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� Def in i t ion of green biotechnology

� Genet ic engineer ing of p lants

� Genet ic engineer ing of animals

� Biopharming

� GMO benef i ts and controvers ies

Outline

Green (agricultural) biotechnology

� green b io techno l ogy app l ied to  agricul tural  processes
� env i ronmenta l ly - f r iend ly  so lu t ions  as  a l te rnat ive  to  t rad i t iona l  

agr i cu l tur e ,  hor t i cu l tu re ,  and an imal  breed ing processes
� modi f i ca t i on o f  plants and animals  i nc reas ing va lue in  agr i cu l ture

� t rad i t iona l  ag r i cu l tu r e  – se l e c t i v e  c rossb reed in g  and  hyb r i d i z a t i on
� modern molecu l a r  b i o t echno lo g y  – t ransgenes is ( rDNA)

� transgen ic organism - a l te red by add i t ion of exogenous DNA
� transgene – DNA that i s in t roduced
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� > 150 d i f fe rent  p lant  spec ies  in  50 count r ies  wor lwide
� DNA sequence of  A.  tha l iana (2000) ,  r i ce  (2005) ,  cot ton (2006) ,  

corn  (2009) ,  potato  (2011) ,  tomato (2012)  …
� t ransgen i c  p lants  eng ineered to

� overcome b iot ic  and  ab iot ic  s t ress
• pe s t i c i d e s  ( h e r b i c i d e s )
• pe s t s  a nd  d i s e a s e s  ( i n s e c t s ,  v i r u s e s , b a c t e r i a ,  f u ng i )
• env i r o nmen t a l  s t r e s s  ( s a l t ,  c o l d  a nd  d r ough t )

� improved  crop  qua l i ty
• imp r o v ed  nu t r i t i o n a l  q u a l i t y
• enhan ce  t a s t e ,  a ppea ran c e  a nd  f ra g ran c e
• i n c r e a s e  s h e l f - l i f e

� biopharming
• p l a n t s  a s  b i o r e a c t o r s  f o r  p r o du c t i o n  o f  u s e f u l  c ompound s  

( e . g .,  t h e rapeu t i c s ,  va c c i n e s ,  a n t i b od i e s )
� phytoremed ia t ion  

Genetic engineering of plants

� plant  transgenesis procedure 
1 . cons t ruc t i on o f  v e c t o r / p l a sm i d  

( r e s t r i c t i o n  d i g e s t s ,  l i g a t i o n )
2 . p ropaga t i on i n  E . c o l i
3 . t r ans fo rmat ion  
4 . cu l tu re  and  se l e c t i on

� tot ipotency - en t i r e  p l an t  gene ra t e d  f rom a  s i ng l e ,  non - rep roduc t i v e  ce l l

Genetic engineering of plants

� DIRECT METHODS
� protop last  po lyethy lenegl yco l (PEG)  method

• f i r s t  t e c hn i q ue  f o r p l a n t  t ra n s gene s i s
• PEG  i n du c e s  r e v e r s i b l e  p e rmeab i l i z a t i o n o f  t h e  p l a sma  memb rane

� protop last  e lect roporat ion
• i n t e n s i v e e l e c t r i c a l  f i e l d  l e a d s  t o  p o r e s  o n  p l a sma memb rane

� s i l i con  carb ide  f ibers
• f i b e r s pun ch  h o l e s  t h r o ugh p l a n t  c e l l s d u r i n g v o r t e x i n g

� protop last  micro in ject ion

Methods of plant transformation
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� DIRECT METHODS
� part ic le  bombardmen t

• mos t  c ommon  t e c hn i q ue  f o r d i r e c t  t ra n s f o rma t i o n
• „ p a r t i c l e  g un ”  o r  „ g ene gun ”
• DNA  p r e c i p i t a t e d  o n t o  t u ng s t e n  o r  g o l d  p a r t i c l e s
• pa r t i c l e s  s h o t  i n t o  t h e  p l a n t  t i s s u e / c e l l s

Methods of plant transformation

� INDIRECT METHODS (VECTORED)
� Agrobacter ium-media ted transforma t ion

• A .  t umefac i ens p l a n t  p a t h ogen i c b a c t e r i a c au s e s  C r own  g a l l  ( t umo r s )
• t umor  i nduc ing ( T i )  p l a sm i d
• T-DNA t ra n s f e r e d and  i n t e g ra t e d i n t o p l a n t  c e l l

