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GENE EDITING IN POTATOES: A PATH TO REDUCING
GREENHOUSE GAS EMISSIONS IN AGRICULTURE”

WHY IN THE NEWS:

Researchers have discovered that the StCDF1 gene, which controls potato growth, also regulates nitrogen
management. This breakthrough could lead to potato varieties requiring less fertilizer, reducing costs and
environmental impact. As potatoes are the third-most consumed food globally, this finding offers a
promising solution to enhance food security and address agricultural challenge
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WHATIS GENE EDITING? _ _ ..
Gene editing is a biotechnological method that allows scientists to modify an organism’s DNA precisely.
Techniques such as CRISPR-Cas9 enable researchers to add, remove, or alter specific genetic material within
an organism’s genome. This technology has revolutionized genetic research and agriculture by providing a
way to enhance desirable traits, such as disease resistance, drought tolerance, and nutrient efficiency,

without introducing foreign DNA.
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Potato editing refers to the application of gene editing techniques specifically to enhance the traits of potato

plants. In this case, researchers are focusing on the StCDF1 gene, which regulates tuber growth and nitrogen
management. By disabling or modifying this gene, scientists aim to create potato varieties that can thrive in
low-nitrogen environments, thereby reducing the need for chemical fertilizers. This approach not only has
the potential to improve the health and yield of potato crops but also addresses environmental concerns

related to fertilizer runoff and groundwater pollution.

SIGNIFICANCE OF THE NEW DISCOVERY:

Environmental Benefits: By developing potato varieties that need less nitrogen fertilizer, this research helps
reduce environmental pollution, particularly from excess fertilizers contaminating groundwater.

Cost Reduction for Farmers: Lower fertilizer requirements lead to significant cost savings, making potato
farming more affordable, especially for smallholder farmers who rely heavily on nitrogen fertilizers.
Improved Food Security: Potatoes, a staple food for millions, can be grown more efficiently with higher
yields and better-quality tubers, contributing to enhanced food security globally.

Advancement in Agricultural Biotechnology: This breakthrough highlights the potential of gene editing and
traditional breeding to address critical agricultural challenges like nutrient uptake and crop resilience.
Sustainability in Agriculture: The research offers a solution for sustainable agricultural practices, reducing
reliance on chemical fertilizers and minimizing ecological damage, thus promoting long-term agricultural
health.

Potential for Broader Crop Improvement: Techniques developed for potatoes can be applied to other crops
with similar nitrogen efficiency issues, improving overall agricultural productivity.

Support for Global Agricultural Innovation: This discovery sets the stage for further advancements in
agricultural biotechnology, leading to more resource-efficient and resilient farming systems worldwide.

CHALLENGES OF POTATO GENE EDITING

High Genetic Diversity: The highly heterozygous nature of potatoes makes it difficult to achieve consistent
gene-editing results, especially in India’s diverse agro-climatic conditions.




Tetraploid Complexity: Potatoes’ tetraploid nature, with four sets of chromosomes, complicates precise
gene editing, slowing the development of improved crop varieties.

Polygenic Traits: Many critical traits like disease resistance and tuber quality are controlled by multiple
genes, requiring complex multi-gene editing strategies.

Off-Target Effects: Gene-editing tools like CRISPR/Cas9 can cause unintended genetic changes, potentially
impacting crop stability and safety in Indian agricultural systems.

Regulatory Challenges: India’s regulatory framework for genetically modified organisms (GMOs) is evolving,
which may delay the approval and commercialization of gene-edited crops.

Public Skepticism: Indian consumers often view genetically modified crops with suspicion, requiring
extensive efforts to build trust and awareness about the benefits of gene editing.

Low Transformation Efficiency: Achieving efficient transformation and regeneration of potato plants
remains a technical challenge for Indian researchers, affecting large-scale adoption.

Environmental Impact: The ecological effects of introducing gene-edited varieties into India’s environment
need to be carefully studied through long-term research.

High Costs: Developing gene-edited crops requires substantial financial investment, which can be a barrier
for smaller research institutions and farmers in India.

Intellectual Property Issues: Disputes over the ownership of gene-editing technologies and their applications
can hinder collaboration and innovation in the Indian agricultural sector.

STRATEGIES TGRADVAINCE POTAD GENE ERLTINGUN INDISS N8 & o 4% W ___ ______
Establish Regulatory Frameworks: Define clear guidelines distinguishing gene-edited crops from GMOs, with
oversight by the Genetic Engineering Appraisal Committee (GEAC), aligning with frameworks like the
Biosafety Guidelines, 1989.

