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                                  5Ǌ !Ǿƴƛ wΦ 5ƛǾŀǝŀ 

                                     !ǎǎƛǎǘŀƴǘ  tǊƻŦŜǎǎƻǊΣ 

                    5ŜǇŀǊǘƳŜƴǘ  ƻŦ  aƛŎǊƻōƛƻƭƻƎȅ   

wƻƭŜ ƻŦ tDtw ƛƴ Ǉƭŀƴǘ ƎǊƻǿǘƘ ŀƴŘ ƳƛǝƎŀǝƻƴ ƻŦ ǾŀǊƛƻǳǎ 

ōƛƻǝŎ-ŀōƛƻǝŎ ǎǘǊŜǎǎŜǎ  

PGPR inhabit the rhizosphere and are potentially beneficial for 
sustainable agriculture and horticulture. They improve plant health 
and promote plant growth using various direct and indirect mecha-
nisms (Fig). A majority of fruit species are heterozygous and self-

sterile, which has made PGPR inoculation crucial for fruit multipli-
cation. This is due to the fact that fruit cultivars grown for commer-
cial purposes do not grow true to type when reproduced from 

seeds. Therefore, seedling propagation techniques are useless. 
Many bacteria in the genera of Agrobacterium, Alcali, Bacillus, 
Pseudomonas, Streptomyces induces formation of root in stem 
cuttings (Bassil et al., 1991; Rinallo et al., 1999). These bacteria 

produce Indole Acetic Acid (IAA) (Goto, 1990). Exogenous indole-3-
butyric acid (IBA) can be used to speed up the roots of bacteria-
infused cuttings. (Falasca et al., 2000).  

aƛŎǊƻōŜǎ ς ! DǊŜŀǘ 

{ǘǊŜǎǎ ǊŜƭƛǾŜǊ ŦƻǊ Ǉƭŀƴǘǎ  
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As a sustainable approach, PGPR could be employed in agricultural 
systems to reduce the detrimental effects of various biotic, abiotic 
stresses and climate change conditions (Khan et al., 2020). Plants 
are typically less tolerant to nutritional shortages, osmotic shifts, or 
salinity than soil microbes (Chanratana et al., 2019). As a result, 
PGPRs can play a protective role in supporting plants when they 

are under extreme stress. Microorganisms can provide different 
types of protection, such as metabolic production of various com-
pounds that can be osmoprotective, production of various hor-
mones that can act on plants under stress conditions, and produc-

tion of various bioactive and antioxidant molecules. Some bacteria 
in the soil ensure the development of lateral roots in cereals. Sever-
al PGPRs are observed to remain active under high-stress condi-

tions (Shah et al., 2021), and continuously provide nutrition to the 
plants when they suffer from nutritional stress (Chu et al., 2019). 
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Agrobacterium tumefaciens is the causal 

agent of crown gall disease i.e. tumors in nearly 140 

species of eudicots. It is a rod- shaped,  gram nega-
tive soil bacteria. These bacteria belongs to the fami-
ly Rhizobiaceae. While other members of the family 
helps in nitrogen fixing, Agrobacterium is responsi-
ble for causing tumors and is pathogenic for plant. It 

has a specific plasmid called Ti plasmid having T-
DNA that transforms normal cell into cancerous 

One.                                                                                                                                 

Applications- The tumor-inducing plasmid Ti can be used as useful cloning vector. 

With the help of restriction enzymes, gene of interest is ligated at the place of T-

DNA. This plasmid is used for the purpose of transformation of Agrobacterium tu-
mefaciens . Then this bacteria with transformation is incorporated into plant and 
transgenic plants with desirable properties are obtained. 

Plant transformation: The bacterium injects a portion of its Ti plasmid (T-DNA) in-
to plant cells, leading to the expression of oncogenes and the formation of tumor. 

Research on the mechanism of transformation has helped us to understand the roles 
of bacterial and plant proteins in the process. The knowledge can help us to develop 
better tools for creating transgenic Plants and learn more about cellular functions. 

Thereafter, Agrobacterium tumefaciens was used as an important tool by scientists 
for plant engineering.  

~¢!b!¸ 5¦.9¸   όC¸Σ {9a-мύ  
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W  
ith the new technique developed by the Institute of Advanced Virology, 

it will now be possible to conduct tests crucial for the +development of 

vaccines in biosafety level-2 labs. Now,  such  tests  are  done  only  in  

®ņǧ‐ƒņǊŨƜŁ‐ǊƜ‐ŞņƓņƼğǊņ‐ÿŭƼǐǁ-£ŭƁņ‐ÓğƼǊŭĻƆņǁ‐ 

About Nipah:  

A Pathogenic Virus: The zoonotic virus 

Nipah is a highly pathogenic paramyxovi-

rus, with a fatality rate of up to 80% in 

affected humans. Yet, research studies, es-

pecially virus neutralization assays to de-

velop specific antivirals or therapeutics 

against NiV, have been limited because of 

the extreme level of biosafety precautions 

required for handling this BSL-4 patho-

gen. 

Virus neutralization assays are critical for 

the development and evaluation of vac-

cines and immunotherapeutic, as well as 

for conducting basic research into the im-

mune response and pathogenesis of NiV. 

These tests, which traditionally require to 

be done in high security labs with the in-

fectious organism, can now be done safely 

in BSL-2 labs in the country using the 

NiV-VLPs. It is one of the deadliest path-

ogens known to infect humans. Zoonotic 

disease means it passes from animals to 

humans. Nipah virus can be spread to 

people from infected bats, infected pigs, 

or infected people. 

Host: The natural host of the virus are 

fruit bats, also known as flying foxes. 

About Virus-Like Particles (VLPs): 

Non-infectious Particles: Virus-like 

particles (VLPs) are molecules that close-

ly resemble viruses, but are non-infectious 

because they contain no viral genetic ma-

terial. 

Particlesô characteristics: VLPs carry 

most of the characteristics of the virus, 

except their ability to replicate (because it 

lacks the viral genome). 

Significance of New Method To Generate 

Virus-Like Particles. 

Safe & Effective Platform: This new 

method offers an alternate, safe and effec-

tive platform for developing neutralizing 

antibodies against NiV in a biosafety level

-2 (BSL) laboratory. 

(Biosafety Level-2 (BSL) Laboratory: 

This biosafety level covers laboratories 

that work with agents of with human dis-

eases (i.e. pathogenic organisms) that pose 

a moderate health hazard.) 

