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Abstract: In this study, an F5-generation rice recombinant inbred population (referred to as RILs 
population) containing of 224 lines derived from cross between Z601 and C14 was selected to 
analyze the correlation among milling quality traits and associated quantitative trait loci (QTLs). 
Correlation analysis showed that the brown rice rate, milled rice rate and head milled rice rate all 
presented positive correlation significantly. Rate of small broken rice was negatively correlated 
with brown rice rate, milled rice rate and head milled rice rate significantly. A total of 13 QTLs 
controlling milling quality traits in rice were detected, including two QTLs controlling brown rice 
rate, two QTLs controlling milled rice rate, three QTLs controlling head milled rice rate and six 
QTLs controlling rate of small broken rice, which were located on chromosome 2, 6, 7, 8 and 12, 
respectively. This study would provide a strategy for detection of milling quality in low-generation 
materials of rice breeding. 

1. Introduction 
Rice is a staple food for the majority of people in China and half of the world's population. The 

rice quality is usually evaluated based on the milling quality, appearance quality, eating quality and 
nutritional quality in all over the world (Birla et al. 2015)[1]. To be specific, milling quality shows a 
direct influence of rice price, consequent result of reduced income for farmers. Based on these, 
relevant provisions have been developed in China for paddy and rice quality standards. Various 
indicators are strictly described and limited by national standards for paddy (GB1350-2009) and 
rice (GB1354-2009) in China. 

Brown rice rate refers to the mass proportion of brown rice (unpolished rice) accounting for the 
paddy rice samples, and the imperfect grains are calculated by half. The collected brown rice is 
processed into milled rice, and the milled rice rate refers to the percentage of processed milled rice 
accounting for the paddy rice samples. Brown rice is processed into milled rice at national standard 
level 3, head milled rice refers to rice grains with the length of about three-quarter of the average 
length of complete paddy rice samples, and head milled rice rate refers to the mass proportion of 
head milled rice accounting for the paddy rice samples. Small broken rice refers to the incomplete 
rice grains remaining on the round-hole sieve with a diameter of 2.0 mm after sieving through a 
round-hole sieve 2.0 mm in diameter, and rate of small broken rice refers to the mass proportion of 
small broken rice accounting for the paddy rice samples. 

High-density genome-wide molecular marker linkage maps can be constructed by analysis of 
appropriate segregating hybrid populations using molecular marker technology, thereby mapping 
genes controlling agronomic traits and accelerating the breeding process. Specifically, simple 
sequence repeat (SSR), sequence tagged sites (STS), single nucleotide polymorphism (SNP) and 
sequence-characterized amplified region (SCAR) are commonly used, which have been widely 
applied in genetic analysis and gene mapping of rice (Cha et al. 2008; Sardesai et al. 2002; Singh et 
al. 2006; Yu et al. 2014) [2-4]. 

A RIL populations of Lemont/Teqing was constructed, and was found no marker intervals with 
significant effects on the brown rice rate (Mei et al. 2002). In detail, one QTL (QMr12) controlling 
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milled rice rate was mapped on chromosome 12. Four QTLs (QHr2, QHr4, QHr6, Qhr7) controlling 
head milled rice rate were mapped on chromosomes 2, 4, 6 and 7 respectively. By using 
recombinant inbred line populations (Zhenshan 97B / Minghui 63), a QTL controlling brown rice 
rate, two QTLs controlling milled rice rate and a QTL head milled rice rate were mapped, 
respectively (Tan et al. 2001). By using BC2F2 populations, three QTLs controlling brown rice rate, 
a QTL controlling milled rice rate and three QTLs controlling head milled rice rate, respectively 
(Septiningsih et al. 2003). Thus, QTLs controlling these traits are located on different chromosome 
sowing to most quality traits of paddy rice are susceptible to environmental impact, presenting 
genotype-environment interaction effects (Huang et al. 2015; Kim et al. 2014; Takai et al. 2005; 
Zhang et al. 2014). Yet the analysis of milling quality dependent on milling accuracy, but the 
standards for individual experiment are different. 

In this study, high-generation (F5) Z601/C14 recombinant inbred lines (referred to as RILs 
populations) were analyzed the correlation among various milling quality traits. Furthermore, SSR 
and InDel marker linkage map was constructed for mapping QTLs for milling quality traits in rice, 
which provided theoretical basis for the breeding of rice varieties with high milling quality, thus 
accelerating the variety improvement process and increasing the economic benefits. 

