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Science & Technology

1. Asteroid Impact Deflection Assessment (AIDA)

Method of Planetary defence

® Blowing up the asteroid before it reaches Earth,

® Deflecting it off its Earth-bound course by hitting it with a spacecraft (AIDA)

® Joint mission of NASA & ESA

® Deflect the orbit of the smaller body through an impact by one spacecraft.

® NASA is building the Double Asteroid Impact Test (DART) spacecraft for this

® DART spacecraft will be launch in 2021. It is planned to collide with the target in September 2022.

® ESA’s contribution is a mission called Hera, which will perform a close-up survey of the post-

impact asteroid

® Flying along with DART will be an Italian-made miniature CubeSat, called LICIACube

(Nanosatellite), to record the moment of impact.

® NISAR short for NASA-ISRO Synthetic Aperture Radar

v SAR refers to a technique for producing high-resolution images
v The radar can penetrate clouds and darkness i.e., it can collect data day and night in any weather

® Jt will detect movements of the planet’s surface as small as 0.4 inches over areas about half the size

of tennis court

® The satellite will be launched in 2022 from Sriharikota, India, into a near-polar orbit and will scan
the globe every 12 days over the course of its three-year mission of imaging the Earth’s land, ice

sheets and sea ice

® NASA will provide one of the radars (L-band) for the satellite, a high-rate communication
subsystem for science data, GPS receivers and a payload data subsystem

® JSRO will provide the spacecraft bus (GSLV Mk-II), the second type of radar (called S-band radar),
the launch vehicle and associated launch services

® ]t is estimated to be the world’s most expensive Earth imaging satellite

Primary Goals

® Tracking subtle changes in the Earth’s surface. For e.g. impact on the ground when a lot of water is

drawn from an underground aquifer
® Spotting warning signs of imminent volcanic eruptions

® Helping to monitor groundwater supplies and tracking the rate at which ice sheets are melting

® Track changes in croplands, hazard sites and monitor crises such as volcanic eruptions
- J
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3. Helium Ctrisis for India

® Helium is a colourless, odourless, tasteless, inert gas
® USA is the most important exporter of helium across the world and also the biggest store house

® India consumes about 70 million cubic metres of helium per year

News

® US is now planning to switch off export of helium from 2021
¥ India consumes helium for its needs and our industry stands to lose out heavily
Applications
® Magnetic resonance imaging (MRI) scans
® Rockets

® Nuclear Reactors

Sources

® Present in natural gas
Despite its rarity, it is concentrated in large quantities under the American Great Plains

® In India
v Heating up monazite sand — small quantity obtained by Englishman Moris Travers in 1906

v Rajmahal volcanic basin around Bakreswar and nearby Tantloi
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4. Ultra Wideband Technology

® Ultra Wideband is a fast, secure and low power radio protocol used to determine location with

accuracy unmatched by any other wireless technology

www.sleepyclasses.com Available on App Store
Call 1800-890- 3043 and Play Store 2
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® [t transmits data across short distances and precisely determines location by measuring how long it
takes for a radio pulse to travel between devices

® A UWB transmitter sends billions of radio pulses across the wide spectrum frequency (3.1 and 10.6
GHz) and a UWB receiver then translates the pulses into data

® UWB achieves real-time accuracy because as it sends up to 1 billion pulses per second (about 1 per
nanosecond)

® In 2002 U.S. Federal Communications Commission (FCC) authorized the unlicensed use of UWB

Applications
® UWB saw limited use in military radars and was even briefly used as a remote heart monitoring
system

® Protect vehicles from unauthorized access via two-factor authentication

® A UWB enabled car can detect the presence of its owner, verify his identity and ensure that the
communication between two objects, such as a car and its keys, is denied if the distance between
them goes beyond a pre-defined threshold

Baikal Covid

® Baikal-GVD (Gigaton Volume Detector) is TR TR . -

one of the three largest neutrino detectors | s - 1": V3 ;‘T o
in the world along with the IceCube at the | e iees™ & (5 &
South Pole and ANTARES in the

_D Study Area - Selenga River Dena‘_". {
Mediterranean Sea

® Mission: Study in detail neutrinos and
determine their sources

® Fundamental Particles

v Broadly, particles of matter that scientists
know about as of now can be classified
into quarks (including protons and
neutrons) and leptons (electrons) — 5%

1
500 Kilometers.

