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All these factors indicate that the
hydrate promotion effect has no simple
correlation with the hydrophobicity or
nature of the amino acid side chain.
Therefore, the exact mechanism of
hydrate promotion at this stage remains
obscure. Nevertheless, certain amino
acids, such as l-met, l-cys, l-nle, 1-val,
l-nva, etc. have been proved to be good
promoters for CO, hydrate formation.
The faster gas uptake kinetics and effec-
tive hydrate conversion at favourable
thermodynamic conditions could be uti-
lized for CO, gas storage applications.
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Low phytic acid peanut: a potential tool to overcome mineral

malnutrition in humans

Malnutrition affects over one billion
people worldwide and thus one out of six
humans is malnourished. Though the
green revolution solved the problem of
malnutrition to the great extent, people
living in developing and under-deve-
loped countries still face micronutrient
malnutrition, which is a result of imbal-
anced diet and intake of insufficient
micronutrients. Iron and zinc deficien-
cies together contributing to loss to GDP
is at least US$ 5 billion in China and
India alone'.

Among nuts, peanut is considered as
superfood and has been effective in treat-
ing malnutrition across the globe. Pea-
nuts have more protein and 30 essential
vitamins and minerals that are effective
to combat acute malnutrition. Nutritive
value of peanuts reveals that nearly half
of the mass of the kernel is made of
lipids, whereas protein and carbohydrate
constitute nearly one-fifth to one-fourth
of the kernel mass. The total mineral
content of peanuts is in the range 2—-3%
and is a good source of iron, potassium,
calcium, sodium and magnesium. It also
contains appreciable amounts of manga-
nese, copper, zinc and boron®. Peanut
kernels contain more protein than meat
and egg, and far more than any other
vegetable foods, except soybean. The
National Aeronautical and Space Ad-
ministration, USA, has selected peanut as
food for advance life-support systems for
extended space missions”.

In addition to the huge beneficial
properties, peanuts also have very high
levels of phytic acid than wheat, maize

and barley and lower inorganic phospho-
rus content than pigeon pea, chickpea,
urdbean and soybean®. Phytic acid con-
tent is 0.2-4% in peanuts and a huge
variability among peanut genotypes with
respect to phytic acid content has been
observed (812.3-1713.8 mg/100 g seed)”.
Phytate is a chelator of cations such as
Fe**, Zn*", Ca®" and Mg®', and reduces
their bioavailability in humans and
monogastric animals®. In developing
countries where staple food is mainly
seed-based, it leads to serious alimentary
deficiencies in humans’. Non-ruminant
animals are unable to digest phytic acid,
and the undigested phytic acid promotes
water eutrophication and environmental
pollution®. This warrants the develop-
ment of low phytic acid crops’.

Phytic acid in plants is synthesized
either by lipid-dependent pathway or by
lipid-independent pathway, which begins
with glucose 6-phosphate (G6P) (1) and
1D-myo-inositol 3-phosphate synthase
(MIPS) catalysing this step. In lipid-
dependent pathway, inositol gets con-
verted into phosphatidylinositol (PtdIns)
and is later phosphorylated to yield
PtdIns(4,5)P,, subsequently being hydro-
lysed via the action of a specific phos-
pholipase C to yield Ins(1,4,5)P; and
finally phytic acid. In lipid-independent
pathway, inositol is sequentially phos-
phorylated to di-, tri-, tetra-, penta phos-
phates and finally to phytic acid®.

A reduction in phytic acid content and
increase in P content in seeds is desirable
as it reduces the environmental impact
due to animal waste. Efforts to reduce
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phytic acid mainly involve three appro-
aches: (1) expression of recombinant
microbial phytase; (2) generating low
phytic acid mutant phenotypes through
mutation — several such mutants have
been identified in rice’, wheat'?, maize'’,
soybean'? and other crops; (3) generating
transgenic lines by suppressing genes
involved in phytic acid biosynthesis. An
advantage of the third approach is that
genetic manipulations can be carried out
in a developmentally and physiologically
regulated system'’, which is otherwise
lacking in the mutagenic approach.
Unlike cereals, molecular breeding or
genomic assisted breeding efforts are
limited in peanut. When compared to
other genomic resources, molecular
markers can be directly applied in crop
breeding and for marker-assisted breed-
ing to be utilized in developing low
phytic acid genotypes, genes/quantitative
trait loci (QTLs) involved in this path-
way have to be identified'*. At present,
several genomic resources like expressed
sequenced tags (ESTs), physical maps,
molecular markers, QTL identification
and identification of genes associated
with the traits of interest are available.
Recently, AhPIPK1, one of the genes in-
volved in lipid-dependent phytic acid
biosynthetic pathway'’, and 4hIPK2 and
ARITPK] involved in lipid-independent
phytic acid biosynthetic pathway'® have
been identified in peanuts. This opens up
new avenues for practising genomic-
assisted breeding for reducing phytic
acid content in peanuts. Low phytic acid
genotypes of maize, barley and soybean
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have increased feed P utilization in poul-
try, fish and pigs'’. Consumption of low
phytate maize in humans has increased
Fe, Ca and Zn absorption by 30-50%
(ref. 18). Development of low-phytate
genotypes can be effective to combat
malnutrition, since it has already been
proven to increase ‘fractional absorption’
of Fe, Zn and Ca.

