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The genus Pinus finds its importance not only for its timber and high qudity
resn, but dso for the fact that it has been associaed with the vibrant but fragile
ecosydem of the Gret Himadayan ranges in the Indian sub-continent. A number of
indigenous  pine spedes find home in India ard conddeing ther economic and
omamental value, recently exotic tropicd pine species have dso been planted in
different parts of the country. The amount of indiscriminae feling of trees and
dearing of hills for agriculturd purposes, timber, different foret products and
mining, that has taken place during the 19" and 20" centuries, has put the complete
Himaayan ecosysem under tremendous pressure The pines have been manly
exploited for ther timber and resin.

Despite reserving naturad forest stands and putting in large efforts to intensfy
afforedation, the foret depatments have not been completdy successful in providing
enough planting materid udng conveniond propagaion techniques This cetanly
has opened up the avenues for the newer biotechnologica approaches that can be
tapped to supplement the demand for good qudity planting materid.

Clond propagation of gymnosperms, or for that maiter, any other forest tree
goecies, use of mature plant materid has met with little success due to the recdcitrant
neture of the tissue. Among the conifers, pine tissues have shown even gregter rigidity
in reponding in vitro. Advertitious bud proliferation and sometic embryogeness are
the two methods tha have been used successfully in other pine species for
propagation.

The work induded in the present thess titled "Morphogendtic studies of two
Indian pines in vitro: Pinus roxburghii Sarg. and Pinus wallichiana A. B. Jacks is an
atempt to devdop regenaraion system in these two indigenous pine species using
advertitious bud proliferation and somatic embryogeness. The objective of the dudy
was to optimize the media and culture conditions to devdop an effective protocol that
can be utilized in the future for the improvement of these two important Indian pine
Species.

THES S ORGANIZATION
This thess has been divided into five chepters followed by summay and

bibliography.



Chapter 1. General introduction

This chapter gives a generd introduction about the genus Pinus, its podtion
and importance in Indian forestry and, the role of biotechnology in its improvement
and propagation. The chepter includes a survey of tissue culture studies on pines done
over the yeas giving specid emphass to adventitious bud proliferation and somatic
embryogeness. It aso includes the objectives with which the present Studies were
intended and the goproach with which the experiments have been planned and
conducted.

Chapter 2. General materials and methods

In this chepter, generd methodology that is followed throughout the course of
sudy has been explaned. The source of various chemicds glassware, plagtic-ware
and other maerids utilized during the course of the work, glasware cleaning and
preparation, basic media compostions and preparation, culture conditions, ec., have
been discussed.

Maerids and methodology related to specific experiments and Sudies have
been included separately in chapters 3, 4 and 5.

The fdllowing chepters (3, 4 and 5) ae further sub-divided into Introduction,
Specific materids and methods and, Results and discussion.

Chapter 3. Morphogenetic response of Pius-wallichiana A. B. Jacks.
(Blue pine) in vitro

Pinus wallichiana A. B. Jacks (blue or Bhutan pine) is an eegant tree reaching
3090m in heght and is found in the Himdayas from Kashmir to Bhutan. Lage
natural forest areas of blue pine and associated trees have latdy been cleared up for
various reasons like agriculture, mining, timber, etc. It is possble now to supplement
the conventiond propagaion methods with newer biotechnologicd gpproaches to
provide good qudity planting maerid. On these lines present sudies with blue pine
were initiated. In this chapter the morphogeneic response of tissue culture and
deve opment of a micropropagation protocol for P. wallichiana is discussed.

Plantlet regeneration was achieved by organogeness of mature zygotic
embryos of blue pine The effect of various basd media and cytokinins were tested



for adventiious bud induction, devdopment and dongation were invedigaed.
Among the different concentration and combinations of media tested, DCR basd
medium supplemented with 25 BA and 0.025nM TDZ was found to be most
effective in inducing adventitious buds from mature zygotic embryos The effect of
pulse treetment of BA was teted and the bud forming capacity was quantified.
Higologicd examinaion of adventitious bud induction was dso caried out to
ascertain the origin of the buds.

The dongation of adventitious buds was achieved on hdf drength DCR basd
medium with 2% sucrose and 05% activated charcod. Experiment of rooting the
eongaed shoots showed that a 6h trestment of IAA-IBA (1ImM each) was most
effective among the differert methods examined. Rooted shoots were successfully
hardened and transferred to greenhouse and showed a survival percentage of 45.7
after 6 months.

Chapter 4. Somatic embryogeness in Pius—rexburghtt Sarg. (Chir

pine)

P. roxburghii Sarg. or chir pine is the other important Indian pine species
bdonging to the lower dtitudes of western Himdayas. It has been mainly exploited
for its high qudity resn that is used in the production of turpenting paints, varnishes
and ds0 has medicind propeties Reckless tgpping for resn and lopping for fud-
wood has made it necessty to look into aspects of sdection and propagetion of
chosen dite varieties.

In this chepter, method of propageting this gpecies through somatic
embryogeness has been discussed. Among the gymnospemss, Pinus has been the
mos recdcitrant genus in terms of inducing sometic embryogeness. Induction was
achieved only usng the immaure 2zygotic embryos & a paticular dege of
development that gppears only for a couple of weeksin ayear.

Intid work indudes dandardization of the most responsve explant and
pinpointing the very narow ‘window' or the exact devdopmentd dage of the
immature zygotic embryo for initiation, from two different provenances in the western
Himdayas. Different besal media and other parameters have been tested for initiation
and proliferetion of embryogenic tissuie A dudy of the devdopment of somatic
embryos, effect of prematuration, maturaion trestments on germination of somatic



emblings has been tested. Embryogenic cdl lines are now beng mantaned on semi-
slid as wel as suspenson cultures, for further Studies and refinement of the
regeneration protocol a alarger scae.

Chapter 5. Studies with the embryogenic cdl lines of Pirus
roxbarghtt Sarg. : (i) scaling-up in bioreactor and, (ii)
Cryopreservation

Due to the long life cycles of tree species, the assessment of desired characters
in the clondly propagated plants becomes difficult. More so, when the initid explant
for propagation is seed from openpollinted naiurd dand. In - such  casss,
cryopresrvetion of the embryogenic tissue becomes mandatory. Once the somatic
embryos are germinated, hardened, established in the fidd, and are tested true to type
for the desired characters, the cryopreserved, ‘mother’ embryogenic tissue can then be
scaled-up and used for propagation.

This chapter discusses the experiments conducted to Sandardize the pre
tretment of embryogenic tissue with different cryoprotectants (DMSO, sorhital,
glucose, PEG) and the sunivd of embryogenic cdl lines dter dorage in liquid
nitrogen. Gendtic fiddity of the cryo-stored cell lines was tested using ISSR primers.

Experiments conducted for scdingup of the embryogenic tissue using
bioreector have dso been discussed. Sugpenson cultures grown in flasks were
inoculated in 1-liter bioreactor culture vessd to optimize the conditions for the growth
of the tissue in continuous culture. Various factors like pH, temperature, have been
tested for the optimal growth of the embryogenic cdl lines.

Gaurav Mathur Dr.(Mrs) R. S. Nadgauda
Research Guide



Chapter 1
General Introduction

1.1. Introduction

The genus Pinus mantans a vay unique pogtion of bang an inteyrd
pat of the vibrant, but fragile ecosygem of the Grest Himdayan ranges in the
Indan sub-continet. Hom  time immemorid a number of  indigenous  pine
gedes find home in India and conddering their economic and  omamentd
vaue, recently exatic tropicd pine soedes have ds0 been platted in different
pats of the country as an dtendive to bamboo for pgper and pulp industry
(Seha 1996, Satish Chandra e al. 1996). The amount of indisriminate fdling
of tress and deaing of hills for agriculturd purposes timber, different forest
products and mining, that hes taken place during the last century, hes put the
completle Himdayan eocosystem  under tremendous pressure  (Banerjee  1996).
The Indian pines have been exploited for thar timber and manly, for thar high
qudlity resn (Maheshwari and Konaer 1971).

Vegdaive propagaion of trees has been practiced for centuries in Jgpan
for Cryptomeria japonica (Ahuja 1993), and dsewhere generdly for tree
gedies that were conddered easy for rooting, like Populus spp., and Salix spp.
(Toda 1974). This practice hes been extended in Gamany and Sweden for
edablishing Picea abies forets (Tdbet et al. 1993), Eucdypts in Brazil
(Zobd 1985), Pinus radiata in New Zedand (Aitken-Chrigie and Jones 1987,
Armold and Gleed 1985 Horgan and Holland 1989), and Pinus taeda ad
Pseudotsuga menzisi in USA (Gupta et al. 1993, Timmis 1998). Traditionally,
foreds have been regengaed from seedlings deived from mixed seed lots
coleted from naure, or more recetly from seeds cdlected from randomly
pollinsted plus-trees resdting in lage vaidions in growth form and  vigour
(Chen and Ahuja1993).

Plant propagdion of tree spedies through tissue culture is a recent
devdopment and may be accomplished by employing cdlus organ, cdl, ad



protoplast  cultures  (George  1993). Initidly cdlus cultures were used  for
plantlet regeneration, now preferably organ cultures ae employed for dond
propagation, modly to avoid the somadond vaidions The long life cydes of
tress and recddtrancy of the tissue explats from maure tree pecies posss
tremendous complexities for ther dond propagaion (Boga and von Aderkas
1993). Dexpite having a deaxr advaitage over cdlus and orgen cuture, cdl
sugpendons and  protoplest  cultures have not yet been successfully  employed
for lagescde plat regengration in dond forestry. The success dories of in
vitro propagation of treess have 0 far come manly from conifes like soruce
and pines (Adams e al. 1994, Gupta et al. 1991, Gupta and Grob 1995, Pagues
et al. 1995). Lage-xde production of somatic embryos in bioreactors thar
section and subsequent praduction of synthetic seeds for plantation has now
become a redity (Attree and Fowke 1993, Gray et al. 1995, Handley 1995,
Redenbaugh et al. 1991, Tastorus and Dungan 1995). This dso incorporaes
the efforts taken in genetic manipulaion for variety improvement (Ellis 1995).

1.2. Classfication of genusPinus

The genus Pinus L. bdongs to the family Pinecese or Abigtacese of the
order Coniferdes. The pines have been traced back in the geologicd higory to
Jurassc peiod (150 million years) reeching thar dimax in the teatiay period
(60 million yeas. The two didinct groups viz. Haploxylon (soft pines ad
Diploxylon (hard pines) had emeged by the end of lower Cretaceous period
(125 million years) (Maheshwari and Konar 1971, Mirov 1967).

The other genera bdonging to family Finaceee ae, Abies Mill,, Cathaya
Chun & Kuang, Cedrus Link., Ketereeria Car., Larix Mill, Picea A. Didr.,
Pseudolarix Gord., Pseudotsuga Car., and Tsuga Car. Some characteridic
feetures dhaed among this family ae a fdlows evegreen and monoedious
plants <oirdly aranged microgporophylls with two abaxid sporangia  each;
femde ocones with numerous soirdly aranged pars of stdes (bearing seeds);
ovules adaxid with thar micropyles directed towads the cone-axis and seeds

generdly winged (Sporne 1965).



The pines ae represented by 105 spedies (Mirov  1967), wheress
Ddlimore ad Jackson (1966) mention 80 vdid spedes tha ae cosmopalitan
and digributed manly in the Northeen hemisphere  Being a dominant genus of
the tempeaae region, pines ae d dwundat in the subtropicd and the
Mediterranean regions and few spedes dso meke an gopearance in the tropics
The cogmopdlitan geus ocovas dmod dl of Noth ad Cetrd Americy,
Northen Europe, Bahamas British Honduras, the subtropics of North Africa,
the Canay Idands Afghanigan, Pekigan, India Burma, Indoneda Philippines
and soreading over to New Zedand.

1.3. Digribution, general morphological characters, importance and uses
of pines

1.3.1. Digributionin India

Four out of the Ix indigenous pine peces of the Indian subcontinent,
viz, P. roxburghii Sarg. (chir ping), P. wallichana A. B. Jacks (blue pine or
kal), P. gerardiana Wal. ex Lamb. (chilgoza or nioza pine axd P. kesya
Royde e Gord. (khes ping (P. insularis End.), ae didributed in the
Himdayas Wheresss P. armandii Franch, occurs in the  Northeagten
provenances and P. merkusi Jung and de Vriex ae found in the hills of
Burma (Maheshwari and Konar 1971).

Soecific morphologica  characteridics,  didribution, habits and  uses  of
P. wallichana A. B. Jaks and P. roxburghii Sarg, have been discussd
separady in chapters 3 and 4 respectively.

1.3.2. General morphological characters

Youg pne tress ae gengdly pyramidd in shape with horizonta
branches digposad as regula whals and they lose this symmery on maurity
with the rounding, flatening or goreading of the crown. The lower braches d<0
tend to fdl off expodng the long bole due to the doseness of plantations The
dem bears two types of branches long and dwaf shoots Long shoots aise as



laterd buds on man gem ending in an goicd bud surrounded by bud scdes
The laed buds gow moe o less horizontdly produdng one of more
internodes every year. The dwaf shoots devedop on the long shoots and bear
needles The number of needes par dwaf shoot is one of the fedures that ad
in identification of different pines The other extand chaadeas tha fadlitae
the identificstion of different pine sedes ae the postion of umbo on
gpophyds and, shape, 9ze and colour of the resting bud.

The mde and femde cones are borne on different branches of the same
tree The mde cones (modified dwaf shoots) goper in dudes on lower
branches whereas the femde cone replaces the temind bud of the long shoots
(modified long shoots. In most goedes induding P. roxburghii and  P.
wallichiana, the maure femde cones open ad rdese seeds but in some
pedies the seads are dispersed only after the cone fdls to the ground and rots.

The pines ae generdly light demanders and do not thrive in aress that
reman hot and humid throughout the yer. A chageover of seesons s
essatid for normd devdopment of pines Only a few tropicd pine sedies like
P. taeda grow well in wetlands (Maheshwari and Konar 1971, Mirov 1967)

1.3.3. Importance and uses

The Indian pines ae modly exploited for their resn, then they ae for
timber. In generd, the yidd of deoresn is more in the gpedes found in warmer
then in tempede zones Pinus roxburghii, P. wallichiana and P. kesya ae the
three common pine gpedes tgpped for resn with chir pine leading the way
(Mahedwai and Konar 1971). The growth of the resn industry was a rexult of
the research work conducted by the foret departments in the laer 19" century
(Tewai 1994). Even with the advent of newer technologies numerous methods
of tgping ad ddilling resn from pnes tha ae d4ill prevdent wee
inroduced and devised during the lagt century (Choudhai et al. 1996). The
products and by-products of oeoresn didillaion range from  turpenting,
charcod, lamp-black, pine ol and woodrodn. Turpettine extracted from P.
roxburghii is devoid of pinene and canot be used in the camphor indudry



wheress, turpentine from P. wallichiana and P. kesya contans pinene and is
usefu  in  production of synthetic camphor (Coppen John et al. 1988).
Turpentine is manly used as thinneg in pants and vanishes and a solvent for
roan and lacguer. It is an ingredient in shoe palishes lubricants seding waxes
éc. Rodn is chidly utlized by the paper and sogp indudries and a number of
other ol based products Pne neede ol is used for medicdnd purposss,
perfumey (Dayd et al. 1989) and a0 insact repdlents (Zaheer K et al. 1986).

Pne timber conditutes the mgor forex wedth of the countries where
they grow. The hardwood pines the heatwood of which is daker then the
sspwood, ae modly prefared over the softwood pines when it comes to the
wood qudity. Timber is manly used for condruction purposes and furniture In
Europe expeddly Noway and Sweden, whae pines fom a bulk of the
vegdaion, the wood is used to maeke very high qudity writing and kraft paper
(Guha 1958, Maheshwari and Konar 1971).

The edible kemel of P. gerardiana, commonly known as ‘Chilgoza or
Niozd, is one of the 18 gedies of pines tha has a seed lage enough ad
atractively flavored, to be edible ‘Chilgoza is very highly priced ‘dry-frut in
the Indan subcontinet and is consumed dte  roading. Moreover, the
‘Chilgozd pine is the most endangered pine oedes in Indig found a high
dtitudes in the inaccessble Northwestern Himdayas, occurring on the borders
of Tibet, Kashmir and Pekigan. It dso occurs in some patches of Kinnaur and
Pang didricts of Himachd Pradesh (Maheswai and Konar 1971). With the
number of trees dwindling eech year, there is a condant effort being put in by
the forex depatments for the protection and propagation of this pine goedes
Due to the dffiadt terran, scacty and the high price that the seed fetches in
the marke, procuring P. gerardiana plant maeid, espeddly in the fom of
immeature conesfor dona propagation studies, is presently not possible

The sseds of dl pines ae rich in fa and protens (Sehgd et al. 1989),
but in only 18 spedes the kands ae lage enough and atreactivdy flavored to
be edible The kemnds of P. pinea, pigndia or pigndi, are modly colected in
ltdy and Span, ae usd in many ltdian prepardions and dso edten raw,



roasted or <dted. In esst Europe the edible seeds of P. cembra ae used for
culinary purposes and 0 ae the seeds of P. cembroides in North America P
lambertiana, P. monticola, P. sabiniana, P. couteri, P. torreyana and P. jeffreyi
are dso important sources of edible pine seeds (Maheshwari and Konar 1971).

1.4. Propagation of pines

In a oountry whee tree breeding and hence the avalddlity and
assurance of good qudity hybrid seeds has not been practiced, nor is it foreseen
in the rear future plantations rased from a mixed seed lot would not be
affident enough to solve the problem of propegaing dite vaidies of Indian
pines However, work on vegdative propagaion of pines in the pas two to
three decades by vaious resarch inditutes and univarsties in India have
demondrated success in udng  tradiiond  methods like grefting,  ar-layeing
and rooting of gem cuttings ye the favored method for propegaion remans to
be through nursery-rased seadlings (Dhimen et al. 1996, Sngh et al. 1996,
Tewai 1994). The nesd for consgency in qudity of planting materid has now
opened up avenues for newer methods to be used for propagetion.

Sae fored  depatments, Govenment and  privaie  foredt
aendednursgies have been ingrumentd in the lage-scde plantations  of
indigenous a wdl as exdlic pines a diffeet locaions in India (Sgha K.
1996, Sdish Chandra et al. 1996) The seeds of vaious pine Sedes ae
colected and presarved every year and used for propagation, except for P.
gerardiana, mogt of the seeds of which are edible and fetch a good price On
the whoe the mgor dsadvantage of the exiding propegdion sydem is
inconddency in the qudity of the seeds due to the open pdlingion in the
netural Sands.

Tisse caltue ard moecular biodlogy technigues can nat only ad in
upplementing the plating maeid, but ds0 can hdp in  improvemeat,
sdettion, breeding and typifying the indigenous pedes (Ravikumar 2001). In
fact, for many conifers doned propagules dill canot be obtaned from cultured



tissue of maure trees indicating the largescde goplication of thee techniques
to tree improvemet programmes of oonifers is 4ill a long way from beng
achieved. Although, in some gpedes it seems tha the mass propegaion of
sdected trees or, of a supeior hybrid is more likdy to be achieved through
tissue culture than by any other method.

1.5. Morphogenetic studiesin Pinus spp.

The demand for wood and foret products as an indudrid raw materid
hes increesed & such an daming rate, that the traditiond methods used for
fores tree propagaion and improvement (cutting, grafting) ae not adequate to
meet them completdy. This phenomenon has been obsaved worldwide, more
0 in the devdoping countries whee indistiminde deaing of foreds is
widdy reported. It is therfore an obvious choice to supplemeat the traditiond
methods with the more recetly devdoped techniques like tissue and orgen
cdture This is a potetid technigue to done and vegdaivdy produce plants
rgpidy on a lage scde (George 1993, Mekle and Dean 2000, Ravikumar G.
2001)

Lag two decades has witnessad pionesring work in the advancement of
in vitro cdture of a lage numbe of economicdly important gymnospem
Jedes (David 1982, Tdbet e a. 1993, Thorpe et al. 1991). Initid dSudies
with dond propagation usng maure and juvenile tissues led to breskthrough
in induction of somatic embryogeness ad it became a prefared mehod of
obtaning lage number of dond propagles (Gupta and Grob  1995).
Vegdative propegaion from physologicdly maure tissue tends to be quite
difficult (Greewood 1995). ldedly, dond propagation of trees old enough to
have expresed ther desrdble characteridics is an dfective means of rgpidy
obtaning improved plating dock. On the other hand, vegedive propagetion
from physdogcdly juvenile tissie hes been sucoessfu in a number of  conifer
goecies and gopears to result in plants that are true to type (Thorpe et al. 1991).
Three methods of juvenile tissue propegdion have been widdy used as mass-



propagetion  dtendives  rooted  cuttings,  organogeness  and  somdtic
embryogenesis

As roating was the mgor hurde with adventitious and axillay shoots
(Girouard 1974), mauration and converson of somdic emblings into  hedthy
platlets is the mgor bottleneck with somdic embryos of pines (Attree and
Fowke 1993). This has been highlignted in a number of reports in vaious
confer gengra (Tautorus et al. 1991). Ancther impediment most  commonly
faced by tisue calturigs is the genotypic dependence of the in vitro
morphogendtic  reponse, thus meking it impossble to fdlow it rues for
micropropagdion.  Two pahways tha have been preferably and  successully
used for micropropagetion of oonifers ae via adventitious shoot proliferation
and somaic embryogeness It is usudly obsaved that the qudity of the
vegdaivedy propagated dones is heavily subjedted to the qudity or genetic
maerid of the populaion or the mothe explat (George 1993, Vasl and Vasl
1980)

Micropropagation of pines has modly been pradticed usng juvenile
explats like embryos or young seediing tissues, however there ae few reports
of propagation usng diffeentiated tissues (Abdullah et al. 1987, Baxter et al.
1989, Bonga 1981, Gupta and Durzan 1985, Lapp & a. 1996, Nadgauda et al.
1993). The problems in tissue culture of pines for that metter, dl conifers, are
numerous Even propagules produced from donor as young as maure zygotic
enbryo, may not utimady be phenotypicdly trueto-type (Bergman and
Somp 199%4a 1994b). But, Goto and co workers (1998) have recently usd
random amplified polymorphic DNA (RAPD) makeas to dgermine the gendic
dability of more then 10year old micropropagated shoots of P. thunbergii Parl
and obsarved no abardion in banding petterns in these dudies. The problem of
rguvendion of physoogcdly maure tissie can be solved through somdic
embryogeness (Ruaud and Pagues 1995). Induction of somaic embryogenesis
resgds the devdopmentd dock of the cdls conssquently following a dep
wise pattern of development garting from the embryo Sage.



In oder to devdop protocols for propagation usng adventitious bud
proliferstion or somdic embryogeness  with  precise  contrd  over  the
devdopmenta scheme, a badc undadanding of the biochemicd and molecular
processes that undeline the formation of buds ad somaic embryos is
esatid. A compilation of the dgnificant documented work carried out in the
fidd of micropropagation of pines, is presented beow.

15.1. Adventitiousbud proliferation

During the last two decades comprehensve dudies were conducted to
find out the posshbiliies of propagadion of conifes usng tissue culture
methods Due to the recddtraxcy of the maure or differentigled tissues of
pines like, neaedes, axillay buds mde and femde cones in vitro (Bonga 1981),
dtenion was dhifted to seedling and ootyledonay dage ie  juvenile or
immature tissues (Abdullah & al. 1989, Bergmann and Stomp 1992 & 19%a,
Bonga 1981, Cgpuana and Giamnini 1995, Hdos and Go 1993, Lgp & 4.
1995, McKdlar & al. 1994, Mott and Ameson 1981, Murithii et al. 1993,
Pulido e al. 1990, Saborio et al. 1997). Thee reports ae manly concerned
with the advertiious bud prdiferdion from maure zygotic embryos and
cotyledons of pines, but only a notable few could be successfully exploited & a
commerdd scde (AitkerChrigie e al. 1981, Baxter et al. 1989, Horgan and
Holland 1989). Although, devdoping a reproducible regenerdtion protocol in
recdditrant tree oecies hes its own advantage of bang able to be utilized for
gendic improvement  programmes in fuure As a resut, a number of Pinus
goedies as wdl as other economicdly important conifers ae now documented
having a complete regeneration protocols using adventitious bud proliferation.

15.1.1. General aspects:

Organogeness  involves  induction of  advertitious buds and growth  of
shoots ad roots separady, originging ether from unorganized cdlus or from
pre-formed induced buds (George 1993). Induction of adventitious buds is
manly achieved udng explaits like maure zygotic embryo or seedling tisues



uch & ootyledons Shoot meigems of adventitious buds aise randomly in
aonormd  podtios and can dather be formed directly from the explants or
indirectly through inteemediary cdlus It is however advissble to avod cdlus
edablishment becausg, it is preferdble to induce advertitious buds directly from
the expat and diminding the probable risk of genetic vaiaion (George
1993). Propegdion via advetitious bud proliferation can be divided into four
dages

(i) Initiation of shoot buds

(i)  Deveopment of budsinto shoots

(iii)  Rooting of shoots

(iv)  Preparation of plantietsfor planting out (herdening)

Rooting of dongaed shoots has been the mgor impaese dter the
induction of advertiious buds (Girourad 1974), which in fadt, ocould be
achieved rddivdy esdly uing a number of cytokinins Presatly, there ae
differet methods documented that ae bang ullized to induce rooting in
dongated shoots Apat from shoot and root formation, extendve dudies have
dn ben caried out with repect to medig cuture conditions and light

regimes needed for in vitro culture

15.1.2. Organogenesisin pines.

The organogenic response in may pines has been obsaved to be light
dependant, with lignt qudity, intendty, photopeiod and temperaure having
dffeent effects in dffeet pine spedes (Elis and Webb 1993). The given
paaneters that ae required for optima regponse will depend not only on the
goecies and explant, but dso on the morphogenetic response dedred. It is
therefore not unressonable to expect that for optimd culture response, one st
of conditions (media, growth regulaors, light, tempaaure) may be needed for
eech phae of micropropagaion, whether it is via organogeness of somdic
embryogeness

A lig of repoted dudies on a numbe of Pinus spedes successully
propagated usng adventitious bud induction during the lagt two decades is
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preented in Table 11 Adventitious bud proliferetion has been reported in
more than 30 diffeet pine gedes bdonging to diffeeet  geographicd
locaions, dearly illusrating the importance of the genus It is to be noted thet
the dating maeid for dl is maure zygotic embryo (MZE) or seedling tissue,
and ds the fat that, not dl the references report a complete regeneration
gydem. The embryonic explants like maure zygotic embryos (Cdixto and
Pas 1997, Chang e al 1991, Chesck et al. 1991, Hdos and Go 1993, Hary
and Thorpe 1994, Lambadi et al. 1991, Lapp & a. 1995, Tag & a. 1998)
and, ootyledons (Abdullah & al. 1987, GaciaFeriz et al. 1994, Kaul 1987,
Muithii et al. 1991, Saborio e al. 1997, Saavitz & a. 1991) have been
utilized by mod of the ressachas Invedigaions for the choice of explat,
medum  components, cdture  conditions  growth  regulaors  have  been
extendvdy caried out (Begman and Somp 1992, Hinn et al. 1986,
McKelar et al. 1994, Perez-Bamudez ¢ al. 1987, Pulido et al. 1994).