~{I!L[99 tw!W!t!¢L  ό¢¸Σ {9a-рύ  

biosafety level-4 labs, because of the extreme precau-

tions required. The newly developed particles closely 

resemble viruses, but are non-infectious 

Recently, scientists at the Institute of Advanced Virolo-

gy (IVA), Thonnakkal, Thiruvananthapuram, Kerala, 

have developed a novel way of generating non-

infectious Nipah virus-like particles (VLPs) in the la-

boratory, which mimic the wild type Nipah virus (NiV). 
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P ŀǊǝŎƛǇŀǝƴƎ hǊƎŀƴƛȊŀǝƻƴǎΥ ¢ƘŜ LƴŘƛŀƴ LƴǎǝǘǳǘŜ ƻŦ ¢ŜŎƘƴƻƭƻƎȅ aŀŘǊŀǎ όLL¢ 
aŀŘǊŀǎύ ŀƴŘ b!{!Ωǎ WŜǘ tǊƻǇǳƭǎƛƻƴ [ŀōƻǊŀǘƻπ
Ǌȅ όWt[ύ ŀǊŜ ǇŀǊǝŎƛǇŀǝƴƎ ƛƴ ǘƘŜ ǇǊƻƧŜŎǘΦ 

YŜȅ ŦŜŀǘǳǊŜǎ ƻŦ ǘƘŜ wŜǎŜŀǊŎƘΥ {ǘǳŘȅƛƴƎ 5ǊǳƎ- 

wŜǎƛǎǘŀƴǘ tŀǘƘƻƎŜƴǎΥ 9ȄŀƳƛƴƛƴƎ ƎŜƴƻƳƛŎ 

ŀŘŀǇǝƻƴǎ ƻŦ ŘǊǳƎ-ǊŜǎƛǎǘŀƴǘ ǇŀǘƘƻƎŜƴǎ Ŏŀƴ Ŝƴπ

ƘŀƴŎŜ ǇǊŜŎƛǎƛƻƴ ƛƴ ǘǊŜŀǘƳŜƴǘ ŀǇǇǊƻŀŎƘŜǎΦ ¦ƴπ

ŘŜǊǎǘŀƴŘƛƴƎ ǇŀǘƘƻƎŜƴ ǇŜǊǎƛǎǘŜƴŎŜ ƛƴ ŜƴǾƛǊƻƴπ

ƳŜƴǘǎ ǎǳŎƘ ŀǎ ǎǇŀŎŜŎǊŀƊ ŀƴŘ ƘƻǎǇƛǘŀƭǎ Ŏŀƴ 

ŀƛŘ ƛƴ ŎƻƴǘŀƳƛƴŀǝƻƴ ŎƻƴǘǊƻƭΦ  

aƛŎǊƻōƛŀƭ 5ȅƴŀƳƛŎǎΥ /ƻƳōƛƴƛƴƎ ƎŜƴƻƳƛŎǎΣ 

ƳŜǘŀƎŜƴƻƳƛŎǎΣ ŀƴŘ ƳŜǘŀōƻƭƛŎ ƳƻŘŜƭƛƴƎ Ŝƴŀπ

ōƭŜǎ ǘƘŜ ǎǘǳŘȅ ƻŦ ƳƛŎǊƻōƛŀƭ ŘȅƴŀƳƛŎǎ ŀŎǊƻǎǎ 

ŘƛǾŜǊǎŜ ŜȄǘǊŜƳŜ ŜƴǾƛǊƻƴƳŜƴǘǎΦ 

9ƴǘŜǊƻōŀŎǘŜǊ ōǳƎŀƴŘŜƴǎƛǎΥ 9ƴǘŜǊƻōŀŎǘŜǊ ōǳπ

ƎŀƴŘŜƴǎƛǎ ƛǎ ŀ ƴŜǿƭȅ ŘƛǎŎƻǾŜǊŜŘ ǎǇŜŎƛŜǎ ƛƴ ǘƘŜ 

9ƴǘŜǊƻōŀŎǘŜǊ ƎŜƴǳǎΣ ƛŘŜƴǝŬŜŘ ƛƴ нлмо ŦǊƻƳ 

ōƭƻƻŘǎǘǊŜŀƳ ƛƴŦŜŎǝƻƴ ŎŀǎŜǎ ƛƴ ¦ƎŀƴŘŀΦ 

aǳƭǝŘǊǳƎ ǊŜǎƛǎǘŀƴǘ ǇŀǘƘƻƎŜƴΥ Lǘ ŘŜǎŎǊƛōŜǎ ŀ 

ƳƛŎǊƻƻǊƎŀƴƛǎƳ ǘƘŀǘ Ƙŀǎ ŀŎǉǳƛǊŜŘ ǊŜǎƛǎǘŀƴŎŜ ǘƻ 

ƳǳƭǝǇƭŜ ŀƴǝƳƛŎǊƻōƛŀƭ ŀƎŜƴǘǎΣ ǳǎǳŀƭƭȅ ǎǇŀƴπ

ƴƛƴƎ ǘƘǊŜŜ ƻǊ ƳƻǊŜ ŀƴǝƳƛŎǊƻōƛŀƭ ŎŀǘŜƎƻǊƛŜǎΦ 

aŀƴƛŦŜǎǘŀǝƻƴΥ ¢Ƙƛǎ ǊŜǎƛǎǘŀƴŎŜ Ŏŀƴ ƳŀƴƛŦŜǎǘ ƛƴ 

ŘƛũŜǊŜƴǘ ǘȅǇŜǎ ƻŦ ƳƛŎǊƻƻǊƎŀƴƛǎƳǎΦ 

¢ƘǊŜŀǘǎΥ ¢ƘŜ Ƴƻǎǘ ǎƛƎƴƛŬŎŀƴǘ ǘƘǊŜŀǘ ǘƻ ǇǳōƭƛŎ 

ƘŜŀƭǘƘ ŀƳƻƴƎ a5w ŦƻǊƳǎ ƛǎ ōŀŎǘŜǊƛŀ ǘƘŀǘ 

ǿƛǘƘǎǘŀƴŘ ƳǳƭǝǇƭŜ ŀƴǝōƛƻǝŎǎΦ 
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/ƻƴǘŜȄǘΥ wŜŎŜƴǘƭȅΣ ǊŜǎŜŀǊŎƘŜǊǎ ƘŀǾŜ ŜȄŀƳƛƴŜŘ Ƴǳƭǝ-ŘǊǳƎ-ǊŜǎƛǎǘŀƴǘ ǇŀǘƘƻπ

ƎŜƴǎ ƻƴ ǘƘŜ LƴǘŜǊƴŀǝƻƴŀƭ {ǇŀŎŜ {ǘŀǝƻƴ όL{{ύΣ ǿƛǘƘ ǇƻǘŜƴǝŀƭ ƛƳǇƭƛŎŀǝƻƴǎ ŦƻǊ 

ŀǎǘǊƻƴŀǳǘ ƘŜŀƭǘƘ ŀǎ ǿŜƭƭ ŀǎ ƻƴ 9ŀǊǘƘΦ 

~!wtL¢! t!¢9[  ό¢¸Σ {9a-рύ  
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Circular RNAs: 

The new research frontier in 

cancer research  

Ϧ hǾŜǊ ǘƘŜ ƻƴŎŜ ŘŜŎŀŘŜΣ ŜȄǇƭƻǊŀǝƻƴ ƛƴǘƻ ŎƛǊŎǳƭŀǊ wb!ǎ Ƙŀǎ ǎǳǊŦŀŎŜŘ ŀǎ ŀ Ǿƛǘŀƭ ŀǊŜŀ ƻŦ ǎǘǳŘȅΣ ǊŜǾŜŀƭπ