2. Materials and Methods 
2.1 Materials 

In this study, 224 high-generation (F5) recombinant inbred lines (referred to as RILs populations) 
were used as experimental materials. To be specific, the female parent was Z601, a breeding 
material of Liaojing 294; the male parent was C14, a progeny material of Jinyuan 45/ Fan 6. The 
milling quality traits were shown in Table 1.  

Table 1 Various milling quality traits in parents 

Parent Brown rice rate 
(%) 

Milled rice rate 
(%) 

Head milled rice rate 
(%) 

Rate of small broken 
rice (%) 

Z601 81.88  74.24  63.39  0.61  
C14 78.29  67.75  37.83  10.05  

2.2 Population Construction 
The construction of genetic populations were performed in Sanya South Breeding Base of 

Hainan Province and Tianjin Experimental Base in China. In detail, Z601/C14 hybridization was 
conducted in Sanya in March 2009. F1-generation were collected for inbreeding in accordance with 
single seed descent method in Tianjin and Sanya to obtain stable F5-generation. A total of 224 F5 
recombinant inbred lines were obtained for genetic analysis and phenotyping. 

2.3 Traits Analysis 
In May 2011, 224 RILs and parents were planted in the experimental base of China National 

Japonica Rice Research and Development Center in Tianjin. Each line of rice materials was planted 
in a row, by 30 individuals per row, performing with normal field management. At maturity period, 
five individuals of each line were randomly selected and dried for determination of brown rice rate, 
milled rice rate, head milled rice rate and rate of small broken rice successively. 

The collected rice samples were processed using JGJ45 brown rice machine (Hangzhou 
Qianjiang Apparatus & Equipment CO., Ltd.,China) to calculate the brown rice rate. The brown 
rice samples were processed using Pearlest milled rice machine (Japanese KETT Scientific 
Research Institute, Japan) to calculate the milled rice rate. Subsequently, head milled rice and small 
broken rice were distinguished using SC-E seed rice appearance quality detection & analysis system 
(Hangzhou Wansen Detection Science and Technology Co., Ltd.China) to calculate the head milled 
rice rate and rate of small broken rice. Each indicator was determined triplicate and averaged. 
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2.4 Molecular Linkage Map Construction 
In the summer of 2011, rice genomic DNA was extracted from leaves of individual plant of 

parents and various RIL lines in accordance with the method previously reported (Sagi et al. 2009). 
The total PCR reaction volume was 20 μl, containing 3 μl of genomic DNA template (10 ng/μl), 2 
μl of dNTP mix (2.5 μmol/L), 2 μl of 10 × PCR Buffer (25 mmol/L Mg2+), 0.2 μl of Taq DNA 
polymerase (5 U/μl), 2 μl of forward and reverse primers (2 μmol/L) and 10.8 μl of ddH2O. The 
PCR amplification was started with initial denaturation at 94 ℃ for 2 min, followed by 40 cycles of 
denaturation at 94 ℃ for 30 s, annealing at 58 ℃ for 30 s, and extension at 72℃ for 30 s; the 
amplification was completed by holding the reaction mixture at 72℃ for 10 min to allow complete 
extension of PCR products. PCR products were detected by using electrophoresis on 4% agarose 
gel and the amplification results were observed under a UV gel imaging system. 

PCR amplification of parent genomic DNA was preformed to analyze the parental 
polymorphism by using 491 SSR markers and 157 InDel markers which were distributed on all the 
12 chromosomes of rice uniformly. In addition, 73 SSR markers and 7 InDel markers with 
polymorphisms between parents were used for population genotyping. QTLs were named in 
accordance with the method proposed by McCouch (McCouch et al. 1997; McCouch and 
Cooperative 2008). Genetic linkage map was constructed using QTL IciMapping V3.0 software 
(Lander et al. 1987). Various markers were divided into different linkage groups with LOD (log of 
odds) 3.0 as the threshold. The orders of markers in each linkage group were determined, and the 
additive effects of each QTL were calculated. The exchange rate between different markers was 
converted into the genetic distance (cM) using Kosambi function. 

Broad heritability H (%) of various traits = 100 × VG / VP  
Where, VG and VP indicate genotypic variance and phenotypic variance, respectively. 

