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ABSTRACT

Cold stress affects growth and development of rice plants from germination to reproductive stages.
Thirty breeding lines/varieties including tolerant and susceptible check varieties were evaluated for
cold tolerance at seedling and reproductive stage using artificially induced low temperature
situations to understand the genetic relationship among them and to identify promising donors for
cold tolerance. Three breeding lines, BR8253-9-3-4-3, IR77497-31-2-3-land IR2266-42-6-2
demonstrated higher cold tolerance for the seedling stage (LD score <3.0). Molecular analysis
revealed 68% genetic similarity among the genotypes. On average 64% of the breeding lines shared
common alleles at any given locus ranging from 27% (RM22870) to 97% (RM186). UPGMA
dendrogram showed that majority of the breeding lines showing 4-5 degrees of LD were grouped
together. Two breeding lines, BR8258-7-1-5-2B2 and BR8258-7-1-5-2B3 having 86% common alleles
showed low leaf discoloration (LD: 4) at seedling stage coupled with relatively low reduction in
spikelet fertility (45.8% and 48.1%) and grain yield (43.3% and 39.1%). The gene diversity and PIC
value revealed that seven SSR loci (RM1282, RM600, RM5349, RM6972, RM5847, RM5911, and
RM511) might be the best markers to differentiate between tolerant and susceptible genotypes at
reproductive stage. The breeding lines with tolerance to cold stress at the seedling and the
reproductive stages identified from this study, and the SSR markers mentioned above could be useful
for developing cold tolerance rice.
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INTRODUCTION

Rice is the staple food for more than half of the
world’s population providing 21% of the
global per capita energy and 15% of per capita
protein intake (Maclean et al., 2002). Although
originating in swampy areas of the tropics, rice
is now grown globally in diverse ecologies and
thus suffers a wide range of abiotic stresses.
Low-temperature stress (LTS) or cold is a
worldwide problem limiting rice yield. Rice
crops normally suffer from two types of cold
stresses; at the early vegetative stage of rice
crop, LTS restrains seedling establishment and
plant growth and development; at the
reproductive stage, cold induces low fertility
and poor grain filling (Andaya and Tai, 2006).
In Bangladesh, around 2 million hectare of rice
area becomes affected by low temperature

stress or cold during the winter season causing
seedling mortality in some years up to 90%
when ambient temperature goes below 10°C
and thereby increases cultivation cost. Worse,
a bad cold spell during the reproductive phase
of the rice crop sometimes causes partial to
total loss of the crop due to the failure of the
seed set. Yoshida (1980) reported that upon
exposure to the temperature below 10°C for 5-
6 days at early vegetative stage rice plant gets
yellowing, stunting, reduced growth and dies
ultimately due to wilting. The reproductive
stage, particularly at booting stage of rice
plants is the most sensitive stage to LTS of 15°
- 20°C (Yoshida 1980). Complete failure of seed
setting may occur upon exposure to LTS below
17°C. In the winter season in Bangladesh,
ambient temperature usually goes below 10°C
at majority of the Northern districts, which
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causes yellowing and stunted growth of Boro
rice seedlings that ultimately turns into
seedling mortality. On the other hand,
reproductive stage of early grown Boro rice
varieties in the haor areas becomes affected
with low temperature which causes spikelet
sterility up to 100% in some years (Rashid and
Yasmeen, 2017; Kabir et al., 2015).

Rice genotypes differ considerably in
cold tolerance (Mackill and Lei, 1997). Indica
rices that are widely grown in South Asia, are
very much susceptible to cold stress. The
development of high-yielding, cold-tolerant
cultivars is the most effective way to overcome
the problem of LTS. The progress to the
improvement of cold tolerance in rice that has
so far been made is based on phenotypic
selection and conventional breeding strategy
(Unkovich, 2008). However, considerable
efforts have been taken by different groups of
researchers (Qian ef al., 2000; Misawa et al.,
2000; Andaya and Mackill, 2003; Han et al.,
2004; Han et al., 2007; Zhang et al., 2005; Lou et
al., 2007; Jiang et al., 2008; Baruah et al., 2009; Ji
et al., 2010; Iwata et al., 2010) to genetically
dissect rice cold tolerance using DNA markers,
which has resulted into the discovery and
mapping of many quantitative trait loci (QTLs)
associated with cold tolerance. Two major
QTLs for cold tolerance (CT), gCTS4 and
qCTS12, have been fine-mapped onto rice
chromosome 4 and the short arm of
chromosome 12, respectively (Andaya and Tai,
2006 and Andaya and Tai, 2007). Kim et al.
(2014) identified one candidate gene encoding
calmoduline-binding transcription activator
(CAMTA) from a japonica cultivar Jinbubyeo
responsible for cold tolerance at seedling stage.
From a map based cloning study with a cold
tolerant variety Norin-PL8, Saito et al. (2010)
showed that a gene encoding F-Box protein on
chromosome 4 confers cold tolerance at
reproductive stage. Recently, Sun et al. (2018)
reported that LOC_0Os06¢39750 was strongly
associated with seed setting under cold water
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irrigation condition of 17°C. Unfortunately,
results from these genetic studies have not yet
been directly fruitful for marker-assisted
selection to develop improved rice varieties
tolerant to cold stress owing to possible
epistasis and gene X environment interactions
associated with the identified QTLs (Hospital,
2009). Furthermore, most of the reported QTLs
are of japonica origin. Improvement of indica
rice using QTLs from japonica donors restrains
by linkage drag of undesired traits like spikelet
sterility, low tillering (Ribaut and Hoisington,
1998; Salina et al., 2003), although these can be
resolved by using high resolution marker
system for background recovery, which may
entail huge expense in line development.
Contrary, haplotypes of these genes in indica
background might be a better option in this
regard. Therefore, molecular characterization
and phenotypic screening of indica varieties,
breeding lines or germplasm for cold tolerance
could reveal their usefulness in utilization of
genetic improvement of existing varieties.
Thus in this study, we investigated genetic
diversity among the breeding lines using SSR
marker to identify potential elite indica cold
tolerant donor to use in the breeding
programme for the developing cold tolerant
rice.

