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ABSTRACT

The main objective is to study the effect of heat stress on some quantitative traits of 26 different rice
genotypes. The results showed that heat stress caused significantly decreased (p<0.01) in days to maturity,
plant height, flag leaf area, tillers plant™, panicles plant™, 1000-grain weight, filled grains panicle™, sterility %,
and grain yield plant™ traits. Among the 26 cultivars studied, 14 exhibited a high grain yield plant™. The  top-
performing genotypes were IR72, IR28, Dular, IR82, and Gizal78, with yields of 23.27 g, 22.80 g, 21.60 g, 21.20
g, and 21.17 g, respectively. The reduction in yield compared to the normal growing conditions ranged from
26.87% for Hasswi-2 to 47.89% for Gizal78. All traits under study exhibited the highest heritability broadly,
with the coefficient of variation (PCV) values surpassing the genotypic coefficients of variability (GCV) in all
characteristics. The cluster analysis was divided into two main groups, based on the different types of rice.
Using 18 SSR markers was essential in assessing the genetic diversity of rice genotypes. The analyzed markers
produced 137 alleles, averaging 7.61 alleles per locus. A greater number of alleles per locus was observed with
the primers RM547, RM209, RM219, RM205, and RM234. All SSR markers had high polymorphism
information content (PIC) values, averaging 0.3891. PIC values represent allele diversity and frequency among
the types. Rice genotypes were split into two groups using cluster analysis. IR31775-30-3-2-2, IR2037-93-1-3-1-
1, IR29, IR65829-28-H-P, Dular, PUSA Basmati 1, and WAB 880-1-32-1-2-P1-HB were the seven rice
genotypes in the first group. The second group included four rice genotypes (Hasswi-1, Hasswi-2, Gizal78, and
IET 1444) that belonged to the Indica-Japonica type and were produced from different origins. In any case, the
Hasswi-1 and Hasswi-2 came from closely related parents.
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INTRODUCTION

he increase in global temperatures

resulting from global warming poses a
serious threat to global food security,
which leads to a significant decline in all
agricultural production, especially rice (Zhao
et al., 2017; Kinose et al., 2020). For optimal
growth and crop maintenance, rice seedlings
should be kept between 25 and 28°C (Nishad
etal., 2018; Xu et al., 2021). High temperature
led to a shortening of the growth period as a
result of early flowering, and a decrease in
plant height (Mohamed and Abdel-Hamid,
2013; Mohamed et al., 2019; Mohamed et al.,
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2021; El-Malky, 2024). Also, a clear effect of
increasing the sterility grain percentage due
to the decrease of pollen grains (Rang et al.,
2011) and the lack of filled grains and
consequently a decrease in grain yield. Liu et
al. (2023) explained that high temperatures
decreased yield by 7 to 8% and also affected
the quality of grain. Therefore, researchers
worked to produce rice varieties that tolerate
high temperatures, while maintaining vyield
and quality characteristics (Masutomi et al.,
2023). The growing interest in rice production
stems from the need to address the gap
between population growth and increased rice
consumption. Rice is a major crop globally,
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largely because it is more affordable than
many other crops. This makes it particularly
suitable for impoverished communities,
especially in Asia and Africa (Ndour et al.,
2016; El-Beltagi et al., 2022). Therefore,
evaluating new varieties in hot areas to obtain
new heat-tolerant varieties is useful to confirm
suitable varieties that will grow in this region,
and it is one of the ways to develop varieties
that tolerate high temperatures (Asante et al.,
2019; Sitaresmi et al., 2020).

There are other methods to develop new
tolerant varieties for high temperatures, such
as crossing between donor parents, which
carry tolerant genes with local varieties to
select new varieties that can withstand high
temperatures (EI-Malky, 2024; Li et al.,
2024). Two primary techniques are typically
used in conventional rice breeding: recurrent
selection and modified pedigree (Villegas et
al.,, 2018). Nonetheless, heat-tolerant rice
breeding started in 2010 to create genotypes
of rice that could adjust to local agricultural
conditions and change climates by combining
high-yielding cultivars with heat-tolerant
donor parents (like cultivar N22) (Manigbas
et al., 2014). This method requires understanding
the genetic background of the parents used,

which includes knowing their morphological
characteristics and identifying the genes
responsible for heat tolerance.

Hence, by selecting recombinants of
desired genes, breeders can create new
genotypes of rice with a broad range of
tolerance to biotic and abiotic stresses. Various
molecular markers, such as simple sequence
repeats (SSR), aid in the selection of rice
genotypes that carry the desired genes (Sadat
et al., 2013; Mazal, 2021). The current study
aims to 1) evaluate 26 rice genotypes under
high-temperature  conditions, 2) evaluate
superior  genotypes under normal and
temperature conditions to estimate the reduction
in yield, and 3) study the genetic diversity
through quantitative traits and the SSR marker.

MATERIAL AND METHODS

Rice genotypes

26 rice genotypes were used in this study,
including eleven genotypes belonging to
Indica type, ten genotypes from Japonica
type, and five belonging to Indica-Japonica
type (Table 1). All genotypes were received
from Gen Bank at the International Rice
Research Institute (IRRI).