Table 1.1. Micropropagation of Pinus sp. through adventitious bud
proliferation: explants used and recovery of plantlets

Species Common Explant Result Reference
name'

1 Pinusayacahuitevar  Mexican cotyledon  Plantlets Saborio et al. 1997
ayacahuite (Enremb)  white pine

2 P. banksiana Lamb. Jack pine MZE Pantlets Harry & Thorpe
19%
3 P. brutia Tenore Cdébrian Seadling Pantlets Abdullah et al.
pine tissues 1985, 89
4 P.canarienssSwvegt  Canay cotyledon  Plantlets Pulido et al. 1990,
ex K. Spreng. Idand pine R A
5 P.caribaea Mordet Caribbean MZE Pantlets Haos & Go 1993
pine
MZE Adv.Buds Webb & Santiago
1983
6 P.caribaeavar. Caribbean MZE Pantlets Goet al. 1993
hondurensis pine
7 P. contorta Dougl. Lodgepole MZE Shoots von Armold &
Ex Loud. pine Eriksson 1981
8 P. coulteri D. Don Coulter pinre MZE Shoots Patel & Berlyn
1983
9 P. echinata Mill. Shortlesf MZE Pantlets Bergmann & Stomp
pine 1992

cotyledon  Plantlets Jang & Tainter 1991

1



Table1.1. continued

10 P. ddarica Medw.

11 P. dliottii Engdm.

12 P. halepensisMill.

13 P. monticola Dougl.

14 P.nigra Am.

15 P. omorika (Panc.)
Purk.

16 P. oocarpa Schade

17 P. palustrisMill.
18 P. patula Scheide et

Deppe
19 P.pinager Ait.

20 P.pinealL.

21 P. ponderosa Laws.

22 P.radiata D. Don

23 P.resnosa Ait
24 P. roxburghii Sag.
25 P. serotina Michx.

Afghan pine

Sash pine

Aleppo pine

Western
white pine

Austrian
pine

No English
name
Longlesef
pine
Jdecote
pine
French
maritime
pine
Sone pine

Ponderosa
pine
Monterey
pine or
rediatapine

Red pine
Chir pine
Pond pine

MZE
seedling

cotyledon
seedling

MZE
MZE

MZE
MZE

MZE,
cotyledon
MZE
Seading
MZE ,
Seadling
shoat tip
MZE
MZE
Seadling

MZE

MZE
Cotyledon
Cotyledon
MZE

MZE,
cotyledon

MZE
MZE

cotyledon
MZE

Shoots
Pantlets
Pantlets
Axillary
shoots
Adv. Buds
Pantlets

Plantlets
Plantlets

Mantlets
Pantlets

Pantlets

Shoots

Plantlets

Shoots

Shoots
Shoots
Pantlets
Mutiple
Buds
Pantlets
Pantlets
Shoots

Pantlets
Shoots

Bergmann & Stomp
1992

Gladfdter &
Phillips 1987

Senet al. 194
Burnset al. 1991

Perez-Bermudez &
Sommer 1987
Lambardi et al.
1991

TZiraet al. 1999
Lapp et al. 1995

Mott & Amerson
1981

Sdgoval992,

1993
Kolevska-Pleticapiae
& Buturovic-Deric
1995

Bergmann & Stomp
1992

Sommer et al. 1975

McKdlar et al.
194
David et al. 1982

Dimantoglou et al.
1990
Gada-Ferizet al.
19%

Capuana &

Giamini 1995
Bllis& Bilderback
1984, 89

Aitken et al. 1981;
Horgan & Aitken
1981

Bergmann & Stomp
1992, 1943, 1994b
Noh et al. 1983
Muriithi et al. 1993
Bergmann & Stomp
1992




Table1.1. continued

26

27

28

31

P. strobus L.

P. sylvestrisL.

P. taeda L.

P. tecunumanii
(Schwd.) Equiluz &
Perry

P. virginiana Mill.

P. wallichiana A.B.

Jacks

White pine

Scots pine

Lobldly
pine

Virginia
pine

Blue pine

MZE

MZE
MZE
Cotyledon
MZE
MZE
MZE
Seedling
cdlus
MZE
MZE
cdlus
MZE
cotyledon
cotyledon

cotyledon
MZE

MZE

Shoots

Plantlets
Shoots
Plantlets
Shoots
Plantlets
Plantlets

Plantlets
Pantlets
Pantlets
Pantlets
Pantlets
Pantlets

Mantlets

Plantlets
Plantlets

Fantlets

Bergmann & Somp
1992
Chesck et al. 1991

Hinn et al. 1986
Kaul 1987
Minocha 1980
Schwarz et al. 1988
Jain et al. 1983

Supriyanto & Rohr
19

Bergmann & Stomp
1992

Tang et al. 1998
Tang 2001
Bergmann & Stomp
1992

Chang et al. 1991

Jang & Tainter
1991

Saravitz et al. 1991
Mathur and
Nadgauda 1999
Basgtola et al. 2000

! Reference: Maheshwari and Konar 1971, Mirov 1967

1.5.2. Somatic embryogeness

1.5.2.1. General aspects of somatic embryogenesis.

Somdic  embryogeness

is a nonsexud propagdion process  where

somdic odls diffeetige into someic embryos (George 1993, Ronchi and
Giogati 1995). The origind desxiption of somaic embryogeness came from
the obsavaions of Daucus carota cdl cultures (Steward e al. 1958). The firg

reproducible report of diplod somatic embryogeness in conife’s wes  from
immaure embryos of Picea abies (Hakmen & al. 1985 and the embryogenic
cultures regenerated plantietls (Hekman and von Arnold  1985). Nagmeni and
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Bonga (1985 wee firda to repot haploid embryogeness and plantlet
regeneraion from megagametophytes of Larix decidua.

Pat regengdion through somdic  embryogeness  indudes  four
different dages

() Initiation of embryogenic cultures
(i)  Prdiferation of embryogenic cultures
(i)  Maturation of somatic embryos
(iv)  Corversoninto plantlets

Each ad evay odl of the plat contans dl the gendic information
necessay to ceste a complee and  functiond plat  (totipotency). The
differentition of vaious organs and organ sydems during the devdopment of
the plat is achieved through vey tight reguldion of spatid and tempord
expresson of genes (De Jong e a. 1993). The inducion of somdic
embryogeness mudt then be a temingion of exiging gene expresson peten
in the explant tissue and its replacement with the embryogenic gene expresson
program (Wildeet al. 1995, Zimmerman 1993).

In conifers, once the embryogenic cdls are detlermined, they continue to
proliferate forming pro-embryogenic meses (PEMsS). Auxin is required for the
awitching from dngle cdls to PEMs but it is inhibitory for the devdopment of
PEMs into embryos (Nomura and Komamine 1995). The depletion of auxins
dops the proiferation of PEMs and embryo devdopment progresses with the
formation of protodem and the root and shoot merigems During meaturaion
omdic  embryos accumulade  dorage products  that  exhibits the same
biochemicd charactearidics as those of thar zygotic counterpats However, the
anount of the dorage product may differ from that of the zygotic embryos
(McKerdeet al. 1995, Yeung 1995).

One of the nod intereding agpects of somatic embryogeness is the
gmilaity beween the somdic and 2zygotic devdopmentd peatens  despite the
differences in the physcd and chemicd ewironments of both somdic ad
zygotic embryos (Attree and Fowke 1993). The fat tha <ructurdly and
devdopmentdly noma embryos can devdop from somaic codls  dealy
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demondraes that the gendic infomation for embryogeness ad the
devdopment of somdic embryos is contaned within the odl and can function
without the maternad gene products Thee is a cetan posshility of culture
componats to mimic some of the maemd dgnds involved in the regulation
of embryogenesis (Lo Schiavo 1995).

A badc undedanding of the devdopmentd processes thet undeline the
fometion of somdic end zygotic embryos is necessay to devdop dage
gedfic moecular makes which can be used to optimize somdic
embryogeness  protocds by  the  fine tuning of  essly  idettifiddle
devdopmentaly regulated events (Sterk and de Vries 1993). When integrated
with conventiond bresding, and suppoted by molecular techniques somdic
embryogeness can be exdtrendy usdful for fader gendic improvemet  of
forest trees (Ravikumar 2001, Sterk and de Vries 1993, Welter et al. 1998).

1.5.2.2. Somaticembryogenesisin conifers:

The aucess in the fidd of in vitro propagdion of gymnosperms
throughout the world hes been modly through somaic embryogeness, and
achieved in a number of cycads and conifer spedies (Attree and Fowke 1993).
Somaic  embryogeness  in oconifes  involves the  reedivaion  of  the
devdopmentd processes of normd  embryogey (Ruaud and Péques 1995).
The mass of prolifeding oonifer embryogenic tisue is rdfared to as
“embryona uspensor mass (ESM)” due to its organized nature and thus use of
the tam “cdlus’ is gengdly avoided. This proiferaing embryogenic tissue or
mess  cotinuoudy  initidles immaure  omaic  embryos by deavage
polyembryony (Gupta and Durzan 19879). The immaure somaic embryos ae
polarized dructures organized into an embryonic region subtended by dongae
upensy  codls  Thus proiferation of  this  “embryogenic  tisue’  can
continuoudy provide unlimited numbars of ideticd somatic embryos tha
utimady gow into trees (Attree and Fowke 1993). This sydem of
proliferting conifers has been commeaddly acogted and teded  successully
by timber and pgper pulp indudries in countries like USA, Canada and New
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Zedand (Adams @ a. 1994, Chender and Young 1995, Gupta et al. 1993,
Timmis 1998).

In genus Pinus, however rddivdy fewer spedes have been successully
propagated & a lage sde This is manly due to the recdditrant nature of the
tissue and the limitaion of the explats tha ae regpondve to induction of
somdic embryogeness (Attree ad Fowke 1993). The modt respondve explant
in pines has been obsaved to be the immature zygotic embryo thet is extruded
out of the megagametophyte in vitro and proliferates as embryogenic mass It is
oy a a paticuar devdopmentd dage of the immaure zygotic embryo that it
gives rise to embryogenic tissue To be dile to obtan the correct dage of
immature zygatic embryo in culture is the fird mgor hurdle in the initigion of
somdic embryogeness in pines This paticula repondve period in the seed
devdopmet in pines is known as the “window” and only the immaure zygatic
embryos from this dage show embryogeness (Jones et al. 1993). Other conifer
genera like Abies and Picea, have been reported to be less demanding in tems
of thar in vitro repone for embryogeneds as embryogenic cultures could be
induced from maure zygotic embryos and even differentiged tissues like
needles (Attree & al. 1990a & 1990b, Boulay & al. 1988, Bourgkhad and
Favre 1988, Chavez et al. 1992, Ishii 1991, Tremblay 1990, von Arnold 1987).
Table 12 ligs in brief, the documented work on somatic embryogeness in
Pinus spedes destribing the explant used for induction and the media used for
meturation gudies

Table 1.2. Somatic embryogenesis in Pinus: explants used for induction and
media supplements used for maturation (plant growth regulators
and osmoticum )

Species Explant Media supplements for Reference
used maturation
Pinus caribaea IZE 15nM ABA, 2-3% Lane & David 1990,
Morelet. sucrose Laneet al. 1992
David et al. 19%
P. dliotii Engdm. IZE Not described Jainet al. 1989,
Newton et al. 1995
IZE 30nM, 6% maltose Liao & Amerson 1995b
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Table1.2. continued

P. koraiensis Seb MZE Not described Bozkov et al. 1997
et Zucc
P. lambertiana MZE No PGR, 1:3% sucrose Gupta & Durzen 1986
Lamb.
P. nigra Am. IZE 0.38-31nM ABA, Jesik et al. 1995
6-9% maltose Sdgova& Sdg 1992,
Sdgovaet al. 1995, 1999
P. palustris MZE Not described Nagmeni et al. 1993
P. patula IZE 1.3mg/l ABA, Jones and van Staden
3% sucrose 1995
P. pinaster 15nM ABA, 6% sucrose  Bercetche & Paques 1995
P. radiata Don. IZE 6% sucrose, 2mg/l ABA Chandler & Young 1995
P. roxburghii Sag.  1ZE Not described Aryaet al. 2000
IZE 30mM ABA Mathur et al. 2000
P. strobus L. IZE 38™ ABA, 12% Finer et al. 1939
sucrose
IZE, 80mM ABA, EMM Gain et al. 1998
MZE amino acids, 3% sucrose,
1% gdlan gum
IZE 80-120nM ABA, Klimaszweska& Smith
1% gellan gum 1997,
Klimaszweska et al. 2000
IZE 37.84nmM ABA, Kaul 1995
6% sucrose
P. sylvestris L. IZE 32nM ABA, 5% PEG, Haggmen et al. 1999
6% sucrose
30mM ABA Hohtola 1995
P. taeda L. IZE 26nM ABA, 6% sucrose  Becwar et al. 1990, 1991
Becwar & Pullman 1995
IZE 2nM KIN, 21 BA, Gupta & Durzan 19873, b
5nM 24-D, 3% sucrose  Gupta 1995
IZE Not described Li & Huang 1996

1.6. Growth sudiesof embryogenic cultures

Theful potetid of ~ sometic embryogeness will only be redized if this
sydem of propagaion could be made into a functiond, continuous and
affordable process tha wodd ensure a supply of good qudity somdaic embryos
whenever reguired. Suspenson  aultures have this advatage over the cultures
gowing on solid medium. Feger and uniform growth rates continuous culture,
less vaiaion in chemicd and phydcd paangeas excdlet source  of
protoplasts and automation, mekes culture of codls or tissue in sugpendon, a
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much prefered method (Denchev e al. 1992, Gupta e al. 1991, Krogsrup
1990, Tautorus and Dungtan 1995).

Bdore veituing into lagescde production of somaic embryos it is
esatid to dudy the vaious growth paramgeas quartitativdy for the optimum
gowth of the cultures in a bioreector. However, a vaidy of non-embryogenic
plant cultures have been grown in a range of bioreector types (Panda & al.
1989, Scragg and Fowler 1985), there have been fewer reports of use of
bioreactors for culture of somdic embryos for example carot (Ammirao
1983), dfdfa (Chen et al. 1987, Stuart et al. 1987) and sanddwood (Bapat et
a. 1990). Among oconifer species embryogenic tissue of Picea abies has been
reported to grow in bioreectors (Tautorus et al. 1992).

The presat invedigdion was oonducted with the am of initiaing
upenson adtues  and  dudying  growth paten and  subseguently
dandadizing the dffelet growth paranges like initid inoculum:  media
raio, pH, temperaure, ec, necessay for the optimd growth of the
embryogenic cultures  before teding the growth and biomess yidds a a lager
scde, in abioreactor.

1.7. Cryopreservation of embryogenictissues

1.7.1 General agpects

Cryopresrveion, ie the dorage of biologicd maerid & ultralow
temperaure usudly that of liquid nitrogen (-196°C), is the only method
currently  avaladble to ensure the safe and cod-effective long-term  conservaion
of genetic resources of Spedies that have recddtrant seeds or ae vegedivey
propagated (Cyr 2000, Pak e al. 1998, Pence 1995). This ex situ gpproach of
consving the plant gendic resources indudes seed dorage, in vitro Sorage,
DNA dorage, pollen dorage, fidd gene banks and botanicd gardens Ex situ
consvation implies consaving outdde ther naturd habitats (Bgg 199%5a &
1995h, Cyr 2000).
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Clasdcd ayopresarvation techniques involve dow coding to a defined
pre-freezing  temperature, followed by rgpid immerdon in ligquid nitrogen. As
the temperaure reduces during dow codling, the cdls and the extend medium
intidly supercool, folowed by ice formaion in the medum (Mazur 1934).
The cdl membrane ating as a physcd barier and prevets the ice from
seading the odl inteior and the odls reman unfrozen but supercodled. As the
temperature is further decreasad, the extracdlular solution is further converted
into ice thus concetrding the intracdlular solutes The agueous vapour
pressure of the supercooled cdls exceeds tha of the frozen extracdlular
compatment, and the codls equilibrate by loss of waer to extand ice In
optima oonditions, mos or dl the intracdlular water is removed. This depends
on the rae of ocoding axd prefreezing tempeadures and thus prevents
inracdlular  ice formaion on subseguent immerdon of gpedmen into  liquid
nitrogen. The rewarming or thawing should be as fag as possble to avoid re-
ayddlization (Bgg 19953 Engdmann 2000).

Cdl and cdlus cutures ae prone to inadvetent gendic changes
reulting from sdettion presure impossd on the sysem  through  various
cdture conditions induding routine subcultures  This in  vitro somadond
vaidion is bang widdy used to cede addiiond vaiddlity for vaious
biotechnologica goplications. Cryopresarvetion drategies could be
successfully employed to presave both, gendic fiddity as wdl & induce
vaiability (Karthaet al. 1988).

1.7.2. Cryopreservation of conifer embryogenic tissues

The importance of dond foredry lies in the fact that it offers larger
gendic gans from sdetted dite individuds then ae possble usng sexud
offgxings Due to the long life cydes of tree gpedes the assessmet of desred
characters in the dondly propagated plants becomes difficult. More so, when
the iniid explat for propegaion is a seed from openrpallinaed naturd dand.
Somatic embryogeness has provided means of mass propagaing  superior
dones that ae gendicdly unifoom and can be usad for production of synthetic
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seds In this manner, somdic embryogeness can become a poweful todl,
espedialy when coupled with cryopreservetion (Sekal 1995a & 1995h).

Ligquid nitrogen based ayopreservation of embryogenic tissue, therefore
becomes mandatory snce it is conddeed as means of avoiding the loss of
embryogenic potentid  during  longtem  subculture  (Engdmann 2000, Gupta et
al. 1987, Katha et al. 1988). Once the somaic embryos of a paticular
embryogenic cdl-line ae coverted to plattlels, hadened, edablished in the
fidd and, teted trueto-type for the dedred characters, the cryopresarved,
‘mothe’  embryogenic  tisue of the sdected codl-line can then be proiferated
and used for propagaion. Ancther advaitage of coryopresarvation  of
embryogenic  tissue is in limiting ocontamindion and dso evading possble
omedond  vaiaions thaa may be caused by the long-tem mantenance of
adivdy growing tissue It dso cuts down the cods incurred during regular
subcuturing.  Cryopresarvetion is a vay usful technique for presaving  genetic
reources as wdl as providng means of doing geneicdly dteed maeid
while fidd trids are being conducted (Bgg 19958 Gupta et al. 1991, Gupta et
al. 1993, Klimaszwekaet al. 1992, Sakai 1995b).

Mog of the work on cryopresarvaion of codl/cdlus cultures is confined
to angioppems and only a few reports of successul  ayopreservation of
embryogenic tissue in oconifers based on the dorage in liquid nitrogen, which
indudes only four species of Pinus (Table 1.3). The important aspects of cyo-
prevaion of confer  embryogenic tissie is the pretreatment  with
ayoprotectants, dow freezing and fagt thawing. Cryoprotectants like DMSO
have been commonly ussd with a combingion of sorbitol pretrestments for
conifer  embryogenic  tisues The differet  pre-treatments that have been used
to ayopresrve conifer embryogenic tissue in liquid nitrogen, have been
briefly liged in Table 1.3.



Table 1.3. Cryopreservation studies with conifer embryogenic tissue: different pre-

treatmentsand recovery of plantlets

Species Pre-treatment Recovery of Reference
plantlets
Abies cephalonica  10% DMSO; 10% PEG, Not reported Aronen et al.
10% glucose, 10% DM SO 1999
A. normanniana 04M sorbital, 5% DMSO Not reported Nargaard et al.
1990
Larix X eurolepis 0.4M sorhitol, 10% Plantlets Klimaszweska
DMSO recovered et al. 1992
Picea abies 0.4M sorbitol, 10% Not reported Ngrgaard et al.
DMSO 1993
10% PEG, 8%qglucose, Panlets Gupta et al
10% DMSO recovered 1987c
P.glauca Engdm. 5% DMSO, 0.4M sucrose  Not reported Cyret al. 194
P. glauca 04M sorbital, 5% DMSO Pantlets Kartha et al.
recovered 1983
P. glauca Pantlets DeVerno et al.
(Moench) Voss recovered 1999
P. mariana 0.4M sorhitol, 10% Plantlets Klimaszaweska
DM SO recovered et al. 1992
P. stchensis 5% DM SO, 04M sorbitol Hantlets Find et al. 1993
recovered
Pinus caribaea 5% DMSO Pantlets Laneet al.
recovered 1992
P. patula 0.3M sorhitol, 5% DM SO Plantlets Ford et al.
recovered 2000
P. sylvestris 10% PEG, 10% glucose, Not reported Haggmen et al.
10% DMSO 1998
P. taeda 10% DMSO; 10% PEG, Pantlets Guptaet al.
8% glucose, 1006DM SO recovered 1987c

1.8. Objectives of the present sudy

1.8.1. Selection of species
Chr pne ad blue pne ae the two mod widdy didributed,

economicaly and ecologicaly important
Himdayas Together,

the didribution of

pine  edes
thele goedes dominates

the  weden

region

between 800-2500 m aove sea levd. Intemixed with other gymnospem and
angopam tree edes they contribute gregtly to the immense biodiversty of
the Himalayas (Sahai K. 1996).
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Populaion exploson has caused inhabitation of even the mod
incccessble regions in the Himdayan bdt, nauwrdly resuting in deaing  of
forets for agriculturd as wdl as condruction purposes This is in addition to
ongoing exploitation of forets for naurd products and timber. The efforts
teken by the foresx depatments for afforedaion are commendable consdering
the immendty of the task. Where convetiond methods of propagation ae
dreedy deadily progressng, it is but obvious that newer techniques will give
an additiond boogt to dond foredtry.

The ongoing work by our group on Indian pine spedes in devdoping
workable protoools for dond propagation was the beds of the choice of these
two pine goedes for further dudies following gmilar lines Our group had been
indrumenta in - multiplication of shoots from axillay buds of Pinus caribaea
(tropicd pine introduced in Indid) and P. kedya (pine spedies from the esdern
Himdayas) (Nadgauda e al. 1993), thus P. wallichiana and P. roxburghii were
SHected for the presant investigetions

The limitaions of working with mature or differentiated tissues of pines for
cdond propagaion, it was decided to work with juvenile tissues, and, seeds were the
mos obvious choice for initid dudies on organogeness  Additiondly, due to
inaccessibility because of sheer digance, usng good qudity dating meaterid for
micropropagetion, manly mature buds, was dmos imprecticd. Since the in vitro
response of any explant is very much dependant on the qudity of the darting materid.
Also, as one of the mgor condraints in developing genetically engineered trees is the
non-avalability of a proper regeneration sysem, it was essentid to work with the
juvenile materid and develop aworkable regeneration protocol.

During the course of the dudies, a plan was worked out for the collection of
immature femae cones of chir pine to initiale embryogenic cultures. The stes for
collection were identified with the hdp of Conifer Research Centre, Shimla, and
Inditute of Himadayan Bioresource Technology, Pdampur. Since the induction of
embryogenesis in pines is reported to be extremdy dage (devdopmentd dage of the
immature zygotic embryo) and genotype spedific, it was very important to coordinate
the collection of correct plant materid for the work, thus avoiding any loss of time
and effort that was pent in this process of collection.
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1.8.2. Aim of the present investigation

Kegping in mind the importance and necessty of devdoping dternaive
methods to supplement the ongoing propagation techniques for Indian pines
the present work was initiated with the fallowing ams

1 To dudy in vitro morphogendtic response in Pinus wallichiana for its
micropropagaion by devdoping a workable regeneration  protocol  through
organogenesis.

Optimization of media for initiation of adventitious buds

Elongation of initiated adventitious buds

Roating of dongated shoots

Hardening and acdimatization of regenerated shoots

Higological examination of initicted adventitious buds

2. To dudy in vitro morphogenetic reponse in Pinus roxburghii for its
micropropagation by devdoping a workable regeneration protocol  through
somaic embryogeness
Optimization of media ad culture conditions for the initiation
of embryogenic cultures
Hnding the corect dage of immaure zygotic embryos for
induction of embryogenictissue
Sandadization of conditions for proliferation of embryogenic
odl lines
Maturation of sometic embryos
Converson and garmination of somatic embryos

3. To intite embryogenic cdl sugpendon cautures of P. roxburghii for scding
up in bioreactor and, cryopresarvation of embryogenic cultures

Initiating embryogenic sugpenson cultures
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Growth dudes — gowth auve physcd ad  chemicd
parameters

Scaing up of embryogenic culturesin bioreactor

Teding dffeet pre-trestments with  ayoprotectants  for
cryopreservation of embryogenic cdl lines

Re-growth of cryopresaved embryogenic tissue and  checking
tharr viability and genetic fiddlity
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CHAPTER 2

General materials and methods

Gengd maeids ard methods have been desribed in this chepter, and
the gpedfic maeids and mehodologies employed for vaious expeimentd
procedures during this Sudy, are described separately in chepters 3- 5.

2.1. Glasswareand plagicware

Ted tubes (25 x 150 mm), conicd flasks (125, 150, 250, 500, 1000 ml
cgpacity), pipettes (1, 2, 5 ad 10 ml cgoadty), messwring cylinders  funnds
gc. uxed in vaious expeimetts wae made of Comning or Borosl gas
Locdly manufectured jam bottles with polypropylene screw  cgps wee ds0
used. All glassvare was deaned udng liquid sogp and troroughly washed in
running tap water. Wadhed glasswvare was rinsed with didilled waer and oven
dried before use Hasks and bottles contaning infected cultures  were
decontaminated by deilization for 1 h, prior to washing. Culture tubes and
flasks were plugged tightly with aasorbent cotton prior to autodaving.

Seiledigposble  trangparent  polypropylene  petri-plaes (55 X 15 mm
and 8 X 15 mm) from Laxbrod , India Ltd. were used throughout the dudies.
Auto-pipettes from Tarsons aguipetd , India (0-20nh, 20—200mh and 200-1000
m) were utlized for accurde addition of fine chemicds in the medium.
Autodavable filter assambly units (Laxbrod, India) were used with 0.22 mm
MF Milliporéd filter membranes (mixed cdlulose acetae and nitrate) for filter
deilization of gndl quaties of heat ldble chemicds like L-gutamine
abstisc adid (ABA), ec.
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2.2. Glassware gerilization

All the empty gaswae to be ussd for media preparation (flasks

bottles, test tubes pipette tips) and indruments needed for deile dissection and
subculturing (forcgps soatula and scdpd ec) wee autodaved & 15 b, in.

(121°C) pressurefor 1 hour.

2.3.Chemicals

2

Vaious chamicds used and thar source is liged in the table 2.1 bdow.

Any ohe gedfic chemicd used in the presat invedigaion has been

mentioned sparatdy in chegpters 3— 5.

Table2.1. Chemicalsand their source
Chemical Source
Macro - and Micro —nutrients (AR grade) Qudigens, India
Vitamins and amino acids Sgma Chemicd Co., USA.
Fant Growth Regulators Sgma Chemicd Co., USA.
Amino acids Sgma Chemicd Co., USA.
Caesin hydrolysate Sgma Chemicd Co., USA.
Myo-Inositol Sgma Chemicd Co., USA.
Phytagd (gdlan gum) Sigma Chemicd Co., USA.
Bacto agar Difco, USA
Sucrose (ExeAR grade) Qudigens India
Activated charcod Sgma Chemicd Co., USA.
Labolene O Qudigens, India
Cetrimide* ICl, India

* Cetrimide solution contained 20% |P Cetrimide.
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24. Tissueculturemedia

For dl the expaiments duwing the invedigaions DCR besd medium
(Gupta and Durzen, 1985) wes fortified with different auxins andlor cytokinins
o awy other ted chamicds as metioned in the fdlowing chepters The other
besd media used in the dudies were SH (Schenk and Hildebrandt 1972), WPM
(Lloyd and McKown 1981), LPm (von Amold and Eriksson 1981) and BM,
(Gupta and Pullmen 1990). The concentraions of the macro and microdemeant
Sts, organic condituents and amino adds of the basd media ussd ae given
beow in Table2.2.

