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Abstract: Inadequate consumption of trace elements leads to metabolic disorders and the appearance whole range of diseases. First of 

all, these are diseases of the cardiovascular system, diabetes, and oncological diseases [14], [24]. Black and red grain rice is one of the 

most promising sources of antioxidants and microelements (from 5 to 20 times more than in white grain varieties). Due to these 

properties, black rice is recognized as the “Super Food of the 21st Century”[16],[18]. These elements and their compounds provide 

cancer prevention, reduce the risk of cardiovascular disease, atherosclerosis, type 2 diabetes, increase immunity, improve the synthesis 

of visual pigments, activate metabolic processes, etc.[26],[29]. It was established that intraspecific diversity by traits observed at the 

phenotypic level is associated both with structural and regulatory genes [15]. Data on the genetic regulation of the synthesis of 

substances that increase the nutritional value of grain (micro and macroelements, etc.) will intensify rice breeding in order to create 

varieties for the production of functional foods. The polymorphism Russian rice varieties was revealed by markers determining the 

nutritional value of rice, up to eight alleles per locus. Polymorphism was detected in genes linked to the content of signs: iron, zinc, 

magnesium, manganese, cobalt, calcium, phosphorus, potassium. To increase the efficiency of sampling by feature, four multiplex 

complexes were formed that control 11 loci that determine the content of micro and macro elements in rice samples. The first controls  

genes that determine  content of Mn, Ca on chromosome 3 and Zn on the eighth chromosome. The second two genes that determine the 

iron content (on chromosomes 6 and 8) and manganese on the tenth chromosome. The third reveals polymorphism at the loci that 

determine the content of Zn, P, K on 5, 6, 8 chromosomes. The fourth multiplex complex allows us to assess the variability of two loci 

on the eighth and fifth chromosome. 
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1. Introduction 
 

Microelements are responsible for the formation of 

the central nervous and cardiovascular systems, increase the 

efficiency of the body's immune system, and reduce the 

number of most common intrauterine abnormalities [17], 

[24]. Only 4% of people did not show any disorders in 

mineral metabolism, which are the root cause or indicator of 

many known diseases [6]. The use of trace elements in 

clinical medicine is still limited. Thus, in the treatment of 

certain types of anemia, iron, cobalt, copper, and manganese 

preparations are used [5], [28], [30]. Some of macro- and 

microelements contained in food products have antitumor 

activity: selenium, germanium, potassium, calcium, 

magnesium, manganese, molybdenum, copper, zinc [27]. 
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The development of cereal biofortification (especially rice 

rich in minerals) remains an effective means of combating 

malnutrition, especially since a significant decrease in the 

content of trace elements in varieties of vegetables and fruits 

created in recent years has been revealed [2]. Rice grains are 

important sources of trace elements such as iron (Fe), zinc 

(Zn), manganese (Mn), copper (Cu) and selenium (Se). The 

accumulation of micronutrients in the caryopsis (AMK) 

refers to traits controlled by quantitative loci (QTL). The 

range of variation this trait  in crushed grains 700 rice 

samples was : Fe from 0.9 to 9.1 ppm (average value of 2.4); 

Zn from 5.8 to 29.6 ppm (16.4); Cd 0.002 to 0.054 ppm 

(0.009); Mn from 3.6 to 22.0 ppm (with an average value of 

9.7), Cu from 0.8 to 7.5 ppm (with an average value of 3.2 

ppm), Se from 0.01 up to 0.11 ppm (with an average value of 

0.04 ppm). Most of the samples of the japonica subspecies 

have a higher content of Zn and Cu, but lower concentrations 

of Cd. For the remaining three characters, the distribution of 

phenotypic values between two subspecies noticeably 

overlaps, especially in the concentration of Se. The influence 

of many factors, including various environmental conditions, 

soils, on the values of this traits has been established. 38 

alleles (47.5%) of 80 loci increased the signs of AMK, 42 

(52.5%) decreased [21], [33].  

