 5 TGTCTCACACATTGCACACTTACC GGCCTAACCCAACACATGTCC 10 187 Grishma shah et. al., (2012)

7 Rf4 RM6100 1.2 TTCCCTGCAAGATTCTAGCTACACC TGTTCGTCGACCAAGAACTCAGG 10 185 Sheeba et. al., (2009)

Table2. Pollen sterility & spikelet fertility of hybrids and gall midge incidence of hybrids and their parents

Spikele  Gall midge incidence* Spikele  Gall midge incidence*

S-No Hybrid eFemaI Male Et(;lrlﬁi': Hvbrid Mal  Femal S:No Hybrid Female Male Et(élrli?iq Hvbrid Mal  Femal

' Y fertility Y e ) y fertility Y e
TCN CMS TCN CMS23  JGL2114

1 347 A6A JGL402 S S 32 40 64 79 432 A 6 F P 65 80 32
TCN CMS TCN CMS23  JGL2115

2 348 A6A JGL1834 F P 80 90 64 80 433 A 5 F F 0 0 32
TCN CMS TCN CMS23  JGL2115

3 349 23A JGL2114 PS P 16 10 32 81 435 A 9 PS P 0 0 32
TCN CMS TCN CMS23  JGL2116

4 350 46A JGL5614 F F 61 70 64 82 436 A 3 PS P 0 0 32
TCN CMS4 TCN CMS23  JGL2116

5 351 6A JGL5868 F F 95 50 64 83 437 A 4 F P 35 80 32
TCN CMS4 TCN CMS23  JGL2177

6 357 6A JGL13392 F F 0 0 64 84 438 A 5 F P 45 50 32
TCN CMS4 TCN CMS23  JGL2177

7 353 6A JGL13546 S S 0 0 64 85 439 A 9 F F 30 70 32
TCN CMS4 TCN JGL2177

8 354 6A JGL15230 F P 0 0 64 86 401 JMS1A 9 F F 65 40 21
TCN CMS1 TCN JGL2178

9 355 4A JGL15246 S S 60 80 41 87 442 JMS1A 9 S S 20 0 21
TCN CMS4 TCN JGL2179

10 356 6A JGL15324 F P 55 60 64 88 444 JMS1A 4 S S 25 10 21
TCN JMS1 TCN CMS11  JGL2179

11 357 A JGL17194 S S 25 0 21 89 445 A 7 S S 0 0 50
TCN CMS4 TCN CMS23  JGL2179

12 358 6A JGL17574 S S 0 0 64 90 446 A 7 PS S 0 0 32
TCN CMS1 TCN JGL2179

13 359 A JGL17653 F F 35 60 41 91 447 JMS1A 7 S S 20 0 21
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S:No Hybrid Femal Male PoII_e_n '[Spikele Gall midge incidence* S:No Hybrid Female Male Poll.e.n tSpikele Gall midge incidence*
e sterility fertility . sterility fertility
14 J&N GCX'S“ JGL17653 F F 85 60 64 92 4T4C8N IMSIA éGLZlSO F F 30 10 21
15 gGClN a’m JGL17758 S s 47 80 50 93 Lg\‘ IMSIA %GLZlSO F p 0 20 21
6 JoN VSt eLirmss s S 70 0 21 o4 o SMSE L JGLAN0 g s 0 7
7 1N VSt el ps p 15 0o 4 9%5 o GMSH6 - JGLAAR0 S 30 0 64
18 o0 NS jeLar ps p 0 0 64 % 4o cmszs - JOLABL S 20 20 32
19 gGCBN 232”54 JGLLT782 S S 90 100 64 97 4T5C5N msia  JEHEL S 0 20 21
20 XN ML eLazeno s S 0 o 2 %8 cuszs - JoLatst g P 30 50 32
a2 1o NS j6L1so00  Ps p 80 10 64 9 o IMSIA R ps P 85 70 2
2 N AL JeLisos s S 63 10 2 00 <N GMSHLJeL2ABL F 75 80 50
23 N MY jeLisoss  F p 100 100 64 01 <N GMSzs - JGL2ABL F 70 100 32
24 N AL eLisore s s 80 100 21 02 SN amsiA Rl E F 45 100 21
25 oM NS jeLiszes  pF F 95 100 64 103 o MsiA U E F 0 0o 21
26 ;%N g"o\\"s“ JGL18213  F F 0 0 64 104 I&N IMS1A éGLZISZ PS P 0 0o 2
27 ;aN g"o\\"s“ JGL18215 S s 10 20 64 105 I&N IMS1A éGLZISZ F F 0 0o 2
28 JcN NS eLiszz s s 16 20 64 106 o quszs - JekAez g F 0 0 32
29 N NS jeLisza0  pF F 0 0 64 07 SN IMsiA o s s 0 0o 21
30 JoN - OUSY jeLisse  F p 10 30 64 g GN GMSE o JoLaez F 0 0 3
s oM OV el s S 15 30 64 09 ;SN amsia PR p 0 o 21
32 ggg\' gg/lsz JGL18621  F p 63 100 32 110 4T7C3N IMSL1A éG"2183 F F 75 80 33
33 ggi’\' GCX'S“ JGL18624 F F 0 0 64 111 4T7C4N 2'\"523 éGLZlS“ s s 0 0o 3
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Table2. Contd..

