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Summary

Phytate is the primary storage form of phosphate in plants. Phytases from microbial
sources are supplemented to feedstuff of monogastric animals to increase the uptake of
phytate phosphorus. The use of microbial phytase is associated with high production cost
and also requires special care in feed processing. Expression of phytase in transgenic plants
is an alternative approach to the production of phytase for commercial use (organic farm-
ing) as well as for animal feed. This review summarizes the current knowledge of trans-
genic plants overexpressing phy gene and their potential application in animal feed. The
need for alterations in the phy gene for enhanced expression, accumulation and activity of
phytase in transgenic plants is also discussed.
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Introduction

Plant seeds are major source of proteins and other
nutrient elements in animal feed. The majority of the
phosphorus in the seeds of higher plants is stored as myo-
-inositol-1,2,3,4,5,6-hexakisphosphate, otherwise known
as phytic acid or phytate. Plant seeds that have high phy-
tate content are used as animal feed ingredients such as
oilseed meals, cereal grains and legumes (1). The amount
of phosphorus in cereal grains and oilseed meals meets
the requirement for optimal growth of animals if all the
phosphorus from phytate is available. Phytase is an en-
zyme that catalyses the breakdown of phytate into in-
organic phosphorus and myo-inositol. Since monogastric
animals like poultry, pigs and fish have very low or no
phytase activities in their digestive tracts, they are un-
able to efficiently utilize phosphorus from the feed pre-
sent in the form of phytate (2,3). In addition, phytate is
considered as an antinutritional factor because under acid-
ic conditions it has strongly negative charge and chelates
cations such as iron, zinc, magnesium, manganese, cop-
per and calcium (4). At low pH, phytate binds to amine
groups of proteins, resulting in phytate-protein complex,

which is generally insoluble and more resistant to hy-
drolysis by digestive enzymes (5). Binding of minerals
and proteins to phytate impacts its nutritional quality by
decreasing bioavailability of essential nutrients (6). Sup-
plementation of inorganic phosphorus to feed can solve
this nutritional problem (7). As a result, additional phos-
phorus is often provided to the feed and unutilized or-
ganic phosphorus (phytate) leaches and persists in animal
manures. Such manures if applied routinely to the fields,
cause serious pollution and ecological problems known
as eutrophication (8). If inorganic phosphate is substi-
tuted by phytase and provided to monogastric animals,
both phosphorus in phytate and bound metals become
available to animals and the phosphorus pollution prob-
lem can also be resolved to some extent.

Microbial phytase produced by fermentation is used
as a feed additive to manage the nutritional and envi-
ronmental problems caused by phytate. However, this
approach is associated with high production costs for the
enzyme and requirement of special care in feed pro-
cessing and diet formulation, which limits its extensive
commercial use. Many strategies have been developed
for improving phosphate and mineral availability in
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feed and food. These comprise the pretreatment of grains
to activate endogenous phytase, mutation of enzymes
involved in phytate biosynthesis for reduction of seed
phytate levels, genetic engineering of livestock for secre-
tion of phytase in the saliva, and transformation of crop
plants for production of microbial phytase (2). The ap-
proach to produce transgenic crops having high phytase
expression is becoming a prerequisite to improve the bio-
availability of phosphorus in food/feed instead of direct
supplementation of microbial phytase to animal feed. As
a cost-effective option, transgenic plants have been eva-
luated as bioreactors for the production of recombinant
phytases to meet the industrial demand (9,10). Enzymes
can be expressed, secreted, folded and post-translation-
ally modified in plants to produce functional recombi-
nant proteins at high level (11,12). This review summa-
rizes the current knowledge of various transgenic plants
overexpressing microbial phy gene and their potential
application in animal feed.

