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Abstract: History of rice breeding is very old and runs back to 60 years. Initial efforts were to purify land varieties
followed by hybridization and selection. Later green revolution progressed and then followed the era of hybrids. Chinese
developed many hybrids with outstanding yield performance. New endeavours following this are molecular breeding,
and transgenic. Molecular techniques are another promising technique implemented in rice breeding. The time that had
been spent earlier for the selection of progenies and parents with desired gene(s) got reduced a lot with the identification
of gene tagged markers. Use of markers for the identification of genotype is termed as marker assisted breeding. To get a

faster and accurate desired development, transgenic came in to picture.
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INTRODUCTION

Rice, the world’s most important food crop, is one
of the crops responsible for the miraculous changes in
the agriculture during1960s and 1970s through green
revolution. Various ongoing rice breeding programs in
all different regions around the world indicates the
importance given to this crop species by scientists. In
addition to that, this crop has three Consultative Groups
on International Agricultural Research (CGIAR)
centers: the International Rice Research Institute
(IRRI), with global directive; the West Africa Rice
Development Association (WARDA), with directive to
work in West Africa; and the International Centre for
Tropical Agriculture (CIAT), with the regional directive
for Latin America [1].

The improvement of modern semi — dwarf rice
varieties has changed rice cultivation in tropical,
subtropical and temperate Asia. The two rice varieties
that imply a major event in rice research in Asia and
predominantly for India are Taichung Native — 1,
resulted from the cross of Dee - Geo - Woo - Gen and
Tsai - Yuan - Chung made in 1949 by breeders at
Taiwan and IR-8.A foundation of the ‘Green
Revolution’ was the new varieties of cereal crops
developed through the exertions of Norman Borlaug,
the father of the Green Revolution during 1960°s. One
among them is IR8 rice, known as “miracle rice,”
developed at the International Rice Research Institute
(IRRI) [2].

The development of technologies and inventions
removed major problems that we were facing by the use
of conventional methods in rice breeding. In the last
few decades, rice yield has undergone two big dives,
one, as the result of genetic improvement: using semi
dwarf gene plant height has been reduced and harvest

index was increased. Second one is the utilization of
heteros is by producing hybrids. Consequently, rice
yield has been doubled and tripled in most parts of the
world within a period of thirty years from 1960s to
1990s [3].

In this context, some of major new techniques have
been discussed hereunder three headings — Hybrid
technology, Marker assisted selection and Genetic
engineering which became the frontiers of rice breeding
that paved path for several rice varieties in the course of
time.

HYBRID RICE

Heterosis, the base of hybrid, exploited by scientists in
developing hybrid was reported in rice. Subsequently,
reports indicated significant heterosis for various
agronomic traits in rice [4,5,6,7]. F1 rice hybrids
through heterosis was commercially exploited by rice
scientists in India [8] China [9] U.S. [10] Japan [11] and
IRRI [12]. China opened research on hybrid rice in
1964 and the first rice hybrid credit is to Chinese
scientist Yuan Long ping, who developed in 1976 using
3 line breeding method [13].

Hybrid rice breeding has been based mainly on
cytoplasmic male sterility (CMS) or photo-thermo
genetic male sterility (P-TGMS). The breeding system
using three lines (CMS line, CMS maintainer line, CMS
restorer line) was developed in 1973, and marketable
production of hybrid rice started in 1976 [14]. A two-
line hybrid rice system by means of P-TGMS was
established in the 1980s, and two-line hybrid rice was
used by 1998 [15]. First form of male sterility used in
the breeding of hybrid rice was wild-abortive CMS
(CMS-WA), and it became the main type of CMS used
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in the case of number of hybrids developed and the total
area of cultivation to those hybrids [16,17].

However, rapid increase in population and
economic expansion have been imposing a growing
pressure for increased food production. For the
increment in yield potential, several major national and
international programs were began with the goals to
develop ‘‘super rice’” or ‘‘super hybrid rice’’ for
cracking the yield ceiling [18,19].