S:No Hybrid Femal Male PoII_e_n '[Spikele Gall midge incidence* S:No Hybrid Female Male Poll.e.n tSpikele Gall midge incidence*
e sterility fertility . sterility fertility
3 1SN VU geLigms s S 0 o 2 12 N gmsua JOH218ps S 0 0o 33
35 1N VSt geLiere er F & 0 2 3 N msia ORI S 0 0 2
36 oM ST jeLissor  F F 0 o so 14 ,CN CMSEJGLAS g s 0 0
g7 I S seLies  F F 0 20 w2 us N amsua PRI ¢ F % 0 33
8 1SN VSt ooz s S 35 0o 2 ue N awsia OHB F 0 A
39 1N VSt gelooies ps s 5 100 2 w7 GON amsia PR s s 1m0 2
w0 N ML jeLa0218 s s 75 30 21 18 ;N JMsiA oLt s s 0 o 21
a SN VSt e0m s S 75 60 21 19 CN - CMS23 JGLAEE o e - 0o
I 1 S S 100 90 21 120 N CMSZ GLAES F 10 95 32
i3 SN VU geiooe F p 67 50 21 21 (N gmsua ORI ¢ F 0 05 33
s JGN OVSU geiooea F P 100 90 21 122 (N msia PRI s S 100 80 21
45 ggcth iMSl JGL20649  F F 65 80 21 123 EBN 2“"523 gG'-2187 s S 40 0 3
I R CE - F 40 40 50 124 N amsia PHT ps p 60 10 21
47 gg%’\' i\MSl JGL20670  PF F 75 30 21 125 L%N Z’V'SZ?’ JlG'-2188 F F 53 80
i ISN OWSh ey F F 79 45 50 126 ;N gwsia ORI ps p 85 80 21
w9 1SN VS geLoores  pr F 95 60 21 7 N msia PRI S 85 80 21
50 I&N JAM51 JGL20770  F P 71 90 21 128 4TQC7N IMS1A jGL2188 PS s 35 20 21
51 4T(§31N JA'V'Sl JGL20777  F P 15 20 21 129 IQ%N IMS11A jGLZZZ“ s s 75 80 33
2 o0 Ot geLoome F F 65 100 50 130 ;N amsia PP ps S 95 80 21
53 4 onr JeL207T9 F F 60 80 32 B JN O msia PR s S 20 20 21
sa o0 WSt el F p 95 70 21 132 SN amsua PP s s 20 50 33
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S:No Hybrid Femal Male PoII_e_n '[Spikele Gall midge incidence* S:No Hybrid Female Male Poll.e.n tSpikele Gall midge incidence*
e sterility fertility . sterility fertility
55 Lo ST JeL21002  F p 60 100 50 133 1N msia PR s S 20 0 21
56 Ll ol JGL21002 S S 0 100 21 134 JON CMSZUGL22S S 50 100 32
57 o Mt el F F 100 90 21 135 SN amsua PP s S 5 30 33
58 g Al 6L21005  F F 100 9 21 136 g amsia PR s 5 0 21
59 Lo SASh JeL2i0s4 F p 0 w00 so 17 OV amsia BP0 s s 0 100 2
60 4TlClN fX'Sl JGL21046  F p 65 50 50 138 ggg“ IMS11A %G"2227 s s 0 20 33
61 4o SV jeLat0ss  ps s 0 50 50 13 1N amsia PR s S 0 20 21
62 3" ML JeLat046 s s 50 0 21 140 [N CMS28 - JGL2228 E 50 100 32
63 Lo L jeLaias s s 3 20 a  oam (N CMSIEJGLZZE ey 78 %0 64
64 4TlC5N 232/51 JGL21051  F p 30 70 50 142 gﬁ“ IMS1A iG'-zm s s 11 o 2
65 4TleN ??X'SZ JGL21053 S s 0 0 3 143 gﬁ“ 2“"523 éG'-ZZZS s S 0 0
66 Lo At ueL2i0e7  F F 30 10 21 14g  JCN - CMSH6JOL222pg p 32 0 64
67 4TZ%N i\MSl JGL21071  F F 90 80 21 145 ;%N ZMSM ;GL2229 s ; o 0
68 o woT IGL21073 S s 75 70 21w [ON O CMSEJBLES pep 100 100 32
69 4TzCzN TX'SI JGL21097 F p 65 100 50 147 gﬁ“ 2“"546 ;G'-2229 s s 89 100 64
