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Sea buckthorn and its microsymbiont-a review
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Abstract

Hippapiae sp. s a versatile plam restricted in distribution to the Himalayas having multipuspose usage
incliding food, fodder, medicine, and controlling soil ercsion. Besides, it plays a huge role in increasing
the fertility of the s0il by harboring symbiodic nitrogen fixing bacieria called Fromtia, In this feview we
have looked into two main aspects of this symblosis. First we have made a detajled accoumt of the
macrasymblont Le. Hippophae, Since Hippophae has food and medicinal propertics and are widely uzlud
m cosmetic production, we excavabed the antioxidant activity of various parts of Hippaphae including
frults, seeds, bark and beaf. People of Indo-Tibetan platess adapt a speclal agro-technique 1o cultivale
Hippopiae, The technique has been discussed here. A detail repon of this plant including their distribution
and various ceologleal parameters has also been done. On the other hand we have also ehucidate about the
microsymbiont present in root nodule of Hippopkae ic. Frankla, Feankla is filamentous aclinomycetes
which fix atmospheric nitrogen 1o the soll and therefore incrense the soil-fertility. A detaited sccount of
morphology, anoiomy, phylogeny and ecology of Fronkio bas been illustrated here. The diversity of
Framkia in sedl B8 snother interesting opic and the speciation of this bacteriom 5 an everlasting
controversy, We have given a closer look to the genetic diversity and phylogenetic relationships of Frankia

ot intra and inter generic level,

Kevwords: Hippopiae sp., Antioxidanis, Indo-Tibetan platesu, Framifa, DNA-DMNA hybridization,
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H@pﬂpﬁue L. commonly known as sea buckhorn ks
been m the wse of mankind since apes, Tibetan medical
“Tantras’ called Sibupidian mentions that the Tibetan
medical  classie  rGwabbeil (Four- bhooks  of
pharmacopoeial, written by ¥u Too Yuan Dan Kong Bu
that was completed during the Chinese Tang Dynasty
{618 1w 907 AD.), contains B4 different set of
prescription prepared  from sca bickthorn (Rengsen,
1992}, The original version of rGhd-bohi is thooght o
have been written in Sanskrit arcund the 47 Century
AD., loter iranclated imio Tibetan langusge  and
submitted 10 the royal court (Tsarong o of, 1981)
History of sea buckthom, botanicadly, can 2lso be fraced
back 10 the nge of Wedas hs utilities were also
mentioned in ancient Greek  philosophy  such as
Disscorides and Theophrasius, In ancient Gresce, sea
hucktham was used as a dietary supplesnent for horses.
Feeding on leaves and young branches of sea buckibom
resulted in rapid weight gain and 2 shiny coal in borse
{Rongsen, 1990

Sea buckthorn was ethnicadly used by the Mongolians
from 13* Centwry onwands, In 'A Selection of
Mongolian Medicine’, a 120 chapter book wriften by
Losan Quepie, during the Quing Dynasty (1821-1850),
menticned 13 chapters were solely deveded 1o s
buckthern and its clinical effects (Rongsen, 19900,

Siberions  staried  culiivating sea  buckthorn  {H
mangofica) m 19308 (Kalinina and Pameleyeva, 1957)
Aparl from developing mew varictics of the plants,

*Correapinding quhar:
E-mmil: seramab_nowiiboimal cam

Russians” also developed various medicimal preparations
ard health products for the astronsuts of Sputnik
saicllite, Simce then the genera was soon |mtroduced o
odber paris - of Russia (former Soviet Unipnj, and
reighbaring countries (Trajkovski and Jeppssan, 1999,

Balsgard department of herticuliural plant breeding,
Swexen pechipa @5 the world's most diverse pene bank
for Hippophes, which consists aimost all the wild,
cultivars and  selectivns  from  different  bresding
programime availahie in the workd {Barush e al, 2000),

Chinese and  Russian  researchers engaged in sea
buckibarmn  research  have  made  considersble
coniributionz. The sucosss story in sea  buckthorn
rescarch and development progrémme  from  Chima,
Mengolin nnd Russia, ete. encouraged many Asin
countries like Mepal, Bhian, Endia and Pakistan to slasi
their owi sea bockthorn development programimes,

In India, rescarch on sea buckthorn is being carried aul
in sintes like Himachal Pradesh, Jammu and Kashmir
(Lahul, Spiti, snd Ladhak) and Sikkim (Singh 1998;
Biasistha ard Adhikari, 2000).

Legaends arsociatea with sea buckifarn

Genghis  Khan, the Moagol conguerar, m thel2ith

century ordered his armies © e sen buckthorn berries,
Lo impeoswe stamins and prevend altituldes sickness,

The Tibetan doctors first undersiood the valuwe of sea
buckihorn and used it in the 8" cemury. The Tibetans
nned the Mongolisns mastered the cconomic importance
of this genus for centurses
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[1 18 believed tha the deserted war borses of the Geeek
army, i the 12 .0, survived mod become even stironger
nnd shiny afber wandering lor Mg lime in sea buckihom
foresis. 1 is also believed that sea bucktharmn was used as
i diet for race hosses by the frecks

In another legend, sco buckihom beaves were prefernad
diet of a Pepasus, the winged horse

In some anciem kingdom. execution of convicts hy
dropping them in & boiling barred of sea bickthorn o,
gave chamce for the convicts 1o survle.

Lesmennuts of Mir spaceship of former USSR used sea
buckiborn creams o proieet themselves from cosmic
radiations and as a supplement of oxygen

Antloxidant properties and chemistry

In the procsss of ecomomic developmient, with the
mcrease in incoime, haman sockty tends (o cafe more
aboud their health, Therefore, demand for healthy berhal
aorganic food: developed from various planes bes also
increased, Produclisn of mdre «ffickent and prochctive
food items by the rescarchers are on demand, Ope such
plant with multiple qualities is Hippashoe L (ses
huckihom).

Hippaplice L.f&:hﬂnlﬂtﬂﬂsﬁ:ﬁd,hum.g:amﬂ
medicing by the humans since decades, expecially in
Russia and China (Yang and Kaflio, WAL} Sea
buckthom has sitracted aftention world over due to is
mulritsana] and medicina values (Xu e af, 1904;
Beveridge er al. 199%). The diversity in hiochemical
arl muiirithonal expressions shown by this plant sne due
b b5 distributlon, origin,€ climate and methods of
extruction {Wang, 1990; Feb and Malook, 20099,

Antioxidants can react with free radicals during the
onidation process by ncting as 8 resctive species
scavemper and liberating catalysts, so amiox]dams con
be used o reduce the oxidative process (Gulcin ef af,
2005), Biosctive compounds lke sscorbic  scid,
camotenoids,  ocochromanols  ond  phenols  are
antionidands. Sen buckthom, spart from being 2
repoditory of vitamins, minerals and essential bioactive
wbsances (Xurong er af, 2001), also has patertial
antionidant activity {Velioghu ef of, 1998; Halvorsen e
al, 02 Milksmn e al, 2005} abribisted 10 s
Itavonaids, oils, vitsmin C (Li and Schroeder, 1954) and
same essenlinl fatly acids with sirong antioxidans
wetivities (Yan and Liu, 2000). These compounds have
the ahility to inhibil cancer, atheroscleroals (a common
farm of arteriosclerosls in which faty substances farm o
deposil of plaque on the laner lming of arterial walls)
(Visonncaw, [597) buill up immune system and decrease
abesity {Letchama and Lobeicheva, 1997; Howeknschi,
1998} treating pulmonary, hepatic, gasiroimessinal and
ariiculare discases (Dlzivkhoiag, 1969} Oils exirncted
fram the seeds can be successfilly wed for irealing
varnoud kinds of irrdiation, mucosa, uleers and burns. It
enn hso be wsed agninst siomedh cancer & s initial
dage (Yonp ef af, 1999 Yang and Wailio, 2003;
Roapsen, 1992) [1 is estimated that more ihan 100 Kings
of bicactive and utiowidoml  clements. have been
werilied in beaves, fruis, bark ond seeds (Ronpscn,
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1942, Rangsen, 1993%; Singh and Awashi, 1995, Singh,
1508, Singh er ol 2000) oned s, has high values ip
development of medicine, berbad  omd  bealih  care
products (Lo ond Ma, 2000).The polyphenals in s
buckthom fruit hove antsoxidand properibes and thus can
be umed for repairing damages caused by free radicals
[¥ao and Tipersiedi, 1992; Yang asd KoHio, 2061