Sources: Evrl, USGS, NOWA

of the universe *

v Not much is known about the remaining 95 per cent of the universe, which is classified by the
authors into dark matter (27 percent) and the remaining 68 per cent of the universe of which
scientists have “no idea” about yet

® Neutrinos are fundamental particles, abundant in nature (second most abundant after photons)
with about a thousand trillion of them passing through a human body every second. They carry no
charge and do not interact with matter

® One way of detecting neutrinos is in water or ice, where neutrinos leave a flash of light or a line of
bubbles when they interact. To capture these signs, scientists have to build large detectors

- Y,
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Lake Baikal is the largest

It contains 22-23% of the
world's fresh surface water.

r lake in the world.
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® India’s electricity is heavily
coal-dependent. Hydrogen will
replace fossil fuels, address
pollution and oil-pricerise

® |t'sthe mostabundant
element in the universe, is
lighter, energy dense, and
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Construction of the dam
on the Selenga River

could affect the unique
ecosystem of Lake Baikal
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v An underwater telescope such as the GVD is designed to detect high- energy neutrinos that may
have come from the Earth’s core, or could have been produced during nuclear reactions in the

WHY HYDROGEN?

two-three times more
efficient than burning petrol

® |t will benefit transportation
(contributes 1/3rd of India’s
greenhouse-gas emissions),
ironand steel and

chemicals sectors
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GREYHYDROGEN: ~ . BLUEHYDROGEN:
ConstitutesIndia’sbulk Sourced from fossil fuels.
production. ‘Extracted from  Emissions/by-products (CO,
hydrocarbons (fossil fuels, CO2) are captured and stored,

natural gas) By-product: CO2  so, betterthan grey hydrogen

'GREEN HYDROGEN: Generated from
_renewable energy (like solar, wind). Electricity
~ splits water into hydrogen and oxygen.

-~ By-products: water, watervapour :

6. Hydrogen: The Alternative Fuel

Types of Hydrogen
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CNearzeroparbdﬁfootprint ~ ®Storedin tanks (like CNG)

(electricity toextract -~ andintegratedintocars’ |
- hydrogen comes from ~ bellies (unlike CNG)
fossil fuels)
| 3 ® Lighterthan heavy lithium-
' ® Providesrangelikea Tesla ion batteries. Better for long- |
Model S, about400milesor  haultrucks,commercial
\___ 550kmpercharge vehicles ‘ I
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7. Mucormycosis (Black Fungus)

® [t is a very rare infection caused by exposure to a group of moulds called mucormycetes that are
found throughout the natural environment (soil, plants, manure, decaying fruits and vegetables)

® Jt affects the sinuses, lungs, skin and brain and can be life-threatening for people who are on
medication for other conditions, especially diabetes, that reduce their ability to fight environmental
pathogens

® The sinuses or lungs of such individuals get affected after fungal spores are inhaled from the air

® Warning signs include fever, headache, coughing, breathlessness, blood vomits and altered mental
status

® Patients suffering from the fungal infection typically have symptoms of stuffy and bleeding nose;
swelling of and pain in the eye; drooping of eyelids; and blurred and finally, loss of vision. There
could be black patches of skin around the nose

® Relation with COVID-19

® Doctors believe mucormycosis, which has an overall mortality rate of 50%, may be being triggered
by the use of steroids which are being used as a life-saving treatment for severe and critically ill
covid-19 patients

® Steroids reduce inflammation in the lungs for Covid-19 and appear to help stop some of the
damage that can happen when the body's immune system goes into overdrive to fight off
coronavirus

® But they also reduce immunity and push up blood sugar levels in both diabetics and non-diabetic
Covid-19 patients.

® [t's thought that this drop in immunity could be triggering these cases of mucormycosis

8. Plasma Therapy

® Plasma is the liquid part of the blood.
Convalescent plasma, extracted from the

blood of patients recovering from an The elements of blood

infection, is a source of antibodies

against the infection. The therapy

. . . Plasma Platelets Red blood cells
involves using their plasma to help (about 55%) 001) (about 41%)
others recover. For Covid-19, this has |
SN mmm— il
al®. -0

been one of the treatment options. The

donor would have to be a documented
case of Covid-19 and healthy for 28 days
since the last symptoms.

White blood
cells (about 4%): Lymphocyte Basophil  Eosinophil Monocyte Neutrophil

Plasma

® The liquid component of blood is called

plasma, a mixture of water, sugar, fat, protein, and salts.

