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ABSTRACT 
Restoring fertility in hybrid rice to maximize yield potential mainly involves identification and 
utilization of fertility restorer (Rf) genes. Thirty-two backcross inbred lines (32 BILs) derived 
from KMR-3R and Swarna-Sub1 possessing Sub1 generated through marker-assisted 
backcross breeding (MABB) were screened using Rf4 and Rf3 markers during Rabi-2021. 13 
BILs showed both Rf4 and Rf3 alleles, indicating significant variation in marker distribution. 
Remarkably, the BILs TCP2, TCP10, TCP11, TCP12, TCP14, TCP15, TCP18, TCP23, TCP25, 
TCP26, TCP28, TCP32, and MB44 were identified as promising restorers possessing both Rf4 
and Rf3 genes along with Sub1. Additionally, the BILs TCP11, TCP14, TCP23, TCP28, TCP32, 
and MB44 were screened for the presence of Pup1 and noted positive for 
Sub1+Rf4+Rf3+Pup1 (both K46-1 and K46-2). This study demonstrates the combination of 
Rf4, Rf3 and Pup1 genes in Sub1 introgressed restorers can be used for developing 
submergence tolerant hybrids under phosphorous deficient soils and flood prone eco-systems. 
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1. INTRODUCTION 
Rice (Oryza sativa L.) sustains billions globally as a primary dietary staple, making its 
productivity crucial for global food security. Worldwide, 527.31 MMT of rice is produced on an 
area of 167.14 Mha whereas, India significantly contributes to this production, with 139 MMT 
cultivated on 48.5 Mha (FAS/USDA, 2024). Hybrid technology is a highly efficient, productive, 
and sustainable method to enhance rice yield (Peng et al., 2004). Hybrid rice varieties produce 
15-20% more yield than inbred varieties (Virmani et al., 1997). Restoring fertility in rice CMS 
lines involves complex nuclear-cytoplasmic interactions, resulting in varying levels of fertility 
(Awad-Allah et al., 2022). Therefore, identifying restorer lines is a fundamental step in 
developing high-yielding heterotic rice hybrids (Venkanna et al., 2022).  The genes Rf3 and 
Rf4, located on chromosomes 1 and 10 respectively, are crucial for the fertility restoration of 
the WA-CMS system (Yao et al., 1997). RM6100 marker is linked to the Rf gene in the restorer 
lines PRR78 R, IR40750, and MTU9992, positioned 6–7 cM from chromosome 10 (Singh et 
al., 2005). The presence of RM6100 on chromosome 10 is confirmed by Singh et al., 2005 
and Rf4 is the key locus for WA-CMS fertility restoration (Balaji Suresh et al., 2012), while 
RM10313 for Rf3 is located on chromosome 1 (Balaji Suresh et al., 2012; Neeraja, 2008). 
Balaji Suresh et al., (2012) developed markers DRRM-RF3-5, DRRM-RF3-10 (Rf3) and 
DRCG-RF4-14, DRCG-RF4-8 (Rf4) for fertility restoration in WA-CMS. Pranathi et al., (2016) 
developed gene-based functional markers, namely RMS-PPR9-1 for Rf4 and RMS-SF21-5 for 
Rf3. Screening for fertility restoration genes (Rf3 and Rf4) using markers is essential for 
developing high-yielding rice hybrids (Surender et al., 2021). Phosphorus (P) is an important 



 

