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Abstract

Identification of loci and linked markers enable the marker-assisted selection for transferring the reproductive phase
heat tolerance in rice. Microsatellite marker-based bulked segregant analysis (BSA) for heat tolerance was performed
in F, progenies of the cross between temperature sensitive high yielding variety Uma and tolerant variety N22. High-
temperature stress ranged from 23.33 to 38.99 °C at the booting-stage, and spikelet-fertility was considered as a direct
measure of tolerance. N22 has exhibited a high spikelet-fertility of 90.92 per cent against 2.62 per cent, 44.78 per cent
in Uma and F, plants, respectively. Of the 197 microsatellite markers screened, 41 were found to be polymorphic and
used for BSA of tolerant and susceptible F, bulk along with both the parents. Marker RM5749 on chromosome 4 had
co-segregated with tolerance, whereas, previously reported markers for heat tolerance in rice did not have an effect in
the study population. The LOD value obtained during single marker analysis for the linkage between marker RM5749
and spikelet fertility was 6.86, indicating a strong linkage with the spikelet fertility under heat stress. The failure of
the reported markers in our population suggests that the reproductive phase heat tolerance mechanisms in rice vary
across the populations and the markers have to be validated for each population before being employed in MAS.

Key words
BSA, Mapping population, Marker assisted selection, heat tolerance, Simple Sequence Repeats, SSR, Rice breeding

INTRODUCTION

Rice is the staple food for more than half of the world’s
population and occupies 23.0 per cent of the total area
under cereal production in the world (USDA, 2016). Rice
has a genome size of 430 Mb (Kurata et al., 2002) which
is one-tenth the size of the human genome and is a
model system for cereal genome analysis. Microsatellite
markers extensively used to tag and map the loci affecting

quantitative traits. (Mohan et al., 1997). SSR markers have
been routinely used for the identification of various abiotic
stress tolerance and diversity analysis in rice (Rajendra
Prasad et al., 2016, Salam et al., 2017, Waghmare et
al., 2018, Challa and Kole, 2019, Tripathi et al., 2020).
Bulked segregant analysis (BSA) is a method to detect
the molecular markers linked to the gene of interest by
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screening for alterations between two bulked (pooled)
DNA samples derived from the segregating population
constituted from a single cross.

DNA bulks of ten individuals or lesser are normally
bulked, rather than screening dozens of individuals,
for linkage analysis with selected polymorphic primers
saving time and resources. These pooled DNA samples
vary genetically only in a specific region. Segregating
population, from which the bulks constituted, is used
for validation of linkage between the target loci and the
polymorphic marker. Markers for specific loci that are
polymorphic and associated with the region can be used
to discriminate the individuals constituting the bulks, and
this will detect the apparent variances between the bulks
(Michelmore et al., 1991). Many researchers (Zhang et
al., 2009; Yang et al., 2011; Thakur et al., 2014; Dixit et
al., 2014; Palanog et al., 2014; Sandhu et al., 2014; Tiwari
et al., 2016; Pradhan et al., 2017) used bulked segregant
analysis (BSA) for identification of molecular markers
associated with several traits in rice.

Genotypic variations in high-temperature stress tolerance
at flowering had been documented in japonica and indica
species (Yoshida et al., 1981; Matsui et al., 2001; Matsui
and Omasa, 2002; Prasad et al., 2006; Jagadish et al.,
2007; Jagadish et al., 2008). The molecular markers
namely RM7076, RM447, RM160, RM3586, RM430,
RM26212, RM3735, RM3692 RM241, RM208, RM5545,
RM3340, RM210 RM554, RM5749, RM468 RM7038,
RM110, RM229, RM10086, RM147, RM258, RM332,
RM3701, RM566, etc. have been reported for heat
tolerance in rice (Cao et al., 2002; Zhu et al., 2005; Zhao
etal., 2006). Hence, the present work was carried out with
the objectives of finding out new markers for reproductive

Table 1. Temperature inside and outside of polyhouse

phase heat tolerance in rice and also to validate the
reported markers in the present population.

MATERIALS AND METHODS

Two rice varieties, Uma (popular, high yielding but heat
sensitive variety in Kerala, India), and N22 (heat tolerant
donor variety from North India) were used in this study.
The F, progenies derived from the hybrid, Uma x N22,
along with parents were used for BSA.

