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■worÛ  The heCp given By (Dr. Shaji (pCiiCip at the need o f  the hour is gratefUCy achnowCedged.

I  sincereCy thanh^ my coCCeague Mrs. (Rf^ia. TCfor her timeCy suggestions, advice and  

whoCe hearted support which improved my views and fo r  Cetting me through aCC the diJficiiCties 

f o r  which mere cj(pression ofthantis does not suffice.

The vaCuaBCe heCp rendered By my coCCeague (Dr 'l\(iCa isgratcfdCy acC^nowCcdgvd. 

I  sincereCy owe my lCianC{s to her f o r  criticaCCy editing and shaping the worC{̂  in such a



presentaBCe manner. 9Cer painsta^ng efforts ‘and vaCuaSCe suggestions FieCpecf me a Cot during 

the finaC stages o f  my thesis.

I  wish to express my gratefuCness to my cofCeagues o f  the (Biotechnofogy (Division, 

0r. Sushamal^man S, <P, Kjimari Jayasree, ®r. SoBha. S, and  Mrs. Leda <Painthran 

f o r  their moraC support an d  co-operation.

I  acknowledge with than^  the support andco operation given 6y Mr. %,(P.(pau[son and  

Mr. Joy.(P.‘Eda!i^ra.

M y deepest gratitude andspeciaCappreciation goes to the research scholars especiaCCy 

Mrs. Suni Jlnnie Mathew, ®/'. Supriya (R^and Mrs .'Uineetha Mohan. The helping hand, 

concern an d  the suppoit given 6y Mrs. J^mhify <P.%, (Dvvya 1).% research schoCars and Mrs. 

iCemiah ‘Ed.zaheth Chandy, research trainee is gratefuCfy achjio wCedgcd.

I  wouCd[ihe to aclinowCedge the timeCy help rendered 6y Sri. ‘Rflmesh. <23. [N'air, Joint 

(Director, S  ‘MuBSer (Board, Sri. Jlneesh. (p, Statistician, f o r  statistical anaCysis, Sri. ®. 

(Biju, Jlssistant (Director, Systems and Mrs. Suma §eorge, J^sst. Systems o f fc e r fo r  the 

computer assistance.

I  am hiighfy thanffuC to the s ta f f  members o f  the CiBraiyfor alC heCp and suppoit. M y  

sincere thanks go to one an d  atC o f  the (Biotechnofogy (Dimsion f o r  their cooperation an d  hefp 

which smoothenedmy way.

JiBove al[, I  have no words to express my gratitude to my parents Shri T.yi.^.JVair 

andSmt. <P.7C (Rfldha who tremendousCy supported me and whose prayers sustained me. Special 

thanks to my husSand% ^. 9iarayanan fo r  supporting an d  encouraging me fo r  everything. JCis 

heCping hand enlightened my way and he[ped in overcoming the trouBCes during my (Ph.(D work^ 

W ith love I  than^ my chifdren, Jlrjun and Jlrvind f o r  their caring, support and

encouragement aCCthrough my work^

Jayasfiree. <2̂



PREFACE

T ran sgen ic  tech n o lo g y  is  a p ow erfu l to o l in the hand o f  breeders for  

im p rov in g  the crop w h ere con ven tion a l m eth od s o f  g en etic  im p rovem en t are 

lab oriou s and tim e-co n su m in g . R ecom b in an t D N A  and transform ation  

tech n iq u es a llo w  the u se  o f  gen es from  any sou rce  as to o ls  for crop  

im p rovem en t. T ran sgen ic  m eth od s en ab le  the in sertion  o f  w e ll characterized  

g en es  for sp e c if ic  traits into Hevea g en o m e  prod u cin g  h ig h ly  sp ec if ic  ch an ge  

o n ly  in  the trait o f  interest, w here o n ly  sm all variations in the g en etic  m akeup is  

exp ected . In contrast, m an y  o f  the u n k n ow n  g en es  are in troduced  in to  the  

g en o m e  o f  Hevea in con ven tion a l m eth od s w h ile  attem pting the transfer o f  a 

desired  g en e . Hevea b reed in g  program m es m a in ly  aim  at im p rov in g  the latex  

y ie ld  o f  the p lant com b in ed  w ith  a b io tic /b io tic  to leran ce, resistan ce  to tapping  

p an el d ryn ess and d ev e lo p m en t o f  la tex  tim ber c lo n es. T he latex  b iosyn th etic  

p ath w ay  starting from  su crose  to p o ly iso p ren e  is con trolled  b y  m an y  en zy m es  

am on g w h ich  the a ctiv ity  o f  on e o f  the upstream  en zy m es ca ta ly z in g  the  

co n v ersio n  o f  3 -H y d ro x y  3-M eth y lg lu tary l C o en zy m e A  to  m eva lon ate , an 

irreversib le step , w as reported to be low er. S evera l stud ies supported th is v ie w  

and lin k ed  th is gen e  to the latex y ie ld  o f  Hevea. T hus the present study w as  

undertaken w ith  an o b jectiv e  o f  d ev e lo p in g  transgen ic plants o verexp ressin g  

la tic ifer  sp e c if ic  hmgr\ g en e. For a ch iev in g  th is g o a l, su itab le  Agrohacterhim 

strain and the ca llu s type g iv in g  better transform ation e ff ic ie n c y  w ere  

op tim ized . T h e transgen ic plants w ere  va lid ated  for transgene in tegration  and 

ex p ressio n  u sin g  d ifferen t m olecu lar and b ioch em ica l m ethods.

T he th esis  conta ins s ix  chapters; the first chapter b riefly  in troduces the  

crop, d escrib es the lim itin g  factors o f  latex y ie ld  and the im portance o f  th is gen e  

for transgen ic  w ork. T h e secon d  part deta ils relevant stud ies carried out by other  

researchers in th is d irection . T h is part rev iew s the w ork d on e in the isoprenoid  

path w ay  in general; Agrohacterhim m ed iated  g en etic  transform ation and



tran sgen ic plant d evelop m en t. T he experim ental details fo llo w e d  are dealt in the 

third sec tio n  o f  the thesis. T he fourth chapter cr itica lly  scru tin izes the results 

under d ifferen t exp erim en ts and th ese results are d iscu ssed  in the fifth  part o f  

the th esis  w ith  probable exp lan ation s. In the final part o f  the th esis, various  

resu lts are sum m arized  w ith  a road m ap on the future prospects o f  the work.
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ABSTRACT

The boom ing dem and for natural rubber along w ith the inconsistency  

related to the production and consum ption necessitates the developm ent o f  superior 

clon es w ith high y ie ld  potential in Hevea. Crop im provem ent through traditional 

m ethods is a long run process due to the lengthy breeding cy c le  and heterozygous  

nature o f  the crop. H cnce the release o f  a new  clone through conventional method  

is tim e consum ing. In Hevea, y ield  im provem ent through transgenic technology  

attem pts the transfer o f  key regulatory genes involved in the rubber b iosynthesis 

pathway. In vitro plant regeneration pathway through som atic em bryogcncsis is an 

essential pre requisite for ach ieving this task. The biosynthetic pathway genes w ere 

w ell characterized by m any researchers. It has been docum ented that am ong the 

enzym es catalyzing rubber b iosynthesis, the one responsible for the irreversible 

conversion  o f  3 -H yd roxy  3 -M eth y lg lu tary l C o en zy m e A  (H M G  C oA ) to 

m evalonate w as said to be rate lim iting, since its activity was low er com pared to 

others up to isop en ten y l pyrophosphate (IPP). C lonal variations in the 3-hydroxy- 

3-m ethylglutaryl C oA  reductase (H M G R) activity w ere established and a 

sign ificant correlation has been worked out betw een the enzym e activity and yield  

o f  Hevea. B ased on these observations an attempt w as m ade to regenerate 

transgenic plants that overexpress laticifer sp ecific  hmgr\ gene in Hevea 

brasiliensis through Agrobacterium m ediated genetic transformation. D ifferent 

strains and callus types w ere experim ented to ascertain the suitable strain and the 

tissue type g iv in g  excellen t transformation frequency in Hevea. Experim ental 

results proved E H A  105 as the best strain g iv in g  h ighest frequency o f  

transform ation. A m idst the callus types experim ented, the em bryogenic calli 

derived from  the zygotic  em bryos gave m axim um  cell lines at an effic ien cy  o f  

67% . E m bryogenic suspensions from  the anther tissue proved to the best am ong the 

clonal explants used, producing ce ll lines at a frequency o f  27% . Influence o f  

com pounds and culture conditions beneficia l in im proving the e ffic ien cy  o f  

transform ation w ere also assessed  am ong w hich the incubation temperature during



co-cu ltivation  had a defin ite role on accelerating the frequency o f  transformation. 

O ptim um  culture condition for Agrobacteriiim m ediated transform ation w as a three 

day co-culture at 20°C in presence o f  acetosyringone w here an increm ental 

variation in the e ffic ien cy  o f  transform ation w as noticed (32%). The PCR positive  

cell lines w ere proliferated and cultured for som atic em bryogenesis. C om ponents 

in fluencing  som atic em bryogenesis and plant regeneration from  the transgenic cell 

lin es w ere analyzed. Transgenic em bryos w ere produced irom  the ce ll lines at an 

e ffic ien cy  o f  72%, w here the basal salts, organic nitrogen sources, organic 

supplem ents, growth regulators, polyam ines and carbohydrates had a w ell defined  

role. H a lf strength MS m edium  with an increase in KNO3 concentration (3.0 g  r'), 

om itting N H 4N O 3, resulted in em bryo maturation. The im pact o f  stress inducing  

com pounds on som atic em bryo maturation w as studied. Polyethylene g lyco l (PEG ), 

ab scisic  acid  (ABA) com binafions m ediated maturation o f  hmgr\ transgenic 

em bryos. Partial desiccation  o f  the em bryos im proved the germ ination capacity and 

a grow th regulator com bination o f  G A 3, BA, lAA triggered plant regeneration. The 

regenerated plantlets w ere su ccessfu lly  hardened and transferred to net house  

conditions. Transgene integration w as confirm ed using PCR analysis and the 

pattern o f  integration o f  the transgene w as assessed  using Southern hybridization. 

G ene expression  analysis w as perform ed by E L ISA  technique and northern 

blotting. T his is the first report on the developm ent o f  transgenic plants in Hevea 

integrated w ith the laticifer specific  hmgrl gene. Forty five plantlets w ere  

su ccessfu lly  hardened and m aintained in the containm ent facility. Sclccted  

transgenic plants w ere m ultiplied by bud grafting to study the yield  pattern o f  the 

plants. O nce proved to be positive, hmgrl gene can be used to increase latex  

production o f  low  yield ing  d isease tolerant c lon es o f  Hevea hrasiliensis.

Keywords: Agrohacteriiini m ediated genetic transformation, Enzyme-linked immiinosorbant 

assay, 3-hydroxy-3-methylghitaryl CoA reductase. Southern hybridization, Northern blotting  

Polym erase Chain Reaction, Polyethylene glycol



ABBREVIATIONS

%

°C

/im

(.11

2,4-D

AACT

ABA

BA

cDNA

dCTP

DEPC

DNA

dNTPs

DXP

EDTA

EtBr

gl-'
G3P

GA3

HMGR

Hrs

lAA

IBA

IPP

IPTG

Kb

IcDa

Percent

Degree centigrade 

Micro gram 

Micro mole 

Micro litre

2, 4 Dichloro pheonoxyacetic acid 

Acetyl CoA acetyl transferase 

Abscissic acid 

6-Benzyladenine

Complementary Deoxyribo nucleic acid 

Deoxycytidine tri phosphate 

Di ethyl pyrocarbonate 

Deoxyribo nucleic acid 

Deoxy nucleotide triphosphate 

1-deoxy-D-xylulose 5-phosphate 

Ethylenediamine tetra acetic acid 

Ethidium Bromide 

Grams per litre 

Glyceraldehyde 3-phosphate 

Gjbberellic acid

3-hydroxy-3-methylglutaryl CoA reductase 

Hours

Indole-3-acetic acid

Indole-3-butyric acid

Isopentenyl diphosphate

Isopropylthio-p- D-galactopyranoside

Kilobase

Kilodalton



Kin 

mg r '

ml

mM

MVD

NAA

NCBI

nm

nM

PCR

PEG

PMK

PVP

RNA

rpm

SDS

sec

TBE

TDZ

TE

Tm

T-Pilus

w/v

WPM

K in etin

Milligram per litre

Millilitre

Millimolar

Mevalonate diphosphate decarboxylase

Naphthalene acetic acid

National Centre for Biotechnology InfoiTnation

Nanometer

Nanomolar

Polymerase chain reaction 

Polyethylene glycol 

Phospho mevalonate kinase 

Polyvinyl pyrrolidone 

Ribo nucleic acid 

Rotations per minute 

Sodium dodecyl sulphate 

second(s)

Tris Borate EDTA 

Thidiazuron

Tris-ethyienediamine tetra acetic acid

Melting temperature

Transfer Pilus

Weight per volume

Woody Plant Medium



INTRODUCTION



Chapter 1

INTRODUCTION

Hevea brasiliensis M u ell. A rg  is the m ajor com m ercia lly  cu ltivated  

sp ec ie s  o f  natural m bber. N atural rubber is produced  in  the form  o f  la tex  in  

about 2 0 0 0  plant sp ec ie s  b e lo n g in g  to  311 genera. In sp ite  o f  th is d iversity , 

Hevea brasiliensis serve as the prim e source o f  com m ercia l rubber. Natural 

rubber is on e  o f  the m ost im portant linear b iop o lym er o f  h igh eco n o m ic  

im portance w ith  incom parab le properties such  as resilien ce , e la stic ity , abrasion  

resistan ce, e ff ic ien t heat d ispersion  and im pact resistan ce that cannot be  

m im ick ed  b y  artific ia lly  produced polym ers. T his high m olecu lar  w e ig h t  

p o ly m er  (> 10 '’ D a) is fo n n ed  from  isop en ten y l di phosphate (IPP) w here the 

isop ren e units w ere  linked  in c is- configuration  producing  c is -1 , 4 -p o ly iso p ren e . 

T he h igh  strength , lo w  heat buildup and better w ear resistan ce m ade rubber a 

co n g en ia l raw  m aterial for the au tom ob ile  industry. It a lso  serves as a strategic  

raw m aterial in m ore than 4 0 ,0 0 0  con su m er products in clu d in g  4 0 0  m edical 

d e v ic e s  (M o o ib ro ek  and C ornish 2 0 0 0 ).

Hevea brasiliensis b e lo n g in g  to the fa m ily  E uphorb iaceae is a sturdy  

perennial tree w ith  orthotropic rhythm ic grow th  attain ing a h eigh t o f  2 5 -3 0  

m etres ( F ig .l ) .  T he tree w as in troduced  to South East A s ia  through the K ew  

G ardens during 1876 u sin g  a lim ited  num ber o f  seed s co lle c te d  from  the R aio  

T ap ajo ’s reg ion  o f  Brazil b y  Sir H enry W ick am  (D ijkm an, 1951). It is grow n  in  

the trop ics h a v in g  e v e n ly  distributed rainfall o f  2 0 0 0  to 3 0 0 0  m m  (1 2 5  to 150  

rainy d ays per arm um ), m ax im u m  tem perature o f  2 9 -3 4 °C , 80  % atm ospheric  

h u m id ity  and a bright su n sh in e  o f  about 2 0 0 0  h per annum  (W atson , 1989; R ao  

and V ijayakum ar, 1992). T he gen u s Hevea in c lu d e  ten  sp ec ie s  all originated  

from  the A m a zo n  reg io n  and are stron gly  cross p o llin a ted  and m o n o ec io u s  

(S ch u ltes , 1990).



T he tree is d ec id u ou s w ith  regular, annual le a f  sh ed d in g  ca lled  

w in terin g . T h e w in terin g  starts during D ecem b er  and exten d s up to February in  

the traditional reg ion . R efo lia tio n  occurs after w in terin g  fo llo w e d  b y  flow erin g . 

R ubber tree is  m o n o e c io u s  w ith  d ec lin ou s flo w ers w h ich  are short sta lked  and  

fragrant. Hevea appears to b e  in sect p o llin a ted  and cross fertilized  (S im m on d s, 

1 9 82). A fter  p o llin a tio n  the ovary d ev e lo p s  into a three lob ed  regm a. T he tree 

has attracted attention as a substitute for the tropical rain forest as a w o o d  

resou rce s in ce  rubber w o o d  can b e  u sed  for m ak in g furniture and floor  

m aterials. N atural rubber a lso  has the added advantage o f  b e in g  a ren ew ab le  

resource w ith  en v iron m en ta l b en efits. It p lays an im portant ro le  in lo w erin g  the  

en viron m en tal im pact o f  v e h ic le  b ased  transport and contributes to the  

p reservation  o f  g lob a l en vironm ent as an e ff ic ien t carbon seq u ester (R aham an  

and S ivakum aran, 1998).

T h e g lo b a l area under rubber cu ltiva tion  co m es to around 9 .6  m illio n  

hectares. T h e m ajor rubber p rod u cin g  countries (T hialand, In d on esia , M alaysia , 

India, V ietn am , C hina, Ivory  C oast and Sri L anka) accou n ted  for 83%  o f  the 

natural rubber p roduced  g lob a lly . C ertain factors related to eco n o m ica l and  

p o litica l in stab ility  in the rubber producing  countries accou n ted  for the  

d im in ish in g  acreage o f '  rubber p lantations. H o w ev er  the stea d ily  g ro w in g  

dem and  for natural rubber p aved  w a y  in  estab lish in g  alternative sou rces o f  

d o m estic  crops or en g in eer in g  alternative substitu tes (C ornish , 2001a; M o o n ey , 

2 0 0 9 ).



Fig.l. A mature rubber plantation
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T he prim e o b jectiv e  o f  rubber tree b reed in g  is the y ie ld  im p rovem en t o f  

the crop co m b in ed  w ith  other characters Uke b io tic /a b io tic  stress to leran ce and  

the d ev e lo p m en t o f  la tex-tim b er c lon es. T he m ajor lim itin g  factors o f  latex y ie ld  

in  Hevea in c lu d e the f lo w  characteristics determ in in g  the quantity o f  la tex  and 

in situ regeneration  o f  the latex b etw een  su c c e ss iv e  tappings. H ere the flo w  

ch aracteristics w h ich  contribute on  y ie ld  in clu d e the initial f lo w  rate per unit 

len gth  o f  tapping cut, length  o f  the cut, p ercen tage rubber content and p lu g g in g  

in d ex  (Sethuraj, 1981). T raditional breeding attem pts the d ev e lo p m en t o f  

superior c lo n es  w ith  sp ec if ic  traits through hybrid ization , se lec tio n  and  

eva lu ation . A s rubber is a perennial tree w ith  a broad life  span, con ven tion a l 

m eth od s take a lo n g  tim e to release  a c lon e  w ith  desirable characters. T he m ajor  

constraints in the co n ven tion a l tech n iq u es in clu d e h ig h ly  h etero zy g o u s nature o f  

the crop, lo n g  gesta tion  period  (6  to  7 years b efore tapp ing), season al flow erin g , 

lo w  fruit set, lack  o f  early se lec tio n  param eters for estim atin g  traits such  as latex  

y ie ld , su scep tib ility  to T apping Panel D ryn ess, w in d  d am age and G x E 

in teractions. B io te c h n o lo g ic a l to o ls  take hand at th is juncture w h ere gen etic  

im p rovem en t can b e m ade at an e a sy  p ace  through transgen ics. In Hevea, y ie ld  

im p rovem en t through tran sgen ics attem pts the transfer o f  k ey  regulatory gen es  

asso c ia ted  w ith  y ield . A  plant regeneration  pathw ay through som atic  

em b ry o g en esis  is an essen tia l pre requ isite for attain ing th is task. P lant 

regeneration  through som atic  em b ryogen esis  w a s p erfected  in  Hevea (c lo n e  

R R II 105) u s in g  d ifferen t exp lan ts viz., im m ature anthers, in flo rescen ce  and le a f  

tissu es  (K um ari Jayasree et a /., 1999; Susham akum ari et a l,  2000b ; K ala et a l, 

2 0 0 5 ) . G en etic  en g in eer in g  can b e u sed  as a breed ing  strategy w h ere the  

transfer o f  large b lo ck s o f  g en etic  m aterial b e tw een  the parents is avo id ed . In 

vitro p lant regen eration  tech n iq u es cou p led  w ith  the d ev e lo p m en ts  in  

recom binant D N A  te c h n o lo g y  h e lp ed  in im p rov in g  the c lo n es  b y  incorporating  

sp e c if ic  traits b y  g en e  transfer. A lth ou gh  the ch an ge ob served  b y  the



introduction of a single gene is rather small, these minor changes may be 

additive and have a substantial effect on the yield of the crop. The transfer of 

limited number of traits also caused least disruption to the existing genome of 

the plant.

Rubber biosynthesis occurs on the surface of the rubber particle 

suspended in the latex, mainly by the Mevalonate pathway (MVA). The latex 

biosynthetic pathway starting from simple sugar involves at least seventeen 

steps, each being controlled by a particular enzyme or an enzyme system. One 

of the key regulatory points in the isoprenoid pathway is the iiTeversibie 

conversion of HMG-CoA to mevalonate catalyzed by 3-Hydroxy-3- 

Methylglutai-yl Coenzyme A Reductase (HMGR). Quantification work earned 

out by Lynen (1969) revealed a lower HMGR activity in Hevea latex (0.078 

nmol MVA/ ml of latex), compared to other enzymes in the pathway up to IPP 

(isopentenyl pyrophosphate) strongly suggesting the rate limiting role of this 

enzyme in the mbber biosynthetic pathway. Clonal variations in the HMGR 

activity were noticed earlier and have been related to yield in Hevea 

(Wititsuwannakul and Sukonrat, 1984). Studies done by Wititsuwannakul 

(1986) in continuation with the above work also proved the association between 

the hingrl enzyme activity and rubber biosynthesis in Hevea. These findings led 

to the selection of this gene for the present work. HMGR is encoded by a group 

of three genes namely hmgr\, hingrl and hmgr3 which form a small gene 

family. It has been reported that hmgrl is involved in rubber biosynthesis, 

hmgrl with the defence responses induced by pathogens and wounding whereas 

hmgr'i is of a housekeeping nature (Chye et a l,  1992). In order to increase the 

latex yield in Hevea hrasiliensis over expression of the hmgr\ gene was 

attempted through Agrobacterium  mediated genetic transformation. The present 

study was focused with the following objectives.



Objectives

Id en tifica tion  o f  a su itab le bacterial strain and target tissu e  for  

Agrobacteriiim m ed iated  gen etic  transfom iation  w ith  hmgr\ gen e  in 

Hevea brasUiensis.

D ev e lo p m en t o f  transgen ic Hevea p lants over exp ressin g  hmgr\ gen e.

V alid ation  o f  the transgene integration and exp ressio n  u sin g  m olecu lar  

and b io ch em ica l too ls.
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C hapter 2

REVIEW  OF LITERATURE

Natural m bber (Hevea brasiliensis, W illd .ex  A d r.d eJu ss.M u ell.A rg) is a 

perennial out-breeder w ith  a lon g  life  span, w h ich  m akes crop im p rovem en t  

laborious and tim e con su m in g . D uring 1876 , nearly  2 0 0 0  seed lin g s  raised  from  

the seed s co llec ted  b y  Sir H enry W icld iam  w ere  transported from  the K ew  

gardens to C ey lo n  w h ich  form ed  the b asis  for rubber cu ltivation . T he plants 

w ere  first propagated  from  cuttings, w h ere  tw ig s  co llec ted  from  2  to  3 year o ld  

trees w ere  u sed .

R ubber tree is a sturdy perenn ial attain ing a h e ig h t o f  about 30  m etres. It 

is  d ec id u o u s w ith  partial or com p lete  w in terin g  d ep en d in g  upon  the c lo n e , age  

o f  the p lant or location . R efo lia tio n  and flo w er in g  fo llo w  w intering . O ccasion a l 

o f f  sea so n  flo w er in g  is  a lso  observed  during Sep tem b er and O ctober. Hevea is 

m o n o ec io u s  w h ere  the m ale  flo w ers are sm aller  in  s iz e  and m ore in num ber  

than the fem a le  flo w ers. P istilla te  flow ers are seen  at the tip o f  the p an ic le  and  

its branchlets. T h e g> n o eciu m  is tricarpellary and syncarpous w ith  an o v u le  in  

each  lo cu le . P o llin a tio n  is predom inantly  in sect-m ed iated . T he latex  v e s se ls  in 

Hevea are articulated  and an astom osin g . T h ey  arise from  the ce lls  produced  by  

the vascu lar cam b iu m  and are arranged in con cen tric  rings around the cam bial 

layer. T h e la tex  v e s se l characters like the num ber o f  row s, d en sity  o f  the v e sse ls  

per row , d iam eter o f  la tex  v e sse ls  and the in ten sity  o f  an astom osin g  are 

sig n ifica n t c lo n a l characters w h ich  in flu en ce latex  y ie ld . T he num ber o f  latex  

v e sse l row s is  p o s it iv e ly  correlated w ith  the y ie ld  and can be u sed  as an early  

se le c tio n  criterion in b reed in g  program m es. R ubber tree is prim arily  grow n in 

the traditional b elt in the South W estern  reg ion  o f  pen insu lar India w h ich  w as  

later ex ten d ed  to the non-traditional regions.



In Hevea, con ven tion a l b reed in g  b egan  during 1918 in M alaysia  w ith  

the prim e o b jec tiv e  o f  re leasin g  n ew er  c lo n es  b y  shorten ing  the b reed in g  cy c le . 

Hevea b reed in g  started in  India during 1954 w h en  the first se t o f  hybrids w as  

form ed. T he c lo n e  R R II 105 (obta ined  b y  cro ssin g  Tjir and G L l) ,  w h ich  w as  

on e  am on g  th ese  hybrids, rev o lu tio n ized  rubber production  in  India through its 

h igh  y ie ld  p otentia l. T he m ain  breed ing  ob jec tiv es  in Hevea in c lu d e h igh  latex  

y ie ld , im p rovem en t in the tech n o lo g ica l properties o f  natural rubber, tim ber  

y ie ld  and q u ality  and d isea se  to lerance. T he first step  in con ven tion a l breed ing  

is the in troduction  o f  the p lanting m aterial, w h ich  enriches the g en etic  d iversity  

o f  the sp ec ie s  and accelerates the p rocess o f  g en etic  im provem ent. T h ey  w ere  

m u ltip lied  and then evaluated  in fie ld  trials w ith  the popular c lo n e  as the check . 

From  th ese  trials, the trees w ith  outstand ing  y ie ld  w ere  se lec ted  and c lon ed . 

T h ey  w ere  u tilized  in the hybrid ization  program m es based  on hybridization  

o b jec tiv es , viz, y ie ld  im provem ent, d isea se  to lerance, drought and co ld  

to leran ce, im p roved  v ig o r  and tim ber properties. T he hybrid seed lin g s  w ere  

later evalu ated  in the nursery and se lected .

T h e con ven tion a l breeding strategies for natural rubber im p rovem en t are 

con sid ered  as a lon g  drawn process as the breed ing  c y c le  is too  lengthy. T he  

stea d ily  in creasin g  dem and for natural rubber co m p elled  researchers to u tilize  in 

vitro tech n iq u es to im p rove rubber production  as w e ll as productiv ity . 

D ev e lo p m en t o f  a h igh  y ie ld in g  c lo n e  is the n eed  o f  the hour to a ch iev e  this 

g oa l o f  in creasin g  productiv ity . D ev e lo p m en t o f  transgen ic p lants over  

ex p ressin g  a k e y  la tex  b iosyn th etic  g en e  u sin g  Agrobacterium  m ed iated  

transform ation  can be a so lu tio n  for th is need . B io tech n o lo g ica l approaches  

h ave a m ajor ro le in  im p rov in g  the accuracy  o f  the se lec tio n  procedure and in  

d e v e lo p in g  c lo n es  in tegrated w ith  sp e c if ic  traits. T hrough con ven tion a l 

b reed ing , a set o f  gen es are transferred to a recip ient plant from  d o m estic  crops 

or related  genera. B ut b io tech n o lo g ica l approaches attem pt the transfer o f



defined genes from any organism resulting in an increase in the availability of 

the gene pool for crop improvement. The aim of gene transfer techniques is the 

production of improved varieties through the incorporation of important genes 

into existing cultivars (Singh et al., 2004). Together with the. traditional plant 

breeding practices, biotechnological interventions helped in the development of 

novel methods to genetically alter and control plant development, its 

performance and the products. The developments of transgenic plants in any 

crop species require a perfect somatic embryogenesis pathway for plant 

regeneration.

Somatic embryogenesis can be used as an alternative to budding

technique for clonal propagation in Hevea. This protocol comprises of

induction, proliferation, histodifferentiation, maturation and germination phases.

Developmental stages in somatic embryogenesis are similar to zygotic

embryogenesis, where embryos were produced without any vascular connection

to the parental tissue. Somatic embryogenesis, defined as a non-sexual

developmental process, produces bipolar embryos usually from juvenile somatic

tissues, which is a major limitation for the propagation of woody species.

Carron and Enjalric (1982) induced calli and embryoids from the anther wall.

Later, Wang and Chen (1995) developed plantlets from stamen cultures.

Somatic embryogenesis was induced from the inner integument of immature

Hevea seeds at Cirad (Carron and Enjalric. 1982). The influence of various

factors on somatic embryogenesis was studied in detail by El Hadrami e! al.

(1989, 1991), (El Hadrami and d’Auzac 1992), Michaux-Ferrier and Carron

(1989), Auboiron et al. (1990) and Etienne et al (1991). Etienne et al. (1993a,

1993b) described that a slow desiccation with 351 mM sucrose supplemented

with ImM ABA strongly improved gemiinability and plant conversion. Embryo
/

development in the presence of ABA was also reported by Veisseire et al. 

(1994a, 1994b). Somatic embryogenesis was also promoted by the



incorporation  o f  h igh er le v e ls  o f  su crose  (351 m o l m “ )̂ and ca lc iu m  (1 2  m M ) 

(M on toro  et a l,  1993 , 1995). T em porary im m ersion  that generates a stressfu l 

co n d itio n  for the exp lan ts, enhanced  som atic  em bi7 0  production  (M artre et al., 

2 0 0 1 ) . A cco rd in g  to B lan c et al. (1 9 9 9 ), carbohydrates have a crucial ro le on  

so m a tic  em bryo fo n n a tio n . A  com parative study b etw een  som atic  and zy g o tic  

em b ryos w a s con d u cted  b y  Lardet et al. (1 9 9 9 ). A lth ou gh  plant regeneration  via  

so m a tic  em b ry o g en esis  w as su ccessfu l in Hevea, the regeneration  sy stem  is still 

con fron tin g  p rob lem s due to the lo w  g em iin a tio n  percentage and plant 

co n v ersio n  as in m any other tree sp ec ies  (C a illou x  et al., 1996; L in ossier  et al., 

1 997). A cco rd in g  to m an y  reporters, individual gen o ty p es w ith in  a g iven  

sp e c ie s  vary greatly  in their em b ryogen ic  capacity  during som atic  

em b ry o g en esis  (A m m irato , 1983; A ttree and F ow k e, 1993; D udits et al., 1995; 

M erk le  et al., 1995). R eliab le  em bryo fo n n a tio n  is lim ited  to a fe w  Hevea 

g en o ty p es  lik e  PB  2 6 0 , PR  107, PB 2 3 5 , RRII 105 and R R IM  6 0 0  w h ere the  

em bryo form ation  is m om entary  (Carron et al., 1989; K um ari Jayasree et al., 

1 9 99). S in ce  1990 , research has b een  in itiated  for in vitro p lant regeneration  v ia  

so m a tic  em b ry o g en esis  for the Indian Hevea c lo n es  at the R ubber R esearch  

Institute o f  India (R R II), kottayam . B oth  im m ature anthers (K um ari Jayasree et 

al. 1 9 9 9 ) and in flo rescen ce  exp lan ts (Susham akum ari et al. 2 0 0 0 b ) w ere  found  

id ea l for  so m a tic  em b ry o g en esis  and plant regeneration  for the h igh  y ie ld in g  

Indian Hevea c lo n e  R R II 105. T h e role o f  su crose  and A B A  on  ca llu s  

d ev e lo p m en t, em bryo in d u ction  and p lant regeneration  w a s stu d ied  by  

Susham akum ari et al. (2 0 0 0 b ) and the som atic  em b ryo-d erived  plants w ere  

estab lish ed  in  R R II exp erim en tal fie ld . R ecen tly  attem pts w ere  a lso  m ade to  

in d u ce so m a tic  em b ryos from  le a f  and root exp lants o f  Hevea (K ala  et al. 2 0 0 5 , 

2 0 0 6 ; Susham akum ari et al. 2 0 0 6 ). A lth ou gh  large quantities o f  som atic  

em b ryos w ere  produced , norm al p lant d ev e lo p m en t w as d ifficu lt due to the



asyn ch ron ou s m aturation  o f  the em bryos and su b seq u en t lo w  germ in ation  and 

co n v ers io n  rates.

Li Hevea, o p tim iza tion  o f  p lant regeneration  tech n iq u es through som atic  

em b ry o g en esis  en ab led  us to  app ly  g en etic  tran sfon n ation  tech n iq u es for  

breed ing . T hrough g en etic  en g in eer in g , tree im p rovem en t can b e m ade b y  the 

in trod u ction  o f  a lien  g en es  for desirable agron om ic traits. T his w o u ld  help  

red u ce the tim e required for Hevea g en etic  im p rovem en t and b ecam e an 

im portant part o f  Hevea b reed in g  program m es. G en etic  en g in eer in g  has 

additional s ig n ifica n ce , s in ce  it a llo w s the in troduction  o f  a d esired  gen e  in a 

s in g le  step  for p rec ision  breeding. It o ffers a p otentia l to o l for crop  

im p rovem en t and op en ed  n e w  v ista  for the production  o f  crop p lants and forest 

trees w ith  in creased  resistan ce  to sa lin ity  stress, h igh tem perature, d isea ses , 

in sec t pest, drought and other environm ental con d ition s. In the last 15 years, 

am azin g  progress has b een  m ade in  the production  o f  transgen ic  plants in about 

120 crop sp e c ie s , w h ere  plants w ith  im proved  traits such  as resistan ce  to  

h erb ic id es, in sects , p ests , d isea ses , m icrobial p athogens and v iru ses, 

p h y s io lo g ic a l stresses and other quality  traits have been  produced. It is n ow  

tech n ica lly  p o ss ib le  to transfer gen es across all taxon om ic  boundaries into  

p lants- ie ., from  other plants, an im als and m icrob es or even  to introduce to ta lly  

artificial g en es.

2.1 Agrobactenum-mtA\2dQf\ transformation in Hevea brasiliensis

T h e era o f  plant g en etic  en g in eerin g  o f  crop plants began w ith  the 

d isco v ery  o f  the ab ility  o f  Agrobacterium, a so il bacterium  to transfer a portion  

o f  its D N A  (T -D N A ) into the plant ce lls  naturally. Agrohacteriiim is a gram  

n eg a tiv e  so il d w e llin g  bacterium  that cau ses crow n gall and hairy root d isea se  in 

m ost d ico ts , gym n osp erm s and so m e m o n o co ts  by a natural g en etic  en g in eerin g  

even t in  w h ich  part o f  the bacterial T i (T um or in ducing) or R i (R o o t inducing)



p la sm id  D N A  (T -D N A ) is transferred into the nuclear g en o m e o f  plant ce lls  

(N ester  et a l,  1984; B in n s and T h om ash aw , 1988). T he T -D N A  is integrated  

in to  the p lant g en o m e  v ia  illeg itim a te  recom bination . G en es in the T -D N A  

e n co d e  en zy m es in v o lv ed  in the production  o f  auxin and cytok in in  com p ou n d s  

e ssen tia l for p lant grow th  and d evelop m en t. In addition, w ild  type T -D N A  also  

carries g en es  that d irect the syn th esis  o f  particular am ino acids and sugar  

d eriva tives that are not n orm ally  found in  plant ce lls . T h ese  plant tum or sp ec if ic  

co m p ou n d s are gen era lly  referred to as o p in es (E llis  and M urphy, 1981). B ased  

on  the type o f  op in es en co d ed  b y  the corresponding T i p lasm id , Agrobacterium 

can b e c la ss if ie d  as o ctop in e , n op alin e , su cc in o p in e  and ch rysop in e strains 

(D essa u x  et al., 1993). In fact, on ly  the T -D N A  ends w h ich  form  the border  

repeats o f  2 4  b ase  pairs are essen tia l as reco g n itio n  s ign a ls for the transfer  

sy stem . B y  u s in g  su ch  d isarm ed  Agrobacterium  strains, it is p o ss ib le  to obtain  

n orm ally  appearing, fertile  transgen ic p lants (H ooyk aas and Schilperoort, 1992; 

Zupan and Zam brysky, 1995). In addition to its applications in crop im provem ent, 

Agrobacterium  m ed iated  transform ation o ffers a p ow erfu l research too l for  

stu d y in g  p lant b io lo g y  e sp e c ia lly  the control m ech an ism s in  g en e  exp ression . 

T h e av a ila b ility  o f  a reliab le  m eth od  for the regeneration  o f  a co m p le te  plant 

from  a transform ed ce ll is con sid ered  as an essen tia l pre requ isite for v irtu a lly  

all sy stem s o f  g en e tic  m anipulation . In Hevea, Agrobacterium  m ed iated  g en etic  

transform ation  is  the m o st su c c e ss fu l m eth od  till date. It is  w id e ly  u sed  b ecau se  

o f  its e ff ic ie n c y  and co n v en ien ce . It has rem arkable ad vantages over  direct 

transform ation m eth od s in c lu d in g  preferential integration  o f  d efin ed  T -D N A  

in to  transcrip tionally  a c tiv e  reg ion s o f  the ch rom osom e (C z e m ilo fsk y  et a l, 

1986; K o n cz  et a l,  1989; L e et al., 2001; O lh oft et a l,  2 0 0 4 ) w ith  the ex c lu s io n  

o f  v ec to r  D N A  (H ie i et al., 1997; Fang et al., 2 0 0 2 ) , u n lin k ed  integration  o f  co -  

tran sfon n ed  T -D N A  etc  (M cK n igh t et al., 1987; K om ari et al., 1996; H am ilton , 

1997; O lh oft et al., 2 0 0 4 ) . T he transgenic p lants are gen era lly  fertile  and the



fo re ig n  g en es  are transm itted  to  p rogen y  in a M en d elian  m anner (R hodora and 

T h om as, 1996). O ther advantages in clu d e lo w  co p y  num ber and little  

rearrangem ent o f  the D N A  insert w ith  e ffic ien t p lant regeneration  capacity .

T h e transfer o f  the T -D N A  and its in tegration  into the plant g en o m e is 

a lso  in flu en ced  b y  severa l factors w h ich  in clu d e p lant g en o ty p e , target tissu e , 

p la sm id  vecto rs , bacterial strain, addition  o f  syn th etic  p h en o lic  com p ou n d s  

in d u cin g  “vir"  g en es , culture m ed ia  com p o sitio n , tissu e  dam age, suppression  

and e lim in ation  o f  Agrobacterium  after co -cu ltiv a tio n  etc (A lt M orb e et ah, 

1989; B id n ey  et a l,  1992; H oek em a et a l, 1993; H iei et a l,  1994; K om ari et a i, 

1996; N au erb y  et a l,  1997; K lee , 2 0 0 0 ). T h e type and texture o f  explant, 

an tib io tic  resistan ce  g en e  used  in the gen e construct, and nature o f  the prom oter  

d riv in g  the transgene ex p ressio n  are other im portant factors, w h ich  determ ine  

the e ff ic ie n c y  o f  transform ation  and regeneration  o f  transgenic tissu es.

O ne o f  the s ig n ifica n t advancem ent in Hevea transform ation w a s the 

stab le  in troduction  o f  the foreign  gen es into the nuclear g en o m e o f  plants. Its 

p o ss ib ility  w a s first exp lored  b y  Arokiaraj and W an (1 9 9 1 )  u sin g  

Agrobacterium  m ed iated  transform ation. Later the first transgen ic Hevea plant 

w a s d ev e lo p ed  b y  the particle bom bardm ent m ethod  u sin g  anther calli derived  

from  the c lo n e  G L l (A rokiaraj et a l,  1994). S u b seq u en tly , transgen ic Hevea 

plants w ere  d ev e lo p ed  b y  Agrobacterium  m ed iated  transform ation u sin g  anther 

calli as the target tissu e  (A rokiaraj et a l,  1996 , 1998). M ontoro et al. (2 0 0 3 )  

u sed  the ca llu s from  inner in tegu m en t tissu e  o f  im m ature fm its  (c lo n e  P B 2 6 0 )  

for g en e tic  transform ation. R ecen tly , B lan c et al. (2 0 0 6 )  d ev e lo p ed  transgen ic  

plants o f  Hevea (c lo n e  PB 2 6 0 )  v ia  Agrobacterium-mQd\dA.td transforaiation . 