 

macronutrient for the growth and development of rice plants, but it is often deficient in rice 
soils, substantially limiting rice production (Wissuwa et al., 1998). Phosphorus uptake (Pup1) 
is a major QTL identified in Kasalath on chromosome 12 linked with tolerance to phosphorus 
deficiency in the soil (Wissuwa et al., 1998, 2002). Developing new rice varieties with the Pup1 
gene helps in maintaining high yields in phosphorus-poor soils, enhancing food security and 
agricultural sustainability in low-fertility regions (Chin et al., 2011). Rice production is 
frequently challenged by various abiotic stresses, including submergence and phosphorus-
deficient soil. Rice varieties that can withstand submergence stress and low phosphorus soil 
is necessary for ensuring stable yields. KMR-3R is a popular restorer line known for its high 
yield potential, but its performance can be significantly affected by submergence. To address 
this, Sub1 (a submergence tolerance gene) from Swarna-Sub1 is introgressed into KMR-3R. 
As Swarna-Sub1 carries Pup1 genes along with Sub1 (Barik et al., 2023), 17 BILs were 
selected and evaluated with the functional dominant markers - K46-1 and K46-2 (Chin et al., 
2011) for Pup1 along with fertility restoration markers. 
 

2. MATERIAL AND METHODS 
Thirty-two BILs (BC2F4) viz., RP-6342-VTCP1, RP-6342-VTCP2, RP-6342-VTCP3, RP-6342-
VTCP4, RP-6342-VTCP5, RP-6342-VTCP6, RP-6342-VTCP7, RP-6342-VTCP8, RP-6342-
VTCP9, RP-6342-VTCP10, RP-6342-VTCP11, RP-6342-VTCP12, RP-6342-VTCP13, RP-
6342-VTCP14, RP-6342-VTCP15, RP-6342-VTCP16, RP-6342-VTCP17, RP-6342-VTCP18, 
RP-6342-VTCP19, RP-6342-VTCP20, RP-6342-VTCP21, RP-6342-VTCP22, RP-6342-
VTCP23, RP-6342-VTCP24, RP-6342-VTCP25, RP-6342-VTCP26, RP-6342-VTCP28, RP-
6342-VTCP29, RP-6342-VTCP30, RP-6342-VTCP31, RP-6342-VTCP32 and RP-6342-MB44 
derived using MABB for submergence tolerance were assessed for the presence of fertility 
restoration genes (Rf3 and Rf4) along with KMR-3R (recurrent parent having Rf4 and Rf3 
genes) and APMS6B (negative check). For readability, the above BILs were referred as TCP 
and MB44 in this manuscript. Whereas, out of 32 BILs, 17 BILs namely, TCP2, TCP6, TCP7, 
TCP8, TCP9, TCP10, TCP11, TCP12, TCP14, TCP23, TCP25, TCP26, TCP28, TCP30, 
TCP31, TCP32 and MB44 were screened for the presence of Pup1 along with Swarna- Sub1 
(donor parent) and KMR-3R (recurrent parent). Two biological replicates of 21- days- old 
seedlings were transplanted in the field using a randomized complete block design (RCBD). 
After 21 days of transplanting, the genomic DNA was isolated from the leaves of BILs and 
checks using CTAB method (Murray and Thompson, 1980). The genotyping was conducted 
in the molecular biology laboratory, CIS, Hybrid Rice, Indian Council of Agricultural Research 
(ICAR) - Indian Institute of Rice Research (IIRR), Hyderabad. The genotyping of the BILs was 
done by using the primers RMS-PPR9-1 and DRCG-RF4-14 for Rf4, RMS-SF21-5 for Rf3, 
K46-1 and K46-2 for Pup1 (17 BILs only). Some of the reported markers for Rf3, Rf4 and Pup1 
were represented in the Table 1. The PCR was carried at 94°C (5 min), 94°C (30 secs), 55°C 
(1 min), 72°C (1 min), and 72°C (10 min) in a thermal cycler (BIO-RAD, T100TM Thermal 
Cycler, USA). The amplified products were resolved in the 3% agarose gel (Seakem® LE 
Agarose) and the bands were visualized under the UV light using a gel documentation system 
(IGENE® LABSERVE) and scored. 
 