Form Advisory Committees: Create a Gene Editing Advisory Committee to evaluate safety and ethics,
inspired by bodies like the National Biodiversity Authority (NBA).

Promote Public Engagement: Build trust through educational campaigns and a Public Engagement Task
Force, modeled on the Biotech Consortium India Limited (BCIL).

Enhance Collaborative Research: Establish a National Gene Editing Research Consortium, akin to the
National Innovation Foundation (NIF), to foster partnerships and innovation.

Provide Funding: Support gene-editing research through initiatives like Rashtriya Krishi Vikas Yojana (RKVY)
or new schemes for nitrogen-efficient potatoes.

Develop Risk Protocols: Standardize risk assessments, overseen by a global body inspired by the Cartagena
Protocol on Biosafety.

Facilitate Global Cooperation: Form a Global Gene Editing Alliance, similar to the International Treaty on
Plant Genetic Resources for Food and Agriculture ITPGRFA, for harmonized standards and research
collaboration.

Monitor Outcomes: Set up a Gene Editing Monitoring Board, akin to the National Gene Bank, to evaluate
field impacts and ensure transparency.

CONCLUSION:

Gene editing in potatoes can boost sustainability, cut greenhouse gas emissions, and strengthen global food
security. Addressing technical, regulatory, and ethical challenges while fostering public trust is vital.
Collaborative efforts and a balanced focus on safety, sustainability, and farmer benefits can pave the way for
resilient agricultural systems.

PRELIMS QUESTION:

Q. With reference to gene editing in potato cultivation, consider the following statements:




1. Gene editing techniques like CRISPR-Cas9 allow for the precise modification of an organism’s DNA.

2. The StCDF1 gene can be modified to improve nitrogen uptake in potatoes, leading to more efficient
fertilizer use.

3. Gene editing introduces foreign DNA into the organism’s genome to achieve desired traits.

How many of the above-given statements are correct?

A. Only one

B. Only two

C. All three

D. None

ANSWER: B

MAINS QUESTION: _ _ o
Biotechnology has revolutionized agriculture in India, but it also presents new challenges. Discuss the
essential measures needed to ensure the sustainable use of biotechnology in Indian agriculture.

(Answer in 250 words)

Munde Dhananjay Navnath

“INDIA’S GSAT-N2 SATELLITE SET FOR LAUNCH BY

SPACEX: A MAJOR MILESTONE”

WHY IN THE NEWS?

SpaceX successfully launched ISRO’s latest communications satellite, GSAT-20, from Cape Canaveral, Florida,
using its Falcon 9 rocket. This marks the first significant commercial partnership between SpaceX and ISRO.
The collaboration is estimated to cost between $60-70 million. Previously, India relied on French commercial
launch service provider Arianespace for the launch of heavy satellites. In addition, SpaceX and ISRO have
entered into another agreement to send an Indian astronaut to the International Space Station (ISS) for $60
million.
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WHAT IS FALCON 92 _ e
Falcon 9 is a cutting-edge, reusable orbital rocket developed by SpaceX to transport payloads, such as
satellites, cargo, and even astronauts, to various orbits around Earth. The rocket is designed to be cost
efficient and highly reliable, with the unique capability to return to Earth after launching and be reused for
future missions. This innovation has fundamentally changed the economics of space travel.

Key Features and Specifications:

1. Height: 70 meters (229.6 feet)

2. Weight: 549,054 kg (1,207,920 Ibs)

3. Payload Capacity:

To Low Earth Orbit (LEO): 22,800 kg (50,265 Ibs)

To Geostationary Transfer Orbit (GTO): 8,300 kg (18,300 Ibs)

4. First Stage: The first stage of Falcon 9 houses 9 Merlin engines, which provide the necessary thrust to
propel the rocket through the lower atmosphere. This stage is designed to be reusable, meaning it can land
back on Earth for refurbishment and reuse in future launches.

5. Second Stage: The second stage uses a Merlin Vacuum engine optimized for operation in the vacuum of
space. It carries the payload into its final orbit after the first stage has completed its job.

6. Launch Reusability: The Falcon 9 rocket is designed for reusability, which means that after launching, the
first stage can return to Earth and land vertically, either on a landing platform at sea (autonomous spaceport
drone ship) or on solid ground. This dramatically reduces launch costs.

