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Introduction

Given the escalating global population, dwindling agricultural land, and severe water scarcity, there is an urgent need to
enhance crop yield per unit area. Consequently, the adoption of innovative methods to boost rice production has become
in dispensable. Relying solely on low-yielding native varieties is no longer feasible. Hybrid rice technology has proven
to be highly effective in increasing rice yield. This study evaluated 34 rice genotypes using two SSR molecular markers
linked to the restorer genes Rf3 and Rf4.

Materials and Methods

In this study, 34 F; genotypes (resulting from crosses between two genetic male-sterile lines, Jelodar A and Neda A,
and 13 tenth-generation mutant lines, including Dast, Nemat, Pazhuhesh, Sepidrood, and Damsiah, as well as four
foreign restorer lines) were cultivated in the research farm of the Tabarestan Agricultural Genetics and Biotechnology
Research Center from 2018 to 2019 in a randomized complete block design with three replications. Superior hybrids
with high performance were selected and evaluated for their physicochemical properties. Two SSR markers linked to
the main genes Rf3 (marker RM 3148) and Rf4 (marker RM 171) were used to identify restorer genes. Grain quality
traits, including amylose content, gelatinization temperature, grain elongation after cooking, gel consistency, grain size
and shape, and rice aroma after cooking, were measured.

Results

Results of the mean comparison of morphological traits of the progenies showed that the highest fertility and yield
belonged to hybrids H33, H30, H29, H28, and H27, which were the result of crosses (H28: IR 68078-15-2-1-2-2-
R/Neda A), (H27: IR 68078-15-2-1-2-2-R/Jelodar A), (H29: IR 65622-151-1-2-2-2-R/Jelodar A), (H30: IR 65622-151-
1-2-2-2-R/Neda A), and (H33: NSIC RC 434/Jelodar A), respectively. The results of the mean comparison showed a
significant difference in all traits, and hybrid H29 (3.423.33) had the highest aroma among the check varieties. The
dendrogram obtained from cluster analysis showed that hybrid H33, along with the Fajar quality variety, was placed in
the first group and was recognized as the best hybrid with superior quality in terms of grain length after cooking
(12.15), breakage rate (4.64), and aroma (5.922.00). The SSR molecular markers RM 171 and RM 3148, linked to the
restorer genes Rf4 and Rf3 for the selection of superior hybrids, showed that the RM 3148 marker for hybrids resulting
from crosses between the parental varieties IR 68078-15-2-1-2-2-R, IR 65622-151-1-2-2-2-R, and IR 86403-5-5-2-1-1-
1-1-1R with the male-sterile line Jelodar A had a banding pattern similar to the restorer check. Hybrids H27, H29, and
H33 also had both banding patterns, i.e., they were heterozygous, and as a result, this marker probably had the Rf3rf3
gene. The RM 171 marker showed the probable presence of the Rf4 gene in varieties IR 68078-15-2-1-2-2-R and IR
65622-151-1-2-2-2-R, and their hybrids also expressed this gene in a heterozygous manner.

Conclusion
Of the identified restorer varieties, including IR 68078-15-2-1-2-2-R, IR 65622-151-1-2-2-2-R, and IR 86403-5-5-2-1-
1-1-1-1R, can be used in hybrid rice breeding programs to achieve high-yielding progenies.
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Table 1: Names and pedigree of paternal and maternal rice genotypes (cytoplasmic sterile lines) used in this study

Code  Rice genotypes Pedigree Panicle Number of 1000- Grain Grain yield
fertility grains per weight (kg/ha)
1 P10-88-37 Nemat mutant 83.00 161.45 2157 5470
2 P8-7-2-1-7-3-1-1 Domsiah mutant 78,67 193.00 25.87 5750
3 P8-7-2-1-4-2-1-1 Domsiah mutant 92,67 97.56 25.32 5750
4 P8-3-2-1-1-1-1 Domsiah mutant ~ 81.00 141.89 22.46 4840
5 P9-7-6-3-1-3-1 Fajr mutant 91.67 135.11 25.22 5610
6 P9-8-1-1-1 Fajr mutant 78.33 137.22 23.04 6410
7 P9-7-1-1-1-1 Fajr mutant 77.00 152.22 23.83 5610
8 P11-6-2-1-1-1-1 Sepidroudmutant  90.00 116.89 30.43 6840
9 P12-5-3-3-2-2-1 Amol3 mutant 87.67 142.89 25.93 7320
10 P12-5-3-3-2-1-1 Amol3 mutant 81.33 174.11 23.29 7800
11 P14-1 Dasht mutant 69.33 215.78 22.68 2220