ƛƴƎ ǘƘŜ ǇƛǾƻǘŀƭ ǇŀǊǘ ǘƘŜǎŜ ǳƴƛǉǳŜ wb! ƳƻǘŜǎ Ǉƭŀȅ ƛƴ ŎŀƴŎŜǊ ōƛƻƭƻƎȅΦέ  

wb! ƛǎ ŀ ŦŀƳƛƭȅ ƻŦ ƛƴƘŜǊƛǘŀōƭŜ ŦǊŀŎǝƻƴǎΣ ǊŜƳŀǊƪŀōƭȅ ƭƛƪŜ 5b!Σ ǇǊŜǎŜƴǘ ǿƛǘƘƛƴ ƳƻǊǘŀƭ ŎŜƭƭǎΦ ! ǘȅǇŜ ƻŦ ǎƛƴπ

ƎƭŜ- ǎǘǊŀƴŘŜŘ wb!Σ ǿƘƛŎƘ ǳƴƭƛƪŜ ŘƛǊŜŎǘ wb! ŦƻǊƳǎ ŀ ŎƻǾŀƭŜƴǘƭȅ ǳƴǊŜǎǘǊƛŎǘŜŘ ƴƻƴǎǘƻǇ ŎƛǊŎƭŜΦ Lƴ ŎƛǊŎǳƭŀǊ 

wb! ǘƘŜ оΩ ŀƴŘ рΩ ƘƛƎƘ ŜƴŘǎ ǘȅǇƛŎŀƭƭȅ ǇǊŜǎŜƴǘ ƛƴ ŀƴ wb! ǇŀǘŎƘ ƘŀǾŜ ōŜŜƴ ƧƻƛƴŜŘ ǘƻƎŜǘƘŜǊΣ ōŜŎŀǳǎŜ ƛƴŘƛπ

ǊŜŎǘ wb! ŘƻŜǎ ƴƻǘ ƘŀǾŜ рΩ ƻǊ оΩ ŜƴŘǎΦ Lǘ ƛǎ ǊŜǎƛǎǘŀƴǘ ǘƻ ŜȄƻƴǳŎƭŜŀǎŜ- ƛƴǘŜǊƳŜŘƛŀǘŜŘ ŘŜŎƭƛƴŀǝƻƴ ŀƴŘ ƛǎ 

ƳƻǊŜ ǎǘŀōƭŜ ǘƘŀƴ ǳǘƳƻǎǘ ŘƛǊŜŎǘ wb! ƛƴ ŎŜƭƭǎΦ  

¢ƘŜȅ ŀǊŜ ŘƛũŜǊŜƴǝŀƭƭȅ ŜȄǇǊŜǎǎŜŘ ƛƴ ǾǳƭƴŜǊŀōƭŜ ŎŜƭƭǎ ŀƴŘ ŀǳǘƻƛƳƳǳƴŜ ŎƻƴŘƛǝƻƴǎΣ ŀƭǎƻ ƘŀǾŜ ǇŀǊǘ ƛƴ ǘǊŀƴπ

ǎŎǊƛǇǝƻƴŀƭ ŎƻƴǘǊƻƭƭŜǊǎΣ ǇǊƻǘŜƛƴ ǎǇƻƴƎŜǊΣ ǘŜƳǇƭŀǘŜǎ ŦƻǊ ǊŜǎǘŀǘŜƳŜƴǘΦ ¢ƘŜȅϥǾŜ ŀ ǎƛƎƴƛŬŎŀƴŎŜ ƛƴ ǘƘŜ Ŏƻƴǝƴπ

ǳƛƴƎ ŬƎƘǘ ǘƻ ŎƻƳōŀǘ ŎŀƴŎŜǊΦ bŀǘǳǊŀƭ /ƛǊŎ wb!ǎ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ƛƴŘǳŎŜ ŀ ǾǳƭƴŜǊŀōƭŜ ǊŜǎǇƻƴǎŜ ǘƻ ƪƛƭƭ Ŏŀƴπ

ŎŜǊ ŎŜƭƭǎΣ ƳƛƳƛŎƪƛƴƎ ǘƘŜ ǿŀȅ ǘƘŜ ǎȅƴǘƘŜǝŎ /h±L5- мф ǾŀŎŎƛƴŜ ǿƻǊƪǎ ǘƻ ǘŀǊƎŜǘ ǘƘŜ ŎƻƴǘŀƎƛƻƴΦ 9ƭŜǾŀǘŜŘ 

ƭŜǾŜƭǎ ƻŦ /ƛǊŎ wb!ǎ ƛƴ ŎŜǊǘŀƛƴ ǇŜƻǇƭŜ Ŏŀƴ ōŜƎŜǘ Ƴǳǘŀǝƻƴǎ ƛƴ ǘƘŜƛǊ 5b! ǿƘƛŎƘ ǊŜǎǳƭǘǎ ƛƴ ŀ ŦƻǊƳ ƻŦ ōƭƻƻŘ 

ŎŀƴŎŜǊΣ ŎŀƭƭŜŘ ƭŜǳƪŜƳƛŀΦ ¢ƘŜ ǎǘǳŘȅ ŀƭǎƻ ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ ƛƳǇƭƛŎƛǘ ǘƻ ǳǎŜ /ƛǊŎ wb!ǎ ŀǎ ŀ ŎŀƴŎŜǊ ōƛƻƳŀǊƪŜǊΦ 

/ƛǊŎ wb!ǎ Ŏŀƴ ōŜ ǳǎŜŘ ŀǎ ŎŀƴŎŜǊ ōƛƻƳŀǊƪŜǊǎ ƛƴ ƭƛǉǳƛŘ ōƛƻǇǎƛŜǎΣ ǎǳŎƘ ŀǎ ōƭƻƻŘΣ ǘƻ ƘŜƭǇ ŘƻŎǘƻǊǎ ƪƴƻǿ 

ǿƘŜƴ ŎŀƴŎŜǊ ǎǘŀǊǘǎ ōŜŦƻǊŜ awL Ŏŀƴ ƛƳŀƎŜ ƛǘΣ ŀƴŘ ƛƴŘŜŜŘ ǿƘŜƴ ƛǘ ƛǎ ǊŜǎǇƻƴŘƛƴƎ ǘƻ ǘǊŜŀǘƳŜƴǘΦ Lƴ ǎǳŎƘ 

ǎƘƻǊǘ ǝƳŜΣ ǿŜϥǾŜ ǎŜǘ ǳǇ ǘƘŜǊŜ ŀǊŜ ŦǳǊǘƘŜǊ ǘƘŀƴ мл ǝƳŜǎ ŀǎ ƴǳƳŜǊƻǳǎ /ƛǊŎ wb!ǎ ǘƘŀƴ ŀƭƭ ƻǘƘŜǊ wb!ǎ 