Super Rice

To safeguard the food security for the growing
population, raising the yield ceiling of rice remained
priority in China. The per capita rice consumption of
150 kg and a stable rice cropping area of 31.57 million
ha, shows that the rice yield should be 7.845x10° kg per
ha by 2030 [20]. Hence, With progresses in rice
breeding in China, and encouraged by the
conceptualization and experience of new plant type
breeding at the International Rice Research Institute
(IRRI), the Chinese Ministry of Agriculture (MOA) in
1996 established a national collaborative research
programme on the breeding of super high-yielding rice
(“super rice’).

‘Super hybrid rice’ plan was aimed to combine
the creation of an ideal plant type with the taking
advantage of heterosis. Its execution involved equal
attention to three- line and two-line hybrid rice, as well
to hybrids and conventional varieties [15]. The
technique introduced novel male sterile germplasm and
inter-subspecies (indica - japonica) crosses to widen the
genetic base of parental lines. Thus, a number of rice
varieties that accomplished the vyield box were
developed between 2001 and 2005 [15].

Accomplishment in “super rice” breeding has been
reflected a great progress in rice production in china.
Two methods to get super high yield, in these varieties
are, complete use of the dominant complementary
effects of the two parents for progressive morphological
features of the hybrid and outspreading of the genetic
diversity of parents by means of intersub specific
heterosis [14].

1. MARKER ASSISTED SELECTION

Plant breeding in combination with expansions in
agricultural technology such as agrochemicals has made
notable progress in growing crop Yyields forever a
century. Though, plant breeders must constantly retort
too many changes. First, agricultural practices variation,
which generates the need for emergent genotypes with
precise agronomic characteristics. Second, targeted
environments and the entities within them are
continually changing. For example, fungal and insect
pests repeatedly change and overcome host plant
resistance. New land zones are often being used for
farming, revealing plants to altered growing conditions.
Finally, consumer penchants and requirements get

altered. Plant breeders hence face the never-ending task
of frequently developing new crop varieties [21]. In
spite of optimism about constant yield improvement
from conventional breeding, new knowledge such as
biotechnology will be required to maximize the chance
of success [22,23]. DNA marker technology, one area
of biotechnology, derived from exploration in
molecular genetics and genomics, provides great
potential for plant breeding. Due to genetic linkage,
DNA markers can be used to spot the existence of
allelic variation in the genes underlying various traits.
By means of DNA markers to assist in plant breeding,
effectiveness and accuracy could be greatly increased.
The use of DNA markers in plant breeding is marker-
assisted selection (MAS) and it is a component of the
novel discipline of ‘molecular breeding [24].

Foremost benefit in MAS is that, at the seedling
stage itself selection of looked-for trait can be carried
out. This will be useful for many traits, particularly for
traits that are expressed at late developmental phases.
Therefore, detrimental plant genotypes can be quickly
eliminated. This may have incredible benefits in rice
breeding because of the typical rice production
practices [24].

Molecular MAS has begun to add to the
improvement of hybrid rice, specifically for major
genes providing disease resistance.SSR and STS
markers were used in hybrid rice to confirm purity [25].
The combination of MAS and conventional means is
becoming a common approach in rice breeding [15].

The integration of resistance genes in a restorer line
results in the development of resistant rice hybrids [26].
Gene pyramiding is a very useful approach to exploit
the application of existing gene resources [27]. Use of
conventional methods for the gene pyramiding makes
the procedure chaotic and impossible to some extent.
Instead, the utilisation of markers makes the process
simpler and quicker.

Gene pyramiding

Gene pyramiding is the method of conjoining
several genes together into a single genotype [24]. Gene
pyramiding has been successfully usefed in several crop
breeding programmes, and numerous varieties and lines
holding multiple attributes have been produced [28,29].

A hilarious job in gene pyramiding is to
identify the plants containing more than one gene since
pyramiding may be possible through conventional
breeding. Here comes the importance of DNA markers
that facilitates selection since a single DNA sample can
be used for multiple specific genes without phenotyping
[24].

The combination of resistance genes during
rice breeding programmes is considered to be an
effective, cost-effective and eco-friendly approach to
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control disease. The instability of pathogen a virulence
take away the resistance of cultivars having a single
resistance gene after a short period of time after
deployment in the field [30].