Table 1. 26 rice genotypes, parentage, origin, and plant type

No. Varieties Pedigree Origin Type
1 |IR65829-28-H-P GZ 2175/ GYEHWA 7 IRRI Indica
2 |IR29 IR833-6-1-1/IR1561-149-1//IR1737 IRRI Indica
3 |IR 31775-30-3-2-2 IR 10154-23-3-3 / IR 9129-209-2-2 IRRI Indica
4 |IR 2037-93-1-3-1-1 IR 1697-47-2-2 / IR 1818-2 IRRI Indica
5 |Dular Dumai / Larkoch IRRI Indica
6 |IR72 TN 1 x Chianung 242 IRRI Indica
7 |Hasswi-1 Exotic Kingdom of Saudi Arabia Indica-Japonica
8 |Hasswi-2 R1112/Hasswi-1 Kingdom of Saudi Arabia Indica-Japonica
9 | Novator PRIKUBANSKY/ITALICA 10 Russia Japonica
10 |VNIRB 572 VNIR 7718/VNIR 1418 Russia Japonica
11 |Suweon 339 SR 9373-71-3 / Pungsan Byeo Korea Japonica
12 |WAB 880-1-32-1-2-P1-HB | (WAB 56-50/ G14//WAB56-50) Africa Rice Centre (WARDA) |Indica
13 |TKY 1014 J692153X / Fukunishi // Taichung China Japonica
14 | Koshihikiari Nourin No.1 x 'Nourin No.22 Japan Japonica
15 |IRAT 170 (IRAT 13/ Palawan) Ivory Coast Indica
16 |Gizal77 Gizal71/ Yumji No.1// PiNo.4 Egypt Japonica
17 |Gizal78 Giza 171 / Milyang 49 Egypt Indica-Japonica
18 |Sakhal04 GZ 4096 X GZ 4100 Egypt Japonica
19 |Sakhal05 Gizal77 / Suwwon349 Egypt Japonica
20 |Gizal75 IR28/IR1541//Gizal80/Gizal4 Egypt Indica-Japonica
21 |Gizal71 Nahda / Calady 40 Egypt Japonica
22 |Sakhal01 Giza 176/Milyang 79 Egypt Japonica
23 |IET 1444 TN1/Co29 India Indica-Japonica
24 |PUSA Basmati 1 Pusal50 x Karnal local India Indica
25 |IR82 IR833-6-2-1-1/IR1561-149-1/IR24 IRRI India
26 |IR28 IR833-6-2-1-1/IR1561-149-1/IR24 IRRI India
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Field evaluation under high temperature

In 2020, 2021, and 2022, the 26 rice
genotypes were assessed, and each genotype
was transplanted using a randomized
complete block design (R.C.B.D.) with three
replications. Each plot has five rows that are
five meters long, with a space of 20 cm
between each row and plant, allowing for a
total of 25 plants per square meter. The
recommended cultural practices for rice
growing were employed. The average air
temperature in high-temperature conditions
ranges between 38.2 to 47.2°C, and the
relative air humidity (%) ranges between 21
to 30% in this season. These genotypes were
evaluated under these high temperatures in
the New Valley Governorate, which had a
hot zone under Egyptian conditions
(www.worldweatheronline.com). While,
under normal conditions, it ranged between
28 to 35°C, which is considered the optimal
temperature for rice plant growth at the
Sakha Agricultural Research Station.

Quantitative Traits Assessment

Ten agronomic traits namely; duration
(days), plant height (cm), flag leaf area (cm?),
tillers plant™, panicle weight (g), panicles
plant™®, 1000-grain weight (g), filled grains
panicle™, unfilled grains panicle™ and grain
yield plant® (g) were calculated at the
experimental farm. The data for all traits
were recorded based on the Standard
Evaluation System (SES) for rice (IRRI,
2014). Genetic associations between the 26
rice genotypes under study were constructed
using the averages of these features over two
years.

Evaluation of selected genotypes

Fourteen rice genotypes, which gave high-
yielding and superior agro-morphological
traits were evaluated under high temperatures
at New Valley Research Station, El-Kharga,
New Valley Governorate, Agriculture Research

Center (ARC), Egypt, and normal conditions
at Sakha Research Station, Rice Research and
Training Center (RRTC), Kafr EL-Sheikh
Governorate. The reduction of the yield due
to the effect of high temperature was
estimated. Also, the SSR markers were used
to study the genetic diversity among the
fourteen rice genotypes.

Genomic DNA isolation

A total of fourteen rice genotypes were
screened using 18 simple sequence repeat
primers (SSR) purchased from Sangon
Company, China (Table 2). DNA was
isolated from the 14 rice accessions
according to Maixner et al. (1995). Selected
leaves with good vitality were washed with
clear water. 4 to 10 midribs were cut with a
disposable razor blade and 1.0 g of midribs
was dispensed in an ELISA sachet and
3.0 mL CTAB extraction buffer. Then the
midribs were squashed under cooling at 4°C.
1.5-2.0 mL of midrib juice was transferred to
2 mL tube and kept in a water bath at 65°C
for 15 min. This was followed by centrifugation
at 3000 for 5 min. One mL of supernatant
was collected and transferred to an Eppendorf
tube. 1 mL Chloroform-lsoamylic alcohol
was then added, and mixed by inverting the
tubes several times to obtain an emulsion.
The emulsion was then kept in the Centrifuge
for 5 min at 14000 xg. The aqueous phase
was collected and transferred to new tubes,
and 540 pL Isopropanol was supplied, left at
20°C for 30 min, then centrifuged for 20 min
at 14000 xg. After centrifugation, ethanol
was removed without disturbing the small
nucleic acid pellet. The pellet was washed
with 1 mL ethanol 70%, followed by
centrifuge for 10 min at 14000 xg. Ethanol
was removed, and the pellet was dried at
speed-VAC*5 min. The dried pellet was
re-suspended with 60-100 uL TE 1X (Tris 10
mM EDTA 1 mM PH8) and nucleic acid
stored at -20°C.
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Table 2. Information on the selected linked molecular markers used for high-temperature stress tolerance
No. Marker | Chr. No. Primer sequences used for gene detection (5°-3) Reference

