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Tobacco (Nicotiana tabacum L.)-A model system for tissue culture

interventions and genetic engineering

T R Ganapathi', P Suprasanna', P S Rao' and V A Bapat'?

IPlant Cell Culture Technology Section, Nuclear Agriculture and Biotechnology Division

Bhabha Atomic Research Centre, Trombay, Mumbai 400085, India

2lndo-American Hybrid Seeds (India) Pvt Ltd, Bangalore 560 070, India

Tobacco (Nicotiana tabacum L.) has become a model system for tissue culture and genetic engineering over the past

several decades and continues to remain the 'Cinderella of Plant Biotechnology', An ill vitro culture medium (Murashige

and Skoog, 1962), based on the studies with tobacco tissue cultures, has now been widely used as culture medium

formulation for hundreds of plant species. Studies with tobacco tissue culture have shed light on the control of ill vitro

growth and differentiation. Further, induction of haploids, microspore derived embryos and selection of mutant cell lines,

have been achieved successfully. Tobacco has also been employed for the culture and fusion of plant protoplasts, providing

invaluable information on way to explore the potential of somatic hybridization in other crops. Optimization of genetic

transformation, using Agrobacterium tumefaciens and A. rhizogenes, has been central to the cascade of advances in the area

of transgenic plants. Developments in the field of molecular farming for the expression and/or production of recombinant

proteins, vaccines and antibodies are gaining significance for industrial use and human healthcare.
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Introduction

Advances in plant biotechnology have made a

significant impact in the area of in vitro culture,

genetic manipulation and newer approaches in

experimental plant biology!". Tn the past 2-3 decades,

plant tissue culture has undergone an exciting

development, providing knowledge about totipotency,

differentiation, cell division, cell nutrition, meta-

bolism, radiobiology, mutations and cell preservation.

While microbial systems have been successfully used

for the production of antibiotics and other useful

compounds, it is now becoming possible to use plant

tissue culture system to produce a wide range of

biologically active compounds, like alkaloids,

steroids, phenolics, vitamins and other useful

chemicals. Further, cell culture could be used for the

purposes of specific biotransformation of organic

molecules. Other more sophisticated approaches of

tissue culture include in vitro selection, protoplast
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fusion and plant genetic engineering, which have

shown tremendous potential for application in crop

improvement.

Majority of the discoveries in the field of plant cell,

tissue culture and molecular biology have originated

from the experimentation with tobacco plants 1,7. As a

result, tobacco has become a model system as the

'Cinderella of Plant Biotechnology'. This plant has

been found to be an extremely versatile system for all

aspects of cell and tissue culture research. Working

with tobacco tissue cultures, Murashige and Skoog"

devised an in vitro culture medium that has become

the widely used nutrient formulation for an ever-

growing range of plant species. In vitro studies with

tobacco tissue culture, using different physical and

chemical factors, have provided insight into the

control of growth and differentiation. Induction of

haploids and selection of mutant cell lines, owing to

the experiments with tobacco tissue cultures, have

become useful tools. Isolation, culture and

regeneration of plants from protoplasts as well as

somatic hybridization, all have been accomplished

using tobacco system, which has provided invaluable
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in fo rm a tio n o n w a y s to e x p lo re th e p o te n t ia l o rNMLKJIHGFEDCBA
som a tic h yb r id iz .u io n in o th e r c ro p s .

T o b a c c o (Nicotiana /(/!J(fCIIIII L .; 2 1 1 = 4 ,,= :1 8 ) is a

n a tu ra l a llo te tra p lo id Io rm c d th ro u g h hyb r id iz .u io n

be tw een tw o d ip lo id (2 1 1 = 2 --1 ) p ro g e n ito rs , N.

sylvestris a n d N. torncntosijonnis n p p ro x im .u c ly ( j

m illio n y e a rs a g o ') , W ith in J m o n th s o r t im e , ;1

to b a c c o p la n t g o e s from s e e d to n e x t g e n e ra t io n s e e d

a n d g e n e ra te s u p to a m ill io n s e e d p e r p la n t. S c a lin g

u p to h u n d re d o r th o u s a n d s o r a c re s is w ry ra p id .

F rom th e e a r ly expe r im en ts w ith t i le up take o r n .ik cd

D N /\ to th e re c e n t vec to r m ed ia ted gene t rn u x fc r ,

to b a c c o h a s rem a in e d ;IS th e m o s t s o u g h t ; I I 'IC I '

re s e a rc h sy s tem . T h e firs t Ira n s g l'n ic p l.u u s a rc

p ro d u c e d in to b a c c o . / \ Is o , th e expe r im en ts rc l.u c d to

p lu n t tra u s fo rm .u io n , g l'n e e x p re s s io n a n d g e n e

s ta b ility h a v e a ll b e e n w o rk e d o u t u s in g to \) : IC ( (1 , / \1 1

th e r irs l a c h ie v em e n ts o r p L U lt g e n e t ic l 'n g in l:e r il lg .u c

m ostly bused o n tile \ \ '0 1 '1 - : w itl: to bacco . C IIIT L 'l l l ly ,

th is p lan t is b e in g em p lo y e d in s tud ies o n th e

p ro d u c t io n o r u s e fu l re c om b in a n t p ro te in s , a n iib o d ic x

a n d s p e c ia l c h em ic a ls Io r U S l~ ill m e d ic in e a n d

in d u s try , In th e ;1 I\ :a o r p lu n : t is s u e c u ltu re a n d g l'n L 'l ic

m .tn ip u l.u io n , t i le w o rk o n to b a c c o is s o e n 0 l'l1 1 0 U S

a n d v a s t th a t i t canno t b e sum m ed u p in a s in g le

c om p il.u io n . In th is a r t ic le , th e re fo re , o n ly th o s e

a s p e c ts o r p lan t t is s u e c u ltu re rc x c u rc h have been

desc r ib ed in w h ic h to bacco has beena ro le m ode l a n d

paved t i le W ;IY lo r im p ro v em e n t il l o the r c ro p sy s tem s.

S tu d ie s O il ill vitro C u ltu re s

In a se r ies o r p u b lic a t io n s , Skoog a I I II c o -w e r-

1 . 1 0 ·1 0 I I ' . I l I ' I ., . ;u s - re p o r te r o n t ic III vitro s lo o t H ie m e u c u o n

in Nicotiana w ith a sy s tem a tic n p p ro n c h . T h e y

dem onstra ted t i la t d if 'Ic rc u t i.u io n in to shoo t a n d ro o t

c o u ld b e in duced b y t ile m a n ip u la t io n o r th e ba lance

o r a n a u x in (1 /\ / \ ) a n d a c y to k in in (K n ) . T ile p re s e n c e

o r a d e n in e o r K n in th e m e d ium re s u lte d in th e

p rom o tio n o r s h o o t b u d d ilfc rc n t i.u io n , w h ile t ile

e ffe c t o r c y to k in in w a s m o d if ie d b y o th e r c om p o n e n ts

in th e m e d ium p a r t ic u la r ly b y 1 /\ / \ o r N /\ / \ . / \ h ig h e r

le v e l o r a u x in in d u c e d ro o t in g lro n : to b a c c o c a llu s

c u ltu re s . T h e o th e r p h y s ic a l fu c io rs , s u c h a s

tem p e ra tu re s , / )1 1 , p h o to p e r io d a n d s u c ro s e

c o n c e n tra t io n , in f lu e n c e d t ile d if fc rc n t i.u io n 1 '1 '0 1 1 1

c a llu s c u ltu re s . F o r in s ta n c e , Skoog ': ' s tu d ie d t ile

e ffe c t o r a ra n g e 0 1 " tem p e ra tu re s ( . 'i-J J o C ) 0 1 1 to b a c c o

c a llu s g ro w th a n d d if fe re n t ia t io n . I Ic o b s e rv e d t il: lt

g ro w th o r t ile c a llu s in c re a s e d w ith th e r is e in

tem p e ra tu re s u p to J J o C b u t 1 '0 1 's h o o t-b u d lo nna tio n ,

1 8 °C w a s o p tim um . l l ig l: l ig h t in te n s ity w as fo u n d to

b e in h ib ito ry 1 '0 1 ' s h o o t-b u d fo rm a tio n in to bacco " .

