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ARTICLE INFO ABSTRACT

Article history: By the end of the 21Century predicted temperature raise is 2—-4°C pastsllenge to
Received 18 July 2016 rice production so, there is an urge to produce heat resistant varieties which can
Accepted 21 August 2016 withstand in such climate. The present research caased out to screen molecular
Published 3 September 2016 markers from MR 253 Malaysian rice variety of l4ysleold seedling stage. To

investigate molecular markers in high temperaturérenments, DDRT-PCR analysis
was performed by comparing non-treated samples séthples treated under 40 and

Keywords: 45C of heat stress for 10 min, 30 min, 1 hr, 3 hr @rie. Out of 20 random primers,
Rice (Oryza sativa) total 11 primers were designated as heat responsvker in which 6 primers showed
Heat stress Molecular markers 25 bands at 46C and 11 primers indicated 30 bands af@®f heat stress. Results of
DDRT-PCR analysis revealed that these random primers cailkcbhsidered as a molecular marker

and used as a good indicator to assess heat sffess Thus, these markers can be
considered in genetic resource and breeding pragem

INTRODUCTION

With the prospective growth of world’s populatiooward 10 billion by 2050, the demand of rice is
growing faster than for other crops. In the fututieere will be many challenges for achieving higher
productivity and good yield (IPCC 2007). Due tolidbwarming heat stress is one of the most setlmasit to
crop yield loss (Boyer, 1982; Teixeighal., 2013; Tebaldet al., 2006). Heat stress affect rice plant at almost
all stages of growth especially at booting, flowegti grain-filling seriously affects spikelet feity, increased
probability of male sterility and grain quality @kdishet al., 2008; Matsuiet al., 1997a, 1997b, 2001,
Maruyamaet al., Prasactt al., 2006; 2013; Satake & Yoshida, 1978; Weerakeiah., 2008; Horiect al. 1996).
The growth responses of rice to high temperatwestit poorly understood (Nagai & Makino 2009).demous
quantity of rice is being destroyed each year duenvironmental stresses. There is an urgent reepdotiuce
stress-resistant varieties, which can completdithge demand of food. Many studies has been ataduon
molecular studies of rice, in which DNA based malac markers have proven to be powerful tools ia th
assessment of genetic relationships within and grtlos species of rice.

Liang & Pardee developed a nhew PCR-based techmigjled Differential Display (DDRT-PCR) in 1992.
This technique focused on detecting differentiakpressed genes at mRNA level among differenttafigted
sample at same time. DDRT-PCR is easy and mositisengchnique as like normal PCR. This technidgie
recently used in many studies for studying diff¢isdly expressed gene by various stresses. Inappsoach,
random primers used in DDRT-PCR to identify spedifimolecular markers to examine the response ef ric

Open Access Journal

Published BY AENSI Publication

© 2016 AENSI Publisher All rights reserved

This work is licensed under the Creative Commons Attribution International License (CC BY).

http://creativecommons.org/licenses/by/4.0/

To Cite This Article: Deepali Varshikar, Akalpita Tendulkar, Jaya SharrBareening of molecular markers associated wett btress in
rice Oryza sativa). Aust. J. Basic & Appl. Sci.10(14): 360-365, 2016




361 Deepali Varshikar et al, 2016

Australian Journal of Basic and Applied Sciences,d(14) September 2016, Pages: 360-365

seedling to heat treatment. This molecular markehriology gives a novel tool for DNA fingerprintiramd
hybridization. These molecular markers, in combaratvith linkage maps and genomics, can be usealtéo
and improve plant traits on the basis of genotgsigays.

MATERIALS AND METHODS

Plant material, Growth conditions of rice seedlings

The seeds of rice variety MR 258rf/za sativa) were obtained from MARDI (Malaysian Agricultural
Research and Development Institute, Serdang, MalaygR 253 is a new Malaysian rice variety, whish
resistant to blast. The rice seeds were soakerthigh# in RO water before planted in a mixture b3 of
organic and 70% black soil in pots. In each pos@&ds were sowed and germination rate ontaine®%v&d%.
All seedlings were maintained for 14 days and veeranged according to standard RCBD design (Rarmmi
Complete Block Design) in growth chamber, at 256€ 16/8 hours light and dark condition (Hakim &f.al.,
2010; Lee D. Get al., 2011). 14 days after sowing, the seedlings wakhgected to heat stress at 40 antC45
(20 min, 30 min, 1 hour, 3 hours and 6 hours) wgiken to plants for further molecular analysis. Who
seedlings were harvested after treatment and pilofmetotal RNA extraction. The entire experimenasy
performed in replicates.