1 fewate | o |(F) COTCGOATOATOTAAAGCCT Wi etal. (2013)
2 o | o |} SCTAOASCACCCATCTARCARCTES s vl o
o s | 1 [DNTICACCOMOACAONICASTES et o
 Jrssr | s O TIoTCMOATCATCTOSTASE  vecua ot

s Jmem | w | AmecTrecreTosTecs sl ot
6 |RM430 5 g%gﬁg%ﬁg@gggfﬂgﬁ;ﬁ Cheng et al. (2012)
| [DAceccccacaTonTons ol ot
o mws | 5 | TCACACRCTEACASTOTOR sarg . o0
o s | 1 [DASCTASSSCTAMCOMCENSS et 0ot
0 [rvizoe | 1 |} AATOGAGCTCCTOACTCTAAGC Lizoetal. (2011
w s | w0 | ICTARCICTOCCEATIACTCCTTES ot ot
o s | 7|0 CTATCTIACACASMACESEATES  |aamonctal o
1 [rvzer | 12 |} AAGGCGAACTGTCCTASTOAAGS i . (009
w s | s | SACTOCACTCCROACTONCIES et ot
s [ | o |DCTACCASOARCICTIICNSS et ot
6 o | s |0 ACATGSIOMACRTCCTCCTACSS [ veeu ot
v e | o |0 TICCTeSATCOACSOROTASe st
o jwzs | o |DTACTCOTIOCCTIOCCTASICO  [xwonal oy

Polymerase Chain Reaction Assay

The reaction mixture (25 pL) consisted of:
12.5 pL of 2x master mix ready to use
[0.1U/uL Tag Polymerase, 500 uM dNTP,
20 mM Tris-HCI (pH8.3), 100 mM KCl,
3 mM MgCl, and Stabilizer and enhancer] +
10 Pmol of each primer (1.0 pL) + 1.0 pL of
DNA (50 ng) + 9.5 uLL PCR grade water.
Amplification was performed in a
Thermocycler (Bio-Rad, C - 1000) as
follows: (1) Initial denaturation at 94°C for 5
min.; (2) Denaturation at 94°C for 30 sec.;
(3) Primer annealing temperature differing
according to Tm of each primer for 1 min.;
(4) Extension at 72°C for 1 min.; (5) Steps 2,
3, and 4 are repeated 40 cycles.; (6) A final
extension at 72°C was given for 10 min.

Following PCR, the amplified products were
examined using a 1.5% agarose gel that
contained ethidium bromide at a final
concentration of 0.5 pg mL™. After loading
10 pl of the amplified product into the well,
it was run for 45 minutes at 5 volts/cm? in a
1x TAE electrophoresis buffer with a 1 Kb
plus  DNA ladder (Intron Biotechnology
Company, Korea). The gels were moved to a
UV cabinet when the electrophoresis was
completed. Following that, the gels were
photographed and examined using BioDoc
Analysis software (Biometra, Germany).

Statistical Analysis
For plants, Analysis of Variance
(ANOVA) data were gathered by Steel and
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Torrie (1980) methodology. However, using
Singh and Chaudhary (1985) formula, the
means were separated using the least
significant difference (LSD) at p<0.05
(significant) and p<0.001 (highly significant).
The program NTSYS-pc version 2.1 was
used to create similarity matrices (Rohlf,
2000). The variety of alleles of marker
locus was evaluated by calculating the
polymorphism information content (PIC),
number of polymorphic alleles, number of
amplified alleles polymorphism ratio (P%),
and total number of amplified bands
(Anderson et al., 1993). A dendrogram was
created utilizing the Unweighted Pair Group
Method with Arithmetic Average (UPGMA)

sequential agglomerative hierarchal nested
(SHAN) cluster and genetic similarity
coefficients.

RESULTS AND DISCUSSION

Analysis of variance for agronomic traits

The performance of the 26 rice genotypes
in this study varied greatly across all
agronomic characteristics (Table 3). The
averages from the two years were used
because the results of the ANOVA performed
for each year were not significant. The data,
which showed very significant variances for
all parameters, evidence enormous genetic
variability among the genotypes.

Table 3. Analysis of variance for agronomic traits in 2020 and 2021

Traits Replications Genotypes Error cv

(df=2) (df=25) (df=50) (%)
Days to maturity (days) 0.94 682.80** 0.93 15.20
Plant height (cm) 3.39 618.20** 1.22 16.89
Flag leaf area (cm?) 1.22 53.81** 0.57 14.54
No. of tillers plant™ 0.88 17.39** 0.16 15.45
No. of panicles plant™ 0.38 14.77** 0.21 15.35
Panicle weight (cm) 0.06 0.14** 0.01 13.34
1000-grain weight (g) 0.20 35.58** 0.15 16.70
No. of filled grains panicles™ 1.76 498.06** 3.30 19.97
Sterility percentage 2.58 260.63** 2.04 24.13
Grain yield plant™ (g) 243 37.63** 0.33 19.56

** highly significant at 0.01 level.

Mean performance

The mean performance for 26 rice
genotypes under high temperatures of ten
traits is presented in Table 4. The results
indicated a significant variability among the
studied traits, likely due to the diverse genetic
backgrounds of the genotypes. As for
duration trait, 13 genotypes were less than
100 days, while six genotypes recorded long
duration (Novator, Giza 171, VNIRB 572,
IR2037-93-1-3-1-1, IR29, and IR65829-28-H-P)
gave 122.27, 122.07, 120.30, 114.33, 114.23
and 111.43 days, respectively (Table 4).