S h o o t-b u d re g e n e ra t io n w a s o b s e rv e d in th e p re s e n c e

o r b lu e lig il l, w h e re a s ro o t in g o c c u rre d in red l ig h t.

E x te n s iv e s tu d ie s w e re ca rr ied o u t o n v a r io u s

p a ram e te rs c o n i ro ll i n g f lo w e r b u d fo rm a t io n a n d

in d u c t io n I ro m e p id e rm a l c e lls o r to b a c c o d ih n p lo id s ,

w h ic h w e re oh ta iu cd f ro m Ic r r ilc f lo w e rs ra is e d [rom

p e e ls o r m u le s te r i le p l.u u s ': '. T h u s , h y p o h a p lo id ', w ith

le s s ih .u : (d ih u p lo id x ) c h rom o s om e s o r e p id e rm a l ce ll

c u ltu re w e re o b ta in e d , w h ic h w e re Irc c Irom

e n d o g e n o u s h o rm o n n l in n u c n c c 1 - ', m a k i n g it e a s y to

s tu d y t ile c h n n g c s o r s in g le c e ll le a d in g to

d ilfc rc n t i.u io u . l l ic k s and S u s s e x
l
( , c u ltu re d f lo w e r

p r im o rd ia o r to b a c c o (W is c o n s in J 8 ) . T h e n , b u d s w ith

o n ly sepa l p r im o rd ia w e re c u ltu re d , le a d in g to th e

I1 L 'L d , x t.u u cn a n d c a rp e l p r im o rd ia in a c ro p e ta l

sequence o n tile ;qK 'X , O rg ;ln p r im o rd ia o r t i le f lo w e r

buds o r to bacco w ere a ls o sub jec ted to s u rg ic a l

m a n i IH II : I t i o n x .

T h e re have b e e n m ;lI1 Y re p o r ts o n o rg a n o g e n e s is in

to b a c c o t is s u e s a n d c a lli. R cg c n c r .u io n 0 1 ' p la n n e rs

W ;IS re p o r te d lrom th e c u ltu re d le a l' c x p l.m ts o f

to bacco " . B u d Io rm .u io n w a s in d u c e d in to bacco

p e tio le c u ltu re s " . P la n ts w e re re g e n e ra te d Irom c a llu s

o b ta in e d j'O l'l l1 c o ty le d o n s o r a hyb r id (N. S{(OJlC/OIlS x

N. /({/)({C{(III) ;1 I1 d b ro w n s p o t re s is ta n c e W ;lS tra n s -

tc r rc d Irom N. S{((I\'e/OIlS to N. /({b(fC{(IIII~. C e llu la r

and u ltra s tru c tu ra l c h a n g e s in re g e n e ra t in g s h o o ts in

ro b a c c o h . iv c a ls o b e e n s tud icd " . S im ila r ly ,

expe r im en ta l e L lla o n th e e ffe c t o r g ro w th re g u la to rs ,

te m p e ra tu re a n d lig h t o n to b a c c o t is s u e c u ltu re s h a v e

con tr ib u ted to th e b a s ic k n o w le d g e a b o u t th e ro le o r

s e v e ra l Iu c io rs o n d if fe re n t ia t io n th a t h a v e b e e n

ex tended to o th e r c ro p s .

S tud ies o n A n the r and Po llen C u ltu re

/ \ s u rv e y o r lite ra tu re p e r ta in in g to a n th e r c u ltu re

re p re s e n ts th a t th is te c h n iq u e h a s b e e n s u c c e s s fu lly

u t il iz e d Io r t i le p ro d u c t io n o r h a p lo id s a n d e v o k e d

c o n s id e ra b le in te re s t am o n g p la n t b re e d e rs a n d

, . I 0 I '1 '1 'I I
g c n c u c rs ts '- . ic m a jo r a < .v a n ta g e w a s t ic re c o v e ry

o r h om o z y g o u s d ip lo id s 1 '0 1 ' b re e d in g a n d 1 '0 1 ' c s ta b -

lis h in g h a p lo id c e ll c u ltu re s 1 '0 1 'm u t.u io u n l s tu d ie s ;1 I1 c 1

g e llc t ic m a n ip u l.u io n c x p c r im c n ts . E x tc u x i v c s tu d ie s

c o n d u c te d on /w it l : a n th e r c u ltu re o r to b a c c o I l:1 S le d to

th e id c n u f ir .u io n o r c r i i icn ] ra c to rs I 'm s u c c c s s fu ]

d e v e lo pm e n t 0 1 ' h a p lo id s . N ils c h "2 re p o r te d h a p lo id

p ln n ttc ts , 1 '0 1 'th e I irs : t im e , 1 '1 '0 1 1 1N. /({baCIIIII. T h is w a s

fo llo w e d b y in v e s t ig a t io n s 0 1 1 th e re g e n e ra t io n 0 1 '
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h a p lo id p la n t le ts f r o m a n th e r c u l tu r e o f s e v e r a l

s p e c ie s o f Nicotiana. T h re e p ro m is in g l in e s o f

to b a c c o w e re r a is e d th r o u g h a n th e r c u l tu r e o f h y b r id s

( l i n e M C -1 6 1 O x C o k e r 1 3 9 )2 3 . T h e n e w l in e s e x h i -

b i te d h ig h e r r e s is ta n c e to b a c te r ia l w i l t a n d b la c k

s h a n k w i th o u t lo o s in g th e a g ro n o m ic a n d c h e m ic a l

f e a tu r e s o f M C -1 6 1 O . S im i la r l y , d o u b le h a p lo id s o f

to b a c c o w e re r a is e d u s in g a n th e r c u l tu r e " , w h ic h

s h o w e d h ig h y ie ld , g o o d q u a l i t y o f c u r v e d le a v e s a n d

d is e a s e r e s is ta n c e c h a ra c te r s , a c h ie v e d in a m u c h

s h o r te r p e r io d a s c o m p a re d w i th th e c o n v e n t io n a l

b r e e d in g p r a c t i c e . In C h in a , n e w v a r ie t ie s o f to b a c c o

(T a n g u 1 , 2 a n d 3 ) h a v e b e e n re le a s e d u s in g a n th e r

c u l tu r e b y S h a n g tu n g I n s t i tu te o f T o b a c c o a n d a re

b e in g c u l t i v a te d in a b o u t 2 0 ,0 0 0 a c r e s .