Table 2.2: Composition of basal mediaz DCR (Gupta and Durzan 1985),
SH (Shenck and Hildeébrandt 1972), WPM (Lloyds and
McKown 1981) and LPm* (von Arnold and Eriksson 1981)

(mg/l) DCR SH WPM LPm*
M acro-nutrients
KNO; 340 2500 400 1900
NHsNOs 400 1200
Ca(NQOz)2.4H-0 556 556
CaCl,. 2H,0 85 200 96 180
MgS0O,. TH0 370 400 370 370
KH,PO,4 170 300 170
K>S0, 990 340
Micro-nutrients
MnSO4. TH20 29432 10.0 2943 220
Zn0y. THO 86 10 8.6
H;BO3 6.2 50 6.2 0.63
Kl 0.83 10 0.75
Na;M0Q,. 2H,0 0.25 02 0.25 0.025
QUS04 ™HLO 0.25 0.1 0.25 0.0025
CoCl> 0025 0.1 0.0025
NiCl 0025
FesSO, TH O 37.3 15 27.8 14.0
Na,. EDTA 37.3 20 373 19.0
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Table 2.2. continued

Vitamins

Thiamine— HCl 10 50 10 50
Nicotinic add 05 50 05 20
Pyridoxine— HCl 05 05 05 10
Glydne 20 20 20

* LPm dwo cotaned the fdlowing amino adds (mgl): danine (0.05),
agnne (001), cydene (0.02), dutamine (04), leuwcne (0.01), phenyldanine
(0.01), tyrosine (0.01).
24.1. Stock and media preparation

All the dock solutions and media were prepared in glass didilled water
o Milli-Q (Millipore water purification sysem) water. Stock <olutions of
dffoet dements wee prepared as 10X or 100X depending on the find
concertration of the dement in the medium (Table 23). Sucose, myo-incdtal,
CH, L-glutamine were dways weighed and added a the time of preparation of
the medium. Spedfic growth regulaors (goat from those mentioned in teble
23) and other media condituents were filter derilized (if necessry) and added
a thetime of media preparation.

Table 2.3. Stock solutions

Stock Concentration Storage
Mgor sdts 10X Refrigerdtion
Minor sdts 100X Refrigeration
NaFeEDTA* 100X Refrigeration
Vitamins 100X -20°C
L-glutamine 25 mg/mi -20°C
24-D 5mM RT

BA 2mM RT

kin 2mvi RT

* The NaFeEDTA dock (totd volume 500ml)) was prepaed by
disolving NgaEDTA (100X) in 200 ml hot waer and to this 200 ml
lution of FeSO, (100X) was added drop-wise The resultant solution
was mixed thoroughly and the find volume was mede to 500 mil.

After disolving dl the ingrediets except for dlidifying agent, the pH

of the medum was adjuded between 58 (unless otherwise dated) usng 1.0N
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HCI/NaOH. The find volume was adiused and gdling agent wes added for
smi-0lid media before deilizaion. If the media were to be poured in tet
tubes bottles or flasks before autodaving, gdling agent was mdted by
deaming the medum and then digpensad in the goproprite container. Media
was dispensed in petri- plates in laminer arflow only after Serilization.

24.2. Mediagerilisation

All cuture media were autodaved a 15 Ib. in™? pressure (121°C) for 20
minutes. Heat labile chemicds were added in the media in the required quantity
ater filter deilization into the autodaved media

2.5. Cultureincubation conditions

Cultures were incubated in the dak or under illumingtion of cod white
fluorescent light for differet duraion, depending on the am of the expeaiment.
The illumingion of the ligt was 10 to 20 nE m%™ The tempeaure of
incubation was 22+2°C or 25°+2°C, as required for the optimd growth of the
cultures. The suspension cultures were incubated on arotary sheker a 100 rpm.

2.6. Statigtical Analyss

All the experiments were repested & lees 2 — 3 times (degpending on the
avdlablity of the plant mateid) with a minmum of 10 - 20 replicaes per
treeiment before conducting the datidicd andyds Vaious ddidicd methods
for daa andyds have been used, like dandad error (SE), dandard deviation
(SD.), ANOVA, Chi-guae andyss Tukeys HSD Ted, and have been
destribed sparatdy in the experimentd  procedure section of Chepters 3, 4 ad
5.



CHAPTER 3

M or phogenetic response of
Pinus wallichiana A. B. Jacks (blue pine) in vitro

3.1 Introduction

3.1.1. Didribution, specific morphological charactersand uses of blue pine

Pinus wallichiana A. B. Jaks the blue or Bhutan pine commonly
known as Kail, is found a 1500-3500 m in the Himdayas widdy didributed in
Kashmir, Himachd axd Ghawd hills in the wed, sweading to Bhutan and
gooradic didribution in Arunachd in the east. It is frequently assodated with
other conifer genera like Cedrus deodara (Roxb) G. Don, Abies pindrow
(Royle) Spach and Picea glauca (Moench) Voss The gpedes is found on a
vaidy of <ol types ad geogrgphicd formations but grows luxuriantly on
wdl-draned moig all, nesding an anud ranfdl of 100-200 cm (Maheshwari
and Konar 1971).

The blue pine is an degat tree reeching 30-90m in haght on meturity
with horizontdly soreeding branches (Fg.31a) and cen be identified by the
fdloving morphologicd fedures The dwaf oot hes five neades (12520.0
cn long) ad the young shoots ae glaucousgreen in colour. The ledf sheaths
(scde ledf, cagphyll and prophyll) ae nonpedgent. The winter buds ae
ofindiic-conic and may be 0612 om long. The mde ocones ae initisted
during Octobe-November and ae visble only by Apil. The mde cones
which replace the dwaf dhoots ae sordly araged c. 15 pe duder. The
palen is shed duing Mayrdune and caried avay by wind. The femde ocones
ae narony cylindricd, 1530 an long with rounded owvuliferous scaes that
bear winged seeds the wings ae dmog thrice as long as the ssed. The femde
cones, 45 pa dude, ae bone a the tip of a oot of unlimited growth
(Maheshwari and Konar 1971).



Snce the yidd of resn and odeoresn in the pines fran wame regons
is more thean the tempeaae pines P. wallichiana dong with the other Indian
pine goecies ae used for the resn indudry. Turpentine is used as a thinner in
the pants ard vanishes and a solvent for rodn and laguer. It is dso an
ingedent in dhoe poises luoicants seding waxes and other  products
Rogn, rich in pinene foms the base maeid for production of camphor.
Turpetine from the resn of P. wallichiana ocontans pinene which is not
present in other Indian pine species Bang a softwood ping its timber is not
prefered  for longterm condruction purposess but is usad in packaging
industry. Lopping of lower branches to be used for fud wood is vey common
by thelocds (Maheshwari and Konar 1971).

3.1.2. Propagation

Blue pine is propagaed through nursary-rased seediings from  seeds
collected in the naturd forex dands As the gpedies depends on wind for its
pallingtion, it is obvious tha not dl the seeds would express the desred traits
of the mothe. Although, the ssadlings ae sdeted before plating during their
initid growth in the nursary, but tha does not overcome the mgor problem of
gendic vaidion.  Conventiond methods like cutting, ar layaing are presantly
beng employed for some of the Indian pine gedes for the sole purpose of
cdond propagation of dite trees (Tewai 1994). These methods were ealier not
successully  utilized for propegating gymnospems. This dealy illudraes an
ugent need to devdop effective protocols for plantlet  regeneration  for
important  Indian pines by tisue culture not only to supplement the nursery
derived saadling trangplantation, but also for propagation of selected ditetrees

Due to the inheret recddtrancy of the maure and differentiated tissues
of pines juwenle tisues like maure zygotic embryos seeding tissues ad
cotyledons have dways been favored for the in vitro propagation (Chepter 1,
Table 11). However, there are a few reports where young axillay buds have
been used for shoot mutiplication, but they have been faced with the problem
of rooting of the shoots Regengraion protocols for a number of pine Soedes
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have ben devdoped usng juvenle tisues manly maure zygotic embryos
cotyledonary leaves and seediing (Chepter 1, Table 1.1). Though rooting hes
been reported in most of regenerdtion systems, but the protocols ae yet to be
teted for the feeshility of large-scde production, with the exception of radiaa
pine (AitkenChrisie 1984, AitkenChrigie and Thorpe 1984, AitkenChrigie
and Jones 1987).

3.2 Experimental procedure

3.2.1. Plant material

Maure seeds of Pinus wallichiana A. B. Jacks (Fig. 31b) were
procured from the Conifer Research Centre, Shimla The seeds were collected
from open polingted trees of a nawd dand fran the neghboring aress
(Conifer Research Centre Foret Nursay a Shillaru; dtitude 2200 m aove
sa levd) and were dored in srew cap jam bottles @ 6-8°C (refrigeraied) until
utilized for the expaiments The gemindion peacetage of the fresh ot of
seeds was teded and rechecked a regular intervals Since the seeds were from
a mixed lot coleted from open pollinaed trees it was not possble to
caegarize them by any avaldde mehod theefore eech maure zygaotic embryo
(MZE) (Hg. 3.1c) from the seed could thus represent a unigue genotype.

3.2.2 Surface gerilization of seeds

The soiled seads were fird deaned with a blade to remove the wing
remnants and other dirt dicking to it ad then rinsed in running tgp waer.
Quface deiliztion treament was given with the laboratory detergent,
(Labolencd  diluted to 1% <olution for 10 min) and HgCL  (0.1%, 5 min) and
washed 34 times with deile ddilled waer subsequently. The HgCl, and
washing treaments were given in laminar  arflov. Beore disscting out the
MZEs the seeds were sosked in derile didilled water overnight and kept in the
refrigaraior  (4-5°C) to often the ssad cod and to diminae the nonvigdle,
empty seeds.

32



Fig. 3.1

(@ PinuswallichianaA. B. Jacks (Blue pine) tree (35-40 year old)
(Conifers Research Centre, Forest Nursery, Shillaru, H.P.)
(b) Mature seeds of P. wallichiana (bar =1 cm)
() Megagametophyte (meg) and matur e zygotic embryo (mze)
of P. wallichiana (bar = 1cm)






3.2.3. Germination

The sed coat of the ovenight sosked seeds was asgpticdly removed
and whole megagametophyte (Fg 3.1c) was placed in periplaies contaning
hdf drength DCR basd medium (Gupta and Durzan 1985, see Chepter 2
Table 22) with 2% sucroe and 0.6% agar (Qudigens, India) for germination.
The pH of the medium was adjusted to 5.8 prior to autodaving. A totd of 100
seds (for sas of twenty five seeds each) wee teded with 12-15

megagametophytes per petri-plate  Percentage  germination was noted dter 6-8
weeks.

3.24. Culture conditions

For dl the oha expaiments the seeds wee dissected in deile
conditions in laminar arflov and only the intact embryos were precultured on
haf-drengh DCR besd medum for 3-4 days to diminae the dameged ad
nonvidble embryos Haf-grength DCR besl medium refers to 50%
concatration of macro- and mico nutrients Only the hedthy and vigbdle
embryos wee oHected for the inducion of adventitious buds  This
dfferatigion beween a hedthy and nonvidble MZE was conducted on the
beds of the immediate regponse of the MZEs in the basd medium. Nonvigble
embryos tuned ydlow and the ootyledons remaned dosed, wheess the
hedlthy emboryos were white, showing dight opening of cotyledons

Ten MZEs were inoculaded per petriplae (55mm X 15mm). All media
were gdled with 08% Difcod Agar and pH adjusted to 5.8 before autodaving.
Cultures were incubated & 23° + 2°C under 16 h photoperiod, a 10-20 nE n?
s?, from cool white fluoresoent tubes.



3.2.5. Effect of basal media on adventitious bud induction

Three difforet besd media wee teted during the initid dudies DCR
(Gupta and Durzan 1985), SH (Schenk and Hildebrandt 1972) and WPM
(Lloyd and McKown 1982). The compodtions are liged in Chepter 2, Table
22. For this paticular experiment, dl media contaned 251M BA, 2% sucrose
and 08% Difco Badto Aga. Fve sts of expaiments were conducted with 50
hedthy embryos (sdeted as mentioned aove) for each trestment and the
avaage of the pearcatage of bud induction in eech st was teken as the find
obsarvation. Ten MZEs were inoculaed per petriplae (56mm X 15mm). The
results were collected after 4-6 weeks of incubation. A st of MZEs dissected
out directy from un-sosked (unthydrated) seeds were dso kept on DCR besd
medium with 25MM BA (s above) to test the effectiveness of the sosking of
seeds.

3.2.6. Effect of cytokinins on adventitious bud formation

DCR besd medum was usd in dl the fdlowing expaiments as it
showed the best results among the three besd media teted (Table 31). Fve
oytokinins were tested for the induction of adventiious buds N°-benzyladenine
(BA), kingin (kin), 2-isopentyl adenine (2P), zedtin (zed) and thidiazuron
(Thz), 9ndly, and in combindions (Teble 32). The inoculdion, culture
conditions maintenance of cadture and andyss of reslts was conducted as
mentioned previoudy (Section 3.24.).

The MZEs were ds0 aubjected to BA pulse treetment for bud induction.
For this expaimet, filter gdeilissd solution (nonbuffered, pH 58) of BA a
four concentrations (200, 400, 600 and 800 mM) was utlized MZEs were
asgpticdly  disscted out from surfaced deilized seeds (as mentioned  above,
section 324.) and after Hection of the hedthy MZEs they were immesad in
filter derilized BA <utions for 30 min, 3 h axdd 6 h, for exch of the
concentraions mentioned aove The embryos were then cutured on  hdf-
drengh DCR basd medium supplemented with 2% sucroe and 0.8% Difco
Bacto agar, contaning no growth regulaors A control experiment was caried
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out by usng deile didilled water in place of BA, for each pretreament time
(Table 34). Thirty embryos were aubjected to each pulse trestment and the
expaiment was repeated thrice.

3.2.7. Bud dongation

After the induction of buds on the suface of the maure embryos they
were subcultured on to hormore free DCR besd medium  (hdf-grength), with
or without 005% attivaed chacod (Sgma Chemicd Co, USA) for
dongaion.  Multiple buds (0510 cm) originging from the sufece of MZEs
were spaated out before they were aubjected for dongdion trestment. The
buds were trandared to tet tubes for this purpose DCR basd medium
upplemented with GA; (310 M) and kingin (5-15 nM) was dso tesed for
thair effects on shoot dongation.

3.2.8. Rooting
Elongated adventitious shoots goproximatdy 1-15 om long, wee then

subjected to the following three types of trestments for roating:

@i Pretredment with deile 1ImM  indoebutyric add  (IBA), 1mM
indolescetic add (IAA) and a combingion of both for a peiod of 6 h
and, subsequet culture on hdf-drength DCR besd  medium  containing
1% sucroe and 0.05% activated charcod, olidified with 0.15% gdlan
gum (PhytagelO , Sgma Chemiicdl Co.,, USA),

(i) Cdtued on smi-xlid (gdled with 015 % gdlen gum) hdf-drength
DCR medium supplemented with 1% sucrose, 005 % adtivated charcod
and different concentrations of IAA and IBA (10, 25 and 50 niM), and,

@iii) Cdtued on hdf-srengh DCR medium (liquid) with 1% sucose ad
axins IAA ad IBA for 3 weks and subssquent trander to hdf-
dgrength DCR medium (liquid) with 1% sucross devod of growth
regulors.

(Tableb)
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3.29. Hardening

After the induction of roots the advertitious <hoots were then
trandared for hadening to the deile snd: ol mixture (garden soil mixed
with river sand in the raio 11) mogened with DCR «dts (Vdgrength, pH
58), in jam botles The plantlels were then trandered to polybags contanng
the same pating mixture, ater 56 wesks and kept in the greenhouse for
acdimatizationat 25 + 1°C and 80 £ 5 % humidity.

3.2.10. Histology

MZEs produdng multiple adventiious buds on thar suface wee
detted fixed in FAA (fomddehyde doohot acdic add) in amdl glass vids
They wee then subected to dehydraion treatment usng TBA (tertiary-butyl
dooho) sgies Then the dehydratled MZEs were embedded in padfin wax
(58°-60°C) udng hrass block mekes Sectioning of the samples preserved in
wax was caried out usng microtome and sections of 810 mm thickness were
cut and placed on dean glass dides tha were smeared with a drop of egg
dbumin for enuring tha the setion remans dicking to the dide dwing the
xylene series and danng procedure The dear and rdevat sections were then
sdetted under the microsoope and daned with hemaoxylin and eosn  dfter
passing them through the xylene saies to remove the wax. The dides were then
mounted with DPX mountant (Qudigens, Indig) and a dover dip was placed
on the sedtions The edges of the dides weare seded with colourless nal pant.
The stions weae examined and photographed under Zess Axioplan 2

microscope.

3.2.11. Quantitative and gatistical analysis of data

The MZEs subjected to bud induction were assessed dfter 4-5 weeks in
alture Each expaiment was done & leest thrice usng a minmum of five
replicates with 3050 MZEs pe treatment. The percent MZEs showing bud
induction wes cdculded for each tredment. The meen number of buds per
embryo and, dandad devidion (SD.) was ds0 cdculaed. Based on the
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pecent MZEs responding and meen number of buds per embryo, the bud
forming cgpadty (BFC) was cdouaed as fdlows (Cgouana and  Giannini
1995, Harry et al. 1994, Puido et al. 1990 & 1994, Saborio et al. 1997).

BFC = (Average number of buds per explant) X (% explants forming buds
100
Daa regading percet MZEs reponding to each tretment wes
ubjected to Chi-sguare andyss for dgnificance The daidicd adyss of the
discrete data wes caried out by andyds of vaiance (ANOVA) and Tukey
HSD test a P£ 0.05 to compare the means.

3.3 Resultsand discussion

3.3.1. Germination

The viddlity of the Pinus wallichiana seeds was checked a regular
intevas by gemindion. The ssed coa (dong with the papay nucdlus) was
removed and the megagametophytes were kept for germination. This fadlitated
quick regponse as compared to the seeds geminated without removing the seed
cods It was observed tha the percentage germination decressed with time and
dso, the rddivdy fresh seeds showed better response to bud induction. Seeds,
dored for over a year dter thar collection, showed dragic dedine in percent
gamingion and even in the ddlity to fom advertitious buds as it can be
dealy obsaved in Hg. 32 The bud forming capadty (BFC) index was
cdculaed after cultuing the MZEs on DCR besl medium contaning 251
BA. It was therefore, necessry to dways work with the fresh lot of seeds every
year t0 be ade to get the bet regponse of adventitious buds from esch mature

Zygatic embryo.
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Fig. 3.2. Percent germination of Pinus wallichiana seeds - 4, 10 and 18
months after collection. Bud forming capacity (BFC) index of the
MZEs tested on DCR basal medium containing 2.5 nM BA and 2%
sucrose observed at the sameinterval.

3.3.2. Pre-treatment of matur e zygotic embryos

The seed of maure P. wallichiana is goproximatdy 10 X 05 am in dze
with a hard seed coat and a papery wing that assds in the dispersd of the seeds
after the cones have dried and opened up. It was necessay to dean the seeds
before the suface deilizetion tresment is adminideed for minimizing the
contaminaion. After the wurface deiliztion treatment with HgCl, the seeds
weae oked in deile didilled wae for soeking overnight. Soeking the P.
wallichiana seeds ovemnigtt in deile ddilled wae saved the fdlowing
purpose, it not only softened the hard seed coat and hydrated the embryo, but
a0 diminaed the nonviablelempty seeds as they floated on the surfece of the
waer. The floaing empty seeds were removed, the ret were used for the pre-
culture treatment dfter dissecting out the MZE, on hdf-drength DCR medium
foo 34 days This do hdped in dimingion of the nonviddle zygatic
embryos The nonvidde embryos tuned ydlowidh, showing no indicaion of



gemingion and opening of oolyledons Only the hedthy embryos that
remained white and showed dight opeing of cotyledons wee then trandered
to vaious media combindions for advertitious bud induction, thus ensuring
tha dl the MZEs usd in the expaiments were hedthy and vidble A 10- day
odMZE canbeseninFHg. 33a

Unhydrated (unsosked) seeds and MZEs without the pre-culture were
obsaved to be much les regpondve to the induction of adventitious buds
(Table 3.1). One of the reasons for this was that, the nonviable embryos were
not beng diminaed, thus deceasng the peacetage of the visble and
respondve embryos Another obsarvation was that the regponse time for bud
induction of the unsosked seeds was longer (4 - 6 weksg) then that of the
soaked seeds (3 - 4 weeks). This shows the effectiveness of soeking the seeds
ad a vay dfident mehod o dimnaging the unrepondave MZES This
dody resambles the work of Hinn e al. (1986), who had exposed the MZEs
and not the whole seeds to liquid culture medium (and not derile water) before
ubjecting them for bud induction trestments.

3.3.3. Effect of basal media on adventitious bud induction

Bedore conducting expaiments & a lagescde to tet the bud indudng
cgpadty of cytokining, it was essatid to find out, among the few basd media
tha have been previoudy used for gymnogpems which would be mog
condudve for sudaining the nomd growth and would didt the required effect
for the blue pine MZEs Among the three basdl media teded in the initid
expaiments (Table 3.1), it was obsarved tha DCR basd medium gave the bet
results for bud induction in blue pine This basd medium was then usd for dl
further expaiments A good bud forming cgpeacity (BFC) of 311 with 2.5nmM
of BA (Hg 33b) was obtaned on DCR basd medium as compared to the
other two besd media teted (SH and WPM) (Table 31). The advantages of
uing BFC a an indicator for tesing the effect of diffeeent media on MZEs
has been highlighted in the following section (3.34.).
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Vaious other basd media have ds0 been tried for the induction of
advatitious buds in pines Modfied GD basd medium for P. dliotii Engdm.
(Bums e al. 1991), P. echinata Mill. and P. virginiana Mill. (Jang and Tanter
1991); MCM for P. roxburghii Sarg. (Murithii e al. 1993) and P. banksiana
Lamb. (Hary and Thorpe 1994); ad, SH for P. edarica Medw. (Sen a 4.
1994), have been found to be generdly suitable for mogt of the pine gpecies

The advetitious buds inide from dmog awywhere on the suface of
the MZEs, but ae mosly concentrated around the base of the cotyledons (Fg
33d) Although, excdssd ootyledons from seedings have been sgpaady
utilized succesfully as explants in a number of pine soedes for bud induction.
A few notable examples in pines where ootyledons have been successfully used
for platle regneration dter indudng buds ae a fdlows Murithii et al.
(1993) for chir pine, Saborio & al. (1997) for Mexican white pine Pulido e al.
(1990, 1992, 1994) for Canary Idand pine and Cgpuana & Giamnini (1995) for
gone pine

Thee ae only two otter published reports on in vitro propagation of
blue pine In the ealier work, Konar e al. (1980) reported bud initigtion in
blue pine from cdlus odtaned by tresting 2zygatic embryos with NAA
O01mgl) ad trandaring them to medium contaning BA (LOmgl). However,
theee was no mention of direct organogeness roaot initition and trande  of
regenerated plantlets to the soil in P. wallichiana. In a recent report by Badola
e al. (2000), geminaing embryos of blue pine were used as explants placed in
an inveted podton in LP medum ootaining BA for the inducion of
advatitious buds The authors obsaved that by pladng the germinging
sedlings in an inverted pogtion, more number of buds per embryo could be
produced.
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Table 3.1. Effect of different basal media on adventitious bud
induction in P. wallichiana A. B. Jacks mature zygotic

embryos (MZES)

Basal Medial % MZE showing Mean no.of buds  BFC3
bud induction per MZE + SD.?  index
DCR 61.3" 508+ 0.30° 311

(soaked seeds)
DCR 24.4° 215+ 0.35° 052

(Un-soaked seeds)

SH 26.68° 202+ 007 053

(soaked seeds)
WPM 44.0F 246 + 0.02 1.08

(soaked seeds)

* All media supplemented with 2% sucroseand 25 nM BA
?Vduesfollowed by the different letter are significantly different & P£ 0.05
¥ BFC = bud forming capedity (section 32.11.)

3.34. Effect of cytokinins

The rde of cytokinins in  advetiious bud induion and shoot
differentiation is vary wdl edablished. Thee ae ample reports in a number of
conifers and dso in other gymnogpems and angiopems, where the postive
effet of cytokinins is documetted for adventiious bud induction, axillary
shoot multiplication and caulogeness from cdlus cultures This agpet of the in
vitro effect of cytokining has been discussed in great detall by George (1993).
Conifers genedly produce advertiious buds in reponse to  exogenous
cytokinins done, with  BA beng mod commonly used for the purpose
Synthetic cytokinins like BA and 2iIP have been observed to be more dfective
and widdy used, as compaed to the naurd cytokinins (viz. kingin  and
zedin), manly because of ther low cod. Only in a few cases auxins gopeared
to have superior effects on bud induction in pines Mott and Ameson (1981)
reported bud initistion from exdsed ootjedons of P. monticola on GD bad
medium with BA and NAA. Chang & al. (1991) dso obtained the same results

inP. viginiana Mill.



Table 3.2. Effect of different cytokininson adventitious bud induction in
P. wallichianaA. B. Jacks mature zygotic embryos (MZES)

Cytokinins* conc. % MZEshowing Meanno.of buds BFC

(mv1) bud induction per MZE + SD.>  index
1) BA 25 61.3 5,08 + 0.3 311
45 50.9° 312+0.06° 1.85
15.0 733 256 +0.03 1.87
25.0 nM - no bud induction
2) Kin 25 4.3 225+0.1F 0.93
45 31.7° 244+ 0.0F 0.76
15.0 and 25 nM — no bud induction
3 2P 50 20.3 253+0.10 0.74
2.5, 15,0 and 25.0 mM — no bud induction
4 zm 50 459 209+0.0%F 0.95
0.25, 0.5, and 15.0 "M — no bud induction
5 TDZ 0.025 80.6 561+ 0.07 4.53
0.05 64.2 447 +0.0Z 2.89
0.15 58.7 435+ 0.23F 2.55
0.25 243 5.17 + 0.67 127

' DCR basd medium (half- strength) with 2% sucrose

?Vauesfollowed by different letter are sgnificantly different &t P £ 0.05
% BFC = bud forming capadity (section 3.2.11.)