Seedlings of F, progenies (>100 numbers) and parents,
Uma and N22, were raised during the last week of
December 2016 and individually transplanted into pots
after three weeks, i.e. during the last week of January
2017. Survived F, plants (49 numbers) were labelled
F,-1 to F,-49 and used for the study. Ten seedlings
(1 per pot) of each parent were also being transplanted
on the same day. At the booting stage, all the F, plants
and five plants each of the parents transferred to
polyhouse and exposed to high-temperature stress from
23.33 to 38.99 °C. Five plants each of both the parental
genotypes, retained in ambient conditions, served as
control. Thermo-hygrometer was used to record the
polyhouse temperature, and the average maximum
temperature from January to May 2017 was 35.19 °C.
The average temperature recorded during morning
time (8.30 to 9.00 am) inside and outside the polyhouse
were around 35 °C and 32 °C, respectively. Inside the
polyhouse, the temperature ranged from 37.2 to 42 °C
duringMarch2017,and 37.1°Ct042.7 °Cin April (Table 1).
F, plants for bulked segregant analysis were selected
based on spikelet fertility percentage. The top seven
F, plants having the highest and lowest spikelet fertility
were selected as tolerant and susceptible plants,
respectively.

Month Temperature (°C)
Inside polyhouse Outside polyhouse
Maximum Minimum Maximum Minimum

January 2017 37.67 20.99 34.13 20.93
February 2017 38.08 2212 35.80 21.58
March 2017 39.44 23.83 35.78 23.52
April 2017 39.91 24.70 35.75 25.46
May 2017 39.89 25.01 34.46 24.70
Mean 38.99 23.33 35.19 23.24

Following the CTAB method (Dellaporta et al., 1983),
genomic DNA was isolated from the young leaves (0.1 g).
DNA extraction buffer (4% CTAB, 100 mM Tris-HCI, 20 mM
EDTA, 1.4 MNaCl, 2 % PVP and 0.2 % B-mercaptoethanol)
preheated at 60 °C was used for the extraction. The
quality of extracted DNA was assessed by agarose
gel electrophoresis. Quantification and purity check
were performed using a NanoDrop spectrophotometer.
Initially, 197 RM markers (rice microsatellite markers)

were screened to assess their capability to generate
polymorphism among the parental line (Waghmare et
al., 2018). The information on chromosomal location and
primer sequences were retrieved from www.gramene.org.
These 197 markers were carefully chosen to obtain the
uniform coverage of all chromosomes of rice.

The polymerase chain reaction was carried out with the
reaction mixture consisting of DNA 50 ng/ul; 10 X Taq
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assay buffer; 10 mM dNTPs; 25mM MgCI2, 10 uM each
of forward and reverse primers (0.5 yl each). The PCR
programme included an initial denaturation at 95 °C for 3
min., followed by 35 cycles of denaturation at 94 °C for 50
seconds, primer annealing ~ 55 to 60 °C (depending upon
marker sequence) for 30 seconds, extension at 72 °C for
1 min., and a final extension at 72 °C for 10 min.

Heat tolerant bulk and heat-susceptible bulk were
prepared for marker analysis, each bulk containing an
equal quantity of DNA (~1500 ng/ul and 2 pl of DNA
each sample was used for pooling) from seven extreme
individuals of the respective group. Forty-one primers,
polymorphic between the parents Uma and N22, were
used to detect the linked markers using the bulked DNA
of phenotypic extremes for spikelet fertility. Subsequently,
the SSR primer pairs, polymorphic between the respective
bulks were surveyed on F, individuals to analyse the
segregation of the markers. Additionally, Single Marker
Analysis (SMA) was performed to detect the linkage
between marker and trait.

RESULTS AND DISCUSSION

The F, progenies and N22 plants reached the booting
stage around 70 days of sowing while parent Uma
reached the booting stage on the 98" day. F, plants
were assessed for heat tolerance/susceptibility based on
spikelet fertility percentage. Top seven F, plants having
the highest spikelet fertility were, F, - 31, F, - 15, F, - 41,
F,-13, F,-16, F, - 12 and F, - 45 with spikelet fertility
91.88, 84.98, 82.85, 81.91, 81.18, 80.90, and 78.06 per
cent, respectively. The seven F, plants having the highest
spikelet fertility were used to constitute the tolerant bulk.
While the top seven plants having the lowest spikelet
fertility were, F,-4,F,-5,F,-11,F,-29, F, - 34, F- 37,
and F, - 42 with zero per cent spikelet fertility and used to
constitute the susceptible bulk.

