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Abstract

Introduction

Rice grain quality includes appearance, milling, cooking and nutritional quality, which are
determined by the physicochemical properties of the rice grain. Among these, amylose content
(AC), gelatinization temperature (GT), gel consistency (GC) and paste viscosity properties are
considered as the main and important indicators determining the cooking quality of rice. The aim
of this study was to investigate the relationship between molecular markers and the characteristics
determining the cooking quality of rice and to introduce informative markers associated with these
characteristics.

Materials and Methods

The plant materials of this study were a diverse collection of 61 rice genotypes adapted to Iranian
climatic conditions, the seeds of which were obtained from the Rice Research Institute of Iran
(RRII), Rasht, Iran, and the International Rice Research Institute (IRRI), Philippines. The studied
traits were the characteristics determining the cooking and eating quality including AC, GT and
GC, as well as the paste viscosity parameters derived from the rapid visco analazer (RVA)
including peak viscosity (PV), minimum viscosity (MV) or hot paste viscosity (HPV), final
viscosity (FV) or cool paste viscosity (CPV), setback viscosity (SV), breakdown viscosity (BV),
and consistency viscosity (CV). For molecular evaluation of the studied genotypes, by reviewing
previous studies as well as by searching the Gramene website (www.gramene.org), 40 molecular
markers associated with rice cooking quality characteristics, including 38 microsatellite markers,
a specific marker for the Waxy gene, and a STS marker W2R, were selected. Genomic DNA was
extracted from young leaf samples using the CTAB method and the quality and quantity of DNA
was determined using 1% agarose gel. Polymerase chain reaction (PCR) was performed using a
thermocycler GenAmp, USA, in a 10 pL volume including 8 pL of the PCR master solution (PCR
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Buffer 10X, dNTPs 5 mM, MgCI2 50 mM, Tag DNA Polymerase SU/uL) and 2 pL of genomic
DNA sample with a concentration of 10 ng/uL. PCR products were separated using 10%
polyacrylamide gels and the gels were stained with ethidium bromide. For data analysis, banding
patterns in each genotype were scored based on presence (one) or absence (zero) and stepwise
regression was used to identify significant markers associated with each of the studied traits.
Results and Discussion

The results of this study showed that genes located at the Waxy and A/k loci in chromosome 6 of
rice played an important role in controlling most of the characteristics determining cooking and
eating quality, including AC, GT, GC and paste viscosity parameters from RVA profile. Among
the 40 molecular markers studied, seven markers RM190, RM253, RM510, RM584, RM3183,
RM5371 and W2R, in addition to controlling a greater share of trait variation, showed a significant
association with several traits. This result could be due to the quantitative and pleiotropic effects
of similar genes or strong linkage between different genes located at the position of these markers
in controlling the relevant traits. Among them, marker RM190 had significant associations with
five traits (AC, GT, PV, MV and FV), marker RM5371 with four traits (AC, PV, FV and CV),
markers RM253 (GT, FV and CV) and RM510 (GC, PV and MV) with three traits, and markers
RM584 (PV and MV), RM3183 (MV and SV) and W2R (GC and PV) with two traits, and were
identified as more important linked markers with rice cooking and eating quality.

Coclusion

The results of this study showed that the Waxy and A/k gene loci played an important role in
controlling rice cooking and eating quality traits. Out of 40 markers evaluated in this experiment,
seven markers RM190, RM253, RM510, RM584, RM3183, RM5371 and W2R had significant
associations with rice cooking and eating quality traits. Therefore, if the results are confirmed by
repeating the experiment, these markers can be proposed as informative markers for use in marker-
assisted selection (MAS) programs.

