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Introduction

P is taken up by plant roots as phosphate (Pi), which remains as one of the least available nutrient in
the soil even after the application of P-fertilizers. For this, plants have evolved a variety of adaptive
strategies to improve their Pi-acquisition that includes altered root morphology (Williamson et al.
2001), organic acids exudation, expression of the high-affinity phosphate (Pi) transporter gene
(Smith 2002) and release of phosphatases and nucleases so as to solubilize Pi from organic
resources. The establishment of symbiosis with arbuscular mycorrhizal (AM) fungi (Hause and
Fester 2005) is also an adaptive and evolved strategy for the same. Based on this, the application of
mycorrhiza-based biofertilizers is being advocated for reducing the chemical burden in the soil with
added benefits (Guar et al. 2000).

Phosphorus transport in the fungus (Pearson and Tinker 1975; Tinker 1975) and its subsequent
transfer from the fungal hyphae into the host cell (Cox and Tinker 1976) has been a subject of study
for a long time. VAM specific alkaline phosphatase activity has been reported in onions and
tobacco (Gianinazzi and Gianinazzi-Pearson 1979; Gianinazzi-Pearson and Gianinazzi 1976) Also,
the proportion of the intraradical hyphae showing the enzyme activity is sparse during the first
stages of infection but increases sharply as the mycelium proliferates within the roots (Tisserant et
al. 1993). Arbuscules are a site of nutrient exchange between the host plant and AM fungi (Cox et
al. 1980) formed in the root cortex cells by the penetration of the finely branched hyphae of AM
fungi (Bonfante-Fasolo et al. 1986). The host derives phosphorus while the fungus derives the
benefits of carbon during this symbiotic association.

alp gene and gene expression

Alkaline Phosphatase gene (alp) is AMF specific (Gianinazzi-Pearson et al. 1978; Gianinazzi and
Gianinazzi-Pearson 1979) considered to reflect fungal activity within the symbiotic system and not
reported in uncolonised roots (Aono et al. 2004) as it is expressed only under symbiotic conditions.
ALP enzyme is closely linked to both the mycorrhizal growth stimulation and the arbuscular phase
of the infection (Gianinazzi-Pearson and Gianinazzi 1978) and plays a role in the assimilation of
phosphorus in the mycorrhizal roots (Gianinazzi-Pearson and Gianinazzi 1978). The symbiotic
related genes for the mycorrhizal establishment and association are being studied and the gene pool
for the gene expression studies is mainly involved in the nutrient uptake (Balestrini and Lanfranco
2006).
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Material and Methods

Culture establishment

Three root tips for each of the root lines (detailed in table 1) were established in a 90mm Petri plate
in M media. After three days, freshly harvested spores of the AMF (~200) were added to the
corresponding Petri plates. The plates were sealed and incubated in dark at 25 + 1 °C for one month.
The plates were checked continuously for the absence of contamination and the growth of the
symbionts was monitored under a stereomicroscope (Olympus SZ 4045 research microscope,
Japan). 3 replicates for each set were subcultured and maintained in jars for Glomus intraradices in
association with the Ri T-DNA transformed root lines. The cultures were harvested after 10 weeks
using citrate buffer (8.25 mM sodium citrate and 1.84 mM citric acid, pH 6.0).

Sporulation Study

The extraradical spore count measurements were carried out by enumerating the number of spores
formed outside the root visualized over a stereozoom microscope (Olympus SZ4045 research
microscope, Japan). For the intra-radical spore count, the roots were stained with trypan blue
(Phillips and Hayman 1970) and the number of the vesicles observed was counted for 100 segments
per sample. The intra-radical spore count was enumerated from this by taking into account the total
root length of the sample. The sum of the intra-radical spore count and the extra-radical spore count
gave the total spore count.

Nitrogen, Phosphorus and Potassium Estimation

Nitrogen was estimated using the Kjeldahl method (Gupta 2004). Phosphorus was analysed
spectrophotometrically at 420nm after digesting using Concentrated HNO; and 70% HCIO, at
120°C for 30 minutes (Gupta 2004). Systronics flame photometer was used for the potassium
estimation (Singh et al. 2007).

RNA extraction and cDNA synthesis

The colonized root tissues were picked with the aid of a stereo microscope (Olympus SZ 16, Japan)
and placed in liquid nitrogen in sterile eppendorfs. Using the RNeasy® Plant Mini Kit (Qiagen,
Hilden, Germany), total RNA extraction was carried out. Thereafter, cDONA was synthesized using
the SMART cDNA synthesis kit from Clontech.

Real time expression

The Real time reaction was run using ABI Prism (Applied Biosystems) after RNA and cDNA
guantification in a NanoDrop 2000 (Thermo Scientific) spectrophotometer. The cDNA was diluted
1000 times for the study. The reactions were peformed in 20 ul mix volume containing the tested
cDNA, 1.75 pl of KAPA SYBR FAST qPCR Master mix (2x), 20 pmol/ul (0.9 pl) of each primer,
and sterile water. The reaction consisted of a 10 minute denaturation at 95 °C, followed by 40
amplification cycles (95 °C for 15 s, primer annealing at 54 °C for 30 s and extension at 72 °C for
30 s), followed by a melting curve program included at the end of each PCR run according to the
thermal profile suggested by the manufacturer (Applied Biosystems (ABI), StepOne™, USA).