ŎƻƳōƛƴŜŘΣ ŀƴŘ ǘƘŜȅ Ǉƭŀȅ ŀ ƘǳƎŜ ǇŀǊǘ ƛƴ ŜǾŜǊȅ ǎǘŀƎŜ ƻŦ ƴŜŀǊƭȅ ŜǾŜǊȅ ŎŀƴŎŜǊ-- ŦǊƻƳ ƛƴƛǝŀǝƴƎ ǘƘŜ ŬǊǎǘ Ŏŀƴπ

ŎŜǊ- ŎŀǳǎƛƴƎ Ƴǳǘŀǝƻƴ ǘƘǊƻǳƎƘ ǘƻ ƳŜǘŀǎǘŀǎƛǎ ŀƴŘ ƛƴŘŜŜŘ ƳŀƪƛƴƎ ŎŀƴŎŜǊ ŎŜƭƭǎ ǊŜǎƛǎǘŀƴǘ ǘƻ ŎƘŜƳƻǘƘŜǊŀǇȅΦ 

.ȅ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ǎǇŜŎƛŬŎ ŦǳƴŎǝƻƴǎ ƻŦ /ƛǊŎ wb!ǎ ŀǘ ŜǾŜǊȅ ǎǘŀƎŜ ƻŦ ŎŀƴŎŜǊΣ ǿŜ ƘƻǇŜ ǘƻ ƘŀǊƴŜǎǎ ǘƘŜƳ 

ƛƴ ǘƘŜ ŬƎƘǘ ŀƎŀƛƴǎǘ ŎŀƴŎŜǊ ǇŀǾƛƴƎ ǘƘŜ ǿŀȅ ŦƻǊ ƛƴƴƻǾŀǝǾŜ ƛƴŘƛǾƛŘǳŀƭ ŀƴŘ ǊŜƳŜŘƛŀƭ ŘŜǾŜƭƻǇƳŜƴǘǎ ǘƘŀǘ 

Ƴŀȅ ŎƘŀƴƎŜ ǘƘŜ ƎŜƻƎǊŀǇƘȅ ƻŦ ƻƴŎƻƭƻƎȅ ŜǾŜǊΦ  

мΦ [ŜƴƴŀǊǘ tƘƛƭƛǇǎƻƴόмфтлǎύ 5ƛǎŎƻǾŜǊŜŘ ǘƘŜ ŬǊǎǘ /ƛǊŎ 

wb!Σ ƪƴƻǿƴ ŀǎ ǾƛǊƻƛŘ wb!Σ ƛƴ ǇƭŀƴǘǎΦ  

нΦ wƛŎƘŀǊŘ {ŀƭŘƛǧ- DŜƻǊƎƛŜũ ŀƴŘ aƛŎƘŀŜƭ WΦ [ŜǾȅ

όмфулǎύ ƛŘŜƴǝŬŜŘ /ƛǊŎ wb!ǎ ƛƴ ƘǳƳŀƴ ŎŜƭƭǎΦ  

оΦ ²ƛƭƭƛŀƳ {Φ YŀǊƴŜǎ ŀƴŘ ŎƻƭƭŜŀƎǳŜǎ όнлмоύΥ LŘŜƴǝπ

ŬŜŘ ŎƛǊŎǳƭŀǊ wb!ǎ ŀǎ ōƛƻƳŀǊƪŜǊǎ ŦƻǊ ŎŀƴŎŜǊΦ  

пΦ ²ŀƴ ¸ŜŜ ¢ŀƴƎ ŀƴŘ ŎƻƭƭŜŀƎǳŜǎ όнлмоύΥ {ƘƻǿŜŘ 

ǘƘŀǘ ŎƛǊŎwb!ǎ Ŏŀƴ ǊŜƎǳƭŀǘŜ ƎŜƴŜ ŜȄǇǊŜǎǎƛƻƴ ƛƴ ŎŜƭƭΦ 

What is Circular RNAs?  

How is it used in Cancer biology?  

Some crucial players in the field include:  

~!bW![L W!5!±  ό¢¸Σ {9a-рύ  
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Enhancing the genetic alphabet refers to expanding the natural set 

of nucleotidesðadenine (A), thymine (T), cytosine (C), and guanine 

(G)ðthat make up DNA. This concept revolves around creating new, 

synthetic nucleotides, often termed "unnatural base pairs" (UBPs), 

to increase the informational capacity of DNA. 

GENETIC    

 ALPHABET 

Unnatural Base Pairs (UBPs) : 

wŜǎŜŀǊŎƘŜǊǎ ƘŀǾŜ ŘŜǾŜƭƻǇŜŘ ǎȅƴǘƘŜǝŎ 

ƴǳŎƭŜƻǝŘŜǎ ǘƘŀǘ Ŏŀƴ ōŜ ƛƴŎƻǊǇƻǊŀǘŜŘ ƛƴǘƻ 

5b!Φ ¢ƘŜǎŜ ¦.tǎ ŜȄǇŀƴŘ ǘƘŜ ƴǳƳōŜǊ ƻŦ 

ōŀǎŜ ǇŀƛǊǎ ōŜȅƻƴŘ ǘƘŜ ƴŀǘǳǊŀƭ ŦƻǳǊΣ ǇƻǘŜƴπ

ǝŀƭƭȅ ƭŜŀŘƛƴƎ ǘƻ ǘƘŜ ŜƴŎƻŘƛƴƎ ƻŦ ŀŘŘƛǝƻƴŀƭ 

ŀƳƛƴƻ ŀŎƛŘǎ ŀƴŘ ŎǊŜŀǝƴƎ ǇǊƻǘŜƛƴǎ ǿƛǘƘ 

ƴƻǾŜƭ ǇǊƻǇŜǊǝŜǎΦ ¢ƘŜ ŬǊǎǘ ǎǳŎŎŜǎǎŦǳƭ ƛƴŎƻǊπ

ǇƻǊŀǝƻƴ ƻŦ ¦.tǎ ƛƴǘƻ ƭƛǾƛƴƎ ƻǊƎŀƴƛǎƳǎ ǿŀǎ 

ŀŎƘƛŜǾŜŘ ōȅ CƭƻȅŘ wƻƳŜǎōŜǊƎ ŀƴŘ Ƙƛǎ 

ǘŜŀƳ ƛƴ нлмпΣ ǳǎƛƴƎ ŀ ǎȅƴǘƘŜǝŎ ǇŀƛǊΣ 

Řр{L/{ ŀƴŘ ŘbŀaΣ ƛƴ 9ǎŎƘŜǊƛŎƘƛŀ Ŏƻƭƛ ōŀŎπ

ǘŜǊƛŀΦ 

 

 

 

 

 

Applications :  