3. RESULTS AND DISCUSSION 
 
Thirty-two (32) submergence tolerant BILs (BC2F4) were genotypically screened for the 
presence of genes for fertility restoration (Rf3 and Rf4) and 17 BILs for phosphorous uptake 
efficiency (Pup1). The genotypes were categorized into restorers, partial restorers, 
maintainers and partial maintainers based on the desired alleles. The SSR primer RMS-PPR9-
1 has positive allele at 114bp and negative at 159bp (Fig 2b) and the candidate gene DRCG-
RF4-14 had positive alleles at 887bp for non-restorer and 782bp for the restorer line. The 
functional marker RMS-SF-21-5 had positive alleles at 172bp for Rf3 and negative alleles at 



 

 

127bp (Fig 2a). The dominant markers K46-1 and K46-2 had positive alleles at 523bp and 
227bp for Pup1 respectively (Fig. 2c). 

Among the 32 BILs, fifteen BILs viz., TCP6, TCP7, TCP8, TCP9, TCP10, TCP11, TCP12, 
TCP14, TCP15, TCP23, TCP25, TCP26, TCP28, TCP32 and MB44 showed positive for both 
Rf4 and Rf3, identified as restorers along with the recurrent parent KMR-3R. Nineteen BILs 
(19) TCP2, TCP6, TCP7, TCP8, TCP9, TCP10, TCP11, TCP12, TCP14, TCP15, TCP18, 
TCP23, TCP25, TCP26, TCP28, TCP30, TCP31, TCP32 and MB44 along with KMR-3R were 
found to be positive for only Rf4 allele. Seventeen BILs TCP5, TCP6, TCP7, TCP8, TCP9, 
TCP10, TCP11, TCP12, TCP14, TCP15, TCP19, TCP23, TCP25, TCP26, TCP28, TCP32 
and MB44 were positive for Rf3 only. The screening of BILs for Rf3 and Rf4 is represented in 
Table 2. The percentage of Rf4 contribution alone was 57.8% while Rf3 was 53.12%. Both 
Rf3 and Rf4 were present in 55.5% among the 32 BILs. Among the 17 BILs screened, 9 BILs-
TCP6, TCP8, TCP11, TCP14, TCP23, TCP28, TCP31, TCP32 and MB44 showed positive for 
both K46-1 and K46-2 markers (Table 3). 8 BILs TCP6, TCP8, TCP11, TCP14, TCP23, 
TCP28, TCP32, MB44 showed positive for Rf4, Rf3 and Pup1 (both K46-1 and K46-2). The 
number of BILs positive for their respective markers were represented in Fig. 1. 