2.5 Data Analysis 
According to the sequences of experimental primers, positions of primers were investigated 

using Markers and BLAST programs on http://www.gramene.org/. Mapping results of various traits 
were downloaded using QTL program on http://www.gramene.org/ and compared with the 
experimental results in this study (1 cM = 250 kb). Subsequently, the correlation among various 
milling quality traits was analyzed using IBM.SPSS.Statistics.v19.0.0 software. 

3. Results 
3.1 Milling Quality Traits in RIL Populations 

The brown rice rate, milled rice rate, head milled rice rate and rate of small broken rice all 
presented significant continuous distribution with wide distribution range, which exhibited the 
characteristics of quantitative traits and were in line with the requirements of QTL interval mapping 
(Fig.1). The brown rice rate greatly varied between parents Z601 and C14, which reached 81.88% 
and 78.29% respectively, presenting unimodal distribution in populations, and the peak ranged 
between the two parents. The average brown rice rate was 79.98%, and the maximum and minimum 
were 82.48% and 76.83%, respectively. No significant bidirectional transgressive phenomenon was 
observed. The milled rice rate of two parents was 74.24% and 67.75% respectively, which also 
presented unimodal distribution in populations, and the peak ranged between the two parents. The 
average milled rice rate was 71.09%, and the maximum and minimum were 73.78% and 67.37%, 
respectively. No significant bidirectional transgressive phenomenon was observed. The head milled 
rice rate of two parents was 63.39% and 37.83%, respectively. Most lines in the RIL populations 
had similar head milled rice rate to high-value parents and the phenotypic average was 63.66%, 
which was higher than high-value parents. The population distribution was severely biased towards 
high head milled rice rate. The bidirectional transgressive phenomenon of low-value parents was 
less significant than that of high-value parents, and the maximum and minimum were 72.98% and 
33.46%, respectively. The rate of small broken rice of two parents was 0.61% and 10.05%, 
respectively. Most lines in populations had similar rate of small broken rice to low-value parents 
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and the phenotypic average was 0.68%, which was higher than low-value parents. The population 
distribution was severely biased towards low head milled rice rate, and no lines were found with 
higher rate of small broken rice than high-value parents, the maximum and minimum were 4.00% 
and 0.02%, respectively. 

 
Fig.1 Milling quality traits in two parents and RIL populations 

“Triangle” represent the agronomic traits for C14; “Asterisk” represent the agronomic traits for 
Z604. 

Based on the above analysis, the brown rice rate and milled rice rate in progeny of RILs 
population both ranged between two parents, suggesting that the probability of selecting superior 
lines with high brown rice rate and milled rice rate by hybridization separation is low, leading to 
great difficulties in the breeding of superior varieties. However, many hybrid progeny lines have 
higher head milled rice rate and rate of small broken rice than parents, and superior varieties with 
high head milled rice rate and rate of small broken rice can be bred by hybridization, separation and 
selection. 

3.2 Correlation Analysis of Milling Quality Traits in RIL Populations 
According to the statistical results, all the brown rice rate, milled rice rate and head milled rice 

rate exhibited positive correlation significantly. The rate of small broken rice and brown rice rate, 
milled rice rate and head milled rice rate all exhibited negative correlation significantly. Milled rice 
/ brown rice ratio was extremely significantly positively correlated with milled rice rate and head 
milled rice rate, insignificantly negatively correlated with brown rice rate, and extremely 
significantly negatively correlated with rate of small broken rice (Table 2). 

Table 2 Correlation analysis of milling quality traits in RIL populations 

 Brown rice 
rate (%) 

Milled rice 
rate (%) 

Head milled 
rice rate (%) 

Rate of small 
broken rice 

Milled rice rate 0.730**    
Head milled rice rate 0.470** 0.501**   
Small broken rice 
rate -0.412** -0.493** -0.826**  

Milled rice/brown 
rice ratio 

-0.044 0.651** 0.210** -0.263** 

Note:* and ** indicates significant differences at the 0.05 level and 0.01 level, respectively. 
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3.3 Analysis of QTLs Controlling Milling Quality Traits in Rice 
A total of 13 QTLs controlling milling quality traits in rice were detected (Table3, Fig.2), 

including two QTLs controlling brown rice rate, two QTLs controlling milled rice rate, three QTLs 
controlling head milled rice rate and six QTLs controlling rate of small broken rice, which were 
distributed on chromosomes 2, 6, 7, 8 and 12, respectively. 