.ƛƻǘŜŎƘƴƻƭƻƎȅΥ 9ƴƘŀƴŎŜŘ ƎŜƴŜǝŎ ŀƭǇƘŀπ

ōŜǘǎ ŎƻǳƭŘ ŀƭƭƻǿ ŦƻǊ ǘƘŜ ǇǊƻŘǳŎǝƻƴ ƻŦ 

ǇǊƻǘŜƛƴǎ ǿƛǘƘ ƴŜǿ ŦǳƴŎǝƻƴŀƭƛǝŜǎΣ ƭŜŀŘƛƴƎ 

ǘƻ ŀŘǾŀƴŎŜǎ ƛƴ ŘǊǳƎ ŘŜǾŜƭƻǇƳŜƴǘΣ ƛƴŘǳǎǘǊƛπ

ŀƭ ŜƴȊȅƳŜǎΣ ŀƴŘ ƴƻǾŜƭ ƳŀǘŜǊƛŀƭǎΦ 

{ȅƴǘƘŜǝŎ .ƛƻƭƻƎȅΥ 9ȄǇŀƴŘŜŘ ƎŜƴŜǝŎ ŀƭǇƘŀπ

ōŜǘǎ Ƴŀȅ ŀƭƭƻǿ ǘƘŜ ŎǊŜŀǝƻƴ ƻŦ ŜƴǝǊŜƭȅ 

ƴŜǿ ŦƻǊƳǎ ƻŦ ƭƛŦŜ ǿƛǘƘ ǎȅƴǘƘŜǝŎ 5b!Σ Ǉƻπ

ǘŜƴǝŀƭƭȅ ƭŜŀŘƛƴƎ ǘƻ ƻǊƎŀƴƛǎƳǎ ǘƘŀǘ Ŏŀƴ 

ǇŜǊŦƻǊƳ ǘŀǎƪǎ ƴƻǘ ǇƻǎǎƛōƭŜ ŦƻǊ ƴŀǘǳǊŀƭ 

ƻǊƎŀƴƛǎƳǎΦ 

wŜǎŜŀǊŎƘ ¢ƻƻƭǎΥ ¦.tǎ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ǎǘǳŘȅ 

5b! ǊŜǇƭƛŎŀǝƻƴΣ ǘǊŀƴǎŎǊƛǇǝƻƴΣ ŀƴŘ ǘǊŀƴǎƭŀπ

ǝƻƴ ǇǊƻŎŜǎǎŜǎ ǿƛǘƘ ƎǊŜŀǘŜǊ ǇǊŜŎƛǎƛƻƴΣ 

ǇǊƻǾƛŘƛƴƎ ŘŜŜǇŜǊ ƛƴǎƛƎƘǘǎ ƛƴǘƻ ƳƻƭŜŎǳƭŀǊ 

ōƛƻƭƻƎȅΦ 

Challenges : 

{ǘŀōƛƭƛǘȅΥ 9ƴǎǳǊƛƴƎ ǘƘŀǘ ¦.tǎ ŀǊŜ ǎǘŀōƭŜ 

ŀƴŘ Řƻ ƴƻǘ ƳǳǘŀǘŜ ƻǊ ƎŜǘ ƳƛǎǊŜŀŘ ŘǳǊƛƴƎ 

5b! ǊŜǇƭƛŎŀǝƻƴ ƛǎ ŎǊǳŎƛŀƭΦ 

/ƻƳǇŀǝōƛƭƛǘȅΥ ¢ƘŜ ƴŜǿ ƴǳŎƭŜƻǝŘŜǎ Ƴǳǎǘ 

ōŜ ŎƻƳǇŀǝōƭŜ ǿƛǘƘ ǘƘŜ ŜȄƛǎǝƴƎ ŎŜƭƭǳƭŀǊ 

ƳŀŎƘƛƴŜǊȅ ŦƻǊ ǊŜǇƭƛŎŀǝƻƴΣ ǘǊŀƴǎŎǊƛǇǝƻƴΣ 

ŀƴŘ ǘǊŀƴǎƭŀǝƻƴΦ 

9ǘƘƛŎŀƭ /ƻƴŎŜǊƴǎΥ ¢ƘŜ ŎǊŜŀǝƻƴ ƻŦ ǎȅƴǘƘŜǝŎ 

ƻǊƎŀƴƛǎƳǎ ǊŀƛǎŜǎ ǉǳŜǎǝƻƴǎ ŀōƻǳǘ ōƛƻǎŜŎǳπ

ǊƛǘȅΣ ǇƻǘŜƴǝŀƭ ŜŎƻƭƻƎƛŎŀƭ ƛƳǇŀŎǘǎΣ ŀƴŘ ǘƘŜ 

ŜǘƘƛŎǎ ƻŦ ŎǊŜŀǝƴƎ ƴŜǿ ƭƛŦŜ ŦƻǊƳǎΦ 

Future Prospects : 

¢ƘŜ ƻƴƎƻƛƴƎ ǊŜǎŜŀǊŎƘ ƛƴ ŜƴƘŀƴŎƛƴƎ ǘƘŜ ƎŜƴŜǝŎ ŀƭǇƘŀōŜǘ ŎƻǳƭŘ ǊŜǾƻƭǳǝƻƴƛȊŜ 
ŬŜƭŘǎ ƭƛƪŜ ƳŜŘƛŎƛƴŜΣ ŀƎǊƛŎǳƭǘǳǊŜΣ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎŎƛŜƴŎŜΦ Lǘ ƘƻƭŘǎ ǘƘŜ ǇƻǘŜƴπ
ǝŀƭ ǘƻ ŎǊŜŀǘŜ ƻǊƎŀƴƛǎƳǎ ǘƘŀǘ Ŏŀƴ ǇŜǊŦƻǊƳ ƴŜǿΣ ōŜƴŜŬŎƛŀƭ ŦǳƴŎǝƻƴǎ ƻǊ ǇǊƻŘǳŎŜ 
ƴƻǾŜƭ ǎǳōǎǘŀƴŎŜǎ ƴƻǘ ǇƻǎǎƛōƭŜ ǿƛǘƘ ƴŀǘǳǊŀƭ 5b!Φ 

Lƴ ŎƻƴŎƭǳǎƛƻƴΣ ŜƴƘŀƴŎƛƴƎ ǘƘŜ ƎŜƴŜǝŎ ŀƭǇƘŀōŜǘ ƛǎ ŀ ŦǊƻƴǝŜǊ ƛƴ ǎȅƴǘƘŜǝŎ ōƛƻƭƻƎȅ 
ǿƛǘƘ ǎƛƎƴƛŬŎŀƴǘ ƛƳǇƭƛŎŀǝƻƴǎ ŦƻǊ ǎŎƛŜƴŎŜ ŀƴŘ ǎƻŎƛŜǘȅΦ 

~v¦w9{IL  !b±!wL  ό¢¸Σ {9a-рύ  
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     DNA Barcoding  D b! ōŀǊŎƻŘƛƴƎ ƛǎ ŀ Ŧŀǎǘ ǎŜǉǳŜƴŎƛƴƎ-ōŀǎŜŘ 

