108f01d swouas) uewnH Abiau3 jo Juswpedaq SN 8y} Jo Aseunod uonensn|ii YN

UWILIXI UL 2014G] 40 IsVIsp v 181 01 Apjiqy squvyd 2z

‘JUIUUOLLOUI

-

“

» 40 120} v Jo 40100 2g1 40f 2jqrsuodsau st 2ouonbas w?,
=4
uas 4pnotlapd v 9ouUPISUL 40,] “SOUSIIIIOVIVYI 40 (2
s1v41 1ouIstp 40f ap0od 1wq1 YN 0 $a]1aajout a4y sauary O

‘/peojumop/ABojouyosjolq” [ednynolbe

/suoneoljqnd/seoinosal/bio eeesImmm//:dpy “(sdosd N ISnf ueyy s10 107 ) ABojouyosiolg [einynouby :80in0S

sauab

Jejnonued yo Buiyoums Jo Buinowal
Aq payipow aq o3 syue|d smojly
Buipaaiq jeuonuaAuod

0} paiedwoo awiy JaJoys e ul
panalyoe aq ued juswaroidwi dos)
swsiuebio

pajejas Appuessip Jo Aj9so|d Jayye
usamjaq ‘sauab may e 1snl Jo

2UO JO J3JSUE.]} J0alIp By} SMO||Y

s})|nsal palisep
aAalyoe 0} awly Buoj e seye]  «
souab
a|geJisap yym Buoje paulaisuely
aq ueo sauab s|qelisepun <«
pajesauab s9ss0I0 JO UOI|jIW By}
woJj uoneuiquod auab Jenoiued
Aue jo @sjuesenb ou Jo 9P «
saloads
pajejal Aj@sojo AJan 1o awes ay}
usamlaq sebueyoxs 0) paywi] <«

AHuIpaaig jeuonuanuoy

AundauIhul 13Uy 'Sn Huipaalg [euonuanuoy ‘L ajgeL

References

1. Agricultural Biotechnology in Europe.
2003. Future Developments in Crop
Biotechnology. Issue Paper 6. http://
cms.daegu.ac.kr/sgpark/life&chemistry/
future.pdf.

2. DANIDA. 2002. Assessment of
Potentials and Constraints for
Development and Use of Plant
Biotechnology in Relation to Plant
Breeding and Crop Production in
Developing Countries. Ministry of
Foreign Affairs, Denmark.

3. Desmond, S. and T. Nicholl. 1994. An
Introduction to Genetic Engineering.
Cambridge University Press.

4. Giddings, G., G. Allison, D. Brooks,
and A. Carter. 2000. Transgenic Plant
as Factories for Biopharmaceuticals.
Nature Biotechnology 18: 1151-1155.

5. Goto, F., R. Yoshihara, N. Shigemoto,
S. Toki, and F. Takaiwa. 1999. Iron
Fortification of Rice Seed by the
Soybean Ferritin Gene. Nature
Biotechnology 17: 282-286.

6. ISAAA. 2018. Global Status of

10.

Commercialized Biotech/GM Crops:
2018. ISAAA Brief No. 54. ISAAA: Ithaca,
NY.

Lopez-Bucio, J., O. M. de la Vega,

A. Guevara-Garcia, and L. Herera-
Estrella. 2000. Enhanced Phosphorous
Uptake in Transgenic Tobacco Plants
that Overproduce Citrate. Nature
Biotechnology 18: 450-453.

Robinson, C. 2001. Genetic Modification
Technology and Food: Consumer

Health and Safety. ILS| Europe Concise
Monograph Series. http://www.ilsi.org/
Europe/Publications/C2002Gen_Mod.pdf.
University of Nebraska — Lincoln.

2015. Overview of Crops Genetic
Engineering. http://passel.unl.edu/pages/
informationmodule.php?idinformationmod
ule=957879329&topicorder=8&maxto=9.
Ye, X., S. Al-Babili, A. Kloti, J.

Zhang, P. Lucca, and |. Potrykus.

2000. Engineering the Provitamin A
(b-carotene) Biosynthetic Pathway into
(Carotinoid-Free) Rice Endosperm.
Science 287(5451): 303-305.

‘sauab Jejnoied umo Jisyy Jo Buiyoyms Jo Buinowsals Aq payipow aq os|e

Aew sjue|d ‘swsiuebio Jayjo wou yYNQ Buiiasul anjoaul sanbiuyosy Buussuibus onauab e joN (|
ainbi4) Jely ojwouoibe palisap ay} ule}qo o} swsiuebio pajeal Ajjuelsip Jo A|9sojo Jay)e usamiaq
‘Jsa19)ul Jo sauab may e Jsn[ Jo duo Jo Jajsuel) }0alp 8y} smojje Buuaauibua di3puab ‘ysenuod u)

‘and1yoe ued s1apaalq jueld jeyy syuawaroidwi 8y Jiwi| swajqoud

asay] "Bundsyo ay) ul Ajwopues ssa| 10 dlow paposse-al pue Jayjebo) paxiw aie sjualed yjoq jo
sauab ay) asneosaq }so| si Jayjoue ‘pauleb si auab ajgelisap auo ajiym ‘o ‘sauab ajgelisap yym
Buoje paliajsuel) 8q ueo sauab ajqelisapun ‘pajessusl s8ss0lI0 JO SUO||IW Sy} WOJj UOIBUIqUIOD