The lcaves possess anti-inflammatory propertics {Tanju
et of, 2005; Padwad et ai, 2006} Leaf extract s also
wicd In pintments for dreating burns, skin cracks,
scabies, impatige, kernlosis and  cures  yeroderma
(Rongsen, 1992} The younp leaves contain  high
mtricnt, caroieres and Mavonoids. Generally, vitamin C
in leaves is higher than the fruft, [ 15 also used o5 one of
the mast importam raw materials for the sxtraction of
vitnming anid favonoids. Sea buckthom beaves also

cantrals 1he growil of eancer cells i liver (Zhao ef af
15,

Fruits of sea buckiborn are rich source of vitamin © {300
-LB00 mg/ 100gm ), which is (4-100 tmes more than 2ny
vegetable drumt, high smoum of onganbe ackd (2-4%),
especially mallic acid which is higher than Ciires sp (-
1% (Rongsen, 1997), Faty scids, organic acid, tanmic
acid (Bingh, 1993}, Palmific acid {about 34%), albeic acigd
(about 37%) and palmivedeic acid (abom 26%) are the
maln constituents of pulp oil. Higher quantities of
unsturmted fary acids (around BE%) are fiund in seed
oili. Seeds also contain vitamin ©, lorge amount of
cartencids, vitamin E, flavonoids, keemplerol, fatty
acads, frincylglyoerol, phytosterols, sugar, organic acids,
proanthocyaniding and phenolic compounds (Abid ef af,
2007; Fan ef af, 2007; Li ef o, 20071 Fruils contain
Rlobuling and afbumin proteing, carotene, saturated and
ursssturased By acids, free amico scids, flavonolds and
vitamin E {Rongeen, 1993; Singh, 199§),

Many works on mairitional sributes of sea bucktharn
has been carried out bat review of literature did not
provide any substantistion on antioxidant and nutritional
propertics of Hippophae salicifolic 1, Don,  There are
few reporis on antoxidents of leaves (Geetha of af
2003), seeds (Megi e al, 2005) and fruits [Ecclesion &
ar, 202} of M rhamecide:. Besearch on detsiled
chemigry and amtioxidant property of  Hippaphe
salicifolia is perhaps, vel to be done.

Agrovechnigues

fippaphae L. {sea buckthorn), due to iz beauty, was
introduced as an omamental plant in botanical garders
of Europe. Though sea buckihorn was well known Lo the
humen society since ages, plantatbon works through
differenl means stanicd oaly few decades agn. Its
hydrophilous charscier | Ansard, 2003) helps the plang
grow &l places with 400-600 mm anmeal rainfalt
(Rongsen, 1992; Anaari 2003; Dhakal, 2000), Pesides
ils ceonomic and ecologicsl qualities, sen hickibarm is
glio  regarded as  the  Cslave o dveraiked
faned ™ {Comssandoche and Dinga, 2000

Relizing, the imporiance of ses huckiharn In differcm
aspect of human Nk, iecluding commercial imerssls,
differend agratechniques and propagation fechnigues on
this wander plard has been carried ihrophout ithe world
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in recent vears. M. ralicifodia of Sikkim Himalayas is
untouched of major researches Gl date apart from its
lustration o the seven volumes of “Flom of Brifish
India" by Sir J. [ Hooker (1872-1897)L Agrotechnigues
of =20 huckthorn throsgh different methods like culfings,
seed propagation (Aussuzsio and Megharmd, [986),
layering, ete. have been carried ot in the past, but the
response of plants in different environmental condilions
have been found 1o be dilferent.

Maturally, propagntion of sea buckthorn thraugh seeds i3
the main way for iis occupatwm imio new  habilat
(Lisenkow ef af, P96, Thas gemis 18 also thermophilis,
so the seeds can germinate of o lemperature beween
AMCA26°C (Armari, 2003) with wiability uwp to 3 years
(Flajchal, 2009

Various technlques like scarification, hot water and
rooting hormone (reatments have been employed for
prapagation of sca buckthom seeds but research on e
of growih regulators on germination response could not
he reviewed i Hiersture for ssed propagation. Thowgh
seeds may have higher emergence rate (Rajchal, 2009),
now o days, sced propagation is basically used for
breeding and  introduction  works, forest  land
reclamation, protective and omamental purposes and
sometimes for rool socks (Rongsen, 1992).

Diespite of significant biological variations in se=
buckthom seeds Ffom  varying  ecological  and
geographical areas, each population have individisals
with extended period of seeds germination (Bobodjaney
and Kahulova, 2005), Many economic yields may be
lost in the plani fruits grown from seeds due o higher
level of heterozyposis. Therefore, cultivation of sen
buckthorn for cconomic uses necds  propagation
techniques where genetic uniformity of the seedlirgs is
ensured, keeping its integrity and similarily with the
selecied mother pland,

Hippaphae rhammoides L. 18 propagated both senouzalby
and by vegestive means. Through vegelative
propagation, plants can he propagated on hill slopes and
rivers banks [Rongsen, 1990) with proper spacing (1m
within the row and 4m between rows) depending on
rerrain and male: female ratic between 1:6 and 1:3],
adequate manure and water supply (LI and Schroeder,
F499y, Propagation eatablishment off fi
riammaides through hard and sofl wood custings, seed
propagation (with or without ireatmens of different
grawih regulstors) (Auuzato and Megharind, 1986;
Ansari. 2003; Dasistha and Adhikari, 2003; Basisiba er
. T009h; Rongsen, 1992; Singh 1998) is well suited in
well drined, desp. sandy loem soll with sufficient
organic matiers (Li and Schroeder 19949 Li and (iver,
20011 Propagation through tssue cubture (Liv ef al,;
3007 Vescan ef af, 2009) and layering (Basistha e @l
20k has also been adopied in ths gonus.

Sen buckthom can grow well in pH 6-7. For general
growth and fruit production in future, soil ecidity and
alknlinity (excepl sl cxircme levels), may oot be a
limiting factor, bus requires adequate soil musrients with
phosphorus for better fruit qualities and high vield (Li,
3002}, Use of Mitrogen Fertilizer 1o the plants inoculsted

with Frankia, not only delays nodulation but also has
adverse effect in nodulation (Akkermans ef al, 1983
Momipetit und Lalonde, 1988; Bosco et al, 1992). This
was nod ihe same with ather actinorhizal plants. When
studied in cubure soluthons, nodulation reduced at kower
pH in some actnorhizal plants including Alruis
glutinesa, High nodulation rate has been abserved im0l
pH between 5.5 and 7.2 Insoil pH of 4.5, the vinhility of
endophyie plso decreased (Ciriffiths and, MeCormick,
19843,

M salicifolia, despite of having large population in
Sikkim Himalayas. systematic and scientific studves are
still immature for exploiting its true potential. [t remains
underutilized due to Jack of Futher reseanch and
development.

Fiseritantion

[t was well established thar genus Fromkio was an
actinomycetes and the plangs bearing such sssociations
with Erankia were called *ron-lepuminous plants™ until
the term ‘actinorhizal’ was coined in the First
intermational Conference held at Harvard Forests in
Petersham, Massachusetts, (USA) in April 1978,
replacing the term “non leguminous™ {Tjepkema ansd
Tarrey, 197%; Wewcomb  and Wood, 1987y amd
published in the proceeding titled Souanical Gazefie:
140 (suppl) in 1979 (Huss-Danell, 19970, Ressarches
have also led to the understanding that symbiotic
relatiorship between the filamentows gram +ve bacteria
of the order nctinomyceinles—Frankio and fine foots of
certain angiosperms form the actinochizal associations
and the hast plants invalved in these kind of associations
are kmown ns Actinorhizal plants (Tjepkema ansd Tormey,
197%; Huss-Danell, 1997}

Frankia, unbike Rhizobium, are flamentous, branched.
gram +ve actinomyceles, which have symbiotic
sssociafion with karge namber of woody dicotyledons,
whereas Rhizobium is a unicellular gram -ve hacteria
that has symbiotic association with only legume family
plants excepling Paragporia of  Ulmacess  family
{Obertelio er al. 2003},