In plant height, all the genotypes were
dwarf and less than 100 cm except the
genotypes (Novator, VNIRB 572, and
IET1444) which were 113.80, 114.97, and

109.90 cm. Flag leaf area (cm?), the results
showed a significant difference between the
genotypes in this trait, the values ranged from
22.7 to 34.4 cm, and heights values were with
the genotypes Giza 178, IR82, Hasawi-2,
Sakha 101, Hasawi-1, IR65829-28-H-P
and IR28 were (34.40, 34.37, 33.85, 33.70,
33.53, 33.40 and 33.23 (cm?), respectively,
while 12 genotypes gave the lowest value of
flag leaf. Fourteen rice genotypes exhibited
high values for both tillers and panicles
plant™. These genotypes belonged to Indica
and Indica-Japonica types except the
varieties Novator and VNIRB 572 belonged
to Japonica type. The values ranged from
12.43 to 19.77 with the varieties SakhalO4
and IR72.
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Concerning 1000-grain  weight, filled
grains panicle™, and grain yield plant™, the
results showed that 14 rice genotypes
namely; IR72, IR28, Dular, IR82, Gizal78,
IR2037-93-1-3-1-1, Hasswi-1, IET 1444,
PUSA Basmati 1, IR31775-30-3-2-2, IR29,

Hasswi-2, IR65829-28-H-P, WAB 880-1-32-
1-2-P1-HB gave 23.27, 22.80, 21.60, 21.20,
21.17, 20.30, 20.00, 19.57, 18.77, 18.30,
17.87, 17.77, 17.00, 16.53 gave high value
in these traits compared with the rest
genotypes.

Table 4. Mean performance of 26 rice genotypes for teen agronomic traits
under high-temperature conditions in New Valley region

=~ | < 5 s |2 | 3|8

S | £ g | €| 2| = | 8 > g | 2

No. Genotypes S 2 < o g $ c £ '3 =)

E|l | 8| 2|2 |85 2%

= g = [ = 3 g 5 3 c

a a = g o S = = 3

— LL 5 (O]
1 |IR65829-28-H-P 111.43 | 83.23 | 33.40 | 16.57 1.70 1450 | 23.03 | 63.47 | 32.37 | 17.00
2 |IR29 114.23 | 86.70 | 31.57 | 13.53 1.80 11.70 | 22.90 | 54.40 | 32.10 | 17.87
3 |IR31775-30-3-2-2 109.00 | 94.40 | 29.63 | 14.53 1.60 13.40 | 23.37 | 59.23 | 37.00 | 18.30
4 |IR2037-93-1-3-1-1 110.90 | 98.33 | 32.30 | 16.50 1.47 15.03 | 22.67 | 51.47 | 35.10 | 20.30
5 |Dular 114.33 | 96.07 | 30.50 | 17.33 1.90 16.03 | 23.03 | 76.70 | 33.63 | 21.60
6 |IR72 109.57 | 90.10 | 28.70 | 19.77 1.70 1497 | 23.73 | 83.23 | 22.20 | 23.27
7 | Hasswi-1 106.57 | 88.00 | 33.53 | 18.90 1.60 16.20 | 3.10 | 69.00 | 37.50 | 20.00
8 |Hasswi-2 107.27 | 86.90 | 33.85 | 18.07 1.87 15.10 | 24.37 | 72.30 | 29.50 | 17.77
9 | Novator 122.27 | 113.80 | 31.40 | 17.23 1.80 15.33 | 22.67 | 74.70 | 38.80 | 14.87
10 |VNIRB 572 120.30 | 114.97 | 30.63 | 18.03 1.73 14.07 | 23.37 | 73.30 | 35.60 | 14.47
11 |Suweon 339 93.30 | 64.20 | 22.70 | 12.77 1.30 10.97 | 18.10 | 53.83 | 55.60 | 13.83
12 |WAB 880-1-32-1-2-P1-HB 95.20 | 72.77 | 24.27 | 1443 1.50 12.00 | 19.47 | 51.50 | 49.37 | 16.53
13 |TKY 1014 88.00 | 68.63 | 24.33 | 13.00 1.20 12.13 | 16.67 | 57.13 | 44.27 | 13.37
14 | Koshihikiari 101.27 | 79.17 | 30.73 | 16.07 1.90 1457 | 23.10 | 82.30 | 3543 | 13.73
15 |IRAT 170 94.30 | 65.20 | 26.73 | 13.77 1.30 11.87 | 1493 | 50.70 | 61.80 | 14.63
16 |Gizal77 98.23 | 72.67 | 24.47 | 13.03 1.63 11.07 | 16.20 | 49.60 | 49.20 | 13.87
17 |Gizal78 101.37 | 88.10 | 34.40 | 18.00 2.00 15.47 | 22.83 | 80.97 | 38.20 | 21.17
18 |Sakhal04 75.17 | 71.23 | 24.63 | 1243 1.60 9.67 18.73 | 54.33 | 45.77 | 13.73
19 |Sakhal05 78.37 | 77.10 | 32.53 | 14.00 1.60 12.33 | 23.17 | 88.67 | 30.47 | 14.33
20 |Gizal75 7490 | 84.03 | 23.30 | 16.17 1.50 13.77 | 17.70 | 51.60 | 50.27 | 14.53
21 |Gizal71 122.07 | 69.27 | 22.83 | 13.10 1.43 9.63 14.40 | 55.07 | 44.27 | 14.10
22 |Sakhal01 74.67 | 7250 | 33.70 | 13.50 2.00 17.43 | 23.07 | 88.70 | 24.13 | 12.07
23 |IET 1444 76.37 | 109.90 | 23.90 | 19.00 1.30 12.00 | 15.57 | 53.03 | 39.37 | 19.57
24 |PUSA Basmati 1 87.07 | 7417 | 25.27 | 13.97 1.43 13.07 | 14.20 | 55.07 | 38.80 | 18.77
25 |IR82 92.67 | 94.77 | 34.37 | 16.07 1.77 12,10 | 22.37 | 63.87 | 33.20 | 21.20
26 |IR28 98.87 | 93.23 | 33.23 | 16.37 1.67 1423 | 23.27 | 63.67 | 30.43 | 22.80
LSD 0.05%| 1.32 151 1.03 0.54 0.62 0.13 0.53 248 1.95 0.78
0.01%| 1.89 2.16 1.48 0.77 0.89 0.19 0.76 3.56 2.80 112

Genetic variability

The mean value, genotypic variance (GV),
phenotypic  variance  (PV), genotypic
coefficient of variation (GCV), phenotypic
coefficient of variation (PCV), heritability in
the broad sense (h%b), genetic advance (GA),
and genetic advance in percentage are shown
in Table 5.