Source Organisms for phy Gene

Both prokaryotic and eukaryotic microbes have been
used as a source of phy gene for transformation of crop
plants. Some bacterial phy genes of phyC from Bacillus
subtilis (13), SrPf6 from Selenomonas ruminantium (14), and
appA and appA2 from E. coli (15) have been used to de-
velop transgenic plants. Yeast is again an excellent source
of phy gene for genetic transformation studies. The phy
gene from yeast (Schwanniomyces occidentalis) has been
used to develop transgenic rice plants (4). This is the
first and only report about the use of phy gene from
yeast in genetic transformation. A long list of phytase-
-producing fungi includes Aspergillus ficuum (16), A. niger
(17,18), Emericella nidulans, Talaromyces thermophilus (19),
A. fumigatus (20), Thermomyces lanuginosus (21), Peniophora
lycii, Agrocybe pediades, Ceriporia sp. and Trametes pubes-
cens (22). A. niger IARI 363 and A. ficuum IARI 1461 have
shown to produce thermostable phytase using waste car-
bon source (23,24). Fungal phyA gene from A. niger and
A. fumigatus has been used to develop transgenic plants
such as tobacco, maize, soybean, rice, wheat, canola and
alfalfa. The phy gene from fungi has been extensively em-
ployed in transformation studies since they exhibit sta-
bility in a wide range of pH and temperature.

Expression of Phytase Gene in Plants

Phytase gene from diverse microbial origin has been
overexpressed in various plants such as tobacco (9,25–
31), canola (32,33), soybean (10,34–38), wheat (6,39,40),
rice (4,41–43), alfalfa (44), sesame (45), Arabidopsis (28,46),
maize (47–49), Trifolium repens (50), Medicago truncatula
(51) and potato (52).

The first account of the engineering of active and
stable recombinant phytase from Aspergillus niger in to-
bacco seeds was reported by Pen et al. (9). The fungal
phytase gene (phyA) was fused to a plant endoplasmic
reticulum-targeting sequence and was placed under the
control of the constitutive 35S cauliflower mosaic virus
(CaMV) promoter in a binary transformation vector. The

gene was inserted into the tobacco genome by Agrobacte-
rium-mediated transformation (25). In stably transformed
plants, up to 1 % of soluble protein in seeds was active
recombinant phytase. Subsequently, Ullah et al. (26) re-
peated the transformation of tobacco with phyA from
Aspergillus ficuum and purified the recombinant protein
for further biochemical characterization. Similarly, trans-
genic tobacco plants were generated that constitutively
expressed b-propeller phytase from Bacillus subtilis (168
phyA) under the control of CaMV 35S promoter, and car-
rot extensin signal peptides were attached for root-spe-
cific secretion (28). Recombinant phytase accounted for
0.4 % of total soluble leaf protein. Recently, a heat-stable
phytase gene from Aspergillus fumigatus (fphyA) has been
introduced in tobacco by Agrobacterium-mediated trans-
formation. Phytase gene expression was controlled by
CaMV 35S promoter and secretion of recombinant phy-
tase to extracellular fluid was established by use of
signal sequence from tobacco calreticulin (31). In trans-
formed plants, phytase accounted for 2.3 % of total sol-
uble leaf protein.

The phyA gene was introduced in soybean using
microprojectile bombardment of cell suspension culture
(10). Cells were stably transformed with phyA construct
containing a dually-enhanced CaMV 35S promoter fused
to a signal peptide in order to secrete active phytase into
the culture medium. Based on the estimated activity
levels, up to 7 % of the secreted proteins were predicted
to be phytase. Production of transgenic soybean express-
ing phytase has also been reported with linear vectorless
construct without selectable markers constituting phyA
gene and CaMV 35S promoter directly introduced through
pollen tube pathway (35). In another study, appA gene
from E. coli constructed with seed lectin promoter and a
lectin signal sequence for specific expression of gene in
vacuoles was transformed into soybean using Agrobac-
terium-mediated transformation (36). Subsequently, an-
other phy gene from Asperigillus ficuum (AfPhyA) was
transformed into soybean using Agrobacterium-mediated
transformation. This phy gene was driven by the Arabi-
dopsis Pky10 gene promoter and the carrot extension
signal peptide was introduced for root-specific secretory
expression of this gene (37). Recently, transgenic soy-
bean plants have been generated using both Agrobacteri-
um-mediated and pollen tube pathways with the phyA
gene from Aspergillus ficuum (38).

