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Frankia alni Present in Nitrogen-fixing
Actinorhizal Nodulesfrom India and Ger many

Raiani VARGHESE! & ARVIND K. Misra2

Abstract

Actinorhizal plants contribute substantially to the nitrogen status of forest soils by
way of harbouring nitrogen-fixing actinomycete Frankiain their root nodules. Itis
expected that the nitrogen status of forest soils can be improved by selecting ideal
host-microsymbiont combination with high nitrogen-fixing efficiency. Assessment
of genetic diversity prior to selection of superior microsymbiont is a prerequisite.
Therefore, to assess the quantum of natural variability, we report here screening of
several Frankia alni samples present in actinorhizal nodules of genus Alnus for
diversity at molecular level by targeting the ribosomal RNA operon.
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Introduction

The ability to fix atmospheric dinitrogen to a usable formis a charac
teristic property of some prokaryotes, in general called as nitrogen-
fixers. There are two categories of nitrogen-fixing microorganisms.
One group enters into a symbiotic association with some plants, while the
other does not. Rhizobium sp. forms symbiotic nitrogen-fixing noduleswith
leguminous plants, while Frankia forms similar nodules with about 25
species of dicotyledonousforest trees belonging to eight families of plants.
These trees are collectively called as actinorhizal trees.
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Frankia is an actinomycete distinguishable on the basis of three
characteristic morphological features. These features are the septate hyphae,
non-motile spores contained in sporangia(Lechevaier and Lechevalier, 1979)
and peduncul atethick walled specialized structures called asvesicles (La onde
and Calvert, 1979). The vesicles are sites of nitrogen fixation and contain the
nitrogenase enzyme (Meesters et al., 1987). Since this enzyme is oxygen
sensitive, it requires extensive system to protect it. Vesicles are designed for
this purpose. However, Casuarina compatible Frankia do not form vesicles
inside the host. In this case the host cells form very thick cell walls.

Among the actinorhizal genera, Alnus and Casuarina exhibit highest
nitrogen-fixing potential (Dommergues, 1996). Two species of Alnus, A.
nepalensisand A. nitida, arefoundin India. While A. nepalensisisextensively
found in eastern Himalayas extending into hills of northeastern India, A.
nitida isfound in western Himalayas. A. nepalensistrees are also found in
Nilgiri Hills of peninsular India. Alnus plays an important role in forest
ecology by way of harbouring nitrogen-fixing Frankiainits nodul es, thereby
enriching forest soils. Not only this, it al so rel eases phenols, fatty acids and
amino acidsinto forest soilsthat stimulate the growth of other soil bacteria.

The nitrogen-fixing potential of Alnustrees can be further enhanced
by selecting superior strains of both host and its micro-symbiont (Verghese
and Misra, 2000, 2002; Chauhan and Misra, 2002). Study of natural diversity
of both the host and its micro-symbiont isthe first step towardsthisaim. We
report herethe study of molecular diversity of Frankiafound in Alnusnodules
collected from six different locations.

M aterials and methods

Nodule samples were collected from five locations spreading across Indiaand
onelocation in Germany (Table 1). Strain ACN14¢ was included as reference.
DNA was isolated from nodules using the method of Rouvier et al. (1996),
while the method described by Simonet et al. (1985) was used for isolation of
DNA from reference strain. The purity of isolated DNA was checked using
spectrophotometric optical density ratioof A, /A, and wasvisuaised on 0.8%
agarosegels. Purified DNA was subjected to Polymerase Chain Reaction (PCR)
for amplification of 165-23SrDNA I T Sregion asdescribed earlier (Vargheseet
al. 2003a). The amplicon thus obtained was used as a probe for Southern
hybridization of total genomic DNA digested with EcoRI/ Hind 111 andtransferred
to nylon membrane by capillary transfer method at neutral pH using 20 X saline
sodium citrate (Southern, 1975). In order to carry out sequencing, the PCR
amplified rDNA fragments were ligated into vector pUC18 at Sma | site and
were cloned in E. coli. Pogtive clones were isolated from overnight cultures.
The Expand Polymerase® was used for amplification of DNA to be used for
sequencing reaction. The amplicon was purified using QIA quick purification
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kit and sequenced using T7 sequencing kit (Pharmacia) and denaturing
polyacrylamide gel. The sequences thus obtained were submitted to GenBank
database (Table 1) and were aligned using CLUSTAL W (Thompson et al.,
1994) with rel ated sequence ORS020606 retrieved from GenBank. Phylogenetic
tree was constructed from aligned sequences using PHYLIP for Windows
(version 3.5¢, Felsenstein, 1993).