  

Statistical values of the QTL effects for the AMK  in 

polished grains are  much lower compared to the QTLs 

found for the trait in husked rice grains [25],  [34]. Donors 

and sources of increased trace elements in rice samples were 

identified: Fe more than 20 ppm (Annada, Nagina 22, 

Svarna, Varsha, Aghonobora), Zn more than 20 ppm 

(Nagina 22, Honduras, Annada, Lalat, Ratna, Tanu, Svarna, 

Pitchavari [3]. The genetic mechanism underlying the 

accumulation of minerals in the caryopsis  remains largely 

unknown. QTL studies were carried out with various 

populations of rice: recombinant inbred and double haploid 

lines, groups of varieties contrasting in character (Lu et al., 

2008). The use for this purpose of populations contrasting to  

this traits can significantly reduce the complexity of the 

study, but allows reveal  only loci with significant 

contributions to the phenotypic manifestation of  trait [8]. 
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QTLs that determine trait AMK are grouped in 

chromosomes 2, 3, 4, 6, 7, and 11. In particular, there are 

three QTL regions that control the concentration of Cd in 

rice grains on chromosomes 4, 7, and 11, including one on 

chromosome 7 was found to be responsible for the formation 

of a trait in four different works. The gene was identified as 

OsNramp1; it is responsible for their accumulation in the 

aleurone layer, and not in the endosperm, which makes up 

the majority of the ground grain [4], [36]. Other genes 

identified as loci associated with the accumulation of trace 

elements were cloned, such as OsVIT and OsNAS for Fe, 

OsLCT1, and OsHMA3 for Cd, OsNramp5 and OsHMA4 

for Mn [18]. Currently, several molecular biologists are 

attempting to improve the AMK  of rice grains using 

endosperm-specific promoters [36]. 

 

In China, 698 collection samples, two subspecies indica and 

japonica, were studied to identify quantitative trait loci 

(QTL) associated with the accumulation of Fe, Zn, Cu, Mn, 

Mg, and Se. In total, 47 QTL regions were found in the 

genome, including 18 loci and 29 clusters (spanning 62 loci) 

responsible for formation trait in rice grain. It was found that 

10 chromosomal regions associated with  formation of trait 

(when studying contrasting varieties) are located in same 

regions where QTLs were previously detected when  used 

for this purpose mapping populations [1], [11], [20]. In eight 

candidate genes in these regions, were identified on 

chromosomes 1, 4, 6, 7. A total of 192 candidate genes were 

isolated for further analysis using polymorphism of a million 

single nucleotide loci (SNPs) [37]. 37 genes (19.3%) showed 

a reliable association between QTL and trait variation in 

haplotypes by pairwise comparison. The phenotypic values 

of the haplotype traits of each candidate gene have been 

established. Both candidate QTL genes (qFe6-2 and qZn7) 

and genes that determine the main contribution to the 

formation of AMK  traits (Fe, Zn, and Cd) were identified 

[32]. 

       

In studies where specialized populations were used to map 

the QTL  for these loci, for example, backcrossed inbred 

lines (BILs) obtained from crosses between donor and elite 

varieties, the genetic background and genotype-environment 

interactions were evaluated [19],[22], [23] . 

 

12 loci that determine the iron content in rice samples were 

identified: three loci are located on the first chromosome: 