Actinorhizal plants form a key componenl in natural
ecosyslem, agro-ecosystem and agro  loresiry by
substantinting Oxed nitrogen (1-150 kg Nha'y) o these
systems (Torrey, 1978; Dawson. 1983, Russe, 2003)
Actinothizal plants are the source of nitrogen rich
organic maner mainly in the forest soil and play primary
role in the dynamics and biodiversity of termestrial
ELOEYIE M

According 1o Baker and Schwirtzer {19900, 288 species
with 4 genera belnging to B families of actinorlizal
plants have been reperted so far. Similarly, Bensen and
Silvesier (1993} have reporied actimorhizal planis having
194 spocies with 24 genera, but without details.
However some reviews state tha there ane more than
200 species of actinorhizal plams, which includes 25
anginsperm genera belonging to B families distributed
among 4 orders wiz. Fagales, Cucurbitales, Fabales and
Rosales (Seltig of al, 1995; Wall, 2000; Schwencke and
Cary, 2000 OF the 25 gencra of actinorhizl plands
reflected in some literatures, the 25 penera might have
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been referred to Rubis, which as per Bond (1976) and
Besking {1984} is an nctinochizal genus. Bt Stowers
(19RS) did not agree Rubus 10 be o truly actinarhizal
plant. Even Jeong and Myrold (2003} have reparied thal
actinorhizal planis consist of 24 penera, which s agreed
by the majority of rescarchers in this Fichd {Table 1

Actinorhizal planis are woody dicats except Darisea sp.,
which is herbaceous plant (Franche et af, 19985 and are
found throughout the waorld accept Antarctica (Table |8
Almus and Elaeagens specles are found in the hilly
region of the tropics (Myrold, 1994) These planis are
paoneering species of the temperate regrms (excepling
Casuaring and Myrica), which prefer o grow bn open
areas having sun facing aspects dising their early
succession, Due 1o their ability to 1silise atmaspheric M,
through Frambia, they show positive growth in sandy
and swampy soils with marginal nlirogen fevel and
range of environmental stress (Dawson, 1990; Tredicl,
1995} (mary also refier 1o Table 1)

Taromony awd evalution

It is understood by now that actinorhizal planis cover a
wide range of dicoryledonous plants, with Fewer
lineages in their taxanomic relations, They have both
ancient &nd advanced characters (Bousguet and Lalonde,
|99 Sen, 1996). Actimorhizal plants sre included in
different families of which, all the genera of a particular
family may nol be actinorhizal, except in Elasgnaceas
where all plants are actinorhizal (Benson o7 al Hind),

Different authors. have tried to classife sctinorhizal
plants with some differences. The classification puat
forward by Cronquist { 1988) and reported by Bensan pf
al (2004), reveals some imeresting features [ Table, 2.
In Cronquist's classification, aclinorhizal plants nre
placed under Magnoliopsida, where Rosales are not
aserbed with the sub class Hamameljdales, Elaegnaceae
and Rhamnacess have been placed in different order
other than Rosales, Datiscacess was asalgned to Vielales
{Dilkeniidac) and Hamamelidales, Casumrinales, Fagales
and Myricales were combined topether. In contrast 1o
the above, Bensen and his co-workers presented
tlassification of actinorhizal plants in & modified way.
Here, Elnegnaceae and Rhamnacese have been placed in
the order Hosales. Similarly Datiscacese has been
ascribed with arder Cuscurbitnbes In contrast to Vialales
(Dillensidac), In both the classifications, the order
Rosales are not ascribed with sub-class Hamamelidales
bust, other sub-class placements are similar,

Traditional classification of Actinorhizal plants were
dane an the basis of morphological charncters, which are
distantly refated and classifiesd inbo four of the six major
subclisses of angioaperms (Cronguist, 1981} (Table 2)
Az per this morphological classification, Mullin and An
(130 suppesied that symbistic sssocislion must have
evolved several times during the course of ang;
evolution. Taxonomy of actinorhizal plants, though sl
unclear, their respective symbintic associstion coudd be
homokogous as they full under the same subclass
(Swermen, 1996),

Actinarhizal plana have originated in the ke cretaceous
period and have diversificd io differen ecological niche

(Magallon ef al, 1999). From the reports on pollen
records, members of Rosales, Protales and Rhamnaie;
wias, rebatively advance but Fagales and Myricales migh
have evalved earlier than saber sctinorhizal members
{Sen, 1996, 1t is also theoretically estimated that presen,
actinorhizal plants, before thelr d}b;gmu im." families
ard their respective might have come in condact
with qutr':?i a sm ecological nichs dm might
have favoured the evolution of symbiotic sssechatton

Another theory of evolution presumes that In Ih.E early
cretaceous period, due in scarcity of available mitragen
(Bond, 1983) in the atmosphere, some woody, wind
pollinated  dicotyledonous  plants had 1o fwcv:fu_]l,-.-
associate with Froamkia, But after this assocation, during
the course of evolution, thers might have been increpse
i the atmospheric nitrogen and seme changes on cerlain
sdvantageous  and  favourable  chasscteriatics  for
symbiotic associntion. So. some plants lost the symbiotic
ability with Frombia but their genetic makeup of their
symbiotic association of the past existed, Today certain
phylogenetic studies (MNormand and Bousgquet, 1989) and
DA hybridization studies carried out on host plant
{Bowsguet of 1989} supports this theary,

It is undersinod In the recemt times thai actinorhizal
plants have been found more closely related through
melecular phylogenctic studies on large samglings of
symbiotic N; fixing species, Mabecular analyses of
Mowering plants based on rhel pene have revealed
distinctiveness and have placed both actinarhizal and
rhizobia, including  Parasponia  sp (Fhizabixlly
podulsted), topether in a single clade called the *core
rosid” (Chase o af, 1993; Mullin and Dobrisa, 1996,
Dawsan, 2008). Soltis of ol (15995) repodted that of ihe
four sub-clades thal contain N, fixing  a¥mhinsis,
actinarhizal plants were found in three, They also
suggesied thet all N, fixing plasis have ariginated
simultaneously along with several ather non M; fixing
plants. Restriction in nodulation nctivity in core sosids
emerged with & hypothesis thal the predisposition s
foem nitrogen fixing root nodule symbinses emerged
once during angiosperm evolution (Soltis e af, 1595,

Now, it is also concluded that actinorhizal plants peour
in 10 families and are distribused among 5 of the § main
lineages of the “core rosid’ group (Magallon et af
1999, Swemsen (V9948Y combined rbcl B LEngs
analysis with morphological and anatomicsl characters
and showed that this rosid clade of actinorhizal
symbioais ariginated af least four Cimes {Bousgues and
Lalorde, 1990 Sprent, 1994), which is separated from
ather lineages by related non actinarhizal planis. This
combined chamcteristics of molecutar (phel. weuence),
analomical and morphological dma, afler  further
investigation by different workers, led 1o the conclusion
bt M; fixing  actinorhizal gymbiosia should haye
originated a1 least 3-5 limes, independently (Hoy ared
Bousquet, 19%6; Swensen, 1996; Swensen and Mulkim,
159T: Jeonger of | 1999,

From these focts, diversity of sctinorhizal plants have
expressed symhbiotic predisposition in number of Hemes
during their evolution (Clowsan er al , 2004), This is an
indication that these planis {Framkia and Rhisobiun
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Table 1: Discribution fafter Baker and Mullin, 15927* and habilal of represcntstive genera ol aclinorhizal plants

_Family _ Genus Native from following regions Habitat
Betulacear Al North America, South America, bixps, Fiparian
Europe, Morthemn Asia, Soulbern Asia
Casunrinaceas Afacarwarivg Auiralia® sand dunes, saline, desert,
coaital arcas
Casnaring Ausiradia
{iywinostoma Australia
Corigriacenc Coriaria Ausirakia, Nonh America, South gravel, poor seils
fmerica, Europe
Dliscacize Darisca Morth America, Soulthern Asia pravel sireams
Elagagnaceaes Elerécig s Mortherm Asia, Morh Amezica, Paar and stressed soils, dis-
Europe, Southern Asia turhed sites, hilly slopes
Hippophae Europe, Morthern Asia, Indian sub- River banks, torrential and land
coniinent, China slide areas, fragile slopes, pul-
lies, dusturbed sodl
Shapherdia Nnrth America
Myricacens Myriea Souhern Africn, Morth America, bog, ocean dunes
Souwh America, Australia, Southern
Asia
nothern Asia
Campionia MNorth America chaparral, upland
Rhamnacess Adarphia® Marth America
O anaifus Maorth America
Codlerin South America semiarid soils. sand
Rasacene CErCoCanpus Marih America gravelly aoil
Dy Morth America b sl
Furchia MNorth America

