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available at your fingertips. They are
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lobal Know
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C
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rop Biotechnology
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C
o

n
clu
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n

Biotechnology based gene sw
itching in

plants describes a w
ide range of

m
echanism

s to control plant gene
expression for purposes beneficial to
hum

an beings and our environm
ent.

These technologies hold prom
ise to

m
ore efficiently and effectively use traits

in plants. In the case of the applications
that result in plants that do not
reproduce,  the technology also offers
an additional layer of biosafety
protection as w

ell as serving to protect
research 

and 
developm

ent
investm

ents.

All genetically m
odified organism

s
created through biotechnology-based
gene sw

itching can and should be
review

ed and assessed on a case by
case basis, under scientifically sound
regulatory fram

ew
orks, in line w

ith
existing C

BD
 guidance.

R
eferen

ces
1

http://w
w

w.biodiv.org/decisions/
default.aspx?m

=C
O

P
-05&

id=7147&
lg=0, at

para. 23.
2

S
ee, e.g., N

etherlands C
om

m
ission on

G
enetic M

odification, C
G

M
/041214-01/02,

at p. 51 (identifying G
U

R
Ts as a possible

solution for added biosafety for plant m
ade

pharm
aceuticals); N

ew
 Zealand R

oyal
C

om
m

ission on G
enetic M

odification (2001
R

eport) (“the use of sterility technology in
com

m
ercial forestry trees should be

investigated as it has the potential to reduce
pollen production w

ith its associated
allergenicity problem

s and prevent w
ild pine

escape.”).
3

S
ee, e.g. P

ress release concerning B
avarian

R
esearch Foundation aw

ard for three year
research collaboration betw

een Icon
G

enetics, R
esearch C

entre Freising, and the
U

niversity of M
unich http://

w
w

w.icongenetics.com
/htm

l/
new

s_details.php?id=5928&
ityp+2 (11 A

pril
2005).

4
http://w

w
w.biodiv.org/recom

m
endations/

?m
=S

B
S

TTA
-10&

id=10691&
lg=0.

5
http://w

w
w.w

orldbank.org/htm
l/cgiar/

publications/icw
98/icw

98sop.pdf, at p. 53.

B
io

te
ch

no
lo

gy
-b

as
ed

 g
en

e 
sw

itc
hi

ng
 is

th
e 

us
e 

of
 g

en
et

ic
 e

ng
in

ee
rin

g 
to

 c
on

tro
l

sp
ec

ifi
c 

ge
ne

tic
 m

at
er

ia
l (

ge
ne

s)
 in

 p
la

nt
s

to
 a

ch
ie

ve
 c

er
ta

in
 d

es
ire

d 
re

su
lts

. T
he

ta
rg

et
ed

 g
en

es
 a

re
 c

on
tro

lle
d 

th
ro

ug
h 

so
-

ca
lle

d 
“s

w
itc

h 
m

ec
ha

ni
sm

s.
” T

he
se

m
ec

ha
ni

sm
s 

ac
tiv

at
e 

(tu
rn

 o
n)

, d
ea

ct
iv

at
e

(tu
rn

 o
ff)

, o
r a

dj
us

t u
pw

ar
d 

or
 d

ow
nw

ar
d

sp
ec

ifi
c 

pl
an

t f
un

ct
io

ns
.

Th
is

 c
an

 a
ls

o 
be

 d
es

cr
ib

ed
 a

s 
co

nt
ro

lli
ng

th
e 

“e
xp

re
ss

io
n”

 o
f p

la
nt

 g
en

es
. G

en
e

sw
itc

hi
ng

 m
ec

ha
ni

sm
s 

m
ay

 b
e

es
ta

bl
is

he
d,

 a
m

on
g 

ot
he

r t
hi

ng
s,

 in
re

sp
on

se
 to

 a
n 

ex
te

rn
al

 tr
ig

ge
r (

e.
g.