The transgenic canola seeds overexpressing phytase
gene (phyA) from Aspergillus niger were generated with
the gene placed under the control of seed-specific cruci-
ferin (cruA) promoter and fused to cruciferin signal pep-
tide sequences for specific secretion into the seeds (32).
These canola seeds expressed high phytase activity per
mass of seed of 600 U/g. Later, transgenic canola express-
ing A. niger phytase gene (phyA) with codon modifica-
tions according to codon usage of Brassica napus was also
developed resulting in a remarkable increase in phytase
synthesis in seeds (33). For this purpose, synthetic phy
gene was designed according to the codon usage of B.
napus without altering the amino acid sequence of A. niger
phyA gene. This codon modified phyA gene overexpress-
ed in canola using a construct driven by CaMV 35S pro-
moter, tobacco Ubi-U4 promoter for GUS expression,
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tobacco PR-S signal peptide and KDEL sequence for re-
tention of secreted proteins in the endoplasmic reticu-
lum (ER). Phytase accumulation in transformed mature
canola seed accounted for 2.6 % of the total soluble
proteins.

The phytase gene (phyA) from Aspergillus niger has
been applied to generate transgenic wheat plants using
biolistic approach (39,40). This phyA gene was driven by
maize Ubi promoter and fused to barley a-amylase signal
peptide for apoplast localization (39). Similarly, a con-
struct was generated for phyA gene driven by endo-
sperm-specific 1DX5 promoter (wheat high molecular
mass subunit gene, glutelin promoter Glu-1D-1) fused to
barley a-amylase signal peptide for apoplast localization
(40). Phytase gene (phyA) from Aspergillus fumigatus has
been used to transform rice. The gene was placed under
the control of glutelin promoter (Gt1) and barley b-glu-
canase signal peptide was introduced for secretion in
the endosperm (41). Likewise, phy genes from bacteria
Selenomonas ruminantium (SrPf6) and E. coli (appA) have
been introduced in rice under the control of a-amylase
gene (aAmy8) promoter fused to aAmy8 signal peptide
sequence for tissue-specific secretion (42). In a similar
study, another phy gene from yeast (Schwanniomyces oc-
cidentalis) was introduced in rice (4). The codons of yeast
phytase gene were modified according to their usage in
rice plant without affecting the amino acid sequence and
placed under the control of rice light-harvesting chloro-
phyll a/b-binding protein (cab) promoter together with
a secretory signal sequence from rice chitinase-3 gene
(Cht3-SS). This is the only report that describes the use
of phy gene from yeast for development of transgenic
plants. Furthermore, phytase gene (phyI) from Aspergil-
lus niger was also employed for generating transgenic rice
overexpressing phytase (43). The gene was driven by the
maize ubiquitin (Ubi) promoter and tobacco pathogene-
sis related the protein signal sequence as well as the
KDEL sequence for retention of secreted phytase into
ER. This gene was transformed into a high-yielding rice
cultivar via Agrobacterium-mediated transformation ex-
pressing phytase gene with an increase in phosphorus
content in seeds.

Phytase gene (phyA) cloned from Aspergillus ficuum
was expressed in leaves of transformed Medicago sativa
(44). This gene was placed under the control of CaMV
35S promoter or Arabidopsis thaliana Rubisco small sub-
unit (SSU) promoter with a signal peptide for apoplast
localization. Phytase was produced in transgenic alfalfa
at concentrations of over 1.5 % of the soluble protein.
Similarly, phyA from Aspergillus niger was expressed in
Trifolium repens (white clover), the gene was controlled
by CaMV 35S promoter and a patatin signal peptide in-
troduced for secretion of transgene products into inter-
cellular space and rhizosphere (50). Furthermore, phyA
from Aspergillus niger was expressed in Medicago trunca-
tula transgenic cell suspension line (51). In another ex-
periment, sweet potato sporamin promoter was used to
control the expression of appA gene from E. coli and in-
troduced in potato tubers, which encoded a bifunctional
enzyme exhibiting both acid phosphatase and phytase
activities (52).

A gene for phytase (phyA) from Aspergillus niger was
stably expressed in maize seeds after transformation
with the gene under the control of rice glutelin-1 seed-
-specific promoter, with murine immunoglobulin leader
peptide sequence incorporated for better secretion (47).
In a similar study, phytase gene from Aspergillus niger
was also overexpressed in maize seeds when transformed
with a construct constituting the maize embryo-specific
globulin-1 promoter and synthetic barley a-amylase signal
peptide gene for secretion of the expressed phytase into
the intercellular space (48). Another phyA gene isolated
from Aspergillus niger under the control of an endosperm-
-specific expression vector was also expressed in micro-
projectile-mediated transformed maize seeds (49). The
details of the source of phy gene, promoters, signal se-
quences and vectors used in the development of trans-
genic crops overexpressing phytase enzymes are given
in Table 1 (4,6,10,25–29,31–33,35–50,52,53).