Methods of plant transformation

� t rans forma t ion f requency i s  low 
( less than 3%)

� without select ive advantage t rans formed 
ce l l s overgrown by non- t rans fo rmed

� select ion markers
� an t i b i o t i c s r es i s t ence  

( Kanamyc i n ,  G ene t i c i n )

� he rb i c i d es res i s t enase
( P ho sph i n o t h r i c i n )

� reporter genes
� GUS (β -g lucu ron id as e )
� GFP (g reen  f l ou rescen t p ro te in )
� LUC ( l u c i f e ras e )

Markers and selection
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� pest  and disease resistence
� tox in  gene  f r om  Bac i l l u s  t hu r i ng i en s i s
� Bt - co rn r e s i s t a n t t o  e u r opean c o r n bo r e r
� Bt - co t ton r e s i s t a n t t o  c o t t o n bo l lwo rm
� Bt -peanu t r e s i s t a n t t o  c o r n s t a l k  b o r e r

� Papaya  r ingspot v i rus res i s tenc e
i n s e r t i n g  g ene  f r om  pa t h ogen  i n t o  c r o p
a f f o r d s  t h e  c r o p  p l a n t  r e s i s t a n c e

Application of transgenic plants

� herbicide resistence
� he rb i c i d e  t a rge t mod i f i c a t i on
� he rb i c i d e  t a rge t ove rp rodu c t i on
� he rb i c i d e  de tox i f i c a t i on (enzymat i c )

EXAMPLES:
� su l f ony lu rea res i s t ance

b l o c k i n g t h e en z yme  f o r s y n t h e s i s Va l ,  L e u ,  i s o L eu
mu t a t e d gene  t ra n s f e r e d f r om re s i s t e n t t a b a c o

� bromoxyn i l r e s i s t ance
t ra n s gene en c od i n g en z yme  b r omoxyn i l n i t r i l a s e

� g l yphos ina te re s i s t ence
ba c t e r i a l t ra n s gene p r o t e i n  i n a c t i va t i n g he r b i c i d e

Application of transgenic plants

� improved crop qual i ty
� higher nutr i t ion va lue

� go lden r i ce ( b e t a  – c a r o t e ne  g ene s )
o 120  m i l l i o n c h i l d r e n  s u f f e r s f r om  v i t am i n  A  d e f i c i e n cy
o hea l t h y  v i s i o n  a nd p r e v en t s  n i g h t  b l i n dne s s
� b lack tomatoe ( a n t h o c yan i n an t i o x i d an t g ene )  
o p r e v en t h ea r t  d i s e a s e ,  d i a b e t e s  a nd  c an c e r

� improve she l f l i fe
o de l a y ed f r u i t r i p p en i n g ( F l a v r S a v r t oma t o e )

an t i s e n s e gene  b l o c k i n g pe c t i n a s e

� improved appearance
o de l p h i n i d i n g ene  f r om pan s y c l o n ed t o  r o s e

� biopharming

Application of transgenic plants
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� select ive breeding
� t ime consuming and cos t l y
� l im i t ed numbe r  o f  p r o pe r t i e s a va i l a b l e
� d i f f i cu l t t o  i n t r o du c e new gene t i c t ra i t s t o  e s t a b l i s h ed l i n e

� transgen ic  animals
� f a s t gene ra t i on  l i nes  ca r r y i ng  des i red  propert ies

� i n c r e a s e d g r ow t h
� i n c r e a s e d mu s c l e ma s s
� i m p r o v e d d i s e a s e r e s i s t a n c e
� i m p r o v e d n u t r i t i o n a l q u a l i t y
� i n c r e a s e d wo o l q u a l i t y

� model  an imals f o r human d i sease resea r ch
� biopharming - p roduc t i on o f use fu l mo lecu l e s
� biosensors f o r env i r onmenta l po lu t i on

Genetic engineering of animals

� direct  microinjec t ion (pronucleus method)
� i n j e c t i on o f des i r ed DNA to  ma le  p ronuc l eus
� mos t  popu l a r,  commerc i a l ava i l a b l e
� success range f rom 10  to  30%
� t rans fe r o f  l a rge  genes  poss i b l e ,  

no  theo re t i c a l l im i t  f o r gene  cons t ruc t s i z e
� random inse r t i on  o f  the  t ransgen