Numerous studies shown the identification and use of fertility restoration genes Rf3 and Rf4 
that are vital for hybrid rice breeding. Sheeba et al., (2009) reported a high selection accuracy 
of 94.9% using RM6100 for Rf4. Pranathi et al., (2016) developed candidate gene-specific 
markers RMS-PPR9-1 for Rf4 and RMS-SF21-5 for Rf3, differentiating 120 restorers and 44 
non-restorers. Katara et al., (2017) screened 570 Indian rice varieties for fertility restorer genes 
Rf3 and Rf4, found various allelic combinations and stated that double dominant genotypes 
showed better fertility restoration than individual Rf genes. Bhati et al., (2018) identified eight 
restorers among 40 breeding lines using RM171 and RM6100 linked to Rf genes (Rf3 and 
Rf4). Surender et al., (2021) identified ten potential restorers in rice by screening 43 parental 
lines using RM6100 and RMS-SF21-5 linked to Rf4 and Rf3. The identified restorers showed 
100% efficiency, highlighting the importance of molecular markers in crop improvement 
programs. Nagaraju et. al., (2021) identified ten restorers by screening 71 BILs with drought 
QTLs by using gene-specific markers viz., RM6100, RMS-PPR-9-1, DRCG-RF4-14, for Rf4 
on chromosome 10, and DRRM-RF3-10, RM10313, and RMS-SF21-5 for Rf3 located on 
chromosome 1. In studies of assessing the heat tolerance potential (Jaldhani et al., 2021a; 
2021b); direct seeded aerobic adoption (Srijan et al., 2021); reproductive stage drought 
tolerance (Nagarju et al., 2022; Sravanraju et al., 2024); genetic divergence studies (Prasanna 
et al., 2023); early seedling stage salinity tolerance (Beulah et al., 2024); low P tolerance 
(Madhusudan et al., 2024) of restorer lines, the markers DDRM-Rf3-10 and RMS SF 21-5 
were utilized for the Rf3 gene, while RM6100 and RMS PRR 9-1 were employed for the Rf4 
gene. Beulah et al., (2023) screened 55 BILs with salinity tolerance by using the primers 
RM6100, DRCG-RF4-14, RMS-PPR-9-1 for Rf4 and RM10313, DRRM-RF3-10, RMS-SF21-
5 for Rf3 and identified 19 restorers. Madhusudan et al., (2022) improved APMS6B for 
phosphorous (P) deficiency tolerance and bacterial blight (BB) resistance using K46-1, K46-2 
and Xa21, Xa38 through MABB. Kavitha et al., (2022) screened 250 ILs and identified 26 lines 
positive for Pup1 and Rf4 in KMR-3R using K46-1, K46-2 and RM6100 through MABB for low 
phosphorous tolerance. Barik et al., (2023) developed Reeta-Panidhan (CR Dhan 413), an 
improved version of Reeta. This variant was developed by introgressing three QTLs- 
Sub1+Pup1+GW5 from the donor parent Swarna-Sub1 using MABB for increasing yield, 
submergence and phosphorus stress tolerance, suitable for flood-prone areas in Odisha. 
Zhang et al., (2022) stated that the Introgression lines (ILs) enhance genetic diversity and 
improves rice traits by identifying and utilizing elite alleles and QTLs. These studies show the 
importance of molecular markers in identifying fertility restorers and Pup1, aiding in the 
development of robust rice hybrids under diverse environmental conditions like submergence 
and phosphorous deficient soils. 



 

 

Table 1. Molecular markers reported for Rf3, Rf4 and Pup1 
 

Marker 
Linked 
gene 

Chromosome  Reference 

DRRM RF-3–10 Rf3 1 Balaji et al., 2012 

RM 10313 Rf3 1 Neeraja et al., 2009 

RMS-SF21-5 Rf3 1 Pranathi et al., 2016 

RM 6100 Rf4 10 Singh et al., 2005, Sheeba et al., 2009 

RMS-PPR-9-1 Rf4 10 Pranathi et al., 2016 

DRCG-RF4-14 Rf4 10 Balaji et al., 2012 

K46-1 Pup1 12 Chin et al., 2011 

K46-2 Pup1 12 Chin et al., 2011 

K48 Pup1 12 Chin et al., 2011 

 
Table 2. Screening of BILs for Rf4 and Rf3 using markers. 
 

       Genotypes 
Rf4 Rf3 

RMS-PPR9-1 DRCG-RF4-14 RMS-SF21-5 

TCP1 - - - 

TCP2 + + - 

TCP3 - - - 

TCP4 - - - 

TCP5 - - + 

TCP6 + + + 

TCP7 + + + 

TCP8 + + + 

TCP9 + + + 

TCP10 + + + 

TCP11 + + + 

TCP12 + + + 

TCP13 - - - 

TCP14 + + + 

TCP15 + + + 

TCP16 - - - 

TCP17 - - - 

TCP18 + + - 

TCP19 - - + 

TCP20 - - - 

TCP21 - - - 

TCP22 - - - 

TCP23 + + + 

TCP24 - - - 

TCP25 + + + 

TCP26 + + + 



 

 

TCP28 + + + 

TCP29 - - - 

TCP30 + + - 

TCP31 + + - 

TCP32 + + + 

MB44 + + + 

KMR3R + + + 

IR58025B - - - 

RPHR1005 + + + 

IR68897B - - - 

 

 
Table 3. Screening of BILs for Pup1 using markers. 
 