0 N SV seLaoer  ps S 63 100 32 g TN gmsua ORS¢ F 0 0o 33
oo St elaier s s 80 100 21 19 1OV amsia OB s s 0 o 21
2 N S e F F 15 100 32 150 N amsua PR e F 10 20 3
3 N W e F p 5 20 2 151 LN gmsia BB ps P 0 3 2
7 oM OS2 ez ps p 40 10 3 152 SN amsuia N F 26 9 33
75 12%’\' 3()3"[\\/I82 JGL21129  PS s 75 100 32 153 gZCSN ZMS“G %GLZZSS PS p 85 100 64
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Spikele Spikele
S:No Hybrid Femal Male PoII_e_n Gall midge incidence* S:No Hybrid Female Male Poll.e.n Gall midge incidence*
sterility - sterility -
fertility fertility
TCN CMS2 TCN .
76 429 3A JGL21133 PS S 73 60 32 154 595 JMS1A  Jaisriam PS P 76 40 21
TCN JMS1 TCN CMS23  JGL2184
77 430 A JGL21133 S S 100 90 21 155 596 A 9 S S 0 0 32
TCN CMS2
8 431 3A JeL21143  PS S 0 0 32 * Gall midge incidence percentage
Table3. List of non aromatic maintainers and restorers along with gall midge incidence reaction
Pollen Spikel Pollen Spikel
Sl. sterili e parenta GMI s Genot sterili i parenta GMI
. ertili arenta . enoty - ertili arenta
No Genotype Pedigree ty of_ y of | type P RGM No. pe Pedigree ty of_ y of | type P RGM
. hybri hvbri hybri .
d ybri d hybri
d d
BPT5204 X Maintai Sucepti JGL211 MTU1010 X Maintai Sucepti
1 JGLAZ G| 48684 S S ner A0 e 0 33 JGL3855 S S ner 0 hie
JGL1798 X Sucepti JGL211 MTU1010 X Resista
2 JGL5614 Betagamblin F F Restorer 70 ble 41 52 JGL3855 F F Restorer 0 nt
JGL245 X Sucepti JGL217 IET20473 X Sucepti
3 JGL5868 Gedozipeton F F Restorer 50 ble 42 79 JGL11118 F F Restorer 70 ble
JGL1339 . Resista JGL217 MTU1010 X Maintai Resista
4 5 JGL420 X Vijetha F F Restorer 0 nt 43 89 JGL11118 S S ner 0 nt
5 JGL1354  MTU4870 X s s Maintai 0 Resista 44 JGL217 MTU1010 X s s Maintai 10 Sucepti
6 Godavari Isukalu ner nt 94 JGL11118 ner ble
6 JGL1524  JGL1798 X Godavari s s Maintai 80 Sucepti 45 JGL217 MTU1010 X s s Maintai 0 Resista
6 Isukalu ner ble 97 JGL11118 ner nt
JGL1719 Maintai Resista JGL218 MTU1010 X Sucepti
7 4 JGL402 X MTU1010 S S ner 0 nt 46 00 JGL1118 F F Restorer 10 ble
JGL1757 Maintai Resista JGL218 JGL11727 X Maintai Resista
8 1 JGL3844 X JGL7046 S S ner 0 nt 47 06 JGL11470 S S ner 0 nt
JGL1765  JGL3828 X OR1032- Sucepti JGL218 JGL11727 X Maintai Sucepti
3 5-2 F F Restorer 60 pje 8 JGL11470 S S ner 20 pe
JGL7046 X Lo . .
10 M NLRsads2 s s Mantal gy DUOPH g oLt oo X F F Restorer 80 oiP
WGL14377
JGL1778  MTU4870 X White Maintai Sucepti JGL218 JGL13595 X Resista
oy ponny//JGL3855 S S ner 100 pe 0 g JGL11470 F F Restorer 0 nt
JGL1797  MTU1001 X Maintai Resista JGL218 JGL13595 X Resista
12 JGL11470 S S ner 0 nt T 9 JGL11470 F F Restorer 0 nt