The 26 rice genotypes showed a wide
range of genetic deviations for DM,
indicating a significant diversity for this trait
(Table 4). Table 5 shows that DM ranged
from 746 to 1222 days. DM had a
significantly higher phenotypic variance (PV)
(228.22) than the GV (227.29). More genetic
than environmental influences influenced the
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trait's expressivity. Given that PCV (15.24)
and GCV (15.21) were near each other, there
may not be much of an environmental
influence on how the trait manifests. For
this variable, the estimate of h®h was high
(99.59), but the GA (30.99) and GA%
(31.26) were moderate, suggesting that
genotypes were responsible for the apparent
variation. With a mean of 84.98 cm and a
range of 64.2 to 114.9 cm for the plant height
(PH) trait (Table 5), the PV (207.05) was
only marginally higher than the GV (205.83),
suggesting that the environment had little
effect on the expressivity of the genes
controlling the trait. According to Table 5,
the PCV (16.93) and GCV (16.88) deviations
were the lowest for PH. The fact that PH
had a high h®b (99.41) together with high
GA (29.47) and GA% (34.68) suggested that
genotype was responsible for the apparent
difference.

A mean of 20.62 g was found for the
1000-grain weight (1000-GW), which varied
from 14.2 to 243 g. GV (11.81), PCV
(16.78), GCV (16.67), and PV (11.96) show
the least amount of environmental effect on
the expression of the character. While the
h%b of 1000-GW was very high (98.74), with
a significant GA (7.03). Concerning FLA,
NET, and NEP traits, a wild range of

variations were found in both traits, and PV
and PCV, were higher than GV and GCV)
showing less environmental influence on FLL
(Table 5). The inheritance of FLA and NET
were high (96.87 and 97.34), with a high GA
(29.32 and 30.73). As for the NFG trait, a
wide range was found between these
genotypes and the mean was 64.53, while
PV (168.22) was higher than GV (164.92),
also PCV was a little bit higher than GCV
(Table 5). Therefore, the characteristic had
low contextual influence, whereas NEG
expressivity was strongly influenced by
genetics. While the GA was low (26.19),
the h’b of NEG and GA% were also high
(98.04 and 40.59). Among the genotypes
investigated, significant differences in filled
grains panicle® (NFG) were discovered
(Table 5). Furthermore, the SS % genetic
data show that the chosen lines have a
high level of genetic control. There are
considerable differences among the 26 rice
genotypes in terms of grain yield plant™
(GYP), with a mean of 18.11 g per plant
and a range of 12.1 to 23.2 (g) (Table 5).
Using a selection of 26 rice genotypes,
GCV (19.47), PCV (19.73), and h’b (97.73)
demonstrated that the environment has less
of an impact on GYP.

Table 5. Estimation of genetic parameters for agro-morphological characters in 26 rice genotypes

s;?a'i:g' Mean Range GV PV GCV PCV h%b GA GA%
DM 99.14 | 74.6-122.2 | 227.29 | 22822 | 15.21 1524 | 9959 | 30.99 | 31.26
PH 84.98 | 64.2-114.9 | 20583 | 207.0 16.88 16.93 | 99.41 | 2947 | 3468
FLA 29.13 | 22.7-344 | 17.75 18.32 14.46 1469 | 96.87 8.54 29.32
NET 15.85 | 12.4-19.7 5.74 5.90 15.12 1533 | 97.34 4.87 30.73
PW 1.62 1.2-2.0 0.04 0.05 12.86 1422 | 81.73 0.39 23.95
NEP 13.68 9.6-17.4 4.85 5.06 16.11 16.45 | 9585 4.44 32.48
1000-GW 2062 | 14.2-243 | 11.81 11.96 16.67 16.78 | 98.74 7.03 34.12
NFG 6453 | 49.6-88.7 | 164.92 | 16822 | 19.90 | 20.10 | 98.04 | 26.19 | 4059
SS% 3863 | 22.2-61.8 | 8620 | 8823 | 2403 | 2432 | 97.69 18.90 | 48.94
GYP 1811 | 12.1-232 | 1243 12.76 19.47 19.73 | 97.43 7.17 39.60

GV=genotypic

yield plant™ (g).

variance; PV=phenotypic variance; GCV=genotypic co-efficient of variation; PCV=phenotypic
coefficient of variation; h’b=heritability in broad sense; GA=genetic advance; GA%=genetic advance in percent of
mean; DM=days to maturity; PH=plant height (cm); FLA=flag leaf area; NET= tillers plant™; NEP=panicles plant™;
PW=panicle weight (g); 1000-GW=1000-grain weight (g); NFG=filled grains panicle™; SS=sterility %; GYP=grain
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Cluster analysis based on quantitative Indica-Japonica types. All these genotypes

characteristics were short-duration under heat stress, and lower

This analysis was conducted on 26 in grain yield plants which means that these
genotypes that were grown and evaluated for genotypes were sensitive to high temperatures
10 quantitative traits under high-temperature except IET1444 gave high yielding compared
conditions in the New Valley region. with other genotypes (Figure 1).