Keywords: Grain physicochemical properties, Marker assisted selection, Rapid visco analazer,
Waxy gene
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- Amylose Content (AC)

- Gelatinization Temperature (GT)
- Gel Consistency (GC)

- Paste Viscosity Properties

- Rapid Visco Analyzer (RVA)
- Rapid Viscosity Unit (RVU)
- Minimum Viscosity (MV)

- Hot Paste Viscosity (HPV)

- Final Viscosity (FV)

10- Cool Paste Viscosity (CPV)
11- Peak Viscosity (PV)

12- Breakdown Viscosity (BV)
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1- Setback Viscosity (SV)
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3- Pasting Temperature (PT)
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Table 1. Rice genotypes used in this study

No. Genotype Type Origin No. Genotype Type Origin
1 Line 830 Improved IRRI", Philippines 32 Hasansaraee Landrace Guilan, Iran
2 Line 831 Improved IRRI, Philippines 33 Domsefid Landrace Guilan, Iran
3 Saleh Improved Guilan, Iran 34 Shahpasand Landrace Mazandran, Iran
4 Neda Improved Mazandran, Iran 35 Tarom Mantaghe Landrace Mazandran, Iran
5 Khazar Improved Guilan, Iran 36 Binam Landrace Guilan,Iran
6 Nemat Improved Mazandran, Iran 37 1IR30 Foreign  IRRI, Philippines
7 Dorfak Improved Guilan, Iran 38 IR50 Foreign  IRRI, Philippines
8 Shiroodi Improved Mazandran, Iran 39 IR60 Foreign  IRRI, Philippines
9 Sepidrood Improved Guilan, Iran 40 IR36 Foreign  IRRI, Philippines
10 Kadous Improved Guilan, Iran 41 IR58 Foreign  IRRI, Philippines
11 Amoll Improved Mazandran, Iran 42 IR28 Foreign  IRRI, Philippines
12 Amol3 Improved Mazandran, Iran 43 Fuji Minori Foreign Japan
13 Tarom Mahalli Landrace Mazandran, Iran 44 DC Foreign Egypt
14 Hasani Landrace Guilan, Iran 45 CY Foreign Egypt
15 Anbarboo Landrace Guilan, Iran 46 Taichung Foreign China
16 Dashti Landrace Guilan, Iran 47 USEN Foreign Egypt
17 Moosatarom Landrace Mazandran, Iran 48 Arjantin] Foreign Argentina
18 Daylamani Landrace Mazandran, Iran 49 IRFAON204 Foreign  IRRI, Philippines
19 Gharib Landrace Guilan, Iran 50 IRFAON113 Foreign  IRRI, Philippines
20 Anbarboo Ilam Landrace [llam, Iran 51 Dular Foreign India
21 Ghashenge Landrace Guilan, Iran 52 TETEP Foreign Egypt
22 Hashemi Landrace Guilan, Iran 53 Champa Boodar  Landrace Guilan,Iran
23 Sangejo Landrace Mazandran, Iran 54 Tarom Amiri Landrace Mazandran, Iran
24 Ahlami Tarom Landrace Mazandran, Iran 55 Kontvare Foreign Guilan, Iran
25 Abjiboji Landrace Guilan, Iran 56 Gohar Improved Guilan, Iran
26 Sadri Landrace Guilan, Iran 57 IR25571 Foreign  IRRI, Philippines
27 Gharib-Siah-Reyhani  Landrace Guilan, Iran 58 Line 23 Foreign  IRRI, Philippines
28 Domsiah Landrace Guilan, Iran 59 RI184472 Improved Guilan, Iran
29 Domzard Landrace Guilan, Iran 60 RI118443046 Improved Guilan, Iran
30 Salari Landrace Guilan, Iran 61 RI184421 Improved Guilan, Iran
31  Mohammadi Chaparsar Landrace Mazandran, Iran
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Table 2. Molecular markers used in this study

No. Marker Trait ¥ Reference

1 RM412 - -

2 RM7434 AC, GT Sabouri et al., 2012

3 RM141 SV, CV Ebadi et al., 2013

4 RM3183 PV Ebadi et al., 2013

5 RMS508 AC, MV Ebadi et al., 2013

6 RM314 AC, BV Wang et al., 2007; Ebadi et al., 2013

7 RM527 SV Ebadi et al., 2013

8 RM510 - -

9 RM225 AC Ebadi et al., 2013

10 RM30 - -

11 RM31 SV, BV, CV Ebadi et al., 2013

12 RM402 AC, GT, PV, CV, SV, FV Ebadi et al., 2013

13 RM340 AC, CV Sabouri et al., 2012

14 RM217 GT,FV, CV Ebadi et al., 2013

15 RM528 - -

16 RM204 AC, GC, GT Wang et al., 2007

17 RM454 GC Liuetal., 2013

18 RM162 - -

19 RM586 AC, MV, PV, CV Wang et al., 2007; Ebadi et al., 2013
20 RM589 AC,MV, PV, CV, SV Wang et al., 2007; Ebadi et al., 2013
21 RM3827 - -