In the present dudiess we expossd the blue pine MZEs to growth
regulaors immediady dter dissecting out from seeds Thus ensuring that the
explat is in rdaivdy undiffeetiged dae a the time of bud induction
trestment. As it has earlier been proposed by Yeung & a  (1981), that high bud
forming cgpadty of cotyledons of P. radiata was rdaed to the undifferentiated
dae of ootyledonay odls a the time of the cadture During the
micropropagation dudies of P. ayacahuite Saborio e al (1997) ds
demondrated tha the most of the cotyledonary codls kept in culture for more
than a wek, may lose the aility to differentite and therefore are undble to
reppond to bud induction conditions They obsarved that the older cotyledons
produced shoots only from ther goicd region, which is vay sSmilar to our
obsavaionswith blue pine MZEs



Fig. 3.3. Adventitious bud induction from MZEsof P. wallichiana (bar = 5mm)
(@) 10day dld P. wallichiana MZE on DCR basal medium
containing 2.5mM BA, 2% sucrose and 0.8% agar
(b) Adventitious bud induction from MZE of P. wallichiana
after 34 weekson DCR basal medium with 25mM BA,
2% sucroseand 0.8% agar
(c) BudHike gtructures on the surface of hypocotyl of P.
wallichiana MZE that did not develop into normal
adventitious buds
(d) Appearance of adventitious buds clusered around the base of
the cotyledons of MZE of P. wallichiana
() Abnormal needle-like Structur es appearing on the surface
of P. wallichiana MZE, that did not develop into adventitious
shoots






Among the different cytokinins used during our dudies the effect of
kin, 2P and zea on the MZEs for bud induction was observed to be vey low
when used sngly, as compared to tha of BA and TDZ (Table 3.2). Mog of the
MZEs trested with Kin, 2P and zea showed initid enlargement and cdlusing,
findly tumned brown and died. This is very smilar to the other reports except
in P. canarienss, where 2P effectivdy induced advertitious buds (Pulido e al.
1992). TDZ & 0.025 nM showed maximum bud indudion with BFC index of
453, followed by BA a 25 nM with a BFC of 311. Though there was no
donficant  difference beween meen number of buds fomed in medium
contaning 0025"M TDZ, 025nM TDZ and 25MnM BA, the percent MZEs
regponding differed sgnificantly (Table 3.2.).

The ue of a mixture of cytokinins in tisue culture dudies with conifers
was fird reported by Cheng (1975) and laer by Rumary and Thorpe (1984) in
white and black soruces The type of coytokinins used in combinaion
donificantly afected the number of buds produced, and for blue pine it was
obsaved tha morphogeness was not much improved by addition of other
cytokinins to BA-containing media Although, a combingion of TDZ (005
mM) and BA (25 nmM) d0 gave equdly good adventitious bud induction as
compared to the trement of a dngle cytokinin (BA or TDZ) (Table 33). It
hes been observed in pines that cytokinins when used gangly, ae suffidet to
induce advertitious buds (Hinn et al. 1986, Pulido e al. 1992) but, cytokinin
combinations have dso proven to be dfective  Pulido and co workers (1994)
coud induce <choots from cotyledonary explats of P.  canriends in
Bonman's besd medium contaning BA, kindin and even zedtinn They d0
obsrved a high BFC index in medium contairing BA + kin (BFC = 83), BA +
zea (BFC =9.5) and BA + 21P (BFC = 9.5).
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Table 3.3. Effect of different combinations of cytokinins on the adventitious bud
induction in P. wallichiana A. B. Jacks matur e zygotic embryos (MZES)

Cytokinins % MZE showing ~ Mean no. of buds BFC®
(mv1) ! bud induction per MZE + SD.? index

BA 25+kin15 57.30% 359+ 1.00° 205
BA 25+kin25 1124 105+ 052 118
BA45+kin15 3467° 381+ 012 132
BA 45+kin25 No bud induction, calusing
BA25+2iP15 Cdlusng
BA 25+ 2iP25 Cdlusng
BA 45+ 2iP15 Cdlusng
BA 45+ 2iP25 Cdlusing, browning
BA 25+ zealb Cdlusng
BA 25+ zea25 Cdlusng
BA 45+zealb Calusng
BA 45+ zea25 Cdlusng
BA 25+ TDZ 0.025 63.30° 456+ 046 2.88
BA 25+ TDZ 0.05 7821° 558 + 0.01° 4.36
BA 45+ TDZ 0.05 48107 297+ 005 142
BA45+TDZ0.75 No bud induction

! DCR basd medium (hdlf-strength) with 2% sucrose

2V dues followed by different |etters are significantly different at P £ .05

® BFC = bud forming capacity (section 3.2.11.)

In the presnt dudy with blue ping mos cytokinin  combingtions faled
to induce advertitious buds in the MZEs The efedt of BA axd TDZ when usd
angly was much better then any other cytokinin ussd sngly. The combingion
of BA and TDZ produced more buds as compared to kin, zea and 2ip when
ussd dngly. This dso is the fird repot showing the efet of TDZ on the
advertitious bud induction in awy pine spedes Although, the BFC index of
MZEs trested with TDZ wes observed to be higher then BA, but conddering
the cot andyss for the longtem feeshility of the protocol, BA may be
chosen as a chegpar dtaenaive This work has been presented in symposa and
dso is published as a ressarch atide (Mahur and Nadgauda 1995, 1998 &

1999).



BFC index gves a vay ddinte indication of the effidency of bud
induction (Cgpuana and Gianini 1995, Pulido & al. 1990), as it not only tekes
into condderdtion the number of embryos showing induction of buds but adso
the number of buds par MZE. The combingion of these two factors gives a
moreredigic determination of the efficacy of agiven trestment.

Abnormd bud and needle like dructures were dso frequently obsarved
anong ome of the cytokinn combingtions that were teted (Fg. 33€). Thee
pseudo-bud-like gdructures (Hg. 33b) did not give rise to normd adventitious
buds or dhoots theredfter. Vitrification or hyperhydration of buds and shoots
was do obsaved in a number of cultures and nodly when thee was
accumulaion of waer droples in the peri plaes due to unexpected rise in
tempadure by the fluorescat tube lights illumingting the cultures in the lower
cuture racks This problem wes soon overcome by rearanging the cultures
auch tha, there was no more direct heating and collection of wae droples in
the petri-plates.

The tremendous varidion observed in the response of the MZEs can be
dtributed to the gendlic vaidion among the plait maeid. The fact that the
seeds were obtaned from a mixed lot of an operpdlinaded naurd dand
implies that evay embryo may reoresat a diffeet genotype A dudy among
the dffoent sdeted genotypes would findly and dealy demondrate the
dfet of gendic vaiddlity on the adventtious bud forming cgpedty in this
gedies Snce dudies invaolving breeding of tress is dill in its infancy in Indig,
there is a nonavalddlity of sseds even from hdf-gb families and, genotype
oedific in vitro dudies ae not possble & preset. For a tree improvement
progranme to succeed it is imperative that there is coordinaion between, and
incorportion of the knowledge of traditiond bresders slviculturigs and  the
newer advancementsin thefield of tissue culture and molecular techniques

3.34.1. Histology of adventitious buds:

MZEs with intiging advertitious buds were higologicdly examined to
obsarve the deve opment of the buds from its surface (FHg. 34.a). Deveoping
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Fig. 3.4. (@) Longitudinal section of multiple adventitious buds arisng from
the surface of MZE of P. wallichiana after 4 weeksin culture
(bar =0.5 mm)

(b) Longitudinal section of a single adventitious bud arising from
the surface of MZE of P. wallichiana showing the densely
nucleate apical meristematic dome (apm) and over hanging
initial needles (n) (bar = 0.5 mm)



51



oot goicd meidems can be obsned in the MZE explat ater 3-4 weeks
cuture in cytokinin containing medium. All the cdls in the goicd dome hae a
prominent nudeus and cytoplasn was daned densdy (Fg. 34b). The aoicd
meigem is surrounded by wdl-devdoped ovehanging needelike  lef
pimordid (Fg. 34b). The devdoping vascular connection of esch bud with
the MZE can dso be seenin the section (Fig. 34.0).

3.3.5. BA pulsetreatment

This expeiment was conducted with an am to reduce i) exposure of the
explat (MZE) to gowth reguldors i) peiod of bud induction and, iii)
materid and labour invdved in the mantenance of the aulture Pulse tresment
with BA dso promoted equaly good bud induction & 400mM for 30min with a
BFC of 378 (Table 34). Bud inducion was dso obsaved a other
concentrations  teted in the experiment, but results wee not veay efident in
tems of BFC index. The contrd with deile didilled water did not show any
bud induction.

All the three objectives for which the pulse trestment was tried, were
me in this expaiment. Snce the bet obsarved BA pulse tresment given to the
MZEs was of hdf an hour, ther exposure time to cytokinin reduced dradicaly.
Also, the gopearance or the induction of buds on the MZEs was observed
withn 15 days of cuture as compaed to 34 weks whee BA weas
adminigered in the medium. Thirdly, as the trested MZEs were directly placed
on the homonefree medium, the subcultures did not require avy  further
addtion of growth reguldgors in the medium. The adventitious buds induced by
this method were subjected to dongation and gave rise to normd <shoots thet
converted to plantlets after rooting trestment.

In a gmilar dudy with Pseudotsuga menziesi, Goldfab e al. (1991) did
achieve better resllts with pulse tretment in as compared with the long
expoare to cytokinns when given in the medum, wheaess PUido et al
(1992) dd not obsave ay gonificat difference in bud induction within these
two diffeet goproeches of adminigeing cytokinins in Pinus canarienss.
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Pusng mehods have been atempted with Picea abies (Bornmen 1983, von
Arnold and Eriksson 1985, von Amold et al. 1988), Pinus strobus (Webb et al.
1988), and Picea engdmannii (Pad and Thorpe 1986). Vacuum infiltration
has dso been tried with Noway goruce, and not surprisngly the results from
dl thee dffeent mehods have been conflicing Postive resllts ae only
reported for Douglas fir and Norway spruce, using both excised cotyledons and
whole embryos

Table 34. Effect of BA pulse on adventitious bud induction in P.
wallichiana A. B. Jacks mature zygotic embryos (MZES)
caultured on haf-grength DCR basal medium with 2%

sucrose.
Pre-treatment BA conc. % MZE Mean no. of buds BFC?
time (mM) showing bud per MZE +SD.!  index
induction
1 30 minutes 200 - no bud induction
400 704 5.38+0.01° 3.78
600 46.68 520 + 0.2 242
800 - no bud induction
2 3hours 200 50.6’ 446 +1.20° 225
400 40.7 480+021° 1.92
600 — no bud induction
800 — no bud induction
3 6hours no bud induction a any concentretion

! Vaues followed by different letters are significantly different & P £ 0.05
% BFC = bud forming capacity (section 3.2.11.)

Thexe promigng initid dudies of puse treamet in blue pine have
paved ways for reddfining of the exiding micropropagaion protocol. The
incorporation of pulsetretment method into the regeneration protocol of blue
pne ad its refinement for maximum production of platles is dill in progress
& we ae sure enough that this would catanly cut down the production cogt
dredtically.



3.3.6. Bud dongation

Bud devdopment and shoot formation phase in micropropegetion  of
conifas  involves  the devdopment of nodular tissue formed during bud
induction into shoots with primery needles (Pulido et al. 1990). The formation
of true goices with juvenile lef primordid requires trander onto a medium
devod of ay growth regulaors Thorpe and Biondi (1984) demondrated this
in P. roxburghii where bud gromth wes promoted by transfaring the
cotyledons after 2 weeks on cytokinincontaining medium to hdf drength besd
medium devoid of any hormones.

In the presat invedtigetion, dongation of the advertitious buds was the
bes obsrved while usng hdf-drengh DCR medum with 2% sucrose and
0.05% activated charcod. Multiple buds (0510 om in length) of blue pine
were spaated out and trandared to dongaion medium in tedt tubes, jam
botles and flasks Incorporation of GA; and kin in the medum in dffeet
concentrations hed no pogtive effect on the dongaion of the buds Fg 35a
shows multipe buds aisng from MZE, before sgpaating them for dongaion.
This dbsarvdion is vay much dmilar to the other reports (Murithii e al. 1991,
Pulido & al. 1990) where low concentration of activated charcod has proven to
be dfective for dongation of advertitious buds by adsorbing phytohormones
and other phendic subgances (Fridborg et al. 1978). Murthii et al. (1993)
trandared the wdl formed and devdoping advertitious buds of P. roxburghii
(5 wesks dte induction) to a medium oontaining 0.05% activated charcod,
08% agar and 3% sucose to fadlitate the dongation of buds While sudying
the contrd of <hoot dongdion in P. ponderosa, Lanner and Connor (1988)
could deduce tha, it was the number of fasddes that detlermined the amount of
badpeta auxin trangport and ultimatdy, the dongation of shoats.

Sepading the buds bedore giving the dongdion tretment  proved
benefidgd for P. wallichiana, as it was observed thet it dlowed fagter shoot
dongaion but, in fev cases it d0 lead to necoss Allowing the buds to
dongate without dividing them was observed to be completdy detrimentd for



Fig. 3.5. (@) Multiple buds (un-separ ated) arising from P. wallichiana MZE
kept on DCR basal medium supplemented with 2% sucrose,
0.05% activated charcoal and 0.6% agar, for elongation
(b) Elongated adventitious buds of P. wallichiana on DCR basal
medium with 2% sucrose, 0.05% activated charcoal and
0.6% agar






further devdopment of the shoots Elongated shoots without root development
can be obsarved in Fig 3.5.b.

3.3.7. Rooting and hardening

Hongated shoots 1-2 cm in haght, were subjected to vaious rooting
treatments (Table 35). A pulse of IAA and IBA solutions (ImM each) for 6h
and subssguent trander to semi-olid  hdf-srengh DCR - medium  containing
1% sucrose and 0.05% activated charcod gave the best rooting frequency. IBA
was dealy observed to be the preferentid growth regulator for the induction of
rooting. FHg 36.a shows roat initistion from the base of the adventitious bud.
Addition of adivaed charcod seemed to be bendfidd for the rooting ether by
inhibiting the light a the shoot base or by adsorbing the rooting inhibitors as
suggeted by Dumes and Montewuis (1995). Mog commonly, a dngle root
devdoped from eech of the advertitious shoot and in some explants secondary
roots were dso observed.

The advertitious shoots with initiatled roots were trandeared to deile
snd: sl (1) mixture and were kept in the green house for hardening ater 5
6 weks The aurvivd percentage was 644 dter 5 weeks and 457 dter 6
nonths in the green house An dongaied, wdl-devdloped root sysem can be
obsaved in Hg. 36b, where the platlet has been removed from the sand: <ol
mixture after 5 weeks for photography. Supriyanto and Rohr (1994) have
reported maked improvement and survivd of regenerated  platlets in which
myocarhizd fungus was inoculaed with pealite mixture in Pinus sylvedris.
Smilaly, Nomend et al. (1996) hae do used ectomycoohizd fungus
Hebdoma cylindrogporum for indudng in vitro rooting of micropropegated
cutting of P. pinaster and P. sylvestris

Roating in conifers is a dow and problemaic procedure as compared to
rooting of hebaceous plants Exogenous auxin goplication and a reduction of
mingas and sucrose  concatraions ae  some  requirements  for - successul
rooting (Rumay and Thope 1984). Aga-didfied medum hes been a
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Fig. 3.6. (a) Root induction in adventitious shoots of P. wallichiana after 6 h
pulsetreatment with ImM each of IAA and IBA and subsequent
culture on DCR basal medium (half strength), 1% sucrose and

0.15% gellan gum
(b) Rooted plantlet of P. wallichiana originating after adventitious

bud induction from MZE
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commonly used subdrate, but it probebly impedes gas exchange as wdl as
production of root hars (Pulido et al. 1990).

Table 3.5. Effect of IAA and IBA on root formation in P. wallichiana A. B. Jacks
adventitious shoots

Treatment type Concentration % shootswith well
formed roots
1 Pulse
[ IAA - 6h. 1mM -
i IBA-6h ImM 274
i IAA+IBA-6h 1mM each 79.5

2 Semi-solid medium (DCR 1/2, sucrose 1%, gellan gum 0.15%, activated
charcoal 0.05 %)

i +1AA (10mMM, 25 M, 50 M) --
i +IBA (10 nM, 25 M) --
50 MM 38.9
3 Liquid Medium (DCR 1/2 + 1% sucrose)
i + AA (10 nM, 25nM) --
50 "M 19.7
i +IBA 10 M -
25nM 325
50 MM 45.2

Muithi et al. (1993) achieved high percentage and multiple rooting in
adventitious shoots of P. roxburghii after incubation in 05"M NAA in sami-
glid medium, then with a puldng trestment of 100nM IBA. In Virgnia ping
adtwing on IBA-containing medium about 50% rooting was observed
(Sqavitz e al. 1991). NAA has been d0 been used for rooting in P. dlictii
(Bronson and Dixon 1991). With many conifers axin pulse followved by ex
vitro rooting has been successfully maneged, as in, Larix occidentalis (Hary et
al. 1991), P. canariends (Pulido et a. 1990). P. halepenss (Lambard et al.
1993) and P. pinea (Cgpuana and Gianini 1995). Thee reslts ae vey
gmila to our obsavaions with the rooting trestmert and devdopment of
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planlets in P. wallichiana. McAffee and co workes (1993) could induce
rooting in adventitious shoots (from MZES) of P. monticola and Larix laricina
by co-autivaionwith Agrobacterium rhizogenes.

This protocol, dating from MZEs as explants, has proved to be effident
for regenading platlels of blue pine ad, can be dfedivdy utlized in the
genetic trandormation dudies in the future PRulse treatmett can be dffectivdy
used to cut down the production cod if incorporaed in the present regeneraion
protocal. With the avalablity of high qudity hybrid seeds this method can
a0 be dandardized for large- scale propagation of other Indian conifer pecies

3.38. Conclusons
During the present dudies of morphogenesis in Pinus wallichiana A. B.
Jacks maure zygotic embryos amed towads devedoping a protocol  for
regeneration, the fallowing notable observations were made:
Maure zygatic embryo (MZE) is a vey gitdle explat for indudng
adventitiousbuds.
The bud forming potetid of MZEs extracted from seeds that have been
collected and dored for more than 6-8 months show a dragic dedine. It
istherefore very essentid to dways utilize fresh seeds for bud induction.
Soeking of seeds in deile waer and a pretrestment of MZEs was
found to be an effident method to diminate the non-visble MZEs
Usng MZEs and not the geminated seedling or cotyledon as an explant
saved thet much time for adventitious bud induction.
Adminigering exogenous coytokinins ather in the medium o a pulse
trestment was observed to be effective for adventitious bud induction.
Snge cytokinn was found to be auffident for advetitious bud
induction as compared to the gpplication of cytokinin combination.
Bath BA and TDZ were éfetive in didting bud induction in MZEs
BA was a prfared choice over TDZ conddeing the cogt effectiveness
of the protocol, dthough the bud forming cepecity (BFC) index of TDZ
was morethan BA.
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BFC index gives an accurae indication and efectiveness of a paticular
tretment as it tekes into condderaion both the number of embryos
showing bud induction and number of buds formed per embryo.

Incorporation of pulsetreaiment method to the regeneration protocol of
blue pinewill surdy reduce the time taken for inducing buds on MZEs

RPusng the MZEs with 400mM BA for 30 min was enough for diating
bud induction after trandferring to hormone-freemedium.

Bud fomaion obsaved within 3  wesks when cyokinin wes
adminigered as a pulse as compared to 4 -5 wesks when given in the
medium.

A cdage from bud induion medum to a medum lacking growth
regulators and contaning adtivated charcod wes essatid and hdped in
eongation of the adventitious buds

Pulsng with auxins IBA and IAA was obsarved to be dfidet method
for root formation in the d ongated adventitious shoots

Approximatdy 50% of the hadened platlets survived dter 9x  months
in greenhouse conditions.
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CHAPTER 4

Somatic embryogenesisin Pinus roxburghii Sarg. (chir pine)

4.1 Introduction

4.1.1. Specific mor phological characters digribution and uses of chir pine

Pinus roxburghii Sargent or chir pine forms an important feeture of the
mgar flora in the lower dtitudes of wesern Himdayas Apat from timber and
fudwood, indisriminae tgoping for resn and lopping for fud-wood from
chir ping is adding on to the dready exiging pressure on the ecology of the
aea (Chaurvedi 1998). Elite trees produdng high qudity resn ae modly
SHected, propagated and tgpped for resn by the foret depatment and other
nongovenment agendes by the oconvettiond mehods (Mahedwai ad
Kona 1971, Tewai 1994). Chir pine is the primary source of oleoresn in
India The vdue of deoresn as a raw maeid in resn and turpentine indudries
viz. pants ad vanishes peafumey, phameceuticds paper, oap, textiles ad
shoe paish ec. is wdl documented. Over the years the resn production has
been on a decine, with over 74000 tonnes in 1975-76 to 28-30,000 tonnes in
1990-91. The reason for this dredic fdl in resn production has been atributed
to unsdetific and indisiminge blazings by tredtiond methods —frequent
foregz fires in chir pine forets and deaing of forests for vaious ressons
(Choudheri et al. 1996).

4.1.1.1 Morphology-

Pinus roxburghii Sarg. is the mod important among the principa pines
found in India It's an evegreen tree with a cown that soreads on maurity into
umbrdla dgpe with massve branching sysem and the tree may reech 30 — 55
m in hagt with a 6-10 m grth (Fg 4.18). The young hoots ae pde brown
and the winter buds are ovoid and nonresnous In the older trees the plates of
the bark measure up to 60 cm in length, 10 cmin breadth and 3 cmin



Fig. 4.1. (@) Pinus roxburghii Sarg. tree (30-35 year old) (Conifers Research
Centre, Forest Nursery, Solan, H.P.)
(b) Immature female cones of P. roxburghii (bar =5 cm)
(c) Mature seedsof P. roxburghii (bar =1 cm)
(d) M egagametophyte (meg) and matur e zygotic embryo (mze) of
P. roxburghii (bar = 0.5 cm)
(e) White glistening norrembryogenic callus (nec) (marked with
arrow) from MZE of P. roxburghii on DCR basal medium with
2% sucrose 1.0g/l myo-inositol, 0.5¢g/I CH, 0.5¢/l L-glutamine,
20mM NAA and 0.6% agar .
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thickness The leaves or needles ae adcula, 15 — 65 am long in youg
sading and ae daucous-green, shaply sarulae Dwaf shoots bear three
needes tha may grow up to 1530 cm long (Maheshwai and Konar 1971,
Tewari 1994).

Chir pne like dl ohe gymnogpgeams is a spoophyte and s
monoecious, bearing mde and femde cones or drobili on different branches of
the same plant. Mde cone is 1.31.8 cm long and condds of a duder of 100-
140 soirdly aranged microgporophylls The femde cones ae bome on the tip
of the long shoat modly on the upper branches of the tree Two to four cones
may be found in a group. Each cone comprisess 8090 owvuliferous scdes or
megasporophylls in the axil of the bract aranged soirdly on the cone axis (Hg.
41b). The ovuliferous scde and the bract scde are collectivdy cdled as seed
scde-complex. Cones ae 1020 anm long and 7515 cm wide, ovoid, short dak
and gout (Fg 4.1b.). The scdes are woody, thick and hard and bear seeds that
ae 816mm long ad winged (FAg. 4l1c) (Mahedwai and Konar 1971,
Tewari 1994).

4.1.1.2. Digtribution:

Pinus roxburghii Sarg. is a ndive of outer ranges and vdleys of the
Himdayas from Afghanigan in the eet to Arunachd Pradesh in the North
Eagern India between 450-2300 m dtitude where the full force of the
monsoon is fdt. It covers wide aress as pure forests and is dso assodiaed with
other  gpecies like Cedrus deodara, Pinus wallichiana, Quercus
leucotricophora, Rhododendrn arboreum, Lyonia ovalifolia, Myrica esculenia,
éc. in the upper limits In the lower limits the important assodates are Shorea
robusta, Anogessus latifolia, Ougenia oogeinends Buchanania lanzan,
Bauhinia semla, ec. The undergrowth of chir pine forests vaies with the
locdity (Tewari 1994).

The femde cones for the present dudies were cdllected from Smla ad
Pdampur in the dae of Himachd Pradesh. In this region, pure chir pine forests
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ae aundat in Kangra vdley (450-1050m), Chamba (900-1350m), Ddhoude
(1200-1500m), Kullu valey (1050-1800m) and Simla (450-1300m).

41.1.3. Uses:

Chir pire is manly exploted for its norwood products then for the
timber. It has a limited usage as timber due to its nondurable naure and the
wood dso is nat sutable for menufecture of plywood due to the large amount
of extractives presat in it. Although dfter vaious presavaion trestments the
wood has been dhown to be usful for spedfic agpplications (Tewari 1994).
Unlike the devdoped countries where coniferous wood is the chief source of
pup and paper production, in Inda only limited invedigdions have ben
caried out a the Fored Research Inditute, Dehradun, with respect to pulp and
paper making characterigtics from chir pine (Guha 1958).

In pines the odeoresn is foomed and trandocated in resn cands
ooccurring in the root, wood, inner bark of sem and leaves (Mutton 1962). Chir
pine yidds commeddly important deoresn, which foms the rav maeid for
resn and turpentine indudry in India Resn is obtaned by tgpoping Sanding
pine tress. Numerous improved methods have been devised by Fored Research
Inditute, Dehradun, for effident tgpping of resn (Tewai 1994). Turpertine is
ussd in prepardion of pants and vanishes shoe and other poishes ad as a
vet for resans FAne al is usd in pafumay indudry, as atifoaming agat,
vet and thinner. Rosn and its derivdives ae extendvdy used in soap
meking and pgoer indudry. It is ds reguired in manufaciure of linoleum,
seding wax, lubricants, pants, coandics ec. Fine needes ae a veay good
source of essntid oll, which is obtaned dter didillion and finds numerous
uses (Maheshwari and Konar 1971, Tewari 1994).



4.1.2. Embryology of chir pine

The embryology of chir pine has been dudied in grest detal by Konar
and Ramchendani (1958), Konar (1960, 1963) and, Maheshwai and Konar
(1971). A brief metion of the embryology of chir pine is important a this
juncture, gnce it will not only provide a reference compaison to somdic
ambryogeness, but dso will ad in undedandng the importance of the dtage
gadfic reponse of the immaure zygotic embryos in the induction of somatic
embryogenesis. In Hg 4.2, a flow diagram, based on Konar (1960) of the life
cyde of Pinus roxburghii Sarg., can be seen indicating the important dages of
the of mico- and megagrogends mde and femde gametophyte devdopment,
up to the seed dispersdl.

According to our findings during the presat invedigdions we have
d incoporaed in the flow diagr)am an indiction of the ‘window' that
gopears for 2-3 weeks in the life cyde of three years and is the dage of the
immature  zygotic embryos that is mod repondve for induction of somic
embryogenesis. This has been described separatdly in section 4.1.2.1.

In the lower dtitudes the pdllingion in chir pine occurs during March
April while it occurs a little later in the higher regions Large amounts of pallen
ae shed ad caried avay by wind. After the pollen is deposted in the nucdlus
and the tube nudeus migraes in to the pallen tube the owuliferous scdes of the
femde harden indicating the dat of the resing phese Fatilization tekes place
only inthe next year dter the attivity of the male gametophyteis renewed.

A diagranmdic representation of the devdopmenta dages of the chir
pne zygotic embryo can be seen in FHg 43 (after Konar 1960, Owens and
Molder 1985). Embryo devdopment in Pinus is described as free nudesr,
becaue the zygatic nudeus divides dter fetilization, to foom 2, 4, or 8 nude
thet migrate to the base of the fertilized archegonium.