S. No TCP CODE 
Pup1 

K46-1 K46-2 

1 TCP2 - + 

2 TCP6 + + 

3 TCP7 - + 

4 TCP8 + + 

5 TCP9 - + 

6 TCP10 - - 

7 TCP11 + + 

8 TCP12 - + 

9 TCP14 + + 

10 TCP23 + + 

11 TCP25 - + 

12 TCP26 - + 

13 TCP28 + + 

14 TCP30 - + 

15 TCP31 + + 

16 TCP32 + + 

17 MB44 + + 

18 KMR3R - - 

19 Swarna-Sub1 + + 

 
 



 

 

 
 
Fig. 1. Representation of positive BILs for respective markers 
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4. CONCLUSION 
 
Genotyping of BILs with Sub1 and fertility restoration (Rf) markers resulted in the identification 
of 15 Restorers viz., TCP6, TCP7, TCP8, TCP9, TCP10, TCP11, TCP12, TCP14, TCP15, 
TCP23, TCP25, TCP26, TCP28, TCP32, and MB44. These BILs were found to possess 
Sub1+Rf3+Rf4. Eight BILs (TCP6, TCP8, TCP11, TCP14, TCP23, TCP28, TCP32 and MB44) 
showed positive for Sub1+Rf4+Rf3+Pup1 (both K46-1 and K46-2). The improved restorers 
can be used for developing submergence and low phosphorous tolerant rice hybrids in flood 
prone and phosphorus deficient soil regions. 
 



 

 

DISCLAIMER 
 
The products used for this research are commonly and predominantly use products in our 
area of research and country. There is absolutely no conflict of interest between the authors 
and producers of the products because we do not intend to use these products as an avenue 
for any litigation but for the advancement of knowledge. Also, the research was not funded by 
the producing company rather it was funded by personal efforts of the authors. 

 
 

 
REFERENCES 
 
Awad-Allah, M. M. A., Elekhtyar, N. M., El-Abd, M. A. E. M., Abdelkader, M. F. M., Mahmoud, 
M. H., Mohamed, A. H., El-Diasty, M. Z., Said, M. M., Shamseldin, S. A. M., & Abdein, M. A. 
(2022). Development of New Restorer Lines Carrying Some Restoring Fertility Genes with 
Flowering, Yield and Grains Quality Characteristics in Rice (Oryza sativa L.). Genes, 13(3). 
https://doi.org/10.3390/genes13030458 

Balaji Suresh, P., Srikanth, B., Hemanth Kishore, V., Subhakara Rao, I., Vemireddy, L. R., 
Dharika, N., Sundaram, R. M., Ramesha, M. S., Sambasiva Rao, K. R. S., Viraktamath, B. C., 
& Neeraja, C. N. (2012). Fine mapping of Rf3 and Rf4 fertility restorer loci of WA-CMS of rice 
(Oryza sativa L.) and validation of the developed marker system for identification of restorer 
lines. Euphytica, 187(3), 421–435. https://doi.org/10.1007/s10681-012-0737-6 

Barik, S. R., Moharana, A., Pandit, E., Behera, A., Mishra, A., Mohanty, S. P., Mohapatra, S., 
Sanghamitra, P., Meher, J., Pani, D. R., Bhadana, V. P., Datt, S., Sahoo, C. R., Raj K. R, R., 
& Pradhan, S. K. (2023). Transfer of Stress Resilient QTLs and Panicle Traits into the Rice 
Variety, Reeta through Classical and Marker-Assisted Breeding Approaches. International 
Journal of Molecular Sciences, 24(13), 1–20. https://doi.org/10.3390/ijms241310708 