P8: Damsiah, P9: Fajr, P11: Sepidroud, P12: Amol 3, P14: Dasht, P15: Pajouhesh, P10: Nemat

Table 1 continued: Names and pedigree of paternal and maternal rice genotypes (cytoplasmic sterile lines) used in this

study
. . Panicle  Number of grains  1000-Grain  Grain yield
Code  Rice genotypes Pedigree fertility  per panicle weight (g) (kg/ha)
12 P15-6 Pajouhesh mutan 84.67 156.67 27.50 6520
13 P15-2 Pajouhesh mutant 87.67 122.33 30.17 9240
14 IR68078-15-2-1-2-2-R  IRRI restorer lines 66.00 202.45 21.62 5990
15 IR65622-151-1-2-2-2R  IRRI restorer lines 65.33 220.22 20.82 8660
16 '131533403'5‘5'2'1'1'1' IRRI restorer lines ~ 54.67  218.22 25.59 8250
17 NSIC RC 434 IRRI restorer lines 67.33 155.22 26.95 4650
18 Jelodar Tarom Dilmani/Sang g7 33 16133 22.29 6930
Tarom
Hassan Saraei/Sang
19 Neda Tarem/Amol 3 78.33 145.33 28.06 8200
P8: Damsiah, P9: Fajr, P11: Sepidroud, P12: Amol 3, P14: Dasht, P15: Pajouhesh, P10: Nemat
Table 2: SSR primers used in molecular assessment of rice genotypes
Chromosomal Fertility
SSR Markers Primer . restorer Reference
location
genes
RM 3148 Forward GACTATTGCTCGAACACTTTG 1 Rf3 (McCouch et al. 2002)
Reverse = TTGTCTTGCTTTGGTATTTGC (Jahani et al. 2014)
RM 171 Forward AACGCGAGGACACGTACTTAC 10 Rf4 (Bazrkar et al. 2008)
Reverse =~ ACGAGATACGTACGCCTTTG (Lu et al. 2005)
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Table 3: Analysis of variance for morphological traits of studied genotypes respectively

S.0.V. df Plant height (cm) Number fertile Tiller Days t0100% flowering Days to maturity Panicle length(cm)
Genotype 35 606.63" 38.31™ 65.55™ 133.63™ 10.86™

Block 2 16.09 7.70" 35.03™ 22.11™ 0.25

Error 70 7.91 1.91 0.03 0.34 1.26

cv - 11.28 8.35 5.15 5.54 7.04

* and ** significantly different at the 1% and 5% probability levels

Table 3 continued: Analysis of variance for morphological traits of studied genotypes respectively

S.0.V. df Number of Filled grains Number of unfilled grains  Number of seeds/panicles Grain length (mm) Grain Width (mm)
Genotype 35 8212.92™ 6949.48™ 879.74™ 0.83™ 0.05™

Block 2 2.46 352.58 427.21" 0.23™ 0.00"s

Error 70 66.63 179.27 143.88 0.07 0.00

cv - 31.29 13.34 12.10 4.09 5.61

*and ** significantly different at the 1% and 5% probability levels

Table 3 continued: Analysis of variance for morphological traits of studied genotypes respectively

S.0.V. df Length to width (mm) 1000-Grain weight (g) Seed density % Fertility percentage of pollen % Panicle fertility
Genotype 35 0.05™ 14.76™ 0.82™ 28.21 2558.24™

Block 2 0.11"s 4.42" 0.32 8.16 32.14

Error 70 0.03 1.38 0.2 10.19 33.44

cv - 7.81 8.61 11.60 30.10 38.83

*and ** significantly different at the 1% and 5% probability levels

Table 4: Mean comparison of morphological traits of F1s obtained from the crosses of the male sterile lines A and Neda A with the paternal lines