*/peojumop/ABojouyosjolq

" |eanynoube/suoneolignd/saoinosal/Bio-eeesmmmwy/:dpy ‘(sdosd
N 1sSnf uey) aIop 307 ) ABojouyosjolg [einynouby :90inos
‘(3sa49)Ul Jo auab ay) Bunussaidas usaib

ynm ‘sauab jussalidal sjop ay | ) Buussuibus onausb
pue Bulpaaiq |euoljuaAuod Buniedwo) 'y ainbly

jsasayul Jo aush @
/7 N
/ \

juejq doip oAnedY PIM jueid doid  aanerdY PlIM

Pocket Ks are Pockets of Knowledge,
packaged information on crop
biotechnology products and related
issues available at your fingertips. They
are produced by the Global Knowledge
Center on Crop Biotechnology
(http://www.isaaa.org/kc). For more
information, please contact the
International Service for the Acquisition
of Agri-biotech Applications (ISAAA)
SEAsiaCenter c/o IRRI, Los Bafios,
Laguna, 4031 Philippines.

Telefax: +63 49 5367216

E-mail: knowledge.center@isaaa.org
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The “sharing” of DNA among living forms is
well documented as a natural phenomenon.
For thousands of years, genes have moved
from one organism to another. For example,
Agrobacterium tumefaciens, a soil bacterium
known as ‘nature’s own genetic engineer’,
has the natural ability to genetically engineer
plants. It causes crown gall disease in a wide
range of broad-leaved plants, such as apple,
pear, peach, cherry, almond, raspberry, and
roses. The disease gains its name from the
large tumor-like swellings (galls) that typically
occur at the crown of the plant, just above soil level. Basically, the bacterium transfers
part of its DNA to the plant, and this DNA integrates into the plant’'s genome, causing the
production of tumors and associated changes in plant metabolism.

Application of genetic engineering in crop production

Genetic engineering techniques are used only when all other techniques have been
exhausted, i.e. when the trait to be introduced is not present in the germplasm of
the crop; the trait is very difficult to improve by conventional breeding methods; and
when it will take a very long time to introduce and/or improve such trait in the crop
by conventional breeding methods (see Figure 2). Crops developed through genetic
engineering are commonly known as transgenic crops or genetically modified (GM)
crops.

Modern plant breeding is a multi-disciplinary and coordinated process where a large
number of tools and elements of conventional breeding techniques, bioinformatics,
molecular genetics, molecular biology, and genetic engineering are utilized and
integrated.

Is the trait of interest present in close relatives?

Conventional breeding Genetic engineering Insertion of genes
and mutagenesis for trait identification from other organisms
) )
Mapping of genes Development of marke.
involved for the gene(s)
) 1
Identification of DNA | Screenlpg of cu.ltlvars GMO breeding
markers and wild relatives
)
DNA marker assisted /
breeding Source: DANIDA, 2002.

Figure 2. Modern plant breeding.

Development of transgenic crops

Although there are many diverse and complex techniques involved in genetic engineering,
its basic principles are reasonably simple. There are five major steps in the development of a
genetically engineered crop. But for every step, it is very important to know the biochemical
and physiological mechanisms of action, regulation of gene expression, and safety of the
gene and the gene product to be utilized. Even before a genetically engineered crop is made
available for commercial use, it has to pass through rigorous safety and risk assessment
procedures.

The first step is the extraction of DNA from the organism known to
have the trait of interest. The second step is gene cloning, which
will isolate the gene of interest from the entire extracted DNA,
followed by mass-production of the cloned gene in a host cell.
Once it is cloned, the gene of interest is designed and packaged
so that it can be controlled and properly expressed once inside
the host plant. The modified gene will then be mass-produced in

a host cell in order to make thousands of copies. When the gene
package is ready, it can then be introduced into the cells of the
plant being modified through a process called transformation. The
most common methods used to introduce the gene package into
plant cells include biolistic transformation (using a gene gun) or
Agrobacterium-mediated transformation. Once the inserted gene
is stable, inherited, and expressed in subsequent generations, then the plant is considered a
transgenic. Backcross breeding is the final step in the genetic engineering process, where the
transgenic crop is crossed with a variety that possess important agronomic traits, and selected
in order to obtain high quality plants that express the inserted gene in a desired manner.

The length of time in developing transgenic plant depends upon the gene, crop species,
available resources, and regulatory approval. It may take 6-15 years before a new transgenic
hybrid is ready for commercial release.

Transgenic crops have been planted in different countries for over twenty years, starting from
1996. About 191.7 million hectares was planted in 2018 to transgenic crops with high market
value, such as herbicide tolerant soybean, maize, cotton, and canola; insect resistant maize,
cotton, potato, and rice; and virus resistant squash and papaya. With genetic engineering,
more than one trait can be incorporated or stacked into a plant. Transgenic crops with
combined traits are also available commercially. These include herbicide tolerant and insect
resistant maize, soybean and cotton.

To date, commercial GM crops have delivered benefits in crop
production, but there are also a number of products in the pipeline
which will make more direct contributions to food quality,
environmental benefits, pharmaceutical production, and non-food
crops. Examples of these products include: triple stack trait
biotech rice with better yield amidst abiotic stresses, biotech
chestnut tree with resistance to chestnut blight, biotech citrus
greening resistant citrus, potato enriched with beta carotene,
biofortified sorghum, bacterial (Xanthomonas) wilt resistant
banana, Bunchytop virus resistant banana, insect resistant wheat, among others.