Table 3 Analysis results of QTLs controlling milling quality traits in rice 

Trait QTL Chromosome Interval LOD 
value 

Contribution 
rate (%) EstA 

BRR qBRR-6-1 6 RM5814-RM3827 3.23  5.90  -0.24  
 qBRR-8-1 8 Ap004623-46-RM264 4.46  8.01  -0.32  

MRR qMRR-6-1 6 RM20724-ap004329-19
011 3.49  7.14  -0.31  

 qMRR-7-1 7 RM5426-RM22109 3.78  18.46  0.94  
HRR qHRR-2-1 2 RM3858-RM4702 10.86  55.64  -7.89  
 qHRR-7-1 7 RM336-AP003742-48 12.60  54.92  -8.02  
 qHRR-12-1 12 RM7102-BX000510-91 4.26  27.80  -9.95  
SBRR qSBRR-2-1 2 RM3858-RM4702 24.40  63.12  0.99  
 qSBRR-6-1 6 RM5754-RM1369 10.41  53.50  1.13  
 qSBRR-7-1 7 RM336-AP003742-48 25.70  62.94  1.00  
 qSBRR-7-2 7 RM5426-RM22109 12.05  65.12  -1.03  
 qSBRR-8-1 8 RM23220-RM547 8.78  44.16  -1.25  
 qSBRR-12-1 12 RM7102-BX000510-91 13.81  53.92  1.14  
Note: BRR:brown rice rate;MRR:milled rice rate;HRR:head milled rice rate;SBRR:small broken 
rice rate 

 
Fig. 2 Distribution of QTLs controlling milling quality traits in rice genome 

QTLs controlling brown rice rate and milled rice rate showed relatively low contribution rate, 
while only the contribution rate of RM5426-RM22109 was higher than 10% and reached to 18.46%, 
and this locus produced great effects on the rate of small broken rice. There were many QTLs that 
controlling head milled rice rate and rate of small broken rice, with contribution rate higher than 50% 
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mostly. Particularly, RM3858-RM4702 and RM336-AP003742-48 had simultaneously great effects 
on head milled rice rate and rate of small broken rice. Therefore, the two loci should be highly used 
to improve the directivity of breeding. 

4. Discussions 
Correlation analysis shows that brown rice rate, milled rice rate, head milled rice rate and rate of 

small broken rice all exhibit positive or negative correlation significantly, which might be related 
with the hardness of the rice grains, and rice materials can be screened based on 1-2 traits in the 
breeding process. The trait milled rice / brown rice ratio can be used to reflect the thickness of 
aleurone layer: higher milled rice / brown rice ratio indicates thinner aleurone layer. Milled rice / 
brown rice ratio is positively correlated with milled rice rate and head milled rice rate significantly, 
suggesting that the milled rice rate and head milled rice rate increase with the reducing thickness of 
aleurone layer. Milled rice / brown rice ratio is negatively correlated with rate of small broken rice 
significantly, suggesting that the amount of small broken rice increases with the reducing thickness 
of aleurone layer. Milled rice / brown rice ratio is negatively correlated with brown rice rate, 
suggesting that the brown rice rate and thickness of rice hull decrease with the reducing thickness of 
aleurone layer. Therefore, in the breeding process, the thickness of aleurone layer and rice hull 
should be coordinated appropriately to achieve high milled rice rate. 

Brown rice rate is an important indicator reflecting the glume thickness of rice grains. Generally, 
higher brown rice rate indicates thinner glume of rice grains. In this study, two QTLs controlling 
brown rice rate were detected on chromosomes 6 and 8, with the contribution rate lower than 10%. 
Eight QTLs controlling brown rice rate on chromosomes 6 and 8 were mapped, but the loci are not 
coincided (Mei et al. 2012). Some other locuses were also mapped on chromosomes 2,3,4,5,6,8,11 
and 12 under different environment using different materials (Jiang et al. 2005; Weng et al. 2007; 
Tan et al. 2001). However, no loci coincided with QTLs detected in this study have been found. 
Therefore, the loci detected in this study may be new QTLs controlling brown rice rate. 

