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ABSTRACT: Rice with significant mineral content would be great advantage to half of the world population. Identification of
mineral enhancing genomic regions in rice could help to further increase the content of iron / zinc or both in grain. Considering
the advantages of BPT 5204 and Chittimutyalu, RIL (Recombinant Inbreed Line) population (300) was developed and grain
iron and zinc content (brown and polished) was estimated in F8 generation. The iron content in brown rice was ranged from
4.4ppm to 32.6ppm and in polished rice 1.3-12.6ppm, while the zinc content was 8.1-57.5ppm in brown rice and 5.8-37.4ppm
in polished rice. Loss of iron during polishing is many times more than zinc. The OsYSL9 putative gene showed significant
association with iron and zinc in both brown and polished rice grains. Out of 300 populations six lines have high zinc content
in endosperm with good yield.
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INTRODUCTION

Minerals play important role in various physiological
processes of plant and animals. In the earth’s crust Fe
is 4th most element and insoluble ferric oxide form at
neutral pH in aerobic environment (Guerinot and Yi,
1994). Zinc is the twenty fourth most abundant
element on earth’s crust with a content of 75 mg kg-1.
Soil contains 5-770 mg kg-1 of Zn with an average of
64 mg kg-1, sea water has 30 µg Zn L-1, and the
atmosphere contains 0.1 - 4 µg Zn m-3 (Emsley, 2001).
Rice is the primary staple food for 50% of the world’s
population and it is generally considered as poor
source of essential micronutrients such as Iron (Fe)
and Zinc (Zn) (Bouis and Welch, 2010). In
contradiction, several studies on rice germplasm
having high iron and zinc in rice grains have been
reported and they were used as donors through
traditional breeding approach and developed lines
possessing comparatively high Fe and Zn content in
grains (Brar et al., 2011; Gregorio et al., 2000; Sanjeeva
Rao et al., 2014; Martínez et al., 2010). However, almost
80% of iron and around 30% of zinc was lost during
polishing of the brown rice that contains 10–11 ppm
Fe and 20–25 ppm Zn (Sellappan et al., 2009). The
average daily intake of rice is around 220g and thus

polished rice having 45.5 ppm (mg/Kg) iron and 54.5
to 68.2 ppm (mg/Kg) zinc can only meet the RDA
(FAO/WHO, 2000) without considering
bioavailability (Sanjeeva rao et al., 2014). Hence, there
is a need to further enhance the grain mineral content
by traditional or marker assisted breeding methods.

Iron and zinc in plants is influenced by several
families of putative iron transporters, including YSL
(Yellow stripe-like), ZIP (ZRT, IRT-like proteins),
OsNAS2 (nicotianamine synthase 2) and NRAMP
(natural resistance associated macrophage protein)
while ferritin gene is specific for iron. Recently, over-
expression of single rice gene (OsNAS2) was reported
to enhance the concentration of both iron (Johnson et
al., 2011) and zinc (Lee et al., 2011) in rice grain.
Around 18 OsYSL genes have been reported on
different chromosomes of rice and they are involved
in the uptake and long-distance transport of minerals
by producing ferric-chelating phytosiderophore
complexes (Gross et al., 2003; Garcia-Oliveira et al.,
2009; Lu et al., 2008; Norton et al., 2009; Chandel et al.,
2011). It was opined that activation of OsYSL16 gene
could enhance the Iron efficiency in rice grain (Sichul
Lee et al., 2012). RNAi line of OsYSL2 exhibited
decreased Fe-translocation to seeds, lower Fe
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concentrations in shoots and seeds and greater
accumulation of Fe in the roots (Ishimaru et al., 2010)
which indicates that OsYSL genes might be useful in
further enhancement of grain iron and zinc content.

Hence, the objectives of this study are to evaluate
iron and zinc concentrations in 300 recombinant
inbred line (RIL) population derived from the cross
BPT 5204×Chittimutyalu, to identify the OsYSL 9 gene
contribution for both iron and zinc in rice grains of
RIL population and to identify elite lines that contain
promising grain mineral content as well as yield.

MATERIAL AND METHODS

Phenotyping

Chittimutyalu is a land race that is being cultivated
in some regions of southern India. Its grain is short
bold, possess aroma and comparatively contains
higher zinc and iron among the cultivars. BPT 5204
was released in 1986 from Andhra Pradesh. It has
superior grain quality and eventually emerged as a
leading variety of southern states, Tamil Nadu,
Andhra Pradesh and Telangana, of India (AICRIP,
2015). Hence, a population of 300 recombinant inbred
lines (RILs) derived from the cross BPT 5204 X
Chittimutyalu using single seed descent method was
used for RIL multiplication.