Pyramiding of four bacterial blight resistance
genes Xa-4, xa-5, xa-13 and Xa-21has done using DNA
marker-assisted selection. Testing for resistance to the
bacterial blight pathogen (Xanthomonasoryzae pv.
oryzae) was done after breeding lines with two, three
and four resistance genes. To develop this same
bacterial blight resistance of one morehybrid rice,
resistance genes Xa2l and Xa7, have been introgressed
into a restorer line, ‘Minghui 63° by marker-assisted
selection as well as conventional backcrossing,
respectively. These results evidently show that for
improving bacterial resistance in hybrid rice pyramiding
of dominant genes is a suitable approach [31].

Another major example for gene pyramiding
and usage of MAS is Green Super Rice. A mixture of
approaches based on the modern advances in genomic
research has been framed to address various challenges,
with the long-term goal to bring up rice cultivars -
Green Super Rice. With the launch of an international
rice molecular breeding program in 1998, it was started,
including more than 18 countries and 36 institutions.
Due to the dearth of funding source to continue the
program it ultimately died and later, a joint project
between IRRI and the Chinese Academy of Agricultural
Sciences (CAAS),was launched -Green Super Rice
(GSR) for the Resource Poor of Africa and Asia, in
December 2008. Project objects to develop rice
varieties that hold their stable, sustainable vyield
potential though crop was grown with smaller amount
of inputs or under unfavourable environmental
conditions [32].

TRANSGENIC RICE

Scientific developments in cell and molecular
biology have ended in the genetic engineering or crop
improvement. This newest technologies allow the
constant development of genetically modified (GM)
plants in which specific crop can be improved by
transferring  DNA from any source. It provides
opportunities to hasten the efficiency and scope of
further crop improvement by the transfer of genes
conferring resistance to diseases, pests, herbicides and
environmental stress, along with quality traits such as
nutritional content, improved post-harvest storage,
colourand flavour. Genetic modification of plants has
attained a prominent place both in basic as well as
applied plant research. Novel germplasm is predicted to
allow plant breeders to retort much more quickly to the
need for new and improved cultivars, and fulfil the
growing consumer demand for a steady supply of high-
quality grains, fruits and vegetables with less blemishes
from pests/diseases and reduced pesticide residues. By
2001 the area worldwide in which GM crops are grown
and tested surpassed 50 million ha [33]. The

combination of conventional practices along with the
new GM technology can offer a satisfactorily safe and
effective technology that may get resulted in a
sustainable and productive agriculture [34].

China’s biotechnology research program has
generated a varied range of new varieties, including
several GM rice varieties [35]. Duan et al., in 1996 [41]
regenerated a large number of transgenic rice plants by
introducing the potato proteinase inhibitor 11 (PINII)
gene (pin2) into several Japonica rice varieties. Wound-
inducible expression of the pin2 gene determined by its
own promoter, composed with the first intron of the rice
actin 1 gene (actl), and resulted in high-level accretion
of the PINII protein in the transgenic plants. Molecular
analyses showed the transferred pin2 gene was stably
inherited in the second, third, and fourth generations. A
major rice insect pest, pink stem  borer
(Sesamiainferens) resistance has been shown by fifth-
generation transgenic rice plants. Hence, control of
insect pest in cereal plants can also be achieved by the
introduction of an insecticidal proteinase inhibitor gene
into it [36].

Bio fortification (i.e., increasing the bio available
concentration of essential elements in edible portions of
crop plants through conventional breeding or genetic
engineering) [38] is another one achievement in the
utilisation of genetic engineering.

Another major triumph is the yellow rice, named as
golden rice.