T ran sgen ic  plants in tegrated w ith  the SOD g en e , a fu n ctional gen e  under the  

con tro l o f  C aM V  3 5 S  and F M V  3 4 S  prom oter w ere  produced  at R R II 

(Jayashree et al., 2 0 0 3 ; S ob h a  et al., 2 0 0 3 a ). T o ensure the stab le su p p ly  o f  

natural rubber, prod u ction  o f  im p roved  Hevea tree w ith  increased  prod u ctiv ity



is n eed ed . R ecen t progress in the m olecu lar  b io lo g y  techn iques h elp ed  us in 

scru tin iz in g  the m ech an ism  o f  m bber b iosy n th esis .

2.2 Rubber biosynthesis in plants

N atural rubber is a secon d ary  m etab olite  present as rubber particles in  

the la tex , the flu id  cytop lasm  o f  la tic ifers in Hevea bnisiliensis. Plants 

sy n th es ize  over  2 2 ,0 0 0  lo io w n  isop ren oid  com p ou n d s w h ich  are in v o lv ed  in  

m an y  essen tia l m eta b o lic  and regulatory activ ities (C o n n o lly  and H ill, 1992). 

R ubber is  co m p o sed  o f  isoprene units lin k ed  together to  form  a p o lym er  w h ich  

d iffers from  the m ajority  o f  isop ren oid  com p ou n d s in tw o  respects. It has a h igh  

and a variab le  m o lecu la r  w e ig h t ranging  from  1 0 0 ,0 0 0  to  several m illio n  and  

the g eom etr ica l con figu ration  o f  the d ou b le bond  is e x c lu s iv e ly  “cw ”, w hereas  

the other isop ren oid  com p ou n d s h ave “trans” con figu ration  w ith  a fixed  

m olecu lar  w e ig h t ranging from  100 to 1000  units. B eca u se  o f  its m olecu lar  

structure ( h igh  cw -b on d  about 99 .5% ) and h igh  m olecu lar  w e ig h t ( >  10^ D a), 

natural rubber has m an y  p h ysica l properties w h ich  m akes it superior to 

syn th etic  rubber and therefore serve as an im portant raw m aterial for rubber 

products. G en era lly , isop ren oid s can b e c la ss if ied  into prim ary and secon d ary  

m etab o lites. T h is m ultibranched pathw ay is on e o f  the m o st com p licated  

b io sy n th etic  path w ays in plants lea d in g  to d iverse com p ou n d s such  as 

p h otosyn th etic  p ig m en ts , grow th  regulators lik e  a b sc is ic  acid  and g ib b erellin s, 

p h ytoa lex in s, antib iotics, sterols, p lastiqu inone, ub iquinone, isop en ten y l-tR N A  

and prenylated  proteins (B ach , 1987; 1995). It has b een  w e ll docum ented  that 

isoprenoids in clu d in g  natural rubber, sesq u ite ip en es, triterpenes, sterols and 

brassinosteroids are b iosyn th esized  v ia  the M V A  pathw ay (N ew m an  and 

C happell, 1999), w hereas g ibberellins, ab scisic  acid, carotenoids, and chlorophyll 

sid e chains are b iosyn th esized  via  the M E P paithway (L ichtenthaler, 1999). A ll 

these com pounds are produced from  acety l-C oA  via  m evalonate to a central 

interm ediate isop en ten yl diphosphate (IPP) (M cG ai-vey and Croteau, 1995).



IPP is the basic building block from which these compounds are derived. These 

compounds are necessary for a broad range of functions, including cell growth, 

reproduction, disease resistance, respiration and photosynthesis. Evidence 

supporting this cj^osolic pathway for rubber formation was derived from a 

high-level incorporation of radiolabelled pathway intermediates such as 

mevalonate (Skilleter and Kekwick, 1971) and HMG CoA (Hepper and Audley, 

1969) into rubber. The initial steps of the isoprenoid pathway involve the fusion 

of three molecules of acetyl-CoA to produce 3-hydroxy-3-methylglutaryl-CoA 

(HMG-CoA). The HMG-CoA is then reduced to yield mevalonic acid in a 

NADPH-dependent double reduction. This step is catalyzed by mevalonate; 

NADP oxido reductase, CoA acylating; 3-hydroxy-3-methylglutaryl coenzyme 

A reductase (HMGR; EC 1.1.1.34) (Rogers et a l, 1983). Only in the recent 

years has the plastidic 1-deoxy-D-xylulose 5-phosphate/2-C-methyl-D- 

erythritol 4-phosphate (MEP) pathway been considered as a possible alternative 

route for rubber biosynthesis. The analysis of redundancy-reduced EST’s and 

transcription-derived fragments revealed the existence of this alternate pathway 

(DXP/MEP) in addition to the well-known Mevalonate pathway for the 

synthesis of IPP ( Ko et al., 2003). This loiowledge came from the discovery of 

1-deoxy D-xylulose 5 phosphate, which was highly up regulated in the latex 

compared to the leaf tissue. They concluded that the plants have two different 

pathways for the synthesis of IPP. The mevalonate pathway starting from the 

condensation of Acetyl CoA and the second one, the 1-deoxy D-xylulose 5 

phosphate/2-C methyl-D-erythritol 4 phosphate (DXP/MEP) pathway, where 

pyruvate and D glyceraldehyde-3-phosphate is the precursor of IPP (Rohmer 

et a l, 1993; Eisenreich et al., 1998) (Fig. 2). Addition of inhibitors like 

mevinolin to intact protoplasts decreased sterol formation but had little or no 

effect on P-carotene, plastoquinone and fatty acid formation, indicating a 

selective inhibition of cytosolic HMGR (Schulze-Siebert and Schultz, 1987).



The chloroplasts isolated from guayule (Partheniiim argentatum Gray), 

incorporated labeled carbon compounds from ['"'C] bicarbonate, [2-‘'̂ C] 

pyruvate, and [U-‘'*C]-3-phosphoglycerate into isopentenyl diphosphate (IPP) 

indicating the ability to utilize Calvin cycle intermediates for IPP synthesis via 

acetyl CoA and mevalonate (Reddy and Das, 1987). Location of plastidic 

enzymes for IPP synthesis (Wong et ah, 1982; Arebalo and Mitchell, 1984) in 

Pisiim sativum and Nepeta cataria support the concept of separate pathways for 

IPP synthesis and disagree with the central PP-pool hypothesis.
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E v id en ce  for the e x is ten ce  o f  a n o v e l p athw ay for the early  steps o f  

isop ren o id  b io sy n th esis  lead in g  to IPP form ation w as a lso  d etected  in eubacteria  

(R oh m er et a i,  1993). T he exp ression  o f  D X P S  ( i-d e o x y -D -x y lu lo s e  5- 

phosp h ate syn th ase) in the Hevea latex and leaves su g g ests  that the M EP  

path w ay  ex is ts  in la tic ifer  and provide an alternative m eans o f  generating  IDP  

for cis- p o ly iso p ren e  sy n th esis  (K o  et a l,  2 0 0 3 ).

T he e x is ten ce  o f  H M G R  activ ities in various cellu lar com partm ents 

w ith in  the p lant ce ll raises the p o ss ib ility  o f  m u ltip le  form s o f  the en zym e. T his  

su g g ests  that m u ltip le  H M G R  gen es m igh t e x is t  or that a s in g le  gen e  en cod es  

for d ifferen t fo n n s  through alternative m R N A  p rocessin g  or post-translational 

m o d ifica tio n s. D isc o v e i^  o f  the sub cellu lar loca liza tion  o f  H M G R  m ay be 

im portant in understanding the regulation  o f  isop ren oid  b io sy n th esis . T here are 

m u ltip le  form s o f  H M G R  in p lants, w h ich  are d istin ctly  regu lated  at the gen e  

and protein  le v e l (B rook er and R u sse ll, 1975 a, b; 1979; C hoi et a l,  1992; C hye  

et al., 1992; Learned, 1996; C happell and N a b le , 1987; V o g e li and C happell, 

1991; Ji e /  al., 1992). In all plant sp ec ie s  stud ied  to  date, H M G R  is en co d ed  b y  

a sm all g en e  fa m ily  o f  tw o  or m ore m em bers that are d ifferen tia lly  exp ressed  

during d ev e lo p m en t or in  resp on se  to stress. P lants regulate H M G R  a ctiv ity  at 

the le v e l o f  m R N A , b y  d ifferen tia l in duction  o f  sp ec if ic  g en e  fa m ily  m em bers. 

U n lik e  m am m alian  H M G R , there is c lear transcriptional activation  as w e ll as 

su p p ression  o f  sp e c if ic  p lant H M G R s. G en es en co d in g  H M G R s h ave been  

iso la ted  and characterized  from  m any p lant sp ec ie s  in c lu d in g  Hevea (C h ye  

et al., 1991 , 1 9 9 2 ), Arabidopsis (Enjuto et a l,  1994 , 1 9 95), tom ato  (Park et al., 

1 992), p otato  (K orth et al., 1997) and m ulberry (Jain et al., 2 0 0 0 ). U n lik e  

an im als, w h ich  h a v e  a s in g le -c o p y  hmgr g en e , p lant hmgr occurs in  sm all gen e  

fa m ilie s  and the num ber o f  g en es  en co d in g  H M G R  in plants varies d ep en d in g  

on  the sp e c ie s  (G ertler et a l,  1988). A lth ou gh  the proteins th ey  en co d e  share 

h igh  seq u en ce  id en tity , the exp ression  patterns o f  ind iv id u al fa m ily  m em bers



are gen era lly  d istin ct (Sterm er et al., 1994). H M G R  is en co d ed  b y  at least tw o  

and/or ev en  larger m u ltig en e  fa m ilie s  in  plants. T he p resen ce  o f  m u ltip le  gen es  

is  co n sisten t w ith  the h j^ o th e s is  that d ifferent iso form s o f  H M G R  are in v o lv ed  

in  separate sub cellu lar  p athw ays for isop ren oid  b io sy n th esis . In the rubber 

plant, Hevea brasiliensis, H M G R  is en co d ed  b y  a sm all g en e  fa m ily  o f  three  

g en es , hmgrl, hm grl, and hmgr3>. D uring  rubber (c /5 -p o ly isop ren e)  

b io sy n th es is , transcriptional activation  o f  sp ec if ic  H M G R s w a s ob served . T he  

ex p ressio n  o f  hmgrl m R N A  is  induced  b y  e th y len e , but the a ctiv ity  o f  H M G R  

is n ot in flu en ced  b y  eth y len e. T he hmgrl is  h ig h ly  exp ressed  in  la tic ifers w here  

rubber b io sy n th es is  occurs, w h ile  hmgr3 is not affected .

T he hmgrl) iso form  is  probably  in v o lv ed  in isop ren o id  b io sy n th esis  o f  a 

“h o u sek eep in g ” nature, w h ich  infers that it is co n stitu tiv e ly  exp ressed  in the 

plant. H o w ev er , hmgrl co u ld  be associa ted  w ith  the d efen se  resp on ses induced  

b y  p ath ogen s and w o u n d in g  (C h ye et a l,  1992).

T h e study con d u cted  b y  C h ye et al. (1 9 9 2 ) co n sisten tly  sh o w ed  the 

p o ss ib le  e x is ten ce  o f  fa m ilies  o f  iso zy m es each dedicated  to the production  o f  

distin ct c la sse s  o f  isop ren oid s, w h ich  are in d ep en d en tly  regulated . Like 

m am m alian  H M G R , sp ec ific  plant H M G R s is a lso  subject to feedback  

regu lation  by the end products o f  the pathw ay. M ore recently , H M G R  m R N A  

has b een  sh o w n  to accum ulate  in dark-grow n Arabidopsls, s in ce  hmgrl w as  

suppressed  in resp on se  to light (L earned, 1996). U sin g  prom oter/reporter gen e  

flis io n s it w a s dem onstrated  that the suppression  o f  hmgl m R N A  in resp on se  to  

ligh t w a s m ediated  b y  c is -a c tin g  e lem en ts  w ith in  the prom oter.

2.3 Structure of HMGR

In general, the structure o f  H M G R  is sim ilar am on g plants. T he structure 

has three d istin ct reg ion s w h ich  include an N  term inal trans m em brane dom ain , 

linker reg ion , and C -term inal dom ain . T he cata lytic  d om ain  loca ted  in  the



C -term inal portion o f  the protein, is h ig h ly  con served  across all p lant sp ec ies  

(7 4  to  98% ). T h e m ost d ivergent am on g the plant H M G R s w ith  respect to the 

s iz e  and the seq u en ce  is the linker region . T he N -ten n in a l dom ain  (con ta in in g  

the putative m em b ran e-sp an n in g reg ion ) in plants a lso  sh o w  strik ing variations  

in the s iz e . T he h ig h ly  con served  nature o f  the transm em brane spans o f  plant 

hmgr can b e con sid ered  as a reflection  o f  fim ctional im portance. T his  

con servation  in the m em brane d om ain  reg ion  in p lants, h elp ed  in  anchoring the 

en zy m e to sp e c if ic  m em brane or in the regu la tion  o f  the en zy m e to d ifferen t  

en viron m en tal or p h y s io lo g ic a l stim uli (D en b o w , 1997).

2.4 Yield variability in Hevea brasiliensis

L atex  y ie ld  is a p o ly g en ic , co m p lex  trait in flu en ced  b y  d ifferen t factors. 

T h e m ajor y ie ld  com p on en ts lik e  in itia l f lo w  rate per u n it len gth  o f  tapping cut, 

len gth  o f  the cut, percen tage rubber content and p lu g g in g  in d ex  p lay  an 

im portant ro le  in  regu latin g  la tex  y ie ld  in  Hevea. H ere the duration o f  the la tex  

f lo w  is  m a in ly  con tro lled  b y  the coag u la tio n  p ro cesses . S tu d ies on the m olecu lar  

b asis  o f  la tex  coa g u la tio n  sh o w ed  that H e v e in  in d u ced  the latex  coa g u la tio n  by  

b rin g in g  the rubber partic les together. T h is hevein -rubber particle b rid g in g  is 

m ed iated  b y  N -a c e ty l-D -g lu c o sa m in e  and a receptor on  the surface o f  the 

rubber particle. T h is b rid g in g  is inh ib ited  b y  the action  o f  ch itin ases and N -  

a cety l-D -g lu co sa m in id a ses . T herefore the exp ressio n  le v e l o f  th ese  g en es, 

n a m ely  h e v e in  and ch itin ases in the la tex  w h ich  is a c lo n a l character can  be  

u sed  as m o lecu la r  m arkers for h igher y ie ld  in Hevea (C hrestin  et al., 1997).

M ain ten an ce o f  h igh er  grow th  rate is  a lso  essen tia l for h igher la tex  y ie ld  

(Sethuraj, 1981). S eason a l as w e ll as c lon a l variations in  the la tex  y ie ld  w ere  

a lso  n o ticed  in  rubber trees. D uring  the peak  season , the trees exp er ien ced  so m e  

k ind  o f  stim u lation  w h ich  increased  the la tic ifer  activ ity . D u rin g  th is period , a 

h igh er su crose  lo a d in g  cau sed  the e x c e ss  su crose to be drained out w ith  the



la tex  serum . T he num ber o f  la tic ifers is  another im portant factor in flu en cin g  

rubber y ie ld  in  Hevea (G o m ez , 1982). It w a s dem onstrated  that the laticifer  

d ifferen tia tion  in  Hevea w as a ffected  b y  the ja sm o n ic  acid . Introduction  o f  

g en es  en co d in g  e n zy m es in v o lv ed  in the ja sm o n ic  acid  sy n th esis  can  bring  

about la tex  v e s se l d ifferen tia tion  in Hevea. A  k ey  en zy m e in  th is pathw ay, 

a llen e  o x id e  syn th ase  (A O S ) has b een  c lo n ed  and w ork  has b een  in itiated  in  th is  

direction  (A rokiaraj et a l,  2 0 0 2 ).

A  p o s it iv e  in flu en ce  o f  lo w  tem perature and w in terin g  on  the latex y ie ld  

has b een  reported b y  V in o d  (2 0 0 1 ), S tud ies con d u cted  in g u ayu le  {Parthenium 

argentatiim) supported th is statem ent sh o w in g  a rapid increase in the rubber 

form ation  from  5 8 9  m g to 4 4 3 8 .0  m g  per plant during the w inter season . T he  

H M G R  a ctiv ity  during June, m easured as 21.1 nm ol m ev a lo n ic  acid  (M V A )  

h ''g ‘' w a s increased  to 2 9 .9  nm ol m ev a lo n ic  acid  (M V A ) h ''g '' fresh w eigh t  

during w inter. A  sim ilar  rise w a s also  n oticed  in the rubber transferase activ ity . 

T h e in crease  in the a ctiv ities  o f  these en zy m es co in c id ed  w ith  the acceleration  

in the rubber form ation  o f  the plant. B ut the a ctiv ities  o f  M V A  k inase and IPP 

isom era se  w ere  a lm ost unchanged  in the fall and w inter (Ji et al., 1993). 1'he 

in flu en ce  o f  hmgs and hmgr\ m R N A  lev e ls  on the dry rubber content in Hevea 

w as in vestigated  b y  S u w an m an ee et al. (2 0 0 7 ). T he hmgs and hmgr 1 m R N A s  

sh o w ed  a p o sit iv e  con-elation  w ith  dried rubber content in rubber latex from  3 

ta p p in g ’s o f  ten trees w ith  co effic ien ts  o f  0 .7 7  (p < 0 .0 1 ) and 0 .71 (p < 0 .0 1 ),
✓

resp ectiv e ly . A  p o sit iv e  correlation  co e ffic ien t o f  0 .7 4  (p < 0 .0 1 ) w a s obta ined  in 

the exp ressio n  o f  hmgs and hmgrl gen e. T h e d u p lex  R T -P C R  w a s u sed  to 

determ ine m R N A  le v e ls  o f  hmgs and hmgrl from  h igh  and lo w  y ie ld in g  m bber  

trees. B oth  gen es c learly  sh o w ed  higher exp ressio n  in  the h igh  y ie ld in g  c lo n es  

than the lo w  y ie ld in g  on es. T h ese  results sh o w ed  that rubber b io sy n th es is  in 

Hevea brasiliensis w a s coord in ate ly  regulated  b y  hmgs and hmgr\ gen es. 

T herefore the ex p ressio n  o f  th ese  gen es cou ld  b e  u sed  as early  se lec tio n  m arkers



in Hevea breeding programmes. Similarly northern blot analysis in Hevea also 

showed a diurnal variation in the hmgrl mRNA level. The levels of hmgrl 

mRNA varied with the tapping times and the peak was at 2.00 a.m. The 

relationship between hmgrl mRNA and dry rubber content was again 

investigated in this study, where a positive correlation was observed between 

the dry rubber content and hmgrl mRNA in the Malaysian clone RRIM 600 and 

PB 235. These results strongly prove the regulatory role of hmgr\ in rubber 

biosynthesis (Nuntanuwat et a l, 2006).

2.5 HMGR and Rubber biosynthesis

The commercial exploitation of Hevea tree for latex commenced by the 

end of 19“’ centuiy (Cairon et al. 1989). Rubber content accounts for about 2% 

of the dry weight of the tree. The generation of genetically modified rubber tree 

needs a proper understanding of plant physiology. A deep Icnowledge on the 

potential limiting factors of latex yield helped us to spot out some definite 

enzymes or proteins, a modification in the expression of their coiTesponding 

gene could augment yield in Hevea. At this context, the latex yield can be 

enhanced either by treatment or by the over expression of key rubber 

biosynthetic genes in transgenic plants. Many studies have proved that the three 

enzymes namely HMGR, FDP and RuT were very closely related to yield and 

quality of rubber. Richards and Hendrickson (1964) proved that acetate was 

incorporated into a large number of complex organic molecules. HMGR has 

been rigorously studied in animals and yeast due to its importance in catalyzing 

the rate-limiting reaction in cholesterol biosynthesis (Goldstein and Brown, 

1990), and is very highly regulated in these systems (Hampton et a!., 1994). 

However, the rate limiting nature of HMGR in plants and its regulation remain 

controversial (Chappell, 1995; Stermer, 1994). Evidence for the rate-limiting 

action of HMGR in isoprenoid biosynthesis came from studies of several 

investigators (Chappell and Nable, 1987; Stermer and Bostock, 1987) where a



con com itan t rise in the isop ren oid  b io sy n th esis  w a s n o ticed  w ith  an in crease in 

the H M G R  activ ity . H ow ever , it has a lso  b een  dem onstrated  u sin g  p u lse- 

lab e lin g  stu d ies that other dow nstream  en zy m es in the path w ay are a lso  h ig h ly  

regu lated  and m ay b e k ey  control po in ts (T hrelfa ll and W hitehead , 1988; V o g eli 

and C h ap p ell, 1988; C happell et a i, 1991; C happell et al., 1995). T o  directly  

eva lu ate  the ro le o f  H M G R  in regu lating carbon f lo w  into plant isop ren oid s, 

C happell et al. (1 9 9 5 )  co n stitu tiv e ly  exp ressed  the ham ster H M G R  c D N A  in 

tob acco  p lants {Nicotiana tabacum L .) resu lting in an increase in total H M G R  

en zy m e a ctiv ity  (3 -6  fo ld ) and an overall sterol accum ulation  (3 -1 0  fo ld). 

H o w ev er , o n ly  so m e  c la sse s  o f  isop ren oid s (eg , stero ls) w ere  a ffected  w h ile  

caroten oid s, p h y to a lex in s and the p h yto l chain  o f  ch lorop h yll rem ained  

unchanged . A d ditional stud ies supported the role o f  sp ec if ic  iso fo n n s  o f  H M G R  

in  m ed ia tin g  p athw ay flux  esp ec ia lly  during d efen se  responses. H M G R s are 

h ig h ly  regulated  by a variety  o f  d evelop m en ta l and environm ental sign a ls such  

as ligh t, w o u n d in g , in fection , horm ones, h erb icides, and stero ls (B ach , 1995). 

T h e su b cellu lar  lo ca liza tion  o f  plant H M G R  is controversia l, but en zy m e  

a ctiv ity  has b een  associa ted  w ith  m itochondria  (B ach  et al., 1986), ch lorop lasts  

(B rook er and R u sse ll, 1975a; A reb alo  and M itch ell, 1984) as w e ll as the ER  

(K on d o  and O ba, 1986; Enjuto et al., 1994). S tu d ies on p lastid  and cy to p la sm ic  

H M G R  a ctiv ites in p ea  revea led  d istin ctiv e  k in etic  and regulatory properties  

(B rook er and R u sse ll, 1975b; B rooker and R u sse ll, 1979; W o n g , et al., 1982). 

H M G R  a ctiv ites  are h igh er in  rapidly g row in g  parts o f  the p lant such  as apical 

buds and roots, but lo w er  in m ore m ature tissu es. T his is m ore ev id en t in tom ato  

w h ere  the a c tiv ity  is h ig h est during the early  stages o f  fruit d ev e lo p m en t w h ich  

later d ec lin ed  during fruit ripening (G illa sp y  et al., 1993). S im ilarly  treatm ent 

w ith  m ev in o lin  (a  co m p etitiv e  inhibitor o f  H M G R ) can s lo w  or inhibit plant 

grow th  and d ev e lo p m en t (G ray, 1987; N arita and G ru issem , 1989).



Mevalonic acid is derived from P-hydroxy P methyl glutaryl CoA in a 

TPNH- linked reduction. Hevea latex is a colloidal suspension of rubber and 

other particles in an aqueous medium. Freshly tapped latex on centrifugation 

separated into three distinct fractions, a light rubbery phase of creamy 

appearance, middle aqueous C serum and the sediment bottom fraction (BF) of 

membrane-bound organelles. The BF is composed of the membrane bound 

organelles, the lutoids and Frey-Wyssling particles. The fresh latex is thus a 

colloidal mixture of these particles together with the cell soluble substances in 

an aqueous suspension. HMGR presumably one of the rate-limiting enzymes in 

the RB (rubber biosynthesis) pathway was purified from the washed BF 

membrane (Wititsuwannakul et a i, 1990; Benedict, 1983). It was shown that a 

Câ '*' binding protein in the C-serum functions as an activator of HMGR enzyme 

(Wititsuwannakul et al, 1990). Rubber biosynthesis mainly occur on the bottom 

fraction particle surface (BF) or the washed bottom fraction membrane (WBM). 

Again the rubber biosynthesis activity of WBM (washed bottom fraction 

membrane) was much higher than the rubber particles (RP) surface 

(Wititsuwannakul et a i, 2004).

Lynen (1969) pointed out that the relative enzymatic activities of various 

enzymes in the pathway up to IP? were of comparable magnitude with the 

exception of HMG CoA reductase. This enzyme activity was much lower and is 

conservable that the constitutional level of this enzyme may be a limiting factor 

in mbber biosynthesis. HMGR in Hevea latex has been characterized and the 

activity appears to be exceptionally low (0.078nmol MVA/ ml of latex), 

compared to other enzymes. Thus, the level of this enzyme may be a limiting 

factor in the biosynthesis of natural mbber. Similar results were observed by 

Hepper and Audley, (1969) where mevalonic acid was utilized by the latex at a 

much faster rate than HMG CoA. Wititsuwannakul (1986) reported that the 

specific activity of HMGR was high in high-yielding Hevea clones and that the



diurnal variations observed in the rubber content of the latex coincided with the 

variations in the HMGR activity. It may therefore be possible to increase the 

rubber yield by promoting the transcription and translation of latex-specific 

HMGR.

According to Sando et al. (2008), the natural rubber biosynthesis by the 

mevalonate pathway consisted of six steps catalyzed by corresponding enzymes. 

The enzymes involved in the early steps of rubber biosynthesis (HMGS and 

HMGR), functioned jointly when the substrate is available (Suwanmancea 

et al., 2002). Of the three members of the HMGR family, the laticifer specific 

hmgr\ was induced by ethylene and not influenced by ethylene 

(Wititsuwannakul et al., 1986). The direct role of yield stimulants on the rate of 

rubber formation following tapping has not been proved so far. The hmgrl 

could be associated with the defense reactions against wounding and pathogens 

and hmgrl) was expressed constitutively (Chye et al., 1992; Wititsuwannakul 

et al., 1986). Venkatachalam et al. (2009) reported molecular cloning and 

characterization of a full-length cDNA as well as genomic DNA of hmgrX gene 

from Hevea brasiliensis (clone RRII 105). The Northern blot results suggested a 

high level expression of hmgrl in the laticifers than in the leaves, emphasizing 

its involvement in rubber biosynthesis. The nucleotide sequence of the genomic 

DNA contained 4 exons and 3 introns giving a total length of 2440 bp. The 

hmgrl cDNA contained an open reading frame of 1838 bp coding for 575 

amino acids with a theoretical pi value of 6.6 and the calculated protein Mw of

61.6 kDa. The amino acid sequence of hmgrl revealed highly consei-ved motifs 

that are common to other plant species. These consei-ved motifs play a vital role 

in the structural and catalytic properties of this enzyme. The existence of the 

three isofonns of Hevea hmgr was also confmiied by the genomic Southern blot 

analysis. The northern analysis further showed a higher hmgrlvoRNA  transcript 

level in the latex cells compared to mature/immatiu'e leaves and seedlings.



Alignment analysis and phylogenetic studies conducted by Sando et al. 

(2008) revealed the existence of four HMGR genes in Hevea brasiliensis and 

that the MVA pathway genes were highly expressed in the latex. They coined 

different expression patterns for the multiple copies of HMGR and HMGS. 

Furthermore this report strongly supported the earlier findings that hmgrl is 

highly expressed in the latex, showing its importance in the natural rubber 

biosynthesis in Hevea. If HMGR activity is shown to be correlated with the 

yield, there is every possibility to utilize this relationship to increase rubber 

biosynthesis by increased transcription and translation of HMGR and 

maximizing the specific activity of the enzyme in situ. Genetic transformation 

was carried out in Hevea using hmgrl gene where Hevea anther callus was used 

as the explant. HMGR activity in the transformed callus ranged from 70-410% 

and the corresponding activity in the somatic embryos were from 250-300% 

compared to the control (Arokiaraj, 1995). Unfortunately, the transgenic 

embryos failed to germinate. Here the elevated activity of the hmgr\ in the 

transformed tissues could be explained in part by the level of mRNA. Studies by 

Berlin et al. (1993) proved that the over production of an intermediate in a 

biosynthetic pathway could lead to increased levels of the end product as 

evidenced in transgenic Pegamim harmala. These observations showed that the 

activity of a key enzyme in the rubber biosynthetic pathway couid be elevated 

through genetic transformation and this can lead to an increase in the end 

product. Hence, experiments were initiated at RRII to enhance rubber 

biosynthesis by developing transgenic plants integrated with the genes coding 

for hmgr\ and some of the downstream enzymes of the biosynthetic pathway.

It has been well established that the transformation efficiency depends 

on many factors including plant genotype, plasmid vectors, ‘v/r’ gene inducing 

compounds, medium composition, Agrobacteriinn strains etc. The choice of 

Agrobacterium  strain is one of the key parameter determining the efficiency of



transformation. Arokiaraj et al. (1998) used Agrobacteriiim strain GV2260 

(p35SGUSrNT) that harboured the P-glucuronidase (giis) and neomycin 

phosphotransferase (nptU) genes for genetic transformation in Hevea. 

Subsequently, Montoro el al. (2000) investigated the influence of CaC^ on 

Agrobacteriiim gene transfer in Hevea friable calli using five different 

Agrobacterium  strains (C58pMP90, C58pGV2260, AGLl, LBA4404 and 

EHA105) and two binaiy vectors, where the efficiency was higher using the 

strain EHA 105. Later Montoro et al. (2003) developed transgenic calli from 

Agrobacterium  infected inner integument tissues of immature fruits (clone 

PB260) using the strain EHA105 harboring the binary vector pCAMBIA 2301. 

Blanc et al. (2006) produced many transgenic plants of Hevea (clone PB 260) 

via Agrbacterium-mQ^miQd transformation using pCAMBIA2301 vector 

combined with the strain EHA 105. Most of the Agrobacterium strains appeared 

to have a wide host range but their rate of infection depended on the genotype 

within a single species. This may be due to the stress response of plants, which 

involves the secretion of phenolic compounds for switching the “v/r” genes 

directing Agrobacterium  to the infected area. Hence, Agrobacterium strain as 

well as the binary vectors played an important role in giving an efficient 

transformation in Hevea brasiliensis. Arokiaraj et al. (2009) proved this 

statement by transfomiing Hevea anther callus with two different strains of 

Agrobacterium  (GV 2260 and GV 3850) harboring the super virulent plasmid p 

ToK47. It was shown that both the Agrobacterium strains were benefited by the 

super virulent binary vector giving a higher frequency of transformation 

resulting in the production of callus, embryoids and plantlets, proving the 

involvement of binary vector also in determining the transfomiation efficiency.

The importance of components other than the Agrobacterium  strain and 

the binary vector which can influence the transformation efficacy has been tried 

by many researchers. The addition of AgNO,-i and the inclusion of thiol



compounds in the co-cultivation medium, desiccation of the explants, 

pretreatment of explants with the anti-necrotic mixture etc. were reported to 

have an influence on improving the efficiency of transformation in many crops 

mainly by suppressing the bacterial over growth, thereby facilitating plant cell 

recovery. Cheng et al. (2003) showed that the explant desiccation enhanced the 

T-DNA delivery and plant tissue recovery, resulting in an increased stable 

transformation in wheat and maize. According to Cheng and Fry (2000), 

desiccation treatment was effective in accelerating the efficacy of 

transformation not only in monocot species but also in recalcitrant dicots such 

as soybean. Pretreatment of the explants with the anti-necrotic mixture helped 

in reducing the oxidative burst. In sugai'cane, transgenic cell lines were 

observed only when the explants were treated with the anti-necrotic mixtures 

(Enriquez-Obregon et al., 1998). Antibiotic selection combined with the 

inclusion of thiol compounds in the co-cultivation medium, improved efficiency 

of transformation in maize (16.4%) (Olhoft et al., 2003). Inclusion of silver 

nitrate in the co-culture medium enhanced stable transfonnation in maize 

(Armstrong and Rout, 2001; Zhao et al., 2001). Studies on the effect of different 

temperature regimes and the explant type on the frequency of transformation 

has been reported by many workers. Salas et al. (2001) proved that the optimal 

temperature for stable transformation varied with each type of explant and also 

with the strain of Agrobacteriiim. Lower incubation temperature (19°C) was 

effective in improving the transformation of cotton using embryogenic callus 

(Jin et al., 2005). In tobacco, a temperature of 22°C was optimum for the T- 

DNA delivery (Dillen et al., 1997) whereas in wheat T-DNA delivery and stable 

transformation was obtained at 23-25°C (Rout et al., 1996). Likewise, the use of 

suspension cultures improved the frequency of transformation in many crops. 

Infection of the 3-day-old suspension cultures with Agrobacteriiim on a filter 

paper moistened with Ne medium resuhed in a very high frequency



transformation in rice. In this experiment the transformation efficiency was 60- 

times higher than that obtained from calli co-cultured in Ne solid media alone 

(Ozawa and Takaiwa. 2010). A transformation system was also developed in 

Arabidopsis using suspension cultures and stably transformed cells were 

recovered (Forreiter et a l, 1997). In Hybrid poplar, suspension cultures were 

mainly used to compare the efficiencies between the different strains of 

Agrobacteriiim (Howe et ah, 1994). Embryogenic cell suspension cultures 

established from unfertilized ovules were used as the target material for 

Agrobacterium mediated transformation in Citrus (Dutt and Grosser, 2010).

2.6 HMGR and cell growth

In any rubber producing plant, the fundamental building blocks are IPP 

and DMAPP. Therefore, efficient and sufficient supply of IPP is a major factor 

in rubber biosynthesis (Cornish, 2001a). The HMGS and HMGR which have a 

regulatoi-y role in the isoprenoid biosynthesis are also essential for cell growth 

and division (Hepper and Audley, 1969; Bach, 1987 and 1995). Kaneko et al. 

(1978) postulated that HMGR has a role to play in the cell growth and the cells 

require small amounts of active HMGR to synthesize mevalonate-derived 

substance other than sterols for their growth. The enzyme HMG Co A reductase 

catalyzes the irreversible conversion of HMG CoA to mevalonate. Due to the 

irreversible nature of this reaction, this step was likely to be a regulatory point 

in sterol biosynthesis (Goldstein and Brown, 1990). Kush et al. (1990) have 

reported the differential expression of several rubber biosynthesis related genes 

in the latex of Hevea. He also demonstrated that laticifer is enriched with the 

transcripts coding the enzymes involved in the rubber biosynthesis and plant 

defense. Among these the most important ones were REF (Dennis and Light, 

1989; Goyvaerts et al., 1991), HMG CoA reductase (Chye et al., 1991) and 

small rubber particle protein (SRPP) (Oh et al., 1999). Whether these enzymes 

play a similar rate-limiting role in controlling plant isoprenoid biosynthesis



rem ains u n reso lved  (B ach , 1986; N arita  and G ru issem , 1989; C hoi et a/., 1992). 

A cco rd in g  to  V en k atach alam  et al. (2 0 0 9 ) the Ambidopsis transgenic plants 

o v erex p ressin g  Hevea hmgr\ c D N A  w ere  m o ip h o lo g ic a lly  d istin gu ish ab le  from  

the control w ild  type plants.



MATERIALS AND METHODS



C hapter 3

MATERIALS AND METHODS

A ttem pts w ere  m ade to d ev e lo p  transgenic plants o verexp ressin g  

la tic ifer  sp e c if ic  hmgrl g en e  in Hevea brasiliemis. E xperim ents w ere carried  

out to  id en tify  the m ost e ffic ien t Agrobacterium strain and su itab le  target tissu es  

to attain th is goa l. Param eters in flu en cin g  som atic  em b ry o g en esis  and plant 

regeneration  from  the transgenic tissu es w ere assessed . S tu d ies w ere a lso  

con d u cted  to d eterm in e the g en e  integration pattern in the p lants and to qu an tify  

the m R N A  and the protein  lev e l in the transfonnants.

3.1a Plasmid vector

T h e p lasm id  vector  used  w as p B IB  hmgrl d ev e lo p ed  b y  V enkatachalam  

et al. (2 0 0 9 ) . T he binary vecto r  con ta in ed  h y g ro m y cin  phosphotransferase g en e  

{hpt) as the p lant se lec ta b le  m arker and hmgrl g en e  from  Hevea under the  

transcriptional control o f  a con stitu tive  prom oter (super prom oter). Institutional 

B io sa fe ty  C om m ittee  (IB S C ) has approved the in itia tion  o f  transgen ic  w ork  

u sin g  th is g en e  construct and the b io sa fe ty  a sp ects w ere  strictly  fo llo w e d  as per 

the sa fe ty  g u id e lin es  o f  the D epartm ent o f  B io te c h n o lo g y  (D B T ). T h e fu ll-  

len g th  hmgrl c D N A  w a s iso la ted  from  Hevea tree b y  a P C R  b ased  approach  

u sin g  the prim ers d esig n ed  b ased  on  the p u b lish ed  seq u en ces o f  hmgrl from  the  

M a laysian  c lo n e  R R IM  6 0 0  (C h ye et al., 1991; 1992). T he hmgrl c D N A  insert 

w a s 1838  bp lo n g  con ta in in g  an op en  reading fram e (O R F ) ex c lu d in g  stop  

co d o n  o f  1725 bp, flan k ed  b y  a 4 2  bp 5 ’ untranslated reg ion  (U T R ) and a 110  

bp 3 ’U T R . T he ftill-len gth  hmgrl c D N A  iso la ted  from  Hevea brasiliensis 

(c lo n e  R R II105) w a s p la ced  b etw een  the super prom oter and n o s term inator  

e lem en ts. T h e resu ltin g  p lasm id  w as d esign ated  as pB IB  hmgrl and the gen e  

fu sio n  d eta ils are sh o w n  in F ig  3. T h e b inary vector  w a s in troduced  into three



different Agrobacterium strains and m aintained as g lycero l stock  at -80°C for 

long-term  storage in 70  % (v /v ) g lycerol.

3-H:rdroxy-3-niethy|glutar>icoenzynieAreductase (HMGRl) 1.8 kb

- pAg7 HPT Pnos

RB -R ig h t  border ,  LB-Lctt border ,  HPT-Hygromycin, M CS-M ultiple cloning site, 
nos-Nopaline synthase

Fig 3. Plasmid vector pBIB hmgrX used for genetic transformation

3. lb. Agrobacterium strains

D ifferent bacterial strains nam ely L B A  4 4 0 4 , E H A  105 and pG V  1301 

w ere used  in the gen etic  transform ation experim ents. T he Agrobacterium 

tumefaciens strain E H A  105 is a v/>-helper, L -su ccin am op in e type and a Kjn (S )  

d erivative o f  E H A  101 (R m ^ (H ood  et al., 1993), w hereas Agrobacterium 

tumefaciens strain L B A  4 4 0 4  is a vir- helper, octop in e type w h ich  harbors the 

disarm ed Ti p lasm id  pA L  4 4 0 4 , a T -D N A  d eletion  derivative o f  pT iA ch  5, 

(A ch 5  p T iA ch 5) S m /S p  (R ) in the viru lence p lasm id  (from  Tn 9 0 4 ) (O om s et 

aL, 1982). T he third strain, pG V  1301 has a cured Ti p lasm id , b e lon g in g  to the 

nopaline type o f  the strain, gen otyp e C 58.



T he p lasm id  vector  u sed  for the transform ation exp erim en t contained  

g en es  conferring  to leran ce to the an tib io tics, kanam ycin  (K an) and rifam picin  

(R if) resp ectiv e ly . T he antib io tics w ere  prepared as stock  so lu tio n s (1 0  m g I 

m l), w h ere K an am ycin  is  w ater so lu b le  and r ifam picin  is so lu b le  in m ethanol. 

T h e antib io tics w ere  filter ster ilized  u sin g  0 .2 |im  M illip ore  filter and stored at - 

2 0 “ C.

3.2 Antibiotic sensitivity

T he h ygrom ycin  p hosphotransferase gen e {hpt) conferring  resistan ce  to  

the an tib iotic  h ygrom ycin  w as u sed  for plant se lec tio n . T h is g en e  iso la ted  from  

E.coli (G ritz and D a v ies , 1983 ) has b een  w id e ly  used  as the n egative  se lectab le  

m arker (M ik i and M cH ugh , 2 0 0 4 ). A  k ill curve exp erim en t w as carried out by  

e x p o s in g  the target tissu es (both  clon a l and the z y g o tic )  to d ifferent le v e ls  o f  

h ygrom ycin  (1 0 , 15, 2 0 , 2 5 , 3 0 , 3 5 , 4 0  m g P'). T he basal m edium  w as  

a u toclaved  and co o led  to 50°C prior to the addition o f  h ygrom ycin . Ten ca llu s  

c lu m p s w ere cultured per plate and replicated fiv e  tim es. T he cultures w ere  kept 

in the dark. T he resp on se o f  the ca lli on exp osu re to the antib iotic w as scored  

after o n e  m onth o f  culture. T he concentration  o f  h ygrom ycin  at w h ich  the ca llu s  

proliferation  w as m in im um  w h ere 100 % o f  the control ca lli perished (d ied ) w as  

treated as the optim um  concentration  for the se lec tio n  o f  the transform ants.