Ausiralia® = Ausiralia andior Desansa
" rur-Cisnens mmd Veldes {250,

Source: Dommergwes. B 1907 angd Here, M0 AL P90 with sowmie personal movlificanions

associaled]  had  inherent  capacity o albers
symbiotically with soil microbes (Swensen and Mullin,
19897, Jeong er ol 19979,

Classification approaches wsing molecular fechniqguees
for phykgenetic studies have given new perspeclives o
actimorhizal plams, providing imponianl eveldionary
andd ecological insights {Berson and Dawsen, 2007],

History of Framkia pesearch

The siudy of roal nodisdes ol non-leguminoes plants was
shrouded in the mist of misconceptions for a long
perid. Meven {1829} first described non-leguminous
plant nodube afler discovering 8 Irom the rools of Aimus
phtieosg, and concluded it o be a parasites growing in
the popds of plants. o EBS6, Worndn  condwcted
snatamical studies of root nodules where he ohaerved
hypheie passing through the inimceliular walls. The
round vesleubar awellings al the tips of these passing
byphae were conaidersd 10 be o lungal spons by him and
mamed  the nrgnni:rn wf Schinzio ofal due B AR
resemblance 1o Ful‘tl-il.il! Mengus Sehimeia cellinlicalla
{5en, 1996),

Prodessor A0 Frank, a Swizs mi.'rl}hl'{l]ngi:l, chnsidered

the root nodules of both  legumineus and  non-
legumincus plants as profein bodies ond rejecied the
idea af resence afl mh:rmrp'liq.rru in it The name
Freabia subsilfis was first propesed in 1886 by 1,
Brunchorst te bonor his mentor AB Frank, afler
studying the cyrological differences of non-leguminois
and beguminous roots. Both Brunchorst and  Frank
cotsidered the microonganism Frankia fo be a fungus,
Afler further sodies, Frowkia was  classified as
setinumycetes by Krebber in V537 (Quispel, 1990,

Two publications 1o their discovery by Hellriegel and
Wiltarth during 1886-1888 proved the legume root
modules could fx aimospherse nitrogen with the help of
bacierin residing in the comecnl cell and proposed
difference  between  nitrogen  wers  ond  nitrogen
pccuimulalors, where Alders were inclided as nivrogen
accumators, mitindly, brought an end 1o 8 [D-year-old
coniroversy aboul sources of nimogen for growth ol
plaris and opened up new Ffrontiers of plam microbial
sciende (Doiomley, 1912; Quispel, 1980; Sen, 19%4),

Adber a decade, experiment of Hellriegel and Wilfarth

witd Turther saremgibened by Hiltner in B9 by reporiing
e presence of some kind of Bacteria in Elseagmar and
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Table 2: Classificntion of Actinoriizal plaris ®,
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Subclass © Ohriler * Family Modulation ratic ~ Genus
Hamamelidag Fapales Betuloceac 14 Alrtus
Caruprinaceas 44 Allecazwaring
Crarucrina
Cerrhosioms
Myricacene 11 Ciymmastoms
Cimpdaniv
Miyrica
Roaidae Ruosales Elneapnaceas L Llaeagrus
Flippomhas
] i
Rhamnaceas” e% Cegnothis
Colledier
THscarig
Kentrathamaps
Hosacear SE10 Reiaaill
Trewad
Ce
{hamae batia
Diryens
Prirsiia®
Magnoliidss Cuocurhitnbes Cariarincese 11 Carigria
_Drilleniidax Datlscacens 11 Dharisea
* Compiled after Baler and Schwisteer [ 19940), Swensen (1996), Hensan omed Clawssom {3000), snd Schyeencke amd Clara {2001
* Acenrding b the classiflcation of Cranguist { 1988).
* Accortdiag to the classification of he Angivsperm Fivdogeny Giroop (19981 &l of Hiese orders fall i the “Eurngsld 1" group of
eudicols

* Mumber of nodulaied genern aver the fotal number of described pemera i the family

"Adkalphiia may be actinarhizel, but has Bt been confireed (Cry
"Talgusrsa should be combined under Trevwr (Tariasa, 1992}

#-Cisneros and Valdds, 15971

YPurpbua md Cowania have Baen combined undey Purmhio {Hessickson, 19867,

Fource: Bensor, e gl 2004)

Alfrmas 5p.. who also proved and demonstested that T
Alders without root medules cansat survive in To=free
s0il bt when inoculated with mat nodule supplensents,
gave positive results. In the year 1907, Hier also
repenicd nirogen fixing organisms in the mot nodales of
Cyear (Botiomley, 1912), These experiments led o
comparison  of leguminous and adtinorhizal oot
microsymbionts and concluded that sctinechiza were nol
fungus bt bacteria

In wnother study, Beverinck {following the steps of Koch
arkl Pasteur} isolated becieris from lopume root module
but when he agnin tried 1o infect the root of nan
keguminous plant, it failed. This result concluded thai
the 1wo microsymbionts are  two difleren
microcrganisms (Hrewin, 2002 This observations
mlong  with  cylological  differences among  the
legreminows and non-legumingus micragyinbicnt, led 10
underatand that (hess two micToorganisms were different
from each other (Pawlawski and Bisseling, 1996},

The identity of the non-leguminous micrasymbiont was
ol established  undess  Krebber Classifled i as
sclinamiceies in 1932 (CQuilspal, 1953 arud reporied by
Becking &r of (1964), aficr viewing umder electron
microsope, 11 was anly after ibis: (he presence of

aclimomyceles i the rool nodule of nen-leguminas
plani was estuhlished.

Further detailed study could be carried cut only after
isolation of this microsymbiont |n pure culture by
Toerey and Bis co-workers (Calbaham g of , 1978} After
successfil pure culture isolation of Frambla was carried
out, a classical reviews by Newcomb and Wood (1987}
and Benson and Silvesier (1993} illsrsted vivid
descriptions of structure and ultrn-structure of Frankia
cells through electron microscopy, But, Benson i
Silvester (1993) have abio discussed same difficubiies in
shudying Frankia with electran microscope becagse of
the delicate natuse of some cellular COmpOnCals,

After this imporamt historical research on Frambia,
Further researches gradually ook place and are sl
Buing o

Tazananmy of Frankis

Classification of Framkia was initisted even carlier Lhasn
pronouncing the term ‘actinorhiza’ in Moce of the term
"nonslegume’, for Bodule beacing plants. in the firg
conference  on Frambia — and sctinoghizal  planis
(Tiepkema and Torrey, 1979), mentioned earficr. Bedire
succesaful isolation of the endophyie, Becking (1970),
after redefining the genus. placed it as & memher of the
order Actinomycetales in n new family, Frunkincene
Using crushed modules as inocula and hoss speei iy
(Lechevalier, |994), he furiber went ahend and pul up o
proposal of establisling 1) species of this penus
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{Framkia aim, F elgeagr, F branchorai, Fdlecoriae,
F. caswaringe, F, ceansihi, F coriarioe, F, draais, £
piresliine, and F. eercocorpl), Since isolstion  of
organism had filed number of times, be samed the
members as "obligate symbiotic organisms.”

Oin the basiz of host specificity, most af the Frankic
were divided into Bour provpe: { 1) Alrasr and Weeica, (2
Carnarime and Mweics, (3) Myrlca and Efgeagans, arxd
(43 members of Efoegnaceae {(Eloeagaws. Wippophae
ardl Shepherdia) (Baker, 1987) This classification was
congidered o be incomplete bocause it was nod possible
b isplate Frankio from all actinorhizal plangs and some
strains in pure culture showed non-infective character
and could not re-nodulate their hosis, Further some
strabns also lacked morphological, cytochemical and
physiological criteria assigned to Frankia (Hohn er af,
1989; Lechevalier, 1994), However, based on phiylogeny
(Lechevalier and Lechevalier, 1989, DMA bomobogy
CAner of, 1985) and serology (Baker er of, 1981},
Frankia were divided in two sub-groups —A and B.

Only afler isolation of different strains of Framkiz in
pure culture, & new dimensbon on Frankia toxoromy
pirted emerging, especially when it was found that
mdividisal Frautia strains could nodulste plants of
different arders @nd were not so rigid in host specificity
(Benson and Silvester, 1993), analogous 10 fhizolim,
bany Fromkia sirains have been isolated and atbemgls
have alss been made to classify them.