Golden rice

“Golden rice” was developed as a solution for
the vitamin-A deficiency in the poor and deprived of
developing countries. A scientific revolution promises
to add a crucial dietary component (provitamin A) to
one of the major cuisine, rice of the poor and
developing world as golden rice [37]. Golden rice could
markedly cut down the distressing impact of vitamin A
insufficiency since poorest families of many developing
countriesare unable to buy the vegetables and fruits that
contain this vital nutrient. They cannot afford anything
more than plain white rice. But, the problem is rice is
not usually a providing vitamin A. though many fruits
and vegetables are having the genes to make this
vitamin, none of the rice varieties or its close wild
relatives have these genes. Conventional breeding in
rice is useless in the fight against this fatal vitamin
deficiency. It would take genetic engineering to unravel
theunruly problem of making rice as a source of vitamin
A. Though rice plants possess the whole machinery to
synthesise B-carotene, it is fully active in leaves and
parts of it are turned off in the grains. The principle in
golden rice is that, by adding two genes, a plant
phytoene  synthase (psy) and a  bacterial
phytoenedesaturase (crt 1), the pathway is turned back
on and [-carotene consequently accumulates in the
grain[42].

Available Online: https://saspublishers.com/journal/sjavs/home

217


https://saspublishers.com/journal/sjavs/home

The first generation of Golden Rice disclosed
that provitamin-A production in rice grains was
possible, but it was acknowledged that to fight with
vitamin A deficiency, higher B-carotene levels would be
needed. The presence of only two genes in the process
made it easier to identify the limiting factor of the
biosynthetic pathway and hone the enzymatic activities
of the two gene products, phytoene-synthase (PSY) and
carotene-desaturase (CRTI)involved [39]. Research
with PSY genes from different sources identified maize
genes as the most effectual in rice grains. This led to the
second generation of Golden Rice lines, mentionedas
GR2, proficientto accumulate up to 37 pg/g carotenoids,
of which 31 pg/g was [B-carotene, unlike the first
generation golden rice, where production was 1.6 Bg/g
[40].

CONCLUSION

World is currently at a perilous position. The
population of the planet will hit 9billion people by
2050. The Philippines crossed the population 100
million. In the aspect of the decreasing land for
farming, an increasing population, and increasingly
inconsistent climates, we need to use every tool we
have, including agricultural biotechnology, to assist our
farmers and our people to endure and thrive. Our
scientists are developing new Rice varieties, with aid of
conventional, molecular plusgenetic  engineering
techniques, to increase our food security. Let us not
disregard these technologies, and find ourselves once
again at a technological and economic disadvantage.
The scientific thrive and sustainability leads to the
utilisation of these all techs and booms the scientific
world to serve the farmer as well as the present and
future generations.

REFERENCES

1. Guimaraes EP; “Rice breeding,” in Cereals, M. J.
Carena, Ed., pp. 1-28, Springer, New York, NY,
USA, 2009.

2. Hargrove T, Coffman WR; Breeding history. Rice
Today, 2006; 34-38.

3. Zhang Q; Strategies for developing Green Super
Rice. Genomics, 2007; 104(42): 16402 — 164009.

4. Chang TT, Li CC, Tagumpay O; Genotypic
correlation, heterosis, inbreeding and transgressive
segregation of agronomic traits in a diallel — cross
of rice (Oryzasatival..) cultivars.
Bot.Bull.Acad.Sin.(Taipei), 1973; 14: 83-93.

5. Davis MD, Rutger JN; Yield of Fi, F; and Fs3
hybrids of rice (Oryzasativa L.). Euphytica, 1976;
25(1): 587- 595.

6. Virmani SS, Chaudhary RC, Khush GS; Current
outlook on hybrid rice. Oryza, 1981; 18: 67-84.

7. Virmani SS, Edwards 1B; Current status and future
prospects for breeding hybrid rice and wheat.
Adv.Agron, 1983; 36: 145-214.

8. Siddiq EA, Nerkar SL; Intra and inter subspecific
variation in soluble proteins of Oryzasativa L.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Theoretical and Applied Genetics, 1972; 42(8):
351-356.

Yuan LP; A preliminary report on male sterility in
rice. Sci. Bull, 1966; 4: 32-34.