TR SB Pl p2 TB SB Pl P2[7TB

1000bp

100bp
300bp

200bp
100bp

RM 5545 RM 3586

Jagadish et al. (2008) have reported that N22 is highly
tolerant to temperature stress (64 to 86% fertility at 38 °C)
whereas, Oryza sativa ssp. japonica cultivars Azucena
and Moroberekan are susceptible (<8%) genotypes. Allah
et al. (2011) also observed 20 genotypes, and they found
higher spikelet sterility (14-80%) and pollen sterility (15-
54%) under heat stress whereas lesser spikelet sterility
(10-18%) and pollen sterility (16-34%) under non-stress
conditions. High spikelet fertility was observed for N22
(95.10%) under controlled condition (Yang et al., 2011).
Vivitha et al. (2017) also reported the spikelet fertility in
N22 under control and high-temperature treatments, 86.63
and 72.85 per cent, respectively, while in Improved White
Ponni as 68.82 per cent and 16.52 per cent, respectively.
Some of the individuals of the mapping population showed
60 to 67 per cent spikelet fertility, and they were used for
finding the QTLs related to heat tolerance.

N22 is the most heat-tolerant variety of rice found so far
and used as a heat tolerance donor in various breeding
programmes. During the study of high-temperature
stress tolerance at anthesis in rice using physiological
and proteomic approaches, some of the heat shock
proteins in N22 were considerably upregulated and
it may be the reason behind the heat tolerance of N22
(Jagadish et al., 2010). Bulked Segregant Analysis and
Genomic DNAs of the two parents were initially screened
using 197 markers for polymorphism. The primer sets
were successful in amplifying one or two alleles of the loci,
and the sizes of amplicons ranged from 85bp (RM458)
to 478bp (RM166). Forty-one polymorphic SSR markers
among the parents (Waghmare et al., 2018), were
employed in BSA. Among these, RM5749 had shown co-
segregation with the trait. This marker was present in the
tolerant parent (N22) as well as tolerant bulk at 189 bp
(Fig. 1) and hence identified as a marker linked with the
heat tolerance trait.

SB p1 P2 |TB SB P1 P2

- -
B e e e e e @ g- —-—

RM 5749 RM 3701 RM 224

Fig. 1. Marker pattern for RM5749 in BSA using F, bulks and parents

L - 100bp ladder, B - blank, P1 - N22 (heat tolerant parent, 189 bp), P2 - Uma (heat susceptible parent, 160 bp), TB - Tolerant Bulk,

SB - Susceptible Bulk.
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Genotyping of the tolerant parent, susceptible parent,
tolerant bulk and susceptible bulk with 41 polymorphic
markers has indicated that the RM5749 marker located on
chromosome number 4 co-segregates with the trait. This
co-segregation pattern of the RM5749 marker indicated
that this might be putatively linked to spikelet fertility,
which is the vital indicator of heat tolerance. Buu et al.
(2014) reported markers linked with high-temperature
stress tolerance were located mostly on chromosomes
11, 10, 8, 6, 4, and 3. Similar to the current result, Buu
et al. (2014) also identified RM5749 on chromosome
4, linked to grain yield under heat stress in BC,F, lines
obtained from the cross of OM5930 x N22. So, RM5749
can be used efficiently for marker-assisted selection in
the subsequent generations of the cross Uma x N22.

Similar to the findings of the study, Zhang et al. (2009)
had also found that the markers RM3735 (chromosome
3) and RM3586 (chromosome 3) are linked with high-
temperature stress tolerance at the flowering stage in
rice, indicating that the trait was under the control of

Ui

multiple genes. However, in the present study, though
RM3586 was a polymorphic marker between two parents
(N22 and Uma), there was no polymorphism among the
bulks, suggesting that it cannot be considered as a linked
marker to heat tolerance in the present population. On
the other hand, RM3735 was monomorphic among the
parents themselves .

Among the primers used, some of the markers were
recognised by earlier researchers as associated with QTL
for heat tolerance. RM 473A was a polymorphic marker
between parents for heat tolerance, as identified by
Liao et al. (2011). Buu et al. (2013) reported RM251 as a
polymorphic marker between parents for heat tolerance.
Poli et al. (2013) reported RM225 as a polymorphic
marker between parents for heat tolerance. As per the
reports of Bharathkumar et al. (2014), RM6100 was a
polymorphic marker between parents for heat tolerance.
Buu et al. (2014) had identified RM7076, RM3586,
RM26212 and RM5749 as a polymorphic marker for
heat tolerance between parents. Wei et al. (2013)

HMS5749

N e e G oo G s e -

RMS5749

Fig. 2. Marker pattern for RM5749 in BSA using F, bulks and parents

L — 100 bp ladder, B - blank, P1 - N22 (heat tolerant parent, 189bp), P2 - Uma (heat susceptible parent, 160 bp), T1 to T7- individuals

of heat tolerant bulk, S1 to S7- individuals of heat susceptible bulk
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identified RM242 as associated with heat tolerance.
Zhao et al. (2006) reported RM3340, RM447,
RM5545, RM3701 and RM336 as being polymorphic
markers for heat tolerance. Various researchers like
Zhang et al. (2009), Lang et al. (2015) and
Buu et al. (2014) also reported RM3586 as a polymorphic
marker linked with heat tolerance.

