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Abstract- Biofortification is an approach for enhancement of the micronutrient content of staple crops. This possible because only due to the lots of genetic variation
exist within the genome of staple food crops like rice. Greater than 2 billion persons of the humanity are micronutrient- iron as well as zinc deficient. Rice (Oryza sativa
L.) is the major source of food for more than half of the world's population. As a model cereal crop, the complete genome sequences of rice has become fundamental
tool for study gene functions and correlate it with the practical applications in plants. At present, rice researchers devote much effort to generating mineral rich rice
genotypes to combact the micronutrient malnutrition. Molecular analysis, genetic transformation and molecular breeding combine with mineral content examination for
presented rice germplasm. In the present study we report the F1 identification of rice plant after crossing the high yielding genotypes with micronutrient (iron and Zinc)
rich genotypes using microsatellite markers both by agarose as well as polyacrylamide gel electrophoresis.
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Introduction

Rice is the staple crop that feeds higher than 50% of the global population. It is a
model cereal plant species for molecular research. Till 1990, most of the molecular
breeding research was focus on increasing the grain yield and to improve the
resistance to environmental stresses, pests and pathogens [1,2], but there is no
attention was towards the enhancement of its nutritional quality. International Rice
Research Institute (IRRI) was released the first high yielding rice variety IR8" in
1966. In the posterity, a low number of this type of high genotypes is completely
replace by the greater number of general varieties cultivated by farmer in earlier
times. This resulted in the immesurable ‘genetic erosion” and loss of biodiversity.
Despite the loss, a lot of germplasm still exists and being maintained by
International Rice Research Institute (IRRI, The Philippines) and national research
institutions in different countries. Most of this germplasm is yet need to be tested
for the nutritional quality and quantity traits. Many groups have reported the
possibility of “Biofortification” approach for increasing their nutrient content
because lots of substantial useful genetic changes presents in key staple crops,
breeding programs can readily direct nutritional quality traits, which have been
reported to be highly inherited in some crops and required traits are adequately
stable across a broad range of growing environments as well as traits for high
nutrient trait can be pooled with superior agronomic and high yield features [3].
The most destructive micronutrient deficiencies in the world are the outcome of
low dietary intake of iron, zinc and vitamin A [4]. Iron deficiency marks in anaemia
in human beings that decrease the immune capability, maintains homeostasis and
affect the growth of brain [5,6]. A great number of abnormalities are caused by
zinc deficiency such as retarded growth, dejected immune function, skeletal
abnormalities and diarrhoea [7-9]. Improvement of micronutrient (e.g. Fe and Zn)
rich and resourceful crops using novel molecular tools has gained attention only

after Goto ef al, [10] and Ye et al, [11] reported the engineering of soybean
ferritin gene and B-carotene biosynthesis pathway, respectively, in rice. Along with
the micro-nutrients, mainly of work has been completed to modify transgenic
plants having high iron content as well as bioavailability [12-16]. Some progress
has been made on the way to the improvement of zinc rich transgenic plants with
high zinc content and bicavailability [17-19]. Molecular markers have confirmed
helpful in basic and purposeful research, such as varietal recognition, variety
analysis, and, DNA fingerprinting, phylogenetic examination of genes in rice [20-
25). Rice genome sequencing and comparison of sequence databases of indica
and japonica rice genomes have provided an almost unlimited number of DNA
markers such as SSR for high-resolution genetic analysis. The studies revealed
that SSR are abundant and dispersed all through the rice genome. The present
study is undertaken to initiate the crossing program between the selected mineral-
rich and commercially important rice genotypes using conventional and molecular
breeding techniques.

Materials and methods

Plant material

Plant material was collected from rice research station Kaul. Mineral rich (Fe and
Zn) rice varieties - Palman 579, HKR95-157, Taraori Basmati, BR4-10, TNG67,
Jaya; High yielding varieties- HKR47, PAU201, Pusa Basmati 1 were selected for
the present study.

Crossing between the selected mineral-rich and commercially important rice
genotypes

Mineral content reported according to Brar et al. [26,27] iron and zinc content of
rice varieties were selected and thirteen crosses were made between mineral rich
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(Fe and Zn) rice varieties (Palman 579, HKR95-157, Taraori Basmati, BR4-10,
TNG67, Jaya) and high yielding varieties (HKR47, PAU201, Pusa Basmati 1). All
the thirteen crosses were attempted using mineral rich rice genotypes as male
parent and high yielding rice genotypes as female parent.