Stansel J, Craigmiles JP; “Hybrid Rice-Problems
and Potentials”, Rice Journal, 1966; 69(5): 14 - 15.
Shinjyo C, O’mura T; Cytoplasmic male sterility in
cultivated rice, Oryzasativa L. I. Fertility of F 1, F
2 , and offsprings obtained from their mutual
reciprocal backcrosses, and segregation of
completely male sterile plants [in Japanese]. Jpn. J.
Breed, 1966; 16(sl): 179-180.

Athwal DS, Virmani SS; Cytoplasmic male
sterility and hybrid breeding in rice. Pages 615-620
in Rice Breeding. IRRI. PO Box 933. Manila.
Philippines, 1972.

Cheng SH, Cao LY, Zhuang JY, Chen SG, Zhan
XD, Fan YY, Zhu DF, Min SK; A Super Hybrid
Rice Breeding in China: Achievements and
Prospect. J. of Integrative Pl. Biol, 2007; 49(6):
805-810.

Yuan LP; Improving China's rice productivity in
the 21st century. In: Denning, G.L. and Mew,
T.W., (eds), Hybrid rice breeding for super high
yield. Proceedings of the China-IRRI dialogue held
in Beijing, China. China National Hybrid Rice
Research and Development Center, China, 1998;
10-12.

Cheng SH, Zhauang JY, Fan YY, Du JH, Cao LY;
b. Progress in research and development on hybrid
rice: A super domesticate in China. Ann. of Bot,
2007; 100(5): 959 — 966.

Cheng SH; Current status and prospect in the
development of breeding materials and breeding
methodology of hybrid rice. Chinese Journal of
Rice Sciencem, 2000; 14(3): 165-169.

Cheng SH, Min SK; Rice varieties in China:
current status and prospect. Rice in china, 2000; 1:
13-16.

Khush GS; Rice Research in Asia: Progress and
Priorities, In: Evenson, R.E., Herdt, R.W., Hossain,
M. (eds). proceedings of an international workshop,
UK. CAB International, Wallingford, UK, in
association with the International Rice Research
Institute, Manila, 1996; 59-71.

Yuan LP; Rice Research for Food Security and
Poverty Alleviation. In: Peng, S. and Hardy, B.
(eds). Proceedings of International Rice Research
Institute, Manila, 2001; 143-149.

Cheng SH, Cao LY, Chen SG, Zhu DF, Wang X,
Min SK; Conception of late-stage vigour super
hybrid rice and its biological significance. J. Rice
Sci, 2005; 19(3): 280-284.

Evans LT; Adapting and improving crops: the
endless task. Phil. Trans. R. Soc, 1997; 352: 901—
906.

Ortiz R; Critical role of plant biotechnology for the
genetic improvement of food crops: perspectives
for the next millennium. Electron. J. Biotechnol,
1998; 1(3): 16-17.

Available Online: https://saspublishers.com/journal/sjavs/home

218


https://saspublishers.com/journal/sjavs/home

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Ruttan VW; The transition to agricultural
sustainability. Proc. Natl Acad. Sci. USA, 1999;
96(11): 5960-5967.

Bertrand CYC, David JM; Marker-assisted
selection: an approach for precision plant breeding
in the twenty-first century. Phil. Trans. R. Soc,
2008; 363(1491): 557-572.

Yashitola J, Thirumurugan T, Sundaram RM,
Naseerullah MK, Ramesha MS, Sarma NP, Sonti
RV; Assessment of purity of rice hybrids using
microsatellite and STS markers. Crop Sci, 2002;
42(4): 1369-1373.

Duvick DN; Heterosis: feeding people and
protecting natural resources. pp. 19-29. In: J.G.
Coors, S. Pandey (Eds.), The Genetics and
Exploitation of Heterosis in Crops. American
Society of Agronomy, Inc., Crop Science Society
of America, Inc., Soil Science Society of America,
Inc., Madison, WI. 1999.

Jiang CG, Xu JM, Tu XH, Li YQ, Hen QF;
Pyramiding of insect- and disease-resistance genes
into an elite indica, cytoplasm male sterile restorer
line of rice,"Minghui 63’. Plant Breeding, 2004;
123(2): 112 - 116

Huang N, Angeles ER, Domingo J, Magpantay
G, Singh S, Zhang G, Kumaravadivel N, Bennett
J, Khush GS; Pyramiding of bacterial blight
resistance genes in rice: marker-assisted
selection using RFLP and PCR. Theor. appl.
Genet, 1997; 95(3): 313-320.