During the embryond devdopment, formation of rosdte tier takes place
folowed by sugpensr and embryond tie's The cdls of suspensor tier dongate
and thrut the embryond codis into the gamgophytic tissue rexuting in
formation of ‘corrodon cavity. Proembryos gopear due to the dividon of
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embryond intids It is nomdly obsaved that the temind embryo grows
fader ad its devdopmet tekes dout dx wesks from the fatilization. The
gowing embryo is gmooth pardboloid dructure, with a suspensor a the
proximd end. The adive divison the sugpensr codis findly gives rise to the
root cgp. This is shortly followed by the devdopment of the corticd tissue,
cotyledons and the shoot gpex. Mogt commonly, a <olitay embryo matures,

and rardly twio embryas may reech maturity (polyembryony).

4.1.2.1. The 'window':

In addition to the genotype dependence, one of the mgor bottlenecks in
the induction of somaic embryogeness in pines is the dage edfiaty of the
explant. Immaure zygotic embryo, only a a paticuar dage of devdopment,
hes been obsaved to be cgpable of giving riee to embryogenic mass This Sage
of 2zygotic embryo devdopment ooccurs  goproximady  2-3  weeks  dfter
fetilization for 1015 days and is known as the ‘window' (Fg 4.2). At this
dage of devdopment, the embryond head is goproximady a the 16 - 32 cdl
dage A gnooth paraboloid dructured embryo is too lae a Sage to give rise to
the embryogenic tissue However, thee have been a couple of reports of
induction of embryogeness from maure zygatic embryos in pines but that
seems mostly an exception rether arule
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Fig 4.3. Diagrammatic representation of the developmental stages of immature
zygotic embryo of Pinus roxburghii Sarg. (after Konar 1960, adaptation

from Owens and Molder 1985)

. Forages A=MIELEATE FROEMALTS
5

b l"‘-ﬂﬂl.'.ﬁ#uwh

NUCELLJE

4.1.3. Propagation

Chir pine is a grong lignt demander and requires wdl-drained soils. It is
one of the leed exacting spedes among Himdayan trees and grows on bae
aes and the mog favored geologicd formation is the quartzite rock. Neaturd
regenardion from seeds digpersed on the forest floor ooccurs if uffident rain is
recaved and conditions ae favordde Beng a pionexr edes it is les
demanding on the w0l and nurients then other conifers (Tewai  1994).
Artificdd regengration by nursay  geminated seedlings is the mos  common
and by fa the mosd successu method of propegding chir pne Seeds ae
collected during the good-seed years as they show better response then the
Seeds from |leanrseed years.

The redizdion of the importance of vegddive propagaion of chir pine
for yidd and vaidy improvement, and for the edablisment of dond seed
ochads and dond plataions caeful sdetion of dite trees is important.
Soedies like chir ping blue pine and khas ping which occur in vad aess, ae
dffaentited into many provenances and races To  explot the naturd
vaidbility, odection of dedrable s=ad source is the fird dep to tree
improvement.  Efforts have been teken by Foret Research Inditute, Dehradun,
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to vepdaivdy propegae dite vaidies of chir pine by odting, ar layering
and rooting gem cuttings (Gupta and Chendra 1979, Joshi and Dhiman 1992,
Kedanath and Dhaundiyd 1963, Kedhamnath & a 1979, Sngh and Mahgan
1967). All the three methods of vegdaive propagaion have been successfully
teted. Chir pine bang an ectomycotropic gpedies, mycorrhizal inoculdion is a
nomd routine in a nev nursay to ensure the devdopment of mycorrhiza and
hedthy growth of the seadings This is an impotat agpect during the
introduction of pinesin exatic locations (Bakshi 1974).

In vitro propagaion of chir pine has been reported by Murithi e al.
(1993), by indudng advetitious buds on ootyledonay explants  from
geminded ssedings Ealier, Bhanagar et al. (1983) induced organogeness
on maure embryos of chir pine and, Mehva and Anand (1983) dudied cdlus
induction from different seedling tisues Our group has dso been ingrumentd
in dond propagaion of chir pine udng aillay buds from 25-30 yr old trees
Rooting of shoots has been achieved and plantliets have been kept for hardening
in the green house (unpublished reauts).

4.1.4. Somatic embryogeness

Somatic embryogeness in conifers has been regaded as a modd for
large-scde  propegation of tree goedies throughout the world.  Although, dond
multiplication usng vepdaive mehods has been successiu t0 an extert, the
end resllts ae dill fa from convindng. The need for propagaing superior
dones a a lage scde is ever incessng ad the efarts in thee lines ae modly
impeded by vaious fattors like gendic vaiddility and recddtrance of maure
tissues (JAn 1999, Ravikumar 2001). Propagation of pines by somaic
embryogeness hes to a veay lage extat proven its aediblity by overcoming
thee hurdes ad is presertly the only method being employed by a number of
goups aound the world for large-scde multiplication (Attree and Fowke 1993,
Gupta et al. 1993a & 1993b, Gupta and Timmis 1999, Handley 1995). Somgtic
embryogeness dealy provides a number of production advantages i) lage
number of plants can be produced rather inexpensvedy ii) both root and shoot



devdopment occur in the same process dep i) scding up is quicker usng
ligud cdture iv) long tem cayopreservation can be used v) emblings can be
edablished through synthetic seeds or diret ddivery sysem  vi) provides
rguvendtion.

Radiga pine fidd trids in New Zedand and Iobldly pine in the USA by
private foredry companies (Cater Hot Havey, Rotoruas New Zedand ad
Weyerheeuser Company, Tacoma, USA) ae a couple of success dories for
dond propagation of pines (Gupta & al. 1991). However, mosly pines have
proved more recddtrant then any other conifer genera The results with respect
to somdic embryogeness in Pinus species have been tabulaed in Chepter 1,
Tablel1l.2.

4.2 Experimental procedure

4.2.1. Explant source

Immature femde cones (Fg. 4.1b) of chir pine were procured from two
dfferet locations the Conifes Resach Centre Foret Nursary, Solan
(dfitude 800m) and Inditute of Himdayan Bioresource Technology, Pdampur
(dtitude  1500m). The weekly collections were mede through the months of
May till dJuly in the years 1996 to 2000. The cones were trangported to the
laboratory in Pune, persondly, or sent by post ad were dored in cardboard
boxes & 8 — 10 °C till utilized. The maeid was ussd up within 10-15 days of
collection after which theimmeature cones generdly decayed.

The devdopmentd dage of the zygotic embryo was deermined by
higologicd examinaion (as described in section 4.26. in this chepter) of the
immature  megagametophytes removed from 2 - 3 cones picked out randomly
from each callection.

For the dudies of induction of somdic embryogeess udng maure
zygatic embryos, the seeds of Pinus roxburghii Sarg. were purchased from
Pratap Nursery, Dehradun,.



4.2.2. Surface gerilization
4.2.2.1. Mature seeds

The sds were individudly desned with a blade to remove the wing
remnants and then weshed in rumning tgp waer. Suface deilization induded
washing with 1% solution liquid detergent (Lebolened, Qudigens, Indig) for 5
- 6 min, followed by 70% dcohd (2 - 3 min) and then with 0.075% HgCl, (10
min), exdng with 5 - 6 washes with deile ddilled wae in the laminar
arflow. The seds weae then socked in derile didilled waer and left overnight
in the refrigador (5°-8°C). This was to diminae the nonviable seeds that

floated on water.

4.2.2.2. Immature seeds from megagamet ophytes

Immature seeds were removed from the cones deaned by scrgping with
a blade and weshed thoroughly under runmning tgp water. Surface deilistion
induded washing with 1% <oution liquid detergent (Labdened, Qudigens
Indig) for 5 - 6 min, folloned by 70% dcohal (2 - 3 min) and then with 0.05%
HgCl, (G min), eding with 5 - 6 washes with deile ddilled wae in the
laminar arflow. The megagameiophytes were aspticdly dissscted out of  the
sead coa udng a forogps and deile surgicd blade (mounted on a blade holder)
and placed hoizontdly on vaious intigion media The number of explants
teted for each treament varied according to the number of cones collected ad
the number of seeds removed from each cone Efforts were teken to equdly
digribute the megagametophytes on dl mediaformulaions

4.2.3. Studies with matur e zygotic embryos

The mature zygotic embryos (Hg. 4.1.d) were dissected out of the seeds
and megagametophytes (g 41d) in deile conditions (in  laminar  arflow)
and were placed horizontdly on vaious media combingions (Table 4.1) for
the induction of somdic embryogeness The cultures were incubated a 22 +
2°C in dak. The repone was observed ater 34 wesks and the cdlus (if
formed) was mantained by sub-culturing every three weeks



4.2.4. Induction of somatic embryogenesis from immature zygotic embryos and
culture conditions
Three differet basd media DCR (Gupta and Durzan 1985), LPm (von

Armold and Eriksson 1981) and BM,; (Gupta and Pullman 1990), were tested
for the initigtion of embryogenic cultures in 1996 dudies The effet of growth
regulators, organic  nitrogen (cesein  hydrolysste and  L-glutaming), myo-incdtal
and gdling agets (DifccAd Bacto agar and gdlan gum) was dso tested (Table
42). The pH of dl media was adjusted to 58 with IN NaOH/HCl prior to
autodaving.

Among the three differet basd media tested initidly, only DCR besd
medum with gdlan gum (018%) & gdling aget, wae usd in the
expaiments in the subseguent years (1997 onwards) (Teble 44). An average
of 1520 megagametophytes were cultured in each deile disposble Laxbrca
petri plae (86 mm x 15 mm) and dl cultures were incubated a 22 + 2°C in
dak for the extruson of embryogenic maess Approximady 60100 explants
were totaly inoculaed per trestmet depending on the avalability of cones ad
the havex of immaure seeds from exch ocone The differat tresiments
induded vaious concatraions axd combindions of  differet  growth
reguaors to extruson, growmth and proiferation of the extruded immature

zygotic embryos

4.2.5. Embryogenic culture establishment and maintenance

The edruson o immauwe 2zygaic embryos from  within  the
megagametophytes dated as ealy as 810 days of cdture in some explants
depending modly on the devdopmentd dage of the immature zygotic embryo.
The exruded meses wee intidly sub-cultured evey wesk on the same
intigtion medium even dte it's ddachment from the megagameophyte The
proliferation of the edablished embryogenic cultures was caried out on DCR
besd medum oontaning the same supplements as the initigion  medium.
Embryogenic cdlus tha hes prolifeated to 1-15 om in dianger weas
conddeed a an edddidhed caulture and wes futher multiplied by sub-
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cutuing every three wesks Evay sad rgwesated a unique genotype and
only the edddished cultures that findly gave rise to cotyledonay dage
omdic embryos were rdfared to as embryogenic odl line (with a gven
number).

4.2.6. Maturation and ger mination
4.2.6.1. Pretreatment:

The proiferating embryogenic cultres of chir pine were hifted to
homone-free medium prior to expodng the caultures to diffeet mauration
treatments. For this purpose the embryogenic cdl lines were cultured on DCR
basd medium (haf drength) contaning 2% sucose, 10yl myo-inistol, 0.18%
gdlan gum (with and without 05% adtivated charcod), for, 1, 2, 3 ad 6
wesks Addtiondly, the cultures were adso kept for 3 wesks on DCR bes
medium (ful drength) supplemented with 3% sucross 1000 mgl  myo-inostal,
5 2,4-D, 2nM BA and 2nM kingin, and 0.18% gdlan gum (Table 4.9).
The proiferdting embryogenic tissue dumps wee tranderred to a derile filter
paper disc (Whaman No. 1) cut to a dze tha would fit in the petri-plae
(55mm X 15mm deile digposdble Laxbroa petri-plates), ard 34 smdl dumps
were cultured in each plate. All cultureswere incubated & 22° + 2°C in dark.

4.2.6.2. Maturation treatments

The edablished embryogenic cdl lines wee aubjetted to different
mauration trestments (Tables 48. and 410) dater passng them through the
medium devoid of growth regulators (Table 4.9). The effects of ABA, mdtose
PEG (poyethylene gycd) ad gdlan gum in  dffeet combingions ad
concentrations were tedted for the maturaion of the somatic embryos Daa was
collected by, ocounting the number of embryogenic dumps gving rise to the
gnooth paaboloid shgped somdic embryos and the number of cotyledonary
dage somdic embryos formed for each given tresment dter and incubation
period of 810 weks The cultures on maurdion medium were sub-cultured
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evay 10 days by hifing the filter pgper dic with the embryogenic cultures
All cultureswereincubated & 22° + 2°Cin dark.

4.2.6.3. Germination of somatic embryos:

Cotyledonary dage somatic embryos with devdoping root initids were
gven a patid dedccation tretment in laminar arflov for 2-3 hours and then
difted to DCR basd medum (hdf drength) containing 2% sucose 019/
myo-inogta, 025% gdlan gum and 05% ativated chacod for complete
devdopment of the somdic emblings before trandering them for hardening
treeiment. The somaic embryos wee incubated a& 24°+2°C under cool
fluorescent lights a 10-20 nE i’ s, with a 16 h protoperiod for germination.

4.2.7. Higology and histochemical gaining

The immaure megaganeophytes a different dages of  devdopment
were fixed in FAA (foomddehyde acdtic add: doohdl), passed through a TBA

(tertiary-butyl doohol) saies for dehydration, embedded in paaffin wax (58°—
60°C ocongeding point) and sectioned (8-10 mm thickness). The sections were
then daned with hemaoxylin and obsaved under ligt microscope to  Sudy
the sage of the immature zygatic embryo.

Hidochemicd daning of embryogenic cultures in sugpendon was done
by 1% acgtocamine (Sgma) for few minutes weshed and obsaved directly
under Zeiss light and stereo- microscopes

4.3. Reaultsand discussion

The immene aurge in the fidd of conifer biotechndogy duing the past
two decades has been reviewed by severd authors (Adams et al. 1994, Attree
and Fowke 1993, Dungan 1988, Gupta e al. 1991, Gupta and Grob 1995,
Miga 1994, Tautorus et al. 1991, Wdte e al. 1998) and somatic
embryogenesis is suggested and proven to a great extent, as a poweful tool for



successful  dond  propegation as compared to other tissue culture  propagation
procedures.

Patid or complete somatic embryogeness has been reported in vaious
goecies of Pinus viz, P. caribaea (Lane and David 1990, Lane & al. 1992,
David & al. 1995), P. dliotii (Jan e al. 1989, Liao and Ameson 1995a &
1995h, Newton & al. 1995), P. lambertiana (Gupta and Durzan 1986), P. nigra
(Sdgova and Sdg 1992, Sdgova e al. 1995 & 1999), P. patula (Jones and
van Saden 1995), P. pinaser (Beceche and Pagues 1995), P. sylvedtris
(Haggmen e a 1999, Hohtola 1995), P. drobus (Finer e al. 1989), P. taeda
(Beowar et al. 1990 & 1991, Beowar and Pullmaen 1995, Gupta and Durzen
1987a & 1987b, Li and Huang 1996) desxibing the importance of the genus
world  wide In P. serotina  Michx,, embryogenic cultures were initigted
(Becwar e al. 1988), but further mauration was not obtained. In P. srobus L.
and P. sylvestris L. cotyledonary dage somdic embryos were obtained without
complele plant regeneraion (Webb and Hinn 1991). With P. dlioti, patid
embryogeness was fird reported by Jan et al. (1989) and lae, Lieo and
Amerson (1995) and Newton et al. (1995) have reported embryo maturation
and platlet production. In other pines the regeneration of complete plantlets
via somdic embryogeness has been reported for P. lambertiana Lamb. (Gupta
and Durzan 1986), P. taeda L. (Gupta and Durzan 19873), P. radiata D. Don.
(Smith et al. 1988) and P. caribaea Mordet var. hondurenss (Lane and David
1990).

With the objective of propagaion of sdected dite varieties for high
qudity resn production, by initiing dudies usng somaic embryogeness in
continugtion with the ongoing work on other Indian pine goedes in our lab
(Mahur and Nadgauda 1995, 1998 & 1999, Nadgauda et al. 1993) the present
invedigetion was undateken. This pat of the chepter discusses the reaults
desribing  the  explat, media compodtion, conditions for  extruson  and
proiferation of embryogenic mess in P. roxburghii Sarg. and, successful
meaturation and development of somatic emblings
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4.31. Sudieswith mature zygotic embryos of chir pine

Liso and Ameson (19959 have degatly described the recddtrance of
the genus Pinus in tems of sdedtion of sutéble explant for initiing sométic
embryogeness and  the  difficulty in  gdting sucoesful  plantlet  regenerdion
through tissue culture as compared to other conifers The wuitdble explant for
gving riee to embryogenic cutures of pines has ben limited to immaure
zygotic embryos (Attree and Fowke 1993). It wes extremdy essntid to obtan
a sound knowledge of the embryology of chir pine 0 as to be sure about the
corect dage during the odlledtion. Thus while dudying the embryology of
chir ping it was an cbvious choice to meke use of the maure zygatic embryos
for the initiation of embryogenic tissue

A number of combingions axd ooncatrations of  various  growth
regulaors were teded for the purpose (Table 4.1). As can be seen from the
Chepter 1, Table 1.2, there ae only four species of pines tha have postivey
reponded in gving rse to embryogenic cdl lines from maure tissues P
lambertiana  yidded embryogenic cultures from maure zygotic  embryos
(Gupta ad Durzan 1986), wheress, P. caribaea produced embryogenic
cultures from both maure zygotic embryos and secondary needes (Berlyn et
al. 1991).

Chir pine maure zygatic embryos wee ungdle to gve rie to
embryogenic cultures. Profuse cdludng  (Fg. 41e) was obsaved in a number
of audtures udng diffeet growth regulators but none of the cultures were
found to be embryogenic. Some of the cultures that gopeared gligening white
(Fg. 4.1le), wee intidly sugpected of beng ade to give rise to embryogenic
tissue, dso turned out to be negaive The obsavaions of this experiment have
been tabulated in Table 4.1 Even dter repegted sub-culturing, none of the
cultures could be temed as embryogenic tissie Apat from the recddtrant
naure of the maure tissug anather reeson for this nonregponsveness could be
atributed to improper culture conditions Indicating that more efforts ae
nesded for the optimizaion of meda and other conditions in  indudng
embryogenesis from mature zygotic embryos.
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Table 4.1: Effect of different growth regulators in the medium, on mature
zygotic embryos of Pinus roxburghii Sarg. for induction of
somatic embryogeness

DCR basd medium + 2% sucros, 1gl myo- Obsarvations
inostol, 05gl CH, 059l L-gutaming 06%
aga  Upplemented with growth  regulaors
(nM):
124D 5 Cdlusng
2 10 ”
3 20
4 50
5 100 "
6 | 24-D+BA 5+1 K
7 5+5 "
8 10+1 K
9 10+5 Profuse cdlusng
10 20+1 Ydlow, watery cdlus
11 20+5 Cdlusng
12 50+5 Cdlusng
13 50+ 20 Cotyledonsdongate
14 100+5 Cdlusng
15 100+ 20 Cotyledonsdongate
16 | NAA 1 Swdling of explant
17 5 “
18 10 Cdlusng
19 20 Gligening white calus
20 50 Cdlusng
21 | NAA +BA 5+1 White, fridhle cdlus
22 10+5 “
23 20+5 Calusng
24 50+5 “
25 5 +20

Mature zygotic embryos of P. lambertiana and P. caribaea are reported
to give rise to that the embryogenic cultures aisng from the radide aea, but it
is dill uncertain whether the point of orign of the embryogenic tissue ae the
root cdls or resdud suspensors dtached to the radide Bozkhov & al. (1997)
have ds0 desibed two dtemndive pahways of somaic embryo origin from
polyembryonic maure seeds of P. koraienss Seb et Zucc. The fird pahway
was asodaed with production of fridle tranducent cdlus in the hypoootyls
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cotyledon region and the second pathway rdaed to proliferaion of tranducen,
mod and mudlaginous tissuee in the sugpensr region of zygotic  embryo.
Recertly, Gain et al. (1998) have d0 been successful in obtaning plantlets
from embryogenic tissue of P. strobus L. from mature zygatic embryos

4.3.2. Induction of somatic embryogenesisfrom immatur e zygotic embryos

The mgor bottlenedk in initiding embryogenic cutwres of pines has
been the identification of the coredt devdopmentad dage of the immature
zygotic embryo, known as the ‘window (FHg. 42) folowed by, successful
mauraion and conveson of somdic embryos to plaits Thus the prdiminary
dudies (yeas 1995 ad 1996) wee totdly concaned with the am of
identifying the aiticd devdopmetad dage for edablishing  embryogenic
altues of P. roxourghii Sag, fdloved by devdopng an  efident
regeneration protocol.

The choice ad repone of initid explats for the induction of somatic
embryogeness in coniferous gpedes has been vay limited. Maure zygotic
embryos, seading ootyledons  ootyledonary  dage  immature  zygotic  embryos
and hgplod megaganetophytes ae some of the sources used for rasng
embryogenic tissue in a number of spedies (Attree et al. 1990a & 1990b,
Boulay e al. 1988, Bourgkhard and Favre 1988, Chavez et al 1992, Ishii 1991,
Nagmeni and Bonga 1985, Tremblay 1990, von Arnold 1987). In genus Pinus
however, the mod siitable explant for scoessful induction of embryogeness
has been obsaved to be from the immaure zygotic embryos tha ae extruded
out from micopylae end of the intad megagametophytes The embryogenic
adtures from immaure zygotic embryos of pines gopear to have originaed
from proliferaing odls in sugpensor mass (Beowar et al. 1988, Jan e al. 1989)
raher then directly from the embryonic axes a modly reported in Soruce
goecies (Lu and Thorpe 1987, von Arnold and Woodward 1988, Webb & al.
1989). At this dage the owule as a result of deavage polyembryony, contans
more then one vidde 2zygatic embryo, induding the dominat one Culturing
the zygotic embryos a this dage leads to an “embryo rescue’ Stuation (Jones
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et al. 1993), which may result in somatic embryogeness This process has been
repested and confirmed by Becwar & al. (1988) who have obsarved multiple
embryos atached to a common suspensor, suggeding tha in Pinus, someic
embryogeness may be are-initiation of the deavage process

4.3.2.1. Embryology — study conducted in the year 1995:

The dudies with repect to the time of fetilization and devdopment of
zygatic embryo of chir pine were undetaken not only to pinpoint corredtly the
devdopmentd dage of the zygotic embryo tha is mod resporgve in gving
rise to embryogenic culture, but dso as a reference to the devdoping somatic
embryo. In  Hg. 44a, prefatlize2d megaganeiophyte with  devdoping
achegonia can be seen and the egg and neck cdls are dso vishle Fg 44b.
shows the corodon cavity in the megagameiophyte containing the devdoping
zygatic embryos Vay ealy dage (2-4 odl) zygotic embryo with  entwined
uspensr cdls (Fg. 45a), a 32-64 cdl dage smdl globula dhaped zygatic
embryo can be seen in Fgs 45b. & c with an dongated suspensor. This dage
of zygatic embryo is mod respondve to produce embryogenic mass and in Hg
4.5.d. a cotyledonary stage zygotic embryo can be observed.

4.3.2.2. Studiesduring the year 1996:

On deemingion of the pod-fatilization peiod and the devdopment of
the zygotic embryo from the dudies conducted during the previous year, an
expaimenta plan was worked out in the year 1996 with the am of optimizing
the meda mog aiitable for inducion and prolifedion of embryogenic maess
The cdllection plan was devised such tha megagametophytes from pre to 5-6
weeks pod-fetilization wee procured and the collection was conducted only
from Solan, Himacha Pradesh.

On bass of thee dudies the megagametophytes showed best response
of extruson and proifedion of embryogenic tissue on DCR besd  medium
(4831% extruson and 135% cultures edablished) among the three baesd
mediatested (Fg. 4.6. and Table 4.3.), and was used in the experimentsin the
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Fig. 4.4. (a) Longitudinal section of immature megagametophyte (meg) of P.

roxburghii (pre-fertilization) showing ar chegonia (ar),
archegonial neck cells (nc), micropylar end (me), nucellus (nu),

egg cell (ec)

(b) Longitudinal section of immatur e megagametophyte (meg) of P.

roxburghii (post-fertilization) showing corrosion cavity(cc),

developing immatur e zygotic embryos (ize), nucedlus (nu)
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Fig. 4.4,
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Fig. 4.5,

(a) Magnified view of immatur e zygotic embryo of P. roxburghii [2-
4 cell stage embryo head (emb)] with entwined suspensor cells
(sus) (bar = 1mm)

(b) Globular stage zygotic embryo (32-64 cell stage) of P. roxburghii
with along suspensor (bar = 1 mm)

(c) Magnified view of globular shaped zygotic embryo head (emb) of
P. roxburghii with attached suspensor cells (sus) (bar = 0.5 mm)

(d) Cotyledonary stage zygotic embryo of P. roxburghii showing
wdl developed embryo (emb) with cotyledonary bumps (cot) and
suspensor (sus) (bar =2 mm)
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Fig. 4.5.

7



ubsequent years Due to extreame limitetions in procuring the femde cones it
was possble to tet only three mogt widdy ussd basd media in amilar dudies
in pnes The limitaion in the number of megagameiophytes procured in eech
colection dso redricted the different media treatments (Tables 4.2). Despite
thee dhortcomings effots were made to fully utlize the avalade resources
for @ many invedigations as possble Snce the dandadization of surface
dailizaion of immawe megagametophytes  inoculdion, culture  techniques
and oconditions wee dso to be conducted dong with the optimization of the
medium, alarge number of explants were dameged/wasted in the process

The mehod of sufece deilizetion that was being used initidly, ie, -
treating of the entire cones with NaOCl (sodium hypochlorite)  before
asgticaly  disssdting them in laminar arflow, had to be changed dnce it
proved extremdy time consuming and impradicd. After working with a few
oher auface deilization mehods (that dso proved unsuccessful), it was
decided to switch over to extracting the seeds individudly from the cones ad
then gving the surface deilizetion trestment as mettioned in sedtion 4222
A numbe of dffeent concentraions and combinations of growth regulators
weae a0 teded for the extruson of the embryogenic mess (Table 4.3) ad
only DCR besdl medium supplemented with a combinaion of 24D, BA ad
kingin, was found to induce embryogenic reponse in chir pine  Although
recently, Arya et al. (2000) have d0 reported induction of embryogeness in
chir pine usng DCR basa medium supplemented with 24D, NAA and BA.

In other conifer spedies, vaious other basd media have been tested for
the induction and proliferation of embryogenic cultures It will not be possble
to dexribe in detal the efeds of diffeet besd medium on induction of
embryogeness in dl conifer spedies, but a brief mention about reported  work
on pines will be presnted DCR besd medium o Douglas fir cotyledon
revised medium, was formulated by Gupta and Durzan (1985 and hes been by
far the mog widdy utilized successully for a number of pine edes viz, P.
drobus L. (Fner et al. 1989, Gain & a. 1998, Kaul 1995), P. paludris
(Nagmeni et al. 1993), P. patula (Jones and van Staden 1993, Jones et al.
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1995), P. nigra Amn. (Sdgova and Sdg 1992) and P. sylvedtris L. (H&gmann
e a 1999). Arya e a. (20000 have ds0 used DCR basd medium to initiate
embryogenic cultures of chir pine Othe basd media tha have ben
successfully used for initiing embryogenesis in pines ag MSG for P. taeda
L. (Beowar e al. 1990) and P. paludris (Nagmeni e al. 1993); LP for P.
caribaea (Lane and David 1990); GD for P. pinaster (Bercetche and Pagues
1995); BM; for P. sylvedtris L. (Hohtola 1995) and P. taeda (Li ad Huang
1996). From the dudies regading the media and culture conditions that were
conducted in the year 1996, a number of veary useful observations were made
tha hdped in schedding the cdledions and futher fine-tuning of inoculaion
and extruson protocols for future expeiments With thee reslts it was
possbleto:

Corecly identify and colet the mos aqitdle dage of the explat

(immeature zygotic embryo) for best response in vitro.