F i r s t p o l le n m i to s is w a s r e p o r te d to b e th e c r i t i c a l

s ta g e f o r Nicotiaua a n th e r c u l tu r e " . T h e p h y s ic a l

f a c to r s , l i k e l ig h t , te m p e ra tu r e a n d p H , a ls o

in f lu e n c e d th e p a t te r n o f r e s p o n s e . F o r e x a m p le ,

a n th e r s o f to b a c c o k e p t in th e d a r k a t th e b e g in n in g o f

th e e x p e r im e n t r e s p o n d e d b e t te r " . T h e n i t r o g e n

s ta r v a t io n o f a n th e r d o n o r p la n ts in c r e a s e d th e a n th e r

r e s p o n s e a n d e m b r y o y ie ld '" . C h i l l i n g o f a n th e r s p r io r

to c u l tu r e o r a c o ld t r e a tm e n t o f f lo w e r b u d s a ls o

e n h a n c e d e m b r y o g e n e s is in to b a c c 0
2 6

.
2 8

. F u r th e r ,

D e a to n et 0/
29

s tu d ie d th e v ig o u r a n d v a r ia t io n

e x p r e s s e d b y p o l le n p la n t le ts o f to b a c c o a n d

c o n d u c te d th e i r e v a lu a t io n t r ia l s . H o w e v e r ,

Z e p p e rn ic k et al
30

s tu d ie d th e r e la t io n s h ip b e tw e e n

p lo id y le v e l , m o rp h o lo g y a n d c o n c e n t r a t io n o f

n ic o t in e o f h a p lo id a n d d o u b le d h a p lo id s r a is e d

th r o u g h a n th e r c u l tu r e .

D e p e n d in g u p o n s p e c ie s a n d o th e r f a c to r s , p o l le n

g r a in s e i th e r d e v e lo p e d in to e m b r y o s o r f o rm e d

c a l lu s , w h ic h th e n d i f f e r e n t ia te d in to e m b r y o s u p o n

t r a n s f e r to a n a p p ro p r ia te m e d iu m . N o rm a l e m b r y o -

g e n ic p r o c e s s w a s u s u a l l y o b s e r v e d , s h o w in g

g lo b u la r , h e a r t a n d to r p e d o s ta g e s o f e m b r y o s : " .

H a p lo id p la n ts p r o d u c e d la r g e n u m b e r o f f lo w e r s a n d

th e s e w e re g e n e ra l l y sm a l le r in s iz e . H o w e v e r , in

to b a c c o a n th e r c u l tu r e s o fNicotiana, th e p o l le n g r a in s

d i r e c t l y p r o d u c e d h a p lo id p la n t le ts w i th o u t

in te r v e n t io n o f a c a l lu s m a s s . M o re o v e r , b e s id e s th e

d e v e lo p m e n t o f n o rm a l e m b r y o s , n u m e ro u s a b n o rm a l

e m b r y o s in v a r io u s s ta g e s o f d i f f e r e n t ia t io n w e re

d e te c te d " . A lb in o p la n ts h a v e a ls o b e e n o b s e r v e d in

to b a c c o a n th e r c u l tu r e s
3 2

.

In g e n e ra l , s u c c e s s in th e p r o d u c t io n o f e m b r y o s

f r o m a n th e r c u l tu r e s depends to a la r g e e x te n t o n

v a r io u s f a c to r s s u c h a s m e th o d o f c u l tu r e , n u t r i t i o n a l

1 7 3

a n d h o rm o n a l c o m p o s i t io n o f th e m e d iu m ,

d e v e lo p m e n ta l s ta g e o f m ic r o s p o r e a n d o n to g e n y o f

p o l le n e m b r y o s a s w e l l a s th e g r o w th c o n d i t io n o f th e

d o n o r p la n ts . T h e u s e f u ln e s s o f h a p lo id s is b a s e d o n

th e a s s u m p t io n th a t h o m o z y g o u s in b r e d l in e s c a n b e

re a d i l y a n d r a p id ly a c h ie v e d . H a p lo id s c o u ld o f f e r a s

s u p p le m e n ta r y b r e e d in g l in e s f o r b r e e d in g

p r o g r a m m e s a n d th e k n o w le d g e g a in e d a b o u t c u l tu r e

m e th o d , t r e a tm e n t a n d g ro w th r e g u la to r s c a n b e

a p p l i c a b le f o r a n th e r c u l tu r e in o th e r c r o p s .

Studies on Genetic Variation and Mutant Selection

M u ta n t s e le c t io n th r o u g h t i s s u e c u l tu r e h a s b e c o m e

p o s s ib le d u e to th e o c c u r r e n c e o f a h ig h d e g re e o f

v a r ia b i l i t y ( s o r n a c lo n a l v a r ia t io n ) in c e l l c u l tu r e s . T h e

f a c t th a t m i l l i o n s o f c e l l s c a n b e c u l tu r e d in s h a k e

f la s k s h a s p e rm i t te d th e s e le c t io n f o r s p e c i f i c

m u ta t io n s a t c e l lu la r le v e l a n d to r e g e n e ra te p la n ts

f r o m s e le c te d c e l l l i n e s f o r s p e c i f i c m u ta t io n s a t

c e l lu la r le v e l , a n d to r e g e n e ra te f ie ldp la n ts " , V a r io u s

ty p e s o f c h e m ic a l a n d p h y s ic a l m u ta g e n s h a v e b e e n

a p p l ie d to c a l lu s , c e l l s u s p e n s io n s o r p r o to p la s ts in

a t te m p ts to is o la te d e s i r a b le m u ta n ts .

P la n t c e l l a n d t i s s u e c u l tu r e s h a v e b e e n s h o w n to

c a u s e o r a l lo w m a n y g e n e t i c c h a n g e s to ta k e p la c e .

V a r ia b i l i t y in D N A c o n te n t a n d n u c le a r v o lu m e w a s

n o t i c e d in r e g e n e ra t in g c u l tu r e s o fto b a c c o " . I n c r e a s e

in p lo id y , c h r o m o s o m a l r e a r r a n g e m e n ts , a n d

a b n o rm a l c h r o m o s o m e s a n d a l te r e d D N A c o n te n t in

r e g e n e ra t in g p la n t le ts h a v e b e e n e f f e c t i v e ly u s e d in

to b a c c o im p ro v e m e n t p r o g r a m m e s . T h e f a te a n d

p o s s ib le r o le o f a b e r r a t io n s ( d ic e n t r i c c h r o m o s o m e s )

w e re s tu d ie d o n th e d e v e lo p m e n t o f th e d i f f e r e n t

e m b r y o n ic p h a s e s " , E x te n s iv e c h r o m o s o m a l

c h im e ra s w e re o b s e r v e d in c a l lu s d e r i v e d r e g e n e ra n ts

o f to b a c c o a n d t r a n sm is s io n o f c h r o m o s o m a l

c h im e ra s w a s re p o r te d to f i r s t a n d s e c o n d s e l f e d

p r o g e n y p la n ts
3 6

.