1t may be noted that only one genus and no species of
Frankia had been recognized il 1988, this may
probably be becaise of differences in morphological and
phyvsiologieal characters of the genus. In Bergey's
Manual of Sysiematic Bacteriology, vel. 4 {1989),
Frankia are Included among “actinomyceies with
multilocular sporangia® {Lechevalier and Lechevalier,
1989). Frawkiz cammot be classified on the basis
morphological chamciers because they are too diverse W
iderify { Weber of al,, 1988),

Clasaification nitempd & molecular level was indtiated. It
was widzly belleved that hypervariable regions of 165
rBMA may help in phylogenetic classification at genus
o species devel (Harry of al, 1991). Hypervariable
region of 165 rRMA genes of 1020 o M2 (E eoli
numbering) for  Framkie  taxonomy  differed  in
comparison with rRNAs of effective (N fixing} and
infective Franblg sireins (Hahn o of, 1989} Probes
contalning 20-22 auclaotides targeting this reglon laiked
1o Inberact with odher sctinomycelss pot in experimert
bl bath 1ypes of probes from sffective and infective
Eramkio strains reacted with the rRNA of Mocordioides
atbus, However, this could not be considered.

In another experiment, when Hahn et ol (1990) tried fo
exploil sequence posithon 180 1w 240 as o probe, it
regcted  with all the stroins tested bui ol highes
lemperatures some sirains failed 10 hybeidize, which
brought difference in the sequence of other siraing {hul
ol 22 sirsins only twe [Actinomaderg and Wicrablspora)
tested renctive, This too indicaed lack of probe
specileily

In 3 mew spproach o chamclenze  genus - speci e

Fraubla, Simorsel and his co-workers ln 1991, desipred
two stz of peimers and ifed 0 solve through
Polymerase Chain Kesction {PCR). The firsl ong was
universal primer targeted (o nitrogon fixing hacieria,
which gave ncgaiive result for pon-nitrogen fixing
bactcria. The second sel of primer was largeted o
specific mifH-mfD region of Framtfe LUsing these
primsers when DINA was amplificd, genus specific length
[ragments was achicved. These fragments thus generated
were  Fronkis  specific  and  alw related o
Geadermatophilies (closely allied genus with Frankia)
To scparpte the two pencra, 0gain Lwo primers werc
designed 1o amplify 165 and 235 rRNA intergemic
sequence {1GS), Frankia fragments generated out ol Lhis
showed 561 base pairs (bp), similar to all fsolates rested
but dafferent from (Fesdermatomhilis.

Comparative sequence analysis of 168 iONA of Framkia
from pure cultures and uncultured endophyie has heen
carried  oul. Based on these resubts, Fromkiz  was
considered to be the only genus in fomily Frankisceae
{Mormand of af , 1996). Successful PCR amplification of
nif 103 region and distal, middle and proximal region of
168 (RMA of Alder based Frankia from Darjeeling and
adjnining areas, and further subjected to Resiriction
Fragment Length Polymorphism (RFLF) showed high
bevel of polymorphism (Bajwa, 2004}

Clagsification of Frankia to its species bevel has not only
been  challenging but also @ very crtical fask.
Morphology of isolates in cublure and analysis of 168
fRMA segment of the actinorhizal isolate would have
been the minimum criteria for including the strains in
the genus Frankia, bat these criteria cannot be sufficien
1o designate the srain 1o the level of species
{Lechevalier and Lechevalicr, 1989} Classification
based on host specifisity/infectivity by Becker (1987}
had many problems in designating Frankia s specific
level because of mare findings by otber workers in the
later stages. The difficulties for specintion from his
classilications were (1] some strains may have symbiotc
associztions (nodulaie) with plants of different onders
(Bosca ef al, 19920, (i} Some straing fabl to re-infoct
their origingl host (Mirza ef ol . 1991), (i} [solation of
similar straing from different actinochizal plant Emily,
and (iv) unpredicioble modulations shown by some
strains of Elavagmus (An e ol , 1985; Fermandez o all,
1989), Subsequently. o diflerent  approach o
differemioe two Frankio sp. — F. alal and F. eloeagni,
based an phenatypie chasscier was reponed by Lalomde
of ol {19RE).

However, achemiiszs, aport  from  morphological
chassifhcolions, starled other inmovofive means like
serolopy (Baker ¢f af, 1951}, sporangin lormation
(Mormand and  Lalonde, 1982), whole cell  sugar
chemistry (Lechevalicr, |986), iy acids (Wheeler &
al, 1986), prolcin patiemns (Benzon er af, 1984, Gardes
and Lalonds, 1987), iscenzyme patierns (Gordes ef
af 1UET: Magoin ef @l , 19%0F), host specificity (Bosoo ef
af . 1952), phylogenetic study of carbohydrase upiake
(Ganesh o al, 19943, ec. with mixed success. In mid
R0s aryd 905 of last centwry, malecular appeoaches Tike
Da-Da A relotedness analyais, (AR of o, T9ES), Low-
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Frequency  Restriction Fragment Analysis (LFRFA)
{Beyarova and Lechevalier, 1992), 165 rDNA and 168
FANA sequences (Massrel ¢y af, 1991 Normand ef af
V996; Clawson e af, 2004}, arbitrary primers (Sellsted)
el al., 1992). nitragen fixstion (nif) penes (Jeong ef af,
19%9) and ghiamine synthetase (Clawson ef al . 2004),

ele. have been approached with some interesting facts in
the makecidir level,

DNA-DNA  hybridization  study  for  Frambio
classification taken up by An er al. {1985) was perhaps
the firit of its kind and found high relatedness among
most of the Frankda straing lsolated from Al sp., bt
could not relate isolates of other species like Elaeagnus,
Caswaring, ete, Similar sudy on diversity among 43
solates of the genus Frankls was also conducied by
Femandez er al (1989 In his study, oul of these
isakaics, i least nine compatible genomic species among
the strains were clmsified as three ZEMOINIC Species 0
Almuz compatible, five genomic species as Elaeapnacess
compatible and oot genomic specles as Cospariza
compatible. Femandez ef ol (1991), further reported on
the study of hypervariable reglon Ey of different Bolates
of Afnus, members of Elzcagnacese and Cosuarinacea
conducted by Mormand and his co-workers, where he
had confirmed classification of isalates from Afaws, ino
genomic species through DMADMA relitedness, hut
varied  with  ribosomal  sequence  of strabns  of
Elstgnacese penomic species. Later Mosarct of ol
{1981) compared all 9 genomic sequences using PCR
technique 1o amplify 268 bp TINA scpment of 168
rRNA gene. where except onc; all the strins from ane
genomtic species had same sequences and were abso
different v other pepomic species.

Similar swdies on DMA-DNA hybridization ar micheic
acid hybridizstion, using 165 fRNA-235 fRMA as
maleculor markers (Simoned of of . 1994; Densan e al.
1996, Nommand e al. [199%6; Clawson & of , 1995
Ritchie and Myrold, 1999). use of PCR omplified 165
tRMA partinl sequences from pure eullore or inculiured
endopliyies lrom the root nodules (Mirzs er af, 1994
sSumoned ef al, 1991; Sinwact of of 19945 ar probing
PCR products with specilic forward and reverse primers
to identily specific Framtio populations. in dot biots
(Mirza er al., 1994b) and in PCR assay {Simanel & of
1994, have been carried ow in the past. Nasaret ef ol
(1991), also constructed a phylopenclic wee from the
sequencss described by Fermandes of of (1984}, o
measure  phylogenetic  relations using 165 fDNA
sequences, which revealed Afaus infoctive, Lleagrur
infiective and Casuaring infective Eroups in respeclise
cluslers.