\§ J
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Antigen activated
B cell

® The main job of the plasma is to transport blood cells throughout your body along with nutrients,
waste products, antibodies, clotting proteins, chemical messengers such as hormones, and proteins
that help maintain the body's fluid balance.

Antibodies Formation
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Polyclonal antibodies
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9. LDL and HDL
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Plasma cell

LDL (low-density lipoprotein)

® sometimes called “bad” cholesterol, makes up most of your body’s cholesterol.

FATS
v

-

\

Trans Fats

Saturated Fats

g

Unsaturated Fats

- Hydrogenated
vegetable oils

- Fast foods

- Cakes/pastnes

- Chocolate

- Deep Fried Food

Vegetable Fats Animal Fats

- Coconut - Poultry skan

- Paim oil - Fatty meat

= 3401 & 2-in-1 - Butter
beverages, - Ghee
creamer, - Tallow / lard
condensed milk - Full cream dairy

products

Polyunsaturated Monounsaturated
- Com oil - Qlive oil
- Soybean oil - Canola oil
- Sunfiower ol - Peanut oil
- Seeads - Sesame oil
- Cold-water fish - Avocado
- Most nuts
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® High levels of LDL cholesterol raise your risk for heart disease and stroke.

® HDL (high-density lipoprotein), or “good” cholesterol, absorbs cholesterol and carries it back to the
liver. The liver then flushes it from the body.

® High levels of HDL cholesterol can lower your risk for heart disease and stroke.

LIVER
VLDL turned Z\ \ Liver converts

into LDL : HDL into bile salts

LDL HDL

HDL removes
excess cholesterol

LDL delivers
cholesterol to cells

10.Carbon Nanotubes

Graphene (Strongest material)

® Single layer of carbon atoms.

® ]t is harder than diamond yet more elastic than rubber

® Tougher than steel yet lighter than aluminium.

® Lowest resistivity substance known at room temperature.
® High thermal stability.

® High elasticity.

® High electrical conductivity.

® Electron mobility is high at room temperature.

What are carbon nanotubes?

® are cylindrical molecules that consist of rolled-up crapHenesHeer 2%

sheets of single-layer carbon atoms (graphene) .

S aﬂ'wg:"
Types "v*xy,i.:.: S "’k"%
® They can be single-walled (SWCNT) with a diameter 1
of less than 1 nanometer (nm) C hybridization ap® CARBON NANOTUBE
N\ J
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® Multi-walled (MWCNT), consisting of several concentrically interlinked nanotubes, with diameters
reaching more than 100 nm.

Properties

® Mechanical tensile strength can be 400 times that of steel;
® very light-weight;
® Thermal conductivity is better than that of diamond;

® Highly chemically stable and resist virtually any chemical impact unless they are simultaneously
exposed to high temperatures and oxygen - a property that makes them extremely resistant to
corrosion;

® Hollow interior can be filled with various nano-materials.

Electrical properties

® The rolling-up direction of the graphene layers determines the electrical properties of the
nanotubes

)i N
S~ (n,n) armchair armcenaitr

Application

® CNTs are well-suited for virtually any application requiring high strength, durability, electrical
conductivity, thermal conductivity and lightweight properties compared to conventional materials.

® Currently, CNTs are mainly used as additives to synthetics.

- J
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® CNTs are commercially available as a powder, i.e. in a highly tangled-up and agglomerated form.
® Carbon nanotubes can also be spun into fibers.
® Sporting goods(bicycle frames, tennis rackets, hockey sticks, golf clubs and balls, skis, kayaks;
High Tensile »
strength g;??é!
i
< High Thermal and
éq electrical conductivity
9
g
)
Nanotechnology ?":9
Thin transparent / "“.__ High surface area
film ”f/"' .‘\\\
/“//' " ._\\
A Serre _— 1(-u : ~\\‘\‘ 3
L,hm.—l sl
Biosensors Implant
Skin Permeation
sports
arrows).
® Other-Textile, automotive etc
Biodegradable
® CNTs are extremely physically and chemically stable, and therefore may not be biodegradable.
® However, novel approaches for degrading CNTs have been developed.
® These methods, which use peroxidases, neutrophils, and macrophages have yielded some
encouraging results.
Other properties
® Catalysis
v High surface area combined with the ability to attach essentially any chemical species to their
sidewalls
- J
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® Sensors

v Electrical properties are extremely sensitive to the effects of charge transfer and chemical doping
by various molecules.