7. Autonomous Operations: The rocket is equipped with advanced autonomous systems that enable the first
stage to land back on Earth after completing its mission, without human intervention.

WHAT IS SPACEX? ..
SpaceX (Space Exploration Technologies Corp.) is an American private aerospace manufacturer and space
transportation company founded by Elon Musk in 2002. The company’s main goal is to reduce the cost of
space travel and make it possible for humans to live on other planets, particularly Mars.

Key Features:

1. Reusable Rockets: SpaceX’s Falcon 9 and Falcon Heavy rockets are designed to be reused, drastically
lowering launch costs.

2. Crew Dragon: A spacecraft developed for NASA’s Commercial Crew Program, capable of transporting
astronauts to the International Space Station (ISS).

3. Starship: A fully reusable spacecraft in development aimed at interplanetary missions, including Mars
colonization.

4. Starlink: A satellite internet service aimed at providing global broadband coverage, especially to remote
areas.

Achievements:

1. First Private Company to Reach Orbit: With the Falcon 1 in 2008.

2. First Private Company to Dock with the ISS: Using the Dragon capsule in 2012.

3. First Reusable Rocket: Successfully landing the Falcon 9’s first stage in 2015.

4. Crewed Mission to the ISS: In 2020, Crew Dragon launched astronauts to the ISS.

WHY SPACEX Y o
The primary reason ISRO chose SpaceX for the delivery of the GSAT-20 satellite was the satellite’s significant
weight of 4,700 kg, which exceeded the capacity of India’s indigenous rockets. ISRO’s heaviest launch vehicle,
the LVM-3, is only capable of launching payloads up to 4,000 kg. Given the need for a heavy-lift rocket,

SpaceX'’s Falcon 9 became the ideal choice due to its ability to carry heavier payloads and its proven track




record.

Several other factors also influenced the decision:

1. Unavailability of Arianespace: The French commercial launch provider, Arianespace, faced challenges
with operational rockets, making them unable to provide an immediate solution for ISRO’s needs.

2. Geopolitical Constraints: The Ukraine conflict disrupted Russia’s space launch capabilities, leaving Russian
rockets unavailable for international missions. Additionally, China remains off-limits due to political tensions,
further limiting options for ISRO.

3. Cost-Effectiveness: SpaceX'’s reusable Falcon 9 rocket technology significantly reduces the cost of space
launches, offering a more affordable and reliable option compared to other providers.

This collaboration marks a significant milestone, not just for ISRO but also for NSIL (New Space India Limited),
the commercial arm of ISRO. It signals the beginning of a new chapter in India’s space industry, showcasing
India’s increasing collaboration with international space agencies and private companies. This partnership
with SpaceX also reflects India’s growing presence in the global space arena, reinforcing its commitment to
space exploration and technological advancement.

WHATIS GSAT=20? ..
GSAT-20 is a communication satellite developed by ISRO (Indian Space Research Organisation) to enhance
the country’s communication infrastructure. It is also known as GSAT-N2 and weighs 4,700 kg, exceeding the
weight capacity of India’s indigenous rockets, necessitating the use of SpaceX’s Falcon 9 for its launch.

Key Features of GSAT-20:

1. Mission Life: GSAT-20 has a mission life of 14 years, ensuring long-term, reliable service for India’s
communication needs.

2. High-Speed Data Transmission: Operating in the Ka-band, the satellite offers a capacity of 48 Gbps, which
will significantly improve data transmission speeds, enhancing broadband services across the country.

3. Increased Coverage: The satellite is designed to provide high-speed internet and communication services
across India, including remote and underserved regions, bridging the digital divide. It is especially crucial for
improving internet connectivity in rural and remote areas.

4. Spot Beams for Regional Connectivity:

32 user beams: GSAT-20 is equipped with 32 user beams, offering highly focused coverage.

Northeast Region Coverage: Out of the 32 beams, 8 narrow spot beams are specifically dedicated to
improving connectivity in the Northeast region, an area that often faces connectivity challenges due to
geographical isolation.

Wide Spot Beams: The remaining 24 wide spot beams provide coverage across the rest of India, ensuring a
vast area is served with high-speed communication and internet services.

5. Enhanced Broadband and In-Flight Connectivity: The satellite will not only enhance broadband services in
India but also improve in-flight connectivity for passengers travelling within Indian airspace. This could be a
key development in the Indian aviation sector.