Milled rice rate is an important indicator for determining rice quality. Higher milled rice rate 
indicates better commodity. In this study, two QTLs controlling milled rice rate were detected on 
chromosomes 6 and 7, respectively. Interestingly, the contribution rate of RM5426-RM22109 on 
chromosome 7 reaches 18.46%, and the contribution rate of the other locus is lower than 10%. In 
addition to our results, others milled rice rate locus were detected on chromosome1, 3,4,5,6,7 and 
10, respectively (Tan et al. 2001; Weng et al. 2007; Jiang et al. 2005; Mei et al. 2012).However, no 
loci coincided with QTLs detected in this study have been detected. In particular, RM528–RM340 
on chromosome 6 is basically coincided with RM20724-ap004329-19011 on chromosome 6 that 
was detected in this study, indicating that this locus exists in many materials. Therefore, 
RM5426-RM22109 on chromosome 7 that was scaned may be a new QTL in our study. 

Head milled rice rate is the best indicator reflecting the commodity of rice varieties, which is 
directly related to the economic benefits of rice farmers. Three QTLs controlling head milled rice 
rate were detected on chromosomes 2, 7 and 12, with relatively high contribution rate. Specifically, 
the contribution rate of RM3858-RM4702 on chromosome 2 and RM336-AP003742-48 on 
chromosome 7 is higher than 50%. Up to seventeen QTLs were detected on chromosomes 
1,2,3,5,6,7,8,9,10 and 12 respectively (Tan et al. 2001; Weng et al. 2007; Jiang et al. 2005; Mei et al. 
2012). The density of the QTLs on each chromosomes is different. However, no loci coincided with 
QTLs detected in this study have been detected. In our research, G1340-XNbp132 on chromosome 
2 is slightly coincided with RM3858-RM4702 on chromosome 2 that was detected. 

Rate of small broken rice is an unspecified indicator in the national standards, which has not 
been studied previously. However, small broken rice gradually reflects the commercial value in the 
current rice production. In the present study, six QTLs controlling rate of small broken rice were 
detected on chromosomes 2, 6, 7, 8 and 12, and the contribution rate of most QTLs is higher than 
50%. So it is meaningful to pay some attention in the rate of small broken rice research to improve 
the quality of rice 

Many of these detected QTLs simultaneously control different traits. RM5426-RM22109 on 
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chromosome 7 not only controls the milled rice rate but also has high contribution rate to rate of 
small broken rice. The contribution rate of RM3858-RM4702 on chromosome 2 and 
RM336-AP003742-48 on chromosome 7 to head milled rice rate and rate of small broken rice is 
higher than 50%. The contribution rate of RM7102-BX000510-91 on chromosome 12 to head 
milled rice rate is lower than 50%, but its contribution rate to rate of small broken rice is higher than 
50%. These would facilite the detection of milling quality in low-generation materials. 

Acknowledgements  
This work was supported by grants from the National College Students Innovation and 

Entrepreneurship Training Program(201810061041), Tianjin Science and Technology Development 
Plan Project（18ZXBFNC00300）, Tianjin Agricultural Technology Demonstration and Promotion 
Project（201903040）and National 863 Project "Creation and Application of Highly Dominant 
Japonica Rice Hybrids" (2011AA10A101).  