ǘŜŎƘƴƛǉǳŜ ǘƘŀǘ ǎŎƛŜƴǝǎǘǎ ǳǎŜ 

ǘƻ ŎŀǘŀƭƻƎ ŀƭƭ ƭƛŦŜ ƻƴ ŜŀǊǘƘ ƻǊ 

ǇŜǊŦƻǊƳ ƘƛƎƘ ǘƘǊƻǳƎƘǇǳǘ 

ōƛƻŀƴŀƭȅǎŜǎΦ 

²Ƙŀǘ ƛǎ 5b! .ŀǊŎƻŘƛƴƎΚ 

     5b! ōŀǊŎƻŘƛƴƎ ƛǎ ŀ ǇƻǿŜǊŦǳƭ ƳƻƭŜŎǳƭŀǊ ƳŜǘƘƻŘ ǘƘŀǘ ƘŜƭǇǎ ǊŜǎŜŀǊŎƘŜǊǎ ƛŘŜƴǝŦȅ ōƛƻƳƻƭŜŎǳƭŜǎ 

ǘƘǊƻǳƎƘ ǎŜǉǳŜƴŎƛƴƎ ǎƘƻǊǘΣ мл-улл ōŀǎŜ ǇŀƛǊ 5b! ǎŜƎƳŜƴǘ ŎŀƭƭŜŘ ōŀǊŎƻŘŜǎΦ {ŎƛŜƴǝǎǘǎ ǳǎŜ ǘƘƛǎ ƳŜǘƘƻŘ  

ǿƛŘŜƭȅ ǘƻ ƛŘŜƴǝŦȅ ŀƭƭ ǎǇŜŎƛŜǎ ƻƴ ŜŀǊǘƘ ŀƴŘ ŎƻƴŘǳŎǘ ƘƛƎƘ-ǘƘǊƻǳƎƘǇǳǘ ŜȄǇŜǊƛƳŜƴǘǎ ǘƻ ŘŜǘŜŎǘ ǘŀǊƎŜǘŜŘ 

ǎƳŀƭƭ ƳƻƭŜŎǳƭŜǎ ǿƛǘƘƛƴ ŀ ǇƻƻƭŜŘ ōƛƻƳƻƭŜŎǳƭŜ ǇƻǇǳƭŀǝƻƴΦ  

5b! ōŀǊŎƻŘƛƴƎ ŦƻǊ ōƛƻŘƛǾŜǊǎƛǘȅ ŀǎǎŜǎǎƳŜƴǘ ŀƴŘ ǎǇŜŎƛŜǎ ƛŘŜƴǝŬŎŀǝƻƴΥ- 

     5b! ōŀǊŎƻŘŜǎ ŀǊŜ ƎŜƴŜ ǎŜǉǳŜƴŎŜǎ ǘƘŀǘ ŘƛũŜǊŜƴǝŀǘŜ ŀƴƛƳŀƭǎΣ Ǉƭŀƴǘǎ Σ ŀƴŘ ƳƛŎǊƻōƛŀƭ ǎǇŜŎƛŜǎΦ ¢ƻ Řƻ 

ǘƘƛǎΣ ǎŎƛŜƴǝǎǘǎ ŜȄǘǊŀŎǘ 5b! ŦǊƻƳ ǝƴȅ ǎŀƳǇƭŜǎ ǘŀƪŜƴ ŦǊƻƳ ƻǊƎŀƴƛǎƳǎ ƻŦ ƛƴǘŜǊŜǎǘ ŀƴŘ ǎŜǉǳŜƴŎŜ ǎǇŜŎƛŬŎ 

ǎŜŎǝƻƴǎ ǿƛǘƘƛƴ ƻǊ ōŜǘǿŜŜƴ ƎŜƴŜǎ ŦƻǊ 5b! ōŀǊŎƻŘƛƴƎΦ {ǳōǎŜǉǳŜƴǘƭȅΣ ǘƘŜȅ ƳŀǘŎƘ ǘƘŜ ǳƴƪƴƻǿƴ ōŀǊŎƻŘŜ 

ǎŜǉǳŜƴŎŜ ŀƎŀƛƴǎǘ ƪƴƻǿƴ ǎŜǉǳŜƴŎŜ ƛƴ 5b! ōŀǊŎƻŘŜ ƭƛōǊŀǊȅ ǘƻ ƛŘŜƴǝŦȅ ǘƘŜ ƻǊƎŀƴƛǎƳΦ 

     5b! ōŀǊŎƻŘƛƴƎ ǘŜŎƘƴƛǉǳŜ ǘƻ ŎƻƴŘǳŎǘ ōƛƻŘƛǾŜǊǎƛǘȅ ŀǎǎŜǎǎƳŜƴǘΦ ¦ǎƛƴƎ ǘƘƛǎ ǘŜŎƘƴƛǉǳŜΣ ǎŎƛŜƴǝǎǘǎ ŘŜǘŜǊπ

ƳƛƴŜ ŎƘŀƴƎŜǎ ƛƴ ǎǇŜŎƛŜǎ ŎƻƳǇƻǎƛǝƻƴ ŀƴŘ ƳƻƴƛǘƻǊ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ƛƴǾŀǎƛǾŜΣ ŜƴŘŀƴƎŜǊŜŘΣ ƻǊ ǘƘǊŜŀǘŜƴŜŘ 

ǎǇŜŎƛŜǎΦ Lƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǘǊŀŘƛǝƻƴŀƭ ǎȅǎǘŜƳΣ ǘƘƛǎ ǘŜŎƘƴƛǉǳŜ ƻũŜǊǎ ŀŎŎǳǊŀǘŜ ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ ƘǳƴŘǊŜŘǎ 

ƻŦ ǎǇŜŎƛŜǎ ƛƴ ŀ ǾŜǊȅ ǎƘƻǊǘ ǝƳŜ ƛƴǘŜǊǾŀƭΦ  

aƛǘƻŎƘƻƴŘǊƛŀƭ 5b! ōŀǊŎƻŘŜǎΥ- 

     {ƘƻǊǘ ƳƛǘƻŎƘƻƴŘǊƛŀƭ 5b! όƳǘ5b!ύ ǎŜǉǳŜƴŎŜǎ ŀǎ ōŀǊŎƻŘŜǎΣ ǎǇŜŎƛŬŎŀƭƭȅ ƛƴ ǘƘŜ ƎŜƴŜ ŎƻŘƛƴƎ ŦƻǊ 

ǘƘŜ ŎȅǘƻŎƘǊƻƳŜ Ŏ ƻȄƛŘŀǎŜ ǎǳōǳƴƛǘ м ό/hмύΦ wŜǎŜŀǊŎƘŜǊǎ ǇǊŜŦŜǊ Ƴǘ5b! ƻǾŜǊ ǘƘŜ ƴǳŎƭŜŀǊ ƎŜƴƻƳŜ 