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Pollen Stplkel Pollen Stp'kEI
Sl. sterili fertilit Parenta GMI Sl Genot sterili fertilit Parenta GMI
No Genotype Pedigree ty of RGM : y Pedigree ty of RGM
. yof | type P No. pe . yof | type P
. hybri hvbri hybri .
d ybri d hybri
d d
JGL1804  MTU1010 X Maintai Sucepti JGL218  JGL13595 X Maintai Resista
13 4 JGL13595 S S ner 0 be 2 93 JGL11470 Sk SF ner& 0 nt
Restorer
JGL1807 MTU1010 X Maintai Sucepti JGL218 JGL13595 X Resista
14 4 JGL13595 S S ner 100 pye B g JGL11470 F F Restorer 0 nt
JGL1821 WGL32100 X J Resista JGL218 JGL11118 X Sucepti
15 3 GL3855 F F Restorer 0 nt 54 36 IGL11727 F F Restorer 80 ble
JGL1821  WGL32100 X Maintai Sucepti JGL218 JGL11118 X Maintai Resista
1 5 JGL3855 S S ner 20 e % 45 JGL11727 S S ner 0 nt
- . Maintai .
JGL1822 Maintai Sucepti JGL218 JGL11118 X Resista
17 5 JGL3855 X JGL7046 S S ner 20 ble 56 51 JGL11727 SIF SIF ner & 0 nt
Restorer
MTU4870 X - . - .
JGL1826 Maintai Sucepti JGL218 JGL11118 X Maintai Sucepti
18 5 5NLR34452//JGL385 S S ner 30 ble 57 57 JGL11727 S S ner 20 ble
JGL7046 X . - .
19 JGL1862 NLR34452//\WGL14 F E Restorer 0 Resista 58 JGL218 MTU110 X S S Maintai 0 Resista
4 377 nt 61 JGL11727 ner nt
JGL1877 MTU1001 X Maintai Resista JGL218 MTU110 X Sucepti
20 ¢ JGL11470 S S ner 0 nt ¥ e JGL11727 F F Restorer 95 e
JGL1880 MTU1010 X Resista JGL218 MTU110 X Sucepti
21 1 JGL13595 F F Restorer 0 nt 60 67 JGL11727 F F Restorer 95 ble
JGL1960 Sucepti JGL218 MTU110 X Maintai Sucepti
22 5 JGL11470 X T1477 F F Restorer 20 ble 61 68 JGL11727 S S ner 80 ble
JGL2012 MTU1010 X Maintai Resista JGL218 MTU110 X Maintai Sucepti
23 2 JGL11727 S S ner 0 nt 62 70 JGL11727 S S ner 50 ble
JGL2021 MTU1010 X Maintai Sucepti JGL218 MTU1010 X Sucepti
24 ¢ JGL3855 S S ner 30 e B @, JGL11470 F F Restorer 80 1)
JGL2023 MTU1010 X Maintai Sucepti JGL218 MTU1010 X Maintai Sucepti
25 2 JGL3855 S S ner 60 ble 64 83 JGL11470 S S ner 80 ble
JGL2062  KrishnaHamsa X Maintai Sucepti JGL222 KrishnaHamsa X Maintai Sucepti
26 1 JGL17970 S S ner 90 ble 65 44 JGL3844 S S ner 80 ble
JGL2064 MTU1010 X Sucepti JGL222 KrishnaHamsa X Maintai Sucepti
2 g JGL11118 F F Restorer 80 pjg 66 48 JGL3844 S S ner 20 pe
JGL2067  JGL11727 X Sucepti JGL222 KrishnaHamsa X Maintai Sucepti
28 JGL11470 F F Restorer 40 pje 67 49 JGL3844 S S ner 0 e
JGL2076  MTU1010 X Sucepti JGL222 KrishnaHamsa X Maintai Sucepti
29 JGL13595 F F Restorer 45 ) 68 5 JGL3844 S S ner 100 pye
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Pollen Spikel Pollen Spikel
sl. sterili ¢ sterili
No Genotype Pedigree ty of fertilit Parenta GMI RGM Sl Genoty Pedigree ty of fertilit Parenta GMI RGM