3.3 Initiation of Agrobacterium culture

T he d ifferen t Agrobacteniim  strains con ta in in g  the p lasm id  vector  w ere  

taken  from  th e frozen  g lycero l stock  and p lated  into LB (L u iia  B ertani) m ed iu m  

con ta in in g  an tib io tics, 50  m g f '  Kan and 2 0  m g f '  R if  for bacterial se lection . 

T he culture p lates w ere incubated at 28' C for 2 days. T he ind ividual co lo n ie s  

form ed  in the culture p lates w ere  screen ed  for the p resen ce  o f  the insert by  

co lo n y  PC R  u sin g  sp e c if ic  prim ers.



S in g le  co lo n ie s  w ere  co llec ted  from  the culture plate w ith  a sterile  loop  

and u sed  for PCR an a lysis  u sin g  the prom oter sp ec ific  prim er as the forward  

and the H M G R  sp ec ific  one as the reverse prim er. P lasm id  D N A  w as used  as a 

p o s itiv e  control. PCR w as carried out u sin g  ind ividual co lo n ie s  as the tem plate, 

100 m M  each o f  dA T P , dG T P, dT T P, dC T P, 2 5 0  nM  o f  each  prim er, 0 .5  îl Tag 

D N A  p o lym erase  and 1.5 m M  M g C b  in a final v o lu m e o f  2 0  |il. T he reaction  

m ixture w as incubated  in a therm al cy c ler  under the fo llo w in g  con d ition s.

Step 1 Initial denaturation - 94°C for 10 m in

Step  2 D enaturation - 94°C  for 1 m in

A n n ealin g - 5S"C for 1 m in

E xten sion - 72°C  for 2 m in

Step  3 R epeat step  2 - 35 c y c le s

Step 4  Final ex ten sio n - 72°C for 7 m in

Step  5 H old
0

- 4 C

T he am p lified  PC R  products w ere v isu a lized  on  a 1.2%  agarose g e l 

sta ined  w ith  eth id iu m  brom ide u sin g  0 .5  x T B E  as the running buffer  

(S a m b r o o k e /a / . ,  1989).

3.3.2 Initiation of Agrobacterium culture for tissue infection

Individual c o lo n ie s  o f  Agrobacterium  w ere grow n in liqu id  L B  m edium  

w ith  the resp ective  an tib io tics and proliferated  on a gyratory shaker, at 2 5 0  rpm, 

overn igh t at 28  C . T he O D  o f  the bacterial culture w as m easured  at A  420  nm  o f  

0 .5  b y  tak in g  2 0 0 |i l  bacterial su sp en sion  from  the overn ight grow n culture and  

b y  add ing  8 0 0  |il L B  m edium . T he bacterial c e lls  w ere  p e lle ted  by  

centrifiigation  at 3 0 0 0 g  for 10 m in  and resu sp en d ed  in the induction  m edium  

(IM ) to g et a d en sity  o f  10^ c e lls /  m l. M o d ified  M S m edium  w as used  as the



in d u ction  m ed iu m  (A n n exu re A ) for Agrobacterium  grow th  and in fectio n  w ith  

the target tissu e . T he pH o f  the IM  m edium  w as m aintained  at 5 .2 . T he flask s  

w ere  incubated  at 28  C , w ith  shak ing  at 2 5 0  rpm for 4 hrs and used  for 

Agrobacterium  in fection .

3.4 Source material for genetic transformation

Agrobacterium  m ed iated  g en etic  transform ation w ith  the hmgr\ g en e  

w a s attem pted in rubber w ith  d ifferen t ca llu s typ es such as prim ary ca llu s from  

im m ature anthers (P late 1 A -C ) em b ryogen ic  ca llu s and em b ryogen ic  

su sp en sio n s derived  from  the anther tissu e  and the em b ryogen ic  ca llu s obtained  

a lo n g  w ith  the d ev e lo p in g  z y g o tic  em bryos.



■* ,

A- Inflorescence

IB- Immature flower buds at the diploid stage

C- Immature anthers used for callus induction

Plate 1. (A-C) Explant for culture initiation



3.4.1 Callus induction from anther tissue

Y o u n g  flo w er  buds w ere co llec ted  from  10 year o ld  trees grow n  in the  

exp erim en tal fie ld  o f  R ubber R esearch  Institute o f  Lidia. T he flo w er  buds w ere  

w a sh ed  th orou gh ly  in  running tap w ater. T h ey  w ere  surface ster ilized  u sin g  0.1 

% (w /v )  m ercuric  ch lorid e  so lu tio n  con ta in in g  1 to  2  drops o f  tw een  2 0  for 5 

m in . T he sterilant w a s rem oved  b y  thorough w a sh in g  u s in g  sterile  d istilled  

w ater for 3 to  4  tim es. T he im m ature flo w er  buds w ere  d issec ted  under a stereo  

m icro sco p e  to  iso la te  the anthers at the d ip lo id  stage (b efore  m icro sp o ro g en esis)  

(P la teI A ,B ). T h e d issec tio n  w as perform ed in  ascorb ic acid  to prevent 

o x id a tio n  and b row n in g  o f  the tissu e . T he im m ature anthers w ere  in ocu la ted  in  

the ca llu s in d u ction  m ed iu m  reported earlier (K um ari Jayasree et ah, 1999) w ith  

m in or m o d ifica tio n s  in  the grow th regulator com b in ation s. T he basal m ed iu m  

u sed  for ca llu s in g  w a s m o d ified  M S  salts (red u cin g  N H 4 N O 3 le v e l to 1.0 g  f ' ) .  

A ltera tion s w ere  m ade in  the grow th regulator com b in ation s b y  exp erim en tin g  a 

factorial trial u s in g  2 ,4 -  D  (0 .5  - 1.5 m g  f ' )  and B A  ( 0 .2 5  -  1.0 m g  r ‘) in  

p resen ce  o f  N A A  (0 .5  m g  r ‘). T he pH  o f  the m ed iu m  w as adjusted to 5 .7  w ith  

1 N  p o tassiu m  h yd rox id e (K O H ) and so lid if ied  u sin g  0 .2  % p h ytage l (M /S  

S ig m a  A ld rich - U S A ). T h e m ed iu m  w as b o iled  w ith  constant s t im n g  and 

poured  in to  culture tubes and p lu g g ed  tigh tly  w ith  cotton  p lu gs (nonabsorbent). 

T he m ed iu m  w a s au toclaved  at 121 C , 15 lb pressure for 15 m in  and stored  

at 26° C.

3.4.2 Initiation of embryogenic callus

T h e fresh ca llu s obta ined  from  the im m ature anthers after proliferation  

rem ained  com p act. A s the fr iab ility  o f  the ca llus p layed  a s ign ifican t role in 

determ in in g  the transform ation e ff ic ie n c y , attem pts w ere  m ade for the faster  

co n version  o f  the fresh ca llus into friable em b ryogen ic  ca llu s. D ifferent 

cy tok in in s (B A , K,in, zeatin  and T D Z ) w ere exp erim en ted  w ith  N A A  for



em b ry o g en ic  ca llu s em ergen ce am on g w h ich  T D Z , N A A  com b in ation s sh o w ed  

p o s it iv e  resp o n se  (D ata  n ot sh o w n ). T herefore to  ex p ed ite  the form ation o f  

em b ry o g en ic  ca llu s, vary in g  le v e ls  o f  N A A  (0 .5 -2 .5  m g  f ' )  w as used  in 

com b in ation  w ith  T D Z  (0 .2 -1 .0  m g  1“'). T D Z  is a urea based cytok in in , 

n on d egrad ab le b y  cy tok in in  o x id a se  en zym e. T he basal m ed iu m  used  w as h a lf  

strength M S  m ed iu m  ad d ition ally  su p p lem en ted  w ith  0 .3  m g  l ' B A . T he  

su crose  concentration  o f  the m ed ia  w as raised to 6 0  g  P'. T he pH o f  the culture  

m ed iu m  w as adjusted to 5 .7  w ith  1 N  K O H  so lid ified  u sin g  0 .2  % p h ytagel. T he

m ed iu m  w a s b o iled , poured into the culture tubes and p lu gged  tigh tly  w ith
0

cotton  p lu gs. A u to c la v in g  w as carried out at 121 C, 15 lb pressure for 15 m in. 

A fter c o o lin g  the filter ster ilized  horm on es w ere  added to ind iv idual tubes and  

stored  at 2 6  C. T he proliferated  im m ature anther ca llu s w as cultured in the 

m ed ia  com b in ation s and incubated under dark con d ition s at 28± 1°C , w ith  tw o to 

three subcultures at m on th ly  intervals for the em ergen ce o f  friable em b ryogen ic  

callu s.

3.4.3 Initiation of cell suspensions from the embryogenic cell aggregates

T h e em b ry o g en ic  ca lli d erived  from  the exp lants w ere  transferred to  

100 m l Erlen  M ey er  fla sk  con ta in in g  2 5  m l Vi M S  basal m ed iu m  su p p lem en ted  

w ith  grow th  regulators (u sed  for em b ry o g en ic  ca llus in itia tion ) and su crose  

(6 0  g  r ‘). T h e su sp en sio n  cultures w ere  m ain ta in ed  at 25  C in  dark on  an orbital 

shalcer at 120 rpm . T h e su sp en sion  m ed iu m  w as rep laced  w ith  fresh m ed ia  at 

w e e k ly  in tervals. T h e regeneration  ab ility  o f  the su sp en sio n s w a s tested  at 

w e e k ly  intervals and the cultures w ith  g o o d  regeneration  ab ility  w ere  d iv id ed  

and transferred to  the sam e basal m ed ia  m ainta ined  in d ifferent flask s for  

m u ltip lica tion .



3.4.4 Embryogenic callus of zygotic origin

Im m ature fruits (8 -1 0  w e e k s  o ld ) w ere  co llec ted  from  the f ie ld  grow n  

trees o f  Hevea (c lo n e  R R II 105) w a sh ed  th orou gh ly  in d istilled  w ater and dried. 

Fruits w ere  then d ipped  in  80%  ethanol for 15 m inutes and a llo w ed  to  dry on  a 

ster ile  Petri p late. T h e o v u les  w ere  iso la ted  from  the fruits u s in g  a sterile  knife. 

T h e o v u le s  (3 to 4  num bers) from  each  fruit w ere  cut into tw o  h a lv es  and p laced  

on  the nutrient m ed iu m  w ith  the m icropylar end  tou ch in g  the m ed iu m . T he  

b asal m ed iu m  u sed  for ob ta in in g  em b ryogen ic  ca llu s w a s N itsch  basal m ed iu m  

(1 9 6 9 )  w ith  su crose  and grow th  regulators (R eld ia  et al., 2 0 1 0 ). A  grow th  

regulator com b in ation  o f  Z eatin , K in  and G A 3 w ere  used  for em b ry o g en ic  ca llu s  

em ergen ce. T he pH  o f  the m ed iu m  w as adjusted  to 5 .7  w ith  IN  K O H  and w as  

so lid if ie d  u s in g  0 .2  % phytagel. A u to c la v in g  w a s carried out at 121° C, 15 lb 

pressure for 1 0  m inutes.

3.5 Plant transformation protocol

3.5.1 Development of transgenic cell lines

D ifferen t step s in v o lv ed  in  Agrobacterium  m ed iated  transform ation o f  

Hevea brasiliensis in c lu d e, Agrobacterium  in fection , co -cu ltiv a tio n  and 

se lec tio n .

T h e ca llu s (>  1 g ) w as su sp en d ed  in the Agrobacterium culture for 10 to  

15 m in . D u rin g  th is period, the tissu es w ere  w ou n d ed  w ith  a sterile  n eed le  to 

facilita te  the exu d ation  o f  the p h en o lic  com p ou n d s w h ich  attract the 

Agrobacterium  c e lls  tow ards the target tissu e , a llo w in g  its ea sy  entry. A fter the 

in fectio n , the exp lants w ere b lotted  dry onto sterile  W hatm an filter paper to 

rem o v e  the e x c e ss  bacteria. T h ey  w ere then transferred to sterile  filter paper 

p laced  o v er  the so lid  co -cu ltiva tion  m edium . T he co -cu ltiv a tio n  m edium  

(C C M l in A p p en d ix  A ) w as m o d ified  M S w ith  reduced le v e ls  o f  NH4NO3 

(500 m g  r ')  supp lem ented  w ith p h en o lic  com pounds [acetosyrin gon e (20  m g  P'),



beta in e hydroch loride (1 5 3 .6  m g  1'') and proline (1 1 5 .5  m g  1"')] and grow th  

regulators. T he growth regulators used w ere 2 ,4 -D  (1 .0  m g P') and B A  (0.5 m g 1''). 

T h e basal m ed ium  w as ster ilized  by au toc lav in g  and co o led  to 5 0 “ C. T he  

p h en o lic  com p ou n d s a lon g  w ith  the grow th  regulators w ere filter ster ilized  

u sin g  a 0 .2  |im  M illip ore filter. T h ey  w ere then added to the co o led  basal 

m ed iu m  and poured into sterile petri p lates and used  for co -cu lturing . T he  

co -cu ltiv a tio n  w a s perform ed for 3 days in dark and the p lates w ere  incubated at

2 6  ±  2 C. A fter the period  o f  co -cu ltiv a tio n , the in fected  ca llus w as dried u sin g  

a ster ile  w hatm an filter paper and transferred to the fresh se lec tio n  m edium . T he  

basal m ed iu m  for se lec tio n  w as the sam e as that used  for co -cu ltiva tion  (S M  in 

A p p en d ix  A ) w ith  antib iotics ce fo ta x im e  (5 0 0  m g  1 '')  and h ygrom ycin  (the  

optim um  concentration from  the kill curve). T he antibiotic cefotaxim e (500  m g 1'') 

w a s added  to prevent bacterial overgrow th . T he se lec tio n  m ed ia  con ta in ed  a 

grow th  regulator com b in ation  o f  2 , 4 -D  (0 .2  m g  r ‘), K in (0 .5  m g  1 '')  and B A  

(0 .5  m g  1 ‘‘). T h e petri p lates w ere  sea led  w ith  parafilm  and incubated  in  the
o

dark at 25  C. T he in fected  ca lli w ere  subcultured  into fresh  se lec tio n  m ed ia  at 

m o n th ly  in tervals until h ygrom ycin  resistant transgen ic ca lli em erged  from  the  

cu l1:ures.

T h e freq u en cy  o f  transform ation w a s a sse ssed  as,

The no. of  transgenic cell lines emerged
' X 1 (j u

Total no. of  callus clumps cultured

T he resistant ce ll lin es w ere  subcultured for proliferation  and the 

transgene in tegration  w as con firm ed  b y  P C R  analysis.

3.5.1.1 Transformation efficiency- influence of the Agrobacterium strain 

and tlie target explants

T h e e ff ic ie n c y  o f  transform ation u su a lly  varies w ith  different 

Agrobacterium  strains and the target tissu es u sed  and therefore stu d ies w ere



d on e w ith  three d ifferen t strains (L B A  4 4 0 4 , E H A  105 and p G V  1301) and  

differen t target exp lants. A fter id en tify in g  the b est strain and the target explant, 

exp erim en ts w ere  d on e to  im prove the transform ation  frequency. .

3.5.1.2 Treatments to improve the frequency of transformation

T he fo llo w in g  m eth od s w ere  tried to im p rove the transform ation  

e ff ic ie n c y  in  Hevea c e lls

•  E xp lan t pre-treatm ent w ith  anti-necrotic  m ixture

•  U se  o f  L -cy ste in e  and A g N O s in  the co -cu ltiv a tio n  m ed iu m

•  Incubation  tem perature

•  D e s ic c a tio n  o f  the exp lants

3.5.1.2.a Pre-treatment with anti-necrotic agents

E xp erim en ts w ere  carried out to im prove the e ff ic ie n c y  o f  

transform ation  in Hevea b y  adopting  ch an ges during various p h ases o f  g en etic  

transform ation. Pre-treatm ent o f  the target tissu e  w ith  the anti-necrotic m ixture  

w a s g iv en  to  im prove the v ia b ility  o f  the exp lants during transform ation. T he  

an ti-necrotic  m ixture conta ined  ascorb ic  acid  (15  m g P'), L -cyste in e  (40  m g I '')  

and A g N O s (2 .0  m g  1 ''). T he exp lants w ere  d ipped in th is m ixture for a period  

o f  1 to  10 hrs. T h ey  w ere then dried on  a sterile  w hatm an filter paper and 

in fected  w ith  the Agrobacterium culture for 10 to 15 m in. A fter in fection , the 

ca llu s w a s b lotted  dry on a sterile  filter paper and p laced  over  the co -cu ltiva tion  

m ed iu m  and incubated  for 3 days at 28°C.

3.5.1.2.b Desiccation

T he su sp en sion  ce ll aggregates w ere  in fected  w ith  the Agrobacterium 

strain E H A  105. Agrobacterium culture (1 0 0  |U,1) w as p ipetted  over the tissu e  

and w o u n d ed  w ith  a sterile  sca lp el b lad e for 10 m in u tes. T he in fected  tissu e  w as



transferred to a sterile  petri p late and p laced  in a sea led  d esiccator  con ta in in g  

ca lc iu m  nitrate for a period o f  1-10  hrs. A fter su b jectin g  the in fected  tissu es to  

differen t d esicca tio n  p eriods, th ey  w ere  subcultured to the co -cu ltiva tion  

m ed iu m  (C C M l)  at 28°C  for 3 days and later to the se lec tio n  m edium  (S M ). 

T he p u ta tive ly  tran sgen ic  ce ll lines em erg in g  in the se lec tio n  m ed iu m  (S M )  

w ere  iso la ted  and subcultured for proliferation .

3.5.1.2.C Addition of thiols and AgNOs in the co-cultivation medium

C om p on en ts that have a b en efic ia l ro le on  en lian cin g  the e f f ic ie n c y  o f  

transform ation w ere  in clu d ed  in the co -cu ltiv a tio n  m ed iu m . T h e co -cu ltiv a tio n  

m ed iu m , C C M l w as add ition a lly  su p p lem en ted  w ith  vary in g  concentrations o f  

L -cy ste in e  (0 , 100, 2 0 0 , 3 0 0  m g  f ' )  and A g N O s (0 , 2 0 , 4 0 , 6 0  jiM ) separately. 

T h e in fec ted  tissu es  w ere  co-cu ltu red  in the m o d ified  m ed iu m  for three days  

and su b seq u en tly  transferred to the se lec tio n  m edium .

3.5.1.2.d Incubation temperature

T he target m aterial after Agrobacterium  in fec tio n  w a s subjected  to 

vary in g  tem perature reg im es n am ely  4°C, 20°C  and 28°C during co -cu ltiva tion . 

T h e co-cu ltu re  m ed iu m  w as prepared w ith  and w ith ou t acetosyrin gon e. T he  

in fected  tissu es  w ere  cultured in  th ese  m ed ia  com b in ation s and co-cu ltured  for  

three days. A fter  the period  o f  incubation , th ey  w ere  transfeired  to the se lec tio n  

m ed iu m  (S M ), and kept under dark at 25°C . T he com b in ed  e ffec t  o f  

a ceto sy r in g o n e  and in cubation  tem perature w as a ssessed .

3.5.2 Multiplication of the cell lines

T h ou gh  p u ta tiv e ly  transgen ic ce ll lin es  cou ld  b e obta ined  from  all the  

exp lan ts u sed  as target tissu es, the freq u en cy  w a s h igher w ith  the em b ryogen ic  

su sp en sio n  cu ltures and u sin g  the ca llu s o f  z y g o tic  orig in . B ased  on the  

fr iab ility  and texture o f  the proliferated  ca llu s further exp erim en ts w ere  cairied  

out w ith  em b ry o g en ic  su sp en sion  cultures and u sin g  the ca llu s o f  zy g o tic  orig in .
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T h e basal m ed iu m  for proliferation  w a s C C M 2 (A p p en d ix  B ) fortified  w ith  

grow th  regulators 2 , 4 -D  (0.1 - 0 .6  m g  1''), N A A  (0 .1 - 0 .5  m g  T') and K in  

(0 .2  - 0 .6  m g  r ‘). T he proliferation w as carried out in p resen ce  o f  hygrom ycin . 

T h e untransform ed control ca llus w a s m ainta ined  separately.

3.6 Molecular characterization of the transgenic callus

3.6.1 Design of specific primers

T he g en e  sp e c if ic  as w e ll as the prom oter sp e c if ic  prim ers w as d esign ed  

to am p lify  the integrated transgene in the transgen ic  ce ll lin es. T he softw are  

prim er 3 w a s used  to d esig n  the forw ard and reverse prim ers. T he c D N A  

seq u en ce  in form ation  o f  the hmgrX g en e  p u b lish ed  in the N C B I database  

(A c c e ss io n  N o . A Y 7 0 6 7 5 7 )  (V enkatachalam  et al., 2 0 0 9 )  w as used for 

d esig n in g  the g en e  sp ec if ic  forward and reverse prim ers resp ective ly . T he  

prom oter sp e c if ic  prim ers w ere based  on the p ub lished  seq u en ce  o f  the super  

prom oter (N i et al., 1995). M arker sp ec if ic  prim ers w ere  d esign ed  based on the 

hpt g en e  seq u en ces ava ilab le  in the p B IB  vector. T he prim er seq u en ces and 

their Tm va lu es are g iv en  b elow .

Super promoter primer 5 ’- CGGAATGCGCGTGACGCTCC-3’ T,„= 6 8  (4 GC+2 AT) 

hm gr reverse prim er 5 ’- G A C A T A T C T T T G C T G G A T C T G T -3  ’ T„, =  62  

hm gr Forw ard prim er 5 ’- C G C G T C G G C G A C T A G A G C C  - 3 ’ Tm =  6 6  

hm gr R ev erse  prim er 5 ’- G C A A G T T G A G T T C C A C C T C  - 3 ’ T „  =  58  

hpt foi-ward prim er 5 ’- C G A T T G C G T C G C A T C G A C  3 ’ T m = 5 8

hpt reverse prim er 5 ’- C G T G C A C A G G G T G T C A C G  3 ’ T m = 6 0

T h e sy n th esized  prim ers w ere su sp en d ed  in T E  buffer (1 0 :1 ) (A p p en d ix  

C ) and then d ilu ted  in sterile  d ou b le  d istilled  w ater to g et a concentration  o f  100
o

p ico  mol/|u,l. T h e prim er stock s w ere  stored at -2 0  C.



T h e g en o m ic  D N A  w a s extracted from  the transform ed as w e ll as 

untransform ed ca llu s accord in g  to the m o d ified  p rotoco l o f  D o y le  and D o y le  

(1 9 9 0 ) , the C T A B  m ethod.

•  T w o  gram  o f  the tissu e  w as ground in  liqu id  n itrogen  to a fin e  p ow d er  

u sin g  a m ortar and p estle .

•  T he ground tissu e  w as h o m o g en ized  w ith  2 0  m l C T A B  (2 X ) extraction  

buffer

2X CTAB
2%  C T A B  

0.1 M T r is  H C l( p H 8 .0 )  
2 0 m  M  E D T A  (pH  8 .0 )  

1 .4 M N a C l  
0 . 1 % p-m ercaptoethanol 

1 % p o ly v in y l p o lyp yrro lid on e

T h e sam p les w ere  incubated  at 65°C for 30  m in u tes in a 5 0  m l centrifuge  

tube.

A fter  incubation , the m ixture w as centrifuged  at 8 0 0 0  rpm for 10 to 15 

m in  at room  tem perature and the supernatant w a s carefu lly  transferred to 

a fresh tube.

T o  the supernatant co llec ted  in the tube, equal v o lu m e o f  Tris saturated  

phenol: ch loroform  ( 1 : 1 ) w as added and m ix ed  g en tly  by inverting the 

tube.

C en trifu ged  the sam p le  at 8 0 0 0  rpm, room  tem perature and the aqueous  

p hase w as co llec ted . T he organ ic phase con ta in in g  the denatured  

proteins w as d iscarded.



•  T o  the aq u eou s phase, 4 0  |o,l o f  R N a se  A  (A p p en d ix  C), from  a stock  

so lu tio n  (1 0  m g /m l) w a s added and incubated at 50°C for on e  hour. T he  

R N A  in the sam p le  w as degraded by adding D N a se  free R N ase  

(lO m g /m l)

•  Equal v o lu m e  o f  ch loroform  w as added to the sam p le  and centrifuged  at 

8 0 0 0  rpm at room  tem peratiu'e for 10 m inutes. T his step  w as repeated  

tw ice .

•  T h e aq u eou s phase w as co llec ted  lea v in g  behind  the organ ic  phase. T o  

the aqueous phase, 0 .6  v o lu m e  ice -co ld  isopropanol w as added to 

precip itate the D N A  and m ixed  thoroughly.

•  T he sam p les w ere  incubated at -2 0  C for 30  m inutes to precip itate the 

D N A .

0

•  T h e m ixture w as centrifuged  at 8 0 0 0  rpm at 4  C for 15 m inutes to pellet 

the precip itated  D N A .

•  T he supernatant after the centrifugation  w as d iscarded  and the p e lle t w as  

w a sh ed  w ith  70%  ethanol for 5 m inutes.

•  F in a lly  the p e lle t w as air-dried and suspended  in TE buffer.

0

•  T he D N A  sam p les w ere  stored at -2 0  C.

3.6.2.1 Quantification of the DNA

T h e q u ality  o f  the g en o m ic  D N A  w as assessed  e lectrop h oretica lly  by  

separating them  on  an agarose gel (0 .8% ). Later the q u ality  o f  the g en o m ic  

D N A  w a s d etected  u s in g  a U V -sp ectrop h otom eter  (B eck m an , U S A ). T he ratio 

o f  absorbance at 2 6 0  nm  and 2 8 0  n m  w a s m easured  (2 6 0 /2 8 0 )  to k n ow  the  

purity o f  the D N A . A  ratio b etw een  1.8 to 2 .0  ind icates g o o d  qu ality  D N A



without protein contamination. Quantification of the DNA was made using the 

formula

1 O.D at 260 nm = 50 ng /|il

Thus the O.D of each DNA sample at 260 nm was measured and 

quantified accordingly.

3.6.3 Plasmid isolation- Alkaline Lysis method

The plasmid isolation from the Agrobacterium culture was performed 

using the alkaline lysis method of Bimboim and Doly (1979). The isolated 

plasmid was used as the positive control in the subsequent experiments.

• One loop of the bacterial culture from the glycerol stock was inoculated 

in 5 ml of liquid LB medium containing the antibiotics Kan 50 mg f ' 

and Rif 20 mg f ’.

• 5 ml of the overnight grown Agrobacteriiim culture was pelleted at 4000 

rpm, 10 min at room temperature.

• The pellet was resuspended in 0.3 ml of solution 1 (GTE) and transferred 

to microcentrifuge tube containing 3 |il of RNase A and vortexed.

Solution 1 (GTE)

Glucose 50 mM
Tris HCl (pH 8.0) 25 mM
EDTA 10mM(pH 8.0)

Autoclaved at 1 2 rc , 15 lb and cooled before use

To the tube, 0.3 ml of the freshly prepared solution 11 (lysis solution) 

was added and mixed gently. The sample was then incubated at room 

temperature for 5 min.



S o lu tion  II (L y sis  so lu tion )

NaOH 0.2 M (freshly diluted from lOM stock)
SDS 1%

• To this tube 0.3 ml of cold, solution III was added and mixed thoroughly 

by vortexing. Incubation was carried out at room temperature for 5 min.

Solution III

5 M Potassium acetate 60 ml 
Glacial acetic acid 11.5 ml
Distilled water 28.5 ml
Autoclaved at 12 Tc, 15 lb before use

• The samples were then centrifuged at 12000 rpm for 5 min. This step 

was repeated twice.

• The supernatant was transferred to clean tubes

• To the supernatant, 630 |il of cold isopropanol was added and

microfliged at 12000  rpm for 10  min.

• The pellet was washed with 70% ethanol and air dried.

• The pellet obtained was resuspended in 50 |al of TE buffer.

3.6.4 PCR analysis of the transformed cell lines

The template DNA was used for PCR amplification of hmgrl gene. PCR 

analysis was carried out using promoter specific forward and hmgr specific 

reverse primers designed to amplify the hmgrl gene fragment of approximately

1.9  kb and also with the marker specific primers to amplify the hpt gene 

fragment of size 602 bp. The forward and reverse primers for amplifying the 

hmgrl gene were 5’- CGGAATGCGCGTGACGCTCC -3’ and 5’- 

GACATATCTTTGCTGGATCTGT-3’ respectively. The sequences of the



marker specific primers were mentioned in section 3.6.1. Plasmid DNA was 

used as a positive control whereas DNA from the untransformed calli served as 

the negative control. PCR reaction was carried using the components described 

in Table. 1.

Table.l PCR reaction components

Component Volume Final concentration

Template 2.0 jil 50 ng

Reaction buffer 2.0  111 1 X

dNTP mix 2.0 111 100 |iM of each dNTPs

Forward primer 1.0  111 lO'pmol

Reverse primer 1.0  111 10  pmol

Tag DNA polymerase 0.15 |.il 0.75 U

Sterile D.W 12.85 111

Total volume 20 111

The reaction mixture was incubated in a thermal cycler (Perkin Elmer 

480, Foster City, Calif) under the following conditions.

Step 1 Initial denaturation - 94°C for 4 min
Step 2 Denaturation - 94°C for 1 min

Annealing - 58 C for 1 min
Extension - 72 C for 2 min

Step 3 Repeat step 2 - 35cycles
Step 4 Final extension - 72 C for 7 min
Step 5 Hold - 4°C

The PCR amplified products were visualized on a 1.2% agarose 

gel stained with ethidium bromide using 0.5x TBE as the running buffer



(Sambrook et al, 1989). Gel images were captured using ‘EDAS 290’ 

(Electrophoresis Documentation and Analysis System- Kodak, USA). 

Molecular weight of the amplified products was determined using Kodak I D 

Image Analysis software.

3.7 Somatic embryogenesis from the transformed cell lines

The proliferated antibiotic resistant cell lines from the suspension 

cultures and from the embryogenic cells of zygotic origin were cultured for 

somatic embryogenesis and plant regeneration. Factors influencing 

embryogenesis and transgenic plant regeneration were analyzed under different 

sections.

3.7.1 Effect of basal salts on somatic embryogenesis

The influence of basal medium on somatic embiyo induction was 

investigated employing different media viz., MS (Murashige and Skoog, 1962), 

modified MS denoted as AGi and WPM (Lloyd and McCown, 1980) (Appendix 

B). AGi medium was a modified version of MS, obtained by lowering the level 

of ammonium nitrate and magnesium sulphate with a rise in the potassium 

nitrate concentration. This was done based on earlier reports that lower levels of 

ammonium nitrate favoured somatic embryogenesis in tree crops. The basal 

medium was supplemented with sucrose 50 g 1"' and growth hormones (2,4-D 

0.1 mg r ',  BA 0.3 mg f ' and GA3 0.5 mg f'). The pH of all the media were 

adjusted to 5.7 and autoclaved at 121°C, 15 lb pressure for 15 min. After 

autoclaving, the phytohormones were filter sterilized and added to the medium 

and poured into culture tubes. The major and minor salts used in the culture 

media were summarized in the Appendix B.

3.7.2 Addition of polyamines on somatic embryogenesis

The effect of exogenously applied polyamines on somatic embryo 

induction (AGi) was evaluated in the present study. The three polyamines



namely putrescine, spermine and spermidine (1.0- 5.0 mg T') were individually 

added to the embryo induction medium and the effect was monitored. The 

responding chemical was identified and used along with higher concentrations 

of sucrose in the subsequent experiment.

3.7.3 Somatic embryogenesis influenced by addition of amino acids

The influence of amino acids on embryo induction was assessed in the 

embryo induction medium fortified with phytohormones (2,4-D 0.1 mg V\ BA

0.3 mg r ' and GA3 0.5 mg p'). Varying levels of amino acids, L- asparagine 

(50-400 mg r ') , L-arginine (100-500 mg 1''), L- alanine (50-200 mg P'), serine 

(10-50 mg r ') , L proline (50-250 mg 1'') and L-glutamine (100-1000 mg P') 

were incorporated in the embryo induction medium individually. The best 

amino acid and its optimum concentration was assessed and later used in 

combinations. The putatively transgenic cell lines were subcultured in the 

culture medium with frequent subculture duration of 20 days. The results were 

scored after two sub cultures.

3.7.4 Influence of growth regulators on induction of somatic embryos

Different concentrations and combinations of growth regulators (Kin, 

NAA, GA3 and zeatin) were inducted in the embryo induction medium for 

improving the rate of embryogenesis. The interactive effect of zeatin with NAA 

(0.5-2.5 mg r ‘) was compared with Kin (0.3 - 1.0 mg P') and NAA (0.25 - 1.25 

mg P'). Both the media commonly contained 0.5 mg 1 '' GA3, The pH of the 

medium was adjusted to 5.7 with 1 N KOH and sterilized at 121°C for 15
o

minutes by autoclaving. The cultures were incubated in the dark at 28 ±1 C, and 

periodically subcultured into fresh medium at 4 weeks interval. The percentage 

embryogenesis was assessed after 50 days of culture in the embryo induction 

medium.



Higher polyamine content has been reported in the embryogenic tissues 

by many researchers and hence exogenous apphcation of spermidine was given 

along with different concentrations of sucrose. Higher levels of sucrose also 

positively influenced somatic embryogenesis. When different concentrations of 

spermidine were tried at a fixed sucrose level of 50 g promising results on 

somatic embryogenesis was noticed. Hence sucrose concentration of the embryo 

induction medium (AGi) were varied from 50 - 90 g T' and used along with 

different concentration of spermidine (0-2.5 mg T'). The combined effect of 

spermidine and sucrose on somatic embryogenesis was evaluated and scored 

after 6 weeks of culture.

3.8 Maturation of somatic embryos

The globular embryos obtained in the embryo induction medium were 

separated and cultured for maturation in half strength MS, modified MS (MSO) 

and WPM. The medium was supplemented with casein hydrolysate (500 mg 1''), 

CW (5 %), sucrose (30 g I"') along with growth regulators (BA and GA3 0.5 mg 1"'). 

In this experiment the influence of major salts on somatic embryo maturation 

was studied. Later the effect of different stress inducing compounds on embryo 

maturation was monitored. Response of the somatic embryos on exposure to 

desiccation was also assessed.

3.8.1 Effect of major salts and amino acids on somatic embryo maturation

The nitrogen sources as well as the ratio of NO3' / NH4'^ play a

significant role on cell growth. The importance of the nitrogen sources on 

somatic embryo maturation was studied by culturing the globular embryos in 

the medium containing higher levels of KNO3, The concentration of NH4NO3  

was either lowered or omitted from the basal medium. To study the effect of 

organic nitrogen sources on somatic embryo maturation, the medium was



fortified with amino acids like L-glutamine (100 - 1000 mg 1"') and L-Proline 

(50-250mgr‘). The maturation of the somatic embryos was assessed after 60 

days of culture.

3.8.2 Effect of stress inducing compounds on somatic embryo maturation

The role of stress inducing compounds ABA (Abscisic acid), PEG 

(polyethylene glycol) and sorbitol on maturation of somatic embryos were 

studied by incorporating them in the basal medium (MSO). The medium 

contained varying concentration of these compounds (ABA 0.2 - 0.8 mg 1''; 

sorbitol 1 .5 -4  %; PEG 5 - 1 4  %) both individually and in combinations. The 

response was assessed after 40 days of culture. The pH of the medium was 

adjusted to 5.7 and solidified using 0.35% phytagel. The medium was 

autoclaved at 12I°C for 15 min. Abscisic acid was filter sterilized using 0.2 /im 

millipore filter and added to the basal medium. The embryogenic calli 

containing globular embryos were subcultured in the medium with regular 

subculture to fresh medium at 4-weeks interval and the plates were kept at 28
o

±1 C in dark. The observations were recorded after 9-weeks of culture.

3.8.3 Combined effect of ABA with sugar alcohols (sorbitol and PEG) on

maturation of somatic embryos

Primarily the individual effect of sorbitol and PEGeooo on somatic 

embryo maturation was assessed and finally used in combination with ABA to 

accelerate the maturation frequency. The combined effect of ABA (0 -  0.8 mg 1"') 

and PEG (0 - 14%) on maturation of somatic embryos was assessed. Similarly 

the effect of different concentrations of sorbitol (1.5- 4.0 %) with varying levels 

of ABA (0.2-0.8 mg f ')  was also experimented. The cultures were incubated in 

the dark at 28 ± 1 C with frequent subculture at monthly intervals.



3.9 Desiccation of somatic embryos

The matured embryos were desiccated to facilitate easy gemiination. 

The acquisition of desiccation tolerance is a signal of potential autonomy of the 

somatic embryos. The early cotyledonary stage embryos obtained in the 

maturation medium (MSO in Appendix B), were partially desiccated by placing 

them on an empty, sealed sterile plate, in a laminar flow chamber for 12- 48 hrs 

or desiccated rapidly by placing in a sealed desiccator containing saturated 

Ca(N0 3 )2. 4 H2O for 2 to 6 hrs. The desiccation of the embryos was continued
o

in darkness at 25 C. After the desiccation period, the embryos from the 

respective treatments were transferred to the germination medium.

3.10 Regeneration of transgenic plants

Germination experiments to study the effect of amino acids 

(L-glutamine 1 0 0 -1 0 0 0  mg 1‘‘, L-asparagine, 5 0 -4 0 0  mg 1"', L-proline 50 - 2 5 0  

mg r ' ) were carried out using the somatic embi7 0 S derived from the zygotic 

material. The torpedo and the cotyledon shaped somatic embryos in the 

maturation medium were separated and cultured individually on to the plant 

regeneration medium. The basal medium for plant regeneration was 1/4"' MS. 

The medium contained additional amounts of KNO3 and K2SO4. The effect of 

different growth regulators on plant gemination was also studied. The 

morphogenic competence of the embryos was drastically improved by the 

nitrogen composition of the regeneration medium. The amount of organic 

nitrogen and the ratio of the organic to inorganic nitrogen were altered in the 

modified medium. Organic supplements (casein enzymatic hydrolysate 500 mg 1'', 

yeast extract 100 mg 1'') along with sucrose (3 0  g P') were incorporated in the 

germination medium (MS4) (Appendix B). The germination medium also 

contained growth hormones BA (0 .5 -1 .0  mg P'), GA3 (0 .3 -1 .0  mg P') and lAA 

(0 .1 -0 .3  mg r ') .



The cultures were maintained in the dark for one week and then 

transferred to light (85 |iniol m'^ s'^) at 25 ± f  C for 15 days. The green embryos 

showing shoot meristems were further subcultured into fresh media (MS4), with 

lower levels of sucrose (20 g f'). The pH of the medium was adjusted to 5.8 

with IN KOH. The medium was solidified using phytagel (0.2%) and contained 

activated charcoal (0 .2 %).

3.11 Acclimatization of the transgenic plants

The plantlets were washed thoroughly with tap water to remove any 

traces of phj^agel and transfen'ed to earthenware pots. The pots were filled with 

potting mixture, which was previously sterilized by autoclaving at I21°C, 15 Ib 

for 20 min. The potting mixture was sand: soilrite: soil in the ratio The 

potting medium was soaked with the fiangicide, bavistin (0 . 1 %) one week 

before ti'ansplantation. Plantlets were rinsed with water to remove the adhering 

agar of the medium. They were then dipped in bavistin solution for 5 .min and 

then transferred to the earthenware pots filled with the potting medium and 

maintained in the growth chamber under controlled conditions. The relative 

humidity (RH) of the growth chamber was adjusted to 85 percent and the
0

temperature was maintained at 27 C. The plantlets were watered on alternate 

days. Two weeks after transplantation, the plantlets were moistened with Vi x 

Hoagland’s solution at weekly intervals. After 2-3 weeks, the relative humidity 

of the growth chamber was reduced to 80 percent with a subsequent rise in the 

temperature (28°C). Plantlets after two to three weeks were transferred to big 

polybags filled with soil: sand: cow dung in the ratio 2:1:1. They were placed in 

the growth chamber for one more week and then transferred to the shade house. 

Plants were watered on alternate days and given NPK Mg mixture (20:20:0:15) 

at monthly intervals.'



3.12 Molecular characterization of the transgenic plants

3.12.1 Confirmation of the transgene integration by PCR

The acclimatized transgenic plantlets were screened for the presence of 

hpt and hmgrX gene sequences by PCR analysis using specific primers (section 

3.8.1). Leaf samples were collected from the transgenic plants maintained in the 

growth chamber. The young, uninfected leaves were washed thoroughly in tap 

water and then rinsed with sterile water. After rinsing, the leaves were wiped 

with alcohol. The genomic DNA from the young leaves of the regenerated 

plantlets (transformed as well as untransformed control) was extracted 

according to the standard procedure (Doyle and Doyle, 1990) mentioned in 

section 3.6.2. The forward and the reverse primers coiresponding to the hpt 

coding region were used for detecting hpt gene. The presence of hmgrl 

transgene was detected using the gene specific forward and reverse primers. 