MATERIALS AND METHODS

A set of 594 advanced breeding lines derived
from the crosses between different genetically
diverged parents were-evaluated as the initial
materials for cold stress tolerance at seedling
and reproductive stages. BR1 and BR18 were
used as the susceptible and tolerant check
varieties. A subset of 22 genotypes selected
from the initial screening against LTS was
used in further evaluation for cold tolerance at
both seedling and reproductive stages (Table
1). This subset of genotypes was also used in
genotyping with SSR markers to assess genetic
diversity among them.



Table 1. The breeding lines used in phenotypic evaluation for cold tolerance and genetic diversity analysis.

Designation Parentage Origin
BR8264-1-1-3B2-HR4 BR7166-5B-4/ YUNLUNG63 Bangladesh
BR7840-54-3-2-1 IR75382-32-2-3-3/ BR7166-4-5-3-2-5-5B1-92 Bangladesh
BR7840-54-5-3-4 IR75382-32-2-3-3/ BR7166-4-5-3-2-5-5B1-92 Bangladesh
BR7683-30-3-3-4 BRRI dhan32/BR7166-4-5-3-2-5-8B2 Bangladesh
IR83294-9-1-3-2-3-Gazl Daesanbyeo/IR56664-44-5-1 IRRI
BR8427-2-3-2 BR7166-5B-5/1R73001-13-2-2-2 Bangladesh
BR8260-16-2-3-1 BR7166-5B-4/ BR7166-5B-1-RAN1 Bangladesh
BR8261-19-1-5-1 BR7166-5B-4/ BRRI dhan29 Bangladesh
BR8331-13-3-1-3 BR7305-21-6-1/BRRI dhan45/ / BRRI dhan45 Bangladesh
BR8260-7-3-1-1B1 BR7166-5B-4/BR7166-5B-1-RAN1 Bangladesh
BR8261-19-1-1-3 BR7166-5B-4/BRRI dhan29 Bangladesh
BR8258-7-1-5-2B3 IR71780-1-1-3-2/ BR7166-4-5-3-2-5B1-6-3 / / BRRI dhan29 Bangladesh
BR8261-19-5-2-4 BR7166-5B-4/ BRRI dhan29 Bangladesh
A69-1 BG94-1/POKKALI Srilanka
IR83294-9-1-3-2-3-P1 Daesanbyeo/IR56664-44-5-1 IRRI
BR7840-2-1-1-P2 IR75382-32-2-3-3/ BR7166-4-5-3-2-5-5B1-92 Bangladesh
BR8253-9-3-4-3 BR7305-21-6-1/ BRRI dhan29// BR7305-21-6-1 Bangladesh
BR8253-46-7-2-1B1 BR7305-21-6-1/ BRRI dhan29// BR7305-21-6-1 Bangladesh
BR8257-10-1-1-2 IR71780-1-1-3-2/ BR7166-4-5-3-2-5B1-6-3/ / TCN58 Bangladesh
BR8258-7-1-5-2B2 IR71780-1-1-3-2/ BR7166-4-5-3-2-5B1-6-3/ / BRRI dhan29 Bangladesh
BR8260-7-3-4-1B2 BR7166-5B-4/BR7166-5B-1-RAN1 Bangladesh
BR7988-10-4-3-2 BR6840-3-4-1/Tep Hanh 170DB Bangladesh
IR77496-31-2-1-3-1 IR64680-81-2-2-1-3 /IR68077-82-2-2-2-3 IRRI
IR2266-42-6-2 IR1529-123-1/GIZA173 IRRI

BRI (Sus. Ck) IR532-1-176 (IR262-24-3/ TKM6) IRRI

BR17 (MT. Ck) Kn-1B-361-1-8-6-10 (Zerak/IR8) Indonesia
BR18 (T. Ck) B541-B-Kn-22-7-2 (Pelital-1/IR1108-2) Indonesia
BRRI dhan28 (Sus. Ck) BR6 (IR28)/Purbachi Bangladesh
BRRI dhan29 (Sus. Ck) BG90-2/BR51-46-5 Bangladesh
BRRI dhan55 (MT. Ck) IR73678-6-9-B (IR64/ Oryza rufipogon) IRRI

Sus. ck = Susceptible check, MT ck = Moderately tolerant check, T. ck = Tolerant check.