F o r m u ta n t s e le c t io n , to b a c c o c e l l s a r e a f a v o u r i te

m a te r ia l d u e to th e r e g e n e ra t i v e a b i l i t y c o u p le d w i th

th e c a p a b i l i t y o f to b a c c o c a l lu s to f o rm f in e c e l l

s u s p e n s io n s th a t g r o w ra p id ly . C a r ls o r r " i s o la te d

a u x o t r o p h ic m u ta n ts o f to b a c c o u s in g s e le c t io n

te c h n iq u e d e v e lo p e d f o r a n im a l c e l l c u l tu r e . T h e

n u c le o t id e 5 ' brornodeoxyuridine w a s u s e d to s e le c t

s ix to b a c c o c lo n e s s h o w in g p a r t ia l g r o w th r e q u i r e -

m e n ts " . C lo n e s w e re s e le c te d inN. plutnbaginifolia

r e q u i r in g is o le u c in e , le u c in e a n d u ra c i l
3 8

. T e m p e ra -

tu r e s e n s i t i v e v a r ia n ts o f N. tabacutn w e re a ls o

is o la te d s u c c e s s f u l l y '" . O f th e s p e c i f i c s e le c t io n
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agen ts , ch lo ra te h as b een fo u n d to b e th e m os t

e f fe c t iv e w ith p lan t ce l ls . N itra te red u c ta se co n v e r ted

ch lo r i te th a t k i l ls p lan t ce l ls . T h e ce l ls la c k in g n itra te

red u c ta se su rv iv ed an d co u ld b e iso la ted . T h is sy s tem

w as so e f fe c t iv e th a t M u lle r an d G ra fe " iso la ted

d o u b le re cess iv e m u tan ts inN. tabacum.

L ik e au x o tro p h ic m u tan ts , th e re a re m an y rep o r ts

w he re in to b acco ce l l l in e s re s is tan t to v a r io u s

com pound s h av e b een iso la ted . W id h lom
41

u ti l iz ed

try p to p h an an a lo g u e ,S m e th y ltry p to p h an to se le c tN.

tabacum re s is tan t ce l l l in e s . In an o th e r case ,

su sp en s io n cu ltu re s re s is tan t to e th io n in e w e re

iso la ted '" , S e le c t io n fo r re s is tan ce to sev e ra l

an t ib io t ic s , in i t ia l ly w ith th e s trep tom y c in , p ro d u ced

o rg an e l le en co d ed m u ta t io n s inNicotiana
43

.

T obacco ce l l l in e s to le ran t to h ig h N aC I le v e ls

(0 .8 8% ) h av e b een iso la ted " :" . T h e reg en e ra ted

p lan ts f rom th ese l in e a lso re ta in ed to le ran ce th ro u g h

tw o su ccess iv e sex u a l g en e ra t io n s w ith th e en h an ced

le v e ls o f to le ran ce . D ix
46

ob ta in ed N aC I to le ran t

p lan ts in N. syLvestris and ob se rv ed th a t th e ch a rac te r

w as tran sm itted to th e n ex t g en e ra t io n . D if fe ren t ce l l

l in e s o f N. tabacum re s is tan t to v a r io u s h e rb ic id es ,

su ch as A rn itro le '" , B en tazo n e '" , P a raq u a t" ,

P ic lo ram
5o

hav e a lso b een iso la ted . M o reo v e r ,

g ly ce ro l an d la c to se w e re su ccess fu l ly u t i l iz ed fo r

d e te c t in g m u tan t ce l ls o fto b acco " .

O th e r ap p l ic a t io n o f m u tan t se le c t io n in c lu d es

se le c t io n fo r d isease res is tan ce . P lan t re s is tan ce to

v iru s an d its tran sm iss io n to th e p ro g en y o f to b acco

h as b een rep o r ted ." . S in g le c lo n es o f to b acco tissu e

v a r ied in th e ir su scep tib i l i ty to v iru s an d fu n g a l

in fe c t io n s an d th e ir m u lt ip l ic a t io n s . P o p u la t io n o f

rn u tag en ized h ap lo id ce l ls o f to b acco w as p la ted in a

m ed ium con ta in in g in h ib ito ry co n cen tra t io n s o f

m e th io n in e s in ce Pseudomonas tabacii, cau sa l

b ac te r ia o f w i ld f ire d isease , p ro d u ces m e th io n in e .In

vitro su rv iv ed ce l ls , p ro d u ced o n in h ib ito ry le v e ls o f

m e th io n in e , w e re fu r th e r u sed fo r g en e ra t in g d isease

res is tan t v a r ie t ie s " . In ca l lu s d e r iv ed p lan ts o f an

in te rsp ec if ic h y b r id o f to b acco , v a r iab i l i ty fo r p lan t

h e ig h t, n um be r o f d ay s to f low e r , n um be r o f leav es

an d lea f a rea w e re a lso rep o r ted ." .

Studies on Isolation, Culture and Fusion of

Protoplasts

Iso la t io n , cu ltu re , fu s io n o f p lan t p ro to p la s ts an d

reg en e ra t io n h as g en e ra ted g rea t h o p es fo r p lan t

im p ro v em en t. A b sen ce o f ce l l w a l l a l low s th e fu s io n

b e tw een p ro to p la s ts , d e r iv ed f rom tw o d iv e rse p lan ts

th a t a re sex u a l ly in com pa tib le , a s w e ll a s u p ta k e o f a

fo re ig n g en e tic m a te r ia l , su ch as o rg an e l le o r D N A ,

in to g en om e . F o r th e f irs t t im e , N aga ta an d T ak eb e
55

desc r i b ed th e reg en e ra t io n o f w ho le p lan ts f rom

m esoph y l l p ro to p la s ts o f N. tabacum. L a te r , o th e rs

a lso rep o r ted reg en e ra t io n o f en tire p lan ts f rom

m esoph y l l p ro to p la s ts o f to b acc0
56

.5 7 . P ro to p la s ts

d e r iv ed f rom hap lo id to b acco h av e a lso sh ow n th e

reg en e ra t io n p o ten tia l " . L eav es a re co n s id e red an

id ea l so u rce o f p ro to p la s ts fo r to b acco b ecau se th ey

can b e k ep t in ab u n d an t su p p ly b yill vitro sh o o t t ip

cu ltu re o r f rom g reen h o u se g row n p lan ts . T h u s , a

la rg e q u an ti ty o f m eso p h y l l p ro to p la s ts o f to b acco can

b e iso la ted f rom d ip lo id o r h ap lo id p lan ts . M o reo v e r ,

h ig h p e rcen tag e o f th e p ro to p la s ts can re fo rm ce l l

w a l l a n d d iv id e to p ro d u ce a ca l lu s . P ro to p la s ts h av e

a lso b een iso la ted f rom ep id e rm is , ce l l su sp en s io n s

an d s tem ca l lu s , b es id e m esoph y l l c e l ls . F u r th e r ,

p a ram e te rs a f fe c t in g th e in it ia t io n o f p ro to p la s t

d iv is io n o f h ap lo id an d d ip lo id to b acco h av e b een

ev a lu a ted " .