Usethe least harnful but most effective surface Sterilization procedure.

Inoculate maximum number of megagametophytesfor datistical andyss

Sudy other physcd and chemicd paanges for the esablisment ad

proliferation of embryogenic cultures

To identify other locationsfor acompardtive sudy.

To edablish as many embryogenic cdl lines of chir pine

Table 4.2. Different basal media and other media congtituentstested for the
extrusion of embryogenic tissue from immatur e zygotic embryo of Pinus

roxburghii Sarg. during the 1996 collection from Solan.

Mediano.| 1 [ 2 | 3 [ 4] 5[ 6 [ 7 | 8 | 9 [ 10 | 11
Macro nutrients DCR hdf strength
Micro nutrients DCR half strength
Vitamins DCR full strength
Sucrose (%) 3 3 3 3 3 1 1 6 6 3 3
myo-inositol (g/l) 1 1 1 1 1 1 1 1 1 1 1
CH (g/1) 05 05 05 05 05 05 | 05 05 05
L-glutamine (g/l) 05 05 05 05 05 05 | 05 05 05
24D (mM) 3 3 5 5 50 5 3 5 3 5 3
BA (mM) 05 1 2 2 20 2 05 2 05 2 05
Kinetin (mV) 1 2 20 2 05 2 05 2 05
Gdlan gum (%) 0.18

79




Table 4.2 continued

Mediano| 12 [ 13 [ 14 | 15 | 16 [ 17 [ 18 [ 19 [ 20 | 21 | 22
Macro nutrients DCR half strength
Micro nutrients DCR half strength
Vitamins DCR full strength
Sucrose (%) 2 2 2 2 2 3 3 3 3 3 |3
myo-inositol (g/l) 05 05 05 05 05 1 1 1 1 1 1
CH (g/l) 05 05 05 05 05 05 05 05 05 05 05
L-glutamine (g/l) o5 | o5 [ o5 | o5 o5 [ o5 [ 05 o5 |05 ] 05 | 05
24-D (mM) 5 5 10 10 11.0 50
BA (mM) 2 2 4 4 45 20
Kinetin (m\) 2 4 43 20
NAA (miM) 1 3 5 10 05
Difco agar (%) 06
Gellangum (%) 0.18 0.18

Mediano.| 23 | 24 | 25 | 26 | 27 | 28 | 29 30 I
Macro nutrients DCR half strength DCR full
Micro nutrients DCR half strength DCR full
Vitamins DCR full strength DCR full
Sucrose (%) 3 3 3 3 3 3 3 3 2 2
myo-inositol (g/l) 1 1 1 1 1 1 1 1 1 1
CH (g/l) 05 05 05 05 05 05 05 05 05 05
L-glutamine (g/l) 05 05 05 05 05 05 05 05 05 05
24-D (mV) 50 50 50 50 50 5
BA (mM) 02 1 4 5 20 20 20 20 20 2
Kinetin (mV) 20 20 20 20 20 2
NAA (miv) 1 3 10 20
Ca-pantahenate (g/l) 05
D-biotin (g/l) 05
CM (%) 10 20
Gdlan gum (%) 0.18




Table4.2. continued

Media no. | 33 A 35 36 | 37 [ 38 | 39 | 40 41 42
Macro nutrients LPfull grength
Micro nutrients LPfull strength
Vitamins LPfull grength
Amino acids LPfull strength
Sucrose (%) 3 3 3 3 3 2 6 6 6 3
myo-inositol (g/l) 1 1 1 1 1 1 1 1 1 1
CH (g/l) 05 05 05 05 05 05 05 05 05 05
L-glutamine (g/l) 05 05 05 05 05 05 05 05 05 05
24-D (mM) 50 50 20 10 5 50 20 10 5 50
BA (mM) 20 4 20 4 2 20
Kinetin (mM) 20 4 20 4 2 20
Difco agar (%) 0.6
Gdlan gum (%) 0.18

Mediano. | 43 44 45 46 | 47 | 48 | 49 | 50 51 52
Macro nutrients BM , full strength
Micro nutrients BM , full strength
Vitamins BM , full strength
Sucroze (%) 3 3 3 3 3 2 6 6 6 3
myo-inositol (g/l) 1 1 1 1 1 1 1 1 1 1
CH (g/l) 05 05 05 05 05 05 0.5 05 05 05
L-glutamine (g/l) 05 05 05 05 05 05 05 05 05 05
24-D (mM) 50 50 20 10 5 50 20 10 5 50
BA (mM) 20 4 20 4 2 20
Kinetin (mM) 20 4 20 4 2 20
Difco agar (%) 0.6
Gelan gum (%) 0.18
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Fig 4.6. Effect of three different basal media (DCR, LPm and BM ) on the
extruson and edtablishment of embryogenic cultures of P.
roxburghii Sarg. All three basal media contained 3% sucrose +
1.0g/l myo-inositol + 0.5g/I L-glutamine + 0.5¢g/l caesin hydrolysate
+ 50mM 2,4-D + 20mM BA + 20nmM Kin + 0.18% gellan gum; i.e.
media nos. 5, 33 and 43, from Table 4.2.

(Data from collections made in Solan during May-June 1996)



Table 4.3. Effect of different media tested (Table 4.2) on the extruson and
establishment of embryogenic cultures of Pinus roxburghii Sarg. from
immatur e zygotic embryas, during the 1996 collections from Solan.

Media Collective data of total extrusons Total no. of established
no. (%) from all stages of development embryogenic cultures
of theimmature zygotic embryo
0
0
0
9.52
48.31
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Table4.3. continued

Media | Collective data of total extrusions (%) Total no. of established
no. from all stages of development of the embryogenic cultures
immatur e zygotic embryo
27 0 0
28 0 0
29 0 0
30 0 0
31 13.27 2
32 16.35 2
33 19.33 1
A 0 0
35 0 0
36 0 0
37 0 0
338 15.34 2
39 0 0
40 21.90 1
41 0 0
a2 11.45 0
43 21.25 2
44 0 0
45 0 0
46 22.15 3
47 0 0
48 17.70 4
49 0 0
50 0 0
51 0 0
52 9.46 1




4.3.2.3. Studies during the year 1997:

On bads of the dudies conducted in the year 1996 regading the bad
medun ad the choice of gowmth regulaors other physcd and  chemicd
paangeas for the induction of embryogeness were teted in the year 1997. DCR
besd medium was usad for dl the expaiments and a limited number of growth
regulator combingtions were chosen from the 1996 dudies (Table 4.4.). During
ths year, the codlecions wee made from two different locations (Solan and
Pdampur, Himachd Pradesh) a vaying dtitudes A diffaeence was dealy
evidat in the devdopmentd dages of immaure megagametophytes of  P.
roxburghii Sarg. collected from these two provenances (Tables 45. — 4.7). This
had a direct effet on the extruson "window' in the two provenances In addition
to the vaidion obsaved among the devdopmentd dages of two different
locations, vaidion was dso obsaved between two trees in Pdampur (Tebles 4.6.
& 47). Dexite thexe vaidions in the devdopmenta dages of the mauring

megagametophyte, the correct dage for extruson (Type 1, FHg. 48a), o the
“‘window' gppeared quite uniformly within 10-15 days of the fertilization.

4.3.2.4. Extrusion of embryogenic tissue and initiation of embryogeness

The fird indication of culture intigion is the extruson of immaure zygotic
emoryos through the micropylar end of megagametiophyte within 8-10 days of
cdture which wes dligening, tranducent to white (Fgs 47a & b). The
morphology of the extrusons varied and was dassfied according to Lieo ad
Amaon (19953). No dngle type of extruson wes observed to be prominent on
one paticua medium. Thus implying tha the vaiaion in extrusons is rdaed
only to the devdopmentd dage of the immaure zygotic embryo. Four different
types of extrusons were obsarved during the dudy (Fgs 48 a - d) ad among
these type Il, Ill and IV extrusons did nat gve rise to embryogenic cultures
(Figs. 4.8.b. - d.). Embryogenic cdlus that had proliferated to 1-1.5 cmin diameter



Fig. 4.7.

(a) Extrusion of immatur e zygotic embryos from the micropylar end
of megagametophytesof P. roxburghii on DCR basal medium
containing 2% sucrose, 1.0g/l myo-inositol, 0.5g/I CH, 0.5¢/I L-
glutamine, 50mM 2,4-D, 20mM BA, 20mM kinetin and 0.18%
gellan gum. The extruding tissue for msthe pro-embryogenic
mass (bar =5 mm)

(b) Magnified view of P. roxburghii megagametophyte (meg)
showing extrusion of immatur e zygotic embryos (ize) through

the micropylar end (mc) (bar =5 mm)






(FHg. 49a) was conddered as an edablished culture and was further multiplied by

Subculturing every two weeks

Table 4.4. Various media tested for the extruson and establishment of
embryogenic cultures of Pinus roxburghii Sarg. during the
1997 collections from Solan and Palampur.

M edia* D-1 D-2 D-3 D-4 D-5"
CH (o) 05 05 - 05 05
L-glutamine (g/1) 05 05 - 05 05
24-D (MM) 50 50 50 50 -
BA (mM) 20 20 20 - -
Kin (MM) 20 20 20 - -
Gellan gum (%) 018 - 018 018 018
Difco Agar (%) - 0.8 - - -

* Media D-1 to D-5 contain DCR basd sdts + 3.0% sucrose + 1.0 gI'1 myo-inogtal with
different concentrations and combinaions of growth regulaors, organic nitrogen (L-
glutamine and CH) and gelling agents (agar and gellan gum).

# Medium D-5 is the control, devoid of growth regulators.

Table 4.5. Effect of growth regulators, organic nitrogen and geling agent on extrusion

and establishment of embryogenic culturesof P. roxburghii Sarg.
(Collection — Solan, 1997)

Culturemedium (See Table 4.4.)
Collection Stage of
Dates zygotic D-1 D-2 D-3 D-4 D-5
(1997) embryo®® (control)
% Extruson + SE.
(% Established cultures) #
23-May No - No extrusions observed -
fertilizetion
31-May No - No extrusions observed -
fertilization
13-dune Ealy cdlular 4112+ 22 186+ 154 2422 +1.39 1894+ 3.13 18.04+2.98
(38 27 (0.0 4.4 (0.0)
24-June Mid 46.64 + 458 2545+ 1.37 2143+ 0.67 306+ 0.76 16.07+ 181
cdlular (20.6) (1.8 (0.0 (109 (0.0
8-duly Smooth 1422 + 1.06 22.62+0.98 164+ 22 1243+ 1.06 0.0
paraboloid (0.0 (0.0 (0.0 (0.0 (0.0

* The data is given as % extruson = SE. and the data within parentheses represents %
established cultures from the extruded embryogenic tissue




Table 4.6. Effect of growth regulators, organic nitrogen and geling agents on
and establishment of embryogenic culturesof P. roxburghii Sarg.

(Coallection - Palampur: Tree—1(T1), 1997)

extrusion

Stage of Culturemedium (Seetable4.4.)
Collection zygotic
Dates embryo D-1 D-2 D-3 D-4 D-5
(1997) (after Konar (contral)
1960) % Extruson + S. E. (% Established cultures) #
2-dune 30.03+1.68 3980+ 144 2526+ 224 570+ 116 0.0
Early cdlular (6.8) (7.7) (0.0) (0.0) (0.0)
10-dune 4910+ 3.14 3588+13 2203+164 2632+ 1.17 3294+ 1.53
Mid-cdlular (263) (16.6) (0.0) (0.0) (0.0)
17-dune Smooth 2746+ 0.72 333+ 385 30.75+ 0.67 2331+ 0.85 1476+ 1.13
paraboloid (9.5 (7.3 (0.0 (0.0 (0.0
24-dune Pre- 2948 +9.78 3346+ 101 0.0 2373+ 0.82 0.0
cotyledonary (0.0) (0.0) (0.0) (0.0) (00)
bumps
1-duly Developing No extrusions observed
cotyledons
8-duly Developing No extrusions, only germination of zygotic embryo observed
cotyledons

* The data is given as % extruson = SE. and the data within parentheses represents % established
cultures from the extruded embryogenic tissue

Table 4.7. Effect of growth regulators, organic nitrogen and gelling agents on extrusion

and establishment of embryogenic cultures of P. roxburghii Sarg.
(Collection - Palampur: Tree—2 (T2), 1997)

Stage of Culturemedium (See Table4.4.)
Coallection zygotic
Dates embryo D-1 D-2 D-3 D-4 D-5
(1997) (after Konar (contral)
1960) % Extrusion + S. E. (% Established cultures)
2-dune No No extrusions observed
fertilization
10-dune No No extrusions observed
fertilization
17-Jdune Early cdlular 39.16+0.56 41.83+ 0.80 12.6+1.08 26.3+0.15 22.12+1.06
(85) (7.3) 0.0 (0.0 (0.0
24-June Mid cdlular 41.40+1.29 3544+ 111 24.80+ 2.07 37.96+ 247 2091+ 1.89
(14.6) (14.2) 0.0 (24 (0.0
1-duly Smooth 9.03+1.78 14.90+ 0.95 0.0 1523+ 10 0.0
paraboloid (0.0) (3.3 0.0 (0.0 (0.0
8-duly Deveoping No extruson
cotyledons

* The data is given as % extruson + SE. and the data within parentheses represents %
established cultures from the extruded embryogenic tissue



Fig. 4.8. Different types of extrusons observed during embryogenic culture
initiation of P. roxburghii (bar =2 mm)
(@) Typel extrusion: proliferates and givesriseto embryogenic cultures
(b) Typell extruson: with individually proliferating embryonal heads
() Typelll extruson: cdl mass pushed away by the cord-like formation of
suspensor
(d) Type IV extruson: showing early cdlular stage zygotic embryo with

thread like suspensor
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It is notable tha only the type | extrusons (Fg. 4.8a) survived, proliferated and
eddblied as embryogenic caltures The prdifeding codls in the embryogenic
mass in pines ae genadly the suspensor cdls (Attree and Fowke 1993, Becwar et
al. 1983, Gupta and Durzan 1987a). Hg. 49b shows initid somaic embryos
sparaed out from embryogenic mess Apat from a suitéble media compostion
(besd Ats growth regulators, organic nitrogen, and gdling agent), the induction
ad proifeaion of embryogenic mass was obsved to be sengtive to
temperaure. The proliferdion was best obsaved a 20°+2°C and an increese in
temperaure by 3°-4°C was abolutdy detrimentd for the proliferating  cultures
(detallsin chepter 5, section 5.3.1.2.)

The extruson ad edablisment of embryogenic mess is  compledy
Oependent on the collection of cones a& the corect dage of the immature zygotic
embryo. As it can be dealy obsaved from the present dudy tha the time of
mauration of cones vaies not only within the locations but dso within the trees
in one location (Tables 45-4.7. and Fig. 4.10). The collection schedule has to be
vay wdl reguaized to obtan maximum numba of wdl-established embryogenic
cdtures. From the 38 edablished embryogenic cultures from the 1996 cdllections
(Table 43) and a totd of 84 edablished cultures from the 1997 collections
(Tébles 45.-47), only three cdl lines viz, R-1, R3 and R-29, wee sHected
anong the dffaent cdl lines tha ae presently beng mantaned on the same
intiion medum and cadtures ae bang utlized for mauraion dudies These
three cdll lines proved most responsve to maturation trestments (Table 4.8.).

The advanced codlular dages of zygotic embryos only (Type | extruson)
produce embryogenic cultures and even the type of extruson is very much dmilar
anong dffaat locdions In the Type IV extrusons the zygotic embryo is of
vay ealy odluar dage, and unable to give rise to the embryogenic cultures
Smilaly, in Type Illl exruson, the 2zygotic embryo has maured to an ealy
gnooth pardbolod dructure and thus unddle to repond and give rise to

embryogenic tissue



Fig. 4.9. (@) Praliferating embryogenic culturesof P. roxburghii (bar =1 cm)
(b) Embryogenic culturesof P. roxburghii kept for pre-treatment
(prior to the maturation treatment) on DCR basal medium with
2% sucrose, 0.1g/l myo-inositol, 0.5% activated charcoal and
0.18% gellan gum



Fig. 4.9.



4.3.2.5. Sudiesin the year 2000:

In the year 2000, collections were done from three sdected trees (T1, T2
and T3) in Pdampur, Himachd Pradesh, and the extruson daa is presented in Fg.
410. Only saven out of the 410 extrusons edablished as embryogenic cdl lines
Mgority of the extruded odl masses faled or quckly ceesed to proliferate in
ubssgquent  incubations as obsarved in the previous dudies dso. This indicates tha
a gened low dfidency (1235% extruson and 0211% embryogenic culture
edablishmet in the yer 2000 dudies) of culture initigion in chir pine is not due
to lack of sutade culture conditions indead it dgnifiess dage edfiaty and the
genotypic  dependence of the reponse The saven cdl lines were labded as
follows T10614, T10620, T10622, T10704, T20617, T20627 and T30622.

Number of extrusions

Fig 4.10. Number of extrusons observed from megagametophytes among
three trees (T1, T2 and T3) during the callection from Palampur,
Himachal Pradesh (from June 14, 2000 to July 4, 2000). Out of a
total of 3305 megagametophytes inoculated, 410 extrusons were
observed and only 7 embryogenic cell-lines wer e established.



A dmila dedine of gronth in the initiled cultures of dash pine hes ds
been reported by Liao and Amerson (19958) and Newton et al. (1995). Smple and
deavage polyembryony resuts in formaion of multiple zygatic embryos in pines
(Sngh  1978). Smple poyembryony reslts in fatiliztion of more then one
enmbryo ad fomdion of gendicdly diffeeent proembryos  Cleavage
polyembryony on the other hand, produces identicad proembryos (Maheswai ad
Kona 1971). Fnes typicdly have two to five egg cdls per ovdle If an ovule has
two eyg cdis tha ae fatilized and the reating zygotic embryos undergo
deavage, then the owvule will contan eght devdoping embryos with two different
ganotypes. Becwar et al. (1991) dudied this agpect and showed that it is possble
to initie embryogenic tisie from more then one zygotic embryo of a lobldly
pine seed and thet the resuiting cdll linesmay be gendticdly different.

All the odl lines that were inititled during our dudies ae now being teted
for dfident devdopment of somdic embryos and scding-up in bioreactor. For the
ful utilization of the efforts teken to etablish embryogenic cdl lines it becomes
vay much essentid to preserve the embryogenic cultures not only by continuous
sb-culturing, but dso by ayo-dorage Thee agpects will be discussed in deal in
the next chapter.

4.3.3. Pre-maturation and matur ation treatments

For promating mauraion of somaic embryos in conifer  embryogenic
adtures, the immaure somatic embryos mud be shifted from an environmet that
promotes deavage  polyembryony  (auxin,  cytokinnk and  low  ognatic
concentrations) to one containing ABA ad, idedly rassd osmaotic concentraions
(Attree and Fowke 1993). Effects of ABA and gdlan gum were teded in the initid
dudies (in the years 1996-97, 1997-98) with three cdl lines (R1, R-3 and R29) on
the maurdion of somdic embryos Initid expeiments suggest that a combinaion
of 30nM ABA with 0.25% gdlan gum, among the vaious combindions tested,
was best quited for the maturation of sometic embryaos (Table 4.8.). Klimaszaweska



Fig. 4.11. (a) Embryogenic cultureof P. roxburghii on maturation medium
containing DCR basal salts, 0.1g/l myo-inositol, 3% maltose,
30mM ABA and 0.25% gellan gum (bar = 5 mm) (developing
somatic embryos are marked with arrows)

(b) Stage D somatic embryo of P. roxburghii: globular head (h) and
suspensor s (sus) (bar = 1mm)

(c) Cotyledonary stage somatic embryos of P. roxburghii on
maturation medium (bar =2 mm) showing developing
cotyledonary bumps (cot) on the embryo head (emb)
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Fig. 4.11.



and Smith (1997) reported the use of very high concantration of gdlan gum (1%)
and ABA (120nM) auitable for P. strobus somdic embryo mauraion. Thee ae
mixed repots for the medium suitable for meturdion in Pinus species, but the role
of ABA in the normd devdopment is fully edablished (Attree and Fowke 1993).
Somaic embryos resambling dage D zygatic embryos (with smooth  paraboloid
shaped head) can be seen devdoping in Fgs 4.1la and b. The prominent head
with pre-cotyledonary bumps or smdl cotyledons (Fg. 411c and Fg 4.12a),
and hypocotyl with a devdoping radide can be dealy obsaved in Fogs 4.12b.
and d. Ruly devdoped somdic embryos ae formed on separding out from the
cdlus and culturing them on medium devoid of growth regulators (FHg. 4.12.d.).

It was laer redized that for the normd devdopmett of somatic embryos it
is aolutdy essntid to fird creste conditions unauiteble for proliferation of the
embryogenic culture before subjecting them to maurdion tresments For  this
purpose, vaious pre-maurdion tresments wee gven to the embryogenic
cultures (Table 4.9). The cultures were incubated on media devoid of any growth
reguiaors for different periods The best pretreatment response for the normd
devdopment of somdic embryos was found to be culturing for 3 wesks on DCR
basd media supplemented with vey low concentraions (5niM 2,4-D, 2niM BA
and 2nM kin) of growth regulators and 3% sucoe Only codl line T20627 was
teted for this expaimet and the results can be obsarved in Table 4.10. McKerse
et al. (1995) have discussd in detall the importance of tissue culture procedures
necessaay to produce dry quiecet somaic embryos to achieve synthess of
Storage reserves and acquistion of desiceation tolerance.

It was generdly noted for the codl line that had been continuoudy sub-
cultured from the 1997 dudies (R-29), required 6-7 weeks of pre-treesment before
giving the maurdion tretment. Wheess, the cdl line (T20627) from the 2000
dudies showed best response dter culturing for 3 weeks on media with low leves
of hormones (Teble 4.9). Induson of mdtose and PEG in the mauraion medium
did improve the effidency and qudity of the somatic embryas as compared to the



Fig. 4.12.

(a) Magnified view of cotyledonary stage somatic embryo of P.
roxburghii (bar =2 mm)

(b) Wdl formed cotyledons (cot) and developing root initials (ri) in
the somatic embryo of P. roxburghii (bar =2 mm)

(c) Abnormal somatic embryo of P. roxburghii showing development
of only the cotyledonary ring (cot) (bar =1 mm)

(d) Well formed somatic embryo of P. roxburghii on germination

medium — DCR basal medium (1/4), 2% sucrose and 0.5% activated

charcoal (bar =5 mm)
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Fig. 4.12.
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mauraion dudies conducted in 1997. The bet reyponse was

ahieved on DCR besd medium (hdf grength) supplemented with 3%

mdtosg 10gl myo-inogtol, 30nM ABA ad 025% gdlan gum (Tade

49). This was after a pre-trestment for 3 weeks on low hormone medium.

ABA has ben found to be inhibiting deavage pdyembryony and

promoting the synchronous mauration of somdic embryos of many conifer

species (Attree and Fowke 1993).

It has ds0 been obsaved that the type of osmoticum usad in conjecture
with  ABA profoundly dffects the devdopment of conifer somdic embryos Thus
gdmple sugars and <dts ae not dways fective as high molecular waght osmatica
such a polyehylene glycd (PEG) ad dextrans (Attree et al. 1991). In conifer
somaic embryogeness it is a common practice to redrict the wae avalaility by
expodng embryogenic tise to maturdion media of high osmoldity (low y).
However, the responses of different confer goedies vay when exposed to the same
lute. Mdtose is reported to be supeior to sucrose and glucose in mauration of
Abies nordmanniana and Pinus taeda somdic embryos (Norgaard and Krogstrup
1995, Li and Huang. 1996). On the contrary, high sucrose leves (0.2-0.4 M) have
been usd dfectivdy to increese osmoldity in Picea glauca, Picea mariana, Larix
hybrids and Larix laricina  cultures (Lu and Thorpe 1994, Chdigk ad
Klimaszweka 1991, Ldu et al. 199a & 1994b, Klimaszweska et al 1997). PEG
(molecular weight 4000 and higher) has dso been used by Attree et al (1995) for
P. glauca somatic embryo maturation.

In Pinus taeda and Abies normanniana, a combinaion of mdtose and PEG
was mod bendfidd in exeting somatic embryo mauraion frequency (Norgaard
1997, Li et al 1998). However, the ue of PEG in maurdion of Larix laricina
(Klimeszweska et al. 1997) and Picea abies (Bozkhov and von Arnold 1998) wes
Oetrimental to embryo germingtion. In chir pine too, the use of PEG in mauraion
did not have awy podtive effet on the mauration or germingion of the somdic
embryos (Table 4.10)).
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Table 4.8. Effect of various maturation treatments on three established embryogenic
cel lines (R-1, R-3 and R-29) of P. roxburghii Sarg. from 1997

collections. The embryogenic culture clumps were first transferred to
hormone free half-s¢rength DCR basal medium for one week before

transferring them to maturation media.

Embryogenic cell lines

M edium* R-1 R-3 R-29
10MM ABA + 0.18% 54 (4)" 46 (0) 3(2
gdlangum
30mM ABA + 0.18% 45(7) 3B©Q) 47 (4)
gdlan gum
30MM ABA + 0.25% 3B (13 47 (8) 52 (18)
gdlan gum
0.30% gdlan gum 28 (0) 35(0) 42 (1
Control 0(0) 0(0) 0(0)

* Media contains DCR basd sdts (hdf strength) + 2% sucrose + 1.0 ¢/l myo-inositol

#

Data represents number of clumps of embryogenic cdl lines cultured on different media

combinations and data within parentheses represents the number of cdumps  of
embryogenic  tissue showing smooth paraboloid-shaped somatic embryo  formation.
(Weight of each dlump of the embryogenic mass varied from 320-550 mg)

Table 4.9 Various pre-treatments given to the embryogenic cultures of Pinus
roxburghii Sarg. (cel line T20627 from year 2000 collections from

Palampur) before transferring to matur ation medium

S.No. Pre-treatment medium* Incubation period
(weeks)
1 * 1
2 2
3 3
4 ” 6
5 * + 0.5% activated charcod 1
6 ” 2
7 3
8 ” 6
9 * +57M 24-D + 21 BA + 27M kin 3
10 i 6
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* DCR basd medium (haf) + 2% sucrose + 1.0g/l myo-inositol + 0.25% gdlan gum

Table 4.10. Different maturation treatments tested after the pre-treatments (Table
4.9.) to the T20627 embryogenic cell line of Pinusroxburghii Sarg.