Evaluation of cold tolerance at the seedling
stage

The breeding lines were evaluated under
artificial cold stress condition of 13°C using
cold-water irrigation in a water tank as
described in Khatun et al. (2016). Briefly, 10
seedlings of each breeding lines/varieties were
raised in 1-row plots spaced at 3.0 cm in the
flat bottom plastic trays ( 60 cm x 30 cm x 2.5
cm) filled with gravel and crop residue free

fertilized soil. The experiment was established
following randomized complete block design
with three replications. Forty-five entries along
with two check varieties were grown at each
tray. Same set of entries were grown in three
trays with full randomization to consider as
three blocks. BR18 and BR1 were grown as the
tolerant and susceptible check varieties
(Khatun et al., 2016), respectively at every after
15 breeding lines in the trays. After seeding, a
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thin layer of fine granular soil was used to
cover the germinating seeds. The seedlings
were allowed to grow at ambient temperature.
At 3-leaf stage (approximately 12 - 15 days
after seeding), the plastic trays were placed in
the cold water tank pre-set at 13°C. Sensitivity
to cold stress was recorded using an arbitrary
leaf discoloration (LD) scores (1 to 9) as
described in Biswas et al. (2017). LD scores
were recorded at seven days after cold
treatment or when the susceptible check
variety (BR1) died. A subset of 24 genotypes
selected from the initial cold screening was
evaluated thrice with six check varieties for
confirmation of seedling stage cold tolerance.
Evaluation of «cold tolerance at the
reproductive stage

Twenty-four genotypes along with six check
varieties were evaluated for the reproductive
stage cold tolerance wusing controlled
temperature in a growth chamber (Dian Corp.
Inc, Korea). In this experiment, 25-day-old six
seedlings of each genotype were transplanted
individually in earthen pot in a circular
fashion. Each genotype was transplanted in six
pots. The plants were grown in ambient
temperature until the meiotic phase of the
reproductive stage triggers. Growing tillers
from each plant were clipped off at alternate
day to allow only the main culm to grow.
Three pots out of six of each genotype were
placed in the growth chamber adjusted at 15°C
with 11/13 hours day (3000 lux)/night period
and 60% relative humidity. Other three pots
were kept at ambient temperature as control.
After 10 days of cold treatment, the pots were
further placed at ambient temperature until
the plants get maturity. Days to heading, culm
length, spikelet fertility, grain yield and
panicle exertion were recorded from both
treated and control plants. Reduction in
percentage of the phenotypic value of a trait
from a treated plant was estimated over a
control plant. This experiment was repeated
twice for further confirmation of cold
response.
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SSR genotyping

Thirty breeding lines/varieties including six
check varieties were evaluated with 50 SSRs
markers. The SSRs were evenly distributed
over all 12 chromosomes. DNA was extracted
from young leaves tissues of 8-week-old plants
using a modified CTAB miniprep method
(Virk et al., 1995). PCR analysis was performed
in 10 pl reactions containing 50 ng of DNA
template, 1 pl 10X TB buffer (containing 200
mM Tris-HCI pH 8.3, 500 mM KCl, 15 mM
MgCl), 1 pl of 1 mM dNTP, 0.50 pl each of 5
pM forward and reverse primers and 0.2 pl of
Tag DNA polymerase (5 U/pl) using thermal
cycler. After initial denaturation for 5 min at
94°C, each cycle comprises 30 sec denaturation
at 94°C, 30 sec min annealing at 55°C, and 30
sec extension at 72°C with a final extension for
7 min at 72°C at the end of 35 cycles. The PCR
products were separated by electrophoresis on
6% polyacrylamide. The gels were stained in
0.5 mg/ml Ethidium bromide and DNA bands
were visualized under UV light using a gel
documentation system and saved as jpeg
format. Allele scoring was performed
considering the relative position of the bands
in the gel images compared to the position of
parental bands.

Phenotypic and molecular data analysis
The mean, range and standard deviation of LD
scores were calculated using Microsoft excel
2010. Percent reduction in different growth
trait was calculated using the formula given as,
Traits of control —traits of treatment x 100
Traits of control
Molecular weight for allele specific bands of
the SSRs was measured using Alpha Ease
FC5.0. Summary statistics, including number
of alleles per locus, major allele frequency and
Polymorphic information content (PIC) values
were determined using Power Marker version
325 (Liu and Muse, 2005) based on the
formula developed by Anderson et al. (1993)
PICi=1-X}_, P?;
where, Pj is the frequency of the jth allele for
the it marker and is summed over n alleles.

% reduction =



The genetic distance was calculated
using Nei distance (Nei and Takezaki, 1983).
The similarity matrix was calculated with the
Simqual sub-programme using the Dice
coefficient (Dice, 1945) and subjected to cluster
analysis by unweighted pair group method for
arithmetic mean (UPGMA) and a dendrogram
was generated using the programme NTSYS-
pc (Rohlf, 2002).