The cluster analysis divided all the rice The rice cultivars Sakha 105 and Giza 177
genotypes into two major groups, the first formed the second sub-group; they had a very
one was divided into two sub-groups, the similar genetic background because they had
first sub-group included all the indica types a common parent (Giza 177). The plant
except VNIRB572 variety, which belonged height, number of tillers per plant, number of
to Indica-Japonica type (Table 1). These panicles per plant, and grain yield per plant
genotypes could be genetically close to each were all equal for these two rice varieties.
other for seven quantitative traits namely; Clustering based on quantitative traits was
duration, plant height, tiller plant™, panicles grouped into many sub-groups, Based on the
plant™, flag leaf area, 1000-grain weight, and types of genotypes (Figure 1). All Indica
grain yield plant™ (Figure 1). While, the second types were in one group except VNIRB572
sub-group included three rice genotypes from Japonica type, this classified due to
(Hasswi-2, Hasswi-1, and Gizal78) these coming from one origin (IRRI), and there is
genotypes belonged to Indica-Japonica types. a close in some quantitative characteristics.
In any case, these genotypes were similar in On the other hand, the two Saudi varieties
duration, plant height, flag leaf area, tiller plant™, came together in the same group and
panicles plant™, 1000-grain weight, and grain belonged to the Indica-Japonica type. The
yield plant®. The second major group was second group included all Japonica types
divided into two sub-groups, the first one except for the two (IET1444 and Gizal75)
included Japonica type except for IET1444 that belonged to the Indica-Japonica type.

and Gizal75 varieties, which belonged to

50 45 40 35 30 25 20 15 10 5 0
L 1 1 1 1 1 1 1 1 1 )

4 (—— IR82
—

_: IR 31775-30-3-2-2

IR 2037-93-1-3-1-1 Included Indica types
N IR29 except VNIRB572

Group .1 IR 65829-28-H-P >,

belonged to Japonica
Dular

"_: WAB 880-1-32-1-2-P1-HB type
IRAT 170

————R72
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Figure 1. Cluster diagram for 26 varieties classified by teen morphological quantitative characters
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Evaluation of tolerant rice genotypes

under normal and heat conditions

In this study, fourteen rice genotypes
exhibited a high grain vyield plant® (g)
under heat stress, which is the primary trait
targeted for developing new varieties.
Additionally, these genotypes were assessed
under normal conditions to estimate the
percentage reduction in grain yield plant™ ().
The mean of grain yield plant® (g) under
normal conditions ranged from 24.30 to
38.90 g/plant (Table 6). Gizal78 and
IET1444 gave high values of about 38.90 and
37.40 g/plant for grain yield under normal
conditions, while the lowest value was
observed with Hasswi-1 and Hasswi-2 of
about 24.80 and 24.30 g/plant. According to
the yield redaction %, the results showed that

the genotypes Gizal78, IET1444, IR65829-
28-H-P, WAB 880-1-32-1-2-P1-HB, IR29,
and IR 31775-30-3-2-2 gave high percentage
47.89, 47.67, 46.03, 44.83, 41.98 and
41.53%, respectively (Table 6). On the other
hand, the lowest redaction was found with
Hasswi-1 and Hasswi-2 (19.35 and 26.87%),
these two genotypes were growing in Saudi
Arabia and indicated that the two genotypes
were more adapted under high temperatures.

According to grain vield plant?, 14 rice
genotypes within the 26 genotypes under
study gave high yield and ranged between
16.33 to 23.27 (g) compared with this trait
under normal conditions, which gave a range
between 24.30 to 38.80 g. The reduction in
the yield ranged between 19.35 to 47.89%
(Table 6).

Table 6. Mean performance of 14 rice genotypes for grain yield plant™ (g) and redaction percentage

. 1 -
No. Genotypes _ Grain yleld_p_lant (g)_ _ . Redgctmn
Normal condition Heat condition Yield redaction/plant 4

1 |IR72 34.80 23.27 11.53 33.13

2 |IR28 33.40 22.80 10.60 31.73

3 |Dular 32.90 21.60 11.30 34.34

4 |IR82 34.60 21.20 13.40 38.72

5 |IR 2037-93-1-3-1-1 31.70 20.30 11.40 35.96

6 |Gizal78 38.98 21.17 17.81 47.80

7 |Hasswi-1 24.80 20.00 4.80 19.35

8 |IET 1444 37.40 19.57 17.83 47.67

9 |PUSA Basmati 1 29.90 18.77 11.13 37.22
10 |IR 31775-30-3-2-2 31.30 18.30 13.00 41.53
11 [IR 29 30.80 17.87 12.93 41.98
12 | Hasswi-2 24.30 17.77 6.53 26.87
13 |IR 65829-28-H-P 31.50 17.00 14.50 46.03
14 |WAB 880-1-32-1-2-P1-HB 29.60 16.33 13.27 44.83

Molecular markers

SSR Polymorphism and Allele scoring

under study

In this investigation, 18 SSR markers
yielded 137 alleles, with an average of
7.61 alleles per locus, which were found
in the 14 rice genotypes. The findings
indicated that the genotypes were
polymorphic (Table 6). RM547, RM209,
RM219, RM205, and RM234 were the
primers that indicated a greater number of
alleles). Figure 2 highlighted the PCR-
amplified results for some SSR markers
with 14 rice genotypes. For every locus

under investigation, several alleles were
seen per sample. Numerous alleles in a
variety indicate mixed pure lines or seed
mixture (heterogeneity) rather than genetic
heterozygozity because rice is a naturally
inbred crop. Heterogeneity was observed
for all varieties, which suggested that these
SSR markers have a high mutation rate in
rice. All varieties were genotyped based on
a bulk DNA sample; the multiple alleles
detected in these data are likely to
accurately reflect the degree of heterogeneity
encountered in seed stocks of these varieties.
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Figure 2. The banding pattern of 18 SSR obtained from 14 rice genotypes with primers
a) RM430, b) RM247, ¢) RM7364, d) RM1209, &) RM547, f) RM570, and M = 100 bp ladder

Polymorphic information content (PIC)