6. Advanced Payloads: GSAT-20 carries advanced communication payloads designed to support the
country’s evolving needs in digital communication, television broadcasting, telemedicine, e-education, and
more.

FEATURES:

1. Weight and Launch: Weigh 4,700 kg, requiring SpaceX’s Falcon 9 for launch, as it exceeds the capacity of
ISRO’s indigenous rockets.

2. Mission Life: 14-year mission life for long-term, reliable communication services.

3. High-Speed Data: Operates in Ka-band with a 48 Gbps data capacity, enhancing broadband and

communication.




4. User Beams:

32 user beams:

8 narrow spot beams for the Northeast region.

24 wide spot beams for the rest of India.

5. Enhanced Connectivity: Boosts broadband services and in-flight connectivity and supports telemedicine
and e-education.

6. Remote Area Coverage: Improves internet access in remote and underserved regions of India.

7. Advanced Payloads: Equipped with advanced communication payloads for various services.

8. Strategic Importance: Strengthens India’s space communication infrastructure, supporting national
security and development.

INSTRUMENTS OF GSAT-20: oo ______
1. Communication Payloads: High-Throughput Transponders: GSAT-20 carries high-throughput transponders
operating in the C-band, Extended C-band, and Ka-band. These provide high-speed data and support
advanced communication services.

2. User Beams:

The satellite is equipped with 32 user beams: 8 narrow spot beams focusing on the Northeast region of India.
24 wide spot beams covering the rest of the country, providing extensive communication services.

3. Digital Communication Payloads: GSAT-20 includes digital payloads that enhance the satellite’s ability to
handle high-capacity data transmission, supporting broadband, telecommunication, and other digital
services across India.

4. Telemetry, Tracking, and Command (TTC) Systems: These systems enable real-time monitoring and
control of the satellite during its mission, ensuring smooth operations and efficient management of its
services.

5. Antennas: The satellite features advanced antenna systems designed to direct signals precisely and ensure
broad, reliable coverage for both narrow and wide beams across the Indian region.

6. Onboard Propulsion: GSAT-20 is equipped with chemical propulsion systems for orbit raising, station
keeping, and end-of-life disposal, ensuring the satellite’s longevity and stability in orbit.

SIGN I AN R
1. Communication Payloads:

High-Throughput Transponders: GSAT-20 carries high-throughput transponders operating in the C-band,
Extended C-band, and Ka-band. These provide high-speed data and support advanced communication
services.

2. User Beams:

The satellite is equipped with 32 user beams:

8 narrow spot beams focusing on the Northeast region of India.

24 wide spot beams covering the rest of the country, providing extensive communication services.

3. Digital Communication Payloads:

GSAT-20 includes digital payloads that enhance the satellite’s ability to handle high-capacity data
transmission, supporting broadband, telecommunication, and other digital services across India.

4. Telemetry, Tracking, and Command (TTC) Systems:

These systems enable real-time monitoring and control of the satellite during its mission, ensuring smooth
operations and efficient management of its services.

5. Antennas:

The satellite features advanced antenna systems designed to direct signals precisely and ensure broad,
reliable coverage for both narrow and wide beams across the Indian region.




6. Onboard Propulsion:
GSAT-20 is equipped with chemical propulsion systems for orbit raising, station-keeping, and end-of-life
disposal, ensuring the satellite’s longevity and stability in orbit.

CONCLUSION: e
The GSAT-20 satellite marks a major leap in India’s space and communication capabilities. Launched in
collaboration with SpaceX, it enhances India’s broadband infrastructure, especially in remote regions, and
supports key services like telemedicine, e-education, and in-flight connectivity. With 48 Gbps of data capacity
and 32 user beams, including specialized coverage for the Northeast, it bridges the digital divide. The
satellite’s 14-year mission life ensures long-term benefits, strengthening India’s position in global space
exploration. This partnership with SpaceX signifies India’s growing role in the international space arena,

driving both technological progress and national development.

PRELIMS QUESTION: L L L L il ___
Q. Which of the following bands do GSAT-20 operate in to enhance communication services?

A. X-band and S-band

B. Ka-band and C-band

C. L-band and Ku-band

D. VHF and UHF

Answer: B

MAINS QUESTION: _ _ el ____
Q. “Discuss the role of advanced space technologies, like the GSAT-20 satellite, in contributing to India’s
socio-economic development, particularly in the fields of communication, education, and healthcare.”

(250 words, 15 marks)
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