22 RM253 AC, GT,MV, CV, BV Wang et al., 2007; Chen et al., 2008 ; Li et al., 2017
23 RM276 - -

24 RM598 SV Ebadi et al., 2013

25 RM584 AC, GC,MV, PV, BV, SV, CV Tabkhkar et al., 2012; Feifei et al., 2015
26 RM7179 - -

27 RM6836 GT, PV, FV Sabouri et al., 2012; Ebadi et al., 2013
28 RM3 GT Sabouri ef al., 2012

29 RM103 - -

30 RM549 GC, GT, PV Wang et al., 2007; Sabouri et al., 2012
31 RM170 AC, GC Fan et al., 2005; Tabkhkar et al., 2012
32 RMI9  AC,GC, GT, MV, PV,FV,BV,Cy  AYyrese Ii’fu 61?317 58?5’&; dzioeozsé 1H§oei 3‘”" 2006;
33 RM5371 AC Ebadi et al., 2013

34 RM5599 SV, CV Ebadi et al., 2013

35 RM 1340 PV Ebadi et al., 2013

36 RM4608 - -

37 RM4128 GT, CV, PV, SV Ebadi et al., 2013

38 RM3330 - -

39 W2R AC, GT, PV, FV Ayres et al., 1997; Ebadi et al., 2013
40 Waxy gene MV, PV, SV, BV Hsu et al., 2014 ; Feifei et al., 2015

T AC, Amylose content; GT, Gelatinization temperature; GC, Gel consistency; PV, Peak viscosity; MV,
Minimum viscosity; FV, Final viscosity; SV, Setback viscosity; BV, Breakdown viscosity; CV, Consistency

viscosity.
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Figure 1. Extracted genomic DNA of some rice genotypes on 1% agarose gel
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Figure 2. Polymorphism observed by the microsatellite marker RMS08 in 61 studied rice genotypes
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Table 3. Informative markers linked to the studied characteristics using stepwise regression

Trait Significant linked marker Adjusted R? Significant level
AC RM1340, RM190, RM3, RM508, RM5371, RM586, RM314 0.827 0.000
GT RM253, RM528, RM549, RM412, RM190 0.529 0.000
GC RMS510, RM3330,W2R 0.356 0.000
PV RM190, RM584, RM510, RM5371, W2R 0.465 0.000
MV=HPV RM190, RM584, RM510, RM3183 0.458 0.000
FvV=CPV RM5371, RM253, RM190 0.391 0.000
SV RM3183, RM4608 0.319 0.000
BV RM7179, RM204, RM4128, RM589, RM5599, RM3827 0.407 0.001
CV RM5371, RM253 0.301 0.000

T AC, Amylose content; GT, Gelatinization temperature; GC, Gel consistency; PV, Peak viscosity; MV,
Minimum viscosity; HPV, Hot paste viscosity; FV, Final viscosity; CPV, Cool paste viscosity; SV, Setback
viscosity; BV, Breakdown viscosity; CV, Consistency viscosity.
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Table 4. Correlation coefficients among the measured traits in this study

Trait AC GT GC PV MV FV SV BV [6Y
AC 1

GT 0.369™ 1

GC -0.177  -0.444" 1

PV 0.678™ 0.244"  -0.239 1

MV=HPV 0.751* 0.289" -0.166™  0.910" 1

FV=CPV 0.715™ 0.291" -0.312° 0.863™ 0.859™ 1

SV 0.245"  0.044™ 0.280* 0.334" 0.220™  0.611™" 1

BV -0.600™  -0.257" 0.001™  -0.463"  -0.788"  0.555™ 0.024ns 1

(Y% 0.607" 0.273" -0.210m  0.588" 0.652™ 0.916™ 0.713  -0.522™" 1

T AC, Amylose content; GT, Gelatinization temperature; GC, Gel consistency; PV, Peak viscosity; MV,
Minimum viscosity; HPV, Hot paste viscosity; FV, Final viscosity; CPV, Cool paste viscosity; SV, Setback
viscosity; BV, Breakdown viscosity; CV, Consistency viscosity.
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