Beulah, P.,  Manasa, Y., P, Nagaraju., J, Veerendra., R, Lohit., N, Madhusudan., K, Bhargava., 
P, Revathi., KB, Kemparaju., K, Sruthi., AS, Hari Prasad., RM, Sundaram., V, Ravindra . Babu 
., A, Krishna. Satya., P, Sudhakar., & P, Senguttuvel. (2023). Evaluation of Salinity-Tolerant 
Backcrossed Inbre Lines (BILs) For Fertility Restoration Using Molecula Markers. Journal of 
Rice Research, 15(2). https://doi.org/10.58297/rqvq6630 

Beulah, P., Manasa, Y., Karthika, G. et al. (2024). Physiological Changes and Evaluation 
of Saltol1 Introgressed Backcrossed Inbred Lines (BILs) for Early Seedling Stage Salinity 
Tolerance in Rice (Oryza sativa L.). Russ J Plant Physiol 71, 10. 
https://doi.org/10.1134/S1021443723602057 

Bhati, P. K., Singh, S. K., & Kumar, U. (2018). Screening and validation of fertility restoration 
genes (Rf) in wild abortive CMS system of rice (Oryza sativa L.) using microsatellite markers. 
Indian Journal of Genetics and Plant Breeding, 78(2), 270–274. https://doi.org/10.5958/0975-
6906.2018.00035.4 

Chin, J. H., Gamuyao, R., Dalid, C., Bustamam, M., Prasetiyono, J., Moeljopawiro, S., 
Wissuwa, M., & Heuer, S. (2011). Developing rice with high yield under phosphorus deficiency: 
Pup1 sequence to application. Plant Physiology, 156(3), 1202–1216. 
https://doi.org/10.1104/pp.111.175471 

FAS/USDA. (2024). World agricultural production. Ekonomika APK, 7, 59–65. 
https://doi.org/10.32317/2221-1055.201907059 

https://doi.org/10.1134/S1021443723602057


 

 

Jaldhani, V., Neeraja, C. N.,  D Sanjeeva Rao, J Aravind Kumar, N Siromani, P Beulah, P 
Nagaraju, Y Manasa, PR Rao, D Subrahmanyam, Sudhakar P, Krishna Satya A, P 
Senguttuvel. (2021). Grain and cooking quality analysis in heat-tolerant QTL introgressed 
restorer of hybrid rice. Journal of Rice Research 14(2). 12-
17. https://doi.org/10.58297/NLKF4275 

Jaldhani, V., Rao, D. S., Beulah, P., Srikanth, B., Rao, P. R., Subrahmanyam, D., ... & 
Senguttuvel, P. (2021). Assessment of Heat-tolerance Potential in QTL Introgressed Lines of 
Hybrid Rice Restorer, KMR-3R through PS-II Efficiency. Int J Environ Clim Change. https://doi. 
org/10.9734/IJECC/2021/V11I1130540 Article. 

Katara, J. L., Verma, R. L., Nayak, D., Ngangkham, U., Ray, S., Subudhi, H., Behera, L., 
Samantaray, S., Rao, R. N., Singh, O. N., & Mohapatra, T. (2017). Frequency and fertility 
restoration efficiency of Rf3 and Rf4 genes in Indian rice. Plant Breeding, 136(1), 74–82. 
https://doi.org/10.1111/pbr.12401 

Kavitha, G., Reddi Sekhar, M., Mohan Reddy, D., Reddy, VLN., Kalyani, MB., and, Sudhakar, 
P., & Senguttuvel, P. (2022). Marker assisted backcrossing to develop the low phosphorus 
tolerant version of KMR-3R, a popular restorer line of hybrid rice. The Pharma Innovation 
Journal, 11(6), 1983–1991. 