Plasmid DNA was used as the positive control, and the DNA extracted from the 

untransformed plant served as the negative control. The expected size of the 

amplified product using hpt primers was approximately 602 bp and using the 

hmgrl specific primers was 640 bp. The PCR reactions were canied out as in 

Table 1. The reaction conditions for hpt and hmgr\ gene amplifications were 

mentioned in section 3.6.4. The PCR products were visualized on a 1.2 % 

agarose gel stained with ethidium bromide using TBE (0.5 x) as the running 

buffer (Sambrook et a i, 1989). The gel images were captured using the 

Electrophoresis documentation and analysis system Kodak, USA (M/S 

Fotodyne, Kodak EDAS 290).

3.12.2 Cloning of the PCR product

In order to confirm the integration of T-DNA region into the plant 

nuclear genome, cloning of the PCR product was carried out. PCR was carried 

out using primers (super promoter forward and hmgr reverse primers)



mentioned in section 3.6.1. The product was eluted out of the gel, cloned into a 

vector (pGEM-T) and sequenced in order to compare the sequence information 

with the already reported hmgrl cDNA sequence in NCBI.

3.12.2a. Elution of the amplified product from the agarose gel

The PCR product amplified from the transgenic plants were 

electrophoretically separated on a 1.0 % low melting agarose gel. After viewing 

quickly under the UV light, the DNA bands were cut from the lane so as to 

avoid nicks. The gel slices were taken in a 1.5 ml microcentrifuge tube and kept
o

at 65 C for 10 to 15 minutes to melt the agarose completely. To the melted 

agarose, 1/10 vol of 5M NaCl was added, mixed thoroughly and incubated at
o

65 C for 10 minutes. Equal volume of Tris- saturated phenol and chloroform 

was added, mixed gently and centrifuged at 8000 rpm for 10 min. The aqueous 

layer was removed. The DNA was precipitated using 0.1 volume of 3M sodium 

acetate and twice the volume of cold absolute alcohol. The precipitation was
o

continued at -20 C for 30 minutes and was pelleted by centrifuging at 8000 rpm 

for 10 minutes at 4°C. The DNA was washed in 70% ethanol and air-dried. The 

pellet was re suspended in TE buffer.

3.12.2b. Ligation reaction

The PCR products were cloned using the pGEM-T easy vector system 

(M/S Promega, USA) following the manufacturer’s instructions. The vector 

used was linearised with a single 3’ terminal thymidine at both ends. The ‘T’ 

overhangs at the insertion site greatly improve the efficiency of ligation of the 

PCR products by preventing the recirculation of the vector, providing a 

compatible over hang for the PCR products generated by certain thermostable 

polymerases. The polymerases added a single deoxyadenosine in a template -  

independent manner to the 3’ ends of the amplified fragments. The vector to the 

insert ratio was 1:3.



The ligation reaction was prepared as follows

2X Rapid ligation buffer 2.0 |̂ 1

p GEM-T easy vector 1.0 ^1 (50 ng)

PCR product 1.0 |il

T4 DNAligase 1.0 |al

H2O 2.0 III

Total volume 10.0^1

The reaction mixture was incubated overnight at 4°C.

3.12.2c. Transformation of E.coli

The competent cells of E.coli J M 109 supplied along with the pGEM-T 

easy vector system was used for transformation. One vial of the competent 

E.coli cells was removed from -80°C and placed in an ice bath until just thawed. 

The cells were mixed gently by flicking the tube. 50 |il of the cells were 

transferred to a centrifuge tube containing 2.0 |il of the ligation mixture. The 

reaction mixture was mixed gently and incubated in ice for 20 minutes. The 

cells were then subjected to heat shock for 45 seconds in a water bath at 42 C 

and immediately transferred to ice and incubated further for two minutes. SOC
o

medium (950 |il) (Appendix C) was added to the vial and incubated at 37 C for

1.5 hours with shaking (220 rpm). This allows the bacteria to express the p- 

lactamase gene in the plasmid conferring resistance to the antibiotic ampicillin.

3.12.2d. Screening of the transformed colonies

LB medium was prepared in plates with the selection antibiotic 

ampicillin (5 0  |ig/ ml) (M/S Sigma-Aldrich, USA). The surface of the LB- 

ampicillin plate was coated with 100 |il of IPTG (1 0 0  mM ) and 20  |li1 (50  

mg/ml) X-gal (5-Bromo, 4-Chloro, 3-indolyl P-D-galactoside in dimethyl



formamide) (Appendix C) and incubated at 37°C for 30 minutes for absorption. 

The transformed cell suspension (50-100 |il) was spread over the pre-warmed 

plates and incubated at 37 C for 16 hours. The transformed colonies were 

selected visually by blue-white screening. Colony PCR of the white colonies 

were carried out for further confirmation of transformation. Colony PCR was 

carried out as in section 3.3.1. The amphfied PCR products were visualized on a 

1.2% agarose gel stained with ethidium bromide using 0.5x TBE (Appendix C) as 

the running buffer (Sambrook et al, 1989). The transformed white colonies
o

were selected and inoculated in liquid LB medium, overnight at 37 C for 

plasmid isolation.

3.12 .2e. Plasmid DNA isolation and purification

The plasmid isolation from the recombinant bacteria was carried out 

according to the alkaline lysis method described in section 3.6.3.

3 .12 .2 f. P E G  purification of the plasmid DNA

The plasmid DNA isolated through alkaline lysis method was purified 

by PEG precipitation for sequencing.

• The pelleted plasmid DNA was resuspended in 32 p,l water, 8 |.il of 4M

NaCl and 40 |xl of 13 percent PEG and mixed thoroughly.

• The mixture was incubated in ice for 20 minutes and centrifuged at

10,000 ipm at 4°C for 15 minutes.

• The supernatant was discarded and pellet was rinsed with 70 percent

ethanol.

The pellet was air-dried and resuspended in 20 |.il of sterile double 

distilled water and stored at -20 C.



3 .12 .3 . In silico analysis of hmgrl gene 

3 .12 .3a  Sequencing and sequence analysis

The sequencing of hmgrl gene insert in pGEM-T easy vector was 

carried out at M/S Macrogen, Korea using pUC/M13 forward and reverse 

primers. The nucleotide sequence of hmgrl (3-hydroxy 3-methyl glutaryl CoA 

reductase) obtained was edited to discard the vector sequences at either ends 

and compared with the already reported cDNA sequence published in NCBI
V

database using the BLASTn programme (www.ncbi.nih.gov./BLAST/Altshul', 

e ta l, 1990).

The deduced amino acid sequence of hmgr\ cDNA obtained from the 

transgenic plant was compared with that of Hevea hmgrl gene and with the 

corresponding sequence from various taxa and a dendrogram was created to 

determine the phylogenetic relationship. The Multiple Sequence alignment and 

comparison of the sequences was carried out using Clustal Omega (Sievers 

et al., 2011).

3.12 .4  Southern blotting

The integration of the T-DNA into the nuclear genome of the transgenic 

plants and the insertion pattern of the transgene was deteimined using genomic 

Southern blot hybridization. The genomic DNA was restricted using restriction 

enzymes and probed using hpt gene probe to detect fragments of the integrated 

transgene.

3.12 .4a. Restriction digestion of the genomic DNA

The integration of the T-DNA into the nuclear genome of the transgenic 

plants has to be confirmed by genomic southern blot hybridization. Four PCR 

positive transgenic plants and one untransformed control plant were selected. 

Genomic DNA was extracted from these plants and restricted using restriction



enzymes. Three restriction enzymes namely Bam HI, EcoRl and Xbal (M/S 

Promega) were used for digesting the DNA (10 |ig) in separate reactions. The 

digested products were probed with radioactively labeled hpt gene probe (since 

hmgrl gene was present in Heved) to detect the integrated gene fragments.

The genomic DNA from two transgenic plants and the plasmid DNA 

were double digested with Bam HI and Xba I to release the hpt transgene. The 

restricted products were transferred to the nylon membrane and probed with the 

radiolabeled hpt gene probe.

In order to determine the number of independent insertions of the 

transgene in the nuclear genome of the transgenic plants, the genomic DNA 

from two transgenic plants was restricted using Bam HI (M/S Promega) and the 

DNA from the other two transgenic plants was digested with EcoRl (M/S 

Promega) in separate reactions. The genomic DNA from the untransformed 

plant was digested with Bam HI and used as the control. The restriction enzyme 

Bam HI was having a unique site on either side of the marker gene. The 

digested products were then transferred to the nylon membrane and probed with 

a-^^P labeled hpt probe. The reaction mixture was prepared as described below.

DNA - 20^1 (10 ^g)

Enzyme buffer - 7.5 )nl

Res. Enzyme - 15 |j,l

BSA - 2 III

D.DH2O - 5.5|.il

Total reaction - 50 )ii

The restriction digestion was continued at 37 C overnight and the 

fragments was size fractionated in a 1.0% agarose gel (10 (ig DNA per lane) 

containing 0.1% (w/v) ethidium bromide. The electrophoresis was continued at 

50V until the dye front migrated three - fourth length of the gel. The gel was



viewed on a transilluminator and documented. The gel was marked at one 

comer with a slanting cut.

3.12 .4b . Blotting of the DNA

The method was based on the standard protocol developed by Southern', 

(1975). The gel was documented before blotting and processed after 

electrophoresis.

• The DNA in the gel was depurinated by soaking in a solution of 0.25 N 

HCI for 15 min. The gel was rinsed twice with distilled water briefly, 

followed by alkali. This shortens the DNA fragment by alkaline 

hydrolysis at the depurinated sites.

• The gel was treated in the denaturation solution (0.5 M NaOH, 1.5 M 

NaCl) for 45 min with gentle shaking and rinsed with water.

• The gel was neutralized by soaking in the neutralization buffer (IM 

Tris-HCl (pH 7.4) and 1.5 M NaCl) for 45 min.

During all the treatments, the gel was completely immersed in the 

solutions. The DNA was then transferred from the gel to the nylon membrane 

(Hybond N'*', Amersham, UK) by capillary blotting method (Sambrook et a l, 

1989). Procedure followed was as follows.

• After neutralization treatment, the gel was washed briefly in lOx SSC 

and kept ready.

20x SSC 

3M NaCl

0.3 M sodium citrate 

pH adjusted to 7.0



A tray was filled with lOx SSC to a height of 5cm and a platform of 

dimension bigger than that of the gel was placed in the tray.

The platforai was covered with Whatman No.3 filter paper which was 

presoaked in the I Ox SSC. The ends of the filter paper were kept 

immersed in the lOx SSC solution kept in the tray. Three sheets of 

Whatman No.3 filter paper, pre-soaked in the I Ox SSC (dimension same 

as that of the gel) were placed above the platform. Any air bubbles were 

removed by rolling the surface with a glass rod.

The gel was carefully placed over the filter paper, upside down and a 

hybond nylon membrane, presoaked in lOx SSC was placed on the 

top of the gel. Air bubbles formed were removed by gently rolling a 

glass rod on the surface of the gel.

Three sheets of Whatman No.3 filter paper presoaked in lOx SSC were 

placed over this assembly. Dry Whatman No. 1 filter papers were stacked 

on it. Above this ordinary filter papers cut to the dimension of the gel 

were stacked to a height of 10 cm. A suitable weight of about 250 g was 

placed over this. The weight should be sufficient to keep the papers 

tight, but it should not crash the gel.

The DNA transfer was allowed to proceed overnight for 12 to 16 hrs.

After the transfer, the assembly was separated and the nylon membrane 

was washed briefly in 5x SSC and air dried.

The gel was checked on a Transilluminator to confirm the transfer of the 

DNA.

The nylon membrane was placed in a UV-cross linlcer (Hoefer, USA) at

12000J/cm^ for fixing the DNA. The membrane was wrapped in saran
0

wrap between ordinary filter papers and stored at -20 C until use.



The gene probe was radio labeled using the Multiprime DNA labeling 

system from Amersham (UK) following manufacturer’s protocol. Random 

hexanucleotides were utilized for priming. DNA synthesis occurs on denatured 

template DNA at numerous sites along its length. The labeling proceeds 

following manufacturer’s instructions.

• 2 |il of 25 ng of the template DNA (positive control) mixed with 5 |ul of 

random primer and diluted with 18 |u.l of double distilled water.

• The sample was boiled for 5 min to denature.

• The samples were chilled immediately on ice for 5 min and then keep at 

room temperature.

• To the sample, 5 |o,l of the buffer was added, followed by 4 |li1 each of all 

dN TP’s except dCTP.

• 2.5 |j,l of nuclease free water was added to the sample.

• To this, 2.5 f.il of a-^^P labeled dCTP (sp. Activity-3000Ci/mMol or 

10)LiCi/(al) was added.

• Finally 3 |al of the enzyme (klenow fragment of DNA polymerase I) was 

added and mixed gently.
o

• The sample was spun for few seconds and incubated at 37 C for one 

hour.

• The reaction was stopped by adding 5 f.il of 0.2 M EDTA.

The purification of the labeled probe was carried out by passing through 

a Sephadex G-50 column as follows



1. Sephadex G-50 was prepared in STE buffer to fomi a slun-y (lOg of dry 

powder yields around 160 ml slurry).

2. At the bottom of 1ml column, glass wool was placed and 1 ml of the 

slurry was added without trapping any air bubbles.

3. Now the column was spun at 3000 rpm for 3 min in a swinging bucket 

rotor.

4. The sephadex was tightly packed up to 1 ml by adding more slurry to the 

column.

5. Next the column was equilibrated with STE buffer [NaCl - 0.1 M, Tris- 

HCl- 10 mM (pH 8.0), EDTA- ImM (pH 8.0)] and then with distilled 

water.

6. The labeled probe was then passed through the column and purified. The 

eluted fraction was collected in a 1.5 ml micro centrifuge tube.

7. The purified probe was then denatured by boiling at 100 C for 3 min and 

immediately chilled on ice. After denaturing the probe was stored in the 

freezer until use.

This purification step helps in removing the small as well as 

unincorporated nucleotides to avoid background signals in the blot.

3.12.4d. Hybridization

The hybridization of the labeled probe to the nylon membrane was 

performed according to Sambrook and Russell (2001). The following reagents 

were used for the purpose.



1. Pre-hybridization solution 

6x SSC 

5X Denhardt’s reagent 

0.5 % SDS

2. Denhardts solution (5 Ox)

BSA- l.Og

PVP- l.Og

Ficoll- 1.0 g

made up to 100 ml with sterile 
double distilled water

3. Hybridization solution

Pre-hybridization solution containing a-^^P 
labeled denatured probe DNA.

The membrane was placed in the hybridization tube and an appropriate 

amount of pre- hybridization solution (0.2 ml/ cm  ̂of the blot - 25 ml for 

13x10 cm membrane) was added.

The Pre-hybridization was carried out at 65 C for 1 hr in a hybridization 

oven (Amersham-UK) at very low speed with rotary movements.

The pre-hybridization solution was poured out and the hybridization 

solution was poured into the tube and incubated at 65 C. The incubation 

was carried out with slow rotation for 12 to 16 hrs.



3.12.4e. Washing o f the blot and autoradiography

After hybridization, the membrane was washed twice at room 

temperature for 5 to 15 min with the wash solution 1

Washing solution I. 

2x SSC 

0.1% SDS.

The blot was then subjected to high stringent washing at 65 C for 30 min 

with wash solution II. These washes were performed twice.

Washing solution II.

O.lx SSC 

0.5% SDS.

The membrane was then floated briefly in O.lx SSC at room 

temperature, air dried and then subjected to autoradiography. The membrane 

was wrapped in a cling film and exposed to the image plate BAS IP (MS 2025) 

of the phospho image analyzer (M/S Fujifilm, FLA 5000, japan) and kept sealed 

in the BAS cassette for 4 hrs. After the exposure, the membrane was removed 

and the image plate was analyzed.

3 .12 .5  Gene expression analysis

3 .12 .5 .1  Northern hybridization

3 .12 .5 .1a . RN A  isolation

The RNA was extracted from the leaves according to the protocol 

developed by Venkatachalam et al. (1999). The reagents for the extraction were 

prepared in DEPC treated water. The steps involved is given below



The leaves were collected in an ice bucket and first washed thoroughly 

in running water and then with autoclaved DEPC treated distilled water.

DEPC treated water

• Add 1 ml of DEPC to 1000 ml

• Stir overnight

• Autoclave to inactivate DEPC

• Cool at room temperature before use

One gram of the collected leaf was then ground in liquid nitrogen to a 

fine powder.

The homogenate was transferred to polypropylene tube containing 1:1 

volume of the RNA extraction buffer and extraction buffer saturated 

phenol. A pinch of PVPP (polyvinyl poly pyrrolidone) and P- 

mercaptoethanol (200|.il) was freshly added to the mixture.

RNA extraction buffer

0.2 M NaCl, 0.1 M Tris-HCl (pH 8.5), 0.01 M 
EDTA and 1.5 % SDS.

The samples were mixed thoroughly and centrifuged at 10000 rpm at RT 

for 30 min to separate the phases.

The aqueous layer was treated with equal volume of chlorofonn and 

mixed well to remove carbohydrates, lipids and any traces of phenol.

The sample was centrifuged at 10000 ipm for 20 minutes at RT. The 

organic layer was discarded.

The aqueous layer was collected and the total RNA in this layer was 

precipitated by adding 1/3 volume of 8M LiCl. The precipitation was
o

continued overnight at -20 C.



• The R]MA was pelleted by centrifugation at 10000 rpm for 20 niin at 4°C.

• The pellet was once again washed with 2M LiCl. The centrifugation was 

carried out at 10000 rpm for 15 min.

• The pellet was washed with 70 % ethanol to remove any soluble 

polysaccharides. Centrifugation was continued at 10000 rpm for 15 min 

at 4°C.

• The pellet was air-dried and dissolved in 500 .̂1 of DEPC treated water.

• The RNA was further purified and concentrated by precipitation with 

0.1 volume of 3M sodium acetate (pH 5.2) and 2.5 volumes of absolute 

alcohol.

• The sample was centrifuged at 10000 rpm, 10 minutes at 4°C for 

precipitation.

• The pellet was washed in 70 % ethanol, air-dried and re-suspended in 

sterile DEPC water.
1

• The quantity of the RNA was checked using UV-spectrophotometer and 

the DNA contamination as well as the quality was visualized by mnning 

the sample on a 1% agarose gel.

• The RNA isolated was used immediately or stored in 3 volumes of 

ethanol at -80 C.

3.12.5.1b. Electrophoresis of RNA

The agarose gel electrophoresis was carried out using the standard 

protocol described by Sambrook et al. (1989). The gel was prepared by initially 

melting the appropriate amount of the agarose. The melted agarose was cooled 

to 60°C and 5x fomialdehyde gel running buffer and formaldehyde was added to 

get a final concentration of Ix and 2.2M respectively. The gel was casted in a



chemical hood and allowed to set for at least 30 min at RT (Lehrach et al., 

1977; Miller, 1987).

Formaldehyde gel miming buffer (5x) 

(MOPS buffer)

0.1MMOPS(pH7.0)

40m M sodium acetate 

5 mM EDTA (pH 8.0)

About 20 fxg of R.NA was incubated at 65 C for 15 min with 

formaldehyde gel running buffer (4.5 |n,l), fonnaldehyde (3.5 |il) and formamide 

(10 |j,l). After a brief spin, formaldehyde gel loading buffer (4|j.l) was added to 

the sample and loaded in the gel. Before loading the samples, the gel was pre 

run for 5 min at 5V/cm. The gel was run in Ix MOPS buffer at 50V for 3 to 4 

hrs (until the bromophenol blue has migrated to V4 th of the gel). The gel was 

viewed, photographed and transferred to the nylon membrane.

3.12.5.1c. Blotting of the RNA

Prior to transfer, the gel was washed thoroughly with DEPC treated 

water 3 to 4 times to remove the formaldehyde in the gel. The gel was then 

soaked in 20x SSC for 45 minutes. The nylon membrane (Hybond N"̂ , 

Amersham, UK) which was cut into the size of the gel was presoaked in lOx 

SSC. Blotting was carried out as done in Southern blotting (section 3.12.4b). 

After the transfer, the membrane was air-dried and placed in a UV- Cross 

linlcer.

3.12.5.1d. Hybridization, washing and autoradiography

The nylon membrane was first placed in the hybridization tube and 

appropriate volume of the pre-hybridization buffer was added. It was incubated 

at 42°C for 3 hrs in a hybridization oven with rotary movement at a low speed.



Pre-hybridization solution

5 X SSC, 5x Denhardt’s reagent,
1.0 % SDS, 50% formamide

The pre-hybridization solution was poured out and the hybridization 

solution was added into the tube. The preparation of the probe and its 

purification was as described in the Southern protocol (section 3.12.4c). The 

labeled probe was added to the tube and incubated at 42°C, overnight with slow 

rotation. The membrane was first washed with solution I for 5 minutes at room 

temperature.

Solution I 

2xSSC, 0.1% SDS.

After this wash, two stringent washes were given with solution II for 5 

min each at room temperature.

Solution II

O.lxSSC, 0.5%SDS.

This was followed by another stringent wash with pre-warmed solution
0

II at 42 C for 15 to 20 min. Finally the membrane was rinsed with 2x SSC and 

then blotted dry with a blotting sheet to remove the excess liquid. The 

membrane was then wrapped in a UV transparent plastic wrap (saran) and 

exposed to image plate of the phospho image analyzer (M/S Fujifilm, FLA 

5000, japan) for 4 hrs and analyzed later (section 3 .12.4e).

3.12.5.2 Enzyme assay in the transgenic plants using ELISA

ELISA is a complex technique where multiple layers of antibodies were 

used for boosting the signal. Among the different ELISA types, the indirect 

ELISA is highly sensitive since more than one labeled antibody is bound to the



primary antibody. The antigen coated to the multi well plate was detected in two 

stages. In the first stage an unlabelled primary antibody specific for the antigen 

was added. During second stage, an enzyme labeled secondary antibody was 

added which binds to the first one. This secondary antibody is an anti-species 

antibody which is polyclonal. Using indirect ELISA, the relative levels of the 

analyte in the assay samples can be compared since the intensity of the signal 

varies with the concentration of the antigen. The enzymatic label produces the 

distinguishable signal which can be directly equated to the binding of the 

antigen to the antibody. The assay signal can be measured using 

spectrophotometric or fluorescent plate reader.

For determining the HMGR protein in the leaf tissues of the transgenic 

as well as the control plantlets, indirect enzyme linked immunosorbant assay 

(ELISA) technique was used. Polyclonal antibodies raised in rabbit against the 

Arabidopsis HMGR protein was used as the primary antibody to study Hevea 

HMGR protein. The assay was carried out after the protocol described in the 

assay kit manual of Bangalore GENEI.

Reagents used for the assay included

1. Washing buffer - Phosphate buffer saline (PBS) with Tween-20; pH 7.4

PBS was prepared by dissolving 8g NaCl, 0.2 g KCl, 0.2 g KH2PO4, and 

L15 g of Na2HP0 4 . 2H2O in 1000 ml of distilled water.

2. Casein - 2%

2 % casein was prepared in PBS (The pH was adjusted to 7.0 with IN NaOH).

3. Prim ary Antibody

Polyclonal antibody raised in rabbit for Arabidopsis HMGR protein, from 

Bangalore GENEI was used at a dilution of 1; 2000 (prepared in 2% casein).



4. Secondary antibody

Peroxidase labeled anti-rabbit IgG (Bangalore GENEI), at a dilution of 

1:2000 (prepared in 2% casein) was used as the secondary antibody.

5. Substrate

Tetra-methylbenzidine/hydrogen peroxide (TMB/H2O2) was used as the 

enzyme substrate.

The ELISA was carried out using the procedure described below

The crude enzyme extract was prepared by grinding the leaf samples 

(250 mg) in liquid nitrogen and homogenizing in 4 ml 0.1 M Phosphate buffer 

saline (pH 7.4). The homogenate was centrifuged at 10,000 rpm for 15 minutes. 

The supernatant was collected and used as the crude protein extract. HMGR in 

the crude protein extract was detennined by the following ELISA techniques.

1. 150|j.l of the primary antigen (cmde protein extract) was coated on the 

96 well ELISA plate and kept overnight at 4°C.

2. The wells were washed manually for three times with washing Buffer

3. The unbound area of the wells was blocked with 250jil of 2% casein by
o

keeping the plate for 1 hour at 37 C for blocking.

4. The wells were washed three times with washing buffer (Phosphate 

Buffer Saline with Tween 20).

5. 200|j,l of pre-diluted primai7  antibody was added to each well and the 

plate was incubated at 37 C for 1 hour for antigen- antibody reaction.

6. The contents were discarded and the wells were washed three times with 

washing Buffer.

7. 200 j.il of pre-diluted second antibody (Goat anti-rabbit IgG-HRP) was 

added to each well and incubated at 37°C for 1 hr.



8. The contents were discarded and the wells were washed three times with 

the washing buffer and 20 0  îl of substrate (TMB/H2O2) was added to 

each well and incubated for 3 0  minutes. The reaction was stopped by 

adding 50|.l1 of IN H2SO4.

9. The colour developed in the wells was read at 4 5 0  nm wavelength using 

an ELISA reader (BioTek). Buffer coated wells in the ELISA plate was 

processed in the same way and was treated as blank.

10. The protein content of the crude protein extract was analyzed as per 

Bradford, (1976). The HMGR specific activity was expressed in 

units/mg protein.
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RESULTS

A reproducible regeneration pathway for producing transgenic plants 

overexpressing hmgr\ gene was developed in Hevca. The most important factor 

determining the efficiency of transformation is the choice of a suitable target 

tissue. So the first part details the generation of the target tissue for 

transformation experiments. Thereafter the response of different callus types, 

both clonai and of zygotic origin on transformation frequency was evaluated. 

The most efficient Agrobacterium strain giving higher rate of transformation 

was identified by experimenting three different bacterial strains for genetic 

transformation. Plant selection was carried out using hygromycin, the second 

widely used negative selection system. Improvement in the efficiency of 

transformation was attempted by inducting compounds which are beneficial in 

accelerating the transformation frequency and also by altering the culture 

conditions. Factors influencing embryo induction, maturation and transgenic 

plant regeneration were critically analyzed. The transgene integration and 

expression were validated. The experimental results obtained under different 

aspects are given below.

4.1 Plasmid vector and bacterial strains

The glycerol stocks maintained at -80"C were revived once in a year. 

The Agrobacterhm cultures were taken out of the deep freezer, and grown in 

solid LB plates containing 50 mg l ' Kan and 20 mg l ' R if The culture plates 

were dark incubated at 28 C. The bacterial colonies of the different 

Agrobacterium strains were screened for the presence of the insert by restriction 

enzyme digestion and stocks were prepared from fresh cultures.



4.2 Antibiotic sensitivity

The concentration of antibiotic (hygromycin) required for the selection 

of the transformed cell lines was determined from the kill curve experiment 

(Fig.5). Response of different callus to varying levels of the selection antibiotic 

hygromycin was different. Frequent sub culture at an interval of 15 to 20 days 

to fresh antibiotic media was essential for efficient selection. Antibiotic medium 

containing 10 mg l ' hygromycin inhibited 20 percent of the callus growth. The 

callus texture remained unchanged in the case of embryogenic callus whereas 

the primary calli obtained from immature anthers turned brown. Subsequent 

increase in the concentration of the antibiotic decreased the survival percentage 

of both the callus.

Fig. 5. Sensitivity of Hevea callus at different levels of hygromycin



Inclusion of 20 mg l ' hygromycin in the selection medium retarded the 

growth of about 50 percent of the cells. The survival rate of the callus was 

determined as 20% when the concentration of the antibiotic was increased to 

25 mg r '.  When the control calli was subjected to a concentration of 30 mg l ', 

the primary callus turned black whereas the embryogenic tissues became white 

in colour indicating tissue death / inhibition of the callus growth (Plate 2 A, B.) 

Therefore the minimum concentration of hygromycin suitable for the selection 

was 30 mg f ' where effective selection of the transformants was possible 

preventing any escapes.

4.3 Agrobacterium culture initiation

Individual colonies were formed from the three Agrobacterium strains 

carrying the binary vector in LB medium with the respective antibiotics (Kan̂ *̂  

and Rif^‘*). The presence of the insert in the colonies was confirmed through 

colony PCR. PCR analysis using the promoter specific forward and the hmgr 

specific reverse primers amplified a fragment of length 1.9 kb in the plasmid 

DNA (positive control) and in the bacterial colonies containing the insert 

(Fig.6). Individual colonies containing the binary vector were grown in liquid 

LB medium containing the respective antibiotics at 28 C with shaking at 250 

rpm. The O.D of the overnight grown cultures was adjusted to 0.5 at A 420 and 

pelleted. The pellet grown in induction medium attained good growth after 4 hrs 

which was used for infecting the target tissues.

4.4 Generation of source material for genetic transformation

4.4.1 Callus induction from anther tissue

Contamination free cultures could be initiated from immature anthers 

and callus induction was obtained in modified MS medium supplemented with

2.4-D,NAAand BA after forty days. Table 4.2 describes the combined effect of

2.4-D and BA in presence of NAA (0.5 mg f ')  on callus induction from the 

cultured anthers. The basal medium containing lower levels of 2, 4-D (0.5 mg l ')

81 Results



and BA (0.25 mg l ') resulted in a low callusing efficiency (18%). An increase 

in the 2, 4-D concentration (0.5 - 1.25 mg 1''), slightly improved the frequency, 

even though the level of BA remain unchanged. But this callus appeared to be 

watery in nature. An increase in the concentration of BA from 0.25 to 0.5 mg 1'' 

changed the texture of the callus. Compact calli was obtained in modified MS 

medium supplemented with 2, 4-D (1.0 mg f ') , BA (0.5 mg l ') and NAA (0.5 

mg r ’) (Plate 3A). Maximum callus induction (35%) was achieved in this 

combination. When the 2,4-D concentration was raised to 1.25 mg 1'‘ in 

presence of BA (0.5 mg f ’) and NAA (0.5 mg 1"'), the callusing efficiency 

decreased to 29%. Further rise in the concentration of 2, 4-D and BA impaired 

callus growth, reducing the efficiency of callus induction. Proliferation of the 

primary calli was attempted in the same medium with reduced levels of growth 

hormones 2, 4-D (0.5 mg f ') , BA (0.5 mg 1’’) and NAA (0.2 mg 1'‘).



0 .9

1 .9  kb

Fig 6. Colony PCR

M-^ Marker, 1-Positive control, 2-18 bacterial colonies

Plate 2 A-B Response of the callus upon exposure to hygromycin

A. Primary ealli exposed to hygromycin (30 mgl ')

B. Embryogenic callus on exposure to hygromycin (30 mgl ')



4.4.2 Embryogenic callus formation

T h e  pro liferated  prim ary ca lli cu ltured in h a lf  strength M S m edium  

turned b lack  after tw o  w eek s o f  cu lture. A fter  s ix  to sev en  m on th s o f  culture  

in the sa m e basal m ed iu m  (w ith  regular subculture to fresh m ed ia  

co m b in a tio n s) the c e lls  w h ich  w ere  co m p eten t in in d u cin g  em b ry o g en ic  

resp o n se  p roduced  em b ry o g en ic  ca llu s . T he co n v ers io n  o f  the prim ary ca llu s  

to  the em b ry o g en ic  ca llu s  w as n o ticed  in the m ed iu m  co n ta in in g  T D Z  and  

N A A  (T a b le  4 .3 )  (P late  3 B ). T h e basal m ed iu m  co n ta in in g  low er  

con cen tra tion  o f  T D Z  (0 .2  m g  1'') and N A A  (0 .5  m g 1''), produced  friable  

ca llu s . A n  in crease  in the N A A  con cen tration  s lig h tly  im p roved  the fr iab ility  

o f  the ca llu s . B ut the T D Z  con cen tration  o f  the m ed ia  in flu en ced  em b ry o g en ic  

ca llu s  form ation . H ere the co n v ersio n  o f  the prim ary ca llu s  to  em b ry o g en ic  

ca lli w a s T D Z  d ep en d en t. Further r ise  in the con cen tra tion  o f  T D Z  (0 .6  m g  1"') 

s ig n if ic a n tly  en h an ced  the em erg en ce  o f  fr iab le , em b ry o g en ic  ca llu s  in 

p resen ce  o f  N A A . W h en  the T D Z  con cen tra tion  w a s in creased  b ey o n d  

0 .6  m g  r ' ,  n o  further im p rovem en t in the em b ry o g en ic  ca llu s  form ation  w a s  

n o ticed . A n  in crease  in  the le v e l o f  N A A  b ey o n d  1.5 m g  l ' red u ced  the  

em erg en ce  o f  em b ry o g en ic  ca llu s , w h ere  the op tim u m  con cen tra tion  w a s 1.0 

m g  V \  R esu lts  p ro v ed  that em b ry o g en ic  ca llu s  form ation  w a s a ch iev ed  in h a lf  

strength  M S  basal m ed iu m  co n ta in in g  T D Z  (0 .6  m g  l ’) and N A A  (1 .0  m g  1'') 

in  p resen ce  o f  B A  (0 .3  m g  P ') at a freq u en cy  o f  46% .



Cone, of 
BA ( m g r ')

Cone, of 2,4-D (mg 1 ')

0.5 0.75 1.0 1.25 1.5

0.25 1 8± 0 .836 2 1 ± 1 .4 8 2 2 ± 1 .3 2 3 ± 1 .3 0 19± 1 .22

0.5 2 4 ± 1 .1 4 29 ± 1 .5 1 35±1.14 29 ± 0 .7 1 2 2 ± 1 .5 8

0.75 2 1 ± 1 .3 0 2 4 ± 0 .7 0 2 6 ± 1 .3 0 2 3 ± 0 .8 4 17± 1 .14

1.0 19± 1 .64 2 1 ± 1 .4 8 2 3 ± 1 .3 0 1 5 ± 0 .8 3 6 12± 1.303

The ca llu s in duction  frecjuency w as re p rese n ted  as m ean ±  SD. T w enty an thers w ere  
in o cu la te d  p e r  trea tm en t w ith  five rep lica tio n s

Table 4.3. Effect of NAA and TDZ on the conversion of primary callus to 
embryogenic callus (%)

Cone, of 
TDZ (mg I ')

Cone, of NAA(mg I *)

0.5 1.0 1.5 2 .0 2.5

0 .2 4 .0 ( 7 .5 6 ) 1 0 .0 (1 6 .4 5 ) 1 4 .0 (2 1 .7 0 ) 4 .0 (7 .5 8 ) - ( 0 .3 3 )

0 .4 2 0 .0 (2 6 .2 8 ) 2 2 .0 (2 7 .6 1 ) 1 6 .0 (2 1 .0 3 ) 6.0(1 1.2) - ( 0 .3 3

0 .6 3 0 .0 (3 2 .9 8 ) 46.0(42.66) 2 4 .0 (2 9 .2 4 ) 8 .0 ( 1 2 .8 3 ) - ( 0 .3 3 )

0 .8 1 0 .0 (1 6 .4 5 ) 1 6 .0 (2 3 .3 3 ) 1 0 .0 (1 6 .4 5 ) - ( 0 . 3 3 ) - ( 0 .3 3 )

1.0 6 .0 (1 1 .2 ) 1 0 .0 (1 6 .4 5 ) - ( 0 . 3 3 ) - ( 0 . 3 3 ) - ( 0 .3 3 )

Cl) (5% )= 11.81

The d a ta  w as a n a lyze d  using Arc sin e  transform ation  an d  the values g iven  in paren th esis  
a re  th e tra n sfo rm e d  ones. The b a sa l m edium  u sed  u ’c/.v 'A M S with BA (0.3 m g f ' ).



4.4.3 Cell suspension culture

The embryogenic cell suspensions were established by culturing the 

embryogenic callus in */2 x MS liquid medium. Frequent replacement of the 

liquid medium at weekly intervals was essential for the continuous growth of 

the suspensions. Liquid medium containing higher levels of sucrose (60 g l ‘) 

and growth regulators like NAA (0.5 mg l ') and TDZ (0.3 mg l ') produced 

actively dividing cell suspensions (Plate 3C). Cell suspensions with a 

regeneration frequency of 20% were noticed in the cultures maintained in liquid 

medium for 2 weeks. The regeneration frequency improved to 33%, when the 

cell aggregates were cultured for 4 weeks. Suspension cultures with good 

regeneration potential was obtained at 5 weeks of culture in the liquid Vi x MS 

medium (67%) (Fig.7). The cell aggregates maintained beyond 5 weeks, 

showed a lower regeneration potential and therefore 5 week old cultures were 

selected for Agrobacterium infection. These suspensions showing good 

regeneration capacity were further sub cultured to fresh medium for 3 days and 

used as the target tissue for transformation.
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Fig.7. Regeneration potential of embryogenic suspensions at different time intervals



4.4.4 Embryogenic callus of zygotic origin

T he em b ryogen ic  ca llu s w as obta ined  in N itsch  basal m edium  alon g  

w ith  the d ev e lo p in g  em bryos in a horm onal com b in ation  o f  zeatin  (0 .3  m g 1''), 

k inetin  (3 .0  m g I'') and G A 3 (2 .0  m g  I''). T he em b ryogcn ic  ca llu s obtained  

a lo n g  w ith  the d ev e lo p in g  zy g o tic  em b ryos w as separated and proliferated in 

h a lf  strength M S m edium . T he proliferation  o f  the ca llu s w as obtained in a 

phytohorm one com bination o f  2 ,4 -D  (0.3 m g l '). Kin (0.5 m g l '), N A A  (0.3 m g f ' )  

and GA3 (0 .5  m g  f ' ) .  T he proliferated  em b ryogen ic  ca llu s o f  z y g o tic  orig in  w as  

u sed  as the target m aterial for g en etic  transform ation stu d ies (P late. 3D ).
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Plate 3 (A-D). Target tissues used for genetic transformation

A Primary callus 

B Embryogenic callus 

C Embryogenic suspensions 

D Embryogenic callus of zygotic origin
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4.5.1 Development of transgenic cell lines

T he target tissues after Agrobacterium infection and a 3-day co-cu ltivation  

w ere transferred to the se lec tio n  m ed iu m  con ta in in g  5 0 0  m g  1"’ ce fo ta x im e  and 

h y g ro m y cin  3 0  m g  I'V O vergrow th-free cultures w ere obta ined  and th ese tissu es  

w ere  subcultured to fresh se lec tio n  m ed iu m  at m on th ly  intervals. T ransgen ic  

c e ll em erg en ce  w as ob served  after 5 0  d ays o f  culture.

4.5.1.1 Transformation efficiency- influence of the Agrobacterium strain 

and the target explant

T he e ff ic ie n c y  o f  transform ation varied b etw een  the tested  

Agrobacterhim  strains w here the su ccin am op in e type o f  strain, EH A 105, ga v e  

the h igh est transform ation e ff ic ie n c y  w ith  each kind o f  explant used. T he results 

are presented  in table 4 .4 . T he ob servation s sh o w ed  that the strain EH A 105 

g a v e  a freq u en cy  o f  9%  (2 .9 9 ) w ith  the prim ary ca llu s as the initial exp lant 

(P la te  4 .A -B ) . T h e e ff ic ie n c y  o f  transform ation w as increased  to 15% (3 .8 8 )  and 

27%  (5 .1 9 )  u sin g  em b ryogen ic  ca llu s (P late 4 .C -D ) and em b ryogen ic  

su sp en sio n  cultures resp ectiv e ly  (P late 4 . E-F). G en etic  transform ation u sin g  the 

em b ry o g en ic  ca llu s derived  a lon g  w ith  the z y g o tic  em b ryos resulted in a very  

h igh  freq u en cy  o f  transform ation (67% ) (8 .1 8 )  (P late  4 .G ). T he experim ental 

resu lts sh o w ed  that, irrespective o f  the target tissu es used , h igh est frequency o f  

transform ation w as obta ined  u sin g  E H A  105, w h ich  w as the b est strain.

C om pared  to E H A  105, the e ff ic ie n c y  o f  transform ation using the  

Agrobacterii4m strain pG V  1301 w as lo w er  w ith  all the exp lants tried. E ven  

w ith  the m ost ju v e n ile  and resp o n siv e  tissu e  (em b ry o g en ic  ca llu s o f  zy g o tic  

orig in ) the freq u en cy  o f  transform ation recorded w as 22%  (4 .6 7 ). G en etic  

transform ation  u sin g  the prim ary ca llu s d erived  from  anthers produced ce ll lines  

w ith  a freq u en cy  o f  7%  (2 .5 5 )  w h ich  w a s increased  to  8%  (2 .7 8 )  o n  u sin g



embryogenic callus of the anther. When the cmbryogenic suspensions were 

used as the target material for transformation, the frequency was further raised 

to 16% (3.99). Depending on the friability of the explant used for genetic 

transformation, the frequency varied, the most friable one producing the highest 

number of transformants. The third strain, LBA4404 responded poorly towards 

transformation and no transgenic cell line emerged after Agrobacterium 

infection. Hence this strain was considered as the least virulent one.