Methods to produce GE animals

� retrovi rus mediated gene transfer
� r e t rov i rus es  used  as  vec to r s (gene  the rapy )
� v i rus  gene  i s  r ep l a ce d  by  t ransgene
� r ep l i c a t i on de fec t i v e v i rus  i n f ec t  hos t  ce l l s

( e .g .,  ES  ce l l s ,  embryo  ce l l s )
� e f f i c i en t  mechan i sm o f  t ransgen in teg ra t i on
� t rans fe r  o f  genes  <  8  kb  poss i b l e
� random inse r t i on  o f  the  t ransgen

Methods to produce GE animals
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� embryonic stem cel l  method
� t rans fec t i on o f gene  cons t ruc t i n to i n  v i t r o

cu l tu re  o f  embryon i c  s t em (ES)  ce l l s
� ES  recomb inan t ce l l s  i n co rpo ra t e d  i n to  embryo  

a t b l a s tocys t  s t age
� t a rge te d inser t ion o r knockout o f gene(s )  

p r i o r  t o m i c ro in j e c t i on
� ES  ce l l  l i nes  no t  ava i l a b l e  i n  f a rm an ima l s
� has  r evo lu t i on i z e d  gene t i c s ,  deve l opment ,

immuno logy  and  cance r  r e sea r ch  i n  m i ce

Methods to produce GE animals

� disease-resis tant l ivestock
� i n  v i vo  immun i za t i on :  o v e r e xp r e s s  g ene s  e n c od i n g  mono c l o n a l  a n t i b od i e s
� e l im i n a t e  p r odu c t i o n  o f  h o s t  c e l l  c omponen t s  t h a t  i n t e ra c t  w i t h  i n f e c t i o u s  a gen t

� improving milk qual i ty
� i n c rease case in c on t en t s l e t  t o  i n c r e a s e chee s e  p r odu c t i o n
� dec rease l ac tose c on t en t b y  o v e r e xp r e s s l a c t a s e
� abo l i s h l a c t o g l o bu l i n e xp r e s s i o n ( f o r m i l k a l l e r g i c c on sume r )

� improving animal  product ion traits
� t r ansgen i c f i sh :  e nhan c ed g r ow th 3 - 5  t ime s ( g r ow th ho rmone )
� t r ansgen i c p ig :  p r o du c t i o n o f omega - 3 - f a t t y  a c i d s ( r o undwa rm gene )
� t r ansgen i c po l t r y :  l owe r c ho l e s t e r o l  a nd  f a t  i n  e gg s

� biopharming

Application of transgenic animals

� use o f  p lants or an imals for  the product ion o f  usefu l  molecu les
� industr ia l products

� p ro te ins (enzymes )
� f a t s and  o i l s
� po l ymers and  waxes

� pharmaceuti cals
� r e comb inan t human pro te ins
� t he rapeu t i c p ro te ins and  pha rmaceu t i c a l s
� vacc ines and  an t i bod i e s

Biopharming
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INDUSTRIAL PRODUCTS FROM  PLANTS
� cheap and easy to  produce
� f ree  o f an imal  v i ruses
� r i sk  o f food supp ly contamina t ion
� env i ronmenta l contamina t ion

EXAMPLES  ( t ransgen i c co rn ,  S i gma) :
� av id in

o med i c a l d i a gno s t i c s
� β -g lycuron idas e

o v i s u a l  ma r k e r  i n  r e s e a r c h  l a b s
� t ryps in

o t ra d i t i o n a l l y  i s o l a t e d  f r om  bo v i n e  p an c r e a s
o f i r s t  l a r g e  s c a l e  t ra n s gen i c  p l a n t  p r o du c t
o wo r l dw i d e ma r k e t  =  US$120  m i l l i o n

Biopharming

EDIBLE  VACCINES  FROM  PLANTS
� no pur i f i ca t ion requ i red
� no hazards assoc ia ted wi th in jec t ions
� may be grown loca l ly,  where needed most
� no t ranspor t a t i on costs
� no need for  re f r igera t ion or  spec ia l  s torage

EXAMPLES:
� HIV- supp r e s s i ng p r o t e i n  i n  s p i na ch
� rab i e s   v i r u s   G   p r o t e i n   i n   t oma to
� human  va c c i ne  f o r  hepa t i t i s  B  i n  po t a t o