® Filtration

v Efficient water transport in carbon nanotubes with openings of less than one nanometer

Sequence neighborhoods enable reliable prediction
of pathogenic mutations in cancer genomes

/ Extract neighborhood regions from reference genome \

Passenger
I | neighborhoods
Missense mutations from [ TAACAZAGACC
experimental assays
AACGTGACCAT
I I Driver

\ neighborhoods /
Fm ¢ @ =

2’ 2
~ -« — S
» é v Training data Machine learning Independent
f E models / validation sets
Passenger Driver
mutations mutations -- —
e ; Predictions
String-based (Passenger / Driver)

feature extraction Density
& estimation /
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11.NB Driver (neighbourhood driver)

NBDriver (neighbourhood driver)

® is an Al tool which can be used in analyzing the cancer-causing mutations in cells.

® This Al tool has been developed by researchers working at the Indian Institute of Technology
Madras (IIT-M)

Cancer

® is caused due to the uncontrolled growth of cells driven mainly by genetic alterations.

Issues in diagnosis

® Due to the complexity and size of these sequencing datasets, pinpointing the exact changes from
the genomes of cancer patients is notoriously difficult.

® Difficult to differentiate between the relatively small number of 'driver' mutations that enable the
cancer cells to grow and the large number of 'passenger' mutations that do not have any effect on
the progression of the disease.”
Previous techniques

® In most of the previously published techniques researchers typically analysed DNA sequences
from large groups of cancer patients, comparing sequences from cancer as well as normal cells
and determined whether a particular mutation occurred more often in cancer cells than random.

® However, this 'frequentist' approach often missed out on relatively rare driver mutations."

NBDriver

\_ J
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§ Normal cell with very few mutations

: é Infancy
:Q 1 AL 2 Some intrinsic passenger mutations are acquired during normal cell
ad 2 Q %3 division by intrinsic mutation processes

S

’ Childhood & Adulthood
Environmental and lifestyle exposures make environmental
passenBer mutations

Early clonal expansion
Unlike before, the acquisition of a driver mutation
is able to cause a clonal expansion

Cancer cell
/ More driver mutation adquisions
7 . .
’ ﬂf)% allow the induction of cancer

% Tumoral cancer
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® The goal is to discover patterns in the DNA sequences - made up of four letters, or bases, A, T, G
and C surrounding a particular site of alteration.

® It is a tool that is used to differentiate between passenger and driver mutations using the features
derived from the neighbourhood sequences of somatic mutations.

® The researchers hope that the driver mutations predicted through their mathematical model will
ultimately help discover potentially novel drug targets and will advance the notion of prescribing
the "right drug to the right person at the right time."

- Y,
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12.Mystery of Jupiter's X-Ray Auroras
® NASA solves 40-year-old mystery of Jupiter's X-Ray Auroras

® Jupiter has the most powerful auroras in the solar system: they alone release about gigawatt
energy, yet how Jupiter produces a spectacular burst of X-rays every few minutes remains

*_

The Sun emits These solar particles make The charged particles Different colors of
charged particles their way to Earth, travel collide with molecules auroras are caused
into space during a along Earth’s magnetic and atoms in Earth’s by different types of
solar Hare. field, and enter the atmosphere, resulting in molecules involved
atmosphere at the poles. light-emitting photons. in the collisions.

mysterious

® In a new study, scientists combined close-up observations of Jupiter’s environment by NASA’s
satellite Juno with simultaneous X-ray measurements from the European Space Agency’s XMM-
Newton observatory

\_ Y,
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auroras.

ionized gas that forms a donut of plasma surrounding the planet.

® These X-ray auroras occur at Jupiter’s south pole and north pole every 27 minutes.
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Modulated EMIC waves

Field line ~60 R,

® Scientists discovered that periodic vibrations of Jupiter’s magnetic field lines trigger those x-ray
flares. These vibrations create plasma waves that send heavy ion particles “surfing” along magnetic
field lines until they smash into the planet’s atmosphere, releasing energy in the form of X- ray

® These heavy ion particles are originated from ionized volcanic gas pouring into space from giant
volcanoes on Jupiter’s moon, Io. The collisions in Jupiter’s immediate environment create this

i Sleepy,Classes)
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13.Why ISRO'’s launch of Earth-watching satellite failed?