Table 4.4 Influence of Agrobacterium strain and explant type on 
transformation efficiency in Hevea brasiliensis

Target tissue used
Transformation frequency (%)

EHA 105 pGV 1301 LBA 4404

Primary callus of anther 9.0(2.99) 7.0(2.55) —

Embryogenic callus of anther 15.2(3.88) 8.0(2.78) -

Embryogenic suspensions of 
anther callus 27 (5.19) 16(3.99) —

Embryogenic callus of zygotic 
origin 67(8.18) 22 (4.67) —

CD (5%) 0.58 0.81

Twenty-five callus clumps were used per treatment replicated four times. 
The values given in parenthesis are the transformed values
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Plate.4 (A-G) Emerging transgenic cell lines from the infected callus of
Hevea

A-B. Transgenic cell lines from primary callus 

C-D. Transformed cell lines from embryogenic callus 

E-F. Transgenic cell lines from suspension cultures 

G. Transgenic cell lines from embryogenic callus of zygotic origin



4.5.I.2. Factors improving the frequency of transformation

Initial exp erim en ts proved  Agrobacterium  strain E H A  105 as the best 

strain and em b ry o g en ic  su sp en sio n  cultures derived  from  im m ature anther 

cu ltures as the m ost su itab le  c lon a l exp lan ts for transform ation. H en ce u sin g  

th is strain and exp lant, exp erim en ts w ere  con d u cted  to a ssess  the im pact o f  

com p ou n d s w h ich  are b en efic ia l in im p rov in g  the transform ation frequency.

4.S.1.2a Pre-culture of explant

Agrobactcrium  in fected  tissu es w h ich  w ere ex p o sed  to the anti-necrotic  

m ixture for 1 to 10 hrs fa iled  to im prove the transform ation frequency. 

C om pared  to the control cultures, transgenic cell em ergen ce  in the treated  

cu ltures w as at a freq u en cy  o f  4%. W hen the exp osu re tim e o f  the anti-necrotic  

treatm ent w as increased  from  2 to 10 hrs and in fected  w ith  Agrobacterium, the 

ca lli turned w h ite  w ith in  a few  days o f  culture in the se lectio n  m edium  w hich  

ev en tu a lly  dried up (T able. 4 .5 ). T hus it can be con clu d ed  that the anti-necrotic  

pretreatm ent fa iled  to im prove the e ffic ie n c y  o f  transform ation in Hcvea w ith  

th e /? w g r l gen e .

4.5.1.2b Explant desiccation

D esicca tio n  o f  the exp lants after Agrobacterium  in fectio n  proved  to be  

in e ffec tiv e  in acceleratin g  the frequency o f  transform ation w ith  the hmgrX g en e  

in  Hevea brasiliensis. T he d esicca tio n  o f  the in fected  tissu es from  1 to 5 hrs, 

fo llo w e d  b y  a 3 -d a y  co-cu ltu re, resu lted  in tissu e  b lack en in g  though they  

rem ained  v ia b le  and healthy. T ransgen ic ce ll em ergen ce  w as m in im um  in th ese  

cu ltures upon  transfer to the se lec tio n  m ed iu m  (T a b le .4 .5 ). P rolonged  

d esicca tio n  o f  the ca llu s (b eyon d  6 hrs) led  to ca llu s drying. T ran sgen ic ce ll 

em erg en ce  w as absent from  th ese cultures in d icatin g  the in e ffic ie n c y  o f  th ese  

treatm ents on  e lev a tin g  the transform ation frequency.



T he in flu en ce  o f  the th io l com p ou n d , L -cy ste in e  and A g N O s on  

am elioratin g  transform ation freq u en cy  w a s a ssessed . T he tissu es had a fresh  

appearance during the in itia l w eek s  o f  culture w h en  treated w ith  low er le v e ls  o f  

L -cy ste in e  and w ith  A g N O s. B ut after the initial v igor , th ey  s lo w ly  turned  

black . A  further in crease in the concentration  o f  L -cy ste in e  resu lted  in d rying  o f  

th e in fected  tissu es in the se lec tio n  m edium . S im ilar e ffe c t  w a s ob served  w ith  

silv er  nitrate a lso . T ransgenic ce ll em ergen ce  w as m in im u m  in the cultures 

ex p o sed  to th is m o d ified  m edium  (T able. 4 .5 ).

4.5.1.2d Effect of incubation temperature

T ab le 4 .5  d escrib es the com b in ed  e ffe c t o f  incubation  tem perature and 

aceto sy r in g o n e  (A S ) on transform ation frequency. T he Agrobacterium  in fected  

tissu es  w ere  co  cultured for three days in  the co  cu ltivation  m ed iu m  at d ifferent 

tem perature reg im es (4  C , 20"C and 28°C ) and transferred to se lec tio n  m edium . 

A m o n g  the tem peratures tried, incubation  at 20°C  w a s m ore appropriate for the 

em erg en ce  o f  transgen ic ce ll lin es  in  p resen ce  o f  acetosyr in gon e  (2 0  m g  l '). 

C o -cu ltiv a tio n  o f  the in fected  ca llu s at 28  C in acetosyr in gon e  con ta in in g  

m ed iu m  resu lted  in the form ation  o f  transgen ic ce ll lin es at a frequency o f  27% , 

w h ich  w as the control treatm ent. E xposure o f  the in fected  tissu es to a low er  

incubation  tem perature (20°C ) en hanced  the e ff ic ie n c y  o f  transform ation from

2 7  to 32% , in p resen ce  o f  acetosyrin gon e. But in the ab sen ce o f  acetosyrin gon e, 

a drastic reduction  in the frequency o f  transform ation w as ob served  in the 

cu ltures incubated at 2 0  C (6% ) and 28  C (7% ). T hus in general, low  

tem perature induced  increase in the transform ation e ff ic ie n c y  w as depended  on  

the p resen ce  o f  acetosyr in gon e  in the m edium . Incubation at 4  C resulted  in 

overgrow th  free cultures but the in fected  ca lli b ecam e w h ite  in co lo r  after one  

w e e k  o f  culture in d icating  the death o f  the tissu e. C on sid erin g  th ese param eters, 

it can be stated that gen etic  transform ation u sin g  the hmgr\ g en e  w as m ore
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e ffe c t iv e  at a low er incubation  tem perature (2 0  C ) cu lm in atin g  in the production  

o f  n ew  transform ed cell lines.

4.5.2 [Vlultiplication of the cell lines

C allu s proliferation  rate o f  the pu tatively  transgen ic lines varied w ith the 

exp lan t used for transform ation. T he transform ed cell lines obtained  from  the 

em b ry o g en ic  su sp en sion  cultures and from  the em b ryogen ic  ca llu s o f  zy g o tic  

origin  sh o w ed  g ood  proliferation in C C M t (A p p en d ix  B) fortified  w ith  grow th  

regulators 2 ,4 -D  (0 .5  m g f ' ) ,  N A A  (0 .2  m g l '} and Kin (0 .5  m g i '). The 

proliferated ca llu s obtained from  em b ryogen ic  su sp en sio n s and the 

em b ry o g en ic  ca llu s  o f  zy g o tic  origin  had a friable texture (P late 5A , B).



Table 4.5. Effect of different treatments on transformation efficiency of the 
Agrobactenum strain EHA 105 (%)

SI. No Treatments Transformation efficiency (%)

1. C ontrol (2 8  C) 27

2 . A n ti-n ecro tic  m ixture 4 .8 ( 1 2 .5 2 )

3. D esicca tio n 4 .0 ( 4 .8 1 )

4. L -cy ste in e  and silv er  nitrate 5 .6 ( 1 3 .4 9 )

5.
Incubation  tem perature (4  C) 

(w ith  a ce tosyr in gon e)
- (0 .3 3 )

6 .
Incubation  tem perature (4  C) 

(w ith ou t a ce tosyr in gon e)
- (0 .3 3 )

7.
Incubation  tem perature (20"C) 

(w ith  a ce tosyr in gon e)
32  (3 4 .4 3 )

8 .
Incubation tem perature (2 0  C) 

(w ith ou t a ce tosyr in gon c)
5 .6 ( 1 3 .4 9 )

CD (5%) -3 .7 9

Analysis was carried out using Arc sine transformation and the transformed 
values were given in parenthesis
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Plate 5 (A-B). Proliferated transgenic callus

A - T ransgenic ca lli o f  zy g o tic  origin  

B - T ransgenic ca lli derived from  su sp en sion  cultures



4.6.1 Primers used for the amplification of the transgenic tissues

T hree sets o f  prim ers w ere d esig n ed , the prom oter sp ec ific , g en e  sp ec ific  

and m arker sp e c if ic  for am p lify in g  the transgene in the transform ed tissu es. T he  

prom oter sp e c if ic  prim er h elped  to rule out the en d ogen ou s hmgrX 

am p lifica tion . T he s iz e  w as ex p ected  to be app roxim ately  1.9 kb. T he g en e  

sp e c if ic  prim ers w ere  d esign ed  to am p lify  a sm aller  fragm ent o f  s iz e  

app rox im ately  6 4 0  bp in the transgenic tissu es. M arker sp ec ific  prim ers w ere  

used  to a m p lify  a fragm ent o f  length  6 0 2  bp in the transgen ic tissu es.

4.6.2 & 3 Genomic and plasmid DNA isolation

G o o d  q uality  D N A  w ith ou t R N A  contam ination  cou ld  b e  extracted  from  

the transform ed as w e ll as untransform ed c e ll lin es  u sin g  the C T A B  m ethod. 

A garose  g e l e lectrop h oresis  con firm ed  the q uality  o f  the D N A  and the 

con cen tration  w a s ca lcu la ted  to be around l^ g  i\i\. P lasm id  D N A  iso la ted  from  

the Agrobacterium  culture w a s used  as the p o sitiv e  control in the subsequent 

exp erim en ts.

4.6.4. Determination of transformants by PCR

P C R  an a lysis  u sin g  the prom oter sp ec ific  forw ard and H M G R  sp ec ific  

reverse prim ers a m p lified  a fragm ent o f  app rox im ately  1.9 kb in the  

transform ed ce ll lin es and a lso  in the p o sitiv e  control (F ig . 8 A ). T he  

corresp on d in g  band w a s absent in the non-transform ed ca llu s. T he use o f  the  

prim ers from  the prom oter reg ion  rules out the p o ss ib ility  o f  en d ogen ou s  

H M G R  am p lifica tion . T he p resen ce o f  the integrated hmgrX transgene w as  

con firm ed  in all the transgen ic c e ll lin es tested  and the p o s it iv e  control (p lasm id  

D N A ), w h ere a fragm ent o f  len gth  1.9 kb w as am p lified . PC R  an a lysis  u sin g  the  

m arker sp e c if ic  prim ers {hpt), am p lified  a fragm ent o f  approxim ately  6 0 2  bp  

in  s iz e  in the transgen ic ce ll lin es and in the p lasm id  D N A  (F ig .8 B).
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T he corresp on d in g band w a s absent in the non-transform ed c e ll  Hnes. 

p o s it iv e  a m p h flca tion  in the transgen ic c e ll lin es  in d icated  the p resen ce  oJ 

hmgrl transgene in  the g e n o m e  o f  th e Hevea transform ed tissu es.

0.5 kb

Fig. 8. PCR amplification of transformed callus

A. Using promoter specific forward and gene specific reverse primer

M - M arker (?.-H ind III /B a m H l)
P o s it iv e  control 
N e g a tiv e  control 
T ransgen ic ce ll lin es

L ane I 
L ane 2 
L ane 3-8

B. Amplification using hpt specific primers

M  - M arker (k-Hind  III /B a m H l)
L ane 1 - P o s it iv e  control
L ane 2 - N e g a tiv e  control
L ane 3 -1 0  - T ransgen ic c e ll lin es



T h e PC R  p o s it iv e  friab le em b ryogen ic  ca llu s from  the su sp en sion  

cu ltures and from  the z y g o tic  m aterial w as subcultured  for em bryo induction .

4.7.1 Effect of basal salts on somatic embryogenesis

T he active role o f  the basal salts on  som atic  em b ryogen esis  w as  

eva lu ated  in the present experim ent. T he rate o f  em b ry o g en esis  from  the  

proliferated  ce ll lin es (P late  5 A -B ) in d ifferen t m ed ia  com b in ation s w ere  

sum m arized  in T able 4 .6 . T he basal m ed iu m  A G |, a m o d ified  version  o f  MS 

w a s optim al for the induction  o f  som atic  em bryos. W hen M S basal m ed ium  w as  

u sed  for som atic  em b ry o g en esis , the frequency o f  em b ry o g en esis  w as low  

(15% ). A  reduction in the NH4NO3 concentration o f  M S n\ediun\ from  16 5 0  n \g  T' 

to  2 0 0  m g r ' ,  M g S 0 4  concentration  from  3 7 0  m g 1’’ to 9 0 m g  1'', w ith a 

su b seq u en t rise in the KNO3 concentration  from  1.9 g P' to 2 .0  g  f '  im proved  the 

em b ryo  induction  frequency to 39%  in m od ified  M S m edium , denoted  as A G |. 

T h e freq u en cy  o f  em b ry o g en esis  in the W o o d y  Phint M edium  w as 29% .

4.7.2 Polyamines and somatic embryogenesis

T he ex o g en o u s app lication  o f  d ifferent p o lyam in es clearly  indicated  the 

p rom otive  e ffec t o f  sp erm id in e on som atic  em b ry o g en esis . T he individual e ffec t  

o f  p o ly a m in es w as com pared  in T able 4 .7  w here putrescine, sp erm in e and 

sp en n id in e  at concentrations 1.0 - 5 .0  m g  1'' w ere included  in the em bryo  

in d uction  m edium . A ddition  o f  putrescine fa iled  to sh o w  a p o sitiv e  resp on se on  

som atic  em b ry o g en esis . In clu sion  o f  sp en n in e  and sperm idine accelerated  

som atic  em b ry o g en esis . But com pared  to the control treatm ent, sperm idine w as  

the m o st e ffe c tiv e  p o ly a m in e  triggering som atic  em b ryogen esis . E xperim ental 

resu lts sh o w ed  m axim um  em bryo induction  o f  41%> in the m edium  fortified  

w ith  2 .0  m g  f'sp erm id in e . H igher le v e ls  o f  sp erm id in e (greater than 2 .0  m g  f ' ) ,  

fa iled  to im prove som atic  em b ry o g en esis . S perm ine at 2 .0  m g  l ' induced



som a tic  em b ry o g en esis  at frequency o f  27% . Further increase in the sperm ine  

concentration  reduced the freq u en cy  o f  em b ry o g en esis . T hus am on g the three 

p o ly a m in es tried, sp erm id in e w as e ff ic a c io u s  in acceleratin g  som atic  

em b ry o g en esis .

4,7.3 Organic nitrogen sources on somatic embryogenesis.

T he e ffe c t  o f  s ix  am in o acids on  som atic  em b ry o g en esis  has been  

su m m arized  in  T able 4 .8 . A m o n g  the vary in g  concentrations o f  am in o acids  

exp erim en ted , m axim um  em bryo induction  w as o b served  w ith  L -alanine, 

fo llo w e d  b y  L -asparagine, L -g lu tam in e and L -serine. Inclusion  o f  L -argin ine  

and L -p ro lin e  a lso  p rom oted  som atic  em b ry o g en esis . A d d ition  o f  L -alan ine  

in d u ced  som atic  em b ry o g en esis  at a freq u en cy  o f  4 0 .96% , fo llo w e d  by  

L -asparagine (3 9 .2 2 % ), L -proline (38% ), L -g lu tam in e (3 7 .4 4 % ) and L -serine  

(2 7 .9 4 % ). T he incorporation  o f  am in o  acid s [L -a lan ine 100 m g l ' ,  L -g lu tam ine  

4 0 0  m g  r ’L -asparagine 3 0 0  m g  I 'and L proline 100 m g  1'*] in the em bryo  

in d u ction  m ed iu m  im proved  the e ff ic ie n c y  o f  em b ry o g en esis  in the transgenic  

c e ll lin es.



Treatments * Embryo induction frequency (%)

M S 1 5± 0 .447

A G i (M o d ified  M S ) 39.3±0.836

W o o d y  Plant M edium 2 9 ±  1.303

*The em ivyo induction frequency is represented as mean ± standard deviation o f  the 
percentage obtained from the five replications. Each treatment contained 30 caUus dum ps

Table 4.7. The influence of polyamines on somatic embryo induction from 
the transgenic cell lines of Hevea hrasiliensis (%)

Treatment
Cone, of polyamines (mg \ ')

1.0 2.0 3.0 4.0 5.0

Putrescine 3 .0 (9 .9 2 ) 6 .4  (1 4 .6 1 ) 1.25 (5 .1 4 ) - - ( 0 .3 3 ) - ( 0 . 3 3 )

Spermine 2 2 .6 (2 8 .3 7 ) 2 7 .4  (3 1 .5 6 ) 2 0 .4 (2 6 .8 4 ) 1 0 .6 (1 8 .9 7 ) 3 .2 (1 0 .2 3 )

Spermidine 3 6 .4 (3 7 .1 0 ) 41.4(40.05) 2 8 .0 (3 1 .9 5 ) 1 0 .4 (1 8 .7 9 ) 2 .4  (8 .7 )

CD (P<0.05)=1.68
The basal mediutn was AG/ and each treatment contained twenty five callus clumps replicated  
five  times. Analysis was carried out using Arc sine transformation and the transformed values 
were given in parenthesis

Rubb®f Jnstitut# of M 'm
-'/pnAC /

?f./Acc. No. T a t ?



T he in flu en ce  o f  grow th  regulators on  som atic  em b ry o g en esis  has been  

d ep icted  in T ab le 4 .9  and 4 .1 0 , w h ere  m o d ified  M S basal m ed iu m  (A G |)  w as  

u sed  a lo n g  w ith  the b est com b in ation  o f  am in o acid s (L -a lan in e 100 m g  l ', 

L -asparagine 3 0 0  m g  1"', L -g lu tam in e 4 0 0  m g  l ' and L-proHne 100 m g  f ' ) .  

E xp erim en ts carried out u sin g  d ifferent le v e ls  o f  zeatin  (0 .5 -2 .5  m g T’) and  

N A A  recorded  an em b ryo  induction  frequency o f  60%  w ith  1.0 m g  r 'z e a tin  and  

2 .0  m g  r ‘ N A A  (T able 4 .9 ). N A A  concentration  o f  the m ed iu m  strongly  

in flu en ced  the em bryo induction  e ff ic ien cy . T he h ig h est em bryo induction  

freq u en cy  w a s o b serv ed  w h en  2 .0  m g  T 'N A A  w as u sed  in com b in ation  w ith  

zea tin  (1 .0  m g  l '). L ow er le v e ls  o f  zeatin  induced  em b ry o g en esis  from  the 

em b ry o g en ic  ce ll m asses at a very  lo w  frequency. A d d ition  o f  N A A  to the 

m ed iu m  con ta in in g  zeatin  gradually  im proved  the frequency o f  em b ry o g en esis , 

m axim u m  le v e l b ein g  o b served  at 2 .0  m g  f '  N A A  and 1.0 m g l ' zeatin . Further 

in crease in the con cen tration  o f  both the ph ytoh orm on es reduced the e ff ic ie n c y  

o f  em b ry o g en esis .



Aminoacids Concentration ( mg l ') Embryo induction'( % )
C ontrol Nil N il 3 9 %

50 2 4 .3 0 " i0 .9 3
100 3 4 .4 8 ‘̂ ±1.57

1. L 'A sparagine 2 0 0 38.02^‘± 1 .5 2
300 39.22^'±0.93
4 0 0 29.96^ ±1.05
100 28.63^‘± 0 .8 4
200 32.49^‘± 1 .6 0

2. L -A rgin ine 300 2 8 .5 r '± 1 .7 8
4 0 0 23.43^’± 1 .51
500 21 .05 '’± 1 .0 7
50 34 .40^ ±1 .25

3. L -A lan in e
100 40.96"±  1.15
150 35.58^ ±2.01
2 0 0 29.96^ ±1.05
100 30.60^ ‘̂ ±1.24
2 0 0 33.13^^±1.69

4. L -glu tam ine
4 0 0 37 .44" ± 1 .20
600 33.13^^"±1.69
800 27.87^^^^. 1.43
1000 2 4 .1 1 ‘'± 1 .95

10 2 7 .1 8 ^ ± 1 .3 4
2 0 33.18^'±0.99

5. L 'Serine 30 2 7 .9 4 ^ ± 0 .8 4

4 0 22 .67^ ±1 .29

50 21 .05^ ±1 .07
50 30.60""±1.24

100 38.02^'±1.52
6. L -proline 150 33.74^’^^±1.80

2 0 0 26.50^'^±1.14
2 5 0 24 .87^ ± 1 .97

Means fo llow ed  by a common letter are not significantly different at p< 0 .05  by DMRT. The data 
represent transformed values (Arc sine transformation) ± SE.

‘Twenty em bryogenic groups were cultured per treatment and each experim ent was replicated 
five times



Table 4.9. Effect of NAA and zeatin on induction of somatic embryos from 
the putatively transgenic callus of Hevea brasiliensis (%)

Conc.of 
Zeatin(mg l ')

Cone, of NAA(mg l ')

0.5 0.75 1.0 1.5 2.0 2.5

0.5 1 3 (3 .74 ) 1 6 (4 .1 2 ) 1 8 (4 .3 5 ) 2 3 (4 .9 0 ) 3 3 (5 .8 3 ) 2 4 (5 .0 0 )

0.75 1 4 (3 .86 ) 1 7 (4 .23 ) 2 5 (5 .1 0 ) 3 8 (6 .2 4 ) 4 6 (6 .8 5 ) 1 5 (4 .00 )

1.0 16(4 .12 ) 1 8 (4 .35 ) 3 5 (6 .0 0 ) 4 4 (6 .7 1 ) 60(7.81) 12(3 .59 )

1.5 1 3 (3 .74 ) 1 5 (3 .98 ) 1 8 (4 .35 ) 1 4 (3 .86 ) 3 2 (5 .7 4 ) - ( 1 .0 0 )

2.0 6 (2 .6 2 ) 1 3 (3 .7 4 ) 11(3 .44 ) 14(3 .86 ) 2 7 (5 .2 9 ) - ( 1 -0 0 )

2.5 — — — — — —

CD (5%) = 0.63
The data was analyzed using square root transformation and the transformed vahtcs u erc  ̂given  
in parenthesis. Basal medium was AG\ +Alanine+glutaminc +Asparaginc+prolinc

Table 4.10. Influence of Kinetin and NAA on somatic embryogenesis from 
the transformed cell lines (%).

Conc.of NAA Cone, of Kinetin (mg l ')

(mg r ') 0.3 0.5 0.7 0.9 1.0

0.25 8 .0 (1 6 .2 ) 1 2 .0 (2 0 .1 5 ) 1 5 .0 (2 2 .6 8 ) 1 9 .0 (2 5 .8 ) 1 2 .0 (2 0 .1 5 )

0.5 1 1 .0 (1 9 .3 ) 2 2 .0 (2 7 .8 7 ) 2 7 .0 (3 1 .3 ) 2 9 .0 (3 2 .5 6 ) 2 0 .0 (2 6 .5 2 )

0.75 3 1 .0 (3 3 .8 ) 3 3 .0 (3 5 .0 5 ) 4 5 .0 (4 2 .1 4 ) 5 1 .0 (4 5 .6 ) 3 2 .0 (3 4 .4 5 )

1 .0 4 8 .0 (4 3 .8 7 ) 5 5 .0 (4 7 .9 ) 62.0(52.04) 4 8 .0 (4 3 .8 7 ) 2 5 .0 (2 9 .9 )

1.25 1 7 .0 (2 4 .2 5 ) 2 0 .0 (2 6 .5 2 ) 2 3 .0 (2 8 .6 2 ) 1 2 .0 (2 0 .1 5 ) 6 .0 (1 3 .9 9 )

CD (5%) = 5.25
The data was analyzed using Arc sine transformation and the transformed values were given in 
parenthesis



T he interactive e ffec t o f  k inetin  w ith  N A A  w as found to be better than 

zeatin , N A A  com b in ation s in im p rovin g  the frequency o f  em b ry o g en esis . W hen  

k inetin  w as used a lon g  w ith  N A A , the em bryo induction  frequency im proved  

further. E ven low er le v e ls  o f  k inetin  stim ulated  em bryo induction  in the 

transgen ic cultures w h en  used  a lon g  w ith  h igher concentration  o f  N A A . T he  

em bryo induction  m edium  con ta in in g  reduced lev e ls  o f  k inetin  and N A A  

p roduced  som atic  em b ryos at a lo w er  frequency. But w h en  the concentration  o f  

N A A  w a s increased , a gradual rise  in the em bryo induction  e ff ic ie n c y  w as  

n oticed . T he em bryo induction  m ed iu m  con ta in in g  kinetin  (0 .5 m g  l ') a lon g  

w ith  1.0 m g  r' N A A  produced som atic  em b ryos at a frequency o f  55% . A  

further rise  in the k inetin  concentration  from  0 .5  to 0 .7  m g  I 'augm ented  em bryo  

in d u ction  freq u en cy  up to  6 2  % (T able 4 .1 0 ). T hus m o d ified  M S  basal m edium  

con ta in in g  k inetin  (0 .7  m g  I"') and N A A  (1 .0  m g  I"') produced som atic  em b ryos  

at a freq u en cy  o f  62%  and therefore th is grow th  regulator com b in ation  w ere  

u sed  in su b seq u en t experim ents.

4.7.5 Effect of spermidine and sucrose on somatic embryogenesis

T ab le 4 .11  d escrib es the com b in ed  e ffe c t  o f  su crose  (5 0 -9 0  g  T') and 

sp erm id in e (0  - 2 .5 m g  H') on  som atic  em b ry o g en esis . A n  increase in the sucrose  

con cen tration  from  50  g  1"' to 80  g f '  trem en d ou sly  au gm en ted  the em bryo  

in d u ction  percentage. A lth ou gh  ind iv id u al app lication  o f  sp erm id in e (2 .0  m g  l ‘) 

in d u ced  g lob u lar em b ryos (41% ), the frequency o f  em b ry o g en esis  w as  

increased  reach in g  a m axim u m  o f  72%  w h en  1.5 m g  f'sp e r m id in e  w as used  

a lon g  w ith  h igh er concentration  o f  su crose  (8 0  g l '). H ere sperm id ine induced  

som a tic  em b ry o g en esis  at a low er concentration  o f  1.5 m g  f '  from  the 

p ro em b ryogen ic  m a sses  cultured (P late 6  A -F ) (T ab le  4 .1 1 ). Further increase in 

the su crose  concentration  (9 0  g f ' )  resulted in ca llu s proliferation  thereby  

d ecrea sin g  the em b ryo  in d uction  e ffic ie n c y  (63% ).



Cone, of 
Sucrose

(g r')

Cone, of Spermidine (mg i ')

0 0.5 1.0 1.5 2.0 2.5

50 3 2 (5 .6 5 ) 4 0 (6 .3 2 ) 5 5 (7 .3 9 ) 6 7 (8 .2 4 ) 5 1 (7 .1 1 ) 3 2 (5 .6 5 )

60 3 7 (6 .1 0 ) 4 3 (6 .5 2 ) 6 0 (7 .7 4 ) 6 8  (8 .2 4 ) 5 9 (7 .6 5 ) 4 0 (6 .3 0 )

70 3 9 (6 .2 0 ) 4 9 (7 .0 1 ) 5 7 (7 .5 6 ) 6 1 (7 .8 3 ) 4 9 (7 .0 1 ) 2 8 (5 .2 8 )

80 3 1 (5 .5 4 ) 36 (5 .9 9 ) 6 0 (7 .7 4 ) 72(8.48) 4 8 (6 .9 2 ) 2 1 (4 .6 1 )

90 2 9 (5 .4 0 ) 3 1 (5 .5 2 ) 4 7 (6 .8 1 ) 6 3 (7 .9 2 ) 2 8 (5 .2 8 ) 16(3 .98)

CD (5%) = 0.64
The cxpcriniL’ni contained 25 callus/ treatment with four replications. Analysis was carried on! 
using square root transformation and those given in parenthesis are the transformed values. 
The basal medium was AG i ^alanine+glutam inc+asparaginc^ proline -K in+N A A .



m

Plate 6 (A-F). Somatic embryogenesis from the transgenic cell lines



4.8.1 Effect of major salts and amino acids on somatic embryo maturation

T able 4 .1 2  illustrates the e ffec t o f  ox id ized /red u ced  nitrogen  on som atic  

em b ryo  m aturation. T he o m iss io n  o f  NH 4NO 3 from  the m aturation m edium  

(M S O ), w ith  a su b seq u en t rise in  the K N O 3 concentration  (3 .0  g  l ') accelerated  

m aturation o f  som atic  em b ryos. W hen h a lf  strength M S m ed iu m  w a s used  for  

som atic  em bryo m aturation, the e ff ic ie n c y  o f  m aturation w as 19%. W hen the 

K N O 3 concentration  o f  M S  m ed iu m  w as increased  to 3 .0  g  l ' w ith  the  

sim u ltan eou s o m iss io n  o f  N H 4N O 3 , em bryo m aturation cou ld  be increased  to 

25% . U sin g  W o o d y  Plant M ed iu m  (W P M ), m aturation o f  the em b ryos w as  

ob tain ed  at a freq u en cy  o f  13%,

O rganic n itrogen  sou rces lik e  g lu tam ine and proline, triggered som atic  

em bryo m aturation (T able 4 .1 3 ,) . A m o n g  the d ifferent le v e ls  o f  g lu tam ine (1 0 0  

m g  r ' - l.O g r ')  and proline (5 0  -  2 5 0  m g  1'‘) used , g lu tam ine (1 .0  g 1'') and 

prolin e  (2 0 0  m g  l ’) h elp ed  in the m aturation o f  som atic  em b ryos. C om pared to 

the control treatm ent, the freq u en cy  o f  m aturation w as im proved  by the 

in c lu s io n  o f  L g lu tam in e, reach ing  a m axim u m  o f  35% .

Table 4.12. Effect of basal medium on somatic embryo maturation in Hevea 
brasiliensis

Treatments Maturation efficiency (%)

H a lf  strength M S 1 9 (4 .3 4 )

M SO 25 (4.99)

W PM 1 3 (3 .5 7 )

CD (0.05) = 0.67
Twenty globular cmhryo.s u'cre culfureci in each treatment and the experiment was replicated  

Jive times. The analysis was done using square root transformation and the transformed values 
were given in parenthesis



SI No. Amino
acids Cone (mg r ')

Embryo
maturation'(%)

Embryo
germination^(%)

C ontrol N il nil 25%

50 1.93 ‘̂ ± 0 .57

100 2 .3 9 ‘̂ "±0.57

I.
L-

A sp aragin e
200 3.57^‘̂’± 0 .2 5

300 4.27^‘± 0 .4 3

4 0 0 1.93^'±0.57

100 1 1.51‘*±2.99 I .9 3 ± 0 .5 7

200 16.23^'±1.35 2 .3 9 i0 .5 7

2. L -g lu lam in c
4 0 0 22.56^ ±1 .82 3 .1 1± 0.58

6 0 0 27 .18 '’"±1.34 3 .3 6 ± 0 .6 5

800 30.60=‘‘’± 1 .2 4 4 .0 8 i0 .3 1

1000 35.05^ ±0.75 3 .1 1 ± 0 .5 8

50 IT.lO^^il.SS 2 .3 9 ± 0 .5 7

100 23.43^ ‘̂ ±1.51 1 .9 3 ± 0 .5 7

3. L -proline 150 27.25^‘̂ ±0.69 2 .6 4 ± 0 .7 1

2 0 0 31 .2P *’± 1 .6 5 1 .9 3 ± 0 .5 7

2 5 0 21 .80^ ±1 .54 1 .4 6 ± 0 .4 6

Means fo llow ed  by a common letter are not significantly dijferent a t p < 0 .05 by DMRT. The data  
represent transformed values± SE.

* Twenty em bryos were used for each treatment with five replications

" Ten matured em bryos were cultured per treatment and the experiment was replicated five 
times.



T he e ffe c t  o f  stress in d u cin g  com p ou n d s on som atic  em bryo m aturation  

w a s sh ow n  in T able 4 .1 4 . H ere the in d iv idual e ffec t o f  sorb itol and PE G  on  

som a tic  em bryo m aturation w a s com pared . A m o n g  the d ifferent stress-in d u cin g  

com p ou n d s used  for m aturation, PEG  w as optim al g iv in g  fa irly  g o o d  resp on se  

fo llo w e d  b y  A B A  (data n ot g iv en ). PEG  as a non-penetrating (ap op lastic)  

o sm o ticu m  enhanced  the con v ersio n  o f  g lobu lar em b ryos to the torpedo staged  

on es. W h en  u sed  a lon e, PEG  stim ulated  the form ation  o f  torpedo staged  

som a tic  em b ryos. A  gradual increase in the PEG  concentration  enhanced  the 

m aturation e ff ic ie n c y  o f  the em bryos. M aturation frequency w a s m axim u m  

(28% ) in p resen ce  o f  12% PEG . Further increase in the PEG  concentration  

reduced the m aturation percentage o f  the em bryos. Inclusion o f  sorbitol produced  

m atured som atic  em bryos at a frequency o f  19% but com pared to the control 

treatm ent the frequency o f  m aturation w as less. A ddition  o f  sorbitol (3 .0% ) 

assisted  in the con v ersio n  o f  the em b ryos from  the g lobu lar to early  torpedo  

stage , after w h ich  th ey  fa iled  to  m ature. C on tin u ou s exp osu re resu lted  in the 

se n e sc e n c e  o f  the em b ryos. T hus am on g the tw o  stress in d u cin g  agents tried on  

m aturation, PEG w as optim al in increasing  frequency o f  m aturation o f  the 

som atic  em b ryos com pared  to sorbitol w h ich  sh ow ed  a n egative  e ffec t on  

em bryo m aturation.

Earlier stu d ies w ith  A B A  proved  its am eliorating  e ffec t on co n version  o f  

the em b ryos from  globu lar to the late torpedo shaped on es. T hough sorbitol 

a lo n e  d id  n ot have a p rom otive e ffec t on em bryo m aturation, the jo in t e ffec t o f  

sorbitol w ith  A B A  w as tried to see  w hether sorbitol in p resen ce o f  A B A  can 

im p rove m aturation o f  the som atic  em b ryos (T ab le  4 .1 5 ). From the table it can 

b e inferred that the com b in ed  use o f  sorbitol and A B A  reduced the embi*yo 

m aturation freq u en cy  to 10% from  the earlier obtained  e ff ic ie n c y  o f  19% w hen  

sorbitol a lon e  w as tried. T he results proved the in e ffic ien cy  o f  sorbitol on



maturation of somatic embryos when used alone or in combination witii ABA. 

The combined effect of ABA with PEG was also assessed which indeed helped 

in the advancement of the embryos from the late torpedo to the cotyledonary 

stage.

Table 4.16 describes the joint effect of PEG (0, 6 , 8 , 10, 12 and 14%) 

and ABA (0 -  0.8 mg 1'') (Plate 7A-C; Plate 8 A). When supplied alone, ABA 

(0.4 - 0.6 mg r ')  stimulated somatic embryo maturation at a frequency of 24%. 

Addition of PEG to the ABA containing medium enhanced the embryo 

maturation efficiency to a maximum of 48%>. The optimum concentration of 

ABA was 0.4 mg 1"' since this concentration accelerated maturation of embryos 

at all concentrations of PEG (6 -12%). Here the addition of ABA to the PEG 

medium doubled the maturation frequency from 28% (which was the frequency 

when PEG alone was used) to 48%. When the ABA concentration of the 

medium was increased further, a decrease in the maturation frequency was 

noticed. Thus the embodiment of the stress inducing agents helped in the 

conversion of the somatic embryos from the late torpedo to the cotyledon stage. 

The sucrose concentration of the maturation medium was 30 g f '.  Though 

maturation frequency differences were not observed between the embryos of 

clonal and zygotic origin, visually the zygotic embryos were big and healthy 

with well-developed cotyledons.



Table 4.14. Effect of osmotic agents (sorbitol and polyethylene glycol) on 
maturation of somatic embryos

Cone, of Sorbitol 
(% )

Maturation (% )
Cone, of 

Polyethylene 
glycol (% )

Maturation
(% )

1.5 6.67 (2.62) 6 10(3.29)

2.0 11.33(3.42) 8 18(4.11)

2.5 14.67(3.88) 10 24.4(4.94)

3.0 19.3 (4.44) 12 28.4(5.33)

3.5 8.00 (2.89) 14 5.00(2.21)

4.0 -  (0.71)

CD (5% ) = 0.66 0.51

Each experimental unit contained 25 embryos in MSO basal medium replicated six times. Data 
was analyzed using square root transformation and the transformed values were given in 
parenthesis.

Table 4 .15 . Influence of sorbitol and A BA  on transgenic embryo 
maturation

Cone, of 
ABA(m g r')

Somatic embryo maturation (%)

Cone, of Sorbitol (%)

1.5 2.0 2.5 3.0 3.5 4.0

0.2 - ( 1 .00) 4.0(2.12) 9.0(3.15) - ( 1 .00) - ( 1 .00) - ( 1 .00)

0.4 4.0(2.12) 8.0(2.96) 10.0 (3.3) - ( 1 .00) - ( 1 .00) - ( 1 .00)

0.6 10.0(3.24) 6.0(2.62) 5.0(2.31) - ( 1 .00) - ( 1 .00) - ( 1 .00)

0.8 7.0(2.8) - ( 1 .00) - ( 1 .00) - ( 1 .00) - ( 1 .00) - ( 1 .00)

CD (5% ) = 0.82

Data was analyzed using square root transformation and the transformed values are given in 
parenthesis



It was obsei-ved that partial drying of the embryos (24 hrs) on a laminar 

flow hood was beneficial for bipolar differentiation upon transfer to the 

germination medium. Here the rate of drying mainly depended on the stage of 

the treated embryos. Partial drying was optimum for the induction of shoot 

meristem when the embryos were at an early cotyledonary stage. The influence 

of partial desiccation was obvious in the case of the embryos obtained from the 

clonal material whereas the embryos of zygotic origin germinated even without 

the desiccation treatment. On the other hand desiccation of the embryos using 

saturated levels of Ca (N0 3 )2.4H2 0  (2 to 6 hrs), failed to germinate, and the 

embryos gradually senesced after the treatment.

Table 4.16. Effect of P E G  and A B A  on somatic embryo maturation (%)

Conc.of A BA

(mg r ‘)

Cone, of PEG (%)

0 6 8 10 12 14

0 6 (2.62) 13(3.71) 19(4.46) 22(4.78) 25(5.09) 11(3.45)

0.2 11(3.43) 25(5.09) 26(5.18) 33(5.82) 35(5.99) 21(4.68)

0.4 24(4.99) 32(5.74) 39(6.32) 41(6.47) 48(7.00) 22(4.79)

0.6 24(4.99) 28(5.38) 25(5.09) 22(4.79) 19(4.46) 14(3.83)

0.8 11(3.43) 14(3.86) 13(3.70) - ( 1 .00) - ( 1 .00) - ( 1 .00)

CD (5% ) = 0.55

The experimental unit contained 25 embryos replicated fou r times. Embr)>os were cultured in 
MSO medium with ghitamine + proline. D ata was analyzed using square root transformation 
and the transformed values were given in parenthesis



The germination of the partially desiccated somatic embryos was 

accomplished in MS basal medium containing double strength MS minor 

elements. Addition of KNO3 (2.0 g 1"') and K2SO4 (400 mg 1"') in the basal 

medium promoted plant regeneration. Table 4.13. describes the beneficial effect 

of amino acids on embryo germination. The organic nitrogen supplied by the 

addition of L-asparagine (300 mg 1"'), L-glutamine (800 mg 1"') and proline 

(150mg r ')  favored plant regeneration. The germination commenced one month 

after culture in the respective medium, but the germinating plant! ets were 

maintained for two months for the complete development of the leaves. Somatic 

embryos showing abnormal development was also visualized in the medium.

Table 4.17 depicts the influence of phytohonnones on plant 

regeneration. Inclusion of phytohormones BA (1.0 mg P') and GA.3 (0.8 mg P') 

stimulated gennination of the somatic embryos. Further addition of lAA (0.3 

mg r ') , increased the plant germination percentage reaching a maximum of 5% 

(Table 4.17) (Plate 7D). Inclusion of GA3 in the germination medium induced 

rapid germination of the embryoids to plantlets. Although plantlet development 

was observed at 2 % sucrose, healthy plantlets with nomial leaf development 

were noticed in medium containing 3% sucrose. Plant regeneration from the 

somatic embryos derived from the callus of zygotic origin utilized slightly 

lower levels of growth hormones for germination. A very high regeneration 

efficiency (44%) was exhibited by these embryos where a combination of BA 

(0.75 mg r ') , GA3 (0.6 mg p') and lAA (0.2 mg P') favored plant regeneration 

(Table 4.17) (Plate 8 A-B). Plant regeneration efficiency was very high in the 

case of the embryos obtained from the zygotic material and the transgenic plants 

were very healthy and showed vigorous growth. Very good rooting system was 

seen in these embryos. But the clonal material showed a low plant regeneration 

efficiency and some of the plantlets were abnormal.