Biopharming

PLANT-MADE ANTIBODIES
� plantibodies - monoc lona l  ant ibod ies  produced in  p lants
� f ree f rom potent ia l  contamina t ion o f  mammal ian v i ruses
� p lants used inc lude tobacco,  corn,  potatoes ,  soya and r i ce

EXAMPLES:  cance r,  he rpes  s imp lex  v i rus ,  r e sp i ra to r y syncy t i a l v i r us

PLANT-MADE PHARMACEUTICALS
� therapeut i c prote ins and in termediat es

EXAMPLES:  p ro te ins to  t r ea t  CF,  H IV,  hype r t ens i on ,  hepa t i t i s B

Biopharming
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PRODUCTION OF PHARMACEUTICALS IN MILK 
� easy to  pur i fy  - few other  prote ins  in  mi lk
� da i ry  cat t le  produce 10,000 l i te rs  o f  mi lk/year  (35 g  prote in/ l i te r )
� on ly few transgen i c  cows can meet wor ldwide demand
� r i sk  o f food supp ly contamina t ion

EXAMPLES:
� COW:  human  s e r um a l bum in ,  human  l a c t o f e r r i n
� SHEEP : a l pha -1 - an t i t r y p s i n
� GOAT:  human an t i t h r omb i n I I I ( FDA  app r oved ) ,

t i s s ue  p l a sm inogen  a c t i va t o r,  ma l a r i a an t i g en

PRODUCTION OF MATERIALS IN MILK 
� B i oS t ee l f r om sp i de r  s i l k (Nex i a B i o t e ch )

Biopharming

� CROPS
� enhanced  t as te  and  qua l i t y,  r educed  ma tu ra t i on  t ime
� i n c reased  nu t r i en t s ,  y i e l d s ,  and  s t r e ss  t o l e ranc e
� imp roved  res i s t ance  to  d i sease ,  pes t s ,  and  he rb i c i d es

� ANIMALS
� be t t e r  y i e l d s  o f  mea t ,  eggs ,  and  m i l k
� imp roved  an ima l  hea l th ,  r e s i s t ance ,  p roduc t i v i t y,  and  f eed  e f f i c i enc y

� ENVIRONMENT
� more  e f f i c i en t  p rocess ing
� conse rva t i on  o f  so i l ,  wa te r,  and  ene rgy
� be t t e r  na tu ra l  was te  management

� SOCIETY
� i n c reased  food  secu r i t y  f o r  g row ing  popu l a t i ons

GMO benefits

� SAFETY
� human hea l th  :  a l l e rg ens ,  an t i b i o t i c  r e s i s t ance ,  unknown e f f e c t s
� env i r onment :  un in tended  t rans fe r  th rough  c ross -po l l i n a t i on ,  unknown 

e f f e c t s  on  o the r  o rgan i sms ,  l o s s  o f  b i od i v e r s i t y

� ACCESS AND INTELLECTUAL PROPERTY
� domina t i on  o f  wo r l d  f ood  p roduc t i on  by  f ew compan ies
� i n c reas ing  dependenc e  on  i ndus t r i a l i z e d  na t i ons  by  deve l o p ing  coun t r i e s

� ETHICS
� v i o l a t i on  o f  na tu ra l  o rgan i sm ´s  i n t r i n s i c  va lues
� t amper in g  w i th  na tu re  by  m ix ing  genes  among  spec i e s
� ob jec t i ons  to  consum ing  an ima l  genes  i n  p l an t s  and  v i ce  ve r sa
� s t r ess  f o r  an ima l s

GMO controversies 
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GMO future
� GMO c rop f i r s t  commerc i a l i z e d  i n  1996
� 17.3  m i l l i on  f a rmers  g rew b i o t ech  c rops  on  170  m i l l i on  hec ta res
� 90% of new use r s a re  sma l l  r e sou rce -po o r  f a rmers  i n  deve l o p in g  coun t r i e s
� EU- funded  r i s k  r e sea r ch  on GMOs ove r  the  pas t  two  decades  unab l e  t o  de tec t  

any  r i s k s  tha t  have no t  ye t  been  known f rom conven t i ona l  ag r i cu l tu r e *

*  EU Commission (2012): A Decade of EU-funded GMO Impacts Research.


