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Abstract

Rapid Visco Analyzer (RVA) profiles are important traits for indicating rice quality, which are
controlled by quantitative trait loci (QTL). In the past two decades, hundreds of QTL for rice RVA profiles
have been detected, but without an integration study. Consistent QTL regions associated with rice RVA
profiles by QTL meta-analysis with genetic information of 592 QTL for eight RVA profiles were studied. A
total of 82 meta-QTL for RVA profiles were detected on 12 chromosomes. MQTL possessed narrower
confidence intervals than the initial QTL and candidate genes were identified within each MQTL. These
MQTL and candidate genes are beneficial for future marker-assisted selection gene cloning.

Introduction

Rice quality is a complex trait that is composed of four components: milling, appearance,
nutrition, cooking and eating quality (Bao 2012). In particular, cooking and eating quality is
deemed to be the most important trait affecting consumer acceptability of rice and is determined
by several important indicators (Xu et al. 2015). The starch viscosity properties by using RVA
profile represents pasting behavior and is based on rice flour that has been subjected to a standard
temperature-programmed heat-hold-cool-hold protocol. The RVA starch paste viscosity charac-
teristics are described using the following eight parameters: peak viscosity (PKV), hot paste
viscosity (HPV), cool paste viscosity (CPV), peak time (PeT), pasting temperature (PaT), break-
down viscosity (BDV), setback viscosity (SBV) and consistency viscosity (CSV). These traits are
controlled by quantitative trait loci (QTL). There are a number of QTL have been detected (Bao et
al. 2000, 2002, Zhang et al. 2007, Liu et al. 2011, Yang et al. 2012, Hsu et al. 2014 and Zheng et
al. 2012), but no report on QTL meta-analysis of rice RVA profiles. To integrate results from
several studies by using diverse mapping populations, multiple environments, and different
molecular markers, QTL meta-analysis can narrow down the regions of QTL, compare QTL
positions, and validate conserved QTL compared with the initial QTL.

In this study, 592 QTL for RVA profiles from 13 maps in rice was collected. These QTL were
used to perform meta-analysis to refine QTL position on Bio Mercator V4.2 (Versailles, France).
Identification of meta-QTL (MQTL) provides high credibility QTL combined multiple studies and
narrowed confidence intervals (CI) of initial QTL. These MQTL obtained from meta-analysis
provide resources for rice breeding and gene mining in future.
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Materials and Methods

QTL of eight RVA profiles and their genetic maps were collected from publications and
public databases based on following principles. It was necessary to obtain detailed information
about QTL, including QTL name, trait, different environments, time, chromosome of QTL, LOD
scores, R2 values (phenotypic variation explained, PVE), confidence intervals and QTL positions.
These collected data were edited in text document of Bio Mercator v3 format.

The consensus map was obtained by Wu et al. (2016). All markers shown on each linkage
used package LinkageMapView in R (Ouellette et al. 2018). All the QTL projections were
performed according to Wu et al. (2016).

Based on the integrated consensus map and initial QTL projections, a QTL meta-analysis
according to the QTL clusters on each linkage group (LG) of the consensus map to identify
MQTL using BioMercator V4.2 and algorithms from the MetaQTL software (Wu et al. 2016)
were performed. Usually, the lowest AIC value was used to select the best QTL model for each
LG and then calculated QTL from the optimum model is regarded as the meta-QTL (MQTL) (Wu
et al. 2016). The study was conducted in Mianyang, Sichuan, P.R. China.

Results and Discussion

To collect genetic map and QTL information for rice RVA profiles, Gramene (www.
gramene.org), QTARO (http://gtaro.abr.affrc.go.jp/) and recent reports in the literature up to 2018
were amined. A total 13 studies were identified which reported 592 QTL for RVA profiles (Table
1).

The initial QTL were distributed on all 12 LGs; the highest number was on LGO06, followed
by LGO01, LGO02, LGO04, and LGO7 (Fig.1A). The phenotypic variance explained by the initial QTL
ranged from 1.2 to 79.04% and the LOD value varied from 0.59 to 79.16 (Fig.1B).

Table 1. Details of references used for this study.

Map Cross Population  Population Marker QTL References

name name type size number  number

2000-Bao ZYQ8xJX17 DH 132 124 25 (Bao et al. 2000)
2002-Bao IR64xAzucena DH 135 460 13 (Bao et al. 2002)
2007-Zhang Nikken2xMilyang23 RIL 111 83 34 (Zhang et al. 2007)
2011-Liu AsominorixIR24 CSSLs 66 79 168 (Liuetal. 2011)
2011-Nguyen KoshihikarixGuichao2 RIL 184 65 28 (THOA 2011)
2011-Than KoshihikarixNanjing11 RIL 140 152 30 (Hanh 2011)
2012-Yang 9311xNipponbare RIL 190 200 75 (Yang et al. 2012)
2012-Zheng KoshihikarixKasalath RIL 182 104 37 (Zheng et al. 2012)
2014-Hsu TNG78xTCS17 RIL 190 89 27 (Hsu et al. 2014)
2015-Shao Koshihikarix9311 CSSLs 138 53 10 (Shao et al. 2015)
2017-Yao Zhongyouzao8xToyonishiki RIL 153 236 97 (Yaoetal.2017)
2017-Zhang SasanishikixHabataki RIL 85 202 41 (Jieetal. 2017)
2018-Zhang CJO6xTN1 DH 95 69 7 (Sheng-Hao et al. 2018)

The new consensus map contained 9732 markers which was up to 1750.4 centimorgan (cM)
long with an average marker density of 4.17 loci per cM and 12 LGs on which 7297 loci were
mapped (Fig. 2). This new consensus map contains more markers and higher marker density,
making it more suitable for the present QTL meta-analysis.
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Then a meta-analysis of the 370 QTL was performed, the QTL model of each chromosome
was selected by the lowest AIC. In total, 82 MQTL (~22.1%) were obtained with a confidence
interval (CI) of 95%. The number of MQTL on each chromosome varied from 4 to 10. The PVE
of these MQTL varied from 0.03 to 0.45, 18 MQTL had PVE > 0.2. Confidence interval of 92.68%
of all MQTL was narrowed down compared with their mean values of the original QTL (Table 2).
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Fig. 1. Summary of initial QTL. A. Distribution of all the initial QTL on 12 LGs; B. Phenotypic variances
and LOD value of each initial QTL. PVE, phenotypic variance explained by the QTL.
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Fig. 2. Overview of the new integrated consensus map. Distribution of 7297 loci on 12 linkage groups (LGs),
the different colors on the left indicated different density of markers (cM/locus), the rule above the figure
indicated the genetic distance in cM, each linkage group shown on the right.

Rice starch past viscosity (RVA profiles) are easy-measure traits for indicating rice quality
with numerous genetic researches which were carried out to identify QTL for eight RVA profiles.
This is the first study for meta-analysis of RVA profiles, integrating the location of hundreds of
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QTL using maximum likelihood estimation with consideration of population size and additional
QTL information. The 370 of 592 QTL for these traits onto a new consensus map were projected
and integrated these QTL into 82 MQTL. Seventy-seven MQTL narrow the confidence intervals
compared to projected QTL and several MQTL region of RVA which may contain qualities
related gene. Such as ALK (Gao et al. 2003), SSIVb (Toyosawa et al. 2016), Waxy (Wx) (Tian
et al. 2009), and so on.

So, meta-analyses can be greatly useful and advantageous for QTL analysis and candidate
gene mining. For QTL meta-analysis, collecting data as much as possible are necessary as same as
building a QTL mapping population, which may be useful for candidate gene identification in the
subsequent study.
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