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Apa itu

rekayasa genetika?



Rekayasa Genetika

• Penerapan teknik biologi molekuler dalam mengubah
susunan genetik dalam kromosom atau mengubah
sistem ekspresi genetik yang diarahkan pada 
kemanfaatan tertentu.

• Meningkatkan keragaman tanaman

• Menjamin ketahanan pangan

• Meningkatkan kualitas dan hasil panen



Tujuan Rekayasa Genetika Tanaman

Memberikan karakter baru pada tanaman
melalui pengintegrasian gen-gen yang berasal
dari organisme lain untuk perbaikan sifat
tanaman itu sendiri.

✓ to produce needed chemicals
✓ to carry out useful processes
✓ to give an organism desired characteristics



Bioteknologi Tanaman

Gene Manipulation & Introduction

•Identify gene from another species which 
controls a trait of interest or modify an existing 
gene (create a new allele)

•Introduces that gene into an organism 

→ transformation (forms transgenic organisms)

• Growing plants
• Plant breeding (selective & interspecies 

crosses)

Traditional Biotechnology









• Memperkenalkan DNA ke dalam host sel lain
sedemikian rupa, sehingga gen tersebut dapat
diekspresikan

• Gen pada DNA yang ditransformasikan harus mampu:

a. Transkripsi dan translasi untuk membentuk
molekul protein

b. Replikasi dan dapat diturunkan ke generasi
berikutnya

Transformasi



• Untuk mengontrol replikasi dan ekspresi DNA 
asing yang telah disisipkan kedalamnya dapat
digunakan Vektor ,plasmid maupun virus

• Transformasi dapat didefinisikan: Perubahan
keadaan/sifat satu strain oleh DNA asing

• Dapat dilakukan dengan memasukan DNA donor 
ke dalam sel inang

• DNA donor bisa utuh ataupun rekombinan

Transformasi



Sejarah Organisme Rekayasa Genetika (GMO)

1st transgenic plant produced (antibiotic resistance 

tobacco)

1st transgenic plant produced using Caulimovirus

vector (CaMV)

1st GMO approved for sale in US (Flavr-Savr

tomato)

The EU approved GMO herbicide-resistance 

tobacco → 1st commercially marketed in Europe

US-EPA approved Bt-potato (insecticide-producing 

potato)

• 1982

• 1984

• 1994

• 1995



Sejarah GMO

1st GM flower introduced (Moondust-bluish 

colored carnation)

Rice containing β-carotene (Golden rice)

• 1996

• 2000



Syarat Dasar Transformasi Genetik

1.Gen target

2.Vector pembawa gen

3.Modifikasi DNA asing untuk
meningkatkan tingkat ekspresi gen

4.Metode pengiriman plasmid DNA ke
dalam sel

5.Metode identifikasi transformed cell

6.Kuljar untuk memulihkan tanaman
yang layak dari sel yang diubah



Prinsip Dasar Rekayasa Genetika

1.Identify required gene and isolate it.

2.Make multiple copies of the gene.

3.Insert the gene into the cells of the 
host organism.

4. Identify the cells that have the gene 
and clone it.

Genetic engineer’s toolkit:

a. Enzymes

b. Vectors

c. Marker genes





Aplikasi Rekayasa Genetika Tanaman

• Toleran terhadap zat kimia tertentu (missal herbisida)

• Tahan terhadap hama dan penyakit tertentu

• Memiliki sifat khusus, misalnya longer-lasting tomato 
dan padi yang mengandung β-carroten & vitamin A.

• Dapat mengambil nitrogen langsung dari udara.

• Tahan terhadap lingkungan ekstrim, misalnya
kekeringan, cuaca dingin, dan tanah bergaram tinggi.



Keilmuan yang Mendasari Rekayasa Genetika

• Restriction Enzymes & Recombinant DNA

• Gene Discovery, Isolation and Cloning

• Move Foreign Gene or Transgene from Any Organism 
to Any Other Organism



Metode Rekayasa Genetika Tanaman

Fisik KimiaBiologi

•Microinjection

•Pressure

•Biolistic

•Electroporation

•Silica carbide 
fibers

•PEG

•DEAE-dextran

•Calcium phosphate

•Artificial lipids

•Proteins

•Mediasi bakteri
Agrobacterium 
tumefaciens & A. 
rhizogenes

•Mediasi virus

Mediasi Vektor Tanpa Mediasi Vektor



Metode Rekayasa Genetika Tanaman





Ti plasmid

Agrobacterium

Genomic DNA

Plant cell
Genomic DNA (carries 
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+

Ti plasmid with the gene of interest

Gene of 
interest

Empty 
plasmid

Restriction 
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Restriction 
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Agrobacterium tumefaciens



Agrobacterium

Ti plasmid with the new gene

Plant cell

cell’s 
DNA

Transgenic plant Cell division

The new 
gene

+ Transformation

Agrobacterium tumefaciens



Gen yang disisipkan pada tanaman GM

• Endo-toxin dari Bt

• Protease inhibitors

• Alpha amylase inhibitors

• Lectins

• Enzymes

• Pyramiding genes



Gen yang disisipkan pada tanaman GM

• Protease inhibitors (PI)

Menghambat protease pada pencernaan serangga.