,
ra

in
fa

ll,
 li

gh
t p

at
te

rn
s,

 c
he

m
is

try
), 

to
ac

tiv
at

e 
th

e 
ex

pr
es

si
on

 o
f g

en
es

 a
t c

rit
ic

al
tim

es
, o

r i
n 

pa
rti

cu
la

r l
oc

at
io

ns
 w

ith
in

 th
e

pl
an

t. 
O

ne
 m

us
t s

ay
 “b

io
te

ch
no

lo
gy

-
ba

se
d 

ge
ne

 s
w

itc
hi

ng
” b

ec
au

se
 g

en
e

sw
itc

hi
ng

 o
cc

ur
s 

na
tu

ra
lly

 a
nd

 w
ith

ou
t

hu
m

an
 in

te
rv

en
tio

n 
in

 n
at

ur
e 

al
l t

he
 ti

m
e

(e
.g

., 
th

e 
pr

es
en

ce
 o

f w
at

er
 a

ct
iv

at
es

pl
an

t g
en

es
 re

sp
on

si
bl

e 
fo

r g
er

m
in

at
io

n;

lig
ht

 p
at

te
rn

s 
tu

rn
 o

n 
re

pr
od

uc
tio

n 
st

ag
es

;
pe

st
s 

ac
tiv

at
e 

de
fe

ns
e 

m
ec

ha
ni

sm
s)

.

M
uc

h 
of

 th
e

cu
rr

en
t

re
se

ar
ch

fo
cu

se
s 

on
ge

ne
sw

itc
hi

ng
ap

pl
ic

at
io

ns
 to

 c
on

tro
l o

ne
 o

r
m

or
e 

ge
ne

s 
re

la
te

d 
to

 s
pe

ci
fic

 tr
ai

ts
 o

f
th

e 
pl

an
t. 

In
 th

es
e 

ca
se

s,
 a

ll 
th

e 
ot

he
r

ge
ne

s 
in

 th
e 

pl
an

t a
re

 u
nt

ou
ch

ed
 a

nd
co

nt
in

ue
 to

 fu
nc

tio
n 

no
rm

al
ly.

 S
ee

d 
fro

m
th

es
e 

pl
an

ts
 c

ou
ld

 b
e 

sa
ve

d 
by

 fa
rm

er
s 

(if
ap

pl
ic

ab
le

 n
at

io
na

l l
aw

s 
pe

rm
it 

se
ed

sa
vi

ng
) a

nd
 p

la
nt

ed
 th

e 
ne

xt
 y

ea
r

re
su

lti
ng

 in
 a

 n
or

m
al

 c
ro

p,
 b

ut
 in

 a
lm

os
t

al
l c

as
es

, w
ith

ou
t t

he
 s

pe
ci

al
 tr

ai
t

ex
pr

es
si

on
 th

at
 w

as
 p

re
se

nt
 th

e 
fir

st
 y

ea
r

(e
.g

., 
he

rb
ic

id
e 

or
 in

se
ct

 to
le

ra
nc

e)
.

S
om

e 
ap

pl
ic

at
io

ns
 o

f b
io

te
ch

no
lo

gy
-

ba
se

d 
ge

ne
 s

w
itc

hi
ng

 a
re

 n
ot

 li
m

ite
d 

to

G
en

et
ic

 U
se

 R
es

tri
ct

io
n

Te
ch

no
lo

gi
es

 (“
G

U
R

Ts
”)

 is
 a

n
on

go
in

g 
to

pi
c 

of
 d

is
cu

ss
io

n
un

de
r t

he
 C

on
ve

nt
io

n 
on

 B
io

lo
gi

ca
l

D
iv

er
si

ty
.  

Th
e 

cu
rr

en
t f

oc
us

su
rr

ou
nd

in
g 

th
is

 to
pi

c 
co

nc
er

ns
w

he
th

er
 a

nd
 h

ow
 G

U
R

Ts
 m

ay
 im

pa
ct

in
di

ge
no

us
 p

eo
pl

es
, l

oc
al

 c
om

m
un

iti
es

an
d 

sm
al

l-h
ol

de
r f

ar
m

er
s.