Maturation Pre-treatments 1123|456 |7[8]9]10
Medium @ § —
1 | 30nM ABA + 3% maltose - o[ o240 0[O0[15B[3B] 9
2 | 30MM ABA + 3% mdtose +| © 0 0 7 0 0 O|l1n|f12| 0
5% PEG
3 | 30"M ABA + 6% mdltose cjojpojpop0op0p0y0p040
4 |30MM ABA + 3% mdtose +| O | O | 0 0 016
10% PEG
5 | 60nM ABA + 3% mdtose oj(ofojpojpojpopo0po0yjo, 4
6 | 60MM ABA + 6% mdtose o|lo|ofloflo|]oOo|O|]O]|O]| 7
7 | 30mV ABA + 5% PEG o|lo|ofloflo|]Oo|O|O]|O]|oO
8 | 30mMM ABA +10% PEG 010100} 03030303100
9 | 30mM ABA + 3% sucrose cjojpojpopoypo0p0} 0040
10 | 3% sucrose o|lo|ofloflo|]oOo|O|]O]|O]|oO

@ DCR basd medium (hdf drength) + 1.0gl myo-inostd + 025% gdlan gum +
supplements

* Daa represents number of clumps (out of a totd of 48 cdumps per trestment) forming
somatic embryos with emerging cotyledonary bumps, after 8-10 weeks of incubation.

4.3.4. Germination of somatic embryos

After the agppearance of the cotyledonary bumps and the root initids, the
somaic embryos were subjected to patid dedccaion treatment by leaving them
open in derile pari-plae in the laminar arflov for 2-3 hours The somadic
embryos were kept for gemingtion on DCR basd medium (hdf drength) with 2%
sucroe, 05% ativaed chacod ad 025% gdlan gum. The cotyledons
devdoped within 3 wesks on geminaion medium and root formation took place
within 5-6 weeks (Fg. 4.13a). The dongdion of the shoot gpex was observed in
2 out of 6 somdic embryos tha geminated (Fg. 4.13b). The pecentage of
gemingtion of the somaic emblings was found to be low. Only 6 out of 37
somaic embryos weae ale to geminade Abarait embryo gamindion paterns
such as formetion of cotyledonary whorls, absence of shoot gpicd merigems and
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Fig. 4.13.

(a) Somatic embling of P. roxburghii (after 6 weeks on germination
medium)

(b) Somatic emblings of P. roxburghii (bar =1 cm)
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root intids wee dso visble (Fg 4.12c). Precocious gamindion of
somatic embryos was dso obsarved to be acommon fegture

This may be caussd due to improper dedccaion or maurdion trestments
Dedccation of somatic embryos has been reported to play a mgor rde in normd
devdopmett and growth of the somaic emblings (Robats et al. 1990, Attree et al
1991). Thexe tredments am a reducng the wae ocontet in the embryo tissues
andlor completing the mauraion process In P. drobus, it has been proved
(Klimeszweka and  Smith 1997, Klimeszweska e al. 2000) tha  high
concatraion of gdlan gum o agar was bendfidd for redudng the water content
of the maure somdic embryos thus diminding the need of patid desccation.
The embryogenic cgpecity of odl lines tha have been continuoudy sub-cultured
for over three years was obsarved to be diminishing, which may be ancther cause
of @norma embryo sructures goart from somaclond variaions.

4.35. Conclusons

Fom owr dudies it can be cdledivdy conduded that it is possble to
induce somatic embryogeness from immeture zygatic embryos of chir pine ad is
gmilar to the deavage poyembryony obsaved in naure The ‘window' or the
corect dage of the zygotic embryo is the midde odlular dage, where the embryo
has not deveoped into a snooth paraboloid dructure It is dso posshble that the
time when a number of embryos are compeling and only one outgrows the others
this ‘embryo rescué like gStudtion leads to induction of somdic embryogeness in
vitro. Further dudies for beter underdanding of the devdopmentd process ae
esatid to fully asoatan the bet media supplements and culture conditions for
the mauraion of somdic embryos in oder to obtan the optimum converson
percentage, to maximize the embryogenic potetid axd nomd devdopmet of
somdic embryos into platiels. The premauraion and desccation trestments are
caiticd dages dtar uccessful  edablisment of  embryogenic  tissue  for  the
deved opment of somatic embryosto plants
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The fodlowing important obsavaions wee made duing the present
dudies

Immature zygotic embryos of chir pine were obsarved to be auitdble for the

induction of somatic emrbyogeness

Mature zygotic embryos gave rise to non-embryogenic calus

The induction of somdtic embryogenesis from immeture

megagametophytes is extremdy spedfic to the devdopmentad dage of the

immeature zygotic embryo.

The devdopmet of embryo differs within differet locations and as wdl as

among trees within the same location.

DCR besd medium was obsaved to be mos suitdble for the induction of

embryogeness

A ocombingion of 24-D (50nM), BA (20nM) and kin (20nM) with 2%

sucroe, 109l myo-inogtal, 0591 CH, 059l L-gutaming 018% gdlan

gum a a pH of 58 before media derilization was found to be bet for the

induction aswel as praliferation of embryogenic tissue of chir pine

The mophdogy of the extruson of embryogenic tissue from within the

megagametophyte was obsarved to be dependent on the stage of the zygatic

embryo development.

Four types of extrusons wee obsaved and only Type | extruson was

cgpable of proliferation.

Apat from the media the proliferation of embryogenic cdl lines was dso

observed to be sengtive to temperature.

Three odl lines from the years 1996 and 1997 dudies (R1, R-3 and R-29)

and saven from the year 2000 studies () are being maintained.

Gangdly, the frequency of edruson ad embryogenic  culture

establishment was observed to be very low.
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Shifing the embryogenic adtures from proiferdion medium to  hormone
free medum (or a medum with low levds of growth regulaors) was
essentid for hedthy devdopment of the somatic emblings

The somdic embryos gaminaded &t patid dedccaion on DCR  besd
medium with 2% sucrose, 0.5%ectivated charcod and 0.25% gellan gum.

Aberrant somatic embryos were aso obsarved during the germination.

Regularization of oollection schedules for optimd culture establishment is a
mus and for tha a sound knowledge of the embryodlogy of pines is
esntidl.

Part of this work has been presented and published as:

Mathur G., von Arnold S., Nadgauda R.S.: Somatic embryogenesis in Chir
pine (Pinus roxburghii Sarg.)
Abstract In: Eighth Meeting of The Conifer Biotechnology Working
Group, Douglass College Centre, Rutgers University, New Brunswick,
New Jersey, USA, during June 7-11, 1998.

Mathur G., Nadgauda R.S.: Somatic embryogenesis in Chir pine. Paper
presentation and abstract In: International Tree Biotechnology
Meeting held at National Chemical Laboratory, Pune, during November
17-19, 1999.

Mathur G., von Arnold S., Nadgauda R.S.: Studies on somatic
embryogenesis from immature zygotic embryos of chir pine
(Pinus roxburghii Sarg.).

CURRENT SCIENCE (2000) 79 (7): 999-1004
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CHAPTER 5

Studies with the embryogenic cell lines of Pinus roxburghii Sarg:

(i) Scaling-up in bioreactor and, (ii) Cryopreservation

5.1 Introduction

5.1.1. Growth studies of embryogenic cultures

For economicd, large-scde propegaion of plats somatic embryos of
many woody pedes have been grown as sugpensons whee the growth is more
rgpid than on agar lidified medium (Tautorus and Dundan 1995). The full
potentid of somdic embryogeness will only be exploited by devdoping rdicble
methods for suspendon cultures of embryogenic odl maeses (Nishimura et al.
1995). The unique &hility of coniferous embryogenic codls for repditive formetion
of proembryos and thar gendic and embryogenic dability, meke thee sydems
paticulaly suited for suspendon culture (Krogsrup 1990). The expeimenta time
in sugpendon cdtures is less compared to 0lid medium culture and it even
reduces the vaiaions caused by gradiets of chemicd and physcd fadors
Addtiondly, suspenson cultures ae an excdlent source of protoplasts, and can
dso be can be usd in bioreectors for low-cog multiplication process (Denchev et
al. 1992, Nishimuraet al. 1995)

Embryogenic  sugpenson  cultures have been repoted in a number  of
conifers like Picea abies, P. glauca, Pseudotsuga menziesi, Pinus stchenss, P.
srobus and P. glauca but only a few of these dudies contan quatitaive daa
(Kroggrup 1990, Lulsdorf et al. 1992, Tatorus e al. 1992). It is essentid to be
ae to quatify the parameters for growth and devdopmet in order to utilize the
embryogenic  suspengon  cultures as a conddet and reproducible  regeneraion
sydem in abioreector.



In the presat dudy, effots have been made to edablish embryogenic
sugpenson  cutures of P. roxburghii  Sarg. Vaious growth paanges were
invesigated for optimd growmth of the embryogenic tisue in flasks and in
bioreector. The mantenance of homogendgty in the culture medium, larger
woking voume and, contrd over cautwrd and physcd ewironment for optimd
gowth, are few of the many advantages of growing plant tissuesin bioreactors

5.1.2. Cryopreservation

Mantaning embryogenic cultures of pines or any other plat spedes for
long a period may cause the tissue to lose the embryogenic cgpecity and adso may
induce somedond  varidions during subculturing. Thee problems can be emly
overcome by ayopresavaion of cultures in liquid nitrogen (Bgg 199%5a &
1995¢).

Along with the progress in somdic embryogeness dudies in pines (Attree
and Fowke 1993, Gupta and Grob 1995, Timmis 1998), there has ds0 been
ggnificat work conducted and reported for the ayopresarvaion of the following
pine spedes Pinus caribaea (Lane et al. 1992), P. patula (Ford et al. 2000), P.
gylvestris (H&ggmen et al. 1998) and P. taeda (Gupta et al. 1987). In dl the aove
mentioned  reports,  the re-growth cgpadity of the cyo-dored cultures and ther
morphology has been compared to the nonfrozen cultures, except for the work by
Hégmann and co-workers (1998) who have adso checked the gendic fiddity of the
ayopreserved P. sylvestris embryogenic  tissue Cryopresarvation and the use of
biochemicd and miecular makeas for teting the gendic homogenaty hes d<0
been reported ealier in other conifer genera viz. Picea (Esgman e al. 1991,
Fourre et al. 1997, Isabd et al. 1993) and Larix (DeVeno et al. 1994).

The presat dudies weae undeteken with the am of optimizng the
cyoprotectant  trestments necessay  for  the embryogenic  chir pine cultures to
auvive the ayo-sorage ad for this purpose initidly the cultures were dored for



only 72 h in liquid nitrogen. Thexe resllts ae importat for the planing of the
long-term cryopresarvation udies that are presently underway in our laboratory.

5.2 Experimental procedure

521 Growth gudies for scaling-up embryogenic cultures of P. roxburghii

Sarg. in bioreactor
5.2.1.1. Suspension cultureinitiation and maintenance:

Vigoroudy gowing embryogenic autures of Pinus roxburghii Sarg. were
utilized for iniging sugpendons  Ligud prdifergion medum (40 ml) (DCR
besd medium supplemented with 2% sucrose 10gl myo-inostol, 0591 CH,
059l L-gutamine 50 2,4-D, 20nM BA and 20nM kin, ph 58) was taken in
jam bottles and it was inoculated with 8-10 g of 2 wk old embryogenic tisue The
cdls of the tisue weae sgpaaed by pumping, usng a 1 ml auto-pipette with a
wide cut tip (fo ensure the segpardion of cdls aggregaes without any damage).
Bdore udng this sugppendon for inoculding the 250 ml Erdenmeyer flaks the
stled codl voume (SCV) wes messured in a deile messuring tube SCV  wes
noted ater a fixed time peaiod of 20 min throughout the dudies Embryogenic
sugpendon was added a a culture dendty of 25100 (25 ml of stled cdls mede
upto 100 ml vA).

For initiging sugpendon cultures, 30 ml proliferation medium was teken in
250 ml flasks and additiond 30 ml medium was added to it after 14 days to meke
up the totd volume to 60 ml. After another 14 days 30 ml medium was replaced
with fresh medum and this continued till the SCV increassd by 400-500 percent.
Thee suspengons weae used for mauration dudies bioreactor inoculdion  and
gowth dudies Growth curve was plotted, by checking SCV every 5 days for 7
weks. The mophoogy of the embryogenic suspenson cultures was do
continuoudy monitored.



5.2.1.2. Effect of initial inoculum:

Diffeet amounts (ml. SCV VvA) of embryogenic tissue were cultured in
20 ml Erdenmeye flaks as metioned aove and the initid sugpenson culture
dendties were adiused to a find voume of 30 m a fdlows 5100; 15:100;
25100 and 40:100 (viv). The growth of suspensons was messured as dove and
readings were noted every 5 daysfor 4-5 weeks.

5.1.2.3. Effect of temperature and pH:

Embryogenic  cultures growing on sami-olid medium (DCR basd  medium
supplemented  with 2%  sucrose, 109l myo-inogtol, 0591 CH, 0591 L-
gutamine 50nM 24-D, 20nM BA, 20nM kin and 0.18% gdlan gum with a pH
58) in peri-plaes wee utilized for this dudy. The growth of embryogenic tissue
was monitored as peacet increese in fresh weght. The tissue was placed on a
deile Whaman pgper disc in the peri-plae containing proliferaion medium to
fadlitate in the waghing of the prdliferating emrbyogenic culture

To obsave the dfect of tempeaure on the proiferdtion of the
embryogenic tissue, it was incubated a& two different temperaures, 22°+ 2°C and
25°+2°C. The incree=e in fresh weght of the tissue was checked evary 5 days for 4
weks. The dfect of pH on the growth of the embryogenic tissue of Pinus
roxburghii was obsaved by caultuing on proiferdion medium (as above) a
different pH, 4.6, 50, 54, 58, axd 6.0. The pH was adjused before Serilization of
the medum. The growth wes monitored as inceese in fresh weght (same as
above). Hve s#s emrbyogenic cultures were used for each tretment and the
expaimets wee repegted twice before the percent (average) increese in fresh
weight and sandard devidion (SD.), were caculated.

5.2.1.4. Bioreactor setup and maintenance:
New Brunswick dir tank fementor was utilized for the purposs, which hed
a danles ged jacket and a one litre glass vesH agitated by flaa blade impdlors
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Fltered (through 0.22mn filter) ar was pumped into the vessd by a conpressor to
control the dissolved oxygen (DO) concentration. Probes for dissolved oxygen, pH
and tempeaaure wee ussd for monitoring these parameters throughout the Studies
(Fig. 5.6.b)).

A drculating waer bath was connected to the jacket of the culture vesd
for mantaning the tempeaure a 22°+2°C. Initidly, only baich cultures were
ud for dudying the growth kingics and biomess yidds The bioreactor dong
with the pH probe was deilized (& 15 Ib. in? (121°C) pressure for 1 hour.)
before the addition of gerile praliferation medium and the inoculum.

Embryogenic cultures growing in flasks were ussd as inoculum (25100
culture dendty) for the bioreector and congat monitoring of the pH, temperaure
and DO was conducted. Culture samples were routindy dravn out to obsarve the
morphology of the growing somaic embryos

5.2.2. Cryopreservation of P. roxburghii Sarg. embryogenic cultures
5.2.2.1. Plant material:

Embryogenic cultures of Pinus roxburghii Sarg. were initided by culturing
immaure  megagametohytes as desribed in Chepter 4. Embryogenic  cdl  line
T20627 from the yer 2000 collection (Chepter 4, Section 4.325), was utilized
for dl ayopresavdion expeiments The cultures were mantaned on DCR basd
medium supplemeted with 2% sucrose, 1.0gl myo-inositd, 0591 CH, 0591 L-
dutaming 50mMM 24-D, 20nM BA, 20nM kin and 0.18% gdlan gum. The pH of
the medium wes adjusted to 58 prior to autodaving. The cultures were incubated
a 22°+2°C in dark and subcultured every three weeks.

5.2.2.2. Pre-treatments:

The man am of this expgimat wes to deermine the optimum pre
tretmet of ayoprotectants for the embryogenic cultures to survive the freezing
in ligud nitrogen. Different concentrations of sorbitdl and  dmethyl  sulfoxide



(DMSO) were tesed for this purpose. Three to four grams of freshly subcultured
embryogenic tissue (2 wesks dter lag subculture) wes precultured in 40 ml liquid
proliferaion medium (same & in sedtion 5221) in cature botles These
sugpengon cultures were placed on shaker (100 rpm) in dark a 22°+2 °C. For the
ayopregvaion dudies  only  vigoroudy  growing  embryogenic  culture
(exponentid growth phas®) were utilized, thus embryogenic tissues wee used
after 2 weeks of lagt subculture (normd subculture time being 3 weeks).
Sx pretretments with cyoprotectants were teted usng <sorbitol  and

DM SO dong with the controls

(a) 0.3 M sorhitol +5 % DMSO

(b) 0.3 M sorhitol + 10 % DM SO

(c) 0.5M sorhitol + 5% DMSO

(d) 0.5 M sorbitol + 10 % DMSO

(e) nosorbital + 5% DM SO

(f) no sorbitol + 10 % DM SO.

The controlsinduded:

0] no pre-trestment (P-T), no dow freezing (SF), no liquid nitrogen (LN)

(i)  noP-T, SF conducted, no LN

@iii)  noP-T,no SF, keptinLN

(iv) P-Ts(a—f), conducted SF,noLN

(v) P-Ts(a—f),no S keptinLN

(vi) P-T (8, SF conducted, kept in LN, regrownth without washing off
cryoprotectants

(vii) embryogenic cultures that were not subcultured for more then 5 weeks
P-T (c), conducted SF, kept in LN.

Ten replicates were teded for each pretretmett and five each for the
controls and the experiment was conducted twice.
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For the pretreamet involving sorbitod and DMSO, cultures were fird
primed with sorbitol for 24 h before adding DMSO. Fom 4M filter derilized
dock solution, sorbitol (Hi-media, India) was added ten times over a peiod of 30
min to give a find concentration of 0.3M or 05M. The cultures were continuoudy
and geattly agitated during the addition of cayoprotectants and the cultures were
then incubated on shaker. On day two, culture bottles were kept on ice during the
trestment with DMSO (Sgma Chemicd Co., USA), which was dso added to the
cultures ten times over a paiod of 30 min to give a find concentration of 5% or
10% (viv) (Ford et al. 2000). All pretrestments were done in derile conditions in

laminar arflow.

5.2.2.3. Cryopreservation:

Cryomeda , a programmeble controlled-temperaure  cooling chamber  was
usd for dow freezing the tissues till 50 °C. The pretrested tissues were
digoensed (15 ml each) in Ndgenea ayo-vids and wee kept on ice for 2 h
before dow freezing. Theedter, the vids wee trandared to ayo-canes just
before dow freezing protocol, which was as folows hod a& — 1°C for 5 min, dow
freeing @ — 0.3°C/min to —16.5°C, hold a —16.5°C for 15 min, dow freezing @ -
0.3min tll — 35°C, freeing @ — 25°C/min to — 50°C (pasond communication
with Prof. Sara von Armodd). The canes contaning the vids wee then plunged
immediatdy in liquid nitrogen and removed &ter 72 h.

5.2.2.4. Thawing and re-growth:

Thavmng of the ayo-dored tissue was done dter removing the ayo-vids
pacdng the ayo-vids for 2-3 min in Magataa jas contaning deile wae a
45°C. The vids weae then washed in 70% ehand and trandfered to jas
containing derile waer kept on icg till they were poured out for re-growth. The
thaved tissue was poured on Whatmen filter pgper no. 1 discs (45 mm diande),



and excess supandant was filtered out usng vecuum. The tisue was washed with
liqud DCR basd medium (without growth regulators) before placdng the discs on
fresh <olid proifegtion medum in Laxtbroa deile peri dides 55 mm X 15
mm). The cultures wee trandared to fresh medium dter 24 h, then subcultured
every week.

5.2.2.5. Viability assay:

Huorescent  dan, fluorexcan diacdtae (FDA) (Sgma Chemicd Co, USA)
was used to ted the viability of the ayopresaved tissue (Hagmann et al. 1998,
Widholm 1972). A 05% dock solution of FDA was prepared in acetone and
dored in refrigaator. Some of thaved cdture (20030 mg) was havested
immediady dte thaving in a 15 ml Eppendof tube ocontaning 800m liqud
medum, to which 20mk FDA was added from the dock (find concentraion of
005 % FDA) and the daned tisue was obsarved under UV light usng Zess
Axioplan2 micrascope.

5.2.2.6. Analysis of growth:

The daa was collected as the increese in fresh weight of the cryopresarved
tisue kept for regronth on proiferation medium. The readings were teken,
dating on day zeo and then & weekly intevas for 5 wesks The re-growth of the
tissue was caculaed as % increase in fresh waight (Wi) (Laineet al. 1992):

W, =w, —w, X 100 (w; =weght onday i, w, = weight on day zero)
Wi

Sandad deviaion (SD.) wes cdculaed for the % inceese in fresh weght for
each trestment and the controls.



5.3 Reaults and discussion

531 Growth dudies for the scaling-up of embryogenic suspenson cultures
of Pinus roxburghii Sarg. in bioreactor

Somdic embryogeness of oonifes has opened up new avenues for
redizng ad implemeting biotechnologicd  advencements  for  dond  forestry
(Dungan 1988, Gupta 1983, Gupta et al. 1991, Gupta et al. 19933 Gupta et al.
1993b, Wdter et al. 1998). Today in severd countries dond propagation of
conifes is manly caried out & a vay lage scde by usng good qudity somatic
embryos (Adams et al. 1994, Attree and Fowke 1993, Gupta et al. 1991, Gupta et
a. 1993p). Tissue cuture of pines is ill in its infancy in India ad only few
reports of research in this aea ae avalable dnce the initid ressach reports by
(Bhatnegar et al. 1983, Konar 1980, Mehra and Anand 1993) and recently, by two
groups, eech from Nationd Chemicd Laboraory, Pune (Mahur and Nadgauda
1999, Mathur and Nadgauda 2000, Nadgauda et al. 1993) and, Forest Research
Inditute, Dehradun (Arya et al. 2000). Somatic embryogeness has been proved to
be an indigpenssble technique for mass propagetion and improvement of a large
number of plat species notably for conifers (Bgg 1995b, Jan 1999, Kendurkar
et al. 1995, Guptaand Grob 1995).

Embryogenic cutures of chir pne ae bang mantaned and iniid dudies
were conducted with respect to physcd and chemicd paamgeas of growth,
necessay for scdingup of these cultures in bioreector.  Growing  embryogenic
cutures in bioreactor will not only be used for produdng lage numbers of
somdic embryos, but dso will ensure a continuous harvest (Tautorus and Dundan
1995). Physcd paamdes like pH and temperdure, initid inoculum densty and
chemicd oondituents of the medium, need to be optimized before the culture is to
be gronn in a bioreector. The present dudies highlight the importance of some
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paandes esatid for optimd growth and scding-up of embryogenic cultures of
chir pinein bioreactor.

It is necessay to devdop rdidble methods of sugpenson  cultures  of
embryogenic  tisues in oder to obtan maximum advaitage of  somaic
embryogeness technique and scde-up the technology for mass production. The
repeliiveness and dablity of the oconifer embryogenic mess mekes it an ided
gydem for growing as suspendon culture There ae a number of advantages that
ugpenson  adtures  offr over  adtuing on sami-lid  medium.  Frdly, it
accderdes the expaimentd reponse time and reduces the vaidion caused by
gradients of chemicd and physcd factors Secondly, it provides an ided sydem
for protoplag isolation and dso can be used for lod cogt dond propagaion usng
bioreactors and automation (Krogstrup 1990, Tautorus and Dunstan 1995).

Bioreactors ae now beng widdy ussd for sding-up of conifer somdic
embryos as it dealy offers the cgpdbility of rgoid growth, maturation, converson
and ddivey of somdic emblings (Gupta et al. 1993b, Gupta and Timmis 1999,
Tautorus and Dundan 1995). Introduction of bioreactor culture for scding-up of
sanddwood somatic embryos by Bapa and co-workers (1990) has dready given
the nesded impetus and opened up new vidas by demondrating the potentid of
this technique for dond forestry in India (Bapat 1995). Modly, the physicd
paaneeas like pH ad tempeadure initid inoculum dendty and media vesHd
raio etc, need to be optimized before the culture is to be grown in a bioreactor
and kesping this ojective in mind, the present investigation was undertaken.

5.3.1.1. Effect of initial inoculum on the growth of suspension culture

Sudies with the growth of odl sugppendons among conifers have modlly
been conducted with embryogenic cultures of goruce (Attree et al. 1994,
Krogsrup 1990, Lulsdof et al. 1992, Tatorus et al. 1992 & 1994). Wheress,
reports on gronth dudies with embryogenic suspenson  cultures of  pines s
sparsdly documented (Finer et al. 1989, Smith et al. 1991).
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The growth curve of embryogenic cultures of chir pine was plotted by
checking the sdtled odl voume (SCV) of the growing suspendon, every 5 days
for 7 wesks This is a nondedructive method of quantificstion of biomass and
provides an excdlet indication of the growth of suspenson cultures  Although, it
may not be as accurde as packed cdl volume or dry weight methods but it did
save our purpose in this experimet. The readings of the SCV were taken dter
20-35 min of stling down of the embryogenic cdl aggregatestissue to minimize
any disrepancy in obsavaions Other methods of evduding growth kingtics in
cdl cultures of inteior oruce and black soruce have been desribed by  Lulsdorf
and co-workers (1992).

The mophology of the embryogenic suspendon caltures was A0
continuoudy monitored. The sugpendon calltures of chir pne modly contan
oganized messes o the initid dage somdic embryo aggregaes (Fig. 56.).
Thee odl aggregates congds of cdls tha will gve rise to the embryond head
and uspensr cdls The dangle odls in the chir pine suspendon normdly do not
gve rie to somaic embryos it is only the cdils from the aggregates that
proiferae, thus meking the sugpenson culture a vay atradive sysem for large-
scde proliferation.

It was necessay to find out the optimd initid inoculum nesded to initigte
ugpensons culltures to ensure a minimd  lag  phese before its praliferation. The
inoculum culture densty had a dredt efect on the growth rae of the embryogenic
cultureof P. roxburghii Sarg. asit can be obsarved from Hg. 5.1.

An initid inoculum densty of 25100, ie goproximady 25 % (V) odl
dendgty (60 — 75 ml SCV of odl culture in 30 ml liquid medium) was obsaved to
be opimd for the rdadivdy good growth rae of sugppendons in flasks with a
minmd lag phese Sugpenson aultures showed a typicd dgmoid growth curve —
a lag phese folowed by exponetid growth and daionay growth. Lower
inoculum dendties (5:100) showed a longer lag phesss before achieving the log
phese of growth and o did the higher inoculum dengity (40:100) (Fg. 5.1.).
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Fig. 5.1. Effect of initial inoculum dengties (5:100, 15:100, 25:100 and 40:100 v/v) on
the growth embryogenic suspension cultures of Pinus roxburghii Sarg. in
250 ml Erlenmeyer flasks. The growth of embryogenic tissue is calculated
as % increase in Settled Cel Volume (SCV). DCR basal medium
supplemented with 2% sucrose, 1.0g/l myo-inistol, 0.5g/l L-glutamine,
0.5¢g/I CH, 50mM 2,4-D, 20mM BA and 20mM kin (pH 5.8 of the medium

befor e autoclaving) was utilized for the studies.