® The Indian Space Research Organisation (ISRO)’s highly-anticipated launch of Earth
observation satellite -3 or GISAT-1 failed after the rocket entered the lower reaches of
space (an altitude of 139kms), after a flight of nearly 340 seconds (5mins 40 seconds).

® The first two stages of the rocket (that give initial thrust for lift-off and later carry the 52-
meter tall vehicle to space) performed as expected.

® However, shortly after the rocket switched over to its final stage - the Cryogenic engine
(that burns liquid hydrogen and oxygen), there was a marked deviation in its planned
flight path

® This means that the cryogenic engine (the stage that failed) was supposed to perform
from 4 minutes and 56seconds until 18minutes and 29seconds(in space), following which
the satellite was supposed to be ejected into orbit at 18 minutes and 39 seconds. But that
process was hit by a glitch sometime around 5 minutes and 40 seconds.

GISAT-1 or EOS-3

® was meant to provide near-real-time imaging of a large region of interest at frequent
intervals, quick monitoring of natural disasters, episodic events and also obtain spectral
signatures for agriculture, forestry, mineralogy, disaster warning, cloud properties, snow&
glaciers and oceanography.

® EOS-3, an agile earth observation satellite was meant to be placed in Geostationary orbit
(36,000kms from earth’s equator).

® This orbit is typically meant for communication satellites that have to cover a large swathe
of land.

® A satellite in geostationary orbit would be in sync with the rotation cycle of the
earth(24hrs) and it would appear to be stationary when seen from the earth, thus giving it
the name. It is said that three aptly positioned Geostationary satellites can cover pretty
much all of Earth’s surface.

® Conventionally, such earth-observation satellites are placed in Low-Earth orbit (between
500 and 2000kms), to ensure high-resolution imagery, better capabilities.

o | = A= [}
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® However, it is pertinent to note that ISRO’s latest agile earth-observation satellite is to be
placed 36,000kms away from the earth’s surface.

&)

S <

® Being placed in the 36,000km circular orbit would also mean that the 2268kg GISAT-1 is
beyond the range of Anti-satellite missiles.

Launch Vehicle-GSLV

® [t is the 4th generation launch vehicle
® A three-stage vehicle with four liquid strap-on boosters.

® GSLV MKk 1I is the largest launch vehicle developed by India, which is currently in
operation.

Stage I

® ]t uses solid rocket motor with 4 liquid strap-ons.

Stage I1

® ]t uses liquid rocket engine .
Stage III
® [t uses India’s first cryogenic engine in the upper stage.
Capacity
® [t can take up to 5000 kg of pay load to Low Earth Orbits
v 2500 kg of payload to Geosynchronous Transfer Orbit (GTO)
v GSLV rockets using the Russian Cryogenic Stage (CS) are designated as the GSLV Mk 1.

v GSLV rockets using the indigenous Cryogenic Upper Stage (CUS) are designated the
GSLV Mk IL

® Geosynchronous Satellite Launch Vehicle (GSLV MK III)

v GSLV Mk III is a three-stage heavy lift launch vehicle which has two solid strap-ons, a
core liquid booster and a cryogenic upper stage.

v It is designed to carry 4000 kg classes of satellites into Geosynchronous Transfer Orbit
(GTO)

v 8000 kg classes to Low Earth Orbit (LEO), which is about twice the capability of GSLV
Mk II.

v It is the designated launch vehicle for India’s upcoming moon mission and the first
human space flight scheduled for 2022

Geostationary orbit

® A circular orbit above the Earth’s equator, following the direction of the Earth’s rotation

— _
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® Has an orbital period equal to the Earth’s

Polar Orbit
rotational period and thus appears

| N

motionless, at a fixed position in the sky, : W5 Polar-Orbiting
> Satellite

¥

to ground observers.
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Geostationary Orbit™""
® This does not mean that the satellite and Q
. "‘y

the Earth are traveling at the same speed,

but rather that the satellite is traveling fast ey

enough so that its orbit matches the
Earth’s rotation

Features

® Circular orbit + in equatorial plane i.e. directly above the equator and thus inclination is
Zero

® Geostationary orbit, therefore, is really just a special type of equatorial orbit
® Angular velocity of the satellite is equal to angular velocity of earth