S om a tic h y b r id iz a t io n h as assum ed g rea t

s ig n if ic an ce am ong m an y ap p l ic a t io n s o f p ro to p la s t

te ch n o lo g y . T h e ex p e r im en t to se le c t som a tic h y b r id s

w ith th e a id o f a lb in o m u tan t w as f irs t p e r fo rm ed on

to b acco h ap lo id s '" . S im ila r re su lts w e re o b ta in ed w ith

th e in te rsp ec if ic com b in a tio n s o f n o n -a l le l ic l ig h t

sen s it iv e a lb in o m u tan ts o fN. sylvestris": N on -a l le l ic

a lb in o m u tan ts w e re a lso u sed fo rN. tabacum and N.

knightiana, w h ich w as u n ab le to p ro d u ce sh o o ts

fo rm in g p o ten tia l o f to b acco an d ch lo ro p h y l l

sy n th es is o f N. knghtiana. T he f irs t som a tic h y b r id s

p lan t w as rep o r ted a f te r a fu s io n o fN. glauca x N.

langsdorffii p ro to p la s ts w ith th e h e lp o f so d ium

n itra te '" . P ro to p la s ts f rom ce l l l in e o fN. sylvestris

re s is tan t to k an am y c in th a t h av e n o ab i l i ty to fo rm

shoo ts w e re fu sed w ith th e p ro to p la s ts f rom N.

knightiana th a t d o n o t fo rm shoo ts in vitro. S om a tic

h y b r id s w e re o b ta in ed o n th e b as is o f k an am y c in

. d h e cao ac i h 63re s is tan ce an o n t e cap ac ity to reg en e ra te so o ts - .

V ig o ro u s g row th p a tte rn s o f h y b r id co lo n ie s w e re a lso

u sed to iso la te h y b r id s f rom N. glauca and N.

langsdorfii". S eve ra l fu s io n ex p e r im en ts o n to b acco

w as co n d u c ted u s in g p la s to rn e m u tan ts in re la t io n to

ch lo ro p h y l l sy n th es is an d cy to p la sm ic m a le s te r i l i ty

(C M S ) an d seg reg a tio n o f m ix ed cy to p la sm in to

m u tan t an d w ild ty p e p la s to rn e w e re o b se rv ed
65

,6 6 .

G am m a ir rad ia ted p ro to p la s ts , w h ich w e re ca rry in g a

fu n c t io n a l nptII gene , w e re fu sed w ith u n - ir rad ia ted

k an am y c in -sen s it iv e re c ip ien t p ro to p la s ts to y ie ld

asym m e tr ic h y b r id s 67 .
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T he som a tic h y b r id p lan ts g en e ra l ly h av e ch rom o -

som e num be r m o re th an 4 n d ue to th e fu s io n o f m o re

th an o n e p ro to p la s t. T h e h y b r id n a tu re o f m o s t o f th e

som a tic fu s io n p ro d u c ts co u ld b e d em on s tra ted b y

th e ir c h rom o som e ana ly s is , iso en zym es , m o rp h o -

lo g ica l c om pa r iso n s o r g row th ch a rac te r is t ic s . P ra t68

ex am in ed m u ta t io n s a r ised fo l low in g p ro to p la s ts

cu ltu re o f h ig h ly in b red l in e o fN. sylvestris and a lso a

l in e d e r iv ed f rom it a f te r f iv e co n secu tiv e cy c le s o f

an d ro g en es is an d ch rom o som e doub l in g . A sy s tem

w as dev ised inN. tabacuni" and N. sylvestri/o w he re

som a tic em b ry o s w e re d ire c t ly p ro d u ced from

cu ltu red p ro to p la s ts w ith o u t ca l lu s fo rm a tio n . T h e

feas ib i l i ty o f th is te ch n iq u e a t th e ap p l ic a t io n le v e l

w i l l fu r th e r d e te rm in e th e p rac t ic ab i l i ty o f som a tic

h y b r id s as to b e com p lem en ta ry to c la ss ic a l p lan t

b reed in g m e th o d s . B es id es p ro to p la s t fu s io n ,

e x ten s iv e ex p e r im en ts h av e b een co n d u c ted o n

to b acco p ro to p la s ts fo r v a r io u s o th e r asp ec ts o f

g en e tic m an ip u la t io n .

Studies on Secondary Metabolites and Biotrans-

formation

P lan t ce l l c u ltu re s sy n th es ize seco n d a ry

m e tab o l i te s (b io ch em ica l to t ip o ten cy ) an d th is h as

s ig n if ic an ce n o t o n ly fo r b as ic re sea rch b u t a lso fo r

in d u s tr ia l p ro cesses . O h ta an d Y a tazaw a " re v iew ed

th e w o rk o n n ico t in e p ro d u c tio n in to b acco tissu e

cu ltu re s . N ico t in e in th e ran g e o f 0 .1 -1 m g /m g d ry w t

w as d e te c ted in ce l l c u ltu re s o f to b acco ; w he reas , 2 9

m g /m g o f d ry w t w as fo u n d in th e ro o ts o f in ta c t

p lan ts 72 . I t w as o b se rv ed th a t n ic o t in e sy n th es is in

to b acco co u ld b e reg u la ted b y ex o g en ou s su p p ly

w ith o u t re co u rse to o rg an o g enes is " . A c lo se re la t io n -

sh ip h as a lso b een d em on s tra ted b e tw een ce l l o rg an i-

z a t io n an d n ico t in e p ro d u c tio n in t issu e cu ltu re s o f

to b acco " . B y o b ta in in g s in g le ce l l c lo n es , h ig h

y ie ld in g s tra in s o f n ic o t in e w e re iso la ted . T h e

te ch n iq u e o f s in g le ce l l p la t in g w as u sed an d a

num be r o f ce l l c o lo n ie s w e re iso la ted f rom ce l l

c u ltu re s o f N. cellrustica, w h ich sh ow ed w id e

v a r ia t io n s in th e ir g row th ch a rac te r is t ic s an d ab i l i ty to

sy n th es ize n ico t in e " . F u r th e r , th e n ico t in e co n ten t in

to b acco sh ow ed re la t io n sh ip w ith th e p lo id y le v e l o f

th e p lan r '" . B es id es n ico t in e , a n um be r o f o th e r

seco n d a ry p ro d u c ts , su ch sco p o le t in , e scu le t in ,

b e rg ap ten , c y c lo a r ten o l, c i tro s trad ien o l, c i tro as trad io l,

c y c lo eu len o l, o b tu s ifo l io l " an d a l ip h a tic a lk an es77 ,

hav e b een de te c ted in to b acco ce l l c u ltu re s .Nicotiana

ce l l c u ltu re s a lso h av e th e ab i l i ty to tran s fo rm o rg an ic
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com pound s an d re fe r red to as b io tran s fo rm a tio n , fo r

e x am p le s te reo sp ec if ic red u c tio n o f co d e in e ." an d

co n v e rs io n o f N -d ip h en y lu rea in to D v g lu co se " .

M ic ro som es from to b acco tissu e cu ltu re s w e re a lso

fo u n d to co n v e r t sq u a len e 2 , 3 ep o x id e in to c y c lo -

a r ten o l '" . T h ese ex am p les o p en ed up th e p o ss ib i l i t ie s

o f id en ti fy in g a h ig h y ie ld in g n ico t in e ce l l l in e . T h e

w o rk o n b io tran s fo rm a tio n inNicotiana pe r ta in in g to

sev e ra l c om pound s h as sh ow n th e p o ss ib i l i t ie s o f

u t i l iz in g p lan t t issu e an d ce l l c u ltu re s fo r th e iso la t io n

o f sev e ra l u se fu l c om pound s .