Thus for inising the bioreector batch culture dudies the initid inoculum
densty was dways adjused to 25:100 for the optimd growth of the embryogenic
cdture of chir pine In a dgmila dudy with Picea Stchends sugpendons Krogstrup
(1990) found a culture dendty of 20:100 (viv) auitable for the optimd growth of
the embryogenic cultures Addtiondly, effet of totd voume of a sugpenson
culture per flask was dso tesed (Krogdrup 1990), where the lower proliferaion
raes coud be atributed to lower medium avaldbility and a direct corrdation of
prolifertion rate par ml SCV with the gassous amogohee in the culture flasks

could be made.
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5.3.1.2. Effect of temperature and pH on the growth of embryogenic cultures

It was dealy obsaved tha temperaures dbove 24°C were compledy
Oetrimental  for the gronth and survivd of the chir pine embryogenic tissue (Hg.
52). Accdedion in the growth rae was observed in the cultures that were kept
a 25° - 27°C when they were incubated & lower temperaure after 4 weeks As it
can be obsaved in fig. 52, the embryogenic cultures growing & 25°-27°C had
dmos reached the plaeau of thar growmth phase before the cultures were
trandared to 21°-23°C. The revivd of growmth was immediae on incubation a
lowver tempeaaure This sudy proved to be very important during the scding-up
expeiment in  bioeactor, wheae it was aoludy essntid to mantan the
temperaure of the culture vesd to an optimal levd, dnce thae was a rise in the
temperature of the culture due to the condant gtirring by theimpdlors.

160
1404 —o— 21-23°C
1204 8= 25_27°C
100 A
80 4
60 -
40 4

% increase in fresh weight

' CULTURE TRANSFERRED
TO21-23°C ON FRESH
CULTURE MEDIUM

0 T T T T T
5 13 20 26 34 45

20 ~

Days after subculture

Fig. 5.2. Effect of temperature on the growth of embryogenic cultures of Pinus
roxburghii Sarg. on semi solid medium DCR basal medium supplemented
with 2% sucrose, 1.0g/l myo-inositol, 0.5g/I L-glutamine, 0.5g/I CH, 50mVi
2,4-D, 20mM BA, 20mM kin and 0.18% gellan gum (pH 5.8). The growth
was calculated asthe percent increase in fresh weight of the cultures.
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A pH of 58 before deilizetion of the medium was found to be most
conducve for the optimd growth of the embryogenic cultures of chir pine (Hg.
53). This is been obsaved in dudies with other pine spedes whee the pH of
medium is adjuted to 58 prior to autodaving. Even for the dudies with the
bioreector the pH of the medium was adjusted to 58 and the change in pH during
the growth of the cultures was obsaved. Sudies where the pH of the medium
coud be oottroled and mantaned in bioreector cultures of non-embryogenic
dfdfacdlsresited in inhibition of growth (McDondd and Jackman 1989).
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Fig 53. Effect of pH of the medium (before serilization) on the proliferation of
embryogenic cultures of Pinus roxburghii Sarg. DCR basal medium
supplemented with 2% sucrose, 1.0g/l myo-inositol, 0.5¢g/l L-glutamine,
0.5¢/ CH, 50mM 2,4-D, 20mM BA, 20mM kin and 0.18% gdllan gum was
used for this experiment.
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5.3.1.4. Batch culture of embryogenic suspension of chir pinein bioreactor

All the growth paraneters dudied with the sugpendons in flasks were usd
in sting up and running of the bioreactor (Fg. 5.6.b.) for producng embryogenic
cutures @ a lager scde The embryogenic chir pine cultures were grown as batch
culture in the bioreactor for the present growth dudies and these obsavaions will
be utilized for continuous cultures in the future Although congat monitoring of
the inceese in the biomass (fresh waght/SCV/packed cdl volume) of the growing
cultures was not possble but the find SCV was obsaved only ater running the
bioreactor continuoudy for three wesks On an average, a 600-650 percent
increee in the SCV was obsaved ater growing the embryogenic suspensons in 1
litre bioreector with 25-40/ml of ealy smooth-paraboloid sheped somdic embryos
(Fg.5.6.a)

0 f f I 0
1 6 11 16

Days after inoculation

Fig 5.5. Monitoring of pH and dissolved oxygen (DO) concentration (%)
during the culture of embryogenic suspensons of Pinus roxburghii

Sarg. in 1 litre bioreactor. DCR basal medium supplemented with
2% sucrose, 1.0g/l myo-inosital, 0.5g/l L-glutamine, 0.5¢g/l CH, 50mM
24-D, 20mM BA and 20mM kin was utilized for the experiment
(initial pH was adjusted to 5.8 befor e autoclaving).
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Fig. 5.6. (@) Embryogenic suspenson cultureof P. roxburghii:
Somatic embryo aggregate in suspenson showing embryonal
heads (emb) stained with acetocar mine and suspensor s (sus)
attached to theembryo heads
(b) New Brunswick bioreactor set-up for scaling-up embryogenic
culturesof P. roxburghii:
g—1litreglassvess
pH — pH probe
DO - disxolved oxygen probe
T — temperature probe
WB — drculating water bath for temperature control
| —impdlors
A —filtered compressed air inlet
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Other methods that have been used to monitor the growth of embryogenic
suspenson cultures of interior goruce and black goruce in a bioreector (Tautorus et
a. 1992) ae pH, conductivity of the medum and osmdaity. The pH axd
dissolved oxygen (DO) was monitored throughout the growth phese and the
temperaure was maintained a 22° + 2°C udng a dreulding water bath atached to
the jacket of the bioreactor vessdl (Fig. 5.6.b.).

The pH of the medium drops to around 555 to 560 dter autodaving and a
further drop in pH (44 to 4.65) was obsaved dter the initid inoculum was added
in the medium. The pH was then obsarved to increese to 49 — 51 by the third
week and remaned dable Thee chages in pH ae common with mogt of the
plat cdls and rdaed to the bdance beween ammonium and nitrae upteke. The
inid drop in pH is due to preferatid uptake of ammonium a high ammonium
levds, and subsequent increese in pH is due to nitrate upteke ater ammonium is
depleted (Tautorus and Dungan 1995, Treat et al. 1989). There ae a number of
reports where pH has been monitored during the growth of suspenson culture, but
litle information is avalable on the efet of gowth of fixed pH levds Lulsdorf
et al. (1992) could naot find any cordaion of pH with awy of the growth factors
checked and deduced tha it was not a suitéble method for growth andyss and,
reported that osmolaity is the bet mehod of monitoring the growth of cultures
growing in bioreactor.

The levd of agaion and dissolved oxygen (DO) concentraion in the
medum has been shown to dfect culture growth in bioreectors (Taicek et al.
1991, Pral e al. 1988). The levds of not only oxygen, bu dso cabon dioxide
and ethylene have been reported to improve odl growth and meabdlite synthess
and thus the levds of thee gases have to be evduated during the optimization of
bioreactor culture conditions (Bisaia and Panda 1991). We have monitored and
mantaned the levds of dissolved oxygen (DO) to goproximady 25% during our
dudies and have obsarved postive effects on the growth of the culture There ae
reports where DO > 20% have been shown to be detrimentd for the growth of
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plat odls and a DO concentration of < 16% was used for carot cultures (Kesd
and Car 1972). Conflicting reports on the requirement for DO have been
published for Medicago sativa (Chen et al. 1987, Stuat et al. 1987) and Daucus
caota(Jay et al. 1992, Kessel and Carr 1972).

5.3.2. Cryopreservation

The technique of ayopresarvdion, in which the codls or tissue ae frozen
under controlled conditions and dored in liquid nitrogen, is a rdisble method and
hes been an important tod for long teem preservation of gamplaam (Bgg 1995a
& 1995c, Ska 1995a & 1995b). The methods tested for cryopresarvation in the
present invedigation, induding pre-treaament, dow freezing and fad thawing dter
ayo-doring in ligud nitrogen, proved successful for the P. roxburghii  Sarg.
embryogenic cultures. Congdering the importance of propageting this pine spedes
usng somdic embryogeness, devdoping a workable method of cryopresarvaion
was vay much essetid. The long life cyde of trees ddays the outcome of dond
propagdion results The embryogenic cdl lines can be ayo-dored and used when
the desred dite characters are observed during fidd trids (Gupta et al. 1993b).

Cryo-daring is not only bendfidd for presaving the gamplaam, but it dso
prevents aty <Somedond vaidion tha may enue dwing the  longtem
mantenance of the embryogenic tissue (Katha e al. 1988). Morphologica
differences and loss of embryogenic potentid hes been obsaved in some of the
cdl lines tha we have mantaned and subcultured continuoudy dnce  thar
induction in 1997. This mekes it even more essatid to ayopresarve the fredly
induced embryogenic cdl lines It has dso been obsaved that, the ability of
embryogenic cultures to tolerde ayopresarvdion can vey wdl be genotype
dependent, this has been reported by severd workes in the pagt (Charet and
Klimaszaweska 1995, Nargeard et al. 19933, Nargaard et al. 1993b; Haggmen et
al. 1998)
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The presat reaults the fird for any Indian pine species dealy indicate the
feaghility of the ayopresarvation technique to dore the embryogenic cultures In
ou atempts to delemine an dfective ayopresarvaion treament to enddle the
embryogenic cultures to sudan ther viadility, we obsaved tha the embryogenic
adtures survived the liguid nitrogen tretment for 72 h and ocould  successfully

recover as evident from thair re-growth.

5.3.2.1. Effect of different pre-treatments on cryopreservation of embryogenic
cultures of chir pine

A precadture or pimng of the odls in a medum ariched with an
osnaticum like sorbito, has been shown to enhence the toeance to freezing
(Katha et al. 1988, Klimaszweska et al. 1992). In the present sudy, when DMSO
& the sole cyoprotectant, was unddle to presarve the embryogenic tissue it weas
necessay to use the sorbitol pre-culture draegy. The cytotoxity induced by
DMSO is revassd by the priming of the cdls with sorbitol, prior to their exposure
to DMSO. This is in concurrence with dudies conducted with differet tissues by
vaious groups (Aronen et al. 1999, Cyr et al. 1994, Find et al. 1993, Ford et al.
2000, Katha et al. 1988). The untrested emrbyogenic cultures of chir pine were
uneble to survive and recover dter ther exposure to freezing temperatures in
liquid nitrogen (Hg. 5.7.).

The pretreeiment that was obsarved to be most auitable for the re-growth
of embryogenic cultures of chir pine dta thar cayo-dorage in liquid nitrogen,
was a combingtion of 0.3 M sorbitol and 5 % DMSO. This is in agreement with
obsavations made by Ford and co-workes (2000) in successfully  cryopreserving
the embryogenic odl lines of P. patula, tha were frozen to —70°C in a freezer,
before trandaring to liquid nitrogen. Among the Sx pretreaiments tested in our
dudies a combingion of 05 M sorbitdl with 5 % DMSO dso proved useful for
the regronth of the cyopresrved cultures, dthough the re-growth was dower as
compared to the other pre-tretment (Figs 58. and 5.10). Gupta and co-workers
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(1987) have reported a lag phase of 5 weeks before the re-growth of cryopreserved
cultures of Picea abies and Pinus taeda, after thawing. In our dudies the lag phese
was vay dhort and observed to be of 57 days which is gmilar to obsarvaions of
Fnd et al. (1993).

Hg. 57. shows the re-growth data of the control cultures where it can be
dealy obsaved tha the cultures aubjected to dow freezing andlor dorege in
liquid nitrogen without aty pre-treeiment with cryoprotectants, did not show any
regronth. This empheszes the necessty of treding the tissuee with
cryoprotectants without which the surviva of thetissueis not possble

Controls
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—l— Control: untreated. No SF, No LN

—&— Untreated, only SF
—+— Untreated, only LN
—&— Untreated, SF and LN

—X— Pre-treated with 0.5M sorbitol + 5% DMSO, SF + LN, kept for regrowth without
washing off the cryoprotectants

Fig. 5.7. Re-growth data of Pinus roxburghii Sarg. embryogenic cultures showing
results of different controls conducted during the cryopreservation studies
(P-T — pre-treatment; SF —dow freezing; LN —liquid nitrogen). All tissues
werere-grown on DCR basal medium with 2% sucrose, 1.0g/l myo-
inositol, 0.5g/l CH, 0.5g/I L-glutamine, 50mM 2,4-D, 20mM BA, 20mM kin
and 0.18% gellan gum



The pretreatment of cayoprotectants found to be mog conducive for the
cayopresarvation of embryogenic cultures of chir pine was obsarved to be a
combination of sorbitol (0.3 M) and DMSO (5 %). The cultures pre-tregted with
this combinaion of coyoprotectants showed regrowth  (FHg. 58) compareble
(6994 % increese in fresh weght dter 5 weeks) to the control (un-trested, un-
gored) (15853 % increae in fresh waght dter 5 wesks). There is an initid lag
phese in the regrowth of the ayopresarved cultures One mgor factor influencing
the regronth of the embryogenic cultures after ayopresarvaion, was the date of
the cutures a the time of pretreatment. Vigoroudy growing cultures (2 weeks
after lagt subculture) were best suited for cryopreservation.

Pre-treatment: 0.3 M sorbitol + 5% DMSO

120
——P-T+SF + LN
~ 100 ~
=t —H—P-T+SF
‘© 80 ~
2 —A—P-T+LN
% 60
a —X—cell line not subcultured for > 5
e weeks P-T + SF + LN
< 40 ~
[
8 20 ~ -
[} !
5, —§ 1
= & X—x
S 20
1 2 3 4 5
Weeks

Fig. 5.8. Re-growth data of P. roxburghii Sarg. cryopreserved embryogenic
cultures pre-treated with 0.5 M sorbitol and 5% DM SO. Thisgraph
also showsre-growth data of a cryopreserved embryogenic culture
that had not been subcultured for morethan 5 weeks, before it was
pre-treated with cryoprotectants. (P-T — pre-treatment; SF —dow
freezing; LN liquid nitrogen) All tissues werere-grown on DCR b
basal medium with 2% sucrose, 1.0g/l myo-inositol, 0.5¢g/| CH, 0.5¢/I
L-glutamine, 50mM 2,4-D, 20mM BA, 20mM kin and 0.18% gellan gum
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Fig. 5.9. Re-growth data of P. roxburghii Sarg. cryopreserved embryogenic
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cultures pre-treated with 0.5 M sorbitol and 10 % DM SO. ( P-T —
pre-treatment; SF —dow freezing; LN —liquid nitrogen) All tissues
werere-grown on DCR basal medium with 2% sucrose, 1.0g/l myo-
inositol, 0.5g/I CH, 0.5g/I L-glutamine, 50mM 2,4-D, 20mM BA,
20mM kin and 0.18% gellan gum

Pre-treatment: 0.5 M sorbitol + 5 % DMSO
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Fig. 5.10. Re-growth data of P. roxburghii Sarg. cryopreserved embryogenic
cultures pre-treated with 0.5 M sorbitol and 5% DM SO. (P-T —pre-

treatment; SF —dow freezing; LN —liquid nitrogen) All tissues
werere-grown on DCR basal medium with 2% sucrose, 1.0g/l myo-

inositol, 0.5g/I CH, 0.5g/I L-glutamine, 50mM 2,4-D, 20mM BA, 20mM

kin and 0.18% gellan gum
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Pre-treatment: 0.5 M sorbitol + 10 % DMSO
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Fig. 5.11. Re-growth data of P. roxburghii Sarg. cryopreserved embryogenic
cultures pre-treated with 0.5 M sorbitol and 105 DMSO (P-T — pre-
treatment; SF — dow freezing; LN — liquid nitrogen). All issues were
re-grovn on DCR basal medium with 2% sucrose, 1.0g/l myo-inositol,
0.5g/I CH, 0.5¢/I L-glutamine, 50mM 2,4-D, 20mM BA, 20mM kin and
0.18% gellan gum

Pre-treatment: 5 % and 10 % DMSO
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Fig. 512. Re-growth data of P. roxburghii Sarg. cryopreserved embryogenic
cultures after thawing. The cultures were pre-treated with 5 % and 10 %
(v/iv) DM SO and passed through dow freezing process (up to -50 °C) before
plunging in liquid nitrogen. All tissues were re-grown on DCR basal
medium with 2% sucrose, 1.0g/l myo-inositol, 0.5g/I CH, 0.5g/I L-glutamine,
50mM 2,4-D, 20mM BA, 20mM kin & 0.18% gellan gum
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It can ds0 be sen from the results tha the dow freezing Sep (gradudly
bringing down the tempeaaure to — 50 °C) before plunging the culture in liquid
nitrogen, is vey much essatid. Snce dl the alltues that were cayo-sored
without undergoing the dow freezing protocol, did not show any regrowth (Fgs
58. to 511). The cultures tha were pre-trested with 05M sorbitodl and 5%
DMSO, ds have survived and recovered (33.1% average increese in fresh weght
dter 5 weeks). It may be possble tha embryogenic cultures ae undble to tolerae
DMSO & a concentration of 10 % and, 5 % DMSO is suiteble for the survival of
the tissue Treament with DMSO without priming with sorbitol, is dso found to
be lethd for tissues as can be seen from FHg. 512, dnce there was no re-growth
obsarved in the cultures However, there ae reports tha suggest that the DMSO
done and even @ a concentrdion as high as 20% (viv), is not cytotoxic to the
cdlsand recovery of cdlsis possble (Kathaet al. 1988).

5.3.2.2. Vital staining of cryopreserved embryogenic cultures

Vitd daning with FDA axd micosoopicad obsarvaions reveded tha the
cdis that reaned viadlity and cgpadty for regrowth wee the embryond head
cdls and ome of the dosdy assodaed sugpensor odls Among the embryogenic
mass sverd dead cdls tha have not taken up the fluorescent dye can dso be
dealy seen (Fg. 513a). In Fg 513b, the ayopreserved embryogenic culture
(udng 03 M sorbitodl and 5 % DMSO) can be seen on proliferaion medium. A
number of normd somatic embryos were obsaved on subjecting to  mauraion
treatment.

The microscopic examingtions reveded tha it is only the embryond heed
and the associated suspensors that survive the cryopreservation and are capable of
prolifarating after thawing (Fg 513a). Katha e al. (1988) obsaved that the
uspensr cdls ae diminated during the pre-trestment with sorbitodl and DMSO,
even before the freezing Washing the ayoprotectants off from the cryopreserved
cultures after thawing was found to be very much essentid. The unwashed
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Fig. 5.13.

117



cultures did not recover even dter seved subcultures (Fg. 5.7). Once the
ayopresrved  cultures  ae  recoveed  from  freezing, the prdifedion s
compareble to the untrested controls, spedidly in the cultures that were pre-treated
with 0.5 M sorbitol and 5% DMSO (Fig. 5.13.b.).

Ancther notable obsavaion made during the dudies was tha only the
vigouroudy growing adtures  were  utable  for  ayopresavation. Sow
proliferaing cultures that had not been aub-cultured for more than 5 weeks did
not survive the cayopresarvaion despite pretreatment with cryoprotectants. From
fig. 57, it can be sen tha, dow growing, un-subcultured embryogenic cultures
pre-trested with 0.5M and 5 % DMSO and cryopresarved, did not show re-growth
dter thawing. This suggests the importance of the phydologicd dae of growth of
the culture thet isto be utilized for cryopreservation.

Daa andyds for the regrowth of cryopresarved cultures was conducted
usng an average of pacetage inceee in fresh waght. This was to avoid the
discrepancies that would have surfeced if the weghts were teken directly before
placdng them for regrowth, as there was a loss of culture during cryopreservation
aswdl as during washing.

An optimization of pretreaiment with ayoprotectants is very much
esatid for ay ayopresavaion protocol. It is the due to the effect of
cyoprotectants that the embryogenic cultures of P. roxburghii Sag. tolerate dow
freeZing and ayo-dorage. The pod-ayopresavdion recovary, with a  minimum
lag phese ds0 depends very much on it. These results will definitdy prove to be
vay usfu for the ongoing dudies regading long-term cayopresarvaion of the
embryogenic cultures of various pine gpedies.



5.3.3. Condusions
Sonificat observations from the growth and ayopresarvaion dudies of
emrbyogenic cultures of Pinus roxburghii Sarg. are presented below:

5.3.3.1. Growth studies for scaling-up embryogenic cultures of chir pine in
bioreactor
A nomd growth curve was obsarved with a lag, log and plaeau pheses of
growth with the emrboyogenic sugpenson cultures of chir pine
An initid culture densty of 25100 (e 25% cuture vi) optimd for the
growth of emrbyogenic suspengon in flasks aswdl as bioreector.
Embryogenic cultures in ther exponentid growth phese in flasks were used
asinoculum for bioreactor.
Emrbyogenic  cultures of chir pine were obsaved to be vay senstive to
change in temperaure and the best growmth was obsaved a 22°+2°C.
Temperaures higher than 24°C were detrimentd for the tissues
A pH of 58 (bdfore deilization of medium) was mod conducve for
normda growth of the emrbyogenic cultures of chir pine.
An increese in 400-500 percent SCV was observed with in two weeks of
culturein 1 litre bioreactor.
Normd gamdl pardboloid shgped somatic embryos could be obsaved from
culture samplesin bioreector.
5.3.3.2. Cryopreservation
Embryogenic  cultures of chir pine could be successfully ayopresaved in
liquid nitrogen for 72 h as normd growth was obsaved in the cultures after
thaning.
A pretretmet with suiteble cryoprotectant is essertid for the survivd of
the embryogenic cultures.
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Only the embryogenic tissue in the exponentid phese of growth was found
to be mogt auitable for surviving the cryopreservation.

A pretreaiment of 05M sorbitdl and 5% DMSO was mog effective in
presarving the emrbyogenic culturesiif chir pinein liquid nitrogen.

Sow coding (up to - 50°C) before plunging the cultures in liquid nitrogen
and fag thawing dter the ayo-dorage, were dso obsarved to be essentid
for the normd re-growth of the embryogenic tissue of chir pine

Washing off the cayoprotectants after thawing of emrbyogenic cultures was
dso an important dep, as the unwashed cultures did not show ay re
growth.

This protoca for cypresrvaion of embryogenic cultures of chir pine can
be utilized for long-term storage of emrbyogenic cdl linesof pines

Mathur G., Alkutkar V. A., Nadgauda R. S. (2001)
Cryopreservation of embryogenic culture of Pinus roxburghii
Sarg. (manuscript communicated)

Mathur G., Alkutkar V. A., Nadgauda R. S. (2001) Studies with
embryogenic cultures of chir pine: Optimization of growth
conditions for scaling-up in bioreactor
(manuscript communicated)

Mathur G., Alkutkar V.A. and Nadgauda R.S. (2001) Plantlet
formation from somatic embryos, and cryopreservation of
embryogenic cell lines of chir pine
(manuscript submitted).




SUMMARY

In India, pines form a group of trees having a very unique yet important pogtion.
Although, the didribution of pines is largdy redricted to the Himdayan bdt, but its
usefulness has been shared throughout the country. With the population exploson in the
last century, the need for growing food has dso increased proportiondly. The dearing of
forests for agriculturd and other purposes has put tremendous pressure on the ecologicd
sysem, specidly the Himaayas, with its rich and diverse flora that needs to be protected.

The innumerable uses, for which pines are vaued, have been described a length.
It is now the responghility of the forest depatments and other government agencies to
ensure that the pine forests be regdenished with the sdected varidies The forest
depatments have been ingrumenta in large-scde plantations of indigenous as well as
exotic pines in severd parts of the country. These efforts need to be complemented with
the advancements in biotechnology that has proved to be of greet potentid.

Techniques like micropropagetion and genelic enginering are dready being
fruitfully utilized in clond forestry programmes in various countries. It iS necessty now
to incorporate these newer methods of varigly improvement and propagetion for
consavaion of the rich biodiversty that our country possesses. The present
investigations described in thisthess are initia Stepsin this direction.

Our lab has been ingrumentd in devisng workable micropropaggtion protocols
for a number of important forest tree species This pat of the work concerns with the
propagation of two Indian pine species Pinus roxburghii Sarg. and Pinus wallichiana
A.B. Jacks. In vitro propagation has been successfully atempted using two methods, viz.
adventitious bud induction and somatic embryogeness, one for each of these pine
Species.

The results and outcome of this present invedigation have been summarized as

follows

@ M or phogenetic response of Pinuswallichiana A. B. Jacks (blue pine) in vitro
Mature zygotic embryos (MZEs) dissected out of the seeds of blue pine were utilized
for these sudies. The response of MZEs for inducing adventitious buds on the surface



was initidly tesed usng three basd media (DCR, SH and WPM) contaning BA. It
was obsarved that DCR basd medium gave the best response among the three and
was used for dl further experiments involving the effects of different cytokinins on
bud induction from MZEs. The bud forming capacity (BFC) index was cdculated and
it gave a dear indication of the number of explants and the number of buds per
explant. It was observed that BA and TDZ gave the highest BFC as compared to the
other cytokinins tested (2iP, kin and zed). A combination of BA and TDZ was ds0
effective in didting gmilar reponse. Adminigering BA through a pulse trestment
was atempted and was found to be useful dnce it reduced the response time
exposure to growth regulator and aso was cod effective. The adventitious buds were
sepaated and dongaed in DCR basd medium contaning sucrose and activated
charcod. Thee dongated buds were then subjected to vaious rooting treatments
with auxins (IAA and IBA). A high percentage of rooting was obsarved when the
adventitious shoots were treated with a pulse treetment of IAA and IBA. On
trandferring the rooted plantlets to soil, the surviva percentage was found to be low.

(b) Somatic embryogenesisin Pinusroxburghii Sarg. (chir pine)
The explants specificity in the induction of somatic embryogeness was clearly
obsarved as it is documented for the other pine species. It was only the immature
zygotic embryo of chir ping & a paticular dage of development that was responsve
in producing proliferaing embryogenic tissue The maure zygotic embryos formed
non-embryogenic cdlus. The embryology of chir pine was gudied with respect to the
time of fetilization and devdopment of the immature zygotic embryo 0 as to
regularize the collection schedules. It was obsaved that the time of fertilization
vaied within locations and among trees of the same locaions DCR basd medium
supplemented with 24-D, BA, kin, CH and L-glutamine was found to be mogt
effective for extruson and proliferation of proembryogenic mass The morphology of
the extruson and, subsequently the embryogenic capecity however, manly depended
on the dage of devdopment of the embryo. The percentage of extruson and
edablishment of embryogenic cultures was very low. Vey few embryogenic cdl
lines were findly sdected and are being mantaned for maturation dudies. A pre-



treestment of embryogenic cultures on hormone—free medium prior to the maturation
trestment was obsarved to be essentid. Partid desiccation was dso beneficid for the
norma development of the germinating sometic embling.

(© Studies with embryogenic cultures of Pinus roxburghii Sarg.:

(1) Scaling-up in bioreactor (ii) Cryopreservation

The potentid of somaic embryogeness will only be redized if it is coupled with
large-scde production methods and cryopresarvetion, especidly when working with
tree soecies having long life cydes Initid <udies concerning various growth
parameters of chir pine embryogenic suspenson cultures were conducted. The growth
curve was plotted and the effect of initid inoculum, pH and temperature was tested
on the proliferation of embryogenic cultures. Cryopresarvation is an  essntid
component of long-term clond propagation progranmes. Vaious pre-treatments with
cryoprotectants (DMSO and sorbitol in combination) were tested for the surviva of
the chir pine embryogenic cultures in liquid nitrogen. A pre-treetment of 5% DMSO
and 05M sorbitol was found to be mogs effective when coupled with dow freezing
(up to - 50°C) before plunging the tissues in liquid nitrogen. Fagt thawing and
washing off the cryoprotectants was an important step for the norma re-growth of the
embryogenic cultures. Vitd gaining with FDA tested the viability of the cultures.
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