Dried seeds of F7 were sown at 2 to 5 cm depth
on wet bed and the germinated seedlings were
transferred to IIRR field after 25 days. The 60 plants
of two parents were planted in 3 rows of 20 plants
each adopting a uniform spacing of 20 cm between
rows and 15 cm between plants. Standard agronomic
practices and need based plant protection measures
were adopted uniformly to raise the crop. All panicles
from five plants in the middle row were collected and
seed was bulked for Fe and Zn analysis in 300 RILs.
Dried F8 seed of each line was dehusked and polished
separately using non-ferrous and non-zinc de-husker
and polisher (krishi international) to avoid metal
contamination as described in Ravindra babu et al.
(2014 biofortification bulletin). Five grams of brown
and polished rice samples from each line were
separately subjected to energy dispersive X-ray
fluorescent spectrophotometer (ED-XRF) for Fe and
Zn was estimation (Sanjeeva rao et al., 2014). This
equipment gives 4 ppm less than the ICP which is the
standard equipment for elemental analysis.

Genotyping

Targeted OsYSL9 gene (LOC_Os04g32050) (Gross et
al., 2003) sequence was downloaded from Rice

Genome Annotation Project (http://
rice.plantbiology.msu.edu/cgi-bin/gbrowse/rice) and
subjected to nucleotide blast tool in NCBI. Ten
primers were designed (Table 1) using primer3 online
software (http://primer3plus.com.) and these oligo-
nucleotides were synthesized by Eurofins genomics.

Paddy of each line was separately sown in
petridish on blotting paper. Tissue from 15 days
seedlings was used for DNA isolation Zheng et al.
(1995). Quantification of DNA was done with Nono-
drop (Thermo scientific). The designed primers were
used to study polymorphism in the RIL population
along with parents by setting up polymerase chain
(PCR) reaction reaction following;

The PCR mixture contained 30 ng/ µl of template
DNA, 1 X PCR buffer (10 mM Tris, pH8.4, 50 mM
KCl, 1.5 mM MgCl2 and 0.01 mg mL-1 gelatin), 2.5
mM of Mgcl2, five picomoles of forward and reverse
primer, 0.05 mM of dNTPs and 1 U of Taq polymerase
in a 15 µl of reaction volume. Template DNA was
initially denatured at 95°C for five minutes followed
by 35 cycles of PCR (Applied Biosystems 2720)
amplification with the following parameters. A 60 s of
denaturation at 95°C, 1 min of annealing at 55°C and 1
min of elongation at 72°C. A final elongation was done
at 72°C for 10 min. Amplicons were separated in 2.5%
Agarose gel having ethidium bromide in submarine
electrophoresis at 120 V for 2 hour and the gel was
processed in gel documentation unit.

Trait correlations between iron and zinc
concentrations with marker were analyzed using R
statistical software version 3.2.0.

RESULTS AND DISCUSSION

Grain Fe and Zn content

Among the RIL population, iron content in brown rice
was in the range of 4.4 to 32.6 ppm and in polished
rice 1.3 to 12.6 ppm, while zinc content ranged from
8.1 to 57.5 ppm in brown rice and 5.8 to 37.4 ppm in
polished rice. The means and ranges of various yield
parameters are presented in Table 2. The mean iron
content was 11.4 ppm in brown rice, 5.4 ppm in
polished rice. Mean zinc content was 29.8 ppm in
brown rice and 20.5 ppm in polished rice.

The distribution of Fe and Zn concentrations in
brown and polished rice among the 300 RILs
population was shown in Fig. 1. Different levels of
iron and zinc content in rice grain were noticed in
earlier studies. Anuradha et al., (2014) reported iron
and zinc in the ranges of 0.2 to 224 ppm and 0.4 to
104 ppm respectively the brown rice of
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Madhukar×Swarna RIL population. In IRRI38 X
Jeerigesanna RIL population, 16.1 to 35.5 ppm zinc
content in brown rice with an average of 23.7 ppm
was reported (Gande et al., 2014).

Polymorphic study and Single Marker Analysis

Among the ten gene specific markers used to identify
polymorphic loci between the two parents BPT 5204
X Chittimutyalu one marker (SC3322) exhibited
polymorphism between parents. Therefore, all 300
RILs were genotyped using this marker. Considering
overall mean of the RIL population, 53% lines showed
donor (Chittimutyalu) OsYSL 9 gene.