Madhusudan, N., Beulah, P., Jaldhani, V., Nagaraju, P., Manasa, Y., Sundaram, R. M., Laha, 
G. S., Anantha, M. S., Barbadikar, K. M., Gireesh, C., HariPrasad, A. S., Madhav, M. S., 
Gobinath, R., Yugandhar, A., Kemparaju, K. B., Neeraja, C. N., Brajendra, P., Tuti, M. D., 
Kumar, R. M., … Senguttuvel, P. (2022). Stacking of Pup1 QTL for low soil phosphorus 
tolerance and bacterial blight resistance genes in the background of APMS6B, the maintainer 
line of rice hybrid DRRH-3. Euphytica, 218(4), 1–15. https://doi.org/10.1007/s10681-022-
02987-0 

Madhusudan, N., Sundaram, R.M., Beulah, P. et al. (2024). Identification of low phosphorus 
tolerant parental lines of hybrid rice based on stress indices and haplotype analysis 
using Pup1 linked markers. CEREAL RESEARCH COMMUNICATIONS. 
https://doi.org/10.1007/s42976-024-00521-7 

Murray, M & Thompson, William. (1980). Rapid isolation of higher weight DNA. Nucleic acids 
research. 8. 4321-5. 10.1093/nar/8.19.4321. 

Nagaraju, P., Beulah, P., Jaldhani, V. et al. (2023). Assessment of reproductive stage drought 
tolerance using stress indices in improved restorer lines of KMR-3R in rice. CEREAL 
RESEARCH COMMUNICATIONS 51, 715–728. https://doi.org/10.1007/s42976-022-00334-6 

Nagaraju,P., Beulah, P., Manasa, Y., Jaldhani, V., Madhusudhan, N., Sundaram, RM., Hari 
Prasad, AS., Revathi, P., Kemparaju, KB., Sruthi, K., Srinivas, A., Prashant, S., Someswar 
Rao, S., Seshu Madhav, M., & Senguttuvel, P. (2021). Evaluation of Improved drought-tolerant 
parental lines of KMR3R for fertility restoration by molecular analysis. Journal of Rice 
Research, 14(2). https://doi.org/10.58297/puqw2548 

Neeraja CN. 2008 Restorer fertility gene (Rf3 and Rf4) reported marker RM10313. DRR 
Annual Report, 2008-2009. 

Peng, S., Laza, R. C., Visperas, R. M., Khush, G. S., Virk, P., & Zhu, D. (2004). Rice: Progress 
in Breaking the Yield Ceiling. Proceedings of the 4th International Crop Science Congress, 
Chandler 1982, 1–11. 

https://doi.org/10.58297/NLKF4275
https://doi.org/10.1007/s42976-024-00521-7
https://doi.org/10.1007/s42976-022-00334-6


 

 

Pranathi, K., Viraktamath, B. C., Neeraja, C. N., Balachandran, S. M., Hari prasad, A. S., 
Koteswara Rao, P., Revathi, P., Senguttuvel, P., Hajira, S. K., Balachiranjeevi, C. H., Bhaskar 
Naik, S., Abhilash, V., Praveen, M., Parimala, K., Kulkarni, S. R., Anila, M., Rekha, G., 
Koushik, M. B. V. N., Kemparaju, B., … Sundaram, R. M. (2016). Development and validation 
of candidate gene-specific markers for the major fertility restorer genes, Rf4 and Rf3 in rice. 
Molecular Breeding, 36(10). https://doi.org/10.1007/s11032-016-0566-8 

Prasanna, G., K. B. Eswari, P. Senguttuvel, S. Narendar Reddy, R. M. Sundaram, P. Beaulah 
and J. Veerendra. 2023. Studies on genetic divergence and screening of parental lines for Rf3 
and Rf4 genes through molecular markers in hybrid rice Oryza sativa L. Electronic Journal of 
Plant Breeding, 13 4, 1170-1179. Retrieved from 
https://www.ejplantbreeding.org/index.php/EJPB/article/view/4355 