 In
de

ed
, i

n
th

e 
m

os
t r

ec
en

t d
eb

at
e 

on
 th

is
 to

pi
c

he
ld

 in
 F

eb
ru

ar
y 

20
05

, t
he

re
pr

es
en

ta
tiv

es
 o

f t
he

 in
di

ge
no

us
pe

op
le

s 
an

d 
lo

ca
l c

om
m

un
iti

es
re

qu
es

te
d 

cl
ea

r a
nd

 o
bj

ec
tiv

e
in

fo
rm

at
io

n 
on

 G
U

R
Ts

 s
o 

th
at

 th
ey

co
ul

d 
un

de
rs

ta
nd

 th
e 

is
su

es
 a

nd
be

tte
r p

ar
tic

ip
at

e 
in

 th
e 

di
sc

us
si

on
.

Th
is

 P
oc

ke
t K

 s
ee

ks
 to

 re
sp

on
d 

to
 th

at
re

qu
es

t b
y 

ex
pl

ai
ni

ng
 w

ha
t g

en
e

sw
itc

hi
ng

 a
nd

 G
U

R
Ts

 te
ch

no
lo

gi
es

ar
e,

 h
ow

 th
ey

 w
or

k,
 a

nd
 w

hy
 p

ub
lic

an
d 

pr
iv

at
e 

se
ct

or
 s

ci
en

tis
ts

, a
s 

w
el

l
as

 g
ov

er
nm

en
ts

, a
re

 p
ur

su
in

g 
fu

rth
er

re
se

ar
ch

 a
nd

 d
ev

el
op

m
en

t i
n 

th
is

 a
re

a.

W
h

a
t 

is
 g

en
e 

sw
it

ch
in

g
 a

n
d

 h
o

w
 d

o
es

 i
t 

w
o

rk
?

co
nt

ro
lli

ng
sp

ec
ifi

c 
tra

its
,

bu
t i

ns
te

ad
co

nt
ro

l g
en

es
re

sp
on

si
bl

e 
fo

r
re

pr
od

uc
tio

n 
or

se
ed

ge
rm

in
at

io
n.

P
la

nt
 g

en
e

sw
itc

hi
ng

 c
an

be
 u

se
d 

to
co

nt
ro

l p
la

nt
re

pr
od

uc
tio

n 
in

a 
nu

m
be

r o
f

di
ffe

re
nt

 w
ay

s,
 fo

r e
xa

m
pl

e,
 b

y 
lim

iti
ng

pr
od

uc
tio

n 
of

 p
ol

le
n 

or
 b

y 
pr

od
uc

in
g 

no
n-

vi
ab

le
 s

ee
d.

 In
 o

th
er

 w
or

ds
,

bi
ot

ec
hn

ol
og

ic
al

 c
on

tro
ls

 in
 th

e 
pl

an
t

al
lo

w
 fo

r n
or

m
al

 p
la

nt
in

g 
an

d 
ha

rv
es

tin
g

of
 th

e 
pr

od
uc

t, 
bu

t t
he

 p
la

nt
 v

ar
ie

ty
 w

ill
no

t b
e 

ab
le

 to
 re

pr
od

uc
e 

in
 s

ub
se

qu
en

t
ye

ar
s.

  C
om

m
er

ci
al

ly
 a

va
ila

bl
e 

ex
am

pl
es

of
 th

is
 a

re
 s

ee
dl

es
s 

gr
ap

es
 a

nd
w

at
er

m
el

on
s.



G
U

R
Ts can be used to produce genetically

engineered plants w
hich w

ill grow
 and can be

harvested, but cannot produce viable seed,
thus preventing unintended introduction of the
crop to the environm

ent. A num
ber of

governm
ent bodies have recognized this

potential biosafety benefit of G
U

R
Ts

2, and
funds have been allocated to support
additional research. 3

A
n im

portant m
otivation for com

panies to
create sterile seeds is to protect their technology and investm

ent by preventing
unauthorized saving and planting of seeds in subsequent years.  The farm

er w
ho

purchases this seed w
ill know

 that he w
ill not be able to save seed from

 his crop
because these products w

ill be labelled by m
anufacturers w

ith inform
ation about the

added value trait and any restrictions related to patents and/or plant variety
protection.  G

U
R

Ts products m
ay also cost m

ore than conventional seed.  S
om

e
farm

ers m
ay choose to buy these higher priced seeds —

 even though seed saving
w

ill not be possible —
 because of particular benefits (e.g., higher yields, higher quality

traits, and m
ore efficient plants) they w

ill offer.  O
ther farm

ers w
ill continue to be able

to choose other seed products w
ithout these technological im

provem
ents.