qFe.1 - flanking markers RM259-RM243, qFe1.1 (RM243-

RM488), qFe1.2 (RM488-RM490) [13], [21]. The genes 

associated with the iron content on the second chromosome 

qFe2-1, qFe.2 have been reported in several studies; they are 

located in the regions where the markers RM6641, RM53-

RM300, and RM 452 are localized [4], [12], [35]. There are 

also 3 loci located on the twelfth chromosome that define the 

trait qFe.12, qFe12.1, qFe12.2; they are flanked by markers 

RM270-RM17, RM17-RM260, RM260-RM7102, 

respectively [1]. There are also reports of QTL defining trait 

on 5 (RM574 - RM122), 8 (RM137 - RM325A) and 11 

chromosomes (RZ536 - TEL3) [12].  The zinc content in 

rice samples is determined by six loci on chromosomes 1 

(RM34 - RM237), 3 (RM7 - RM517), 5 (RM421), 6 (RZ398 

- RM204) and 12 (2 loci) (RM235 - RM17, RM260 - 

RM7102) [12], [13], [35]. 4 chromosome regions are 

responsible for the magnesium content: on 3 (in the region 

where the SSR marker RM5488 is located), 6 (OSR 21), 10 

(RM467), 11 (RM332) chromosomes [1], [4], [35]. The 

manganese content in rice samples is determined by four 

loci: on 1 (RM243-RM312), 2 (RM6367), 3 (RM227-

R1925), 7 RM214 chromosomes [4], [13], [35]. The 

phosphorus content is controlled by the polymorphism of 

two chromosome regions on the first and ninth chromosome 

in the regions where the markers RM 212 and RM 201 are 

located [4], [10].  Polymorphism of six chromosome regions 

is associated with copper content: on 2 (RM6378), 3 (R1925 

- RM148), 5 (C1447 - RM31), 6 (RM204), 8 (RM201-

C472), 11 (RM167) chromosomes [4], [13], [35]. Four loci 

determined the calcium content on 1 (RM6480), 3 (2 loci) 

(RM200 - RM227, RM5626 - RM16) and 5 chromosomes 

(RM598) [4], [7], [13].  

 

2. Materials and methods 
 

As material for research, we used 32  zoned and promising 

Russian rice varieties   from the collection of the All-Russian 

Rice Research Institute: Khankaysky, Sadko, Primorsky, 

Liman, Garant, Pavlovsky, Rapan, Novator, Serpentin, 

Boyarin, Regul, Yantar, Zhemchug, Leader, Khazar, 

Amethyst, Narcissus, Druzhniy, Sprint, Viola, 

Dalnevostochniy, Fountain, Kasun, Jupiter, Atlant, 

Kurchanka, Phakel, Snezhinka, Charm, Anait, Flagman, 

Izumrud. Among them were varieties of various quality: 

short-grain, medium-grain, large-grain, long-grain, with 

various culinary and technological properties. The 

polymorphism of these varieties was studied using 13 

markers distributed over 7 rice chromosomes: 1, 2, 3, 5, 6, 8, 

10 (Table 1). We used markers associated with loci that 

control the content of microelements, nutritional value, 

culinary characteristics of rice grain. 

 

Rice DNA was isolated from  seedlings and leaves using the 

STAB method in various modifications. The polymerase 

chain reaction (PCR) and visualization of amplification 

products were performed according to the methodology of 

the International Rice Research  Institute . 

 

PCR parameters used in this experiment: 5 minutes at 94 ° C 

- initial denaturation, the following 35 cycles: 1 minute - 

denaturation at 94 ° C, 1 minute - annealing of primers at 55 

° C, 2 minutes - synthesis at 72 ° C; its last cycle is 7 minutes 

at 72 ° C. The PCR mixture included 40 ng DNA (2 μl), 1 μl 

(1 mm) deoxynucleotide triphosphates (dNTPs); 3.7 μl H2O; 

1 μl of buffer solution, 0.5 μl (5 μM) of each primer, 1 μl 

(1.5 units) of Taq polymerase, in a total volume of 10 μl. 

The amplification products were separated by 

polyacrylamide gel electrophoresis at a voltage of 100 V. 

3. Results 
 

Study of Russian varieties using SSR markers distributed 

over the rice genome showed polymorphism in many of them 

(Table 1). In the table we also give other markers located in 

this chromosomal region, linked to loci that determine the 

content of trace elements and  quality trait  in rice samples. 