Breeding for low phytate peanut geno-
types promises to be cost-effective inter-
vention in the fight against micronutrient
deficiencies in developing economies.
However, tools and genomic resources
are still not available to develop such va-
rieties. Our study has identified genes in
the phytic acid biosynthetic pathway that
can be used to alter their expression, or
identify genotypes that have lower ex-
pression of these genes that can be used
in molecular breeding to reduce the phy-
tate content in peanuts.

1. Ajay, B. C. and Ananga, A., In 20th
Penn State Plant Biology Symposium:
Plant Stress-omics in a Changing Cli-
mate, University Park, Pennsylvania,
USA, 13-16 May 2015, p. 64.

2. Misra, J. B., In Groundnut Research in
India (eds Basu, M. S. and Singh, N. B.),
National Research Centre for Groundnut,
Junagadh, 2004, pp. 273-291.

3. Duffin, P. A., Ph D thesis, University of
Surrey, Guildford, Surrey, USA, 1989,
p. 14.

4. Hande, P. A., Mondal, S., Badigannavar,
A. M. and D’Souza, S. F., Plant Genet.

Resour.-C, 2013, 11, 190-195; doi:10.
1017/S1479262113000130.

Fredlund, K., Isaksson, M., Rossander-
Hulthén, L., Almgren, A. and Sandberg,
A. S., J. Trace. Elem. Med. Biol., 2006,
20, 49-57.

. Navert, B., Sandstrom, B. and Cederblad,

A., Br. J. Nutr., 1985, 53, 47-53.

Raboy, V., In Inositol Phosphates: Link-
ing Agriculture and Environment (eds
Turner, B. L., Richardson, A. E. and
Mullaney, E. J.), CAB International, Ox-
fordshire, UK, 2006, pp. 111-132.

. Raboy, V., Plant Sci., 2009, 177, 281—

296.

. Kim, S. I., Andaya, C. B., Newman, J.

W., Goyal, S. S. and Tai, T. H., Theor.
Appl. Genet.,2008,117,1291-1301.

. Guttieri, M., Bowen, D., Dorsch, J. A.,

Raboy, V. and Souza, E., Crop Sci.,
2004, 44, 418-424.

. Pilu, R. et al., Theor. Appl. Genet., 2003,

107, 980-987.

. Wilcox, J. R., Premachandra, G. S.,

Young, K. A. and Raboy, V., Crop Sci.,
2000, 40, 1601-1605.

. DeMayo, F. J., Am. J. Kidney Dis., 1999,

33, 598-600.
Mackay, 1. and Powell,
Plant Sci., 2007, 12, 57-63.

W., Trends.

. Ajay, B. C., Ananga, A. and Kambiranda,

D., 2015; http://www.ncbi.nlm.nih.gov/
nuccore/966913594/

. Ajay, B. C., Ananga, A., Kambiranda,

D., Obuya, J., Bera, S. K. and Tsolova,
V., Clon. Tansgen., 2016, 5, 1.

. Cichy, K. A. and Raboy, V., In Modifica-

tion of Seed Composition to Promote
Health and Nutrition (ed. Krishnan, H.),
Agronomy Monograph 51, American
Society of Agronomy and Crop Science

Society of America, SSSA, Madison,
WI, 2009, pp. 177-200; doi:10.1234/
agron.monogr5 1 .frontmatter

18. Hambidge, K. M., Krebs, N. F., West-
cott, J. L., Sian, L., Miller, L. V., Peter-
son, K. L. and Raboy, V., A4m. J. Clin.
Nutr., 2005, 82, 84-87.

Received 23 July 2016; revised accepted 20
December 2017

B. C. Ajay ">

D. KAMBIRANDA?

S. K. BErA'
NARENDRA KUMAR'
K. GANGADHAR'

R. ABDUL Fiyaz®
K. T. Ramya*

'ICAR-Directorate of Groundnut
Research,

Post Box 5, Ivnagar Road,

Junagadh 362 001, India

Centre for Viticulture and Small Fruit
Research,

Florida A&M University,

6505 Mahan Drive Tallahassee,

Florida 32317, USA

3ICAR-Indian Institute of Rice Research,

Rajendranagar,

Hyderabad 500 030, India

*ICAR-Indian Institute of Oilseeds
Research,

Rajendranagar,

Hyderabad 500 030, India

*For correspondence.

e-mail: ajaygpb@yahoo.co.in

1166

CURRENT SCIENCE, VOL. 114, NO. 6,25 MARCH 2018