Contoh: Gen trypsin inhibitor (CpTi) dari Cowpea 

disisipkan pada tembakau untuk mencegah serangan

Helicoverpa



Gen yang disisipkan pada tanaman GM

• Alpha Amylase Inhibitors (AAI)

Menghambat digesti karbohidrat pada serangga.

Contoh: Tomat & kentang dengan gen AAI resisten

terhadap serangan hama Lepidopteran

• Lectin genes

Lectin mengikat karbohidrat, termasuk kitin pada saluran

cerna serangga. Sehingga mengganggu penyerapan nutrisi

Contoh: Gen pea lectin (P-Lec) disisipkan pada tembakau

untuk mencegah serangan Helicoverpa



Gen yang disisipkan pada tanaman GM

• Enzymes

Gen chitinase, cholesterol oxidase, dan lipo-oygenase

disisipkan pada tanaman untuk memunculkan sifat insektisida

Contoh: Gen bean chitinase (BCH) disisipkan ke tembakau

untuk mecegah serangan Aphid

• Pyramiding Genes

Penyisipan > 1 gen untuk memperoleh banyak mekanisme

pertahanan

Contoh: CpTi + P-Lec disisipkan pada tembakau



C5 Plum pox resistant plums

Plums that have been 
genetically engineered 
to be resistant to the 
plum pox virus

http://upload.wikimedia.org/wikipedia/commons/a/af/C5_plum_pox_resistant_plum.jpg
http://en.wikipedia.org/wiki/File:C5_plum_pox_resistant_plum.jpg
http://en.wikipedia.org/wiki/Plum
http://en.wikipedia.org/wiki/Plum_pox_virus


Pesticide resistance

Effect of the herbicide bromoxynil on tobacco plants 
transformed with a bacterial gene of which a product breaks 
down bromoxynil (top row) and control plants (bottom row). 
"Spray blank" plants were treated with the same spray mixture 
as the others except the bromoxynil was left out. 
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Bt Corn
Bt corn is a variant of maize, genetically altered to express the 
bacterial Bt toxin, which is poisonous to insect pests. The pest 
is the European Corn Borer.

http://en.wikipedia.org/wiki/Bacillus_thuringiensis


Bt Cotton

- Saves 3.46 M lb
raw material

- Conserves 1.48 
Mgal fuel oil

- Eliminates 2.16 
M lb industrial 
waste

- Transports and 
stores 416,000 
gal insecticide 
less

- Conserves 604k 
gal fuel oil 

- Fewer insecticide 
use and storage

- Saves workdays 
for insecticide 
application

- Conserves 2.41 
Mgal fuel and 93.7 
Mgal water 

Accrues $168 
million benefits 
from lower 
production costs 
and increased 
cotton yield 

- Reduces pesticide 
exposure risk

- Preserves beneficial 
insect populations

- Creates wildlife benefits
- Gives cotton producers 

more time for family 
and community 
activities

- Gives cotton producers 
peace of mind 

Produces fiber 
equivalent to 
that found in all 
consumer 
products 
derived from 
cotton



o Introduction of genes that produce β-carotene in the rice grain. 

o Beta-carotene is present in the leaves of the rice plant, but conventional 
plant breeding has been unable to put it into the grain. 

o Dr. Ingo Potrykus of the Swiss Institute of Plant Sciences in Zurich, with 
Rockefeller funding, transferred one bacterial and two daffodil genes. 

o The transgenic rice grain has a light golden-yellow color and contains 
sufficient beta-carotene to meet human vitamin A requirements from rice 
alone. 

o Potrykus has also added a gene from the French bean to rice that increases 
its iron content over threefold. 

Golden rice
Production of transgenic cereals for developing countries



β-Carotene Pathway in Golden Rice



Improving the drought tolerance of 
corn could make dried-out crops like 
this one a thing of the past. 

Credit: Richard Hamilton Smith/Corbiss

New Ways to Protect 
Drought-Stricken Plants

Tomato plants carrying a foreign gene that 
protects their cells from salt-induced 
dehydration thrive in a 200-mM salt 
solution, whereas unaltered plants wither. 

Credits: E. Blumwald/university of california, davis

With drought an ever-present threat, 
researchers are identifying genes that can 
help plants tolerate arid conditions in hopes 
of using them to produce hardier crops.Anne Simon Moffat. Science 296:1226-1229, May 17 2002.
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expressed in GMOs 
in the US
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Label pada produk yang 
mengandung GMOs

Januari 2022



National Academy of Science Report 
on GE Crops - May 2016

http://nas-sites.org/ge-crops/ FREE: full report; short report; slides from news release

Tidak menemukan bukti nyata tentang
perbedaan risiko terhadap kesehatan
manusia antara tanaman rekayasa genetika
(RG) yang saat ini dikomersialkan dan 
tanaman yang dibiakkan secara
konvensional, juga tidak menemukan bukti
sebab-akibat yang meyakinkan tentang
masalah lingkungan dari tanaman RG.

http://nas-sites.org/ge-crops/