F1 H1l H2 H3 H4 H5
Crosses Jelodar A /P14-1 Neda A/ P14-1 Jelodar /A P15-2 Neda A/ P15-2 Jelodar A/ P15-6
Plant height (cm) 117.67g-k 100.671-m 126fg 112k 122f-j
Day to 100% flowering 94.00f 944.72f-n f 86k 84l 56k

Day to maturity 120g 1209 121.33fg 91i 124cd
Panicle length (cm) 31.42a-e 31.02a-f 29.78a-h 29.27b-h 29.18c-h
Number of filled grains 7.33n 48.50jih 64.33ghi 105ed 12.50mn
Number of unfilled grains 184.890 117.33g-i 96.33d-i 47.66abc 132.17i-n
Total seed 192.22abc 165.33b-f 160.33b-f 152.67c-f 144.67ef
Grain length (mm) 11.27a 10.73abc 10.99ab 10.47a-f 10.47a-f
Grain width (mm) 1.95jkl 2.04e-| 2.13a-i 2.25abc 2.22a-d
Length to width (mm) 5.78a 5.27a-e 5.16b-f 4.65g-n 4.72f-n

Means followed by the same letter are not significantly different statistical

N4
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Table 4 continued: Mean comparison of morphological traits of F1s obtained from the crosses of the male sterile lines A and Neda A with the paternal lines

F1 H6 H7 H8 H9 H10
Crosses Neda A/ P15-6 jelodar A/ P10-88-37 Neda A/ P10-88-37 Jelodar A/ P8-3-2-1-1-1-1 Neda A /P8-3-2-1-1-1-1
Plant height (cm) 110.67k 113.5jk 99m 139.67b-e 143.5a-d
Day to 100% flowering 86k 89i 88j 86k 99c

Day to maturity 116.67h 122¢f 127ab 127ab 127ab
Panicle length (cm) 32.56abc 27.53f-i 27.61f-i 32.11a-d 32.94ab
Number of filled grains 97.44f 9.33n 26.11n-j 9.11n 0.67n
Number of unfilled grains  85.56¢-h 1571-0 129.11h-m 147.89no 180.110
Total seed 183a-e 166.33b-f 155.22b-f 184a-e 180.78 a-e
Grain length (mm) 10.18b-f 10.31b-f 10.07c-f 10.40a-f 10.59a-e
Grain width (mm) 2.27abc 1.88I 2.20a-¢ 2.05d-1 2.25ab
Length to width (mm) 4.49n-j 5.50abc 4.57h-n 5.08b-g 4.71f-n
Means followed by the same letter are not significantly different statistical

Table 4 continued: Mean comparison of morphological traits of F1s obtained from the crosses of the male sterile lines A and Neda A with the paternal lines

Fi H11 H12 H13 H14 H15

Crosses Jelodar A/ P8-7-2-1-4-2-1-1  Neda A/ P8-7-2-1-4-2-1-1 Jelodar A/ P8-7-2-1-7-3-1-1 P8-7-2-1-7-3-1-1/Neda A Jelodar A/ P9-7-1-1-1-1
Plant height (cm) 146.67abc 143.33a-d 149.67a 147.67ab 117.33g-k
oo igO% 94f 98d 90h 94f 91g

Day to maturity 127ab 127ab 116h 127ab 127ab

Panicle length (cm) 32.26a-f 32.22a 32.11ad 31.67a-e 29.27b-h
g'r‘;mer of filled 42.22i-1 48 55hij 101.78de 73.83fgh 14.891mn
g‘r‘;mer ofunfilled 454 11in 113.89f-| 75.22b-g 104.67e-k 141.67j-0
Total seed 176.33a-e 162.44h-f 177a-e 178.5a-e 156.56b-f
Grain length (mm) 9.78def 9.60f 10.52a-e 9.76e-f 10.59%a-e
Grain width (mm) 2.15a-i 2.24abc 2.13a-i 2.21a-d 2.01h-i
Length to width (mm)  4.55i-n 4.29n 4.94d-k 4.4Imn 5.34a-e

Means followed by the same letter are not significantly different statistical

NG
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Table 4 continued: Mean comparison of morphological traits of F1s obtained from the crosses of the male sterile lines A and Neda A with the paternal lines