They are located no further than 20 cm from the gene of 
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interest, and their polymorphism may also be associated with 

such  trait. 

 

Table 1: Polymorphism of Russian varieties detected by 

SSR markers located in the chromosome region, which 

determines the content of microelements and nutritional 

value of rice samples. 

Polymorphic 

markers for 

the Russian 

rice varieties 

Chromo

some 

(amount 

alleles) 

Other markers in 

this chromosome 

region, in 

parentheses the 

location of the 

marker on 

chromosome (сМ) 

Traits defined locus, 

in this chromosome 

RM13 5 (3) 

RM437, 

RM42, RM3777, 

RM1024, RM13,  

RM435, RM188, 

RM421 (4; 8; 13; 

15; 20; 38; 61, 85) 

Quality trait, 

nourishing value. 

Fe, Cu, 

Zn, Ca 

(Mahender et al., 

2016) 

RM 25 8 (2) 

RM339,  RM210; 

RM25; RM5556; 

RM310, RM3572 

Zn, phosphorus, 

calcium. 

Fe, Cu  (Kaiyang et 

al, 2008) 

RM 30 6 (2) 

RM30, OSR21, 

RM162,RM62 

(204; 178; 156; 118 

сМ) 

Quality trait, 

nourishing value, 

culinary properties. 

Fe, Cu, Zn, Mg 

(Garcia-Oliveira et 

al., 2008). 

RM 53 2 (3) 

RM236, RM424, 

RM555,RM53, 

RM183, RM44, 

RM521 (19; 23,4; 

31,2; 31,9; 42,4; 

44,4;45,8; 73,5) 

Fe, protein content, 

Cu, Mn (Lee et al., 

2014) 

RM 126 8 (2) 

RM38, RM126, 

RM210,RM 80, 

RM38 (19,9; 21; 

21; 22,7;  34,9 сM) 

Nutritional value, 

flavor (James et al., 

2007; 

Zhong et al, 2011). 

RM 162 6 (8) 

RM30, 

RM162,RM62 

(204; 156;118 сМ) 

Nutritional value, 

culinary 

characteristics 

(Garcia-Oliveira et 

al., 2008) 

RM 227 3 (2) 
RM200,RM227;R

M1925;RM148 

Mn, Ca; Cu, Zn, Mg 

(Kaiyang et al., 

2008). 

RM 256 6 (1) 

RM3; RM241; 

RM253,RM256, 

RM190, RM204, 

RM217, RM225, 

RM241 (2; 4; 6; 6; 

10; 14; 20,5; 26,5) 

Nutritional value, 

culinary 

characteristics (Yun 

et al., 2014; Yu et 

al. (2009) 

RM 258 10 (3) 

RM184; RM271; 

RM258; RM171,  

RM228; RM229 

(26; 37,5; 54; 73; 

96,3 ;100) 

Ca, nutritional 

value, culinary 

characteristic, 

Mg (Guerinot, Salt, 

2014) 

RM 259 1 (5) 

RM431, RM337, 

RM490, RM259, 

RM323, RM495, 

RM753 (0,1; 1,1; 

2;5; 6,2;8;16,7 сМ) 

Fe, nutritional 

value, culinary 

characteristics 

Ca, Zn, Mn, Co, K, 

P (Garcia-Oliveira 

et al., 2008) (Zhang 

et al., 2014) 

RM 440 8 (3) RM3155, RM149, Zn,P,K (Mahender, 

RM515 et al., 2014) 

RM 574 5 (3) RM 574(41-60 сM) 

Fe, content of Cu, 

Zn, Ca (Zhang et 

al., 2014) 

RM 590 10 (2) RM333 

Mn, nutritional 

value (Mahender et 

al., 2014) 

 

The markers used in this work are located on seven 

chromosomes: 1, 2, 3, 5 (two loci), 6 and 8 (three loci), 10 

(two loci), on which the maximum number of loci 

determining the nutritional value of rice is localized. 