For each locus, the polymorphic
information content (PIC) was used to
evaluate the information of each marker,
discriminatory capacity, a representation of
allele diversity, and frequency among
varieties. The allele number and PIC values
for each of the 18 SSR markers were

computed in this study to determine the
degree of polymorphism among the
various genotypes (Table 7). Regarding
allele diversity and frequency among the
types, the PIC values were high for all
SSR markers, ranging from a low of 0.2755
for RM249 to a high of 0.4579 for RM228.
The average PIC value was 0.3891.
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Table 7. SSR loci were used for genotyping a set of 14 rice genotypes and their genetic diversity parameters

Positive Negative Positive Negative No of PIC
SSR Marker

bands bands frequency frequency alleles value
RM219 4.6 9.5 0.3285 0.6714 10 0.3102
RM205 5.5 8.5 0.3928 0.6071 10 0.4051
RM234 5.0 9.0 0.3571 0.6428 10 0.4224
RM547 7.0 7.0 0.5000 0.5000 11 0.3609
RM209 6.7 7.2 0.4805 0.5194 11 0.4304
RM430 5.0 9.0 0.3571 0.6428 8 0.3750
RMA471 7.0 7.0 0.5000 0.5000 8 0.4286
RM405 5.7 8.2 0.4107 0.5892 8 0.3954
RM235 5.3 8.6 0.3809 0.6190 6 0.4456
RM1209 5.6 8.3 0.4047 0.5952 6 0.3741
RM228 7.1 6.8 0.5089 0.4910 8 0.4579
RM336 4.8 9.1 0.3482 0.6517 8 0.3992
RM247 5.0 9.0 0.3571 0.6428 2 0.3980
RM249 4.6 9.3 0.3333 0.6666 6 0.2755
RM314 7.1 6.8 0.5119 0.4880 6 0.3944
RM570 5.4 8.6 0.3857 0.6142 5 0.3214
RM7364 5.8 6.2 0.4142 0.5857 5 0.3849
RM225 5.2 8.7 0.3775 0.6224 7 0.4254
Total 137
Mean 5.7 8.1 0.4082 0.5916 7.61 0.3891

Clustering analysis of rice cultivars based

on SSR markers

The dendrogram illustrating the 14 rice
genotypes is shown in Figure 3. The cluster
analysis categorized these rice genotypes
into two groups. The first group consisted of
seven rice genotypes: Dular, PUSA Basmati 1,
IR 31775-30-3-2-2, IR 2037-93-1-3-1-1,
IR 29, IR 65829-28-H-P, and WAB 880-1-
32-1-2-P1-HB. All of these cultivars belong
to the Indica type and are tolerant to high
temperatures. They were primarily produced
at the International Rice Research Institute
(IRRI), except for PUSA Basmati 1, which is
from India (Table 1).

Four rice genotypes (Hasswi-1, Hasswi-2,
Gizal78, and IET1444) that were of the
Indica-Japonica type and cultivated from
various origins were included in the second
group. The parents of the Hasswi-1 and
Hasswi-2 were, in any event, closely
connected (Table 1). The four genotypes in
this group - IR28, IR82, and IR72 - belonged
to the Indica types and were also resistant to
heat stress. Furthermore, Table 1 shows that
the IR28 and IR82 were descended from the
same parents.

493

Molecular marker technology was employed
to improve breeding programs' effectiveness,
identify genes, speed up the transfer of desirable
genes between genotypes, and investigate
genetic diversity among rice species. Due to
their co-dominant inheritance, high abundance,
vast amount of allelic variety, and simplicity of
determining SSR size variation by PCR using
pairs of flanking primers, 18 SSR markers were
employed for 14 rice genotypes. There were
137 alleles in all, with an average of 7.61 alleles
per locus, found in the 14 rice genotypes. There
was variation among the 14 rice genotypes in
all 18 primers (Table 7).

Figure 2 provides clarification of the PCR-
amplified products for some SSR markers
with 14 rice genotypes. Additionally, for every
locus under investigation, several alleles were
detected per sample. All SSR markers had high
PIC values (Table 7), ranging from a low of
0.2755 for RM249 to a high of 0.4579 for
RM228. The average PIC value was 0. 3891.

Figure 3 shows a clustering study of rice
cultivars into two groups based on SSR
markers. Except for PUSA Basmati 1 from
Indian rice, all seven of the tolerant rice
genotypes in the first group were of the
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Indica type and were created at the same
International Rice Research Institute (IRRI)
(Table 1). The second group included four
rice genotypes (Hasswi-1, Hasswi-2, Gizal78,
and IET 1444) belonging to Indica-Japonica.
In any case, the Hasswi-1 and Hasswi-2 came

from closely related parents (Table 1). Also,
this group included IR28, IR82, and IR72
belonged to Indica types, these four
genotypes were also tolerant of heat-stress
conditions. In addition, the IR28 and IR82
came from the same parents (Table 1).
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Figure 3. The dendrogram explains the genetic relationships among tested rice genotypes
using SSR markers employing the UPGMA method