Porter DR, John D, Kevin BA, Shufran, James A;
Efficacy of Pyramiding Greenbug (Homoptera:
Aphididae) Resistance Genes in Wheat. J. Econ.
Entomol, 2000; 93(4): 1315 - 1318.

Valent B, farrall L, Chumley  FG;
MagnaportheGrisea Genes for Pathogenicity and
Virulence Identified through a Series of

Backcrosses. Genetics, 1991; 127(1): 87-101.
Zhang J, Li X, Jiang G, XuY, He Y; Pyramiding
of Xa7 and Xa21 for theimprovement of disease
resistance to bacterial blight in hybrid rice. Pl
Breed, 2006; 125(6): 600-605.

Ali J, Santiaguel AF; Greener rice. Rice Today,
2011; 10(1): 27-29.

James C; a. Global Review of Commercialized
Transgenic Crops: 2001. ISAAA Briefs No. 26-
2002. International service for the acquisition of
agri-biotech applications. Ithaca, Newyork, 2002;
184,

James C; b. World-wide deployment of GM crops:
aims and results — state of the art. In Discourse on
Genetically Modified Plants. Bad Neuenahr,
Germany, 2002; Available from
http://www.gruenegentechnik.de/Doku_Fachtagun
g/james_engl.pdf).

Huang J, Ruifa Hu, Scott Rozelle, Carl Pray;
Insect-Resistant GM Rice in Farmers’ Fields:
Assessing Productivity and Health Effects in
China, 2005; 308: 688 — 690.

36.

37.

38.

39.

40.

41.

42.

Brogue K, Chet I, Cressman R, Biddle P, Knowlton
S, Jeffry MC, Broglie; Transgenic Plants with
Enhanced Resistance to the Fungal Pathogen
Rhizoctoniasolani. Sci, 1991; 254(5722): 1194-
1197.

Ingo Potrykus; Golden Rice and Beyond. Plant
Physiol, 2001; 125(3) 1157-1161.

Mayer JE, Pfeiffer WH, Beyer P; Biofortified crops
to alleviate micronutrient malnutrition. Curr Opin
Plant Biol, 2008; 11(2): 166-170.

Al-Babili S, Hoa TTC, Schaub P; Exploring the
potential of the bacterial carotene desaturase Crtl to
increase the B-carotene content in Golden Rice. J.
Exp. Bot, 2006; 57(4): 1007-1014.

Paine JA, Shipton CA, Chaggar S, Howells RM,
Kennedy MJ, Vernon G, Wright SY, Hinchliffe E,
Adams JL, Silverstone AL, Drake R; A new
version of Golden Rice with increased provitamin
A content. Nat. Biotech, 2005; 23: 482-487.

Duan X, Li X, Xue Q, Abo-El-Saad M, Xu D, Wu
R; Transgenic rice plants harboring an introduced
potato proteinase inhibitor Il gene are insect
resistant. Nat. Biotech, 1996; 14(4): 494-498.
Available online at
http://www.goldenrice.org/Content2-
How/how1_sci.php

Available Online: https://saspublishers.com/journal/sjavs/home

219


https://saspublishers.com/journal/sjavs/home
http://link.springer.com/search?facet-author=%22N.+Huang%22
http://link.springer.com/search?facet-author=%22E.+R.+Angeles%22
http://link.springer.com/search?facet-author=%22J.+Domingo%22
http://link.springer.com/search?facet-author=%22G.+Magpantay%22
http://link.springer.com/search?facet-author=%22S.+Singh%22
http://link.springer.com/search?facet-author=%22G.+Zhang%22
http://link.springer.com/search?facet-author=%22N.+Kumaravadivel%22
http://link.springer.com/search?facet-author=%22J.+Bennett%22
http://link.springer.com/search?facet-author=%22G.+S.+Khush%22