The transgenic plantlets were transferred from the in vitro to ex vitro 

conditions, when the leaves of the plantlets matured. They were initially 

transferred to earthenware pots and kept under controlled conditions in a growth 

chamber (Plate 9.A). The plantlets in the earthenware pots were watered on 

alternate days and moistened with V2 x Hoagland mixtures (Hoagland and 

Amon, 1950) at weekly intervals. The plantlets were maintained under 

controlled conditions for 3 to 4 weeks. The emergence of new flushes can be 

viewed as the sign of acclimatization. After the emergence and maturation of 

the newly formed leaves (2 to 3 whorls), the plantlets were transplanted to big 

poly bags (9 Vi'x 22”) filled with soil: sand: cow dung in the ratio 2:1:1 (Plate 

9.B-C). One week after transplantation, the polybags containing the plantlets 

were transferred to the net house under ambient conditions (Plate 9.D).

Table 4 .17 . The effect of phytohormones (BA, G A 3 and lA A ) on plant

Growth hormones (mg I'*) Plant regeneration (% )

B A GA3 lA A
Anther
derived
embryos

Polyembryony
derived
embryos

0.5 0.5 0.1 1 .6 ( 1 .2 1 ) 24 (4.94)

0.75 0.6 0.2 3.3(1.29) 44 (6 .6 6)

1.0 0.8 0.3 5 (1.57) 33 (5.77)

1.5 1.0 0.4 2.4(1.31) 9 (2.97)

2.0 1.25 0.5 - ( 1 .00) 4(2.08)

CD (5% ) 0.34 0.58

The data was analyzed using square root transformation and the transformed values are given 
in parenthesis



Plate -7 (A-G) Embryo maturation and plant regeneration from clonal
explants

A-C Embryos at different stages of maturation 

D-G Germinating embryos and regenerating plantlets



Plate-8 (A-B) Embryo maturation and plant regeneration from zygotic
material

A-Stages of embryo maturation

B- Regenerating plantlets



4 .1 1 . 1  Difficulties encountered during hardening o f somatic plants of

clonal origin

The influence of the initial explant on normal plant regeneration as well 

as hardening was evident from the experimental results. The percentage survival 

of the transgenic plants raised from the callus of zygotic origin was 45% 

whereas the survival rate of the anther derived plants were low. Significant 

changes during embryogenesis and maturation were not observed among the 

transgenic cell lines obtained from different explants. But the zygotic material 

derived embryos were larger with well-developed cotyledons. The plant 

regeneration frequency varied between the clonal and zygotic material and a 

very high plant conversion rate was observed in the zygotic embryo derived 

cultures (Plate 8 B). These plants had a good rooting system with more number 

of lateral roots assisting hardening process. Forty five plantlets were 

successfully hardened and maintained under the shade net (Plate 9. D). The 

anther derived plants failed to survive the hardening phase and efforts are 

progressing to germinate normal plantlets so that they can be easily 

acclimatized.



Plate 9. A-D Hardening of transgenic plants

A Plants in the earthenware pots

B, C Transgenic plants in polybags

D Acclimatized plants in the containment facility



4 .12 .1 . PC R  analysis o f the transgenic plants

PCR analysis performed using the gene specific primers amplified the 

expected DNA fragment of length 640 bp in the transgenic and positive control 

respectively. But a fragment of approximate length 1.2 kb was amplified in the 

untransformed control which included one intron in between and therefore a 

bigger fragment was amplified which was the endogenous HMGR amplification 

(Fig.9A). PCR analysis was also carried out using the marker specific primers 

{hpt) which amplified a fragment of length 602 bp in the transgenic plants and 

in the positive control (Fig. 9B). The respective band was absent in the non- 

transgenic plant. These results confirmed the presence of the two transgenes in 

the nuclear genome of Hevea transgenic plants.

4.12.2 . Cloning of the P C R  product

The pGEM -T easy vector system is a simple, efficient method for 

cloning the PCR product. The vector insert ratio of 1:3 was optimum and ten 

colonies were formed in LB plate containing ampicillin. A blue/white ratio of 

20% was observed in presence of X-gal and IPTG. PCR analysis was carried 

out using promoter specific forward and gene specific reverse primers and the 

plasmid isolation was performed from the selected colonies using alkaline lysis 

method. A fragment length of 1.9 kb was amplified from most of the white 

colonies, confirming the presence of the insert (Fig. 10). The isolated 

recombinant plasmids were purified using PEG for sequencing.



A-Amplification using hmgr specific primers

Lane I- Marker
Lane 2- Positive control
Lane 3-4 Transgenic plants
Lane 5-6 Untransformed plants

B. PC R  amplification using hpt specific primers

M - 
Lane 1 - 
Lane 2 - 
Lane 3-12

Marker
Positive control 
Untransformed plants 
Transgenic plants

Fig. 9. PC R  amplification o f the transgenic plants



Fig 10. Colony PC R

M - Marker (X -  Hmdlll / EcoRl)

P - Positive control

1-6 - Bacterial colonies



4.12 .3a  iNucleotide sequencing and sequence analysis

When the purified recombinant plasmids containing the insert were 

sequenced usmg the pVC/M \3 forward and reverse primers, u }.9 kb  cDNA 

fragment was obtained which aligned with the earlier reported sequence of 

hmgrl gene in the Blastn programme. A maximum similarity of 99% was 

obtained with the already reported cDNA sequence of the gene (Venkatachalam 

etaL, 2009) (Fig. 1 1 ,1 2 ) .

The multiple sequence alignment of the deduced amino acid sequence 

of hmgr 1 cDNA from the transgenic plant was carried out with that of Hevea 

hmgrX, Euphorbia pekinensis. Taraxacum koksaghyz, Solanum lycospersicom, 

Litchi chinensis, Medicago trunculata, Ricimts communis and Arabidopsis 

thaliana (Fig. 13). The alignment showed 77% identity with Arabidopsis, 

70 - 72% identity with those of Taraxacum, Medicago and Ricimts, 81% 

identity with Litchi and Euphorbia and 60% with that of Solamm. Phylogenetic 

relationship was drawn from this data (Fig. 14). The dendrogram showed 

sequence similarity between Hevea, Litchi chinensis and Euphorbia pekinensis 

which came in one cluster. The hmgr sequence of Solanum differed from that of 

Hevea.



^^■■^^^■^^^■iCG G TG A C G CC A TTTC G CC TTTTC A G A A A TG G
ATAAATAGCCTTGCTTCCTATTATATCTTCCCAAATTACCAATACATTACAC
TAGCATCTGAATTTCATAACCAATCTCGATACACCAAATCGACTCTAGACC
CTTTCTCTCTCCTGCGCCGGCATATTTTTACATGGACACCACCGGCCGGCTC
CACCACCGAAAGCATGCTACACCCGTTGAGGACCGTTCTCCGACCACTCCG
AAAGCGTCGGACGCGCTTCCGCTTCCCCTCTACCTGACCAACGCGGTTTTCT
TCACGCTGTTCTTCTCGGTGGCGTATTACCTCCTTCACCGGTGGCGCGACAA
GATCCGCAACTCCACTCCCCTTCATATCGTTACTCTCTCTGAAATTGTTGCT
ATTGTCTCCCTCATTGCCTCTTTCATTTACCTCCTAGGATTCTTCGGTATCGA
TTTTGTGCAGTCATTCATTGCACGCGCCTCCCATAACGTGTGGGACCTCGAA
GATACGGATCCCAACTACCTCATCGATGAAGATCACCGTCTCGTTACTTGC
CCTCCCGCTAATATATCTACTAAGACTACCATTATTGCCGCACCTACCAAAT
TGCCTACCTCGGAACCCTTAATTGCACCCTTAGTCTCGGAGGAAGACGAAA
TGATCGTCAACTCCGTCGTGGATGGGAAGATACCCTCTTATTCTCTGGAGTC
GAAGCTCGGGGACTGCAAACGAGCGGCTGCGATTCGACGCGAGGCTTTGC
AGAGGATGACAAGGAGGTCGCTGGAAAGGCTTGCCAGTAGAAAGGGTTCG
ATTACGAGTCGATTTTAGACAATGCTGTGAAATGCCAGTGGGATACGTGCA
GATTCGGTGGGGATTGCGGGGCCGTTGTTGCTGAACGGGCGGGAGTACTCT
GTTCCAATGGCGACTACCGGAGGGTTGTTTTGGGTGGGCGGAGCACTAATA
GAGGGTGTAAGGCGATTTACTTGTCAGGTGGGGCCACCAGCGTCTTGTTGA
AGGGATGGCATGACAAGAGCGTCTGTTGTAAGATTCGCGTCGGCGACTAGA
GCCGCGGAGTTGAAGTTCTTCTTGGAGGACCTGACAATTTTGATACTTTGGC
CGTAGTTTTTAACAAGTCCAGTAGATTTGCGAGGCTCCAAGGCATTAAATG
CTCAATTGCTGGTAAGAATCTTTATATAAGATTCAGCTACAGCACTGGCGA
TGCAATGGGGATGAACATGGTTTCTAAAGGGGTTCAAAACGTTCTTGAATT
TCTTCAAAGTGATTTTTCTGATATGGATGTCATTGGAATCTCAGGAAATTTT
TGTTCGGATAAGAAGCCTGCTGCTGTAAATTGGATTGAAGGACGTGGCAAA
TCAGTTGTTTGTGAGGCAATTATCAAGGAAGAGGTGGTGAAGAAGGTGTTG
AAAACCAATGTGGCCTCCCTAGTGGAGCTAAACATGCTCAAGAATCTTGCT
GGTTCTGCTGTTGCTGGTGCTTTGGGTGGATTTAATGCCCATGCAGGCAACT
TCGTATCTGCAATCTTTATTGCCACTGGCCAGGATCCAGCACAGAATGTTG
AGAGTTCTCATTGCATTACCATGATGGAAGCTGTCAATGATGGAAAGGATC
TCCATATCTCTGTGACCATGCCCCCCATTGAGGTGGGTACAGTCGGAGGTG
GAACTCAACTTGCATCTCAGTCTGCTTGTCTCAATTTGCTTGGGGTGAAGGG
TGCAAACAAAGAGTTGCCAGGATCAAGCTCAAGGCTCCTTGCTGCCATCGT
AGCTGGTTCAGTTTTGGCTGGTGAGCTCTCCTTGATGTCTGCCATTGCAGCT
GGGCAGCTTGTCAAGAGTCACATGAAGTACGACAGATCCAGCAAAGATAT
GTC

SUPER PROMOTER FORWARD 

HMG REVERSE

F ig .ll  The cDNA sequence amplified from the transgenic plants
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Clustal Omega
Topls > M ul^ipf^Sequ e n c e  Aliq^nment > C lusta l O m ega

Results for job

CLUSTAL 0(1.2.0) multiple sequence alignment

Solanum KDVRRR -PVKPLCTSKDASA-- - ---GEPLKQQOVSSPKASDXLPLPLY
Taraxacum MDVGRRSSLKPAATK -GKT M- -........ -AEDOVDDQIFKADKKWDAWNPLPVG
Ricinus MEASR-RPTN --ATAK---AVQPLK-------- VK -KVDDETCAPKSSDALPVSLY
Medicago HDARRRLKSLPPRSPAGGENLKTQKLKSLP--........ -TTTTGENLNSQTVFLC
Arabidopsis KDLR- R- RPPKPPVTNNNNSNGSFRSyOPRTSDDDHRRRATTIAPPPKASDALPLPLY
Litchi MDVK--R--RPPK----  -..... --PPRVANOE---HRTTTPQSPKASDAVPLPLY
Transgenic KDT - TG---  -- -RLHHRKHAT-PVE --OR--SPTTPKASQALPLPLY
Hevea KDT TG --- -RLHHRKHAT PVE -DR -SPTTPKASDALPLPLY
Euphorbia MDSTKSR RPIR .HLHH<JKRISEEVD - DHRCLSPPLKASDALPLPLY

Solanum ltnglfftmffsvmyfllvrwrekirnsiplhwtlsellamvsliasviyllgffgigf
Taraxacum ISNGVFFTVFFSWYFLLIRWREKIRSSTPLHWTMSEMAAlFFrvASFIYLVGFFGMSF
Ricinus ITNAICFTLFFSWYFLLSRWREKIRTSTPLHWTLSEIAAIFGFIASFIYLLGFFGFDF
Medicago VTNAVFFGVFFSVAYFLLHRWREK1RTETPLHWTVSETAAIV5LIASAVYLLGFFGIGS
Arabidopsis LTNAVFFTLFFSVAYYLLHRWRDKIRYNTPLHWTITELGAIIALIASFIYLLGFFGIDF
Litchi ltnaifftlffsvayfllhrwrdkirsstplhwtlseiaaivsliasfiyllgffgidf
Transgenic ltnavfftlffsvayyllhrwrokirnstplhivtlseivaivsliasfiyllgffgidf
Hevea ltnavfftlffsvayyllhrwrdkirnstplhivtlseivaivsliasfiyllgffgidf
Euphorbia LTNAVFFTLFFSVAYYLLHRWRDKIRNSTPLHWTI-SEIAAIVSLIASFIYLLGFFGIGF

Solanum VQSFVSRSN SDSWDIEDENAEQLIIEEDSRRGPCAAATTLGCWPPPPVRKIAPKVPQ
Taraxacum vqatpydee eelevd e -t e i v r k e d tr v tp c ga al d ce sd w vk q
Ricinus VQSLILRPPTDDDVWEVEDA-- -LLKDDSRR-FSCGQALDCSLS---SP--......PQ
Medicago RTSFPDDLS DEEI-------- LAKEDSRKPGPCPAALVD- TDVKPP------- PA
Arabidopsis VQSFISRAS -GDAWDLADT-- -IDDDDHR-LVTCSPPTPI...... VS--------VA
Litchi VQSFISRAS- NDAHDLDDEAATVIAAR-------PPP........ TSM-- - ---PK
Transgenic VQSFIARAS- KDVWDLEDTDPNYLIDEDHR-LVTCPPANISTKTTIIAA--------PT
Hevea VQSFIARAS- HDVWDLEDTDPNYLIDEDHR-LVTCPPANISTKTTIIAA- -- ---PT
Euphorbia VQSLIARPS HDTWDLDDAIWSYLIDGDHR-LVTCSPAKVAPVN--SPP - ---PA

Solanum OPAKAALSQTEKPAPIIKPALSEDDEEIIQSWqGKTPSYSLESKLGDCMRAASIRKEAL
Taraxacum WKKELVFTPTDTTWTEEDEEVIOSWSGKTPSYSLESKLGDCKRAAFIRRVAL
Ricinus PPKPKWEEIPTAISSTTFDLGEEDEEIIRSWDGKTPSYSLESKLGDCKRAAAIRRLAL
Medicago TL TPIVAPVKIYEWAPVNLTPEDEEIAKSWTGSIPSYSLESRLADCRKAAAIRRSAV
Arabidopsis K - -LPNPEPIVTESLPEEDEEIVKSVIDGVIPSYSLESRLGDCKRAASIRREAL
Litchi L AAPPEPIVSAFSSVEDEEIVKSWDGSIPSYSLESKLGDCKRAALIRREAL
Transgenic K- •LPTSEPLIAPLVSEEDEMIVNSWDGKIPSYSLESKLGDCKRAAAIRREAL
Hevea K LPTSEPLIAPLVSEEDEMIVNSWDGKIPSYSLESKLGDCKRAAAIRREAL
Euphorbia K MSVPEPIVSPLASEEDEEIVKSWNGTIPSYSLESKLGDCKRAAEIRREAL

Solanum QRITGKSLEGLPLEGFDYESILGQCCEMPVGYVQIPVGIAGPLLLDGREYSVPKATTEGC
Taraxacum ERITGKSLDGLPLEGLDYESILGQCCEMPVGYVQIPVGVAGPMLLNGKEFSVPMATTEGC
Ricinus ERITGKSLSGLPLEGFDYNSILGQCCEMPIGYVQIPVGIAGPLLLDGKEYSVPKArrEGC
Medicago OTITGKSLEGLPLEGFDYDSILGQCCEMPIGFVQIPVGVAGPLLLDGVEYTVPKATTEGC
Arabidopsis orvtgrsieglpldgfdyesilgoccempvgyiqipvg:agpi.i.ldgyeysvpmattegc
Litchi qtvtgrslqglpldgfdyesilgqccempvgyvqipvgiagpllldgfeywvpmattegc
Transgenic ORMTRRSLEGLPVEGFDYESILGQCCEMPVGYVQIPVGIAGPILLNGREYSVPMATTEGC
Hevea QRKTRRSLEGLPVEGFDYESILGQCCEMPVGYVQIPVGIAGPLLLNGRZYSVPMATTEGC
Euphorbia QRKTGRSLEGLPVEGFDYESILGQCCEMPVGYVQIPVGIAGPLLLDGREYSVPKATTEGC

Fig. 13. Multiple sequence alignment (cont..)



solanum IVAS'.'NRGCKAIiVSGGANSILLRDCMrSAi’VVRFTTAKRAAELKFtVEDPLNFEILSLM
Taraxacum :VASTNRGFyAiyASGGATS:LLKDGM7aAPVVPFGTA-»RAADLKFFlEEPLNFETLASV
Rlcinus LVA57NRGCKAIHLSG<5ATSVl,LrlDGMTRA?VVRFGTAKRAAQLKlYLEDPSNFDVlSSA
Medicago IVASTNRGCKAIHVSGGASSVLLRDGMTRAPWRFSSAKRAAELKFFLEDPLNFDTLAVT
Arabidopsis IVASTNRGCKAMFISGGATSrVLKDGMTRAPWRFASARRASELKFFLESPENFDTLAW
L i C C h i  :.VAS?NRGCKArYASGGAATVLLK[>GM?RA?VVRFSTAJ<BAAEI.KFFLEDPNNFD7LAW
Transgenic i.VASTNRGCKAlYLSGGATSVLLKDCMTRAPVVRFASATRAAELKFFLEDPDNFDTLAW
Hevea LVASTNRGCKAIYLSGGATSVLLKDGMTRAFVVRFASATRAAELKFFLEDPDNFDTLAW
Euphorbia LVASTNRGCKAIH1SGGADSVLLKDGMTRA?WRFTSVSRAAELKFFLESPENFDSLSVV

Solanum FN-'
Taraxacum FNKSSR?GR:.Q?^IOCAIAGi<NLYMRFTCSTGDAMGMNMVSKGVQNVLEYLQSDFPDMDVI
Rici.!\as FKKSSt'FGHLQNliCCAlAGKSLYLHECCStGDAMGMNMVSKGVQNVLOFUiNaFPOKDVl
Medicago FNKSSKFARLQSLQPTIAGXNLYIRFRCSTGDAMGMNMVSKGVQNVLDFLQSDFPOKDVI
Arabidopsis FNHSSRFARLQSVKCTIAGKNAYVSFCCSTGDAMGMNMVSKGVQNVLEYLTDDFPDMDVI
Litchi FNRSSRFARLQSTQCSrAGKNLYTRFCCSTGDAMGMNMVSKGVQNVLDFLKNDFPDMDVI
Transgenic FNKSSRFARLOGIXCSIAGKNLYiarSCSTGDAMGMNMVSKGVONVLEFLQSDFSDMDVI
Hevea FN^5SPFABLQGIXCSIAG!<NI,YrRFSCSTGDAMGMNMVSKGV0NVLEFLQSDFSDMDVI
Euphorbia FV'-'SSGFAKI.I.NTQCTIAGRS” YMRFTCFTGDAMGMNMVSKGVOWT.EFT^SDFPDMiav:,

Solanum
Taraxacum GI3GNYCSDKKPAAVNWIEGRGKSWCEAI 1KEDIVKKVLKTNVAALVELNMLK>JLTCSA
RlCinUS GISGNFCSDKKPAAVNWIEGRGKSWCEAIIKGNMVKKVLKTSVEALVELNMLKNLTGSA
Medicago GISGNFCSDKKAAAVNWIEGRGKSWCEAVrKEEWKKVLKTSVEALVELNMLKS-LTGSA
Arabidopsis GISGNFCSDKKPAAVNWIEGRGKSWCEAVIRGEIVNKVLKTSVAALVELNMLKNI-AGSA
Litchi GISGKFCSDKKPAAVNWIEGRGKSWCEAIIKEEWKKVLKTNVASLVELNMLKNLTGSA
Transgenic GISCKFCSDKKPAAVNWIEGPGKSWCEAIIKEEWKKVLKTNVASLVELNMI.KNIAGSA
Hevea GISCNFCSDyKPAAVNWTEGRGKSWCEAITf<EEWKKVLK7NVASLVEL>fMlK\**JVGSA

Solanum
Taraxacum MAv:Al.GGFNAHASNIVSAVYLATCJQDPAQNlESSHCIThWEAVNDGKDLHVSVTMPSIEV
Ricinus k a g a l g g f n a h a.sni-/t a v y :a t g o d p a q n v e s s h c i t>w e a v n d g c d l h v s v t m p s i e v
Medicago iagai.g g f n a h a s n i v s a v y i a t g q d p a q n v e s s h c i t i^ a v n d g k d l h i s v t m p s i e v
Arabidopsis v a g e l g g f n a h a s n i v s a v f i a t g q d p a q n v e s s o c i t m m e a i n d g k d i h i s v t m p s i e v
Litchi v a'->a l g g f n a o a a n i v s a i y:a t g q d p a q n v e s s h c i t» i e av n d r rd l h v s vt m p s ie v
Transgenic v a'a l g g f n a h a g n i v s a i f:a 7g q d p a q n v e s s h c :t» i e av n d g kd l h i s vt m p s ie v
Hevea VAGALGGFNAHAGNIVSAIFIATGQDPAQNVESSHCITMMEAVNDGKDLHISVTMPSIEV
Euphorbia 7AG5LGGFNAHAA.‘JIVSAVF!ATGQDPAQNVESSHCKThWEAVNDGKDLHISVTMPSIEV

Soianart
Taraxacum (;tvgggtqlasqsaclnll(;vkgankeaagenarqlakwagsvlagelsllsaiaagoi-
Ricinus GT\'GGGTQLASQSACLNLI.GVKGASKETPGANSRLLASrVAGSVLAGELS:>tAA:AAGQL
Medicago GTVGGGTQlJkSOSACI,NLLGVy.GA>JTESPGANAfi'l.l-AT:VAGSVLAGE'LSl«SAlAAGC!l.
Arabidopsis GTVGGGTQLASQSACLNLLGVKGASTESPGMNARBLATIVAGAVLAGELSLMSAIAAGQL
Litchi GTVGGGTQLASQSACLNLLGVKGASKESPGSNARLLASIVAGSVLAGELSLMSAIAAGQL
Transgenic GTVGOGTQLASQSACLNLLGVXGANKESPGSNSRLLAAIVAGSVLAGELSLMSAIAAGQL
Hevea gtvg<;gtqlasqsaclnllgv;<gankespgsnsrllaaivagsvlagelslmsaiaagul
Euphorbia g t>/gggtqlasqsaclnllgwgankespganarqiativagsvlagelslmsaiaagqi.

Solanum
Taraxacum VNSHMKYNRSNKDVTKA
Ricinus VRSHMI^YNRAPTONDVSXPSS
Medicago VKSHMXYNRSSRDMSKIVS
Arabidopsis •-^SHMKYNRSSRDTSGATTTrrTT?
Litchi Vl^SHMKYNRSSRDMTEVAS
Transgenic VKSHKKYNRSSKDMSKAAS
Hevea VKSHMKYNRSSKDMSKAA.S
Euphorbia ’̂ SH:KYNRSSKDVSSFASS

Fig. 13.Multiple sequence alignment

(*) denotes a match across all the sequences, ( . and :) shows semi-conservative
and conservative substitutions. The alignment was performed using Clustal 
Omega programme.



r transgenic: 0.00163II.'Hevea: 0.00011
Euphorbia: 0.08658 

—  Arabidopsis: 0.10673
LitcM: 0.07827

--------------------------------------Ricinus: 0.12463
-----------------------------------------------Taraxacum: 0.14400

ledicaoo: a i4 1 4 8
------------------------------Solanum: 0.23009

Fig. 14. Phylogenetic tree indicating the relationship of the hmgr amino acid sequences of 
transgenic plant with Hevea hmgr and o ther species. The alignment was generated using 

Clustal omega program  and analyzed by Tree View program



P utative transgenic p lants d erived  from  d ifferent transgenic even ts w ere  

ch o sen  for g en o m ic  Southern b lot a n a lysis  to  confirm  the integration  o f  the 

T -D N A  region  into the nuclear g en o m e o f  the transgen ic p lants. G ood  q uality  

D N A  w a s extracted  from  the lea v es and d igested  u sin g  restriction  en zy m es, 

Bam  H I, EcoRl and I (M /S  P rom ega) resp ectiv e ly  (F ig .l5 A , F ig  15B .). T he  

s in g le  en zy m e d ig ests  w ere ex p ected  to g iv e  m o stly  larger fragm ents. T h ese  

e n z y m e s  w ere  se lec ted  sin ce  th ey  c o m p le te ly  d ig est  Hevea g en o m e and have no  

restriction  sites in sid e  the hpt g en e  seq u en ces. T he d ig estio n  o f  the D N A  

sa m p les from  tw o  transgenic p lants w ith  Bam HI liberated the internal hpt gen e  

cassette . H yb rid ization  o f  the d ig ested  sam p les w ith  a - P ]- d C TP lab eled  hpt 

g en e  probe produced  a strong hybrid ization  signal in the transgenic plants 

co n firm in g  the integration  o f  the transgene in the g en o m e  o f  the p lants. (F ig . 16. 

L ane 1,2).

W hen the d ig estio n  o f  g en o m ic  D N A  w as carried out u sin g  EcoRl w h ich  

has a u n ique restriction site  near the LB o f  the T - D N A , and hybrid ized  w ith  the 

g en e  probe, a s in g le  hybrid ization  signal w as obtained  in one transgen ic plant 

corresp on d in g  to the s iz e  o f  the integrated hpt transgene (F ig . 16; Lane 4 ) but 

the sign a l w as absent in the other plant (F ig . 16; Lane 3). T he ab sen ce o f  

hybrid ization  signal m ay be due to the lo w  co p y  num ber o f  the transgene in the 

g e n o m e  o f  the transgen ic p lants. T he s in g le  hybrid ization  signal obta ined  in one  

plant in d icates a s in g le  co p y  insertion  o f  the transgene in the g en o m e  o f  the 

transgen ic plant. A s exp ected  the hybrid ization  signal w as absent in the non- 

transgen ic control plant too  (F ig . 16; Lane 5).

T he d ou b le  d ig estio n  o f  the g en o m ic  D N A  from  the tw o  transgenic  

plants u sin g  the restriction en zy m es Bam HI and Xba I liberated the insert a lon g  

w ith  the prom oter seq u en ce. T he product w as separated and hybrid ized  w ith  the 

a - P ]-d  C TP labelled/?/?/ g en e  probe w h ich  produced  strong hybrid ization

129 Results



sign al (F ig . 17; Lane 1, 2 ) in tw o  transgenic plants and in the p o sitiv e  control 

(L ane 3) (F ig . 17), w h ich  o n ce  again confirm ed  the integration o f  the inserted  

transgene in the gen o m e o f  the plants.



Fig. 15 (A -B) Extraction of Genomic DNA and digestion with restrictic
enzymes

A- Isolated genomic DNA
B-Restriction enzyme digestion of the genomic DNA 
Lane 1,2 - Bam HI 
Lane 3 - EcoRl 
Lane 4 - Xba I

M 1 2 3 4 5 1 2  3
1
•

w

17
1«

32
Fig. 16. Southern hybridization using P labeled hpt gene probe

Lane 1,2 - Digestion of the two transgenic plants with Bam HI 
Lane 3,4 - Genomic DNA digestion with EcoRl 
Lane 5 - Digestion of the control plant with Bam HI

Fig. 17. Southern blot after insert release
Lane 1,2 - two transgenic plants 
Lane 3 - Positive control



4.12.5 Expression analysis in the transgenic plants

4.12.5.1 Northern hybridization

T otal R N A  w a s extracted  from  th e lea v es  o f  on e  transgen ic and one  

control plant u sin g  the m ethod  d escribed  b y  V enkatachalam  et a!., 1999. The  

concentration  o f  R N A  w as ob served  in a 1.0%  agarose g e l (F ig .IS A ). 

A p p rox im ate ly  25 | ig  R N A  w ith o u t any D N A  contam ination  w a s load ed  in each  

w e ll and the g e l w as run in 1 x M O P S buffer for 4  hours at 50 v o lt  and 20  m illi 

am pere, until the b rom ophenol b lue m igrated to 2 /3  rd o f  the ge l. T he sam p les  

w ere d up licated  in tw o  m ore w e lls  w h ich  w ere ob served  in the transillum inator  

after cu ttin g  that portion o f  the g e l and sta in in g  w ith  EtBr. T he R N A  w as  

transferred from  the gel to  the nylon  m em brane, U V  cross linked and probed

32
w ith  P labeled  hmgrl g en e  and ex p o sed  to the im age plate o f  the phosphor  

im age analyzer.

T he results sh o w ed  a hybrid ization  signal in the transgenic plant 

in d icatin g  a h igher transcript lev e l in the lea v es  o f  the transgen ic plant (F ig . 18 

B ). B ut the hybrid ization  sign al w as absent in the untransform ed control. A s w c  

attem pted the over  exp ression  o f hmgrl g en e  w h ich  is an en d o g en o u s g en e , a 

hybrid ization  band w as exp ected  in the untransfom ied  control too. L ow er  

m R N A  lev e l in the untransform ed plant m ay be the reason for the ab sen ce o f  

the h ybrid ization  signal in th is plant. T he experim ental results thus confirm ed  

the su c c e ss  o f  transgenic tech n iq u e for the o v er  exp ression  o f  hmgr\ g en e  in 

Hevea w h ere  a con stitu tive  lev e l o f  g en e  ex p ressio n  w a s exp ected .
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Fig 18. Northern analysis of the transgenic plant with the untransformed
control plant

A. RNA isolated from the transgenic and control plant
B. Northern blot showing the transcript level in the transgenic plant



HMGR activity was measured in the leaves of transgenic plants along 

with the control. The crude extract was collected from the leaves of the 

transgenic and the control plants and coated over the ELISA plate. The 

absorbance was recorded at 450 nm. The protein content of the extract obtained 

from the leaves was assessed using Bradford (1976) for calculating the specific 

activity. The specific activity = absorbance/protein content. The experimental 

results showed that the transgenic plants had a higher HMGR activity compared 

to the control plants. Among the four plants tested, three showed higher values 

than the control. The enzyme activity in one of the transgenic plant was 

comparable to the control plant. This lower HMGR activity possibly explains 

the absence of the hybridization signal in this plant during Southern 

hybridization. The values of the transgenic and the control plants are depicted in 

Table 4.18. From the table it was observed that the enzyme activity was very 

high (8 fold) in one of the transgenic plant compared to the three other 

transgenic tested and the control.

Table 4.18. HMGR enzyme activity in the control and transgenic Hevea 
plants (Ti -T 4 )

Plants Absorbance Protein Specific Activity 
(units/mg protein)

T, 0.06183 0.014809 4.1755

T2 0.09883 0.012657 7.8085

T3 0.07266 0.03758 2.032

T4 0.38033 0.02123 17.914

Control 0.082166 0.028463 2.886



DISCUSSION



DISCUSSION

Genetic improvement programmes in Hevea are mainly aimed at 

accelerating the latex yield of the crop combined with biotic/abiotic stress 

tolerance and timber yield. Latex is the economic product of rubber tree 

contained in an anastomosing latex vessel system situated in the bark. Yield is a 

complex trait controlled by two intrinsic factors, the latex flow rate, its duration 

and the ability of the latex cells to regenerate their lost cytoplasm, including 

rubber between the two consecutive tappings (Jacob et ah, 1989). The latex 

flow rate (F) is determined by the turgor pressure inside the bark tissues, latex 

viscosity which depend on the dry rubber content and the mbber particle size 

and the latex coagulation efficiency (Ruderman et ah, 2012). Among these 

factors the rubber content (Q) is mainly detennined by rate of mbber 

biosynthesis and the intensity of exploitation. Clonal variations in the rubber 

biosynthesis are expected (Sethuraj, 1992).

The rubber biosynthetic pathway is controlled by different enzymes and 

among the genes regulating these enzymes, the iiTeversible step catalysed by 

HMGR is said to be a key regulatory point according to Lynen (1969). While 

quantifying the enzyme activity, Lynen noticed a lower HMGR activity in 

Hevea latex (0.078 nmol MVA/ ml of latex), compared to other enzymes in the 

pathway up to IPP (isopentenyl pyrophosphate) strongly suggesting its rate 

limiting role. Significant differences in the HMGR activity have also been 

reported in the bark of high and low yielding clones of Hevea hrasiliensis (Nair 

and Kurup, 1990). Researchers published many articles proving clonal 

variations in the HMGR activity and a statistically significant interclonal and 

intraclonal con'elation between the total HMGR activity and rubber yield in 

Hevea has been established (Wititsuwannakul and Sukonrat, 1984;



Wititsuwannakul et a l,  1988). The diumal variations obsei-ved in the HMGR 

activity showed its close association with the rubber content in Hevea latex 

(Wititsuwannakul, 1986). These associations suggested the possible role of 

HMGR in controlling rubber biosynthesis in Hevea. In the absence of a reliable 

molecular tool for determining the yield associated genes in Hevea, transgenic 

approach was employed and laticifer specific hmgrl gene was selected for 

generating transgenic plants, assuming it to be a probable candidate linked to 

yield in Hevea. The factors influencing hmgr\ transgenic plant regeneration and 

its validation in Hevea brasiliensis were discussed. After studying the yield 

pattern of these plants, the aim was to confirm the rate limiting nature of this 

enzyme so as to use as a biochemical marker in Hevea breeding programmes.

5.1 Binary vector

The glycerol stocks were revived every year after screening the insert in 

the bacterial colonies using restriction enzyme digestion. The plasmid vector 

(pBIB hmgrl) has been used earlier in Arabidopsis where the recombinant

clones were screened for the presence of the insert by restriction enzyme

digestion prior to the transformation work (Venkatachalam et al., 2009).

5.2 Antibiotic sensitivity

The kill curve experiment conducted using the screening agent revealed 

hygromycin @ 30 mg 1 as the lethal dose for selection of the transformed cell 

lines. The E.coli gene aphIV {hph, hpt), coding for hygi'omycin B 

phosphotransferase confers resistance to the plant cells by detoxifying hygi'omycin 

B via an ATP-dependent phosphorylation of a 7 -hydroxyl group (Mild and 

McHugh, 2004). Hygromycin was successfully used for selection in diverse plant 

species including monocots, dicots and gymnosperms (Ortiz et al., 1996; 

Tian et al., 2000). High efficiency transformation was reported in rice 

(Hiei et al., 1994), where the transfonnants were selected using a range of



hygromycin concentrations (30 to 50 mg T') (Dong et ah, 1996; Rashid et a l, 

1996; Aldemita and Hodges, 1996). In our study, a lower concentration of 

hygromycin (30 mg 1“') was effective in selection, preventing escapes. The 

added advantage of this antibiotic is that in addition to effective selection, it also 

allows good growth and regeneration as evidenced in wheat (Juan pablo et a l,

1996). In oil palm, a higher concentration of the antibiotic (50 mg 1 ‘‘) was used 

for selecting the transformants (Sujatha and Sailaja, 2005). Efficient selection 

using hygromycin was possible in castor where the plant regeneration was 

better compared to the kanaraycin selected cell lines (Parveez et a l, 2007).

5.3 Colony PCR

Genetic transformation studies generally start with the confimiation of 

the inserted transgene sequences in the bacterial colonies. Bacterial cultures 

were grown in plates and the PCR analysis of the bacterial colonies was 

performed using specific primers designed based on the inserted sequences. In 

this study, the presence of the inserted transgene in the plasmid was confirmed 

by colony PCR where a fragment of length 1.9 kb was amplified using promoter 

specific forward and hmgr specific reverse primers. The bacterial colonies 

containing the insert proved by colony PCR was grown in liquid culture 

medium with the respective antibiotics and used for infecting the target tissues. 

According to Wise et al. (2006) it is always advantageous to confirm the genetic 

material carried by the bacterial engineer before starting the transgenic work. 

The recombinant clones obtained were subjected to colony PCR as well as 

restriction enzyme digestion to confirm the cloned DNA insert, prior to the start 

of the transformation work using Hevea hmgr\ gene in Arahidopsis 

(Venkatachalam et al., 2009). Similarly the presence of the insert was verified 

in the bacterial cultures by earlier workers before the transformation work in the 

small cereal tef {Eragrostis tef) (Gebre et al., 2013).



The first part details the generation of callus types for transformation 

experiment. Clonal as well as zygotic materials were used as the initial explant. 

Clonal explants experimented include three types of tissues established from the 

immature anthers of Hevea, viz primary callus, embryogenic callus and 

embryogenic suspension cultures. Immature anther derived callus was obtained 

in a phytohormone combination of 2, 4-D (1.0 mg 1"'), BA (0.5 mg f ')  and 

NAA (0.5 mg 1“'). The combined use of both the auxins in presence of the 

cytokinin improved the callus texture. In castor, a combination of BA along 

with NAA produced callus from the cotyledon explants at a very high frequency 

(Ganesh kumari et al., 2008). According to Kala et al. (2009), a hormonal 

combination of 2, 4-D, BA and NAA favored callus formation from the leaf 

cultures of Hevea. Sushamakumari et al. (2000b) has also proved the positive 

response of these hormonal combinations (2, 4-D, Kin and NAA) on callus 

induction and proliferation from immature inflorescence of Hevea. Similiar 

observations were made in Melia azedarach and in many dicots, where a 

combination of high level auxins (2, 4-D or NAA) with low amounts of 

cytokinins (BA or Kin) helped in the initiation of organogenic callus (Vila 

et a l, 2003; Caboni et al., 2000; Rugini and Muganu, 1998).

The conversion of primary callus to the embryogenic callus was 

obtained in half strength MS salts supplemented with TDZ (0.6 mg P'), NAA 

(1.0 mg r ‘) and BA (0.3 mg T‘). Simultaneously liquid basal medium (Vi MS) 

supplemented with NAA (0.5 mg 1"') and TDZ (0.3 mg f ')  at reduced levels 

helped in the establishment of embryogenic cell suspensions. The addition of 

TDZ caused alterations in the level of antioxidant enzymes especially 

peroxidases which promote embryogenic response in the tissues. These 

alterations in the enzyme kinetics might be the reason for the morphological 

changes in the tissues (Guo et al., 2011). Literature proved the effect of TDZ in



giving a wide variety of responses when used along with other phytohormones 

rather than using alone. TDZ is a urea based cytokinin, nondegradable by 

cytokinin oxidase enzyme and therefore persistent in the tissues, transforming 

them from cytokinin dependance to cytokinin autonomy. SimiUar results were 

observed in Liliiim longiflorum, where embryogenic cells were established in 

medium containing TDZ (0.2 mg T’) and NAA (1.0 mg T') (Nhut et a l,  2006). 

NAA/TDZ combination also accelerated embryogenic callus formation in 

Cymbidiiim orchid (Huan et al., 2004). Beneficial role of TDZ alone on 

embryogenic callus initiation has been reported in certain crops. In triploid 

banana cultivars and paradise tree {Melia azedarach), TDZ induced 

embryogenic callus at a concentration of 2.0 mg 1'' and 4.54 |j,M respectively 

(Srangsam and Kanchanapoom, 2003; Silvia et a!., 2007), In the egyptian wheat 

cultivar, TDZ supported embryogenesis and also plant regeneration (Fahmy 

et al., 2006). Yellowish-white embryogenic callus was obtained from the root 

segments of Oncidium in TDZ- 2,4-D combination (Chen and Chang, 2000b). 

Contrasting reports were also seen in crops where other phytohormones induced 

such embryogenic responses. A hormonal combination of 2,4-D and BA 

induced embryogenic callus in grape vine and suspension cultures were raised 

from this callus in liquid medium containing 2,4-D (Colova et al., 2007).

The embryogenic callus obtained along with the developing zygotic 

embryos was also tried as the target material for obtaining hmgr\ transgenic cell 

lines. The proliferation of this embryogenic callus was obtained in the basal 

medium containing 2,4-D (0.3 mg 1'‘), Kin (0.5 mg T'), NAA (0.3 mg f ')  and 

GA3 (0.5 mg r'). This type of tissues was used earlier in the genetic 

transformation experiments due to its high regeneration potential. A similar 

hormonal combination was used in the induction of embryogenic callus from 

immature zygotic embryos of Royal Poinciana {Delonix regia) (Abdi and 

Hedayat, 2011). Zygotic embryo derived embryogenic callus was used as the



initial explant in wheat transformation due to its high frequency transformation 

and regeneration capacity (Raja et a i,  2010). Frame et al. (2011) also used the 

embryogenic callus from the scutellar cells of maize immature embryos for 

genetic transformation studies due to the amenability of the tissue towards 

transformation and regeneration.