The wnalysis of DMNA wing PCR technigues allowed 1he
scientists b study the microbes with or without culturing
iL This praved 1o be one of the powerlul wols in the
siudy of ccology and clossification of Framtis Aldong
with applications of PCR technigue wsed in the study of
Frankia, Restriction. Frugment Lengih Foly mewplisin
{RFLP) of nif complex (nif A1}, miK and miH) s added
a mew dimension i clissilication ond phylogencic
siudy of the genus. [nitially, Nazoret o his reseanch
team in 1989 reponcil 10 have gat homologous resulis
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from inlective Caxwaring sp, regardless of sestriction
enzyme wed, Subsequently other researchers ook up
the wark with different procedures o attain homelopous
resulus,

Varinus moleculer  procedures  like  RFLP analysis
[Akimov and Daohritea, 1992} of PCE amplified 16 5
rifNA (Husgest e al, 2001), ICs of |65-235 rRMA
operon | Rowvier ef af | 1996 Binchic and Myrold, 199%),
1G5 of afH-D (pitrogenase] genes (Coumoyer and
Mormand, 1994) afD-K penes (Jaman er of . 1993;
Malin er ai', 1997) angd glall gene (Coumoyer and
Mormand, 1994y have been applied o classify Frandla
from pure cuflure or nodules, Aparl from  these
praocedures, Bevasowa and Lechevalier {1992) ased
pulse feld electrophoresis o separate bigper molecular
weight fragments spliced with restriction enevmes
having less mumber of restriction sites and namesd it Low
Frequency Restriction Fragment Analvsis {LFRFA) and
confirmed thal F afmi sub-sp.  pommern clisters
differenaly  than other Fromkia strains isoloed from
Al sp,

Use of arbitrary primers during PCR {Sellstedt & al,
1992} and certnin primers meant for consensus motife of
different repetitive elements (REP. ERIC, DR, BOX or
rep-PUR) in gram +ve microbe genomes have also been
opied for characterization of Frambia (Mumy & af |
P97 Jeong, 2001 Y. Characterization of Framkio has alss
besn done wing entibiotic resistant markers ( Thaa e af |
1999), pigment production and bsozyme polymorphism
(gl er @l 2001 ).

Sarne recent works on Frankia taonomy and diwersity
generating BOX-PCR  fingerprinis  targeting  the
comserved region of the (6% rBNA, using rep-PCR
echnique with BOX primer on six Cramaiius sp, have
been carbed oul by Moy e al. (19971 1o show

Ceamathus nodules and  Elaeognus infective Framkio
shiarre common ancestors.

lose o i (2003) conducted PCR of 16 Framkia isatales
using twa di Mevent primers. (2) NA fingerprints wsing
DRI primer through rep-PCR, which showed siran
specific hunding patiern and (b} RAPD lingerprimas
using ETOF (165 fDNA sequence of £ coll). Here bt
showed similor banding patterns with simain Cel3 and
LAGL 020603 (isolated strain of different Casuaring P
ol different geographical origin). indicating that it miy
help in idemtifying Frankio genomes at specics or suh-
dpecies kevel.

According o the studies conducted, Frankio hos been
divided o thres clusters with mermbers of each clusiers
with distinet bost range (Marmand e af | M7 Clwster
V also known as “Ahy sirains™, inelube sirabns e con
meslulnte plamis of Fagales, Betulacess and Myricacens
tMormand et ol 1996). and o subclade {within cluster 1)
of “Casivaring straing” wilh nasrow host runge that can
nodubste Casvaring ond AN ecanmariog (b species
from Cesuarinucess), under naivral conditions {Bemson
ef @, H04), Cluster 2 camprises “Hosacerus siraing”,
which are nui iselmed in cullure and oily infieet five
members ol Fagales  wmd  Resoles comprising
Corinriaceae, Dutiscacese. Rosbcene and Cranaifie ol
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ihe Rhomracene (Benson o af, 2004; Varden of @
04} Chuster 3 comprises “Elgeagaes sirins™, Thoy
oty effective madiles an members of the five Tmilcs
in ihe Fagabs and Kosales, which inchele Mymcaceas,
Rhamnscese  Elacagnacens and Gumaosromea of the
Casusrinaceae [ Benson ef af, 2004}

Gl ef . (20107 are ol the apinion thal Frambs st
hased vn 165 rRMA. il and gin genes (ITS regon],
cullivabiliny, momhobogy and infectivily, ks been
placed in four clusters, The classification pat forward
here is almost similas e the classification mentioned
abave, excepl Frankio placed in cluster B, which have
not heen isolased o pure culture, despite of many
aflempis and are conssbered as Cobligate symbionls.
Such ahpical Frankia sirains in associaon  with
Ceanothur, Corfaela,  Datinea, and  Purgkiy  ore
imcarporated in Claster 4.

All approaches by different workers have not been made
with an objective w classify Frawkla species. Saine
gisdbz hawe besn mode to shedy the Framkia Strains
from limited geopraphic area or from single genas or
speches {Benson er ol 1984; Bloom erad, |989; Gardes
ard Lalonde, 19RT) Citeri er af, {20007 afier camying oul
165235 rRMA ITS sequence from 53 Frankia strains is
of the opinion that this procedure is not weful 1o assign
Framkio strains & ihelr reapective clusier or  host
because of less variability of Frankio genes among the
sirains ond  phylogenetic  relations  are  sometimes
ambigumus wilh pearest marching strains.

Preseraly, there is no universal Frambie taxonomy of
any compilation on this subject. Analysis of RMA
nucleatide: sequence 165 rRNA  hos  besn widkly
accepled i Framkic systemntics.

Frankia as rru':rna_'l-'.l:lfbl'ﬂm

Framkio are mtrogen fixing, Alamentous, sporulating.
heterotropéc, pram  pasitive bacteria of the order
Actinomycetales. These microorgnnisms have symbiodic
azoclation with the rools of differemt diestylsdonous
anginsperms and some are free living actinomycetes in
e sobl oo (Wall, 20000, This ecological significancs
ha: made this microorgandsm one of the important
suhjects for the researchers,

Framkic inhabit in three different niches: the rool
nodude, the rhizaspherns and the soil. Based on charncters
like {1) abality 1 nodulate, (b} ahifity ta fix stmospheric
mitragen, §ci unique morphologecal propertics, bearing
sporangia ancd vesicles, (d) presence of 2-O-methyl-D-
mannose sughr (Mo er a, 1983), {e) presence of type
I cell wall [meso-diminopimedic scid, plutamic acid.
al=nine, glucosamine and muramic aeid) (Lechevalier,
[904; Myrold, 19%4) and {7} high G + C% (68-T2%)
[Lechevalicr, 1994; Giart et of , BH O Franbla hos been
uniguely placed inthis genus,

Marpiedagy ard amaraey

Actinarhdzal nodules may have discrete branched lobes
ar be compoct or may form nedule roods a3 inthe case of
Casugeing and Myrleg (Berry and Sunell, 1900 1L has
been urderstoad that the host (actimorhizal) plant plays a
significant role in modification of Fraskle morphelogy

{Berg. 1999. Jeong and Myrold 2003). Unlike
Phizohium, Framkia induced oot nodules ane perannial
and  have differerd  morphology  and  assomy
Anasemically lepume rool nodules are central and within
endodermis with tighily packed cortical cells. wheress in
actinaehlzal root the vascular tasue is centrally hocatcd
to the infected cells and the nodule merisiem is located

al the distal tip of the podule (Berson and Silvester,
1993; Wall, 200d0).

Spmbicric inferaciion

The morphological steps of actinorhizel  nodule
developmenl have been desgribed in several cxcallent
reviews (Mewcomb and Wood, 1987; Berry and Sunnell.
1900 Wall, 2000), Process of symbiotic associaliodn
among these two gepera has alse atracted interests
amang many workers. Depending upon the bast plants,
two modes of infection of actinorhizal plants, after local
colosization by Frankia hove bheen  described:
irtercellular end inraced lulas,

[nrscellular infection via deformesd roat hairs as in cpse
of Atnus, Casuaring. Complomia. Myrica oic. (Callaham
oi at., 1979; Berry and Tarrey, 1983). Here, the bacicrial
hypha enters the root anatomy via raat hairs (Tomey,
15765 and infection proceeds intraceliubarly in the root
cortex where Frandia endosymbiont is lormed with
vesicles  and  hyphal tip  (Akkermans  er  al,
1989, Simultaneously, there are cell divisons in
hypodermis and cortex producing wall like material
camposed of pectin and hemicellulase, which is mixed
with intznse branching af Framtia hyphas within the cell
{Herg, 1990} forming & small protuberance called
prenodule (Callsham ef afl, 1979 Prenadulss  are
infected  with Frankie.  Unlike Riizobinm, nedule
primerdium in actinarhizal plams is formed on pericycle
as o resull of miwtle divisbon, ond mat im corex.
Therefore, prenodule in the corex infects primordium
celdls in the pericyele to form o nodude,