SC3322 marker exhibited significant association
with both iron and zinc contents of brown and
polished rice grains. However, less correlation value
observed for Fe content in polished rice is due to more
loss of this micronutrient during polishing. There is a
strong correlation between zinc content in brown and
polished rice which indicates that zinc is more
available in endosperm than iron. Though positive
association was observed between the marker and
days to 50% flowering higher value of micronutrient
content was associated with donor gene more than
the days to 50% flowering (Table 3 and Fig. 3).

Table 2
Mean values of yield parameters

Days to 50% Plant height Productive Five plant
flowering  in (cm)  tillers per yield (gr.)

plant

Mean 114 107.7 11 29.5
Maximum 130 157.7 20 87.5
Minimum 87 65.3 4 2.7

Grain yield Vs Fe and Zn content

Apart from genotypic potential, yield is also
influenced by soil health, nutritional supplements,

agronomical practices and environmental conditions.
Since all the lines were cultivated under similar
conditions, an attempt was made to understand the
genotypic relationship between yield and grain iron
as well as zinc contents within the population. Among
these, two lines, Z-262 and Z-239, contain high zinc
as well as iron, however, their yield is less than the
mean yield (29.5 grams) of this population (Table 2).
The ranges of yield in top ten lines with high iron
and zinc were 9.3 to 37.5 and 6.6 to 49.4 grams
respectively. Two lines, Z-158 and Z-261, of iron and
four lines, Z-69, Z-269, Z-81 and Z-58, of zinc had
shown yield above the mean yield. Since various
biofortification programmes were initiated to alleviate
the hidden hunger among the poor who are mostly
dependent on staple foods like wheat, rice, etc. and
hence, the developed varieties under these projects
should target on yield at least on par with cultivars
along with grain micronutrient content. Therefore, the
top ten lines of iron or zinc and the two lines that
contain high zinc and iron are not promising to
recommend as varieties, but they can be used as
donors in various breeding programmes targeted to
enhance iron or zinc.

Though the correlation between micronutrients
and yield was nearer to zero (Fig. 3), it appears as
negative in the top ten iron or zinc containing lines.
Nonetheless, among the top ten high yielding lines
of this population (Table 3), majority of them possess
grain zinc content in polished rice � 16.0 ppm which
is considered as the threshold value of Biofortification
trial of the AICRIP. Since, the harvest plus target value
of zinc is 24 ppm (Harvest plus, 2013) in polished rice
and the ED-XRF used in this study gives 4 ppm less
than ICP (AICRIP, 2015), eight of the top ten yielding
lines contain zinc content � 20.0 ppm (adding plus 4
ppm to the values given in the study) which can be

Table 1
Primer sequences for OsYSL 9 gene

Sl No ID Forwarded primer Reverse primer Aprox. amplicon
size

1 SC3319 AATATCGTTGGGCAGGTTAG GGTTGTTTCTTTTCTCGACC 600

2 SC3320 CTACGTGTCAGACTCGTATC AAAATCTCTTGGTTCTTCGC 637

3 SC3321 CTAGTATCCGAAGCCACTTC TCCTCCACCTAGTAGACAAG 665

4 SC3322 TTGTCTACTAGGTGGAGGAG TTTTCTGATCCATTGCAAGC 678

5 SC3323 GCTTGCAATGGATCAGAAAA TTCGGAGATGCCACTAAAAA 693

6 SC3324 TGCTATGTGCTTGTACTGTT TACCAGTTGAAGAGACAAGC 696

7 SC3325 TGACAATTTCCCATCTCTGG AACAGTTTTTCAAAGCTCGG 735

8 SC3326 CCTTTTACCTCTCCATGCTT GAAGATCATTGGCACAGTTG 632

9 SC3327 ACTGTATGGTGCACATCTAC AATAGCTGCGACAAAGAAGA 706

10 SC3328 TCCATGTTTGTGTCACAGTT CACTTTTGCGCAGTCTAATT 624
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Table 3
Top ten lines with high iron/ zinc content /five plant yield with other parameters.