ŦƻǊ ŘŜǾŜƭƻǇƛƴƎ ŀŎŎǳǊŀǘŜ ǎǇŜŎƛŜǎ-ƭŜǾŜƭ 5b! ōŀǊŎƻŘŜǎ ōŜŎŀǳǎŜ ƛǘ ƛǎ ƳŀǘŜǊƴŀƭƭȅ ƛƴƘŜǊƛǘŜŘΦ ¢Ƙƛǎ ŀƭπ

ƭƻǿǎ ǎŎƛŜƴǝǎǘǎ ǘƻ ǳƴŀƳōƛƎǳƻǳǎƭȅ ǊŜǘǊŀŎŜ ŜǾƻƭǳǝƻƴŀǊȅ ǊŜƭŀǝƻƴǎƘƛǇǎ ŘǳŜ ǘƻ Ƴǘ5b!Ω{ ƭŀŎƪ ƻŦ ƘŜǘπ

ŜǊƻƭƻƎƻǳǎ ǊŜŎƻƳōƛƴŀǝƻƴΣ ǿƘƛŎƘ ǘǊŀŘŜǎ ǇƛŜŎŜǎ ƻŦ ǇŀǊŜƴǘŀƭ 5b! ƛƴ ǘƘŜ ƴǳŎƭŜŀǊ ƎŜƴƻƳŜ ŀƴŘ ŎƻƳπ

ǇƭƛŎŀǘŜǎ ƭƛƴŜŀƎŜ ǘǊŀŎƛƴ 

  5b! ōŀǊŎƻŘƛƴƎ ŦƻǊ ƳƛŎǊƻƻǊƎŀƴƛǎƳΥ- 

     aƛŎǊƻōƛƻƭƻƎƛǎǘ Ŏŀƴ ƛŘŜƴǝŦȅ Ƴƛπ

ŎǊƻƻǊƎŀƴƛǎƳǎ όŜΦƎΦ ōŀŎǘŜǊƛŀΣ ŦǳƴƎƛΣ 

ŀƴŘ ǾƛǊǳǎŜǎύ ǳǎƛƴƎ 5b! ōŀǊŎƻŘŜǎΦ 

CƻǊ ŦǳƴƎǳǎΣ ǊŜǎŜŀǊŎƘŜǊǎ ǎŜǉǳŜƴŎŜ 

ǘƘŜ L¢{ ǊŜƎƛƻƴ ƻŦ ƴǳŎƭŜŀǊ Ǌwb! 

ƎŜƴŜǎΦ CƻǊ ōŀŎǘŜǊƛŀƭ ŀƴŘ ŀǊŎƘŀŜŀƭ 

ƛŘŜƴǝŬŎŀǝƻƴΣ ƳƛŎǊƻōƛƻƭƻƎƛǎǘ ǳǎŜ 

мсǎ Ǌwb!Σ ŎƘŀǇŜǊƻƴƛƴ-слΣ ŀƴŘ wb! 

ǇƻƭȅƳŜǊŀǎŜ  ʲ ǎǳōǳƴƛǘ όǊǇƻ.ύ ƎŜƴŜΦ 

    {ǇŜŎƛŜǎ 5ŜǘŜŎǝƻƴ ŀƴŘ IƛƎƘ ¢ƘǊƻǳƎƘǇǳǘ !ǎǎŀȅǎ 
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R 
ŜǎŜŀǊŎƘŜǊǎ ŦǊƻƳ ǘƘŜ ²ƻǊƭŘ aƻǎǉǳƛǘƻ tǊƻƎǊŀƳ ƘŀǾŜ ǳǎŜŘ ƳƻǎǉǳƛǘƻŜǎ ƛƴŦŜŎǘŜŘ 

ǿƛǘƘ ²ƻƭōŀŎƘƛŀ ōŀŎǘŜǊƛŀ ǘƻ ǎǳŎŎŜǎǎŦǳƭƭȅ ŎƻƴǘǊƻƭ ŘŜƴƎǳŜΦ 

Wolbachia Bacteria Controls Dengue  

{ƻΣ ŀǘ ǘƘŜ ²ƻǊƭŘ aƻǎǉǳƛǘƻ tǊƻƎǊŀƳΣ ǿŜ ōǊŜŜŘ ²ƻƭōŀŎƘƛŀ ƳƻǎǉǳƛǘƻŜǎΦ Lƴ ǇŀǊǘƴŜǊǎƘƛǇ 

ǿƛǘƘ ƭƻŎŀƭ ŎƻƳƳǳƴƛǝŜǎΣ ǿŜ ǊŜƭŜŀǎŜ ǘƘŜƳ ƛƴǘƻ ŀǊŜŀǎ ŀũŜŎǘŜŘ ōȅ Ƴƻǎǉǳƛǘƻ-ōƻǊƴŜ ŘƛǎŜŀǎπ

ŜǎΦ ²ƘƛŎƘ ƳŜŀƴǎ ƭŜǎǎ Ǌƛǎƪ ƻŦ ŘƛǎŜŀǎŜ ƛƴ ŎƻƳƳǳƴƛǝŜǎ ǿƘŜǊŜ ²ƻƭōŀŎƘƛŀ ƛǎ ŜǎǘŀōƭƛǎƘŜŘ ƛƴ 

ǘƘŜ ƭƻŎŀƭ Ƴƻǎǉǳƛǘƻ ǇƻǇǳƭŀǝƻƴΣ ǿƛǘƘƻǳǘ ǇƻǎƛƴƎ Ǌƛǎƪ ǘƻ ƴŀǘǳǊŀƭ ŜŎƻǎȅǎǘŜƳǎΦ ¦ƴƭƛƪŜ Ƴƻǎǘ 

ƻǘƘŜǊ ƛƴƛǝŀǝǾŜǎΣ ƻǳǊ ƳŜǘƘƻŘ ƛǎ ƴŀǘǳǊŀƭ ŀƴŘ ǎŜƭŦ-ǎǳǎǘŀƛƴƛƴƎΦ  

Iƻǿ ƻǳǊ ²ƻƭōŀŎƘƛŀ ƳŜǘƘƻŘ ǿƻǊƪǎΚ 

²Ŝ ŘƛǎŎƻǾŜǊŜŘ ǘƘŀǘ ²ƻƭōŀŎƘƛŀ ōƭƻŎƪǎ Ǿƛπ

ǊǳǎŜǎ ƭƛƪŜ ŘŜƴƎǳŜΣ ŎƘƛƪǳƴƎǳƴȅŀ ŀƴŘ ½ƛƪŀ 

ŦǊƻƳ ƎǊƻǿƛƴƎ ƛƴ ǘƘŜ ōƻŘƛŜǎ ƻŦ !ŜŘŜǎ ŀŜπ

ƎȅǇǝ ƳƻǎǉǳƛǘƻŜǎΦ ¢Ƙƛǎ ƳŜŀƴǎ 

ǘƘŀǘ ²ƻƭōŀŎƘƛŀ ƳƻǎǉǳƛǘƻŜǎ ƘŀǾŜ ŀ ŀōƛƭƛǘȅ 

ǘƻ ǘǊŀƴǎƳƛǘ ǾƛǊǳǎŜǎ ǘƻ ǇŜƻπ

ǇƭŜΦ  ²ƘŜƴ ²ƻƭōŀŎƘƛŀ ƛǎ ŜǎǘŀōƭƛǎƘŜŘ ƛƴ ŀ 

Ƴƻǎǉǳƛǘƻ ǇƻǇǳƭŀǝƻƴ ƛǘ ǊŜǎǳƭǘǎ ƛƴ ŀ ŘŜπ

ŎǊŜŀǎƛƴƎ ƻŦ ŘŜƴƎǳŜΣ ½ƛƪŀΣ ŎƘƛƪǳƴƎǳƴȅŀΦ 

²ƻƭōŀŎƘƛŀ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ Ƴƻǎǘ ŎƻƳƳƻƴ ǘȅǇŜǎ ƻŦ ōŀŎǘŜǊƛŀΣ ǇǊŜǎŜƴǘ ƛƴ рл҈ ƻŦ ŀƭƭ ƛƴπ