Studies on Transgenic Tobacco and Applications

S tu d ie s u n d e r ta k en b y U ch im iy a an d M u rash ig e

w ith to b acco D N A and to b acco p ro to p la s ts sh ow ed

up tak e o f h om o lo g o u s D N A
81

. S uzu k i an d T ak eb e

d em on s tra ted th e in se r t io n o f v ira l D N A in to

m eso ph y l l p ro to p la s ts o f to b acco '" , Agrobacterium

tumefaciens, a so i l b ac te r ium , h as b een k n ow n to

in d u ce c row n ga l l d isease in m an y p lan ts . D u r in g

in fe c t io n p ro cess , th e b ac te r ia l p la sm id in teg ra te s in to

p lan t g en om e and in f lu en ces th e p lan t t issu e to fo rm

ga lls . U s in g A. tumefaciens, to b acco ce l l su sp en s io n s

w e re tran s fo r rn ed v ''" an d sh ow ed th e p resen ce o f

n o p a l in e , th e p la sm id D N A en co d in g am in o ac id . T h e

in it ia l e x p e r im en ts w ith to b acco g en e ra ted in te re s t in

th e u se o f A . tumefaciens sy s tem fo r tran s fo rm a tio n

an d , in re cen t y ea rs , i ts p la sm id h as b ecom e an

im po r tan t v ec to r fo r g en e tran s fe r . V en k a te sw a r lu an d

N aza r85 p resen ted ev id en ce b y u s in g to b acco

ch lo ro p la s ts th a t Agrobacterium-mediated t ran s fo r -

m a tio n co u ld b e u sed to in tro d u ce fo re ig n g en es in to

h ig h e r p lan t ch lo ro p la s ts b y s ite -sp ec if ic h om o lo g o u s

recom b in a tio n .

A n u n u su a l ap p ro ach to tran s fe r g en es w as

d em on s tra ted inNicotiana u s in g ir rad ia ted p o l le n '" .

S eed s w e re p ro d u ced inN. forgetiana b y p o l l in a t in g it

w ith ir rad ia ted p o l le n o f N. alta. A lth o u g h , th e

ir rad ia ted p o l le n p ro d u ced p o l len tu b e b u t fa i le d to

fe r t i l iz e th e o v u le . H ow ev e r , m o s t o f th e p lan ts

p ro d u ced sh ow ed f low e r co lo u r an d o th e r ch a rac te rs

o f N. alta. In an o th e r ap p ro ach , i t h as b een sh ow n th a t

sw e ll in g o f g e rm in a tin g p o l le n g ra in s co u ld ta k e u p

D N A o r b ac te r io p h ag e " , T h e p ro g en ie s o fN. glauca,

de r iv ed f rom N. glauca po l len trea ted w ith N.

langsdorffi D N A , p ro d u ced tum ou rs . T h e to b acco

p ro to p la s ts co u ld a lso b e tran s fo rm ed w ith d isa rm ed

T i p la sm id v ec to r pG 3850 . F u r th e r , P N C A T

con ta in in g a ch im e r ic P N O S C A T gene co n s tru c t

g av e r ise to ch lo ro am phen ico l re s is tan t ca l l i .
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A simple and general method for transformation,

using tobacco leaf d isks, was developed", which has

become the standard method for producing transgenic

tobacco. Leaf d isks (1cnr') were excised from in vitro

shoot cultures for preculture on M S medium w ith BA

and NAA . A fter 2 days, the leaf d isks were co-

cultured w ith overn ight grownA. tumefaciens culture.

A fter 30 m in of co-in fection, the leaf d isks were

blotted to remove excess bacteria and transferred to

fresh culture plates of M S medium w ith BA and

NAA . Follow ing three days of co-cultivation, the leaf

d isks were transferred to selection medium w ith

kanamycin and cefotax ime or carbenicellin . The

regenerated shoots were rooted on rooting medium

contain ing NAA w ith high levels of kanamycin,

usually 100 mg/I. Those plants that rooted on th is

medium were mostly considered to be transgenic and

could be studied further. F ig. 1 shows different stages

in the leaf d isk transformation of tobacco var. Havana

425. A w ide range of selectable markers are employed

in transformation experiments, however, kanamycin

has been the most extensively used.

Table 1 presents different transformation methods

used for the first tim e in tobacco89
-
94

. Employ ing

tobacco as the experimental system , transfer of usefu l

genes have also been made, for example insect

resistance, herb icide to lerance, stress and disease

resistance. For developing herb icide to lerance,

Arabidopsis csr-J-J gene was transferred into

Canadian flue-cured variety , Delgold95
. Resistance to

w ild fire d isease was introduced into transgenic

tobacco plants by expressing tox in resistance gene".

Very significant resistance to tobacco mosaic v irus

has also been obtained by the expression of v iral

replicase", Genetically modified, v irus (CM V , TM V )

resistant tobacco yielded an average 5-7% more

leaves for processing and saved 2-3 applications of

insectic ide applications. V irus resistant tobacco has

also been field tested in China since 1991 and is now

being used in industrial manufacturing for national

consumption. Using the codon-optim ized S-endotox in

gene from Bacillus thuringiensis, under the contro l of

CaM V 35S promoter, four lines were developed

based on the tox icity to tobacco horn worms in

greenhouse trials'", By expressing E .coli mannito l

dehydrogenase gene, increased mannito l accumula-

tion in tobacco has been demonstrated".

T ransgenic tobacco, expressing satellite RNA and

coat protein gene from cucumber mosaic v irus

(CM V ), showed resistance to CM V under bothQPONMLKJIHGFEDCBA

T o b a c c o le a tp ie c e s w e re in fe c te d w i1 h

Agrobacterium (5 X 10' c e lls /m lJ a n d c o -

c u lt iv a te d o n M S + S A P (1 m g A t) + N A A

(0.1 m g /lt ) . A lte r 3 d a y s th e s a m e w e re '

t ra n s te r re d to s a m e m e d ia c o n ta in in g

C E to ta x im e (400 m g lltJ

T ra n s te r to M S + S A P (1 m g lltJ + N A A

(0.1 m g A t) + C e t< lta x im e (400 m 9 'lt ) +

K a n a m y c in (50 m g 'I tJ in p e !r ip la te s

T ra n s te r to M S + S A P (1 m g llt ) + N A A

(0.1 m g llt ) + C e t< lta x lm e (4 0 0 m g llt )+

K a n a m y c in (1 0 0 m g llt ) in tu b e s

T ra n s te r to M S + C E t< lta x im e (4 0 0 m g llt ) +

K a n a m y c in (1 O O m g llt )

h"''''''' .[],

T ra n s te r to g re e n h o u s e fo r

h a rd e n in g

TOBACCO TRANSFORM A llON

Fig. I-D ifferent stages in theAgrobacterium-mediated leaf d isk

transformation of tobacco var. Havana 425

S.No.

I

2

3

4

5

6

M ethod

Table I-Genetic transformation methods used in tobacco

D irect DNA uptake

Agrobacterium mediated

E lectroporation

L iposome mediated

M icro in jection

Partic le bombardment

Reference

Paszokowski et aZ89

Horsch et aZ
90

Shillito et aZ
91

Deshayes et aZ
92

Crossway et aZ93

K lein et aZ
94

natural and mechanical inoculations. Potato v irus Y

coat protein gene was cloned and sequenced from an

Indian iso late'?". The coat protein gene was further

sub-cloned into plant expression vector pB INPLUS

and leaf d iscs of tobacco var. Havana 425 were

transformed usingA. tumefaciens. M olecular analysis

confirmed the integration of the PV 'Y ' coat protein

gene. A ll the transgenic plants were morphologically

sim ilar to non-transformed contro ls w ith respect to

appearance, flowering and seed set. The resistance

was assayed by infecting the contro l and transgenic
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p lan ts w ith the v irus and the v irus accum u la tion w as

ana lysed th rough EL ISA . A ll the transgen ic lines

show ed good am oun t o f res is tance aga inst PV 'Y '

accum u la tion upon in fec tion . T he data c learly

dem onstra te tha t the d is tinc t Ind ian iso la te o f PV 'Y '

can be used in im parting coat p ro te in gene-m ed ia ted

res is tance in tobacco and the leve l o f res is tance is no t

co rre la ted to the leve l o f exp ression o f the PV 'Y ' coa t

p ro te in in transgen ic tobacco 'l" .