Modifications of phy Gene for Expression in
Plants

In most of the studies, phy gene from the microbial
origin (bacterial/fungal/yeast) is used for transformation
into the plants without any modifications. The expres-
sion of enzymes and proteins is often difficult outside
the original host for the reason that codon usages vary
significantly among different organisms (54). If more rare
codons in a gene operate in the original host, it is less
likely that the heterologous protein will be expressed in
an alternate host at a high level (55). One of the stra-
tegies to improve the expression is to modify the codons
of the gene according to the usage of host plant where
the heterologous protein will be expressed. There are a
few reports where the phy genes have been modified ac-
cording to the codon usage in rice (4) and Brassica napus
(33), without altering the amino acid sequence of native
phytase gene. These studies revealed that phytase gene
with preferred codons according to the target plant spe-
cies leads to a remarkable increase in phytase yield as
compared to the host plant. Consequently, codon modi-
fication can provide an alternative strategy to improve
expression levels of non-plant-based phytases in various
plant species.

Another strategy to increase the yield of the ex-
pressed protein is to direct the soluble proteins to a
specific tissue (56). The fact that the functional phytase
produced by fungi is a glycoprotein necessitated a stra-
tegy to direct the recombinant phytase to the plant ER
for glycosylation. Almost all phy genes used for over-
expression in plants were targeted to specific locations
by attaching different signal sequences, such as rice chi-
tinase-3 gene (4), tobacco PR-S (10,25,35,43,45), soybean
VSPb secretory signal sequences (26), cruciferin signal
peptide (32), tobacco calreticulin signal peptide (33),
barley b-glucanase signal peptide (41), barley a-amylase
signal peptide (apoplast localizaton) (6,39,48), carrot ex-
tensin signal peptide (for root specific secretion) (28,29,
37) and potato patatin signal peptide (50). The tetra-
peptide KDEL is commonly found at the C-terminus of
soluble proteins in the ER and it contributes to their
localization and stable accumulation in plant ER (57).
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Table 1. Expression of phytase gene in transgenic plants

Transgenic
plant

Type of
phy gene

Source of
phy gene Promoter Signal sequence Vector Ref.

alfalfa phyA A. ficuum CaMV 35S promoter or
Arabidopsis thaliana Rubisco
small subunit (SSU) promoter

signal peptide for apoplast
localization

pBI binary vector 44

Arabidopsis b-propeller
phytase
(168phyA)

phyA

Bacillus
subtilis

A. niger

CaMV 35S promoter

Pht1;2 phosphate transporter
of Arabidopsis promoter

carrot extensin signal sequence
for plasmid pCX-CAS and
Arabidopsis thaliana extensin
signal sequence (AtExt3 gene)
for plasmid pCX-A3S
carrot extensin signal sequence
(root-specific expression)

pCX-CAS and
pCX-A3S

pPLEX502
ex::phyA-1

28

46

canola phyA

phyA

A. niger

A. niger

seed-specific cruciferin (cruA)
tobacco ubiquitin-U4 (Ubi)
promoter and CaMV 35S
promoter

cruciferin signal sequences
tobacco PR-S (pathogenesis-
related proteins) signal peptide
and ER retention signal KDEL
for ER localization

pMOG425
pYP46

32

33

maize phyA

phy2A

phyA

appA

A. niger

A. niger

A. niger

E. coli

rice glutelin-1 seed-specific
promoter
embryo specific
globulin-1 (Glb) promoter
endosperm specific promoter
-

murine immunoglobulin leader
peptide sequence
synthetic barley a-amylase
signal peptide sequence
-
-

pTO126

pSPHP3303

pCAMBIA1300
-

47

48

49

53

potato appA E. coli sweet potato sporamin
promoter

a-factor signal peptide pCAMBIA2301 52

rice phy

phyA

SrPf6

appA

phyI

Schwanniomyces
occidentalis

A. fumigatus

Selenomonas
ruminantium

E. coli

A. niger

cab promoter (P-cab)

embryo specific glutelin
promoter (Gt1)
a-amylase gene (aAmy8)
promoter
a-amylase gene (aAmy8)
promoter
maize Ubi promoter

signal sequence from rice
chitinase-3 gene
barley b-glucanase signal
peptide
aAmy8 signal peptide sequence

aAmy8 signal peptide sequence

tobacco PR-S signal sequence
and KDEL sequence for ER
localization

pMOF

pGt1PF

pPZP200

pPZP200

pYH582 (derived
from pCAMBIA)