Preparation of RNA extraction and cDNA synthesis:

Total RNA was isolated from whole plant seedlings dll harvested plants using R&A Blue Total RNA
Extraction Kit (iNtRON biotechnology Inc., Koreag@ording to the protocol provided by manufactubery of
total RNA was used for cDNA synthesis using oligd)dprimers. cDNA synthesis were done by using detr
cDNA Synthesis Kit (Bioline Inc, UK) according toamufacturer’s instruction. First strand cDNAs wetered
at -20C before being used in DDRT-PCR reactions.

DDRT — PCR amplification:

DDRT-PCR reaction was carried out in 50 ul reactioiume with containing 0.8 ul of cDNA, 0.5 ul
random, 0.5 ul oligo d (T primers, 23.2 ul BD and 25 ul Taq master mix (MyTaq Mix PCR Kit - Bie Inc,
UK). The amplification reactions were carried auii PCR thermo-cycler (MJ Research Incorporatett) thie
following conditions: 35 cycles of 95°C for 5 mieut40°C for 30 seconds and 72°C for 1 minute. The 2
random primers used in the reactions are listed Table 1. The primers (Actl: 5'-
CATGCTATCCCTCGTCTCGACCT-3' and 5'- CGCACTTCATGATGGATTGTAT-3’) specific to the rice
actin 1 gene were used as a positive control telkchige integrity and quality of newly synthesis c®NXu
Jun-Wanget al., 2002)

Agarose gel electrophoresis and visualization ofified products:

PCR products were further checked by agaroselggrephoresis (1.5% of agarose with TAE buffengsi
Red Safé” nucleic acid staining dye, for 1 hour and 30 nesuat 80V). The gel was visualized under UV
transilluminator and documented using a compaabc@amera lens 12.1 megapixel.

Data analysis:
Molecular weight estimation:

Molecular weight was calculated using the AlphaVi&woftware version 3.4, Alphalmager MINI
instrument, based on a comparison of amplified petslwith the known size of DNA fragments of 10@gA
ladder (which consist of 12 bands from 100 to 15)0b

Analysis of agarose gel electrophoresis productsl amolecular markers selection:

Total numbers of amplified bands were scored mayu@inly discrete fragments with medium to high
intensity were taken into consideration by comparetween the treated and control samples basetieon
presence or absence of bands.

RESULTS AND DISCUSSION

The results of present study indicated consideraiecular markers of heat responses at two diftere
high temperatures. Among 20 primers used in thidystresults of 11 primers were taken into consitien
based on intensity and quality of amplified barteiach marker was identified by the presence andnabsef
band. The selected primers produced total 55 distiands responsive to heat treatment.
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Molecular screening of rice seedlings to 4Q heat stress under varying duration:

Under heat treatment of 40 °C at 5 five differantet intervals (10 min, 30 min, 1 hour, 3 hours &nd
hours) multiple bands showed in control samplealli?0 primers. Whereas, treated seedlings pratiacetal
of 25 discrete bands (6 in treatment 1, 5 in treatrn®, 5 in treatment 3, 6 in treatment 4 and 8éatment 5) in
heat treatment. These 25 bands, were producedgiimgrs and they are: P3, P9, P12 and P13 in texdtin
P4, P9, P12 and P13 in treatment 2, P3, P4, P12P&Rdin treatment 3, P3, P4, P9, P12, P13 and ®20 i
treatment 4 and P4, P9 and P13 in treatment 5 éTHbIThese 25 bands were however found to be absen
control samples (Fig. 1).

Molecular screening of rice seedlings to 46 heat stress under varying duration:

Different duration of heat treatment of 45 °C (Lhp80 min, 1 hour, 3 hours and 6 hours), the abntr
samples produced multiple bands for all 20 primenereas treated seedlings produced a total of Srate
bands (7 in treatment 1, 4 in treatment 2, 11 éattnent 3, 6 in treatment 4 and 2 in treatmen@bgse 30
bands were produced by 11 different primers angd éne: P4, P6, P9, P12 and P13 in treatment 1P @, P12
and P17 in treatment 2, P1, P2, P3, P4, P9, PIQ,B and P20 in treatment 3, P4, P9, P12, P1¥2aAadn
treatment 4 and P13 and P20 in treatment 5 (Tgbl€hkse 30 bands were however found to be absehei
control samples (Fig. 2).

Table 1: Amplified products from rice seedlings subjectedhéat stress.