References 
[1] Birla DS, Malik K, Sainger M, Chaudhary D, Jaiwal R, Jaiwal PK (2015) Progress and 
Challenges in Improving the Nutritional Quality of Rice (Oryza sativa L.). Crit Rev Food Sci Nutr:0. 
doi:10.1080/10408398.2015.1084992 
[2] Cha YS, Ji H, Yun DW, Ahn BO, Lee MC, Suh SC, Lee CS, Ahn EK, Jeon YH, Jin ID, Sohn 
JK, Koh HJ, Eun MY (2008) Fine mapping of the rice Bph1 gene, which confers resistance to the 
brown planthopper (Nilaparvata lugens stal), and development of STS markers for marker-assisted 
selection. Mol Cells 26 (2):146-151 
[3] Huang Y, Sun C, Min J, Chen Y, Tong C, Bao J (2015) Association Mapping of Quantitative 
Trait Loci for Mineral Element Contents in Whole Grain Rice (Oryza sativa L.). J Agric Food 
Chem 63 (50):10885-10892. doi:10.1021/acs.jafc.5b04932 
[4] Jiang GH, Hong XY, Xu CG, Li XH, He YQ (2005) Identification of quantitative trait loci for 
grain appearance and milling quality using a doubled-haploid rice population. Journal of Integrative 
Plant Biology 47 (11):1391-1403 
[5] Kim DM, Lee HS, Kwon SJ, Fabreag ME, Kang JW, Yun YT, Chung CT, Ahn SN (2014) 
High-density mapping of quantitative trait loci for grain-weight and spikelet number in rice. Rice 7 
(1):14. doi:10.1186/s12284-014-0014-5 
[6] Lander ES, Green P, Abrahamson J, Barlow A, Daly MJ, Lincoln SE, Newberg LA (1987) 
MAPMAKER: an interactive computer package for constructing primary genetic linkage maps of 
experimental and natural populations. Genomics 1 (2):174-181 
[7] McCouch SR, Cho YG, Yano M, Paul E, Blinstrub M, Morishima H, Kinoshita T (1997) Report 
on QTL nomenclature. Rice Genet Newsl 14 (11):11-13 
[8] McCouch SR, Cooperative RG (2008) Gene Nomenclature System for Rice. Rice 1 (1):72-84 
[9] Mei DY, Zhu YJ, Fan YY (2012) Mapping QTL for rice milling and appearance quality traits in 
indica rice. Yi Chuan 34 (12):1591-1598 
[10] Mei HW, Luo LJ, Guo LB, Wang YP, Yu XQ, Ying CS, Li ZK (2002) Molecular mapping of 
QTLs for rice milling yield traits. Yi Chuan Xue Bao 29 (9):791-797 
[11] Sagi N, Monma K, Ibe A, Kamata K (2009) Comparative evaluation of three different 
extraction methods for rice (Oryza sativa L.) genomic DNA. J Agric Food Chem 57 (7):2745-2753. 
doi:10.1021/jf803473q 
[12] Sardesai N, Kumar A, Rajyashri R, Nair S, Mohan M (2002) Identification and mapping of an 
AFLP marker linked to Gm7, a gall midge resistance gene and its conversion to a SCAR marker for 

252



 

its utility in marker aided selection in rice. Theor Appl Genet 105 (5):691-698. 
doi:10.1007/s00122-002-1035-9 
[13] Septiningsih EM, Prasetiyono J, Lubis E, Tai TH, Tjubaryat T, Moeljopawiro S, McCouch SR 
(2003) Identification of quantitative trait loci for yield and yield components in an advanced 
backcross population derived from the Oryza sativa variety IR64 and the wild relative O. rufipogon. 
Theor Appl Genet 107 (8):1419-1432. doi:10.1007/s00122-003-1373-2 
[14] Singh SP, Sundaram RM, Biradar SK, Ahmed MI, Viraktamath BC, Siddiq EA (2006) 
Identification of simple sequence repeat markers for utilizing wide-compatibility genes in 
inter-subspecific hybrids in rice (Oryza sativa L.). Theor Appl Genet 113 (3):509-517. 
doi:10.1007/s00122-006-0316-0 
[15] Takai T, Fukuta Y, Shiraiwa T, Horie T (2005) Time-related mapping of quantitative trait loci 
controlling grain-filling in rice (Oryza sativa L.). J Exp Bot 56 (418):2107-2118. 
doi:10.1093/jxb/eri209 
[16] Tan YF, Sun M, Xing YZ, Hua JP, Sun XL, Zhang QF, Corke H (2001) Mapping quantitative 
trait loci for milling quality, protein content and color characteristics of rice using a recombinant 
inbred line population derived from an elite rice hybrid. Theor Appl Genet 103 (6):1037-1045 
[17] Weng JF, Wan XY, Guo T, Jiang L, Zhai HQ, Wan JM (2007) Stability Analysis of QTL for 
Milling Quality of Rice (Oryza stativa L.) Using CSSL Population. Scientia Agricultura Sinica 10 
(004) 
[18] Yu H, Xie W, Li J, Zhou F, Zhang Q (2014) A whole-genome SNP array (RICE6K) for 
genomic breeding in rice. Plant Biotechnol J 12 (1):28-37. doi:10.1111/pbi.12113 
[19] Zhang M, Pinson SR, Tarpley L, Huang XY, Lahner B, Yakubova E, Baxter I, Guerinot ML, 
Salt DE (2014) Mapping and validation of quantitative trait loci associated with concentrations of 
16 elements in unmilled rice grain. Theor Appl Genet 127 (1):137-165. 
doi:10.1007/s00122-013-2207-5 
 
 

253