RESULTS

Cold tolerance at the seedling stage

Leaf discoloration is an important trait for
discriminating breeding population under LTS
and to isolate tolerant lines/progenies from
intolerant one. LD scores of 594 breeding lines
ranged from 1 to 9 with an average value of
6.49 and standard deviation of 1.69, while the
susceptible (BR1) and tolerant (BR18) check
varieties had LD scores ranging from 7-9 with
0.69 SD (standard deviation) and 1-4 with 0.89
SD, respectively (Table 2). A subset of 22
genotypes showing strong tolerance (LD: 1-3)
to cold stress in the initial cold screening
experiment along with three susceptible check
varieties (BR1, BRRI dhan28 and BRRI
dhan29), three tolerant check varieties
(tolerant: BR18, moderately tolerant: BR17 and
BRRI dhan55) and two IR lines, which showed
strong tolerance to cold stress at seedling stage
in a study reported by BRRI (2013), were used
in the confirmatory cold screening. The results
showed wide range of variation among the
genotypes in average LD score (3.2 to 8.4). The
lowest average LD score was obtained with
IR77496-31-2-1-3-1 (3.2) followed by IR2266-42-
6-2 (3.4), BR8257-10-1-1-2 (3.4), BR18 (3.4) and
the highest LD was with BR1 (8.4) followed by
BRRI dhan28 (7.3), BR17 (5.7). Out of 30
genotypes, twelve showed LD values less than
4, while another 12 genotypes showed LD
values ranging from 4.0 to 5.0 (Table 3).

Cold tolerance at the reproductive stage

Upon exposure to LTS, various genotypic
responses in different cold related traits at the
reproductive stage were observed (Table 4).
Heading delays (delay in 50% flowering than
the control) due to cold stress was observed in
the treated plants ranging from 2 - 12 days
(Mean: 9). Reductions in culm length, spikelet
fertility and yield varied from 4.5 - 43.1%
(average: 17.7%), 48.1 - 88.4% (average: 69.9%)
and 39.1 - 91.8% (average: 75.4%), respectively
(Table 4). Panicle exertion is another important
cold The
genotypes under cold stress showed variable

trait  determining tolerance.
response to this trait ranging from 1 - 7 with an
average value of 4.6. Heading delays in cold
stress compared to control was five days or
less than five days in 2 genotypes (BR18 and
BR8331-13-3-1-3) and 10 - 12 days in 12
genotypes. Culm length was reduced by more
than 30% in six genotypes and less than 10% in
five genotypes. The maximum reduction in
culm length was observed with BR7683-30-3-3-
4 (43.1%) followed by IR83294-9-1-3-2-3-Gazl
(42.9%), while the least reduction was
observed  with  BR8260-16-2-3-1  (4.5%)
followed by BR8261-19-5-2-4 (5%), BR7840-2-1-
1-P1 (5.0%), BR7840-2-1-1-P1 (5.4%), BR8264-1-
1-3B2-HR4 (6.5%), BR8253-46-7-2-1B1 (8.1%)
and thereafter increasing (Table 5). Although
nearly 50% of the genotypes had good panicle
but
yield/panicle were reduced severely in most

exertion, spikelet fertility and
of the genotypes due to cold stress compared
to the plants grown under ambient
temperature. Under cold stress BR8258-7-1-5-
2B2 showed the highest panicle yield coupled
with comparatively higher seed set percentage

(Table 6).
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Table 2. Leaf discoloration response of 594 breeding lines/varieties to 13°C cold water treatment at seedling stage.

Leaf discoloration score

Genotype Range Average SD (n =x)
Breeding line 1-9 6.49 1.69 (n=594)
BR1 (Susceptible check) 7-9 8.6 0.69 (n=19)
BR18 (Tolerant check) 1-4 2.5 0.89 (n =19)

Table 3. Leaf discoloration responses of 30 breeding lines/varieties to 13°C cold water treatment at seedling stage.