® Period of revolution is equal to period of rotation of earth

® Nearly at an altitude of 36000 Km from earth surface

® A subset of geosynchronous orbit

® There is ONLY one geostationary orbit

Significance

® Footprint

v When a satellite is in geostationary orbit, its instruments are looking at a certain part of
the Earth. That part of the Earth is called a footprint for ex. India

v Suitable for communication satellites, or meteorological (weather) satellites

v Make repeated observations over a given area (constant view area)

v Satellite always in same position relative to earth - antennas do not need re-orientation
Cryogenic Engine

® Cryogenics is the science that addresses the production and effects of very low
temperatures.

v A cryogenic rocket engine uses a cryogenic fuel or oxidizer, which are gases liquefied
and stored at very low temperatures.

v Hydrogen remains liquid at temperatures of -253 degC

v Oxygen remains in a liquid state at temperatures of -183 degC .

\_ _J
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14. GM Mosquitoes
® Aedes aegypti mosquito is |, T 2
the carrier of diseases such | Mosquitoes are injected Thié gehe WKl DI to 4 sequierce
. with a homing gene using in the X chromosome
as Zika, dengue and | atinyneedle
chikungunya.
Genetically modified
mosquitoes involve
producing transgenic male
Aedes aegypti mosquito,
which carries a new gene
fatal only to female
mosquitoes. 3 4
That part of the X chromosone This favours unaffected sperm-
. is ‘shredded”’ bearing Y chromosomes, meaning
After a few generations, their offspring become 95% male
the female population will a P AR AAAA A A AN
be drastically reduced e o S AN e S TN
Transgenic males do not oA B BB P P AP
bite and the modified : : : : : : : : : :
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HOW SCIENTISTS MOPE TO TACKLE THE DISEASE

GM MALES BREAK LIFE CYOLE
GM males contain ‘steriity” gene
tNat Is passed on 1o offspring
which die prematurely as a result

MOSQUITO LIFE- CYCLE
The normal life-cycie of the
the

S Females
S ks blood
from baurman
and transmits
dongue virus
4 Larva
aovetops
into pupa.
which grows
o aouit

COUNTRIES AT RISK OF DENGUE
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Ibachia Method

® Wolbachia are safe for
humans and the
environment.

Aedes aegypti mosquitoes
don’t normally carry
Wolbachia, however many
other mosquitoes do.

when Aedes aegypti
mosquitoes carry
Wolbachia, the bacteria
compete with viruses like
dengue, Zika, chikungunya
and yellow fever.

This makes it harder for

-

RN

Mosquitoes without Wolbachia
transmit Zika and dengue

Control strategy 1:
Directly insert incompatibility
genes into male mosquito genome

~

V)
/|

N

Released male
with incompatibility
genes

o

Resulting eggs do not hatch,
which crashes the local populaton

¢ Wild female

spread viruses from person to person.

then an acksit (%) Thes

® Wolbachia are extremely common bacteria that occur naturally in 60 per cent of insect
species, including some mosquitoes, fruit flies, moths, dragonflies and butterflies

~
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~ ~
N

Mosquitoes with Wolbachia block
transmission of Zika and dengue

Control strategy 2:
Insert extra incompatibility
genes into Wolbachia

”~
/|

Released male Wild female
withextra

incompatibility genes¢

Local population crashes

viruses to reproduce inside the mosquitoes. And the mosquitoes are much less likely to
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® GM mosquitoes have been successfully used in parts of Brazil, the Cayman Islands,
Panama, to control Ae. aegypti mosquitoes. Since 2019, over 1 billion mosquitoes have
been released.

Status of GM Mosquitoes in India

® The Department of Biotechnology (DBT) is hesitant to permit field trials to release GM
mosquitoes to tackle certain diseases.

® The so-called —Friendly Aedes|| project launched —closed cage trials at the Oxitec facility
in Maharashtra.

Reason

® [t could result in harmful consequences to the environment or ecology.
® Aedes aegypti is part of the food chain.
® During its life cycle, it is consumed by fishes.

® Also, during its early aquatic phase, it is consumed by frogs and then by birds, lizards and
spiders.

® A drastic reduction in the mosquito population could thus impact prey species

® The World Health Organization has put out research guidelines for genetically modified
mosquitoes. They include recommendations for safety and ethics, including;:

v Standards for making decisions about how and when to do tests with the mosquitoes
v Methods to understand potential effects on public and environmental health

v Risk assessment strategies

v Rules for projects to continue from one phase of testing to the next

v Things to consider about safety and effectiveness during each stage of testing
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15.GM Crops in India
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® Bt cotton remains the only GM crop allowed to be cultivated in the country.