Two sets of primers were utilized for the study, the alp specific primers for which the alkaline
phosphatase gene specific for AMF was selected from the NCBI database (Aono et al. 2004)
accession no. AB114298.1 and the primers were designed using the software ABI StepOne™
having the forward sequence GGAATCTGCCAAACACTTAGGTTT and reverse sequence
AGAACGTGGCTGGTGTAGCAT,; and the 28s G1/G2 primers used as internal positive control
(Da Silva et al. 2006) having the sequence

G1: CATGGAGGGTGAGAATCCCG and G2: CCATTACGTCAACATCCTTAACG

Results and Discussion

The application of mycorrhizal biofertilizers to the plants and the benefits bestowed by them has
many a times been the subject of research. Based on the limited nutrient available areas, the
mycorrhizal benefits have always been seen and reported. This has been attributed to the symbiotic



associations wherein the fungal partner gets benefitted with the carbon supply that it requires which
is in line to the nutrients that are transferred to the plants by the fungus.

Sporulation study

In the study, we found that the Daucus carota varieties showed a greater intraradical sporulation as
compared to Trifolium. However, Daucus carota var Berlicummer showed the maximum
extraradical and hence the total sporulation followed by Daucus carota var pusa kesar followed by
Trifolium

Culture in symbiosis with Glomus Extraradical Intraradical Total
Sporulation Sporulation Sporulation
Trifolium 31664 13495 45159
Daucus carota var Pusa kesar 65459 24853 90312
Daucus carota var Berlicummer 71079 37031 108110

Table 1: Sporulation pattern in three different Ri T-DNA transformed root hosts in symbiosis with
Glomus intraradices

Nitrogen, Phosphorus and Potassium Estimation

For the nitrogen, not much difference could be observed across the two carrot varieties,
however, for Trifolium, lower levels of nitrogen were obtained when in symbiosis. No
difference for potassium levels was obtained across the three root hosts and for phosphorus,
maximum content was found in Daucus carota var Berlicummmer, followed by Daucus
carota var Pusa kesar and lowest was in Trifolium.
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Figure 1: Nutrient estimation across three Ri T-DNA transformed root hosts in symbiosis with
Glomus intraradices

Real Time Expression Study
The alp expression was found to be host dependent with the maximum expression in Daucus carota
var Pusa kesar followed by Trifolium, followed by Daucus carota var Berlicummer.
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Figure 2a: Melting curve for
the real time expression
study

Figure 2b: Amplification
plot obtained for the real
time expression study
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Figure 3: alp expression
profile in three Ri T-DNA
transformed hairy roots in

symbiosis  with
intraradices.

Graphs were created using Microsoft ® Excel 2003. The computations were carried out at p < 0.01, using the Duncan Multiple Range Test. All data from

real-time RT-PCR analyses were statistically compared between treatments at each time point using one-way ANOVA

The correlation studies conducted for the sporulation, phosphorus content and gene
expression studies in pairs Gianinazzi-Pearson and Gianinazzi (1978) also reported a close
correlation between the mycorrhiza-specific phosphatase activity and development of both
the infection and the host plant. The high correlation value obtained in this study points that
the results are almost linear for the gene expression result and the P present in the colonized
roots at a time frame.

Expression P present P present  Sporulation  Expression  Sporulation
Trifolium 3.4 4653.27 4653.27 45159.4 3.4 45159.4
D carota var
Berlicummer 1 3969.85 306085 03122 1 90312.2
D carota var 5.3 5124.89 5124.89 108110 5.3 108110
pusa kesar
correlation r 0.9993 0.1715 0.2092

Table 2: Correlation values for the gene expression and P concentration present

The alp activity similar to mycorrhizal activity (Gianinazzi and Gianinazzi-Pearson1979) in the
vacuoles has been reported in Saccharomyces cerevisiae (Bauer and Sigarlakie 1975) and Candida
albicans (De Nollin et al. 1975). As the alp activity increases with the maturation of arbuscular
hyphae (Gianinazzi and Gianinazzi-Pearson 1979), the total activity within the mycorrhizal root
should depend on the number of active arbuscules present within the infection. Hence, a correlation
of the intraradical colonization can be an indicative of the alp activity and vice versa.

Conclusions and Outlook (250 words)

In this study we obtained an increased AMF development in terms of colonization with high
proportions of alkaline phosphatase active mycelia / arbuscules within the roots which was host
specific. From the correlation studies of the sporulation, phosphorus concentration and gene
expression, it can be inferred that the alp gene expression leads to an increase in the phosphorus
content in the colonised roots. However, an increase in these does not lead to an increase in the
sporulation of the fungus, which we assume is dependent on the carbon levels.
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