Genotypes SC 3322 DFF PH NT PT FPY               Iron in ppm                    Zinc in ppm
marker in cm gr. Brown Polished Brown Polished

Genotypes with high iron

Z-266 2 105 98.7 9 9 19.7 15.0 12.6 31.9 28.7

Z-268 2 105 99.7 12 11 13.1 12.9 10.9 32.5 29.8

Z-262 2 109 105.0 9 9 16.7 11.7 10.4 36.4 31.0

Z-239 2 109 86.7 13 12 9.3 12.2 10.0 35.3 32.3

Z-236 2 109 96.3 9 8 16.2 11.6 9.4 28.9 26.6

Z-158 2 117 105.7 14 12 37.5 16.3 9.3 34.7 26.5

Z-261 2 121 114.0 13 12 33.4 17.4 9.3 29.6 24.8

Z-263 2 105 103.3 16 15 28.1 13.3 9.3 29.4 23.6

Z-46 2 98 133.7 13 12 28.8 18.5 9.2 32.6 23.1

Z-233 1 105 122.0 15 14 17 12.0 9.1 27.4 22.1

Genotypes with high zinc

Z-269 2 124 103.0 13 13 47.1 10.6 6.1 42.1 37.4

Z-239 2 109 86.7 13 12 9.3 12.2 10.0 35.3 32.3

Z-184 2 105 96.7 16 10 6.6 15.5 7.1 39.8 31.3

Z-90 2 124 101.7 8 8 9.6 11.9 5.6 43.1 31.2

Z-81 0 121 118.7 14 12 30.5 13.7 5.4 40.9 31.2

Z-262 2 109 105.0 9 9 16.7 11.7 10.4 36.4 31.0

Z-69 2 124 105.7 10 10 49.4 12.3 5.3 48.3 30.8

Z-145 0 124 117.7 12 10 26.8 14.7 7.0 57.5 30.2

Z-59 2 124 96.7 9 9 10.6 13.7 5.8 42.5 30.2

Z-58 0 105 101.3 15 14 33.7 14.2 6.8 41.3 29.9

Genotypes with high five plant yield

Z-210 2 89 108.0 13 12 87.5 12.1 3.6 32.1 24.1

Z-209 1 89 104.0 15 13 85.7 8.4 4.6 24.7 17.2

Z-4 2 92 91.7 10 9 78.8 13.2 5.6 36.4 22.3

Z-185 2 89 100.0 18 14 73.6 11.6 4.9 27.9 20.5

Z-234 1 89 105.3 15 13 73.4 9.7 7.3 21.8 19.2

Z-289 0 128 102.0 15 15 71.8 8.9 3.2 21.3 14.6

Z-205 2 124 99.7 11 11 70.7 11.2 5.0 38.7 21.2

Z-72 2 128 103.7 9 8 69.9 12.7 6.3 40.0 27.4

Z-255 2 105 117.0 11 11 69.4 10.4 5.0 37.8 24.3

Z-1 2 124 95.3 14 14 68.7 17.3 6.0 33.2 23.2

Note: In the SC 3322 marker column, ‘2’, ‘1’ and ‘0’ indicates the presence of donor gene, recipient gene and absence of genotypic data
respectively. DFF= Days to 50% flowering, PH= Plant height (cm.), PT= Productive tillers per plant, FPY= Five plant yield (gr.),
B-Fe= Iron in brown rice, P-Fe= Iron in polished rice, B-Zn= Zn in brown rice and P-Zn= Zn in polished rice (Fe & Zn content in
ppm)

considered promising in terms of yield and zinc
content. Therefore, they are promising and can be
further developed as pure lines. Among these, Z-4,
Z-234, Z-1 and Z-72 also contain iron content around
7.0 ppm (which is desired) and the first two come
under medium duration while the remaining two fall
in long duration categories.

CONCLUSION

There is a strong correlation between iron and zinc
content in rice grain both brown and polished rice.

One of the designed markers ( SC3322) of OsYSL9 gene
has showed significant association with iron and zinc
in both brown and polished rice and therefore, this
can be used for further screening programmes.
Among this RIL population, four promising lines
were identified with zinc and iron content equal to
or above the targets of various biofortification
programmes and also on par with cultivated varieties
in terms of yield. This study also confirms the scope
of developing elite varieties combining conventional
breeding with marker assisted breeding.
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Figure 1: Frequency of Fe and Zn contents in 300 RILs

Figure 3: Correlation table of BPT 5204 X Chittimutyalu
300RIL population. DFF= Days to 50% flowering, PH= Plant

height (cm.), PT= Productive tillers per plant, FPY= Five plant
yield (gr.), B-Fe= Iron in brown rice, P-Fe= Iron in polished
rice, B-Zn= Zn in brown rice and P-Zn= Zn in polished rice

(Fe & Zn content in ppm). DF(299) and P (0.01)

Figure 2: Agarose gel image showing Polymorphic profile of parents and population
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