High temperatures affect the vegetative
and reproductive stages of rice, and heat
tolerance is defined as the ability of the plant
to grow and produce an economical crop at
high temperatures (Mohammad and Tarpley,
2010; Permana et al., 2017). In this study, 26
rice genotypes belonging to different types
(Indica, Indica-Japonica, and Japonica) were
evaluated under high temperatures for some
quantitative traits. The results showed that
heat stress led to a decrease in the duration,
and plant height and also affected the
production of pollen grains received by the
stigma (Jumiatun et al., 2016; Cheabu et al.,
2018; Duan et al., 2020), which led to an
increase in the sterility percentage, decrease
in the filled grains, 1000 grain weight and
thus a decrease in grain yield (Table 4).
According to grain vyield plant®, 14 rice
genotypes within the 26 genotypes under
study gave high yield and ranged between
16.33 to 23.27 (g) compared with this trait
under normal conditions, which gave a range
between 24.30 to 38.80 g. The reduction in

the yield ranged between 19.35 to 47.89%
(Table 6). These results indicated that
tolerant temperature depends on the genetic
background, which is different among rice
varieties (Takimoto et al., 2019; Duan et al.,
2020). In addition, there is great genetic
diversity and differences among the 26 rice
genotypes in the quantitative traits under
study. These results are similar to ElI-Malky
and Al-Daej (2023) and Rezk et al. (2024).
The phenotypic coefficient of variation
(PCV%) was greater than the genetic
coefficient of variation (GCV%) which
indicates this environmental factors and
cultural practices constituted the largest part
of PCV%. These results are consistent with
the results of Faysal et al. (2022) and Rezk et
al. (2024). High heritability estimates were
found with all traits studied, indicating the
presence of both additive and non-additional
genetic variances in the inheritance of most
traits (Asante et al., 2019; EI-Malky and Al-
Daej, 2023). Thus, it is possible to draw the
conclusion that the selection processes it uses
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are effective in enhancing the attributes being
evaluated. Some results were previously
obtained by Faysal et al. (2022) and Rezk et
al. (2024). The quantitative and molecular
characterization of heat tolerance in rice has
previously been investigated (Pradhan et al.,
2016; Mazal 2021; EI-Malky 2024). Hence,
genetic diversity for this trait is the pre-
requisite step for developing high-yielding
temperature stress-tolerant rice varieties
suitable and suitable for cultivation in hot
regions (Ali et al., 2019; Ezin et al., 2022).
Clustering based on quantitative traits was
grouped into many sub-groups, Based on the
types of genotypes (Figure 1). All Indica
types were in one group except VNIRB572
from the Japonica type, this classified due to
coming from one origin (IRRI), and there is a
close in some quantitative characteristics. On
the other hand, the two Saudi varieties came
together in the same group and belonged to
the Indica-Japonica type. The second group
included all Japonica types except for the two
(IET1444 and Gizal75) that belonged to
Indica-Japonica type. Similar results were
also obtained (Pradhan et al.,, 2016; El-
Malky, 2024; Rezk et al., 2024). However,
conventional breeding is generally a good
facility for producing new tolerant genotypes
(Driedonks et al., 2016; He et al., 2018).
Accurate evaluation of the selection of rice
genotypes or breeding lines, and successful
transfer of heat tolerant traits into specific
cultivars with good agronomic performance
are of great importance to conventional
breeding (Kilasi et al., 2018). Molecular
marker technology was used as a tool in
breeding programs to increase its efficiency,
speed the transfer of desirable genes among
genotypes, ldentify genes, and study genetic
diversity among rice species. 18 SSR markers
were used for 14 rice genotypes, which had
highly popular genetic markers due to their
co-dominant inheritance, high abundance,
enormous extent of allelic diversity, and the
ease of assessing SSR size variation by PCR
with pairs of flanking primers (Rezk et al.,
2024). The total number of alleles was 137
with a mean of 7.61 alleles per locus, which
were detected in the 14 rice genotypes. All 18

primers showed polymorphism between the
14 rice genotypes (Table 7). The PCR
amplified products for some SSR markers
with 14 rice genotypes were clarified in
Figure 2 also, multiple alleles per sample
were observed for all loci under study
(Ahmad et al., 2015; EI-Malky, 2024; Rezk
et al., 2024). PIC values were high (Table 7),
for all SSR markers with an average of
0.3891 and ranged from a low of 0.2755 for
RM249 to a high of 0.4579 for RM228.
Similar results with Melaku et al. (2018) and
Mazal (2021). According to this finding,
SSR markers were useful instruments for
assessing genetic diversity (Aljumaili et al.,
2018; El-Malky 2024; Rezk et al., 2024).
Clustering analysis of rice cultivars based on
SSR markers in (Figure 3) divided into two
groups. The first group included seven
tolerant rice genotypes, belonging to Indica
type, and their produced in the same origin
International Rice Research Institute (IRRI)
except PUSA Basmati 1 from Indian rice
(Tablel). The second group included four
rice genotypes (Hasswi-1, Hasswi-2, Gizal78
and IET 1444) belonging to Indica-Japonica.
In any case, the Hasswi-1 and Hasswi-2 came
from closely related parents (Table 1). Also,
this group included IR28, IR82, and IR72
belonged to Indica types, these four
genotypes were also tolerant of heat-stress
conditions. In addition, the IR28 and IR82
came from the same parents (Table 1). The
results proved a good and stable approach for
testing the genetic diversity among the rice
genotypes (Rashmi et al., 2017; Mazal, 2021,
Al-Dagj et al., 2023; Almasoud et al., 2024).
Finally, the efficiency of SSR analysis was
raised in this work to a level that was
equivalent to multi-locus fingerprinting
methods and measuring the polymorphism
between genotypes.

CONCLUSIONS

In conclusion, the 14 genotypes were
highly  productive under heat stress
conditions, and the highest genotypes for
grain yield plant® were IR72, IR28, Dular,
IR82, and Gizal78. These genotypes can help
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breeders use them in breeding programs for
heat tolerance. This study also revealed that
the reduction in the yield caused heat stress
ranging from 16.33 to 23.27 (g). Heritability
in the broad sense was high for all traits, and
phenotypic variance was higher than the
genetic variance for all traits studied. Most of
the tolerant genotypes were in groups together
in the cluster, while the sensitive genotypes
were in another group. SSR marker was a
good tool for studying the polymorphism
between the genotypes according to genetic
background. The study also indicated that
these varieties have high genetic diversity.
Therefore, it is instrumental in breeding
programs to identify and select suitable
parents for hybridization to produce varieties
that tolerate high temperatures.
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