Resultsand discussion

The isolated DNA produced a clean ~21Kb band in the agarose gel
(Fig. 1) for all samples. The DNA amplification product for the 16S-23S
rRNA ITSwasconsistently obtained in all casesas asingleband of ~500 bp
(Fig. 2). When amplified DNA was used as a probe for Southern
hybridization, instead of one hybridization signal, two signalswere obtained
(Fig. 3). This could be because of either or both of the following reasons:

i)  Partia digestion of the genomic DNA may have resulted in two products
of varying sizes,

i)  SinceFrankia genome containstworrnoperons(Normandet al., 1992),
variation in these operons could yield two signals.

1 2 3 4 5 6 7 8

21.3

515497
4.27
3.53

R
1.58

Fig. 1. Ethidium Bromide slained agarase gel shawing clean bands of about 21 kb
genomic DNA. Lane 1- Anarh, lane 2- Aggtun, lane 3- Anhpk, lane 4- Anmus, lane
5- Anob, lane 6- Anmnh, lane 7- ACN1#¢ and lane 8- ? DNA Eco RI/ Hind 11 double
digest as molecular marker.
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Fig. 2. PCR amplitied 16S-23S I TSrDNA bands. Lanes I and Y- DNA ladder, lane
2- Anarh, lane 3- Aggtun, lane 4- Anhpk, lane 5- Anmus, lane 6- Anab, lane 7-
Anmnh, and lane 8- ACN1#¢,
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Fig. 3. Dig-11 UTP labelled probe signal for 16S-23SrDNA. Lane 1- ? DNA Eco
RI/ Hind 111 double digest as molecular marker, lane 2- Aggtun, lane 3- Anmus
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The amplified DNA for 16S-23S ITS region yielded clean sequence
autoradiogram (Fig. 4). Regions of variability have been highlighted by
putting * marks in the Fig. 4. The sequences obtained were deposited in
GenBank data base (Table 1) and subjected to phylogenetic analysis by
using neighbour joining method (Kimura 2 parameter) tree (Fig. 5). Most
noticeabl e observation wasthat the Frankia alni present inthe nodule sample
from A. nepalensistreein Upper Shillongwasclosely related to the Frankia
alni present in nodule sample collected from A. glutinosa tree from
Tuebingen, Germany. The implications of this have been explained by
Varghese et al. (2003b). Another striking feature was that Frankia present
in these two samples were closer to reference strains ACN 1A%, which was
originally isolated in Canada from Alnus viridis subsp crispa, and
ORS020606, an isolate from Casuarina sp. This cluster, supported by
bootstrap value of 100, included Frankia from very diverse geographic
regions as well as hosts.
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Fig. 4. Autoradiogram of a sequencing gel showing sequence variations in the 16S-
23S ITS region. Some of the differences have been highlighted by putting * marks.
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Table 1. List of nodule samples collected from different locations and
GenBank accession numbersassigned to the corresponding rDNA ITSnucle-
otide sequences.

Location Hostspecies Code GenBank
Country State Site assigned Acc. No,
India Arunachal Pradesh Hapoli Alnus nepalensis | Anarh Al404866
Meghalaya Upper Shillong Alnus nepalensis | Anmus AJ404869
Nonkrem Hills Alnus nepalensis | Anmnh Al404867
Tamil Nadu Ooty Alnus nepalensis | Anob Al404868
Himachal Pradesh Kulu Alnus nitida Anhpk AJ404870
Germany Tuebingen Alnus alutinosa Aggtun AJ404871
ACN1@
100.0 Anmus (AJ404869)
930
Aggtun (AJJ04871)
99.0
ORS020606

100.0

Anhpk (AJ404870)

730

Anarh (AJ404866)

Anmnh (AJ 404867)

Anob (AJ404868)

Figure 5. Neighbour-joining tree derived from aligned sequences of the 165-23S
ITSregion. Figuresat the forksindicate bootstrap values. Figuresin parenthesis
represent GenBank accession number.

Thisindicatesthat Frankia present in these nodul es moved to different geo-
graphic zone and started nodulating different hosts, but did not diversify
much from the original progenitor. On the contrary, the Frankia present in
nodule sample collected from A. nepalensis from Nonkrem Hills at close
proximity to Upper Shillong site was very different. Possibly thisvariant of
Frankia diversified during the intervening period. Overall the tree showed
presence of considerable genetic diversity among Frankia studied. It seems
that Frankia has been evolving in India for a considerable period of time
since it entered into symbiotic association with Alnus sp. The quantum of
diversity could provide agood starting base for future selection of superior
Frankia alni strains.
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