. yof | type P No. pe . yof | type P

. hybri hvbri hybri .

d ybri d hybri

d d
JGL2077 MTU1010 X Sucepti JGL222 KrishnaHamsa X Maintai Sucepti

30 4 JGL13595 F F Restorer 100 o 69 56 JGL3844 S S ner 0 e
JGL2100 MTU1010 X Maintai Sucepti JGL222 KrishnaHamsa X Maintai Sucepti

81 2 JGL11727 S S ner 100 ble 70 68 JGL3844 S S ner 100 ble
JGL2100 MTU1010 X Sucepti JGL222 KrishnaHamsa X Maintai Sucepti

2 4 JGL11727 F F Restorer 90 e n 77 JGL3844 S S ner 20 e
JGL2104 MTU1010 X Maintai Sucepti JGL222 KrishnaHamsa X Sucepti

B 4 JGL11727 S S ner 0 e 2 81 JGL3844 F F Restorer 100 )

34 JGL2105 MTU1010 X s s Maintai 0 Resista 73 JGL222 KrishnaHamsa X s s Maintai 0 Resista
3 JGL11470 ner nt 84 JGL3844 ner nt
JGL2106 MTU1010 X Sucepti JGL222 KrishnaHamsa X Maintai Resista

% 4 JGL11470 F F Restorer 10 1) [ JGL3844 S S ner 0 nt
JGL2107 MTU1010 X Sucepti JGL222 KrishnaHamsa X Maintai Sucepti

% JGL11470 F F Restorer 80 o & 97 JGL3844 S S ner 100 e

- . Maintai .

37 JGL2107 MTU1010 X S S Maintai 70 Sucepti 76 JGL223 IR64 X JGL 3844 S/F S/F ner & 0 Resista
3 JGL11470 ner ble 11 Restorer nt
JGL2109 MTU1010 X Maintai Sucepti JGL218 JGL11118 X Maintai Resista

S JGL3844 S S ner 100 e T g JGL11727 S S ner 0 nt

39 ‘;GLZMO 'J\g_%;gio X F F Restorer 100 §|ue cepti GMIP=Gall midge incidence percentage; RGM=Reaction to gall midge
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Table 4. Fertility restoration linked marker validation results in restorer and maintainer lines
RM1 RM3233 RM10313 RM3873 RM10318 RM6100 RM258

SI.LNo. Genotypes (115bp) (140bp) (188bp) (210bp)  (187bp) (185bp)  (140bp)
1 JGL5868 0 P P 0 P P 0
2 JGL13392 0 0 0 0 0 P 0
3 JGL17653 0 P P 0 P P P
4 JGL18203 P P 0 0 P P 0
5 JGL18213 P 0 P 0 P P 0
6 JGL18624 P P P 0 P 0 P
7 JGL20769 P P P 0 P P P
8 JGL20779 O P P 0 P P 0
9 JGL21005 P 0 P 0 P 0 0
10 JGL21067 P 0 P 0 0 P 0
11 JGL21071 P P 0 0 P P P
12 JGL21101 O P P 0 P P 0
13 JGL21779 P 0 P 0 P 0 P
14 JGL21820 O P P 0 P P 0
15 JGL21823 0 P P 0 P P 0
16 JGL21823 0 P P 0 P 0 P
17 JGL21828 O P 0 0 P P 0
18 JGL21836 0 0 P 0 P 0 0
19 JGL21851 P 0 P 0 P P 0
20 JGL22311 O P 0 0 P P P
Efficiency (%) 45 65 75 0 90 75 35

Note: P=Presence of linked allele; 0= Absence of linked allele

50 BP ladder
JGL5868
JGL13392
JGL17653
JGL 18203
JGL18213
JGL 18624
JGL20769
JGL20779
JGL21005
JGL21067
JGL21071
JGL21101
JGL21779
JGL21820
JGL21823
JGL21823
JGL21828
JGL21836
JGL21851
JGL22311
CMS11B
CMS14B
CMS23B
CMS46B
JMNS2

o

RM6100

185 bp 165 bp 3

-

Figure 1. Amplification pattern of RM6100 linked to fertility restorer (Rf4) gene
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Figure 2. Amplification pattern of RM10313 linked to fertility restorer (Rf3) gene
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