@ Sequence Heat (40C) - bands in MW Heat (48) - bands in MW

£ (5,? 2) g T2 T3 T4 5 g 2 T3 T4 5

a (10min) | (30min) (1hr) (3 hr) (6 hr) (10min) (30min) (1 hr) (3 hr) (6 hr)
P1 %GGCCCT 0 0 1 0 0 0 0 1/200| 0 1
) '.?éTCGGGC 0 0 2 1 1 2 1 1200| 1 1

CAGCACCC | 2/ 900,
P3 | 54 20 3 1/200 | 1/1000] 0 0 0 1200, 1 1
P4 gfr\CCGCTT 2 1/400 1/400 | 1/400| 1/400|  1/400 1/100 12q0  1/400 0
P5 g(T;GTGACC 2 0 1 0 0 0 0 0 0 0
GTCCCGAC 2/200,25

S 3 1 3 0 1 2 1 1 0 1

p7 SéCGGATC 2 0 1 1 0 0 0 0 1 0
P8 SXGTGCCC 0 1 1 1 0 0 1 1 1 1
P9 ggGAATTC 1/200 | 1/350 1 1/200| 1/200|  1/250 1 1300 1/3q0 2
P1 | GGCTGCAG 27300,

e 3 2 0 1 0 0 1300 | 2890 | o 0

P1 | GAAACGGG

P sa 0 1 1 1 0 0 1 2 2 2

2 2

P1 | cAGCACCC 2 2/900, 2/900. | 2/900,

2 | AC goo,loo 900,1000 880’10 1/1000 | © 1000 1900 | 9000 | 1000 |1
g 1 géTGACCG 1/500 1/500 1/500 | 1/500| 1/500]  1/500 0 1500 1/500 /50Q
P1 | ACCCGGTC
Pl IS 0 0 0 1 1 0 0 0 1 0
P1 | TCGGCGGT
e 3 0 0 0 0 1 1 1 1 1
P1 | GTCTCCGC

oL 0 0 0 0 0 0 0 0 0 0
P1 | CCGCCCAA

PL S 1 0 0 0 0 1 1/700 0 0 1
P1 | CACCTTTC
il I 2 0 1 1 0 1 0 0 1 0
P1 | AGCGAGCA

AN 1 1 0 1 0 0 0 1 0 1
g 2 ggACACTG 1 1 0 1/400 | 0 0 0 1/300| 1/300  1/300
Total bands 6 5 5 6 3 7 4 11 6 2

T1 —treatment 1, T2 — treatment 2, T3 — TreatrBefi¥ — treatment 4 and T5 — treatment 5.
*Common: bands also appeared in the control samples
*Specific/MW: bands present exclusively in treasaginples / molecular weight in base pair.
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Control

Treatment 1: 10 minutes of
heat stress at 40 °C

Treatment 2: 30 minutes of
heat stress at 40 °C

Treatment 3: 60 minutes of
heat stress at 40 °C

Treatment 4: 3 hours of heat
stress at 40 °C

Treatment 5: 6 hours of heat
stress at 40 °C

Fig. 1: Comparison of Agarose gel electrophoresis resefiivéen Control and heat-treated at 40 °C on plant
seedling- 1(10 mins), 2 (30 mins), 3 (60 mins)36urs) and 5 (6 hours). M- 100 bp Ladder Marker
(First base Company) and lane 1 to 20 is repre$entandom primers 1-20.

Control

Treatment 1: 10 minutes of
heat stress at 45 °C

Treatment 2: 30 minutes of
heat stress at 45 °C

Treatment 3: 60 minutes of
heat stress at 45 °C

Treatment 4: 3 hours of heat
stress at 45 °C

Treatment 5: 6 hours of heat
stress at 45 °C

Fig. 2: Comparison of Agarose gel electrophoresis resetitvben Control and heat-treated at 45 °C on plant
seedling- 1(10 mins), 2 (30 mins), 3 (60 mins)36urs) and 5 (6 hours). M- 100 bp Ladder Marker
(First base Company) and lane 1 to 20 is representandom primers 1-20.
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Specificity of molecular markers for the detectiaf stress response in rice seedlings:

At both temperatures of 40 and 45 °C heat treatedptes produced 55 distinct bands, which were
amplified from 11 out of 20 random primers usethi@ analysis. Primers P1, P2, P6, P10 and P17 ébbaeds
only at 45 °C of heat stress. Other 6 primers {®8,P9, P12, P13 and P20) showed exclusive bandstin
temperatures in maximum number of time intervatsept few durations such as P3, P4, P9, P12, P1P20d
These primers are suitable for detecting heatstresce plant seedlings.

Conclusion:

Molecular marker has made enormous advance in trgean in both genomics and molecular mapping of
the genes. They have proven to be a very usefdl fmoa large number of applications ranging from
localization of a gene to improvement of plant ges by marker-assisted. These markers have dedexaast
amount of information, which has helped to genenat®merous databases to preserve and popularize it.

In the present study, it has been proposed thatathéom primers can be used as molecular markers to
assess the response of rice seedlings to heas.sBetsfurther studies are still required for trevelopment of
heat-resistant rice to cope with the challengesliofate change. Thus, this kind of study will beeay useful
tool for marker-assisted selection in rice.

The present discovered molecular markers for hegppansive in rice cultivars will be acceleration of
breeding program for development of new hybridgetms having more tolerance to heat. In conclysaun
goal was to find DNA based molecular markers linkedheat tolerance in order to use them in marksisted
breeding programs.
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