4

41

42

42

43

sesame phyA A. niger CaMV 35S promoter tobacco PR-S signal peptide pMOG413 45

soybean phyA

phyA

phyA

AfphyA

phyA

A. niger

A. awamori

E. coli

A. ficuum

A. ficuum

CaMV 35S promoter
CaMV 35S promoter
soybean lectin promoter
Arabidopsis Pyk10 gene
CaMV 35S promoter

tobacco PR-S signal peptide
-
lectin signal sequence
carrot extensin signal sequence
-

-
vectorless construct
pZY101
pYES2
pBin438

10

35

36

37

38

tobacco phy

phyA

b-propeller
phytase
(168phyA)
b-propeller
phytase
(168phyA)

phyA

fphyA

A. niger

A. ficuum

B. subtilis

B. subtilis

A. niger

A. fumigatus

CaMV 35S promoter with
double enhancer sequence
CaMV 35S promoter

CaMV 35S promoter

CaMV 35S promoter

CaMV 35S promoter
CaMV 35S promoter

tobacco PR-S signal sequence

soybean VSPb secretory
signal sequences
-

carrot extensin signal sequence
for plasmid pCX-CAS and
Arabidopsis thaliana extensin
signal sequence (AtExt3 gene)
for plasmid pCX-A3S
carrot extensin signal sequence (ex)
tobacco calreliculin signal sequence

pMOG413

pTZ117

pCX-168phyA

pCX-CAS and
pCX-A3S

pAER02
pBI121

25

26

27

28

29

31

Trifolium
repens

phyA A. niger CaMV 35S promoter patatin signal peptide pCAMBIA 3301 50

wheat phy A

phyA

phyA

A. niger

A. niger

A. fumigatus

endosperm specific 1DX5
(promoter of the wheat
high molecular mass
glutenin gene Glu-1D-1)
maize Ubi-1 promoter

endosperm specific 1DX5
promoter

barley a-amylase signal peptide
for apoplastic localization

barley a-amylase signal peptide
for apoplastic localization
barley a-amylase signal peptide
for apoplastic localization

p1DX5SPPhyN

pUPhyN

p1DX5SPConPhyN

6

39

40



The KDEL sequence was introduced into the phy gene
construct for its endoplasmic reticulum localization in
transgenic canola and rice overexpressing phytase (33,
43). It has been demonstrated that the addition of KDEL
sequence with the phyA resulted in higher levels of phy-
tase accumulation in these transgenic plants as com-
pared to transgenic plants expressing phyA gene without
KDEL sequences (33).

Glycosylation Pattern of phy Gene in Transgenic
Plants

Glycosylation of phytase enzyme helps in folding of
protein to generate active sites, and also aids in main-
taining thermal stability and activity of the enzyme. The
glycosylation has little effect on the substrate specificity
of phytase but has a significant effect on the molecular
mass, protein structure, thermal stability and biological
synthesis. Most of the phy genes expressed in different
transgenic crops exhibited lower mass as compared to
the native phytase; this is attributed to the difference in
the glycosylation pattern of this gene in plant and fun-
gal systems. It has been reported that glycosylation is
important for Aspergillus phytase activity, secretion and
stability. The molecular mass of transformed tobacco
phytase from leaves was found to be approx. 70 kDa as
compared to Aspergillus enzyme of approx. 80 kDa. This
difference in molecular mass of transgenic tobacco and
donor of the gene Aspergillus was found to be due to the
differences in glycosylation patterns (25). Phytase gene
from Aspergillus niger expressed in tobacco was found to
be 17 % less glycosylated as compared to the identical
phy gene from fungi. Similarly, Aspergillus fumigatus phy-
tase gene expressed in tobacco (tfphyA) was found to be
22 % less glycosylated than the native phytase gene (31).
The yeast phytase expressed in rice, i.e. heterologous phy-
tase, was 22 % less glycosylated than the original yeast
phytase (4). The fungal phytase (A. ficuum) expressed in
alfalfa was 16 % less glycosylated than its native form
(44). In addition, similar results were obtained for the
expression of fungal phyA gene in wheat, canola, rice
and soybean, where recombinant phytase had low mole-
cular mass as compared to the native phytase, revealing
low glycosylation of plant-expressed phytase (10,33,35,
39,41). Furthermore, phy2A gene of Aspergillus niger when
expressed in maize showed a band of 60 kDa using
Western blot analysis but the same gene when expressed
in yeast exhibited a band of 75 kDa, clearly showing vari-
ations in enzyme glycosylation in maize and yeast (48).