Fi H16 H17 H18 H19 H20
Crosses Neda A/ P9-7-1-1-1-1 Jelodar A/ P9-7-6-3-1-3-1 Neda A/ P9-7-6-3-1-3-1 Jelodar A/ P9-8-1-1-1 Neda A/ P9-8-1-1-1
Plant height (cm) 109.67kl 141.33a-d 124f-i 1241-i 118g-k
Day to 100% flowering 86k 90h 90h 90h 90h

Day to maturity 127ab 120g 117h 122¢f 127ab
Panicle length (cm) 30.08a-h 30.33a-g 30.06a-h 29.89a-h 29.28b-h
Number of filled grains  45.44ijk 109.33de 111.83de 37.17i-m 20.44k-n
g‘r‘;ﬂger of unfilled 101.67d-j 58.83a-d 45abc 143j-0 151.331-0
Total seed 147.11def 168.17b-e 156.83b-f 180a-e 171.78a-e
Grain length (mm) 10.70abc 10.67abc 10.57a-e 10.50a-e 10.38 a-f
Grain width (mm) 2.17a-h 2i-1 2.17a-h 1.89jkl 2.05d-k
Length to width (mm)  4.92d-k 5.34a-d 4.87d-1 5.56ab 5.05b-i

Means followed by the same letter are not significantly different statisti

Table 4 continued: Mean comparison of morphological traits of F1s obtained from the crosses of the male sterile lines A and Neda A with the paternal lines

Fi H21 H22 H23 H24 H25 H26
Crosses Jelodar A/ P11-6-2-1- Neda A/ P11-6-2-1- Jelodar A/ P12-5-3-3- Neda A/ P12-5-3-3- Jelodar A/ P12-5-3-3- Neda A/ P12-5-3-3-
1-1-1 1-1-1 2-1-1 2-1-1 2-2-1 2-2-1
Plant height (cm) 125fgh 2.144-i 114jk 110k 115ijk 111k
Day to 100% flowering 90h 94f 90h 90h 90h 90h
Day to maturity 127ab 127ab 127ab 116.67h 121fg 123.33de
Panicle length (cm) 29.40b-h 28.67d-i 28.20e-i 25.06i 28.80d-h 30.23a-g
Number of filled grains 7.22n 44.34ijk 64.78ghi 84.67efg 5.45n 50.22hij
Number of unfilled grains 164.44mno 101d-j 84.56¢-h 65.33-¢ 147.89k-0 114.78I-f
Total seed 171.67a-e 145.33e-f 146.33e-f 150def 153.33c-f 165b-f
Grain length (mm) 10.74abc 10.06¢c-f 10.27b-f 10.48a-f 10.66a-d 10.29b-f
Grain width (mm) 2.14a-i 2.20a-e 2.03f-i 2.24abc 2.18a-g 2.07c-j
Length to width 5.03c-i 4.57h-n 5.06b-h 4.69f-n 4.89d-I 4.97d-j

Means followed by the same letter are not significantly different statistical

OA
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Table 4 continued: Mean comparison of morphological traits of F1s obtained from the crosses of the male sterile lines A and Neda A with the paternal lines

Fi H27 H28 H29 H30
Crosses Jelodar A/ IR68078-15-2-1-2-2-R  Neda A/ IR68078-15-2-1-2-2-R Jelodar A/ IR65622-151-1-2-2-2-R Neda A/ IR65622-151-1-2-2-2-R
Plant height (cm) 136de 121.33g-j 137cde 111.67k
Day to 100% flowering 97e 97e 97e 97e

Day to maturity 125.67abc 127ab 125.33bc 127ab
Panicle length (cm) 29.24b-h 31.27a-f 29.87a-h 26.37hi
Number of filled grains 177.20ab 177.20 ab 146.78hc 146.78bc
Number of unfilled grains  31.33abc 80c-g 35ab 32ab
Total seed 186.5a-d 211.67a 173.67a-e 178.78a-e
Grain length (mm) 10.09c-f 9.73e-f 10.07c-f 10.09c-f
Grain width (mm) 2.26ab 2.23abc 2.01g-1 2.10b-j
Length to width 4.47)-n 4.36mn 5.01c-i 4.80e-m

Means followed by the same letter are not significantly different statistical

Table 4 continued: Mean comparison of morphological traits of F1s obtained from the crosses of the male sterile lines A and Neda A with the paternal lines