The association of marker RM5749 with heat tolerance in
rice was validated by screening individuals of tolerant and
susceptible bulks and their parents. The five individuals
of tolerant bulk F, - 12 (T1), F, - 15 (T3), F, - 16 (T4),
F, - 31 (T6) and F, - 45 (T7) showed monomorphic

bands as intolerant parent N22 (Fig. 2). While the
two individuals namely, F, - 13 (T2) and F, - 41 (T5)
showed heterozygous bands of both parents. The seven
individuals of susceptible bulk F, - 4 (81), F, -5 (S2), F, -
11(S3), F,-29 (S4), F,-34 (S5), F,— 37 (S6) and F, - 42
(S7) showed monomorphic bands like susceptible parent
Uma (Fig. 2). Again, RM5749 was used for screening all
the F, individuals for performing single marker analysis
(Fig. 3). During SMA, RM5749 on chromosome 4, was
significantly (P <0.001) associated with spikelet fertility
under high-temperature stress. Moreover, RM5749 was
identified as a tightly linked marker to spikelet fertility, with
a LOD value of 6.86 (Fig. 4).

RMST4Y

RM5749

Fig. 3. Marker pattern for RM5749 in F,individuals in co-segregation analysis

L- 100 bp ladder (Genei), B- Blank, P1- N22 (Tolerant parent), P2- Uma (Susceptible parent), 1 to 49 - F, plants
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SpikeletFertility

e |

LOD Score

0.0 0.5

1.0 1.5

Markers in Ch4

Fig. 4. Association of RM5749 with spikelet fertility

A significant quantitative trait loci (QTL) was identified
based on the probability of association of the putative
marker with spikelet fertility percentage under high-
temperature stress through single marker analysis.
LOD value of 6.86 had indicated the higher chances of
the presence of QTL on chromosome 4. Hence, it can
be inferred that a strong linkage exists for this QTL with
spikelet fertility percentage under high-temperature
stress. Parallel to the findings of the present study, a QTL
on chromosome number 4, at the locus RM5749 was
identified as linked to grain yield under high-temperature
stress by Buu et al. (2014). The same researchers have
also identified two QTL for filled grains per panicle on
chromosome number 4 (RM241 - RM26212 and RM468
- RM7076), two QTLs regulating sterile grain percentage
on chromosome number 3 (RM3686 and RM554) and one
QTL for 1000-grain weight on chromosome 6 (RM103).
Similar to the findings of the present study, Zhu et al. (2005)
identified three QTLs for heat tolerance on chromosome
number 7, 4 and 1 with LOD scores of 12.86, 11.08 and
8.16, respectively. In addition to this, Zhang et al. (2009)
found two microsatellites (SSR) markers, RM3586 (on
chromosome number 3) and RM3735 (on chromosome
number 4) linked to high-temperature stress tolerance in
rice through single marker analysis. In the present study,
RM241,RM468, RM554, RM3735, and RM103 were found
as monomorphic markers and RM26212, RM7076, and
RM3586 were found as polymorphic markers between two
parents (Uma and N22). As the combination of varieties
used in this study was different from the previously reported
studies, we got negative results even though using the
heat specific SSR markers. The identified 41 polymorphic
markers could be further used for the identification of

QTLs and linkage analysis in the hybrid progenies of
Uma x N22. RM5749 on chromosome number 4 could be
used for the marker-assisted selection for heat tolerance
in rice. Bulked Segregant Analysis in this population
using SSR markers had shown that the marker RM5749
on chromosome number 4 is linked to heat tolerance
in rice and (F: GTGACCACATCTATATCGCTCG ; R:
ATGGCAAGGTTGGATCAGTC) hence could be used for
the marker-assisted selection in rice. SSR markers near
RM5749 on chromosome number 4 could be screened for
heat tolerance. High-level heat tolerance in N22 could be
transferred to high yielding heat susceptible variety Uma,
through marker-assisted breeding using RM5749. This
finding confirms the previous findings on the linkage of
this marker with heat tolerance in rice. The failure of many
previously reported markers in our population suggests
that the tolerance mechanisms in rice are not universal,
but each population vary in their contributing genes.
Thus, for marker-assisted selection for heat tolerance
in rice, optimization of markers is mandatory for each
population.
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