It is well documented that in planta synthesized fun-
gal phytase is glycosylated when targeted to the apo-
plast and ER but the pattern of glycosylation is less
complex than in fungi (6). The importance of glyco-
sylation in folding of phytase to generate the active site
was studied using A. ficuum phytase gene expressed in
E. coli and Pichia pastoris. The expressed fungal phytase
in the bacteria was not only devoid of any activities, but
it accumulated in the inclusion bodies (58). Despite the
differences in glycosylation patterns, the plant expressed
phy genes (tobacco, soybean, canola, wheat, alfalfa, rice
and maize), conserved the catalytic properties of the
native enzyme and was found to be functionally active.

Phytase Activity in Transgenic Plants

Transgenic tobacco plants overexpressing fungal
phyA gene showed 2500 ng of phytase per mg of dry
mass. Phytase was found to be biologically active and to
accumulate in leaves up to 14.4 % of total soluble pro-
tein during plant maturation (25). Similar results were
reported for transgenic tobacco overexpressing heat-
-stable phytase from Aspergillus fumigates, where phytase
accumulation was 2.3 % of the total soluble protein in
leaves (31). Transgenic wheat, rice, corn and soybean
overexpressing fungal phytase showed phytase activity
per mass of seed 1467, 16 500 and 125 U/kg and per mass
of leaves 5000 U/kg (4,32,35,39,42,58). Phytase activity
of leaves was found to be 389.3 nkat/g in transgenic al-
falfa plants overexpressing fungal phytase (44). In trans-
genic canola seeds overexpressed phytase activity was
as high as 15 600 U/kg and phytase accumulation was
up to 2.6 % of the total soluble proteins (33). Similarly,
transgenic rice overexpressing phytase gene (phyI) showed
significantly higher (57 %) phosphorus content as com-
pared to that in the untransformed wild type (43). Trans-
genic maize seeds expressed the fungal phytase phyA2
gene in embryos without affecting the seed germination
despite the phytase activity of virtually 2200 U/kg (48).
The accumulation of the phytase in all the transgenic
plants overexpressing fungal phytase was stable, and
functionally active. Different transgenic plants (express-
ing bacterial, fungal and yeast phytase) with their re-
spective phytase activities are presented in Table 2 (4,6,
25,26,28,29,31,33,35–37,39–42,45–50,52,53).

Feed Trails for Transgenic Crops Overexpressing
Phytase

The transgenic crops overexpressing phytase were
used for feed trials for pigs and poultry. In a poultry
feed trial, when phytase-containing alfalfa juice was
added at the rate of 400 U/kg to the normal dietary
supplements, the performance of chickens was at par
with the group fed only with normal dietary supple-
ments (59). The addition of phytase to the poultry and
pig feed in the form of transgenic soybeans at 1200
U/kg and transgenic canola at 250, 500 and 2500 U/kg
per day significantly improved the nutritional values
and remarkably reduced phosphorus excretion (34,60,61).
Germinated transgenic rice seeds overexpressing phy-
tase from bacterial origin supplemented to poultry feed
resulted in growth rates comparable to the growth rates
of chickens fed with a standard meal supplemented with
a commercial microbial phytase (42). When transgenic rice
fresh leaves expressing yeast (Schwanniomyces occidenta-
lis) phytase were ground and mixed with whole extract
of seed-based feed for pigs, the release of orthophosphate
increased significantly, due to phytase activity (62). For
the efficacy of transgenic canola-derived phytase, the
chicken trial results have shown that it is as effective as
the commercial microbial phytase (33). Also, the chick-
ens fed with phytase from transgenic canola performed
at par to those fed with feed supplemented with inor-
ganic phosphate. In another trial, differences were not
observed in the utilization of P or Ca between pigs fed
with 16 500 U/kg of either corn-based phytase (CBP),
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i.e. transgenic corn expressing a phytase gene from E.
coli, or Quantum® phytase derived from E. coli (53). These
findings will perhaps extend the application of trans-
genic plants that produce heterologous phytases as an
animal feed.