Batch 1 Batch 2 Batch 3
Designation Average
AvtSD (n=2) Av £SD (n=4) Av £SD (n=3)
BR8264-1-1-3B2-HR4 6.0+1.4 3.0+1.2 2.3£1.15 3.8
BR7840-54-3-2-1 6.0+1.4 5019 2.3£1.15 44
BR7840-54-5-3-4 4.0£1.4 60+1.1 2.3£1.15 4.1
BR7683-30-3-3-4 3.5+2.1 57+08 2.3£1.15 3.8
IR83294-9-1-3-2-3-Gazl 6.0+1.4 5.0x0.0 2.3£1.15 44
BR8427-2-3-2 6.0+1.4 57+12 3.7£1.15 5.1
BR8260-16-2-3-1 6.0+1.4 53+1.6 3.7£1.15 5.0
BR8261-19-1-5-1 5.0£0.0 40+11 4.0£1.73 43
BR8331-13-3-1-3 5.0+1.4 42+09 4.0£1.73 44
BR8260-7-3-1-1B1 2.0+1.4 43+22 4.3£1.15 3.6
BR8261-19-1-1-3 3.0£2.8 60+1.1 2.3£1.15 3.8
BR8258-7-1-5-2B3 4.0£1.4 52+09 2.3+1.15 3.8
BR8261-19-5-2-4 25421 53+1.6 4.3£1.15 4.1
A69-1 2.0+1.4 6.0+0.6 6.3+1.15 4.8
IR 83294-9-1-3-2-3-p1 4.0+1.4 52+0.7 2.3+1.15 3.8
BR7840-2-1-1-P2 3.5+0.7 62+1.1 4.0£1.00 4.6
BR8253-9-3-4-3 2.0+1.4 60+1.1 2.3+1.15 34
BR8253-46-7-2-1B1 3.0+0.0 65+1.0 4.3+1.15 4.6
BR8257-10-1-1-2 4.0£0.0 42+09 2.3+1.15 35
BR8258-7-1-5-2B2 4.5+0.7 3.8+09 2.3+1.15 3.6
BR8260-7-3-4-1B2 6.0+1.4 48+13 4.3+1.15 5.1
BR7988-10-4-3-2 4.0£0.0 57+15 4.3+1.15 4.7
IR77496-31-2-1-3-1 - - 3.2+¢1.15 3.2
IR2266-42-6-2 - - 3.4+1.53 34
BR1 (Sus. ck) 8.6+2.8 9.0+0.0 7.7+0.58 8.4
BR17 (MT. ck) - - 5.7+1.15 5.7
BR18 (T. ck) 3.0£0.0 3.0£0.0 4.3£1.15 3.4
BRRI dhan28 (Sus. ck) 7.0+2.8 7.7+07 7.3+1.15 7.3
BRRI dhan29 (Sus. ck) 6.0+2.8 - 4.0+1.73 5.0
BRRI dhan55 (MT. ck) 6.0+2.8 - 23+1.15 4.2

Sus. ck = Susceptible check, MT ck = Moderately tolerant check, T. ck = Tolerant check.
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Table 4. Estimates of variation among 30 genotypes in different indexes for cold tolerance in rice.

Cold tolerance index Range Mean
Leaf discoloration score (1-9) 32-84 44
Heading delay (day) 2-12 9.0
Culm length reduction (%) 45-431 17.7
Spikelet fertility reduction (%) 48.1-88.4 70.6
Yield reduction (%) 39.1-91.8 75.4
Panicle exertion score (1-9) 1-7 4.6

Table 5. Genotypic response to cold stress in different cold related traits of 30 breeding lines/varieties at reproductive

stage.
Designation Heading Culm 'length Panicle exertion Spikelet. fertility Yie.zld
delay (day)  reduction (%) score (1-9) reduction (%) reduction (%)
BR8264-1-1-3B2-HR4 6 6.5 7 81.5 82.6
BR7840-54-3-2-1 12 24.1 2 78.6 88.2
BR7840-54-5-3-4 9 13.7 3 73.7 85.3
BR7683-30-3-3-4 10 43.1 7 61.9 91.1
BR8427-2-3-2 11 35.1 1 66.6 82.5
BR8260-16-2-3-1 12 4.5 7 70.5 76.9
BR8261-19-1-5-1 9 235 3 88.4 77.5
BR8331-13-3-1-3 5 17.6 7 69.9 81.7
BR8260-7-3-1-1B1 8 21.6 7 62.6 61.4
BR8261-19-1-1-3 7 24.6 7 84.6 90.3
BR8258-7-1-5-2B3 9 11.5 7 48.1 39.1
BR8261-19-5-2-4 7 5.0 4 85.8 91.8
A69-1 9 25.4 3 712 83.1
IR83294-9-1-3-2-3-P1 9 5.4 3 58.8 77.7
BR7840-2-1-1-P1 9 5.0 4 79.6 89.1
BR8253-9-3-4-3 11 10.4 7 69.9 773
BR8253-46-7-2-1B1 10 8.1 7 56.2 71.8
BR8257-10-1-1-2 10 235 3 721 71.6
BR8258-7-1-5-2B2 10 34.1 1 45.8 43.3
BR8260-7-3-4-1B2 11 25.0 7 80.1 82.0
BR7988-10-4-3-2 10 19.6 3 774 75.3
IR83294-9-1-3-2-3-Gazl 429 1 66.2 79.1
IR77496-31-2-1-3-1 36.4 6 64.4 43.2
IR2266-42-6-2 27.0 7 711 87.1
BR1 12 389 3 62.1 50.8
BR17 10 15.4 2 72.8 84.2
BR18 12.7 7 69.1 68.4
BRRI dhan28 20.3 3 783 80.4
BRRI dhan29 12 11.9 7 76.9 86.1
BRRI dhanb5 8 20.9 3 73.2 62.8
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Table 6. Agronomic performance of 30 breeding lines/varieties under cold stress.