Because of the significant potential beneficial applications of this
technology, m

any public and private sector scientists see gene
sw

itching as the future of biotechnology.

For instance, researchers are exploring the use of gene sw
itching to

allow
 a plant to express a gene only w

hen it is needed. That is, a
drought tolerant plant w

ill produce the gene for drought tolerance only
w

hen drought occurs. In better w
eather and soil conditions, the plant

w
ill not produce the gene, and its resources w

ill be channeled to
im

portant activities, such as food and energy production. Farm
ers w

ho
save seed in this context w

ould be able to grow
 a norm

al crop the
subsequent year, but the special drought resistance feature w

ould no
longer function.

O
ther exam

ples include the follow
ing:

•
The developm

ent of sentinel plants that w
ould notify farm

ers w
hen there is a nutrient deficiency

or a pest infestation in their fields – enabling the application of pesticides and/or fertilizers only
w

hen absolutely necessary.
•

Targeted release of B
t or other pest protection m

echanism
s w

ithin a plant, helping to further
reduce the potential developm

ent of pest resistance in conjunction w
ith refugia and integrated

pest m
anagem

ent (IP
M

) processes.
•

The developm
ent of sterile progeny, further contributing to environm

ental risk m
anagem

ent
processes in centers of origin and other sensitive environm

ents or areas w
ith stringent

biosafety fram
ew

orks.

W
hile present decision-m

aking concerns
only laboratory experim

entation, field
testing and com

m
ercialization of

products of gene sw
itching technologies

w
ill occur in the com

ing years. N
ational

biosafety fram
ew

orks regulate viable
products of genetic engineering,
including any plants and organism

s that

m
ay be created through gene sw

itching
technologies, on a case-by-case basis
through scientific risk assessm

ent.
A

ccordingly, any unique attributes of
products of gene sw

itching, including
those that result in sterile seed,
autom

atically are considered in risk
assessm

ent and decision-m
aking.

B
ecause of the detailed case-by-case

approach to biosafety reflected in

W
h
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g
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C
a
lls fo

r M
o

ra
to

riu
m

 R
ejected

C
alls for a m

oratorium
 on the technology

have been rejected repeatedly by C
B

D
bodies. The latest rejection of a blanket ban
occurred in February 2005 w

hen the C
B

D
’s

S
ubsidiary B

ody for S
cientific, Technical and

Technological A
dvice instead recom

m
ended

that the C
B

D
 reaffirm

 its existing
recom

m
endation, w

hich allow
s for case by

case assessm
ent. 4 N

either have the
International A

gricultural R
esearch C

enters
rejected the technology as som

e have
asserted.  Instead, this particular research system

 has decided not to use applications
designed to prevent seed germ

ination because of its specific purpose of breeding crop
varieties for resource poor farm

ers. 5

national regim
es (and also integrated

into the C
artagena P

rotocol on
B

iosafety), gene sw
itching products are

and can continue to be regulated under
the sam

e biosafety system
 as any

other biotechnology application.
N

evertheless, the C
B

D
 has created

guidance for regulators concerning
G

U
R

Ts. D
ecision V

/5 recom
m

ends that
C

B
D

 P
arties not approve products

created through the use of G
U

R
Ts for

field testing until appropriate scientific
data justifies the testing and for
com

m
ercialization and strictly

controlled scientific assessm
ents

concerning im
pacts and adverse

effects are carried out and conditions
for their safe and beneficial use
validated.  1

Im
age courtesy of U

.S
. D

epartm
ent of

E
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TL P
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, http://
doegenom

estolife.org