A syn the tic substitu tion ana logue o f m aga in in ,

M S I-99 w as exp ressed in tobacco '? '. M aga in in is one

o f the earliest repo rted an ti-m ic rob ia l pep tide iso la ted

from sk in secre tions o f the A fr ican c law ed frog ,

Xenopus laev is . M S I-99 w as sub -c loned in to p lan t

exp ression vec to r pM S1168 , w here in the pep tide w as

ta rge ted to ex trace llu la r spaces. T obacco p lan ts

transfo rm ed w ith pM S I168 show ed enhanced

resis tance aga instSclerotinia sclerotiorum, Alternaria

alternata and Botrytis cine ria pathogens. T obacco

leaves (con tro l and transgen ic ) w ere in fec ted w ith

ac tive ly g row ing funga l m yce lia o f these pathogens

and les ion d iam eter w as m easu red afte r th ree days o f

in fec tion . T he leaves o f transgen ic tobacco p lan ts

show ed the sign if ican t reduc tion in les ion d iam eter

com pared to con tro l leaves, ind ica ting the use fu lness

o f th is pep tide in enhanc ing the d isease resis tance in

tobacco p lan ts.

Rol C gene w as transfe rred in to tobacco usingA .

rhizogenes and transgen ic c lones fo r f low ering , lea f

and flow er s ize and he igh t w ere iso la ted 102 . A s a

resu lt, such transfe r system is suggested fo r

m od ify ing ho rticu ltu re c rops. H ow ever, ro lA gene

w as repo rted to stim u la te n ico tine p roduc tion

d irec tly 103 . A cD N A and co rrespond ing p rom o ter

reg ion , fo r a na tu ra lly occu rr ing feedback insensitive

an th ran ila te syn thase a subun it gene, has been

iso la ted from unse lec ted bu t 5 m ethy l tryp tophan

resis tan t tobacco ce ll l ine '? '. In an ano ther experi-

m en t, the tobacco rdcS p rom o ter fused to theGUS

repo rte r gene w as de live red to b lack sp rucevia

m icrop ro jec tile D N A bom bardm en t and its regu la tion

w as stud ied . T he resu lts show ed tha t tissue spec if ic

regu la tion o f the rbcs p rom o ter m igh t be conserved

betw een tobacco and b lack sp rucel05. T he D N A

b ind ing dom ain o f yeast transcrip tiona l ac tiva to r

'(G A L 4 ) w as dem onstra ted exp ressing in the

transgen ic tobacco p lan ts in o rder to a ttem p t spec if ic

rep ression o f repo rte r genesl06. T ransgen ic tobacco

p lan ts w ere ob ta ined from tissues in fec ted e ither w ith

a d isarm ed o r a v iru len t roo t fo rm ingAgrobacterium

177

con ta in ing a b inary vec to r ':" . T ransgen ic tobacco

p lan ts w ere a lso ach ieved th rough m ic ro ta rge ting 'l" .

F u rther, the ce lls o f Escherechia coli and A .

tumefaciens w ere used as m ic rop ro jec tiles to de li ve r

D N A in to suspension cu ltu red tobacco ce lls , us ing

he lium pow dered b io lis tic dev ice , and ob ta ined

hund reds o f transien t transfo rm an ts per bom bardm en t

bu t d id no t ge t any stab le transfo rm an ts 109 .

Phy to rem ed ia tion , i.e . b io rem ed ia tion using p lan ts,

is becom ing a rea lity fo r sa fe rem ova l o f o rgan ic

com pounds from con tam ina ted w ater and so il. T he

natu ra l ab ility o f certa in p lan t spec ies to take up

heavy m eta ls and rad ioac tive e lem en ts is be ing

exp lo ited fo r b io rem ed ia tion e ffo rts . T ransgen ic

tobacco p lan ts, genetica lly eng ineered to exp ress a

bac te ria l enzym e, w ere deve loped to de tox ify TN T

(2 ,4 -6 tr in itro to luene) 110 .A w ide varie ty o f na tu ra lly

occu rr ing so il bac te ria possess a w ide array o f

enzym es capab le o f deg rad ing insec tic ides and

herb ic ides. G enes encod ing such enzym es can be

c loned and exp ressed in transgen ic tobacco p lan ts fo r

use in phy to rem ed ia tion .

T obacco p lan t has been ex tensive ly used fo r

transgen ic research and con tinues to rem ain as the

m ode l p lan t o f cho ice 1" . H ow ever, as the deve lop -

m en t p roceeded in the area o f genetic transfo rm ation ,

Arabidopsis and o ther econom ica lly im po rtan t p lan ts

(r ice ) becam e the o ther cho ice . T he firs t f ie ld tr ia l o f

transgen ic c rops w as conduc ted w ith tobacco in

F rance and U SA in 1986 . T obacco w as a lso the firs t

c rop to be com m erc ia lized in C h ina and U SA in 1991

and 1994 , respec tive ly . T ransgen ic p lan ts res is tan t to

TM V w ere g row n in a lm ost 1 m ill ion ha in C h ina in

1994 , w h ich y ie lded 5 -7% m ore leaves 'V .

Studies on Molecular Farming

Severa l recom b inan t p ro te ins are be ing p roduced in

transgen ic p lan ts as b io reac to rs fo r the la rge-sca le

p roduc tion o f com m erc ia lly im po rtan t com pounds

o f pharm aceu tica l and industr ia l im po rtance

(T ab le 2 )"3 -118 . T obacco has served as the cho ice

p lan t system fo r the p roduc tion o f po ten tia l

therapeu tic p ro te ins in p lan ts 1119 ,120 .T obacco is an

idea l p lan t-b io reac to r fo r m o lecu la r fa rm ing because

the pharm aceu tica l p ro te in is p roduced in its leaves

(abou t 40 tons o f leaves/acre ) and the p roduc tion

system does no t requ ire f low ering . T he leaves con ta in

10% pro te in and abou t 2000 kg p ro te in lac re /y r can be

p roduced . T obacco is a lso a p ro lif ic seed p roducer

w ith abou t 1 m ill ion seeds/p lan t. T he firs t transgen ic
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Table 2-Production of biopharm aceuticals for hum an healthin transgenic tobacco plants

Protein Application Expression level Reference

Hum an Protein C Anticoagulant 0.01% SLP Cram m eret al
lll

Hum an granulocyte m acrophage calony Neutropenia G iddings et al
l14

stim ulating factor

Hum an som atotropin Growth horm one 7% SLP (chloroplasts) Staub et alliS

Hum an erythropoietin Anem ia 0.01% SLP Kusnadiet al
l16

Hum an epiderm al grow th factor W ound repair and cell proliferation 0.01% SLP Cram m eret al
ill

Hum an interferon beta Hepatitis Band C 0.01% FW Kusnadiet al
l16

Hum an haem oglobin alpha, beta B lood substitute 0.05% SP Cram m er&

W eissenborn I 17

Hum an hom otrim eric collagen Collagen 0.01% FW Ruggiero et alliS

Angiotensin converting enzym e Hypertension G iddings et al
l14

A lpha Trichosanthin from TM Y-U1 HIY therapy 2% SLP Giddings et al
l14

subgenom ic coat protein

G Iucocerebrosi dase Gauchers disease 1-10% SLP Cram m eret al
11l

FW : fresh weight, SLP: soluble leaf protein, SP: seed protein, -: not reported

plant synthesized product is a tobacco derived

antibody targeting gum disease. M ost of the tobacco

types secrete sticky com pounds on the outer leaf

surface as a first line of defence and som e varieties

produces 16% of the leaf dry weight as gum .