Microsatellite marker analysis of plants

Genomic DNA was isolated using CTAB method of Saghai-Maroof ef al. [28]. RNA
contamination was removed by adding 1 pl of 10 mg/ml RNase (RNase-A, Sigma
chemical Co. USA, No.R-5503) in the dissolved DNA samples. Completely
dissolved DNA was checked for its quality and concentration by running DNA
samples on 0.8% agarose gels electrophoresis using a standard containing 100
ng/l genomic A DNA. Microsatellite markers were used for preparation of
molecular database for fourteen rice genotypes and F1 plants. PCR amplifications
were performed using PTC - 100™ 96V thermo cycler (MJ Research, Inc.,
Watertown, MA, USA). The PCR reaction was conducted in a reaction volume of
20ul containing 1X PCR buffer, 100 uM dNTPs, 0.3 uM of each primer, 1.5 unit
Taq DNA polymerase and 50-75 ng template DNA. Polymerase chain reaction
was carried out for the amplification of products- initial denaturation at 94°C at 5
minutes followed by 40 cycle of 949C at 1 minute, annealing at 54°C for 1 minute,
720C for 1 min and final extension at 729C for 7 min before cooling at 4°C.
Amplification products were stored at -200C till further use. Amplification products
were resolved on 2.5% wiv agarose gell as well as on 4% polyacrylamide gels
using Aluminium Backed Sequencing System Model # 535 (Owl Scientific, Inc.,
Voburn, USA) as described by Chen et al. [29]. Gels were pre-run until an
adequate temperature (50-609C) was reached. DNA bands were then visualized
using the Silver Sequence DNA Sequencing System (Promega Technical Manual,
Part # TM023).

Results

Crossing program

A crossing program between mineral rich (Fe and Zn) rice varieties and high
yielding varieties was initiated at RRS, Kaul to transfer the desirable mineral-rich
traits to high-yielding rice genotypes. A total of 13 crosses [Fig-1, 2] were made
between mineral-rich (Fe and Zn) rice varieties (Palman 579, HKR95-157, Taraori
Basmati, BR4-10, TNG67 and Jaya) and high-yielding rice varieties (HKR47,
PAU201 and Pusa Basmati 1) with mineral-rich rice genotype as male parent and
high-yielding rice genotype as the female parent [Table-1]. [Table-1] illustrates the
results of attempted crosses between micronutrient rich and high yielding rice
varieties. A total of 473 seeds were obtained from thirteen crosses, out of which
166 seeds germinated. From these germinated seeds, DNA was isolated from 100

plants and analysed for F1 identification. A total of forty two plants were found to
be PCR positive F+ plants.

Table-1 Results of attempted crosses between micronutrient rich and high yielding
rice varieties

No. of seed
germinated

No. of
seeds
obtained

No. Of PCR
positive F1
Plants

Female x Male

No. of plants
Analyzed by

1. | Taraori Basmati 30 15 10 (RM152)* 2
x Paiman 579

2. | HKRA47 x Taraori 85 15 9(RM162, 6
basmati RM310)*

3. | PusaBasmati 1 35 15 10(RM162, 5
X Taraori RM310)*
basmati

4. | Pusa Basmati 1 3 15 9(RM162, 3
x Paiman 579 RM310)*

5. | PAU201x 55 15 11(RM162, 7
Palman 579 RM310)*

6. | HKR47x 04 4 4(RM162, 3
Palman 579 RM310)*

7. | PAU201x 85 15 10(RM447)* 4
HKR95-157

8. | HKR47x 10 7 5(RM162, 3
HKR95-157 RM310)*

9. | PusaBasmati1 28 15 3(RM162, 3
X RM310)*
HKR95-157

10. | HKR47 x Jaya 06 5 5(RM162, 0

RM310)*

11. | HKR47 x BRé- 65 15 9(RM162, 3
10 RM310)*

12. | PAU201 x 20 15 5(RM162, 3
TNG67 RM310)*

13. | PAU201 x BR4- 19 15 10(RM162, 0
10 RM310)*

* represents the molecular markers used for F1 identification.