Designation Days' to Culmlength  Paniclelength  No. of spi}(elet Spi.kelet Yield per
heading (cm) (cm per panicle fertility (%)  plant (g)
BR8264-1-1-3B2-HR4 122 65.1 18.2 141 18.1 0.61
BR7840-54-3-2-1 120 52.0 19.1 118 17.0 0.39
BR7840-54-5-3-4 126 61.8 223 108 21.0 0.49
BR7683-30-3-3-4 127 56.0 16.6 108 29.6 0.76
BR8427-2-3-2 123 473 234 113 30.4 0.75
BR8260-16-2-3-1 134 50.1 19.7 163 20.3 0.66
BR8261-19-1-5-1 134 51.1 17.3 237 3.8 0.20
BR8331-13-3-1-3 123 49.0 194 133 185 0.49
BR8260-7-3-1-1B1 130 54.6 17.3 199 153 0.65
BR8261-19-1-1-3 127 61.9 17.6 159 11.8 0.41
BR8258-7-1-5-2B3 120 38.4 19.3 140 285 0.81
BR8261-19-5-2-4 127 63.7 19.0 145 14.0 0.52
A69-1 127 49.5 20.5 119 23.0 0.62
IR83294-9-1-3-2-3-P1 129 64.3 19.8 93 26.1 0.58
BR7840-2-1-1-P1 125 63.6 179 159 18.6 0.59
BR8253-9-3-4-3 127 59.8 20.8 185 17.0 0.63
BR8253-46-7-2-1B1 123 61.4 19.7 145 27.6 0.81
BR8257-10-1-1-2 - 421 16.8 176 19.6 0.76
BR8258-7-1-5-2B2 107 39.0 19.7 178 30.5 141
BR8260-7-3-4-1B2 142 55.1 18.8 151 10.8 043
BR7988-10-4-3-2 110 485 19.8 134 19.2 0.74
IR83294-9-1-3-2-3-Gaz1 121 56.0 19.8 102 243 0.61
IR77496-31-2-1-3-1 - 39.9 174 121 26.3 0.70
IR2266-42-6-2 111 447 20.6 105 20.1 0.57
BR1 - 32.0 16.5 55 26.4 0.32
BR17 102 71.4 20.7 183 19.4 0.74
BR18 125 59.8 21.7 158 19.7 0.69
BRRI dhan28 112 56.1 19.2 110 20.0 0.55
BRRI dhan29 122 50.9 19.7 123 18.0 0.53
BRRI dhan55 109 487 184 97 228 0.56

Molecular characterization

Fifty SSR markers distributed over the 12
chromosomes of rice were used to characterize
and discriminate 30 genotypes having
differential response to cold stress at the seedling
and the reproductive stage. Among 50 SSRs,
thirty eight SSRs were found polymorphic.
Monomorphic SSR markers were excluded from
the analysis. Table 7 summarizes the results
obtained from the analysis of 38 SSR markers loci
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across the genotypes. Out of 38 polymorphic
SSRs, two markers were present on each of
chromosome 4, 9 and 10, three markers on each
of chromosome 2, 3, 5 and 12, four markers on
each of chromosome on 7 and 11, five markers
on chromosome 8, and seven markers on
chromosome 1. The SSR markers under this study
was highly informative and polymorphic as
evident from their polymorphism information
content (PIC) values, which measures magnitude



Table 7. Summary results of 38 SSR markers across 30 genotypes.

No. of Major allele Gene

Marker Chromosome Genetic distance (cm) alleles frequency diversity PIC
RM1282 1 0.5 6 0.43 0.71 0.67
RM600 1 9.5 7 0.43 0.72 0.68
RM595 1 15.3 4 0.68 0.49 0.44
RM7266 1 244 3 0.87 0.24 0.22
RM128 1 31.1 3 0.93 0.13 0.12
RM5362 1 41.1 3 0.93 0.13 0.12
RM6840 1 43.2 4 0.73 043 0.4
RM5764 2 1.6 4 0.87 0.24 0.23
RM290 2 10.8 3 0.72 0.44 0.4
RM498 2 354 3 0.83 0.29 0.27
RM523 3 1.3 6 0.63 0.56 0.54
RM251 3 9.9 3 0.93 0.13 0.12
RM186 3 28.8 2 0.97 0.06 0.06
RM6314 4 184 5 0.37 0.75 0.71
RM3288 4 27.3 4 0.6 0.56 0.5
RM1089 5 53 7 0.42 0.71 0.67
RM6024 5 17.8 4 0.78 0.37 0.35
RM6972 5 253 4 0.52 0.63 0.57
RM7454 7 11 3 0.6 0.55 0.48
RM6574 7 4.7 2 0.83 0.28 0.24
RM21333 7 9.0 3 0.73 041 0.35
RM5847 7 23.6 9 0.27 0.84 0.83
RM5911 8 0.1 5 0.57 0.61 0.56
RM3215 8 8.6 6 0.4 0.69 0.64
RM22780 8 10.8 5 0.37 0.72 0.68
RM22870 8 13.9 9 0.27 0.84 0.82
RM556 8 222 3 0.9 0.18 0.18
RM5799 9 38 2 0.87 0.23 0.2
RM3769 9 11.7 3 0.43 0.64 0.56
RM311 10 9.7 5 0.4 0.7 0.65
RM258 10 17.8 5 0.4 0.66 0.6
RM286 11 0.4 3 0.7 0.46 0.41
RM3701 11 8.1 2 0.93 0.12 0.12
RM5349 11 19.2 5 0.3 0.76 0.72
RM6094 11 28.4 3 0.57 0.58 0.51
RMb511 12 17.4 2 0.77 0.36 0.29
RM313 12 20.8 5 0.63 0.55 0.51
RM6410 12 29.3 5 0.53 0.64 0.59
Total 161