Conclusion and Future Prospects

Transgenic plants expressing microbial phytase are
an innovative means of delivering phytases to non-ru-
minants to enhance the utilization of phytate phospho-
rus and mineral uptake. Hence, it could be concluded
that molecular organic farming of stable hydrolytic en-
zymes like phytase is a practical proposition. It was
found that the phytase produced by fungi, bacteria or
yeast and the recombinant phytase produced in trans-
genic plants do not show much difference. Furthermore,
the use of codon modifications adjusted to the host plant
in seed- and endosperm-specific promoters and the addi-
tion of signal peptides for tissue-specific secretion would
have an additional effect on the production and accu-
mulation of phytases in plants. Therefore, production of
stable phytase from microbial sources in crop plants could
open a new venture for commercial purposes. There is a
potential in the use of these transgenic seeds and fodder
as additives for the improvement of digestibility of phy-
tic acid in animal feeds, and the reduction of phosphate
excretion from poultry, pigs and dairy cattle would sub-
stantially reduce phosphates in manure.

Only a limited number of phytase genes from bacte-
ria and yeast have been used for developing transgenic
crops. Further efforts for developing new technologies
and identifying the most efficient phytases from various
sources and their heterologous expression in appropriate
host plants for improving animal feed must continue.
Since the feed ingredients are often heated at 65–80 °C
during the pelleting process, phytase stable at high tem-
perature is desirable for animal feed applications. There
is an urgent need to search for thermostable phytase
from different microbial sources and efforts should be
focused on employing phytase genes from such micro-
organisms for transformation of various crops. Another
approach may be to limit the phytate content of seeds
by developing low phytic acid (lpa) mutant plants through
knocking out of genes involved in phytic acid biosyn-
thesis. Thus, the purpose of investigations is to know if
the low phytate trait results in undesirable side effects
in crops such as yield reduction and loss of seed via-
bility. Preferably both strategies, i.e. the use of phy gene
for transformation of crop plants, and the production of
lpa mutant plant seeds should go hand in hand either to
improve phytate utilization by monogastric animals or
to reduce their exposure to phytate.
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Table 2. List of transgenic plants over-expressing phytase gene and their phytase activities

Transgenic crop expressing phytase gene Phytase activity Reference
Arabidopsis per mass of protein 431.49 mU/mg 46

canola per mass of seeds (2.6 % of the total soluble proteins) 15 600 U/kg 33

maize per mass of seeds 16500 FTU/kg
2900 U/kg
2200 U/kg
20.67 U/kg

53

47

48

49

potato per mass of tubers 50 000 U/kg 52

rice
per mass of fresh leaves (truncated gene)
per mass of fresh leaves (full-length gene)
per mass of seeds
per dry mass

10.6 U/g
5 U/g
72–9415 U/g
6000 (SrPf6) and 2500 U/kg (appA)

4

4

41

42

sesame per mass of protein 72 U/mg 45

soybean
per mass of seeds
n(P) per time per mass of protein
per mass of protein

125 U/kg
184 µmol/(min·mg)
10.2 U/mg

35

36

37

tobacco
mass of phytase per dry mass (1.7 % of total soluble protein in leaves)
per mass of leaves
per mass of protein
per mass of protein
percentage of total leaf soluble protein (enzyme activity data not shown)

2500 ng/mg
1494 nkat/g
52.1 mU/mg
3.8 nkat/mg
2.3 %

25

26

28

29

31

Trifolium repens per mass of protein 52 mU/mg 50

wheat per mass of seeds 1265 FTU/kg
1467 FTU/kg
3655 U/kg

6

39

40
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