Markers located on the above chromosomes allow 

controlling polymorphism by a complex of loci associated 

with the formation of a number of traits that determine the 

content of micro and macro elements in rice grains, 

including the accumulation of iron, magnesium, manganese, 

zinc, cobalt, calcium, phosphorus, and potassium. The 

studied markers make it possible to control the 

polymorphism of 3 loci associated with the formation of the 

trait “iron content” on 1, 2, 5, chromosomes. The distance to 

the gene of interest is less than 20 cm, the use of 2 flanking 

markers reduces the likelihood of a false positive conclusion.  

 

To select a flanking marker, in the table we shows a number 

of markers that are also linked to the signs that determine the 

nutritional value in this region, the distance from which to 

the studied marker does not exceed or does not significantly 

exceed 20 cm. The ability to select a flanking marker allows  

simultaneously control several quality traits. The maximum 

number of alleles (five) associated with the formation of the 

trait “iron content” was noted using the marker RM 259 

located on the first chromosome. Markers RM 227 and RM 

590 located respectively on the third and tenth chromosomes 

allow controlling the trait “manganese content”. The 

polymorphism of two loci, but associated with the zinc 

content, is controlled by markers RM 25 and RM 440 

located on the eighth chromosome. The remaining markers 

reveal polymorphism at the loci that determine the 

nutritional value, but in the region of their localization there 

are genes that determine a number of quality traits, and in 

each case, research is necessary to identify a microelement 

with different contents of which associated locus 

polymorphism. 

 

To reduce the complexity samples evaluating  on base of 

differences in sizes of amplification products and melting 

temperatures, we formed 4 multiplex complexes, three of 

which allow us to simultaneously assess polymorphism of 

some loci (Table 2). 

4. Conclusions 
 

Thus, we revealed polymorphism of Russian rice varieties by 

markers that determine the nutritional value, up to eight 

alleles per locus. Polymorphism was detected in loci linked  

with trait content of: iron, zinc, magnesium, manganese, 

cobalt, calcium, phosphorus, potassium. The presence of 

several alleles associated with quality traits revealed in the 

selection material allows efficient selection to increase the 

nutritional value of   studied rice varieties. To increase the 

efficiency of sampling by feature, four multiplex complexes 
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were formed. It control 11 loci that determine the content of 

micro and macro elements in Russian rice samples. The first 

controls the genes that determine the content of Mn, Ca on 

chromosome 3 and Zn on the eighth chromosome. The 

second multiplex complexes controls two genes that 

determine the content of iron (on chromosomes 6 and 8) and 

manganese on the tenth chromosome. The third helps to 

identify polymorphism at the loci that determine the content 

of Zn, P, K and other signs that determine the nutritional 

value on the 5, 6, 8 chromosomes. The fourth multiplex 

complex allows us to assess the variability of two loci on the 

eighth and fifth chromosome. 

 

Table 2: Multiplex complexes for assessing the 

polymorphism of loci that determine the nutritional value of 

rice samples 
Marker 

(chromosome) 

Melting 

point, С0 

Amplification 

product size, b.p. 
Locus determined 

Multiplex complex 1 

RM 227 (3) 55 106 Mn, Ca 

RM 25 (8) 55 146 Zn 

RM  126 ( 8) 55 172 nutritional value 

Multiplex complex 2 

RM 590 (10) 55 137 Mn 

RM  259 ( 8) 55 162 Fe 

RM 53(6) 55 182 Fe 

Multiplex complex 3 

RM 30 (6) 55 105 nutritional value 

RM 13 (5) 55 141 nutritional value 

RM 440 (8) 55 169 Zn , P, K 

Multiplex complex 4 

RM 256 (8) 55 127 nutritional value 

RM 574 (5) 55 155 Fe 

 

References 
 

[1] K. Anuradha, S. Agarwal, Y.V. Rao, K. Rao, B. 