Mean 4 0.64 047 0.44
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of polymorphism and diversity among the
genotypes for a marker locus used in linkage
analysis. The PIC values varied greatly for all
38 SSR loci ranging from 0.06 to 0.83 with an
average of 0.44. The highest PIC value (0.83)
was obtained for RM5847 followed by
RM22870 (0.82), RM5349 (0.72), RM6314 (0.71),
RM600 (0.68), RM1282 (0.67) and RM1089
(0.67). A total of 161 alleles across 30 genotypes
were detected at 38 SSR loci. The number of
alleles generated by each marker locus varied
from 2.0 to 9.0 with an average value of 4.0.
The highest number of alleles (9.0) was
detected with RM22870 and RM5847, and the
lowest number of alleles (2.0) was detected
with RM511, RM5799, and RM3701and RM186.
On average 64% of the genotypes shared a
common major allele at any given locus
ranging from 27% (RM22870) to 97% (RM186)
common allele per marker locus. An overall
genetic diversity of 0.47 with a range of 012 to
0.84 was obtained among the breeding
lines/varieties. The gene diversity of each SSR
locus appeared to be associated with the
number of alleles detected per locus.

The UPGMA-based dendrogram obtained
from the binary data deduced from DNA
profiles of the samples showed that the
genotypes which were derivatives of genetically
similar types clustered together (Fig. 1). All
genotypes clearly grouped into two major
clusters in the dendrogram at 68 % genetic
similarity based on Nei similarity index with
additional sub-clusters in each group. Cluster-
I contained three genotypes which shared 76%
common alleles and further divided into two
sub-clusters at 0.84 similarity coefficient.
Twenty-seven genotypes were grouped into
Cluster-II, which was further divided into two
sub-clusters. BR18, the cold tolerant variety at
the seedling stage was grouped singly in one
sub-cluster, while the remaining 26 genotypes
including cold susceptible BR1, BRRI dhan28
and BRRI dhan29 were grouped in another sub-
cluster, which was further divided into many
sub-groups. In these subgroups 79.25% common
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alleles were shared by 19 genotypes. BR18
shared 73.5% common alleles with the
genotypes in Cluster-1I. However, the genotypes
in Cluster - I belonging 76% common alleles had
28% different alleles from BR18 of Cluster - II.
The coaxial tree based on neighbour joining
algorithm also showed that the genotypes in
Cluster - I were genetically closer to BR18 than
others (Fig. 2).

DISCUSSION

Rice plants are affected by cold stress at
various stages of crop growth depending on
severity and extent of cold wave (Li et al.,
1981). The sensitivity to cold stress varies
between the stages of crop growth in rice.
Yoshida (1981) showed that rice plants have a
lower threshold temperature (10-13°C) for
cold damage during the early stages of
development (germination and vegetative),
while threshold temperature for damage is
higher (18-20°C) during the reproductive
stage. Thus, vegetative stages are less sensitive
to cold than the reproductive stage. Despite
these differences among stages, cool weather
and cold irrigation water can damage the rice
plants during any developmental stage such as
germination, seedling, vegetative,
reproductive and maturity (Majumder et al.,
1989; Andaya and Mackill, 2003; Xu et al., 2008,
Ye et al., 2009). The most common symptoms
of LTS damage at the germination stage are
delayed and lower percentage of germination
(da Cruz and Milach, 2000). At the vegetative
stage, cold damage is expressed through
yellowing of the leaves, shorter stature and
decreased tillering of rice plants. Cold stress at
the reproductive stage commonly causes
spikelet sterility; incomplete panicle exertion
and spikelet abortion also may occur (Satake
and Hayase, 1970), which ultimately lower the
grain yield of rice. Therefore, leaf
discoloration, % survivability and % recovery
are considered as the three major criteria for
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determining the level of cold tolerance at
seedling stage in rice (NICS, 2004). While,
spikelet fertility % and grain yield are
considered to be selection criteria for
reproductive stage cold tolerance.

In this study, we measure LD score for
discriminating varieties or germplasm under
cold stress. LTS of 13°C at 3-leaf stage to an
initial population of 594 breeding lines showed
well discrimination among themselves in leaf
discoloration. The 22 breeding lines obtaining
LD score (1 - 3) in the initial evaluation along
with three susceptible check varieties, five
tolerant check varieties showed wide range of
variation in the LD score starting from 3.2 to
8.4. The variations were wider and more
pronounced in the Batch 1 and Batch 2 ranging
from 2 to 8.6 and 3.0 to 9.0, respectively (Table
3). In all three batches, the tolerant variety
(BR18) and susceptible variety (BR1) obtained
an average LD score of 34 and 84,
respectively. The lowest average LD score was
obtained  with  IR77496-31-2-1-3-1  (3.2)
followed by IR2266-42-6-2 (3.4), BR8257-10-1-1-
2 (3.5) indicating them to be strong cold
tolerant at the seeding stage. Among the 30
genotypes evaluated in the final evaluation,
twelve showed LD score less than 4 and other
12 genotypes showed LD values ranging from
4.0 to 5.0, indicating them to be tolerant and
moderately tolerant, respectively. It is
important to note that the majority of breeding
lines which showed low LD values were
derived from the crosses that involved at least
one parent originated from a single cross
BR7166, which was developed from a cross
between BRRI dhan29 and a Chinese
genotype, PL Youhong (Table 1). This finding
indicated that the alleles from PL Youhong
might have contribution for cold tolerance in
the breeding lines.