Polyacrylamide and agarose gel electrophoresis for F+ identification

Several microsatellite DNA markers which showed polymorphism among parental
rice varieties were used for the identification of F1 plants derived from nine
parental rice genotypes using 4% PAGE [Table-2]. To reduce cost of PAGE,
experiments were also conducted to identify F1 plants using 2.5% wiv agarose
gels. DNA was isolated from 100 putative F1 plants and analyzed for allelic profile
using one or more microsatellite DNA marker [Table-2]. Out of 100 plants raised
from the crossed seed, 42 plants were confirmed as true F1 hybrids [Fig-3 and 4].

Table-2 Allelic profile of parent rice genotypes and their F1 hybrids using at four RM loci.

Marker Cross combination Allele size (bp)
HKR47  BR4-10  PAU-201 TNG67 Palman579 Taraori Basmati ~ PusaBasmati1 =~ HKR95-157 Hybrid
RM310 | HKR47 x BR4-10 118 87 118, 87
PAU201 x TNG67 80 123 80, 123
PAU201 x Palman 579 80 98 80,98
HKR47 x Taraori Basmati 18 98 118,98
Pusa Basmati 1 X Taraori Basmati 98 118 98,118
HKR47 X Palman 579 118 % 118,98
Pusa Basmati 1 X HKR95 -157 118 80 118, 80
HKR47 X HKR 95-157 118 80 118, 80
Pusa Basmati 1 X Palman579 98 118 98,118
RM162 | HKR47 x BR4-10 220 217 220, 217
PAU201 x TNG67 220 225 220, 225
PAU201 x_Palman 579 220 225 220, 225
HKR47 x_Taraori Basmati 220 245 220, 245
Pusa Basmati 1 X Taraori Basmati 245 255 245, 255
HKR47 X Palman 579 220 225 220, 225
Pusa Basmati 1 X HKR95-157 255 221 255, 227
HKR47 X HKR95-157 220 221 220, 227
Pusa Basmati 1 X Palman 579 225 255 225, 255
RM152 | Taraori Basmati X Palman 579 128 148 128,148
RM447 | PAU201 x HKR95-157 170 110 170, 110
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Fig-3 Agarose gel electrophoretic separation for detection of F1 hybrids

Fig-4 Polyacrylamide gel electrophoretic separations for detection of F1
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Taraori Basmati (148 bp) and Palman 579 (128 bp) amplified different size alleles
at RM152. While two of the ten putative Taraori Basmati x Palman 579 F1 plants
(148 and 128 bp) had alleles from both the parents, the rest of the eight plants
amplified female specific band only. Only two of the ten plants raised from the
HKR47 x Taraori Basmati crossed seed had alleles from both HKR47 (220 bp, 118
bp) and Taraori Basmati (245 bp, 98 bp) at RM162 and RM310 loci, respectively,
and were confirmed as true F1 hybrids. Molecular markers, RM162 and RM310,
amplified different alleles in Pusa Basmati 1 (255 bp, 118 bp) and Palman 579
(225 bp, 98 bp), respectively. Three of the ten putative Pusa Basmati 1 x Palman
579 F1 plants had alleles from both the parents, while rest of the seven plants
amplified female specific bands only. Similarly, four of the ten HKR47 x Palman
579 F+ plants amplified alleles of both the parental lines at RM162 (220 and 225
bp) and RM310 (118 and 98 bp) and were confirmed as true F1 hybrids. PAU201
(170 bp) and HKR95-157 (110 bp) amplified different alleles at RM447. Four of the
ten PAU 201 x HKR95-157 F1 plants (170 and 110 bp) showed alleles from both
the parents and rest of the six plants amplified female specific band only.
Similarly polymorphism at RM162 and RM310 loci, HKR47 (220 and 118 bp) x
HKR95-157 (227 and 80 bp), amplified different alleles. Polymorphism at these
markers was used to identify true F1 hybrids; three of the five F1 plants tested,
three plants were found to be true hybrids. Similarly polymorphism at RM162 and
RM310 loci, was used to identify true F1 hybrids from the cross between HKR47
(220 and 118 bp) and BR4-10 (217 and 87 bp). A total of three plants were found
to hybrid out of four putative plants obtained from cross (PAU201 x TNG67).
PAU201 (220 and 80 bp) and TNG67 (225 and 123 bp) also amplified different
alleles at these RM loci. All the three Pusa Basmati 1 (255 and 118 bp) x HKR95-
157 (227 and 80 bp) F+ plants were confirmed as hybrids by analyzing the allelic
profile at these two loci. A total of seven plants were found to hybrid out of eleven
putative plants obtained from cross between PAU201 and Palman 579. PAU201
(220 and 80 bp) and Palman 579 (225 and 98 bp) amplified different alleles at
RM162 and RM310, respectively. The rest four plants gave female specific bands.
Pusa Basmati 1 and Taraori Basmati showed polymorphism at RM162 (245, 255)
and RM310 (98, 118), respectively. Out of the 10 putative F1 plants, only two
plants had alleles from both the parents and rest eight plants give female specific
bands.