Scientists of the University of Kentucky isolated a

prom oter to control the type of com pounds that are

secreted by tobacco leaf hair. Targeting the

recom binant proteins in tobacco gum offered several

advantages and purification would be easier and m uch
cheaper!".

Various types of antibodies are used in hum an

m edicine for diagnostic as well as for therapeutic

purposes122. Recom binant antibodies have been

produced in transgenic tobacco plants. The expression

and assem bly of im m unoglobulin (lgG heavy and

light chains) led to the production of other antibodies,

like IgG-IgA antibody against a surface antigen of

Sterptococcus mutans designed to prevent tooth

decay. Estim ates of production costs for an antibody

in plants indicate as m uch as 10 to 20-fold lower costs

per gram com pared to produced by cell culture. Since

plant based expression levels are low , chloroplast

transform ation m ay offer as an alternative. As there

are 10,000 copies of chloroplast genom es per cell, this

can facilitate the introduction of 10,000 copies of

foreign genes per transform ed cell and subsequently

can boost several hundred-fold increase in gene

expression com pared to nuclear transform ation123.

Vaccines are of prim e significance for the hum an

health. However, in m any developing countries, the

incidence of infectious diseases and the expense of

im m unization program m e lim it the use of available

vaccines for large segm ents of population. Vaccine/

antigen coding genes for traveller's diarrhoea,

hepatitis B , gastroenteritis, foot and m outh disease,

m ink enteritis, sw ine fever, hog cholera, rabies, sw ine

transm issible gastroenteritis, dental caries, auto-

im m une diabetes and cholera have been expressed in

different plant system s including tobacco (Table3)124.

137. The first study on the production of plant-based

vaccine was done in tobacco w ith the hope of

developing a less expensive product130. It was also

shown that rHBsAg self-assem bled into sub viral

particles, identical to the plasm a and yeast derived

HBsAg specific antibodies in m ice
122

. The expression

of cholera toxin B was dem onstrated in transgenic

tobacco chloroplast, resulting in the accum ulation of

4.1 % of total soluble leaf protein as functional CTB

oligom ers'i". Further, binding assays confirm ed the

correct folding and disulfide bond form ation of the

plant derived CTB pentam ers. The expression of C-

term inal region of m erozite surface protein

(PfM SP119), a potential m alaria vaccine candidate,

was reported in tobacco128. Im m unoblot assay

indicated that transform ed plant expressed M SP119

displayed structural and im m unological charac-

teristics identical to theE. coli expressed protein. This

presents a significant step towards the developm ent of

low-cost subunit vaccine against m alaria. .

The tobacco cell line (NT -1) was transform ed w ith

hepatitis B virus's' gene, coding for surface
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Table 3-Vaccines produced in transgenic tobacco plants

Disease/Antigen

Traveller's Diarrhoea

(Heat labile enterotoxin B)

Hepatitis B (HBsAg)

Gastroenteritis

(Norwalk virus capsid protein)

Immunocontraception (ZP 3)

Malaria (epitopes derived

from sporozoites)

Swine fever (Hog cholera, EO, El& E2)

Dental caries (SpA antigen)

Cholera(CT-B)

Colon cancer

Influenza

Lymphoma (Tumour derived ScFv epitopes)

Post--surgical/burn infections

Epitope of outer membrane protein F

Human cytomegalo virus

Swine Transmissible gastroenteric virus

Origin

Enterotoxigenic E. coli

Murine

Plasmodium sporozoites

P lasmodi um falciparum

Swine fever virus

Streptococcus inutans

Vibrio cholerae

Pseudomonas aeruginosa

Hepatitis B virus

Norwalk virus

Influenza virus

Cytomegalo virus

Corona virus

SLP: soluble leaf protein, -: not reported

Expression level Reference

Haq et 01
124

0.001% SLP

0.0066% SLP

0.23% SLP

Mason et 01
125

Mason et 01
125

0.0035% SLP

Fitchen et 01
126

Turpen et aim

Ghosh et ai
128

Kapusta et ctf129.

Mason & Arntzen 130

Arakawa et ai
131

Verch et ai132

Beachy et ai
l33

Mc Cormick et ctf
134

,

Stackzek et ai
135

0.02% SLP

0.02% SLP

0.20% SLP

Tackaberry et 01136

Tuboly et ai
137

• 138 TIC .antigen':". _wo pant transrorrnanon vectors

pHERlOO and pHBSlOO with and without endo-

plasmic reticulum retention signal, respectively were

used for transformation. The integration of the

transgene was analysed by PCR and southern blot

hybridization, and expression level was determined by

ELISA. The maximum expression of 2 ug/g fresh

weight and 10 ng/ml of spent medium was reported in

pHERI00 transformed cells. Western blot analysis

confirmed the presence of 24 kDa band specific to

HBsAg in the transformed cells. The buoyant density

in CsCI of HBsAg deri ved from pHBS 100

transformed tobacco cells was determined and found
to be l.095 gm/mJ. The secretion of HBsAg particles

by plant cells into the cell culture medium was

reported for the first time.

The availability of genetic transformation methods

of. plants has broadened the type of experimental

problems, the diversity of cell types that can be

approached and the transfer of useful genes. These

investigations promise to make the plant based

systems extremely attractive and powerful for crop

improvement, besides studying gene regulation and

developmental biology in higher plants.

Conclusions

Tobacco has become the plant system of choice for

almost all the aspects of cell and tissue culture

research. Majority of the experimental discoveries in

the field of plant cell, tissue culture and plant

molecular biology owe their inception to the studies

with tobacco. Trends in plant biotechnology research

show a substantial increase in research publications

on tobacco from 123 to 1396 from 1980-1990 to

1990-2000. Next to tobacco, arabidopsis has been

now the model plant for molecular research.

However, researchers all over the world still continue

to use tobacco for a wide variety of plant research

programmes. Tobacco as a model system has played a

major role in the advancement of plant science and

has been used as a tool in gaining fundamental

knowledge in diverse areas of plant biology. Recent

advances in the field of molecular farming have used

tobacco as a 'plant factory' for the purposes of

developing production system for recombinant

proteins, pharmaceuticals, vaccines, industrial

enzymes and antibodies. Several companies are

already using this technology for commercial

production. Vector Tobacco Inc., Durham, USA has

developed a variety of genetically engineered tobacco
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p lan ts. O ne o f them is nearly n ico tine-free. B ased on

the presen t developm ents, it appears that, in fu tu re,

tobacco being a non-food crop and hav ing apathy

from non-c igarette lovers, w ill assum e the ro le o f a

m ost usefu l crop fo r m o lecu lar farm ing , lead ing to

better industria l and hum an healthcare op tions.
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