Cold stress has noticeable consequence
on reproductive stage as it induces spikelet
sterility due to low seed setting, which
ultimately turns into low yield of rice (Thakura
et al., 2010). Jena et al. (2010) also reported that
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cold stress not only affects spikelet fertility but
also reduces culm length and delays heading.
In this study most of all breeding lines showed
higher reduction percentage in spikelet fertility
and grain yield except BR8258-7-1-5-2B2 and
BR8258-7-1-5-2B3 (Table 5). Ye et al. (2009) and
Shinada et al. (2013) also reported similar
results of yield reduction under cold stress at
the reproductive stages. Low temperature
significantly affects yield attributing traits such
as culm length, number of panicles, reduce
panicle emergence and panicle length, and
grain yield in rice genotypes (Ghadirnezhad et
al., 2004 and Farrell ef al., 2006). In this study,
spikelet fertility and grain yield were relatively
lower in all breeding lines including the check
varieties (Table 6). BR1, the cold susceptible
variety showed comparatively lower reduction
in spikelet fertility and grain yield on the other
hand, the breeding lines/varieties showing
higher tolerance to cold stress at seedling stage
had higher reduction in spikelet fertility and
grain yield except few cases, like BR8258-7-1-5-
2B2, BR8258-7-1-5-2B3, etc. which indicated the
independence of genes underlying cold
tolerance at seedling stage and reproductive
stage. Biswas et al. (2019) also reported that
genes or QTL conferring cold tolerance for
different growth stages are independent but
they might be co-localized in some cases. The
seedling stage cold tolerant variety, BR18 (LD:
3.4) also showed relatively higher reduction in
spikelet fertility and grain yield under cold
stress at booting stage compared to the plants
grown under ambient temperature. Relative
comparison of cold sensitivity among the
genotypes suggests that the genetic control on
cold tolerance at both seedling and
reproductive stage is absent in the test
genotypes rather seedling stage cold tolerance
is dominant except few cases (Tables 3, 5 and 6).

The UPGMA dendrogram based on Nei
similarity index of shared SSR loci among the
genotypes also showed that majority of the
breeding lines showing 4-5 degrees of LD were
grouped together. However, susceptible



varieties, BR1, BRRI dhan28 and BRRI dhan29
shared 76% to 84% common alleles with these
genotypes. Two breeding lines, BR8258-7-1-5-
2B2 and BR8258-7-1-5-2B3 originating from a
three way cross that involved BRRI dhan29 as
one of the three parents had 86% common
alleles and showed cold tolerance at both
seedling and reproductive stage. Another
breeding line, BR8331-13-3-1-3 which was
genetically very close to BR8258-7-1-5-2B2 and
BR8258-7-1-5-2B3 had only 2% different alleles
from them and showed around 70% and 82%
reduction in spikelet fertility and grain yield,
respectively. These results indicated that the
SSR loci, which contributed to this difference
between the two cold tolerant breeding lines
(BR8258-7-1-5-2B2 and BR8258-7-1-5-2B3) and
the cold susceptible BR8331-13-3-1-3, might
have close association with the QTL
responsible for the increased seed setting rate
and grain yield under cold stress. The binary
data of the shared alleles of the SSR (Table 8)
showed difference in seven loci (RM1282,
RM600, RM5349, RM6972, RM5847, RM5911,
and RM511), which indicated these seven SSR
makers might be useful in discriminating

tolerant lines from susceptible ones for higher
seed setting rate under cold stress. A
distinction between the tolerant and
susceptible breeding lines in both phenotyping
and molecular analysis indicates the presence
of specific alleles that could be useful for the
improvement of cold tolerance in rice.

CONCLUSION

Three breeding lines, BR8253-9-3-4-3, IR77497-
31-2-3-land ~ IR2266-42-6-2  demonstrated
higher cold tolerance only for the seedling
stage (LD score <3.0), while two breeding
lines, BR8258-7-1-5-2B2 and BR8258-7-1-5-2B3
having 86% shared alleles showed cold
tolerance both at seedling stage and
reproductive stage in terms of low reduction in
spikelet fertility (45.8% and 48.1%) and grain
yield (43.3% and 39.1%). In addition, eight SSR
loci showed differential allele call between the
cold tolerant and susceptible genotypes at
reproductive stage. The identified breeding
lines and SSR markers in this study could be
useful for developing cold tolerant rice.

Table 8. Binary values of allele distribution among 30 rice breeding lines/varieties deduced from DNA profiling of
seven SSR loci showing allelic variation between BR8258-7-1-5-2B2 and/or BR8258-7-1-5-2B3 and BR8331-13-3-1-3.
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