5.5 Development of transgenic cell lines

5.5.1 Influence of callus type on transformation efficiency

The Agrobacterium  strain and the type and texture of the explant used 

are the two main factors contributing towards transformation efficiency in 

Hevea brasiliensis. The use of an ideal target explant is an important parameter 

determining the transformation efficiency. In the present experiment highest 

frequency of transformation was observed using the embryogenic callus derived 

from the zygotic embryos. The friable, embryogenic nature of this material 

contributed towards higher rate of transformation and the zygotic origin made it 

more amenable towards plant regeneration than the clonal explants. Moreover 

the fine texture of this callus also contributed to the high frequency 

transformation. Here the explant juvenility and friability accounted for the 

higher rate of transformation (67%) (Fig. 19). Similar results were observed in 

barley where the polyembryogenic cell masses obtained along with the 

immature embryos served as an excellent target tissue for genetic 

transformation studies (Nuutila et a l ., 2000). Transgenic plant regeneration was 

successful from the embryogenic callus derived from immature zygotic 

embryos in wheat (Juan pablo et al., 1996; Cheng et a l,  2003; Raja et al., 

2010). In grape vine, high frequency plant regeneration was obtained from the 

callus obtained from the immature zygotic embiyos (Scorza et al., 1995). 

Cervera et al. (2005) also pointed out the sensitivity of Agrobacteriiim cells 

towards juvenile tissues than the matured ones as evidenced in citrus.



Considering tiie response of clonal explants on transformation, 

maximum efficiency (27%) was observed using embryogenic suspension 

cultures (Fig. 19). The performance of the 3-day-old embryogenic suspensions 

was encouraging in Hevea giving a higher frequency of transformation. The 

importance of the type and texture of the target material on genetic 

transformation was once again proved in this study. Embryogenic suspensions 

represent synchronous embryogenic systems which facilitate high frequency 

embryogenesis and plant conversion in many crops (Colova et al., 2007). 

Compared to the resppnse of embryogenic callus, suspensions served as an 

attractive option since Agrobacteriim  require actively dividing cells for 

successful gene transfer (Okada et a l,  1986). The added advantage of 

suspensions is that large amount o f uniform transgenic tissues are available 

from the infected cultures (Droste et a l,  2001). Moreover suspension cultures 

were commonly used in less responsive genotypes due to its beneficial effect on 

transformation. The suspensions raised from the somatic embryos were used for 

Agrobacteriiim  infection in soya bean. Results of the rice transformation studies 

are also in line with our observations where a higher frequency of 

transformation was observed using 3-day-old suspension cultures (Ozawa and 

Takaiwa, 2010). According to Finer & McMullen, (1990) and Fromm et al. 

(1990) the embryogenic suspensions were generally more responsive to 

transformation. Transgenic cell lines were also developed from the embryogenic 

cell suspensions in cotton {Gossypium hirsutum L.) using particle bombardment 

where the selection was performed using hygromycin (Finer and McMullen, 

1990). Use of suspension cultures for high frequency transformation has been 

emphasized by An (1985). This protocol was further elaborated and applied in 

Arabidopsis where stably transformed cultures were recovered (Fon'eiter et al.,

1997). The efficiency of transformation between different Agrobacteriwn 

strains was compared using embryogenic suspensions in poplar (Howe et al.,



1994). In recalcitrant varieties of sweet potato and Citrus, successful 

transformation and plant regeneration system were developed employing 

suspension cultures (Xing et ah, 2008; Dutt and Grosser, 2010).

Embryogenic callus is another attractive tissue for transgenic work 

because once established, the material is available throughout the year. Another 

advantage is that the use of embryogenic cultures reduces the time span for the 

transgenic plant regeneration, where the most difficult step, the conversion of 

the hard primary calli to the embryogenic callus is bypassed. In the present 

work, response of the embryogenic callus towards frequency of transformation 

was lower (15%) compared to the embryogenic suspension cultures (Fig. 19). 

Contrasting reports were published earlier in Hevea, where infected 

embiyogenic callus gave a very high frequency of transformation with a 

different Agrobacterium  strain-binary vector combination (Rekha et al., 2006; 

Kala et al., 2006). Use of long term/established embryogenic calli for 

transformation studies were also reported in coffea {Coffea arabica L), where a 

frequency of 17% was observed (Ribas et al., 2011). Earlier reports also 

revealed the development of a reliable transfonnation system using 

embryogenic callus in woody species like Prunus, grapevine, rubber and 

chestnut tree (Machado et a l,  1995; Dheloiey et al., 2009; Blanc et al., 2006; 

Andrade et al., 2009). An accelerated transformation and regeneration system 

was reported in Citrus sinensis, using embryogenic callus as the target tissue 

(Li et al., 2003). In all these published reports, the rate of transfonnation and 

regeneration are mainly influenced by the type of the calhis tissue experimented 

(Brisibe et al., 2000).

Agrobacterium  infection with the primaiy callus using the hmgr\ gene 

constructs resulted in a still lower frequency of transformation (9 %) (Fig. 19). 

The reduction in the frequency of transformation may be due to the low phenol 

content and lack of callus friability. The hard callus might inhibit the easy entry



of Agrobacterium accounting for the low transformation frequency. Earlier 

reports also revealed a lower transformation frequency of 4% and 6% with the 

infected primary callus of Hevea (Jayashree et al., 2003; Sobha et aL, 2003a). 

From these observations, it is obvious that the friable embryogenic callus and 

the embryogenic suspensions derived from them are the most preferred target 

material for transformation resulting in the development, proliferation and 

embryogenic growth rather than the use of compact, hard callus types. These 

differences in the efficiencies between the callus types, ie, primary ealli, 

embryogenic and embryogenic suspensions might be due to the variations in the 

size of the cell aggregates.
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Analysis o f  variance was performed. Vertical bars showing different letters are significantly 
different a t p =  0.05 using Duncans Multiple Range Test (DMRT)

Fig. 19. Influence of the strain and the callus type on transformation frequency



A m o n g  the three exp erim en ted  Agrobacterium  strains for gen etic  

transform ation, EH A  105 g a v e  the h igh est transform ation frequency  

irresp ective o f  the tissu e  typ es used . T he secon d  best strain w as pG V  1301, a 

n op a lin e  on e  w h ich  has a cured Ti p lasm id  in the C 58 ch rom osom al background  

(F ig . 19). T he le ss  virulent strain L B A 4 4 0 4  responded  p oorly  w ith  all the ca llu s  

typ es. Agrobacterium  strains g en era lly  d iffer  in their ab ility  to  in fect tissu es and 

transfer its T -D N A  (S u zu k i et a l ,  2 0 0 1 ; Khanna el a i,  2 0 0 4 ). T he e ff ic ie n c y /  

h ost range o f  a particular strain can be attributed to the in teractions o f  the 

Ti p lasm id  w ith  certain bacterial ch rom osom al background (G elv in  ef a!., 2 0 0 3 ). 

T he d ifferen ces m the “ v/>” region and the ch rom osom al background b etw een  

the strains m ay a lso  a ffect the su scep tib ility  range o f  the plants (H ood  el a i,  

1993). Earlier M ontoro et al. (2 0 0 0 )  studied  the in flu en ce o f  f iv e  d ifferent 

Agrobacterium  strains (C 5 8 p M P 9 0 , C 5 8 p G V 2 2 6 0 , A G L l, L B A 4 4 0 4  and 

E R A  105) and tw o  binary vectors on  transform ation o f  Hevea friable ca lli. H e  

fou n d  that the G U S  activ ity  w as h igher in the ce ll lin es generated  u sin g  E H A  

105, a su cc in a m o p in e  strain con ta in in g  the d isarm ed p E H A  105 in the C 58  

ch rom osom al background. A s in our study, the e ff ic ie n c y  o f  E H A  105 strain has 

b een  p roved  b y  m an y  researchers. W an g  et al. (2 0 0 6 )  con firm ed  h igher  

transform ation  e ff ic ie n c y  u sin g  E H A  105 over  the three other strains 

exp er im en ted  (G V 3 1 0 1 , LB A  4 4 0 4 , A 2 8 1 ) and a h igher regeneration  potential 

w a s a lso  o b serv ed  in the transgen ic c e ll lin es  generated  u sin g  E H A  105. T he  

superiority  o f  the v iru lent strain E H A  105 w as again  proved  in Vitis vinifera 

and in  pea  (T orregrosa et a l,  2002; N ad o lsk a  and W aclaw , 2 0 0 0 ). S im ilarly  in 

Phalaenopsis violaceae, the hyper v iru lent strain E H A  105 perform ed w e ll in 

term s o f  UidA g en e  ex p ressio n  (Subram anian and R athinam , 2 0 1 0 ).

In our ca se  L E A  4 4 0 4 , w h ich  has a d isarm ed Ti p la sm id  p A L  4 4 0 4  in 

th e T i A ch 5  ch rom osom al background w a s con sid ered  as the least virulent



strain, failing to produce transgenic cell lines. Similar observation was made by 

Baloglu et a i  (2007) in leaf disc transformation of sugar beet where GUS 

expression was absent in the LBA 4404 infected leaf discs. In contrary, the 

superiority of this strain over EHA 105 has been proved in potato varieties 

(Sarker and Mustafa, 2002) and in cases where a higher O.D was experimented 

(Islam et al., 2010). In recalcitrant crops, the frequency of transformation is 

benefitted not only by the Agrobacterium strain but also by the binary vector 

chosen or by the strain-vector combinations used. The strain LBA 4404 in 

combination with the pCambia 2301 vector produced numerous transgenic cell 

lines in Onion (Mythili et a!., 2012). Similarly numerous transgenic plants were 

produced using EHA 105 - pCAMBIA 2301 combinations in Hevea (Blanc 

et a i ,  2006).

The virulence of any strain can also be improved by exchanging its Tj 

plasmid with another one or by including additional genes in the helper 

plasmid (Hood et aL, 1987). In wheat, LBA4404 strain was improved by adding 

vir genes from pTi Bo542 (Jones et aL, 2005). According to Arokiaraj et al. 

(2009), the transformation frequency with the strain GV2260 can be improved 

using a super virulence plasmid containing additional “Wr” genes. Thus the 

efficiency of transformation depends on so many factors where the bacterial 

strain is one among them. The influence of binary vector and the additional 

“v/>” genes on transformation frequency should also be accounted.

5.5.3 Additional factors improving the frequency of transformation

In addition to the bacterial strain and binary vector, certain other factors 

also played a vital role on the frequency of transformation in flevea. The 

frequency of transformation can be raised by enhancing the competency of the 

plant tissue and also by the 'v ir ' gene induction (Chakrabarty et al., 2002). 

Experiments using the hmgr\ gene construct proved that low temperature



incubation (20°C) of the infected tissues in the co-culture medium containing 

acetosyringone enhanced the frequency of transformation from 27% to 32% 

(Fig.20). During the period of co-culture, the phenoHc compound 

acetosyringone (20 mg 1*') worked along with the signaling factors like acidic 

pH, temperature shock etc. improving the expression of the virulence genes. 

This contributed towards increased transformation frequency. The strong 

influence of the medium pH, temperature shock and osmotic conditions on the 

induction and expression of the virulence genes was suggested by Fisk and 

Dandekar (1993). Here the phenolic compounds, temperature shock and the 

medium pH induced “v/r” gene expression accelerated T-pili formation required 

for the attachment of Agrohacterium cells with the plant cells (Dillen et al., 

1997; Chakrabarty et aL, 2002; De Clercq et a l, 2002). The T-pilus assisted in 

the T-DNA transmembrane transport. According to Fullner and Nester (1996), 

mating between the bacteria took place at 19°C, at a medium pH of 5.3 in 

presence of acetosyringone. Fullner and Nester (1996) proved the role of 

acetosyringone on vir gene induction which was essential for the pilus 

assembly. According to them, lower incubation temperature brought tenfold 

increase in the pilated cells than those observed at 28°C. In the tobacco cultures, 

low temperature resulted in an efficient and stable GUS gene expression which 

was in accordance with our results (Su et aL, 2012). Thus the accelerated 

transformation frequency which was noticed in our cultures might be due to 

action of the T- pilus. Jin et al. (1993) studied the effect of temperature on 

VirA and Vir D proteins and found that high temperature negatively influenced 

the phosphorylation of VirG by VirA, which showed the temperature sensitivity 

of Vir A. The pilus of Agrobacterium strains was most stable at lower 

incubation temperatures (approximately 18 to 20°C) although gene

induction was maximum at 25 to 27°C (Gelvin, 2003). Similiar reports were 

also available in maize, cotton etc. where a higher transformation frequency was



reported at an incubation temperature of 19 to 20°C (Jin et a!., 2005; Frame et 

al., 2002). Therefore, co- culturing Agrobacterium cells with the plant tissues at 

lower temperatures during the initial days of transformation can improve the 

efficiency of transformation.
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Vertical bars showing different letters are statistically significant at P=0.05 

using Duncans Multiple Range test (Duncan, 1995).

Fig. 20. Effect of co-cultivation temperature and acetosyringone on 
transformation efficiency

In our experience, anti-necrotic treatment, explant desiccation and the 

use of L-cysteine and siver nitrate in the co culture medium failed in 

accelerating the transformation frequency in Hevea using hmgr\ gene construct. 

Tissue necrosis and cell death are the main reasons limiting transformation 

frequency in many crops during Agrobacterium mediated gene transfer (Pu and 

Goodman, 1992; Sangwan et al., 1992). This type of Agrobacterium induced 

necrosis leads to oxidative burst in the target cells resulting in the generation of 

super oxide radicals. This resulted in plant cell death, necrosis and bacterial cell



death leading to the induction of PR proteins, phytoalexins etc. (Mehdy, 1994). 

The oxidative burst can be suppressed using anti-oxidants like cysteine or 

bactericidal agents like silver nitrate. They are capable of quenching the 

oxidative burst by scavenging the reactive oxygen species. The anti-necrotic 

treatment provided a congenial environment for the interaction of the 

A. tumefaciens with the plant cells. But in the transformation experiment using 

hmgrl gene construct, no improvement in the frequency was noticed by the 

inclusion of anti-necrotic treatments which was in agreement with the findings 

of Baloglu ei al. (2007) where no significant improvement in the transformation 

frequency was obsei-ved with the use of L-cysteine in the co-culture medium. 

The reason might be the reduction in the tissue necrosis happening during 

Agrobacterhim  infection.

Contrasting results were observed in many crops where anti-necrotic 

mixture and thiol compounds had a beneficial role on transformation. Addition 

of silver nitrate and L-cysteine in the co-cultivation medium increased the 

transformation frequency in grape vine (Perl et al., 1996) where Agrohacteriiim 

induced necrosis of the infected tissues has been reported earlier (Perl et al., 

1996; Das et a!., 2002). Enriquez-Obregon et al. (1998, 1999) reported an 

efficient transfoiTnation system in sugarcane and rice by the application of anti- 

necrotic mixture which reduced tissue necrosis. Addition of L-cysteine 

augmented the frequency of transformation in soya bean due to the inhibition of 

polyphenol oxidases and peroxidases (Somers et a l,  2003). Partial desiccation 

of the infected tissues also proved to be useful in rice transformation expediting 

the frequency by inhibiting the bacterial overgrowth (Yi et al., 2001).



5.6 Confirming the transgene by PCR analysis

PCR analysis using the promoter specific and marker specific primers 

confirmed the presence of the transgene in the transgenic tissues (Fig. 8 A, B). 

The PCR positive cell lines were cultured for embryogenesis and transgenic 

plant regeneration. In the absence of a reporter gene, this approach seems to be 

valuable in regenerating transgenic plants preventing false positives.

5.7 Somatic embryogenesis from the transformed cell lines

A typical somatic embryogenesiss protocol for Hevea brasiliensis 

involves a series of consecutive stages starting from callus induction, 

embryogenic callus multiplication, somatic embryo induction, maturation and 

plant regeneration. The embryogenic capacity of the cells depend on several 

factors including the composition of the basal medium, supply of suitable 

osmoticum, growth regulators and the culture conditions. The complexity of the 

system depends on requirement of these ingredients during each step and the 

lengthy incubation period associated with each stage reaching up to one and a 

half years or more to develop complete plantlets.

5.7.a Impact of the media constituents on somatic embryogenesis

The media constituents for somatic embryogenesis from vaiying explant 

sources have been standardized in Hevea. Transformation process result in an 

alteration in the genetic makeup of the cell, hence the basal requirements for 

embryogenesis changes and therefore modifications in the media constituents 

are needed for successful embryogenesis and plant regeneration from transgenic 

tissues. The experimental results proved the value of this statement and 

modified MS medium with lower levels of NH4NO3 and MgS04 with an 

increase in the KNO3 concentration promoted somatic embryogenesis in the 

transgenic cell lines. Nitrogen in the reduced form (NH4'̂ ) is essential for the 

onset of embryogenesis, especially during the induction phase (Rangaswamy,



1986). The NH4"̂ requirement (or of N in a reduced form) for erabryogenic 

induction and differentiation was proved in different species and culturing 

systems (Halperin and Wetherell 1965, Wetherell and Dougall 1976, Kamada 

and Harada 1979, Walker and Sato 1981, Meijer and Brown 1987, He et a/., 

1989). In many woody plants, full strength MS salts inhibited organized cell 

growth and this toxicity can be reduced by lowering the amount of ammonium 

or total nitrogen in the medium (Bonga and Von Aderkas, 1992). It was 

observed that the addition of NH4NO3 decreased cell growth and embryo 

induction percentage in Jiiniperus excelsa (Shanjani et al., 2003). The reason 

being the inhibition of glutamine synthase activity resulting in the depletion of 

crucial amino acids and enzymes essential for cell growth and embryogenesis 

(Tachibana et al., 1986). Therefore, dilution of the media sustained cell 

division, promoting growth of the calli, leading to direct differentiation 

according to Davidonis and Hamilton (1983). Work carried out by Merkle el al. 

(1995) proved that ammonium is required only for the initiation of 

embryogenesis in the cultured cells whereas nitrate alone is sufficient for further 

development of the pro-embryos or embryogenic cell clusters. Hence a 

reduction in the NH4NO3 concentration accounted for the increased cell growth 

and embryogenesis. This was also evident in cotton, where the rate of 

embryogenesis was higher in presence of KNO3 (1.9 g 1''), since play a key 

role in cell growth and embryogenesis in addition to NOs’ (Hcram and Zafar, 

2004; Kumria et a l, 2003). These arguments supported our findings where a 

reduction in NH4NO3 concentration and a rise in KNO3 level induced somatic 

embryogenesis.

Amino acids in the basal medium played a crucial role during somatic 

embryogenesis which was obvious from the results. Among the amino acids 

experimented, maximum embryo induction was observed with L-alanine 

40.96%, followed by L-asparagine (39.22%), L-proline (38%>), L-glutamine



(37.44%) and L-serine (27.94 %). Kamada and Harada, (1979) and Gamborg 

et al. (1968) reported that NFLi'̂  can be replaced either partially or fully with the 

organic nitrogen which has a pronounced effect on plant cell growth and 

differentiation. In this study, a reduction in the NH4'*' concentration might be 

compensated by the organic nitrogen supply in the embryo induction medium. 

Addition of glutamine and L-alanine was crucial for the induction of somatic 

embryogenesis. Literature suggested accelerated cell division in presence of 

L alanine during early somatic embryogenesis. This may be due to the quick 

transformation of L-alanine to glutamic acid by alanine amino transferase which 

could be utilized as the nitrogen source (Kamada and Harada, 1979). Earlier 

reviews also proposed L-alanine as the most active amino acid when 

supplemented along with KNO3 (20m M), where glutamine, asparagine, 

arginine and proline had a stimulatory effect. Our results are in consonance with 

this statement. Inclusion of glutamine and arginine resulted in enhanced protein 

accumulation in the somatic embryos supporting good growth and 

embryogenesis (Merkle et a l, 1995).

Phytohormones played a major role in stimulating somatic 

embryogenesis as apparent from the results. Combinations of growth regulators 

are highly essential for the synchronized gi'owth of somatic embryos. NAA- 

zeatin combination induced embryogenesis at a frequency of 60%. The 

influence of zeatin in combination with GA3 on somatic embryo induction was 

studied in the immature inflorescence culture in Hevea, where lower levels of 

NAA or 2,4-D was essential for triggering embryo induction (Sushamakumari 

et a l, 2000 b). When zeatin was replaced with kinetin, a modest increase in the 

embryo induction frequency (62%) was noticed. NAA-Kinetin combinations 

were optimum for somatic embryogenesis from the hmgr\ transgenic cell lines. 

In our experience lower levels of Kin also triggered somatic embryogenesis 

when experimented with NAA (2.0 mg 1''). Similar observations were made in



Hevea anther culture where a combination of 0.7 mg T* Kin and 0.2 mg I'' NAA 

favored somatic embryogenesis (Kumari Jayasree et a!., 1999). This study 

utilized lower concentrations of NAA which was in contrast to our report 

where, higher levels of NAA (1.0 mg 1“') favored somatic embryogenesis. 

Repetitive embryogenesis was also induced in Hevea cultures in a growth 

regulator combination of 0.5 mg f ' NAA, 2.0 mg f ' Kin, 0.5 mg f ' lAA and 4.0 

mg r ' 2,4-D (Asokan et a l, 2001). In Gentiana cruciata L, the cytokinin BA 

(0.5 mg r ') , induced somatic embryogenesis along with NAA (Mikula et al., 

2005).

The experiment conducted using polyamines proved the beneficial effect 

of spermidine on somatic embryogenesis. Spermidine is a small aliphatic 

polyamine, ubiquitous, involved in developmental regulation of plants. 

Inclusion of spermidine in the embryo induction medium triggered 

embryogenesis at a frequency of 41%. But the requirement for polyamine is 

genotype dependant or specific during certain physiological conditions of the 

explants. They behave as a new class of growth substances or secondary 

hormonal messengers (Galston, 1983; 1987). Polyamines interact with 

negatively charged macromolecules like DNA, RNA, proteins, phospholipids 

etc activating and stabilizing them due to their polycationic nature at the 

physiological pH (Evans and Malmberg, 1989). In Hevea, the need for 

polyamines during the onset of embryogenesis has been reported earlier by El 

Hadrami (1989). Direct role of polyamines on somatic embryogenesis was 

confirmed by the high level expression of these compounds in the embryogenic 

cultures of Hevea maintained in an auxin free medium. According to Minocha 

et al. (1995), early stage somatic embryos showed significantly higher levels of 

spermidine and putrescine. This was obvious from the studies of Merkle et al. 

(1995), where the activity of arginine decarboxylase important in putrescine 

biosynthesis was elevated during somatic embryogenesis. Significance of



polyamines during somatic embryogenesis in angiosperms lias been emphasised 

by researchers, the inhibition of which retarded embryogenesis (Meijer and 

Simmonds, 1988; Minocha, 1988; Galston and Flores, 1991). An exogenous 

supply of putrescine or arginine increased the embryogenic potential of the 

callus with a subsequent rise in the spermidine level which accounted for the 

enhanced embryogenic capability of the tissue (El Hadrami et a l,  1989; EI- 

Hadrami and D’ Auzac, 1992; Carron et a l,  1995b). But during embryo 

maturation, the spermidine level declined which can be related to the ABA 

content in the maturation medium (Minocha et a l,  1993). The above 

observations strongly proved the role of spermidine during somatic 

embryogenesis and the importance of polyamine metabolism during somatic 

embryos development.

An increase in the sucrose concentration (80 g 1“') of the embryo 

induction medium containing spermidine resulted in a frequency of 72% in the 

hmgrX transgenic cell lines. The experimental results showed that the medium 

osmoticum and polyamine metabolism are important during somatic 

embiyogenesis. Importance of sucrose concentration during different stages of 

somatic embryogenesis and plant regeneration has been proved earlier by 

Sushamakumari et al. (2000b). Higher levels of sucrose positively influenced 

somatic embryo induction from the immature inflorescence tissue of Hevea. 

Supportive data showing the capacity of higher sucrose concentrations on 

somatic embryogenesis has been reported in Vietanamese ginseng (Nhut et al., 

2012). Contradictory reports showed the influence of lower levels of sucrose 

(4%) in inducing nucellar embryogenesis in mangi/era indica L, when supplied 

along with spermidine (Maneesh et al., 2010).



The maturation of hmgr\ somatic embryos progressed in 'A MS basal 

medium devoid of NH4NO3 with a subsequent rise in the level of KNO3 (3.0 g P'). 

Further addition of glutamine (1.0 g P') and proline (200 mg f ')  stimulated 

maturation of the embryos. Enhanced maturation and germination of the 

somatic embryos was supported by KNO3. In cotton, addition of KNO3, which 

is an oxidized fonn of nitrogen, helped in the conversion of the embryogenic 

callus to embryos and plantlets (Trabelsi et a l, 2003). According to Ilaam and 

Zafar (2004), somatic embryo maturation occurred in presence of KNO3 while 

NH4  ̂affected anthocyanin production. Inclusion of nitrate and organic nitrogen 

in the culture medium strongly influenced embryo maturation and plant 

regeneration in the polyembryogenic cultures of barley (Nuutila et ah, 2000). 

The influence of nitrogen during somatic embryogenesis may be due to the pH 

variations occurring in the culture medium. Nitrate increased the pH of the 

medium while ammonia reduced it. The addition of casein hydrolysate 

promoted growth and maturation of somatic embiyos. Casein hydrolysate had a 

buffering effect in the pH of the culture medium.

Experimental results showed that the addition of L-glutamine (1.0 g P') 

and proline (200 mg 1'') triggered maturation of hmgrl transgenic embryos. The 

importance of glutamine and proline on transgenic embryo maturation were 

proved earlier in Hevea (Jayashree et a l, 2003). Similiar results were also 

observed in Acacia mangiiim, where the conversion of the globular somatic 

embryos to the torpedo and cotyledonary staged ones were stimulated by amino 

acids especially L-glutamine and L-proline in a low sucrose medium (3%) 

(Deyu et a l, 2004). Glutamine has a regulatory as well as nutritive role on 

embryo maturation. It gets converted to 5-oxo proline upon autoclaving. The 

addition of L-glutamine and potassium sulphate, an inorganic sulphur source 

facilitated storage protein accumulation in the somatic embiyos accelerating



m aturation and germ in ation  w h ich  w as in accordance w ith  our results. T he  

su p p ly  o f  am ino acids (organic n itrogen  sou rces) enhanced  em b ry o g en esis  and  

differen tia tion  in  barley, m a ize  and carrot ce ll cultures (N u u tila  et al., 2 0 0 0 ). In 

another stu d y , the ex o g en o u s su p p ly  o f  L -g lu tam in e and ca se in  hydrolysate  

prom oted  so m a tic  em b ry o g en esis , w h en  the nitrate a ssim ila tion  w as  

u n op erative (K irby et al., 1987; S z c z y g ie l and K o w a lczy k , 2 0 0 1 ; T rabelsi et a l, 

2 0 0 3 ) . T h e b en e fic ia l ro le  o f  L  g lu tam in e, an organ ic foiTn o f  reduced  nitrogen , 

acce lera tin g  som atic  em b ry o g en esis  w as again  proved  in N o rw a y  spruce  

(V erh agen  er a /., 1989).

T he p rom otive  e ffe c t  o f  P E G  and A B A  on hmgr\ transgenic em bryo  

m aturation w as sh o w n  in the present experim ent. Earlier reports in Hevea a lso  

p roved  the stim ulatory  e ffec t  o f  ex o g en o u s A B A  (lO ”"’ M ) on globu lar em bryo  

form ation . Further, the co n version  o f  the g lobu lar em bryos to torpedo shaped  

o n es w a s assisted  by PEG  (14% ) and thus the e ffec t o f  A B A  w as PEG  

dependant (L in o ss ier  et a!., 1997). Pretreatm ent w ith  A B A  or any stress w as  

essen tia l in  triggerin g  d esicca tio n  to leran ce in the em b ryos, h e lp in g  in noiTnal 

m aturation o f  the som atic  em b ryos, p reven tin g  p recoc iou s gen n in a tio n . T he  

role o f  A B A  in the co ty led on  d eve lop m en t, sh o o t m eristem  induction  and 

accu m u lation  o f  protein reserves in the d ev e lo p in g  em bryos w as reported in 

Hevea (E tien n e et al., 1993b). N eg a tiv e  e ffec t o f  A B A  on som atic  em bryo  

m aturation w a s a lso  sh o w n  in the in flo rescen ce  culture o f  Hevea w h ich  w as in 

contrast to our results (Susham akum ari et a l,  2 0 0 0 b ). T he b en efic ia l ro le o f  

PE G , A B A  com b in ation s on  som atic  em bryo m aturation w as proved  b y  m any  

researchers. T he p o sit iv e  in flu en ce o f  A B A  on m aturation in  a w ater stressed  

m ed iu m  is due to the accu m u lation  o f  storage proteins. T he accu m u lation  o f  

th ese  n ecessa ry  reserves h elped  in the germ ination  o f  the em bryos. In 

m angifera , the em b ryos attained desirab le  s iz e  in a lo w  nitrogen  m ed iu m  

con ta in in g  PE G , resu ltin g  in  syn ch ron ized  gi'owth and germ in ab ility



(C haturvedi et al., 2 0 0 4 ). In Araucaria angustifoHa, em bryo m aturation w as  

attained w ith  1% PEG  sooo regardless o f  A B A  (A starita et al., 1998). M aturation  

o f  the som atic  em b ryos in Algerian fir, Pimis armandii etc. w a s ob served  in  M S  

m ed iu m  con ta in in g  PEG  (7 .5  - 10% ), A B A  (1 0  m g  f ' )  and m a lto se  (4  - 5% ) 

(V o o k o v a  and K orm utak, 2002; M aruyam a et a l,  2 0 0 7 ). A d d itio n  o f  P E G  a lon g  

w ith  h igh er le v e ls  o f  A B A  (2 0 -4 0 |iM ) , resu lted  in  the form ation  o f  early  

torpedo sh ap ed  em b ryos in  Abies alba (S ch u ller  et a l,  2 0 0 0 ) . In certain cases, 

m aturation  w a s in flu en ced  b y  w ater stress im parted b y  the g e llin g  agent as seen  

in  A v o c a d o  w h ere 10%  agar prom oted  m aturation o f  the som atic  em bryos  

(M arquez-M arti'n et al., 2 0 1 1 ). S im ilar results w ere  a lso  seen  in  w a ln u t w h ere  

the em b ryos m atured either in  p resen ce  o f  gelrite  (0 .3% ) or b y  the addition  o f  5 

% P E G  (M oh am m ad  A li et a l,  2 0 1 0 ). T he su crose  concentration  o f  the  

m aturation  m ed iu m  w as ftirther reduced  to 3 0  g  f ’. T his reduction  in the su crose  

con cen tration  a lso  a ccou n ted  for the co n v ersio n  o f  em bryos to the coty led on ary  

stage.

5.9 Influence of desiccation on somatic embryo germination

R esu lts  sh o w ed  that partial d esicca tio n  im p roved  the germ ination  

cap acity  o f  the co ty led on ary  em b ryos, on  transfer to the plant regeneration  

m ed iu m . T h e acq u isitio n  o f  d es icca tio n  to lerance is  a sign a l o f  potential 

au ton om y o f  the em bryo. T h e im p rovem en t in the germ in ab ility  m a y  b e due to 

the e lic ita tio n  o f  the en d ogen ou s A B A  le v e ls  acceleratin g  the induction  o f  sh oot  

m eristem  in  the em b ryos. Literature supported th is v ie w , w h ere an in crease in  

the en d o g en o u s A B A  le v e l in  the d esicca ted  so m a tic  em bryos accelerated  the 

ex p ressio n  o f  sp e c if ic  g en es  in v o lv ed  in  plant d ev e lo p m en t (O ish i and B ew ley , 

1990 , Slo-iver and M undy, 1990). T he rate o f  drying is determ ined  b y  the stage  

o f  the em b ryos treated. I f  the em bryos are im m ature, s lo w  drying in a c lo sed  

petri p late for on e w eek  m ay  be optim al for germ ination . But i f  they  are fu lly  

m ature, rapid d rying  on a lam inar f lo w  h ood  is preferable (Senaratna et a l,



1989; 1990). In Hevea, s lo w  d esicca tio n  o f  the som atic  em bryos or m aturation  

on  su crose  m ed iu m  (351  m o l m'^) su p p lem en ted  w ith  A B A  im p roved  the  

germ in ab ility  o f  the em bryos and v ig o r  o f  the d ev e lo p ed  p lantlets (E tien n e et 

ah, 1993a). S lo w  d esicca tio n  o f  the som atic  em bryos w h ich  w a s m atured in an 

A B A -P E G  m ed iu m  accelerated  the v iab ility , sh o o t e lon gation  and plant 

co n v ersio n  in horse chestnut (C apuana and D eb ergh , 1997). M aturation drying  

term inates the d evelop m en ta l m od e o f  the em bryo, sw itch in g  on to the  

germ in ation  m od e (K erm od e et al., 1985; A ttree e! « /., 1991). T he d esicca ted  

em bryos sh o w ed  h igher germ ination  (92% ) and plant regeneration  capacity  

(80% ) as ev id en ced  in cassava  (M ath ew s et al., 1993).

5.10 Transgenic plant regeneration

T he organ ic n itrogen sou rces (L -g lu tam in e, L -proline and L -asparagine) 

p rom oted  plant regeneration  in the hmgrl transgenic em bryos. T he b en efic ia l 

ro le  o f  g lu tam in e is its ab ility  to su p p ly  am ino nitrogen required for the 

sy n th esis  o f  n itrogen con ta in in g  m o lecu le s , seed  storage proteins etc. In 

p resen ce  o f  g lu tam in e and proline, the n eed  for reduced n itrogen  is m et and the  

en erg etica lly  ex p e n s iv e  p rocess o f  nitrate reduction  is avo id ed  (G u ev in  and  

K irby, 1996). Im portance o f  asparagine on  im p rovin g  the germ in ation  rate o f  

the so m a tic  em bi7 0 S has b een  reported earlier w h ich  w a s a lso  in accordance  

w ith  our resu lts. A sp aragin e increased  the tap root length  o f  the germ inating  

em bryos as ob served  in  the case  o f  w h ite  spruce (R ob ich au d  et al., 2 0 0 4 ).

T h e in d u ction  o f  ph ytoh orm on es B A , G A 3 and lA A  in the plant 

regen eration  m ed iu m  accelerated  germ in ation  o f  the hmgrl transgen ic  em bryos. 

P lan tlets rem ained  h ea lth y  and grew  v ig o ro u sly  under ex vitro con d ition s. 

Earlier reports in  Hevea a lso  su g g ested  the im portance o f  grow th regulators, 

G A 3 , K in  and IB A  on b ipolar d ifferentiation  and transgen ic  p lant regeneration  

(Jayashree et al., 2 0 0 3 ; Sobha et al., 2 0 0 3 a ). T h e in c lu sio n  o f  B A  p rom oted



sh o o t d ev e lo p m en t in the som atic  em bryos w h ereas the ro le o f  G A 3 m igh t be  

a sso c ia ted  w ith  d orm ancy breakage a llo w in g  ea sy  germ ination . T he in flu en ce  o f  

G A 3 on  so m a tic  em b ry o g en esis  and p lant regeneration  w a s o n ce  again  p roved  in  

the anther culture o f  Hevea (K um ari Jayasree and T hulaseedharan, 2 0 0 1 ). 

G ib b ere llic  ac id  (G A 3) a lso  stim ulated  h igh  freq u en cy  plant regeneration  (83% )  

in  Kalopanax pictus (M o o n  et a l,  2 0 0 5 ). In the S iberian  g in sen g  and cocon u t, 

the grow th  regulator G A 3 accelerated  som atic  em bryo germ in ation  and plant 

co n v ersio n  (C h o i et a l,  1999a; M ontero-C ortes et a l,  2 0 1 0 ). S h o o t regeneration  

from  the n od a l exp lants o f  cassava , w a s ob served  in  so lid if ie d  M S  m ed iu m  

con ta in in g  B A  (2 .2  |j,M) and G A 3 (1 .6 |iM ) (B h agw at et a l, 1996). L idole  acetic  

acid  has a ro le  in  in creasin g  the p lant co n version  rate o f  the som atic  em bryos  

w h ere the p lantlets grow n  in lA A  m ed iu m  accum ulated  su ffic ien t quantity o f  

A B A  to support norm al plant regeneration . Supportive ev id en ces w ere  g iv en  by  

Faure et a l  (1 9 9 8 )  w h ere  lA A  a ssisted  in  the re lea se  o f  dorm ancy and h e lp ed  in  

plant regeneration . S o m a tic  em bryo germ ination  in the E uropean sp in d le  tree  

{Euonymus europaeiis L .) w as a ch iev ed  in a com b in ation  o f  lA A  and k in etin  

(B o n n ea u  et a l,  1994). T he reduced  su crose  concentration  (2  to 3% ) o f  the  

m ed iu m  a lso  accou n ted  for the p lant con version . P lant regeneration  in p resen ce  

o f  reduced  su cro se  concentrations w ere  reported earlier in Hevea (CaiTon et a l, 

1995b; Susham akum ari et a l,  2 0 0 0  b; K ala et a l,  2 0 0 9 ).



A cclim a tiza tio n  is con sid ered  as the p rocess o f  adaptation to tiie 

ch a n g in g  environm ent. It is essen tia l for the better survival and estab lish m en t o f  

the p lants. T he hmgrX p lantlets w ith  tw o  to three w h orls o f  m atured lea v es and 

w ith  a w e ll-d e v e lo p e d  root system  w ere transferred to ex vitro con d ition s. A dip  

in  b av istin  so lu tio n  (0 .1% ) protected  the p lantlets from  the fungal attack. T he  

p ottin g  m ed iu m  used  in our exp erim en t w a s au toclaved  sand: soilrite: so il in the  

ratio 1:1:1. D ifferen t typ es and com b in ation s o f  substrates w ere tried for  

hardening in vitro raised  p lantlets b y  m any w orkers (D eb  and Im chan, 2 0 1 0 ). 

T he in vitro raised p lantlets sh o w ed  m any abnorm alities, both m orp h olog ica l 

and p h y s io lo g ic a l as a resu lt o f  the in vitro culture con d ition s. D uring in vitro 

culture, the p lantlets w ere  grow n in a re la tively  air tight culture tubes, in su crose  

m ed iu m  w ith  grow th  regulators under con d ition s o f  h igh hum idity , controlled  

ligh t and tem perature. T he grow th o f  the p lantlets in the c lo sed  culture tubes  

lim ited  the in flo w  o f  C O 2 and the out f lo w  o f  g a seo u s products from  the plant. 

C ulture in air tight containers a lso  protected  the p lantlets from  the m icrobial 

attack. T h e sugar concentration  o f  the m ed iu m  in d eed  reduced  the w ater  

poten tia l con sid erab ly . T h ese  con d ition s in d u ced  abnorm alities in  the in vitro 

raised  p lantlets (K um ar and R ao, 2 0 1 2 ). A nother probable reason  for the  

m ortality  rate o f  the tissu e  culture p lants is the sudden  exp osu re, particularly the  

root sy stem , to  the m icrob ia l com m u n ity  o f  the so il. T hus upon  transfer to  ex 

vitro co n d itio n s, the p lantlets su ffered  transplantation sh o ck s and therefore a 

p eriod  o f  a cclim atiza tion  is n eed ed  to correct th ese  abnorm alities. T he u se o f  

grow th  cham bers, w h ich  provide controlled  con d ition s to  the in vitro raised  

p lan tlets, m a y  b e  h elp fu l in  hardening the p lantlets. T he u se  o f  grow th cham bers  

h elp ed  in  the a cclim atiza tion  o f  in vitro raised  p lantlets b y  gradually  lo w erin g  

the h u m id ity  o f  the air (P osp i'silova  et ah, 1999). D uring the hardening phase, 

the hmgrl transgen ic  p lants w ere w atered  on  alternate days and m o isten ed  w ith



2̂ X H o a g la n d ’s so lu tio n , tw o  w eek s  after transplantation for better survival. 

D eb  and Im chan, (2 0 1 0 )  u sed  M S  salt so lu tio n  as the nutrient sou rce for in vitro 

raised  p lants for on e  m onth  after w h ich  it w a s rep laced  w ith  tap w ater.

In the present study, m aintenance o f  the cultures under controlled  

co n d itio n s in  a grow th  cham ber, adjusted  to an R H  o f  85% , reduced  the  

m ortality  rate o f  the p lantlets and a fa irly  g o o d  resp on se  w as seen  in  the case  o f  

tran sgen ic  p lants obta ined  from  the z y g o tic  m aterial. A  survival rate o f  45%  

w a s ob served  in  the transgenic p lants raised  from  the em b ryogen ic  ca llu s o f  

z y g o tic  orig in . M o reo v er  the plants grew  v ig o ro u sly  and th ey  w ere  

m o rp h o lo g ica lly  sim ilar to their n on -tran sgen ic counter parts.