Discussion

Microsatellite markers have also been used earlier for fingerprinting of hybrids,
assessing variations within parental lines and testing the purity of hybrid seed lot
in rice [30]. Along with parental bands non-parental has been observed that may
be due to different amplified fragments of heteroduplex molecules were a
suggestive characteristic for hybrid individuals identification [30]. Four sets of
markers (RM206, RM 216, RM 258 and RM 263) has been reported for
differentiating all the hybrids from other, which can be used as referral markers for
unambiguous identification and protection of these hybrids [30]. DNA profiling of
14 rice genotypes has been reported using 48 microsattelite markers [25, 27, 32].
In the present study, after screening 220 rice genotypes [26], a number of mineral
(Fe and Zn) -rich rice genotypes were selected for the crossing program. A total of
13 crosses were made between mineral-rich (Paiman 579, HKR95-157, Taraori
Basmati, BR4-10, TNG67, Jaya) and high yielding rice varieties (HKR47, PAU201,
Pusa Basmati 1). The crossed seeds were recovered from 13 crosses. Maximum
seeds were obtained from HKR47 x Taraori Basmati, PAU201 x HKR95-157 and
PAU201 x HKR95-157 (85) followed by HKR47 x BR4-10 (65), PAU201 x Palman
579 (55), Pusa Basmati 1 x Taraori Basmati (35), Pusa Basmati 1 x Palman 579
(31), Taraori Basmati x Paiman 579 (30), Pusa Basmati 1 x HKR95-157 (28),
PAU201 x TNG67 (20), HKR47 x HKR95-157 (10), HKR4T x Jaya (6) and HKR47
x Palman 579 (4). Out of 13 crosses, eleven crosses gave putative F1 plants. DNA
was isolated from 100 F1 plants and analyzed for F+ identification using the
molecular markers (RM152, RM 162, RM 310 and RM447). Out of these 42 plants
were found to be true F1 hybrid. Breeding experiments have also been conducted
earlier to improve the micronutrient (Fe and Zn) content in rice. Large variation for
both Fe and Zn in rice, has been observed [33-35]. The results showed that a
high-iron and zinc trait can be combined with high yielding traits. This was
demonstrated in the serendipitous discovery of an aromatic variety already in the
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IRRI testing program-a cross of a high yielding variety (IR72) and a tall, traditional
variety (Zawa Bonday) from India, from which IRRI identified an improved line
(IR68144-3B-2-2-3) with high a concentration of grain iron, ~21 ppm in brown rice.
This elite line has tolerance to rice tungro virus and excellent grain qualities.
Yields are ~10% below IR72, but, in partial compensation, maturity is earlier. This
varigty has good tolerance to mineral deficient soils, such as P, Zn and Fe.
Several dozen crosses has been attempted using these 3 genotypes (IR69428-6-
1-1-3-3, IR75862-206-2-8-3-B-B-B and Joryeongbyeo) as donor parents and IR64,
a popular indica variety as recipient parent aimed at developing elite rice breeding
lines with high grain zinc [36]. Three promising genotypes had grain zinc content
significantly higher than IR64, a popular indica variety.

Conclusion

In the present study, a total of 13 crosses were made between mineral-rich
(Palman 579, HKR95-157, Taraori Basmati, BR4-10, TNG67, Jaya) and high
yielding rice varieties (HKR47, PAU201, Pusa Basmati 1) for mineral
enhancement in rice. Out of which 11 crosses gave putative f1 seeds. The 100
plants were grown from the putative seeds and used for DNA extraction. The F1
identification using the molecular markers (RM152, RM 162, RM 310 and RM447),
out of 100 plants, 42 plants were found to be true F1 hybrid.

Application of research: Molecular breeding helps in biofortification of rice. It
helps to combat the problem of micronutrient malnutrition and helps in increasing
grain yield.

Research Category: Enhancement, mineral content, Micronutrient deficiency, rice
and zinc
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