Intercefhular penetration by Fronkis hyphae 1akes place
bypassing the rool hadrs that reaches direcily o the
cartex through middle lameila between the epidermal
cells, e Ceomorhie  Elpeagnws.  Hippophoe,
Skepherdla. eic [Miller and BEaker, 1985; Liv and Berry,
1991; Huss-Damell, 19970 In this cass, ibére is no
division i the corical cell leading to prenodule
formation, instend cortical cells seerste electrun-denss
material rich in pectin and prolens fino the intercellular
spaces, where the hyphas grow (Racetie amd Toerey,
1989} Az n result of hyphal infection ond cedl division,
nodube primordium i foemed similorly as above in
pericycle and plant cells gets infecied by Frankia n the
carex, developing 1o 8 nodule for Rurther infeciions
(Miller and Boker, 1985)

Mature uctinorhizal nodules hove multiple lobes, which
cansizts of Fradbio 1B sortical cells and central vaseobar
tisswue. Inferesiingly, even In Poragponio- Rivsablim
association prenodule formation takes place  during
infeetion procedure | Lancelle und Tormey, 1984) and ihe
nodules foemed ore alse modiffed Bierml ool (Oberacllo
ef al. 20007 like nctinorhizal root nedules (Laplaze e
al., 20



76

During the process of infection, Frambla sometimes
takes the support of soil bacterin to deform host roos.
This idea was supported by Berry and Torrey (1983) and
alzo Knowlion and Dawson LI9R3} by mentiening thai
Alnuz rubra roots deform quickly snd increase the rale
al nodulation with the support of Peeudomonas cepacia,
whose presence may ot be compulsory in the process.
Thete are also reporis of signal exchange belween
Frankia and the hos plam before infection initiates (van
el al, 1997 Ceremonie of & 1599, However, no sich
active plaml or the Fraabiz has been identified
{(eerieilo of af . 2003}

Apan from purification of hemoglobin (Fleming e af,
1987) and lbsolstion of nodule-specific  cysteine
prateinase cOMA (Goetting-Minseky and Mullin, 1954,
very linke is understood aboul the moleculas aspect of
symbiotic associstion between Framkiz and the plant.
Recently it has been found that a set of actinorhizl
nodulin genes are activated during differestiation of
actinartizal root nodules (Mullin and Dobritsa, 1996),
Obertelio et ol (2003) defined two types of actinorhizal
nodulin genes based on their expression and patiern, by
homology © legume noduline. They are early nodulin
genes (imvolved in nodule orgamogenesis or plant
infection) and lste nodulin genes (involved in
metabalism for nedules funciioning),

Thee type of infection and the form of vesicles {spherical.
Alnus,  Hippophae,  etc., mane-septaie  elliptical-
Cercocarpus, Dryas sp., cte. and club or pear ghaped
Myrica, Casuaring, Comptonia, etc.) sre determined by
the host plant, and not by the microsymbiont
{Akkermans ef all, 1989; Newcomb and Wood, 1987).

Ixalarion and structure

Pommer in the vear 1959 reported first in vitro isolation
of Frankia from the roots of Afnks, which unfortunately
ot bos, huet his descriptiond s the isolate matched with
the presend day Frawkip sirain-HFPCpll. However,
almost after 19 years, first successful isolation of
Frankia from the oot nodules Compionia peragrine was
reponed by Terreyand his collogues (Callaham e ai,
1978), which helped B understanding Frankio more
wlosely than before { Qudspel, 1990),

Stowers (1987) reviewed successful isolation technigues
of Framkia in pure culture using different techniques,
ke sertal dilution (Diem ef of, 1982), micro-dissection
(Berry and Torrey, 1979), 020y, surface sierilisation
{Mormand and Lalonde, 1982), filter exclusion {Bensan,
1982, Weber ef af, 1988), and sucrose densiiy
fractionation (Baker and O"Keefe, 1984 Boaker and
Torrey, 197%; Burggraal er af, 1981}, During lsolation
various lechniques were applicd and i1 was found itha
Fronkio are slow growing, heferotrophic, serobic
arganisms {Benson and Silvester, 1993}

Impravements in the culture media for in wiiro studics of
Framkin, from the past yeast extract media 0 present
improvised compesition of nutriend media, have pow
made the task easier and endophyles aleo grow much
faster {Lalonds and Calver, 1979), Now suooesaiul
isolation of Frankia from almost all actinorhizal plants,
eacepl  Ceithortoms,  Kemirothames, Clhomebols,

NEL dourmed af Plavr Selences Vol 52001

s (Benson and Silvester, 19933 and Adiphia (Huss
[rancil, 1997) have been reported, Use of Movonoids
{guerceting in the colivre media 0 contral  fungal
contamimation of Cosuarimg isolaies heve alse been
reponted as o new measure of faster and contaminant
free method of isdation of Frambla (Saped and
Wheeler, 1990}

In pure cultiure, Framkia behaves as micraaerophilic and
mesophilic organism and grows densely with branched
and scpiate hyphae, multiloculer sporangia developing
lerrmanally or ai intercalary position of the hyphae and
vesicles {Burgerafl and Shipton, [982; Mewcomb and
Woed, 1987}

The hyphac;

Microscopic obdervations reveal thar Framkio hyphae,
with varying size of 0.5 to 0.5 pm, are mass of
anasiomose {fuse) and branched mycelia o form a dense
mad, The cell walls of these organlams have been fourd
W be composed of electron-dense materials in twa

layers: the bese laver and the ouwter laver {Buker of @i,
1980; Benson and Silvester, 19939,

Reparts also suggeat that small round to spherical o
rosary shaped, probably glycogen and lipid granubes, are
present in the hyphal cells {Benson and Silvester, 1993).
Ribosomes and pabyribosomes approximately of 300 nm
are present in the hyphal cells, Large number of circular
shaped (in cross section) cytoplasmic tsbales (average
43 nm in diameter), underlining the cell septum and
outside of the cell wall are also visible in the periphery
of hyphae cytoplasm (Lancelle or af, 1985), Newcomb
ef @l (197%) first reported an extracellular mullilayered
hyphae in a free living £ almi (HFPCpI1), but this
envelop, which is usually present in vesicles, needs to be

firiher studied and is a subject of debate {Benson and
Silveser, 1953,

The sporangia

Sporangia are multilocular structures produced by all
Fronkia srains (Simorel ef o, 1994 ). S anigiuam
consiets of spores, which are the reproductive structures
of Frankia (Krumholz of al, 2003). Each sporangium
contains several hundred refractile infective spores thas
are 1004 ames effective in nodule production than equsal
volume of hyphae (Burdeigh and Torrey, 1990), These
gpares  ore released  from  sporangia  on matiEriny
(Callsham er ol 1978) and are presumed that they help
m dispersal and survival of Framéde but not much has
been reported in this regard (Krumbolz, er al , 2003)
Inclusion of 2pg/ml of ampicillin (amibictic) in the
culture medium increases sporulation {Cenesh, 1993},

Bused on production of spores, two 1ypes of root nodule
were  distinguished-one @5 spore  positive  (Sp+),
comprising organisens that sporulate In e root nodule,
unid the other as spore negative (Sp<); that sporulates in
pure culture but does nod form spores inside the root
nodule (van Dijk, ¥978), All Frankio strwins isoloted Ja
witra. till dme, have genetic capability 10 produce Spires
ol dilferend bevels, even if they have been Boluted from
Sp= nodules. But oll the isolates when re-inoculted back
i their hosts coubd me dilTeremiate sporangin in plinta
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iroot nodules) and thus defined na Sp- strains (Torrey,
1987: Simanet er ol , 1994). A typical Spr+ strain has oot
been isolated successfully (Simonel ef gl 199) bt
there are two reports on successful germination ol
SpOTES af Framkia im ke [ahoratory {Caru et al, 19TL

Isolation of Frankia stralns from Sp+ niodules was more
difMicult than Sp- nodules (Schwencke prad Carw, 2000 ).
In some cases, Sp+ nodules led to the isolation of
Fronkic straims bui these putative girains failed to
#ifferentinle sporungia in the root nodides when re-
inaculabed in different hasi species. Sa they were
classified ps Sp- sirains. Following this two hypathesis
were proposed: (i) the phenolypic change of Sp- and
Spt may have been camsed due 10 mulaion therehy
inhititing or stimulating sporulation in ihe roat nodule,
and (i) Sp* and Sp- strains co-exists in n single nodale
and ot the time of isolation, Sp- strains eutnumber Spt
m:urmmﬂmmmnmm
{Schwencke and Caru, 2008).