H o w ev er  the survival rate o f  the p lantlets d erived  from  anther t issu e  w as  

low er. T h ou gh  tap root form ation  w as n o ticed , the ab sen ce o f  lateral roots  

m in im ized  the absorption  o f  w ater and m ineral salts from  the p otting  m edium , 

in h ib itin g  p lant grow th. H en ce  hardening p rocess w as ted iou s. H ere the m ain  

factor a ssistin g  z y g o tic  em b ry o g en esis  and plant survival is the storage product 

accu m u lation  so  that the em bryo gets its reserve during and after germ ination  

until the p lantlet reaches its autotrophic potential. But in the case  o f  som atic  

em b ryos, the lack o f  food  reserve e sp e c ia lly  tr ig lycerid es a ffected  the final stage  

o f  d ev e lo p m en t and plant con version . In addition , transplantation to the grow th  

cham ber co n d itio n s a ffected  their survival. T he im paired absorption o f  the roots 

com b in ed  w ith  the fungal in fection s happen ing  at the root sh o o t ju n ction s, 

retarded the grow th  o f  the p lantlets resu lting  in plant death.

T h e g en e  transfer m ediated  by Agrobacteriiim can bring about 

alterations in the g en etic  m akeup o f  th e 'ce ll. Integration o f  the transgene over  a 

ftinctional g en e  can result in the fiinctional lo ss  o f  that gen e  cu lm in atin g  in 

im paired  d eve lop m en ta l changes. S o  a w orkable so lu tion  m ay be the generation  

o f  plants from  m ore num ber o f  even ts (pattern o f  in tegration  m ay  b e d ifferen t in



differen t ev en ts) so  that appropriate se lec tio n  is p o ss ib le  and norm al plant 

regeneration  is facilitated . T he transgenic plants estab lish ed  even  though  

m eager in num ber, can be m u ltip lied  v eg e ta tiv e ly  b y  bud grafting. B ut the 

plants o f  z y g o tic  orig in  w ere  capable o f  w ith stan d in g  the hardening p rocess. 

T h ese  d ifferen ces in the plant co n version  b etw een  the z y g o tic  and clonal 

m aterials under the sam e germ ination  con d ition s have been  reported in d ifferent 

crops (Sujatha, 2 0 1 1 ) . T he probable reason is the exp ression  o f  g lu tam ine  

syn th ase im p licated  in the am ino acid m etab o lism  in the som atic  em b ryos o f  

clon a l origin  com pared  to their z y g o tic  counterparts. T he exp ressio n  o f  

glu tam in e syn th ase  ind icated  lack o f  reserve proteins in  th ese  som atic  em bryos. 

A n a ly s is  o f  the total protein content b e tw een  the z y g o tic  and the som atic  

em b ryos b y  tw o  d im en sio n a l e lectrop h oresis id en tified  proteins related to 

g ly c o ly s is , citrate c y c le  and A T P  syn th esis  in  the som atic  em bryos w hereas  

storage and stress related  proteins w ere abundantly seen  in the z y g o tic  em bryos. 

T h e g ly c o ly t ic , citrate c y c le  en zy m es in  the som atic  tissu es in d icated  m ore  

a ctive  en erg y  m eta b o lism  and A T P  dem and w h ich  perm itted  th ese  em bryos to  

enter rap id ly  in  to the germ ination  phase w ith ou t u n d ergoin g  a d orm ancy phase. 

B u t in  the z y g o tic  derived  em b ryos, the abundance o f  the protein  groups h elp ed  

in  the accu m u lation  o f  carbohydrates and storage proteins, w h ich  assisted  in the 

d esicca tio n  o f  the em b ryos (S gh aler-H am m am ia  et al., 2 0 0 9 ).

5.12 Molecular characterization of the integrated transgene in Hevea 

brasiliensis 

5.12.1. PCR analysis of the transgenic plants

T he p resen ce  o f  the transgene w as con firm ed  in  the transgen ic plants 

u sin g  g en e  sp e c if ic  and m arker sp ec if ic  prim ers. P C R  an alysis u sin g  hmgr 

sp e c if ic  prim ers a m p lified  a 6 4 0  bp fragm ent in the transgenic plants and in  the 

p o s itiv e  control (S e c tio n  4 .1 2 .1 , F ig . 9 A ). T he c D N A  seq u en ce  en co d in g  hmgrl



g en e  w a s 1.8 kb. B u t as the prim ers w ere  d es ig n ed  from  tiie internal seq u en ces  

o f  hmgrl, it cou ld  o n ly  am p lify  a product o f  6 4 0  bp in the transgenic plants. 

T h is fragm ent w a s absent in  the g en o m e  o f  the non -tran sgen ic  plant. T he n ative  

hmgrl g en e  w a s a m p lified  in  the non-transform ed control w h ere a b igger  

fragm ent o f  s iz e  1 . 2  kb w a s a m p lified  w h ich  in c lu d ed  on e intron seq u en ce  in  

b etw een . T h e p resen ce  o f  the m arker g en e  (hpt) w as a lso  con firm ed  in the  

transgen ic  and in the p o sit iv e  control w here a fragm ent o f  length  6 0 2  bp w as  

a m p lified  (S ec tio n  4 .1 2 .1 , F ig. 9 B ).

5.12.2 Cloning and sequencing the PCR product

T h e id en tity  o f  the P C R  product w a s con firm ed  b y  com p arin g  the 

seq u en ce  in form ation  o f  the PC R  product a m p lified  from  the transgen ic plants  

w ith  the already reported c D N A  seq u en ce  p u b lish ed  in N C B I.

5.12.3 In silico analysis of hmgrl gene sequence

T h e seq u en ced  PC R  product on  com parison  proved  to be 99%  sim ilar  

w ith  the reported c D N A  seq u en ce  of.hmgrX g en e  availabe in N C B I data base. 

T he am in o  acid  seq u en ce  o f  hmgr\ from  the transgenic plants w as a lign ed  w ith  

that o f  Hevea hmgr\. Euphorbia pekinensis, Taraxacum kok-saghyz, Solamim 

lycopersicum, Litchi chinensis, Medicago trimciilata, Riciniis commimis and 

Arabidopsis thaliana and a dendrogram  w as created based  on the gen e  

seq u en ces obta ined  from  the G enB ank. H ere the Neighbour-Joining m ethod w as  

u sed  to b u ild  the tree. C on sid erin g  the dendrogram  created, it w as ob served  that 

Hevea and Euphorbia pekinensis cam e in on e cluster in d icatin g  their seq u en ce  

sim ilarity . T h e hmgr seq u en ce  o f  Solanum d iffered  from  that o f  Hevea. T he  

protein  seq u en ce  o f  Taraxacum and Ricinus w ere  c lo se ly  related and thus 

form ed  a s in g le  cluster a lo n g  w ith  Medicago (S ec tio n  4 .1 2 .3 , F ig  14). M u ltip le  

seq u en ce  a lign m en t is u sefiil in com paring h o m o lo g o u s seq u en ces. It p lays a 

crucial role in  b u ild in g  p h y lo g en etic  relationsh ip . T he p h y lo g en etic  relationsh ip



b etw een  the hmgr g en e  seq u en ces o f  Hevea w ith  other sp ec ie s  w as drawn by  

V enlcatachalam  et al. (2 0 0 9 )  w h ich  sh o w ed  fiv e  c lad es. H e a lso  ob served  a 

seq u en ce  sim ilarity  b etw een  Hevea hmgr and that o f  Euphorbia and Morns, 

p la c in g  them  in on e  clade.

5.12.4 Southern blot analysis of the transgenic plants

Southern b lo t a n a lysis  con firm ed  the in tegration  o f  the T -D N A  into the  

n uclear g en o m e o f  the transgen ic plants. T he restriction  o f  the D N A  from  the  

tran sgen ic plants u s in g  ind iv id u al en zy m es m o stly  y ie ld ed  fragm ents o f  larger 

s ize . W h en  the D N A  w a s restricted u sin g  Bam H I, an internal cassette  o f  hpt 

g en e  w a s re leased . H yb rid ization  w ith  the a -  P ]- d CTP lab eled  hpt gen e  

p robe generated  strong h ybrid ization  sign a l (S ec tio n  4 .1 2 .4 , F ig . 16) w ith  the  

Bam H I d ig ested  tran sgen ic plants in d ica tin g  insertion  o f  the in tegrated gen e. 

T he Xba  I and Bam  HI d ou b le  d ig ested  g en o m ic  D N A  liberated  the hpt 

transgene in the T -D N A  and produced  a strong h ybrid ization  sign al in  the  

tran sgen ic  p lants and p o sit iv e  control on  hybrid ization  w ith  the lab eled  hpt 

probe. T h e  d ifferen t h ybrid ization  patterns ob served  in the transgen ic  plants  

in d icated  the in tegration  o f  the T -D N A  in the g en o m e o f  the tran sgen ic  plants. 

O ther sm aller  bands co u ld  b e detected  due to the in co m p lete  d ig estio n  o f  the  

g en o m ic  D N A  o f  the transgenic plants. T h is type o f  insertion  has b een  reported  

earlier in  tran sgen ic Hevea p lants integrated w ith  the Hb M n S O D  gen e  

(Jayashree et a l,  2 0 0 3 ).

D ig e s t io n  w ith  EcoRl w h ich  has a site  near the left border o f  the T -D N A  

p roduced  a s in g le  h ybrid ization  band in on e  transgenic plant. T his type o f  

b an d in g pattern con firm ed  s in g le  c o p y  in sertion  o f  the transgene in the  

transgen ic  plant. H o w ev er  the sign al w a s absent in the other plant. T he ab sen ce  

o f  the sign a l m a y  b e due to  the low er  en zy m e a ctiv ity  in the p lant as ob served  in 

the E L IS A  test. T he hybrid ization  sign a l w as absent in the non-transform ed



control p lant too . T h ese  results p rov id e  strong ev id en ce  that the hpt transgene  

w as stab ly  in tegrated in  the g en o m e o f  the transgenic p lants through  

Agrobacterium  m ed iated  transform ation.

5.12.5 Expression analysis in the transgenic plants

T ran sgen e exp ressio n  stud ies are va lu ab le  in  ex a m in in g  the u ltim ate  

e ffe c t  o f  transgene for w h ich  the study o f  en zy m es and m etab olites are 

essen tia l. T h e transcript lev e l in the transgen ic plant can b e quantified  by  

northern an a lysis . T ransgen ic proteins can be an a lyzed  b y  m any tech n iq u es, on e  

am on g  them  is E L ISA .

5.12.5.1 Northern blotting

T he transcript leve l o f  hmgr\ g en e  w as quantified  in the transgen ic plant 

u sin g  northern b lotting. T he probe used  to confirm  the over  exp ression  w as  

/zm g/T cD N A  from  Hevea hrasUiemis. T he ab sen ce o f  the hybrid ization  signal 

in the untransform ed control plant m ay  be due to the low er transcript o f  that 

particular iso form  {hmgr\) in the lea v es o f  the y o u n g  plant analyzed . M oreover, 

h igh  exp ressio n  is exp ected  in the la ticifers w h ich  cou ld  be analyzed  on ly  at 

later stages. Strong hybrid ization  sign al w a s ob served  in the transgen ic plant as 

w e  tried to overexp ress th is particular gen e  u sin g  a strong prom oter so  that 

ex p ressio n  is ex p ected  in all the tissu es. T he ov erex p ressio n  o f  hmgrl gen e  

u sin g  the co n stitu tiv e  prom oter m igh t h ave resu lted  in the accu m u lation  o f  the 

transcript in all the tissu es w h ich  produced  strong h ybrid ization  sign a l in the  

sam ple.

5.12.5.2 Enzyme analysis in transgenic plants

A n a ly sis  o f  the H M G R  a ctiv ity  in  the lea v es o f  the transgen ic  plants 

u sin g  ind irect E L IS A , dem onstrated  a h igh er activ ity  in the transgen ic  plants 

com pared  to  control p lants. T he sp e c if ic  a ctiv ity  varied  b e tw een  the tested  

plants. A m o n g  the four p lants exp erim en ted , the sp ec if ic  a ctiv ity  o f  on e  tested
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transgen ic plant w a s com p arab le to the control plant, w h ile  others sh o w ed  2 - 8  

fo ld  in crease in the sp e c if ic  a c tiv ity  (F ig . 2 1 ). M easurem ent o f  en zy m e  activ ity  

through E L IS A  has b een  reported in m a ize  (M oore et a i ,  2 0 0 3 ) . Integration o f  

Hevea hmgr\ g e n e  in to b a cco  resu lted  in an increased  e n z y m e  a c tiv ity  in three 

o f  the f iv e  tested  tran sgen ic p lants (S ch a ller  et aL, 1995). T h is m a y  b e due to  

the d eregu lation  o f  the n ative  g en e  caused  b y  the a ctiv e  transcription o f  the  

transgene resu ltin g  in a m od est increase in the en zy m e  activ ity . S im ilar  

ob servation s w ere  m ad e b y  R e et al. (1 9 9 5 )  in Arabidopsis w h ere a h igher  

m R N A  lev e l w a s  n o ticed  in the transgen ic plants w ith  o n ly  a m arginal increase  

in the H M G R  activ ity .

2  3 4

TransgfiilcpUiits

Fig.21. Specific activity of HM GCoA reductase in the leaf samples of transgenic and
control plants of Hevea,

T he p lan tlets w ere  acc lim a tized  and m aintained  in the net h ouse. The  

contribution  o f  the in creased  en zy m e  activ ity  in the transgen ic  p lants tow ards  

la tex  y ie ld  in Hevea can b e  ascertained  o n ly  after test tapp ing  the p lants w hen  

th ey  attain a tappable girth.



A fter  con d u ctin g  the g en e  exp ression  stu d ies, the transgenic plants have  

to b e eva lu ated  for the y ie ld  trait. P lants sh o w in g  better y ie ld  can be se lected  

after tapping the trees w h en  th ey  reach a tappable girth. T h e p rom isin g  o n es can  

be p ick ed  and m u ltip lied  for in itia tin g  a sm all sca le  trial. D uring  the transgenic  

w ork , the b io sa fe ty  asp ects w ere  strictly  fo llo w e d  and the p rogress o f  the  

transgen ic  w ork  w as evaluated  at a regular b asis  b y  the Institutional B io sa fe ty  

C om m ittee . For con d u ctin g  a sm all sca le  trial, peiT nission has to  b e  accorded  b y  

the R e v ie w  C om m ittee  on  G en etic  M an ip u lation  (R C G M ). T h e trial location , 

b io lo g ic a l d eta ils  o f  the crop, m eth od  o f  p o llin a tion  or the p o llin a tin g  agents i f  

any, d eta ils  o f  its w ild  re la tives, fiill deta ils o f  the construct, in clu d in g  seq u en ce  

in form ation  o f  the vector  w ith  all its gen es (m arker g en es , reporter gen es, 

prom oter seq u en ces) etc. have to b e p rovided  to R C G M  w ith  am ple ev id en ce  

p rov in g  the b en efic ia l e ffec t o f  the transgen ics for obta in in g  the san ction  for  

con d u ctin g  the sm all sca le  trial. T he G en etic  E n g in eerin g  A pproval C om m ittee  

(G E A C ) con sid ers the app lication  and issu es the orders for the con d u ct o f  the  

trial.

T h e general concern  on  the release  o f  the transgen ic plants in clu d es  

en v iron m en ta l and agron om ic im pacts o f  transgene escap e. T he transgene  

escap e  from  the e c o lo g ic a l p ersp ective  dep en d s on  w hether the crop has a w ild  

rela tive  and its ab ility  to cross p o llin ate  them . T h ese  issu es  can b e sorted out b y  

co m m en d in g  that Hevea is not a n ative p lant o f  A sia  and therefore n o  sex u a lly  

com p atib le  w ild  re la tives o f  the crop is  ava ilab le  to spread. Hevea b e in g  

propagated  v e g e ta tiv e ly  by bud grafting m in im izes  the risk further. T he short 

and the lo n g  term  e ffec ts  caused  on the en v iron m en t by the release  o f  the 

transgen ic  crops shou ld  be an a lyzed  properly. For this a m in im um  iso lation  

d istan ce has to be observed  during the in itiation  o f  the field  trial. T he risk o f



p o llen  f lo w  can be p reven ted  further b y  p lanting  tall barrier plants w h ich  

p h y s ic a lly  prevent it.

A nother vital issu e  is  the d ep letion  in the b iod iversity . P o licy  m akers 

sh ou ld  take a d ec is io n  not to release  the transgen ics into its ow n  centers o f  

orig in  or to  the d e lica te  e c o lo g ica l zo n es  or p ock ets rich in b iod iversity . In our 

case , w e  are o n ly  attem pting to overexp ress an en d ogen ou s gen e  and therefore  

the re lease  o f  such transgenic plants m igh t not threaten the environm ent. T he ill 

e ffec ts  o f  the se lec ta b le  marker gen es or its products to m ankind, in sects etc. 

has to  b e  stud ied  th orough ly , s in ce  the transfer o f  th ese  gen es from  the plants to  

the p a th ogen ic  organ ism s m ay lead to the ev o lu tio n  o f  antib iotic resistant 

p ath ogen s. A b o v e  all, there is an urgent need  to create pub lic  aw aren ess on the 

b en efits  as w e ll as the risk factors related to transgen ics and also  the im portance  

o f  protectin g  the g en etic  d iversity .



SUMMARY AND CONCLUSION



SUMMARY AND CONCLUSION

T he increasing  g lob al con su m p tion  o f  natural rubber resulted  in a 

dem and su p p ly  im balance, w h ich  n ecessita ted  an increase in the production  

cap acity  o f  natural rubber. T h e production  cap acity  can be im proved  by  

acceleratin g  the p roductiv ity  o f  rubber p lantations and by exp an d in g  the crop to 

n e w  and non-traditional areas. T he p roductiv ity  o f  the crop depends on the 

grow th  o f  the trunk both in the im m ature/ m ature stages. A nother im portant 

asp ect is the land p roductiv ity  im p rovem en t and optim um  planting density . T he  

land p rod u ctiv ity  can be a ch iev ed  b y  cu ltiva tin g  h ig h -y ie ld in g  c lo n es  w ith  

desirab le characteristics (resistan ce to  a b io tic /b io tic  stresses, w in terin g  etc.) 

w h ich  aim s at in creasin g  the y ie ld  per tree. T he y ie ld  potential o f  each  tree in a 

plantation  is  n o w  b eco m in g  an im portant param eter in order to im p rove the land  

u se  e ffic ie n c y .

D ev e lo p m en t o f  superior c lo n es  w ith  enhanced  la tex  y ie ld  and stress  

to leran ce (a b io tic /b io tic ) is e ssen tia l for the ex ten sio n  o f  the crop to the non- 

traditional belts so  as to obtain  a m ean in gfu l am ount o f  y ie ld  under stressfu l 

con d ition s. T h e efforts m ade b y  the b reed in g  and the latex  h arvestin g  group has 

im p roved  m bber productiv ity , but a stage w ill be reached  w h en  the rubber 

b io sy n th etic  rate o f  the tree it s e lf  b eco m e a lim itin g  factor. A t th is juncture, 

y ie ld  en h an cem en t can  be m ade o n ly  b y  m anipu lating  the factors in flu en cin g  

the rate o f  m b b er b io sy n th esis . B io tech n o lo g ica l to o ls  a ssisted  in  the transfer o f  

g en es  for agro n o m ica lly  im portant traits, w here sp ec if ic  ch an ges can be m ade  

w ith in  a short tim e fram e. The quantification  o f  the path w ay  en zy m es related to  

y ie ld  in d icated  a lo w er  H M G R  a ctiv ity  in  Hevea la tex  com pared to other  

d ow nstream  en zy m es up to IPP. T h e diurnal variation  in the H M G R  en zy m e  

activ ity , in d ica tin g  its c lo se  correlation  w ith  the y ie ld , forced  us to se lec t  hmgrl



gen e  as a potent candidate for g en etic  transform ation exp erim en ts to enhance  

the rubber y ie ld . H en ce  transgen ic approaches w ere  u tilized  to over express  

la tic ifer  sp e c if ic  hmgrl g en e  in Hevea brasiliensis and to d ev e lo p  transgenic  

plants via Agrobacterium  m ed iated  transform ation.

T h e target m aterial for g en etic  transform ation exp erim en ts w ere  raised  

from  im m ature anthers as w e ll  as from  the z y g o tic  em bryos. Prim ary ca llu s  

from  the im m ature anthers w as obta ined  in  m o d ified  M S  m ed iu m  su p p lem en ted  

w ith  2 ,4 -D  (1 .0  m g f ' ) ,  B A  (0 .5  m g 1’’) and N A A  (0 .5  m g  P'). T his ca llu s w as  

m ad e em b ry o g en ic  in h a lf  strength M S  m ed iu m  con ta in in g  T D Z  (0 .6  m g  I'') 

and N A A  (1 .0  m g  f ' )  in  presen ce  o f  B A  (0 .3  m g f ' ) .  A c tiv e ly  d iv id in g  ce ll 

su sp en sio n s w ere  raised from  the em b ryogen ic  ca llu s in  Vi x  M S liqu id  m edium  

con ta in in g  h igher lev e ls  o f  su crose  (6 0  g  1"') a lon g  w ith  grow th regulators N A A  

(0 .5  m g  r ')  and T D Z  (0 .3  m g  f ' ) .  T h ese  three ca llu s types obtained from  the 

im m ature anthers o f  Hevea w ere  u sed  as the clonal exp lants for gen etic  

transform ation. T he em b ryogen ic  ca llu s obtained a lon g  w ith  the d ev e lo p in g  

z y g o tic  em b ryos in N itsch  basal m edium  w ere proliferated in a honrional 

com b in ation  o f  2 ,4 -D  (0 .3  m g p '), K in (0 .5  m g P'), N A A  (0 .3  m g P') and GA.  ̂

(0 .5  m g  P'). T he em b ryogen ic  ca lli o f  z y g o tic  origin  w ere  used  as the initial 

exp lan t for g en etic  transfoiTnation.

T h e im portance o f  the Agrobacteriiim strain in determ in ing  the 

transform ation e ff ic ie n c y  w as proved  w h ere EH A 105 w as superior to the other  

tw o  strains tried. L B A  4 4 0 4  w a s the least viru lent strain s in ce  transgen ic ccll 

em erg en ce  w as absent from  the L B A  4 4 0 4  in fected  tissu es. E m bryogen ic  

su sp en sio n  cultures g ave  the h igh est transform ation e f f ic ie n c y  (27% ) am on g the 

clon a l exp lan ts used . T ransform ation  freq u en cy  o f  15% w as obtained  w ith  the 

em b ry o g en ic  ca llu s fo llo w e d  b y  the prim ary ca llu s (9%>) d erived  from  im m ature  

anthers o f  Hevea. A m o n g  the d ifferent tissu es exp erim en ted , m axim u m  

transfoi-m ation freq u en cy  (67%>) w a s ob served  u sin g  the em b ryogen ic  ca llu s o f



z y g o tic  orig in , iiresp ectiv e  o f  the Agrobacterium strains used . T he secon d  best 

strain w as p G V 1301  producing transgenic ce ll lin es w ith  a low er frequency  

w ith  all the tissu e  typ es experim ented . E ven  w ith  the m ost ju v e n ile  and 

resp o n siv e  tissu e  (em b ry o g en ic  ca llu s o f  z y g o tic  orig in ) the frequency o f  

transform ation recorded w as 2 2 %, fo llo w e d  by em b ryogen ic  ce ll su sp en sion s  

p rod u cin g  transgen ic ce ll lin es at an e ff ic ie n c y  o f  16%. U sin g  the prim ary  

ca llu s, the freq u en cy  o f  transform ation w as 7%  w h ich  w a s s lig h tly  im p roved  

w ith  the em b ry o g en ic  ca llu s o f  the anther ( 8 %). Pretreating the target tissu es  

u sin g  the an ti-necrotic  m ixture, d esicca tin g  the tissu es and in c lu sio n  o f  

L -cy ste in e  and silv er  nitrate in  the co-cu lture m ed iu m  fa iled  to im p rove the 

tran sfon n ation  freq u en cy  w ith  the hmgrl gen e  construct in  Hevea. H o w ev er  co  

cu ltiva tion  o f  the in fected  tissu es at lo w  incubation  tem perature (2 0  C ) e lic ited  

the transform ation e ff ic ie n c y  (o n ly  in p resen ce  o f  a ce tosyr in gon e) w ith  this 

g en e  construct from  27%  (control treatm ent) to 32% . T he ce ll lin es obtained  in  

the se lec tio n  m ed iu m  w ere proliferated  and the p resen ce  o f  the transgene w as  

con firm ed  in  the transform ants b y  P C R  an alysis  u sin g  g en e  sp ec if ic  and m arker 

sp e c if ic  prim ers.

P lantlets w ere  produced  from  the p u ta tively  transgenic ce ll lin es  

obta ined  from  the em b ryogen ic  ce ll su sp en sio n s o f  im m ature anthers and from  

the em b ry o g en ic  ca llu s o f  z y g o tic  orig in . T he im portance o f  the basal salts on  

so m a tic  em b ry o g en esis  w as con firm ed  w h ere lo w er  lev e ls  o f  am m on iu m  nitrate 

a lon g  w ith  an in crease in the KNO 3 concentration  im p roved  the em b iy o  

in d u ction  e ff ic ie n c y . A d d ition  o f  organic n itrogen  sou rces a lso  stim ulated  

so m a tic  em b ry o g en esis  from  the transform ed ce ll lin es. M axim um  

em b ry o g en esis  w a s ob served  w ith  the in c lu sio n  o f  L -a lan in e 4 0 .96% , fo llo w e d  

b y  L -asparagine (3 9 .2 2 % ), L -proline (38% ), L -g lu tam in e (37 .44% ) and L -serine  

(2 7 .9 4  %). T h e e ff ic ie n c y  o f  em b ryogen esis  varied  w ith  d ifferent grow th  

regulators, m axim u m  b ein g  ob served  u sin g  K inetin  (0 .7  m g I"') and



N A A  (1.0 m g  r ')  com b in ation s. P o lyam in es regarded as the secondary  

h orm onal m essen g ers a lso  in flu en ced  som atic  em b ry o g en esis . In clu sion  o f  the  

p o ly a m in e , sperm id ine w as better than sp en n in e  and putrescine, w h ere som atic  

em b ryos w ere  produced  at a freq u en cy  o f  41% w ith  the addition  o f  sperm id ine  

(2.0 m g  r ')  in  the basal m ed ium . T he em bryo in duction  m ed iu m  con ta in in g  , 

sp erm id in e (1.5 m g  1'') a lon g  w ith  h igh er le v e ls  o f  su crose  (80 g 1'*) triggered  

som atic  em b ry o g en esis  at a v ery  h igh  freq u en cy  (72% ). M aturation m edium  

d ev o id  o f  NH 4NO 3, su p p lem en ted  w ith  h igher concentrations o f  KNO3 h elp ed  in 

the m aturation o f  som atic  em bryos (25  %). O rganic n itrogen  sou rces (g lu tam in e  

1 . 0  g  r ' and proline 2 0 0  m g  1"') prom oted  the grow th  and m aturation o f  the 

em b ryos. T h e co n version  o f  the som atic  em bryos from  the late torpedo to the 

co ty led o n  stage w as accom p lish ed  in presen ce  o f  A B A  (0.4 m g 1'') and PEG  

(12%). Partial d esicca tio n  o f  the em bryos (24 hrs) on a lam inar f lo w  hood  

accelerated  the induction  o f  sh oot m eristem  in the co ty led on  staged em bryos. 

S om atic  em bryo g en n in ation  w as ach ieved  in o n e-fo u rth  M S (% M S) m edium  

w ith  d ou b le  strength m inor e lem en ts add ition a lly  su p p lem en ted  w ith  KNO3 

(2.0 g  r ')  and K 2 SO 4 (400 m g 1“'). Plant regeneration  w as favored  in a horm onal 

com b in ation  o f  B A , G A 3 and lA A . A  plant regeneration  frequency o f  5% w as  

n oticed  from  the su sp en sion  raised transgenic ce ll lin es. T ransgen ic  plant 

d ev e lo p m en t w as faster from  the z y g o tic  m aterial w h ere the plant regeneration  

e ff ic ie n c y  w a s 44%. T h e germ inated  p lantlets w ere  in itia lly  m aintained  under  

con tro lled  con d ition s in a grow th cham ber after w h ich  the acc lim atized  plantlets  

w ere  transferred to b ig  p o ly  bags (9  Vi'x 22”) filled  w ith  soil: sand: c o w  dung in 

the ratio 2:1:1 .

T h e p resen ce  o f  the transgene w a s con firm ed  in the transgen ic  plantlets  

u sin g  P C R  a n a lysis  w h ere  g en e  sp e c if ic  prim ers a m p lified  a 6 4 0  bp fragm ent in  

the transgen ic and p o sit iv e  control w hereas a fragm ent o f  1 . 2  kb length  w as  

a m p lified  in  the untransform ed control. A m p lifica tio n  u sin g  m arker sp ec if ic



prim ers a m p lified  a fragm ent o f  6 0 2  bp in the transgenic plants and in the 

p o s it iv e  control. T he corresponding band w as absent in  the n on -tran sgen ic  

plants.

T h e in tegrity  o f  the P C R  product w a s further con firm ed  b y  c lo n in g  and  

seq u en c in g  the elu ted  P C R  product from  the transgenic p lants a m p lified  u sin g  

the p rom oter sp e c if ic  forw ard and hmgrl sp e c if ic  reverse prim ers. T he  

seq u en ce  a n a lysis  sh o w e d  a m ax im u m  sim ilarity  o f  99%  w ith  the already  

reported c D N A  seq u en ce  o f  hmgrl g en e . M u ltip le  seq u en ce  a lign m en t o f  the  

p red icted  am in o  acid  seq u en ce  o f  Hevea hmgrl gen e  w ith  the corresponding  

gen es  from  variou s taxa u sin g  C lustal o m eg a  sh o w ed  77%  id en tity  w ith  the  

am in o  acid  seq u en ce  o f  Arabidopsis, 7 0  - 72%  sim ilarity  w ith  th ose  o f  

Taraxacum, Medicago and Ricinus, 81%  w ith  Euphorbia and Litchi and a 60%  

s im ilar ity  w ith  Solarium resp ectiv e ly . From  the dendrogram  created, Hevea, 

Euphorbia pekinensis and Litchi cam e in  on e cluster in d icatin g  their seq u en ce  

sim ilarity . T he am ino acid  seq u en ce  o f  Solanum w as d istin ct and d iffered  from  

that o f  Hevea. T h e protein  seq u en ce  o f  Taraxacum and Ricinus w ere  c lo se ly  

related , form in g  a s in g le  cluster, a lon g  w ith  Medicago.

T h e integration  o f  T D N A  reg ion  into the nuclear g en o m e o f  the 

tran sgen ic p lants w as con firm ed  b y  g en o m ic  Southern b lo t analysis. T he Bam 

H I, Xba  I d ou b le  d ig estio n  o f  the g en o m ic  D N A  liberated  the inserted  hpt gen e  

seq u en ce  from  the tw o  transgenic plants and the p lasm id  D N A . Subsequent  

h ybrid ization  w ith  the lab e led  hpt g en e  probe resu lted  in a strong hybridization  

sign a l in  the transgen ic  plants and in  the p o sitiv e  control. S in g le  en zy m e  

d ig estio n  o f  the g en o m ic  D N A  from  the tw o  transgenic plants w ith  the Bam HI, 

fo llo w e d  b y  h ybrid ization  w ith  the labeled  hpt g en e  probe produced  a strong  

p o sitiv e  sign al in the transgenic plants in d icatin g  the insertion  o f  the transgene  

in the nuclear g en o m e  o f  the transgen ic  plants. T he g en o m ic  D N A  d igestion  

u sin g  EcoRl, h av in g  a restriction site  near the LB o f  the T - D N A , fo llo w e d  by



hyb rid ization  resu lted  in a s in g le  h ybrid ization  band in  on e plant, w hereas the  

s ig n a l w a s  absent in  the other on e, m a y  b e due to the lo w  co p y  num ber o f  the 

in tegrated  g en e  in the plant. Further, the activ ity  o f  the hmgr\ w as se m i­

q uantified  in the transgen ic plants u sin g  E L ISA . T he en zy m e activ ity  varied  

b etw een  the tested  plants. A m o n g  the plants experim ented , a 2 -8  fo ld  increase  

in  the sp e c if ic  activ ity  w as n oticed  in three transgenic plants w h ereas the 

a ctiv ity  in on e  transgen ic  plant w as com parable to the control plant. T he  

exp ressio n  o f  the transgene w as further con firm ed  u sin g  northern an alysis  

w h ere the transcript lev e l w as observed  in the transgenic plants; but absent in 

the u n tran sfon n ed  control.

A n Agrobactenum - m ediated  g en etic  transform ation and plant 

regeneration  sy stem  w as d ev e lo p ed  in Hevea o verexp ressin g  Ivngrl gen e. 

Param eters in flu en c in g  g en etic  transform ation, som atic  e m b iy o g e n e s is  and 

tran sgen ic p lant regeneration  w ere an alyzed . T ransgen ic  plants integrated w ith  

the la tic ifer  sp e c if ic  hmgrl g en e  w ere d ev e lo p ed  in Hevea w h ich  is the first 

report o f  its kind. Forty f iv e  transgenic plants w ere  su c c e ss fu lly  hardened and  

estab lish ed  in the net h ou se  under am bient con d ition s. P C R  an a lysis  and  

Southern con firm ed  the in tegration  o f  the transgene in the plants. T he ti-ansgenic  

plants w ere  m o rp h o lo g ica lly  u n d istin gu ish ab le  from  the control p lants. S e lected  

P C R  p o s it iv e  p lants w ere  m u ltip lied  through bud grafting to study the y ie ld  

pattern in  the p lants. H M G R  activ ity  can  b e u sed  an early se lec tio n  to o l i f  a 

p o s itiv e  correlation  is estab lish ed  b etw een  en zy m e activ ity  and the latex  y ield . 

T hus the tran sgen ic te c h n o lo g y  can b e  u sed  for im p rov in g  y ie ld  in lo w  y ie ld in g  

Hevea p lants to lerant to  a b io tic /b io tic  stresses. T he present study u tilized  

co n stitu tiv e  exp ressio n  o f  the integrated transgene w h ich  m a y  be rep laced  w ith  

la tic ifer  sp e c if ic  prom oters to g et a tissu e  sp ec if ic  ex p ression  o f  the transgene  

w h ich  w ill b e o f  great im portance in  future.
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APPENDIX - A

Luria Bertani medium (LB)

Tryptone 10 g r '
Yeast extract 5 g i- '
NaCl 10 g r '
Bactoagar 15 g r '
pH 7.0

Culture medium for Agrobacterium growth and infection of the target tissues

Components Induction 
medium (IM)

Co culture 
medium 
(CCMl)

Selection 
medium (SM)

M ajor *NH4N0 3
MS (modified)* 

500 mg r ‘

MS 
(modified)* 
500 mg r ‘

MS (modified)* 
500 mg r '

Minor MS MS MS
FeNaEDTA 37.5 mg r ' 37.5 mg r ‘ 37.5 mg r ‘
Myoinositol 100 mg r ‘ 100 mg r ' 100 mg r '
Vitamins Bs Bs B5
Sucrose 2 0 g r‘ 30gr' 30g]-‘
2,4-D — 1.0 mg r ‘ 0.2mg r '
Kinetin _ _ 0.5 mg r '
BA 0.5 mg r ‘ 0.5 mg r '
NAA — — 0.4 mg r '
Acetosyringone 20 mg r ‘ 20 mg r ' —

Glycine betaine 
hydrochloride 153.6 mg r ‘ 153.6 mg r ' —

Proline 115.5 mg r ‘ 115.5 mg r ' —

Cefotaxime _ _ — 500 mg r ‘
Hygromycin — — 30 mg r '
Phytagel — 0.2% 0.3%
pH 5.2-5 .3 5 .7 -5 .8 5 .7 -5 .8



A PPEN D IX -B  

Basal components of plant tissue culture medium

Components
Murashige & 

Skoog 
Medium (MS)

Nitsch & 
Nitsch 

medium (Ne)

WPM(Lloyd and 
McCown)

M ajor (mg l ’)
NH4NO3 1650 — 400

CaClz.ZHzO 332.2 166 96
Ca(N03)2.4H20 — — 556
MgS04.7H20 370 185 370

KNO3 1900 950 —

KH2PO4 170 68 170

K2SO4 — ~ 990
Minor (mg l ')

H3BO3 6.2 10.0 6.2

C0CL2.6H2O 0.025 — -
CUSO4.5 H2O 0.025 0.025 0.25

MnS0 4 .H2 0 16.9 18.9 22.3
KI 0.83 — —

Na2Mo0 4 .2 H2 0 0.25 0.25 0.25
ZnS04.7H20 8.6 10.0 8.6

NazEDTA 37.3 37.3 37.3

FeS04.7H20 27.8 27.8 27.8
Organics (mg l ')

Myoinositol 100 100 100

Glycine 2.0 2.0 2.0

Nicotinic acid 0.5 0.5 0.5
Pyridoxine HCl 0.5 0.5 0.5

Thiamine HCl 0.1 0.5 1.0

Biotin — 0.2 —
Culture medium for somatic embryogenesis and plant regeneration from 
transgenic cell lines



C om ponents
Proliferation

m edium
(CCM2)

Em bryo
induction
m edium

(A G ,)

M aturation
m edium
(M SO)

Plant
regeneration

m edium
(MS4)

NH4NO3 — 200 mg r ' — 400 mg r '
KNO3 — 2000 mg r ' 3000 mg r ‘ 2000 mg r '
M gS 04 .H 20 90 mg r ' 370 mg r ' 90 mg r '
KH2PO4 170 mg r ' 370 mg r ‘ 40 mg r ‘
K2SO4 - - — 300 mg r ' 400 mg r ‘
CaCh.ZHzO 333 mg r ‘ 333 mg r ' 80 mg r '
C a(N 03 )2.4 H0 — — —

M inor MS MS MS MS
2 ,4-D 0.5 mg r ‘
NAA 0.2 mg r ‘ 1.0 mg r ' — —

Kinetin 0.5 mg r ' 0.7 mg r ' — —

ABA — — 0.4 mg —

BA — — — 1.0 mg r '
GA3 — — — 0.8 mg r ‘
lAA — — — 0.3 mg r '
Hygromycin 30 mg r ‘ — —

L-alanine — 100 mg r ' 1000 mg r ‘ —

L-glutam ine — 400 mg r ‘ ~ 800 mg r ‘
L -asparagine — 300 mg r ‘ — 300 mg r '
Serine — — —

L-arginine - - — ~ —

Spermidine — 1.5 mg r ' — —

L-proIine - - 100 mg r ' 200 mg r ' 150 mg r '
Casein
hydrolysate

— ~ 500 mg r ‘ 300 mg r ‘

Y east extract — — — 100 mg r '
Sucrose 30 g r ‘ 80 g r ' 30 g r ' 30 g r ‘
Coconut w ater — 10% 10% 10%
PEG — — 12% —

Charcoal — 0.2% 0.2% 0.2%
Phytagel 0.3% 0.3% 0.3% 0.25%
pH 5.7 - 5.8 5 .7 -5 .8 5.7 - 5.8 5 .7 -5 .8



APPENDIX - C 

Loading dye (6X buffer)

Bromophenol blue - 0.025 g 

Xylene cyanol - 0.025 g 

Glycerol - 30 %

Milli Q water - 10 ml

5X TBE

Tris- base - 540 g 

EDTA(2mM) - 46 g 

(pH 8.0)

Boric acid - 276 g 

Distilled water - 10 litre 

Stored at room temperature

TE buffer

IM Tris HCI (p H 8.0) - 1 ml

EDTA 0.5 M - 0.2 ml

Mixed 1 ml of IM Tris and 0.2 ml of
0.5 EDTA in an autoclaved bottle and 
made up to 100 ml by adding 98.8 ml 
of milli Q water. Autoclaved and stored



RNase A

Pancreatic RNase A at a concentration of 10 mg /ml was 
dissolved in 0.0IM sodium acetate (pH 5.2). Heat to 100 C for 
15 minutes. Cool to room temperature. Adjust the pH by 
adding 0.1 volume of 1 M Tris-Cl (pH 7.4). Dispense into 
aliquots and store at -20 C.

IPTG

IPTG - 1.2g

Added water to get a final volume of 50
o

ml. Filter sterilized and stored at 4 C.

X-gal (2 ml)

5-Bromo,4-Chloro,3-indolyl P-D-galactoside 
- 100 mg

Dissolved in 2 ml N,N’-dimethyl-formamide.

Covered with aluminium foil and stored at 
-20° C.

SOC medium

Bacto -tryptone - 2.0 g 

Bacto -yeast extract - 0.5 g 

IMNaCl -1.0 ml

IMKCl -0.25 ml

2iM MgCl2 (filter sterilized) - 1.0 ml 

2M glucose (filter sterilized) -  1.0 ml

f