Sheeba, N. K., Viraktamath, B. C., Sivaramakrishnan, S., Gangashetti, M. G., Khera, P., & 
Sundaram, R. M. (2009). Validation of molecular markers linked to fertility restorer gene(s) for 
WA-CMS lines of rice. Euphytica, 167(2), 217–227. https://doi.org/10.1007/s10681-008-9865-
4 

Singh, AK., Mahapatra, T., Prabhu, KV., Singh, VP., Zaman, FU., Mishra, GP., Nandakumar, 
N., Joseph, M., Gopalakrishnan S., Aparajita, G., Tyagi, NK., Prakash, P., Sharma, RK., Shab, 
US., & Singh, SK. (2005). Application of molecular markers in rice breeding: progress at IARI. 
Advances in marker assisted selection workshop. Trainee's manual, Handouts and 
references. 

Sravanraju, N., Beulah, P., Jaldhani, V. et al. (2024). Genetic enhancement of reproductive 
stage drought tolerance in RPHR-1005R and derivative rice hybrids through marker-assisted 
backcross breeding in rice (Oryza sativa L.). Mol Biol Rep 51, 426. 
https://doi.org/10.1007/s11033-024-09351-6 

Srijan  A.,  Senguttuvel  P.  Sundaram  R. M.,   Jaldhani  V. Sudheer Kumar S., Srinivasa 
Chary D., Kuldeep Singh Dangi. (2021). Morphological and Molecular Approaches in 
Identification of Fertility Restorers Among Aerobic Lines of Rice (Oryza sativa L.). Environment 
and Ecology  39 (4) : 974—979,  October—December   2021 ISSN  0970-0420.  

Surender, R., Suneetha, K., Revathi, PR., Aneela, M., Chiranjeevi, M., Nagaraju, P., and 
Subba Rao, LV. (2021). Screening of rice (O. sativa L.) germplasm accessions for fertility 
restoration genes Rf3 and Rf4. ~ 296 ~ The Pharma Innovation Journal, 10(1), 296–299. 
http://www.thepharmajournal.com 

Venkanna et al. (2022). Genotyping of rice genotypes for the presence of Rf3 and Rf4 genes 
using functional markers. Plant Genetics and Breeding, 13(4), 215-225. Plant Genetics and 
Breeding, 13(4), 215–225. 

Virmani, S. S., & International Rice Research Institute. (1997). Hybrid rice breeding manual. 
International Rice Research Institute. 

Wissuwa, M., Wegner, J., Ae, N., & Yano, M. (2002). Substitution mapping of Pup1: A major 
QTL increasing phosphorus uptake of rice from a phosphorus-deficient soil. Theoretical and 
Applied Genetics, 105(6–7), 890–897. https://doi.org/10.1007/s00122-002-1051-9 

Wissuwa, M., Yano, M., & Ae, N. (1998). Mapping of QTLs for phosphorus-deficiency 
tolerance in rice (Oryza sativa L.). Theoretical and Applied Genetics, 97(5–6), 777–783. 
https://doi.org/10.1007/s001220050955 

https://www.ejplantbreeding.org/index.php/EJPB/article/view/4355
https://doi.org/10.1007/s11033-024-09351-6


 

 

Yao, F. Y., Xu, C. G., Yu, S. B., Li, J. X., Gao, Y. J., Li, X. H., & Zhang, Q. (1997). Mapping 
and genetic analysis of two fertility restorer loci in the wild-abortive cytoplasmic male sterility 
system of rice (Oryza sativa L.). Euphytica, 98(3), 183–187. 
https://doi.org/10.1023/A:1003165116059 

Zhang, B., Ma, L., Wu, B., Xing, Y., & Qiu, X. (2022). Introgression Lines: Valuable Resources 
for Functional Genomics Research and Breeding in Rice (Oryza sativa L.). Frontiers in Plant 
Science, 13(April). https://doi.org/10.3389/fpls.2022.863789 

https://doi.org/10.3389/fpls.2022.863789