Fi H31 H32 H33 H34
Crosses JelodarA/ NSICRC434 NedaA/ NSICRC434 Jelodar A/ IR86403-5-5-2-1-1-1-1-1R Neda A/ IR86403-5-5-2-1-1-1-1-1R
Plant height (cm) 1130.67ef 115.67ijk 126.33fg 116h-k
Day t0100% flowering ~ 98d 101b 90h 102a

Day to maturity 125¢cd 127ab 117h 127ab
Panicle length (cm) 31.27a-f 30.29a-g 26.79ghi 28.72d-i
Number of filled grains  57.17ghi 97.56def 118.78dc 177.20 ab
g‘r‘;ﬁger of unfilled 70.67b-f 74b-g 23.89a 32.00 ab
Total seed 127.83f 171.56b-e 144 .22e-f 193.89%e-f
Grain length (mm) 10.55a-e 10.20b-f 10.54a-¢ 10.49a-f
Grain width (mm) 2.19a-f 2.29abc 2.20a-e 2.28a
Length to width 4.82e-m 4.45k-n 4.79e-n 4.59g-n

Means followed by the same letter are not significantly different statistical
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Fig. 1: RM 3148 marker band pattern for parent cultivars and rice hybrids obtained by crossing with sterile male Jelodar
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obtained by crossing of parental lines and Jelodar A
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Fig. 4: Polymorphism of RM 171 marker between Neda A line and control line IR67924R and three parental lines IR
65622-151-1-2-2-2R, IR 68078-15-2-1-2- 2-R, IR 86403-5-5-2-1-1-1-1-1R along with three hybrids resulting from

crossing of parental lines and Neda A
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Table 5: The results of comparing the average physicochemical traits of the best selected hybrids of rice along with

parental and control cultivars

Grain length before

Grain width before

Length after

Genotype code baking baking cooking Elongatio
Jelodar 7.26b 1.92 efg 11.07 de 3.81 bc
Neda 751c 1.95dg 10.83 ef 3.32¢c
IR 68078-15-2-1-2-2-R 6.71c 2.06 cd 10.53f 3.82 bc
IR65622-151-1-2-2-2-R 6.65¢ 1.91 fgh 11.26 cde 4.61a
IR 86403-5-5-2-1-1-1-1-1R  6.68 b 2.33b 11.01 def 4.33 ab
H27 7.44 bc 2.45a 11.07 de 3.63 bc
H28 7.10b 2.03 cde 10.75 ef 3.64 bc
H29 7.22b 1.80h 10.84 ef 3.62 bc
H30 7.3b 2.03 cf 11.45 bed 4.15ab
H33 751b 1.96 dg 12.15a 464a
H34 7.42Db 2.09¢c 11.66 abc 4.24 ab
Fajr (Control) 7.23Db 1.91 fgh 11.93 ab 470 a
Nemat (Control) 8.15a 1.86 gh 11.93ab 3.78 bc

In each column, the averages that have at least one letter in common are not significantly different based on Duncan's
multiple range test at the five percent probability level. *: These traits are rank type and group comparisons were not

done

Table 5: continued The results of comparing the average physicochemical traits of the best selected hybrids of rice

along with parental and control cultivars

Genotype code Elongatio The aroma of rice Milling rate Amylose content
Jelodar 3.81bc 2.00 61.76d 24.50
Neda 3.32¢ 1.00 64.82b 23.90
IR 68078-15-2-1-2-2-R 3.82bc 2.00 48.54h 26.06
IR65622-151-1-2-2-2-R 461a 2.67 47.32i 27.86
IR 86403-5-5-2-1-1-1-1-1R 4.33 ab 2.00 62.96¢ 25.57
H27 3.63bc 3.00 66.51a 22.96
H28 3.64 bc 1.00 58.95d 24.02
H29 3.62 bc 333 61.75d 23.68
H30 4.15 ab 1.67 64.62b 19.26
H33 4.64a 2.00 63.50c 20.67
H34 4.24 ab 2.00 57.10f 27.18
Fajr (Control) 4.70 a 2.00 54.73 g 20.07
Nemat (Control) 3.78 bc 2.00 65.1b 25.37

In each column, the averages that have at least one letter in common are not significantly different based on Duncan's
multiple range test at the five percent probability level. *: These traits are rank type and group comparisons were not

done
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