Viraktamath, N. Sarla, “Mapping QTLs and candidate 

genes for iron and zinc concentrations in unpolished 

rice of Madhukar,”. Swarna RILs. Gene, 508(2), pp. 

233–240, 2012. 

[2] Yu.V. Fotev, V.F. Pivovarov, A.M. Artemyeva, I.M. 

Kulikov, Yu.K. Goncharova, A.I. Syso, N.P. 

Goncharov, “The concept of creating the Russian 

national functional food system,” Vavilovsky Journal 

of Genetics and Breeding, 22 (7), pp. 776-783. DOI 

10.18699 / VJ18.421, 2018. 

[3] N.K. Gande, P.J. Kundur, R. Soman, R. Ambati, R. 

Ashwathanarayana, B.D. Bekele, H.E Shashidhar., 

“Identification of putative candidate gene markers for 

grain zinc content using recombinant inbred lines (RIL) 

population of IRRI 38 X Jeerigesanna,” Afr J 

Biotechnol, 13(5) pp. 657–663, 2014. 

[4] [4] A.L. Garcia-Oliveira, L. Tan, Y. Fu, C. Sun., 

(2008). “Genetic identification of quantitative trait loci 

for contents of mineral nutrients in rice grain,” Journal 

of Integrative Plant Biology, 51 (1) pp. 84–92, 2009. 

[5] [5] M. Ghayour-Mobarham, A. Taylor, S.A. New, D.J 

Lamb., G.A. Ferns, “Determination of serum copper, 

zink and selenium in healthy subjects,” Ann. Clin. 

Biochem, 42(5) pp. 365-375, 2005. 

[6] [6] I.V. Gmoshinsky, S.N. Zorin, M. Bayarzhargal, 

A.M. Safronova, E.A. Martynova, N.M. Shilina, M.V. 

Gmoshinskaya, V.K. Mazo, “Receiving, assessing the 

quality and safety of new food sources of essential 

trace elements,” Trace Elements in Medicine, 8 (1) pp. 

21–23, 2007. 

[7] [7] Yu. K. Goncharova, “Molecular labeling in plant 

breeding on the example of rice,” "Rusains". 2018. [Online] 

available: https://ru-science.com/ru.  

[8] [8] Yu.K. Goncharova, E.M. Kharitonov, “Genetic 

control of traits associated with the absorption of 

phosphorus in rice varieties (Oryza sativa L.),” 

Vavilovsky Journal of Genetics and Breeding, 19 (2) 

pp. 47-54, 2015. 

[9] [9] Yu.K. Goncharova, E.M. Kharitonov, Ye.A., 

Malyuchenko N.Yu. Bushman, “Molecular marking of 

signs that determine the quality of grain in Russian rice 

varieties,” Vavilovsky Journal of Genetics and 

Breeding, 22 (1) pp. 79-87, 2018. 

[10] [10] Yu.K. Goncharova, E.M. Kharitonov V.A. Sheleg, 

“Molecular markers of genes that determine the 

effectiveness of mineral nutrition in rice (Oryza sativa 

L.),” a mini-review, Journal of Agricultural biology, 52 

(3) pp. 515-525, 2017. 

[11] [11] M.L. Guerinot, D.E. Salt, “Mapping and 

validation of quantitative trait loci associated with 

concentrations of 16 elements in unmilled rice grain,” 

Journal Theor Appl. Genet, 127 pp. 137–165, 2014. 

[12] [12] C.R. James, B.L. Huynh, R.M. Welch, E.Y. Choi, 

R.D. Graham, “Quantitative trait loci for phytate in rice 

grain and their relationship with grain micronutrient 

content,” Euphytica, 154(3) pp. 289–294. 2007. 

[13] [13] L. Kaiyang, L. Lanzhi, Z. Xingfei, Z. Zhihong, M. 