® Developed by US giant Bayer-Monsanto, it involves insertion of two genes viz ‘CrylAb’
and ‘Cry2Bc’ from the soil bacterium Bacillus thuringiensis into cotton seeds.

® This modification codes the plant to produce protein toxic to Heliothis bollworm (pink
bollworm) thus making it resistant to their attack.

® The commercial release of this hybrid was sanctioned by the government in 2002.
HTBt cotton

® Herbicide tolerant Bt (HtBt) cotton

® Addition of ‘Cp4-Epsps’ gene from another soil bacterium, Agrobacterium tumefaciens
® by the US giant Bayer Monsanto.

® Not cleared by GEAC

Reason

® Farmers are not able to spray glyphosate on normal cotton because the chemical does not
distinguish between the crop and weed, but the herbicide tolerant Bt (HtBt) cotton remains
unaffected by glyphosate.

Rules of Environmental Protection Act 1989

® Legally, sale, storage, transportation and usage of unapproved GM seeds is a punishable
offence under the Rules of Environmental Protection Act 1989.

Seed Act of 1966 and the Cotton Act of 1957

® Also, sale of unapproved seeds can attract action under the Seed Act of 1966 and the
Cotton Act of 1957.

® The Environmental Protection Act provides for a jail term of five years and a fine of Rs 1
lakh for violation of its provisions, and cases can be filed under the other two Acts.

® No person shall use glyphosate except through Pest Control Operators,” said a draft
notification issued by the Ministry of Agriculture

What is glyphosate?

® Glyphosate is an herbicide. It is applied to the leaves of plants to kill both broadleaf plants
and grasses. The sodium salt form of glyphosate is used to regulate plant growth and
ripen specific crops.

® Glyphosate was first registered for use in the U.S. in 1974.

Bt brinjal
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® Major brinjal producing states include: West Bengal (30% production share), Orissa (20%),
and Gujarat and Bihar (around 10% each)

® Bt brinjal incorporates the crylAc gene expressing insecticidal protein to confer resistance
against (Fruit & shoot borer)FSB.

® The crylAc gene is sourced from the soil bacterium Bacillus thuringiensis (Bt).

® When ingested by the FSB larvae, the Bt protein is activated in the insect’s alkaline gut
and binds to the gut wall, which breaks down, allowing the Bt spores to invade the
insect’s body cavity. The FSB larvae die a few days later.

® Bt Brinjal was developed by the Maharashtra Hybrid Seeds Company (Mahyco).

® Mahyco also generously donated the Bt brinjal technology to the Tamil Nadu
Agricultural University (TNAU), Coimbatore and University of Agricultural Sciences
(UAS), Dharwad.

® Mahyco also donated the technology to public research institutions in the Philippines and
Bangladesh.

GM MUSTARD

Barstar-Barnase system

® Problem with mustard is that its flowers contain both female and male reproductive
organs, making the plants largely self-pollinating.

® When the egg cells of one plant cannot be easily fertilised by the pollen grains from
another, the scope for developing hybrids through crossing of parents from divergent
genetic pools is restricted.

® This is where GM technology comes in.

® Using this technology, the Delhi University scientists bred DMH-11, a GM hybrid
obtained from crossing an Indian mustard variety, Varuna (‘Barnase’ line), with Early
Heera-2 (‘Barstar’).

® DMH-11 has reported a roughly 30% yield advantage over the Varuna ‘check” variety in
the bio-safety research level field trials carried out between 2010-11 and 2014-15.

GEAC

® The Genetic Engineering Appraisal Committee (GEAC) functions in the Ministry of
Environment, Forest and Climate Change (MoEF&CC).
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The functions of GEAC as prescribed in the Rules 1989 are as follows:

To appraise activities involving large scale use of hazardous microorganisms and recombinants in
research and industrial production from the environmental angle.

To appraise proposals relating to release of genetically engineered organisms and products into the
environment including experimental field trials.

The committee or any persons authorized by it has powers to take punitive action under the
Environment Protection Act.

Chairman- Special Secretary/Additional Secretary, Ministry of Environment, Forest and Climate Change
(MoEF&CC); Co-Chairman - Representative of Department of Biotechnology.

Members: Representative of concemed Agencies and Departments, namely, Ministry of Industrial Development,
Department of Biotechnology and the Department of Atomic Energy.
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