Sporulsiion in Froatla i nol determined by the bost
rather it ks devermined by the genatype of the endaphyie
{Schwintrer, 1990). Reports suggest thet @ auwl of 25
genera of actinorhizal plants comprising six families
{Betulacead, Myricdeeor, Mhamnaceds, Slacagraceds,
Caruarinaceae and  Rosaceas) have Spt fsdules.
Hippophae salicifolia oo s asseclatsd with Sgt
Fronkia strains.
Thmphﬂlurgh:]diuiﬂNEThn*hmﬂhEﬁ#md
Spe) were further characterised af the molecular bevel
(Simoner e al, 1994 Wall, 2000). Simonet e ail
{1994), hased on 165 fDNA soquences, suggested that
these two Fromkis strains isolated from Afmuz were
penetically distine from each viher.
Sporangia sre multilocular struclEes bocated terminally
ar at intercalary position of the hyphse (Newcomb «f al.,
|97%). Each locule or segment in the sporEngia contains
spores, which can survive in the host as well as
gail devaid of host [Weber, 1956).
The vesicles
In pare culture, vesicles are amall spherical, thick walled
stroctites, surrounded by multilayered lipid envelope
that arises from hyphae on a small stalk (Harriat & .,
1991: Gomaa e l,2008), whereas in planfa theit
shapes vary from spherical to elliptical to club shaped
(Wall, 2006). Vesiches are either produced when there is
mﬁﬂnrmmmmnfniuﬂg:nmmz medium
or nitrogen enviched medium  where the mitrogen
compound cannot be degraded 1o ammonia (Zhang and
Bersen, 1992), During the farmation of vesiches, the
hyphal tip o¢ side branches swell up 1o form pre-vesicles
{1.5-2.0 um), which may be pon-seplile {Wall, 2000} or
scptale near the base and appears phase dork during
examingiion with phase oplics (Mewcamb and Wood,
1987, Fenally (hese pre-vesicles malure (o vesicles (2.0«
40 ym) and arc phasc bright. Birefringence was
ohserved under Polaroid Tight (Torrey and Callabiam,
|92}, From the experiment conducted Iy them using
elegant freezs fractume lechnigues, they concluded the
presence of @ highly structured laminsted layer, Lo b
lipid monalayer. These layers wers iotelly 'ost during

normal fxation procedures, leaving @ space around the
wesicles called ~void area” (Bensen and Silvester, 1993).

Reports alsn SUggest that wesiches harbor nitrogenasc in
Framkia symbiosis. Studics have correlated onset of
nidropenase sctivity with vesicle development in yourg
nodules (Mran arsd Bond, 1978] ang iis appelranc
alang with seasonal changes (Schwintzer ef al. 198%;
Wheeler ef af, 1983} During senescence of vesicles,
seEplum Beeomes irregular therety ceasing MiLrogennst
activity and dissppearanos of cytoplasm. [t was alkdo
=d that some vesiles rejuvenals i progluce
hyphse i wiez {Schaliz and Benson, 1989).
Creneric diversity of Frankia
As menposed before, aclinarhizal plants in sﬂnbiqﬁ:
asepciation with [Framkio représent mostly perennial,
dicatyledonous trees or shrubs, except Darisea {Jeong
and Myrold, 2003) and are globally distribued, except
Antnrctics (Simonet er of, 1999). They are being studied
gince 1829 (Schwencke and Can, 201, Along with the
giversity of the host, there exists the diversity of the
mlEronganisTL
I the present time, various reviews and reports makes
us understand that there is o high degree of genetic
diversity among Frankia girains isolnted from different
nidm;,p]mspuim.ufmmmmurhmaﬁnﬂi
nondule of specific location or diffierent geogrupliical
areas yer ef al, 1993; Myrold, 1994; Mormand
gt al ., 1996; Clawson &f al., 1997; Clawson ef af , 1999).

Classi fication {Becking, 1970) and plylogenstic studies
{Lechevalier, 1994) also aided in anabysing the diversity
nfﬁ}ﬂmth.ﬂhhtqﬁmﬂuiuﬂmdmmmcf
actinorhizal plants in different environmental  stress
[Tang ef af, 2003}, climatic and mutritional conditions
have lad 10 the diversity of organisms. First isclation of
Framkia strain in 1978 opened up even mare options fiar
e study of diversity. Since then number of Froagis
siraing have been isolaled from severnl actinorhizal
plants from different geographical origins, which have
helped in underssanding its host specificity, metabolism,
waconomy and genetics (Bensan and Silvester, 1993,

DNA isolstion directly from the reot  nodule.
amplification through PCR wsing appropriste primers
and sequencing has made it possible 1o analyze
ancidtured Frankla straies. Consiruction of phylogenetic
trees wsing felnbed 165-215 rBtNA gene sequences from
the GienBank =nd comparing with the iselated sequence
uking bioinformatics tools and appropriate saliware have
peen carrbed ot in the past for studying diversity of
different endosymbiont of actinorhizal plaras {Habm er
al, 1989; Henerkage o af, 1999; Benson e ai, 1596;
Lumming arnd Bosco, 199%6; Rouvier ef o, 19%6; Mormand
gi al, 19%; Clewson and Benson, 1998; BDenson and
Drawson, 2007; Sen el al, 2008}, Some works on genetic
dversity of H salicifolia bms been donz in India;
however, o detailed work has been taken up in this
genus of Lachen Valley of Sikkim Himalayas.

Fulure perspecrive

Tv? mrnrlru! ithe harsh climatic conditions and exinams
winters in Lachen, MNorth Sikkim, most of the people
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residing there rely on Forest products 1o meet up (el
daily consumptions in terms of luel and fodder, Apari
from private agricultural land, which may be inswfTicient
for agriculture, forests are also wed for imercropping of
differest agricultwral and hortculural products like
cardansorn afdl potaloes. Therefors, with the crease in
population these irends may not be coonomically and
ecabogically viable every vear and in the same localily
for the local people due 8o ecological degradation,
Besides that, Sikkim 1z an orgenic staie, so there 13 o
probibition in the wse of chemical Fentilizers, Therefore,
susiginable eovironmental and resource conservation
planning along with utilization of nitrogen naturally has
become one the major target &5 survival sirategies for
the inhabitanis of these high altitude arcas,

Mitragen being ore of the imporiam comporents of high
aititide ecosystem. choice of nawmlly  growing
sctinorhizol plamt species like Hippophee salicifolia
with proper management and fusther scierific study can
satisfy (he long-lerm conservation and susiainable needs
af the local populsiion of this arid desert. Efforis should
be made on scientific study of nitrogen fixing symbiotic
nssocistion of this plant. Higpaphoe saficifolia has
remained virgin in this regard. However, some research
on  spondation,  hest  specificity,  biochemdsiry,
physsobogy and phylogeny using moleculsr techniques
may further bring light on the endophyie and the host
for its fumre uwse. Choice of strain with maximum
itrogenase activity shall help in developing a better
symbiont for more nitrogen supply o the plant and
generation of bdedms.

From the silviculiuwral poimt of view also, penetic
differentiation of sea buckthom plamt needs o be
undersiood 10 prateet ils penetic diversity and resioratian
ir the forests, Though there are same reports on penetic
diversity and genetic differentintion of sea buckthom
(Yo and Tigersieds, 1903; Barish er of, 1999; Sun &
af, 06}, many have condributed mainly on origin,
evalution and phylogeny of the genern (Bartish er @
2000 and 2008; Sun e of, 3002; Sheng e af., H06).
However, till date oo major record of genstic diversity
of H salicifella and s microsymbiont Frankis have
been  reported,  Therefore, knowledpe on gensic
diverssty and population genetics of this genus. along
with symbbotic relationship and  diversity of il
endopiiyle — the Fronkia, s6ll further needs w be
wirioed ot especially in this region
"N e conpider Jneafarln Mehra's ldea, thar aetimal
world situciion is the resull of the Eyropeaa domination
i anclend social economiteal and military developmens;
mpine seq buckthorn could have fad arcther pasinion (s
th lstory o pilarar arilisation ™

oo Angel Prooroc
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