Tongmin, Z. Hu, “Quantitative trait loci controlling Cu, 

Ca, Zn, Mn and Fe content in rice grains,” J Genet, 

87(3) pp. 305–310, 2008. 

[14] [14] A.D. Kaprin, V.V. Starinsky, G.V. Petrova, “State 

of Oncological Assistance to the Population of Russia 

in 2016,” M.: Moscow them. P.A. Herzen - branch of 

the Federal State Institution "NMIRTS" of the Ministry 

of Health of Russia, 2017.  

[15] [15] E.K. Khlestkina, O.Yu. Shoeva, E.I. Gordeeva, 

“Genes of wheat flavonoid biosynthesis. Vavilovsky,” 

Journal of Genetics and Breeding, 18 (4/1) pp. 784-

796. 2014. 

[16] U.K. Kushwaha, Black Rice Springer International 

Publishing Switzerland, International Publishing AG 

Switzerland, 2016. 

[17] G.H. Lee, B.W. Yun, K.M. Kim, “Analysis of QTLs 

associated with the rice quality related gene by double 

haploid populations. Int J Genomics Article,” 2014. 

[18] S. Lee, U.S. Jeon, S.J. Lee, Y.K. Kim, D.P. Persson, S. 

Husted, J.K. Schjorring, Y. Kakei, H. Masuda, N.K. 

Nishizawa, G.Ana, “Iron fortification of rice seeds 

through activation of the nicotianamine synthase gene,” 

Proc. Natl. Acad. Sci USA. 106 pp. 22014–22019, 

2009. 

[19] J. Lou, L. Chen, G. Yue, Q. Lou, H. Mei, L. Xiong, L. 

Luo, “QTL mapping of grain quality traits in rice,” J 

Cereal Sci 50 pp. 145–151, 2009. 

[20] K. Lu, L. Li, X. Zheng, Z. Zhang, T. Mou, Z. Hu, 

“Quantitative trait loci controlling Cu, Ca, Zn, Mn and 

Fe content in rice grains,” J Genet, 87:305–310, 2008.  

Paper ID: ART20202090 10.21275/ART20202090 1334 



International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

ResearchGate Impact Factor (2018): 0.28 | SJIF (2018): 7.426 

Volume 8 Issue 10, October 2019 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

[21] A. Mahender, A. Anandan,  S. Kumar, P. Pandit, E. 

Pandit, “Rice grain nutritional traits and their 

enhancement using relevant genes and QTLs through 

advanced approaches Springer Plus,” 5:2086, 2016. 

[22] V.G. Maymulov, S.V. Nagorny, A.V. Shabrov, 

“Fundamentals of system analysis in environmental 

hygienic studies,” St. Petersburg: GMA them. I.I. 

Mechnikova, pp. 5-13, 2007. 

[23] B. Peng, L. Wang, C. Fan, G. Jiang, L. Luo, Y. Li, Y. 

He, “Comparative mapping of chalkiness components 

in rice using five populations across two 

environments,” BMC Genet, pp. 15-49, 2014. 

[24] C.S. Pilkerton, S.S. Singh, T.K. Bias, et al, “Changes 

in Cardiovascular Health in the United States, 2003-

2011”, American Heart Association, 4 pp. 38-42, 2015. 

[25] V. Ravindra Babu, “Importance and advantages of rice 

biofortification with iron and zinc,” An Open Access 

Journal published by ICRISAT. SAT, 11 pp. 1–6, 

2013. 

[26] A.V Skalny., “The prevalence of trace elements in 

children in different regions of Russia,” Geochemical 

ecology and biogeochemical zoning of the biosphere,” 

Mater All-Russian school. Moscow, pp. 209-211, 

2000. 

[27] A.V. Skalny., B.V. Bykov, “Ecological and 

physiological aspects of the use of macro-and 

micronutrients in regenerative medicine,” RICK GOU 

OSU. Orenburg, 2003. 

[28] D.V. Turchaninov, Yu.V. Erofeev, E.A. Wilms, T.A. 

Baranova, “The trace element status of vegetarians - 

residents of a large industrial center of Western 

Siberia,” Trace elements in medicine, 8 (1) pp. 41–42, 

2007. 

[29] V.A. Tutelyan, “Correction of microutrient deficiency 

is the most important aspect of the concept of healthy 

nutrition of the population of Russia,” Vopr. Nutrition, 

1 pp. 3-11, 1999. 

[30] C.T. Wang, W.T. Chang, W.F. Zeng, C.H. Lin, 

“Concentration of calcium, copper, iron, magnesium, 

potassium, sodium and zinc in adult female hair with 

different body mass indexes in Taiwan,” Clin. Chem. 

Lab. Med, 43(4) pp. 389-393, 2005.  

[31] L. Wang, M. Zhong, X. Li, D. Yuan, Y. Xu, H. Liu, Y. 

He, L. Luo, Q. Zhang, “The QTL controlling amino 

acid content in grains of rice (Oryza sativa L.) are co-

localized with the regions involved in the amino acid 

metabolism pathway,” Mol Breed, 21 pp. 127–137, 

2008. 

[32] X. Xu, G. Bai, “Whole-genome resequencing: 

changing the paradigms of SNP detection, molecular 

mapping and gene discovery,” Mol Breed, 35:33. pp. 

3-11, 2015. 

[33] G. Yongmei, M. Ping, L. Jiafu, L. Yixuan, L. Zichao, 

“QTL mapping and Q X E interactions of grain 

cooking and nutrient qualities in rice under upland and 

lowland environments,” Acta Genet Sin, 34 pp. 420–

428, 2007. 

[34] Yu Y.H., Li G., Fan Y.Y., Zhang K.Q., Min J., Zhu 

Z.W., Zhuang J.Y., (2009) Genetic relationship 

between grain yield and the contents of protein and fat 

in a recombinant inbred population of rice. J Cereal 

Sci, 50(1):121–125. 

[35] M. Zhang, S.M. Pinson, L. Tarpley, X.Y. Huang, B. 

Lahner, E. Yakubova, et al “Mapping and validation of 

quantitative trait loci associated with concentrations of 

16 elements in unmilled rice grain,” Theor Appl Genet 

127 pp. 137–165, 2014. 

[36] L. Zheng, Z. Cheng, C. Ai, X. Jiang, et al 

“Nicotianamine, a novel enhancer of rice iron 

bioavailability to humans,” 5(4):10190б 2010. 

[37] M. Zhong, L. Wang, J. Yuan, L. Luo, C. Xu, Y.Q. He, 

“Identification of QTL affecting protein and amino 

acid contents in rice,” Rice Sci. 18(3) pp. 187–195, 

2011. 

 

Author Profile 
 

Goncharova Yulia in 1990 finished Biology Department of Kuban 

State University. 1996 got Ph. D in All Russian Rice Research 

Institute (Speciality-Plant Breeding and Seed Production). 2015 

got Dr. Sci (Biol.) in Kuban State Agricultural University. Subject 

- “Genetic bases of increasing of rice productivity» 

 

Goncharov Sergey in 1985 finished Biology Department of  

Kuban State University. 1992 got Ph. D  in All Russian Rice 

Research Institute. (Speciality-Plant Breeding and Seed 

Production). 2005 got Dr. Sci (Biol.) Speciality-Plant Breeding and 

Seed Production). Now professor of Kuban State Agrarian 

University. 

 

Bagina Olesya graduated in 2008 Kuban State University Biology 

Department, speciality – Agronomy. In 2015 she defended her 

thesis in Biology (Speciality-Plant Breeding and Seed Production). 

 

Paper ID: ART20202090 10.21275/ART20202090 1335 

https://doi.org/10.1016/S1672-6308(11)60026-7