ǎŜŎǘ ǎǇŜŎƛŜǎΣ ƛƴŎƭǳŘƛƴƎ ōŜŜǎΣ ōŜŜǘƭŜǎΣ ōǳǧŜǊƅƛŜǎΣ ƳƻǘƘǎΣ ŀƴŘ ŦǊǳƛǘ ƅƛŜǎΦ  

¢ƘŜ !ŜŘŜǎ ŀŜƎȅǇǝ Ƴƻǎǉǳƛǘƻ ƛǎ ǘƘŜ Ƴŀƛƴ 

ǘǊŀƴǎƳƛǧŜǊ ƻŦ ŘŜƴƎǳŜΣ ½ƛƪŀΣ ŎƘƛƪǳƴƎǳƴȅŀ 

ŀƴŘ ȅŜƭƭƻǿ ŦŜǾŜǊ ǾƛǊǳǎŜǎΦ !ŜŘŜǎ ŀŜπ

ƎȅǇǝ ƳƻǎǉǳƛǘƻŜǎ ƻǊƛƎƛƴŀǘŜŘ ƛƴ !ŦǊƛŎŀΣ ōǳǘ 

ǘƘŜȅ ƘŀǾŜ ǎǇǊŜŀŘ ǘƘǊƻǳƎƘ ǘǊƻǇƛŎŀƭ ŀƴŘ 

ǎǳōǘǊƻǇƛŎŀƭ ǊŜƎƛƻƴǎ ŀǊƻǳƴŘ ǘƘŜ ǿƻǊƭŘΦ 

5ŜƴƎǳŜ ŦŜǾŜǊ ƛǎ ƴƻǿ ŎƻƴǎƛŘŜǊŜŘ ǘƘŜ Ƴƻǎǘ 

ŎǊƛǝŎŀƭ Ƴƻǎǉǳƛǘƻ-ōƻǊƴŜ ǾƛǊŀƭ ŘƛǎŜŀǎŜ ƛƴ 

ǘƘŜ ǿƻǊƭŘΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ²ƻǊƭŘ IŜŀƭǘƘ 

hǊƎŀƴƛȊŀǝƻƴΦ LǘΩǎ ŀƭǎƻ ǘƘŜ Ƴƻǎǘ ǊŀǇƛŘƭȅ 

ǎǇǊŜŀŘƛƴƎΣ ǿƛǘƘ ŀ ол-ŦƻƭŘ ƛƴŎǊŜŀǎŜ ƛƴ 

Ǝƭƻōŀƭ ƛƴŎƛŘŜƴŎŜ ƻǾŜǊ ǘƘŜ Ǉŀǎǘ рл ȅŜŀǊǎΦ 
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NATURE½S SECRET WEAPONS AGAINST MICROBES 

² 
ƛǘƘ ¢ƘŜ ŬƎƘǘ ŀƎŀƛƴǎǘ ƘŀǊƳŦǳƭ ƳƛŎǊƻōŜǎΣ ǎƻƳŜ ƻŦ ƻǳǊ ƻƭŘŜǎǘ ƻŦ ƻǳǊ ƻƭŘπ

Ŝǎǘ ŀƭƭƛŜǎ άƴŀǘǳǊŀƭ ǇǊƻŘǳŎǘǎ ŘŜǊƛǾŜŘ ŦǊƻƳ Ǉƭŀǘǎ ŀƴŘ ƘŜǊōǎέ ŀǊŜ ŜƳŜǊƎπ

ƛƴƎ ŀǎ ǇƻǘŜƴǘ ŀƴǝƳƛŎǊƻōƛŀƭ ŀƎŜƴǘǎΦ ¢ƘŜǎŜ ƘƛŘŘŜƴ ƘŜǊƻŜǎΣ ƭƻƴƎ ǳǎŜŘ ƛƴ 

ǘǊŀŘƛǝƻƴŀƭ ƳŜŘƛŎƛƴŜ ƭƛƪŜ !ȅǳǊǾŜŘŀΣ ƻũŜǊ ƴŜǿ ƘƻǇŜ ƛƴ ŀƴ ŜǊŀ ǿƘŜǊŜ 

ŀƴǝōƛƻǝŎ ǊŜǎƛǎǘŀƴŎŜ ǘƘǊŜŀǘŜƴǎ Ǝƭƻōŀƭ ƘŜŀƭǘƘ 

              LƳŀƎƛƴŜ ŀ ǿƻǊƭŘ ǿƘŜǊŜ ŘƻŎǘƻǊǎ ǊŜƭƛŜŘ ǎƻƭŜƭȅ ƻƴ ƴŀǘǳǊŜΩǎ ǇƘŀǊƳŀŎȅΦ .ŜŦƻǊŜ ǘƘŜ 

ŀŘǾŜƴǘ ƻŦ ƳƻŘŜǊƴ ŀƴǝōƛƻǝŎǎΣ ŀƴŎƛŜƴǘ ƘŜŀƭŜǊǎ ǘǳǊƴŜŘ ǘƻ ƴŀǘǳǊŜ ŦƻǊ ǊŜƳŜŘƛŜǎΦ ¢ǳǊƳŜǊƛŎΣ 

ǿƛǘƘ ƛǘǎ ŀŎǝǾŜ ŎƻƳǇƻǳƴŘ ŎǳǊŎǳƳƛƴΣ ǿŀǎ ǳǎŜŘ ƴƻǘ Ƨǳǎǘ ŦƻǊ ƛǘǎ ǾƛōǊŀƴǘ ŎƻƭƻǊ ōǳǘ ŦƻǊ ƛǘǎ ŀōƛƭƛǘȅ 

ǘƻ ƛƴƘƛōƛǘ ōŀŎǘŜǊƛŀ ƭƛƪŜ ǎǘŀǇƘȅƭƻŎƻŎŎǳǎ ŀǳǊŜǳǎΦ bŜŜƳΣ ƻƊŜƴ ŎŀƭƭŜŘ άƴŀǘǳǊŜΩǎ ǇƘŀǊƳŀŎȅέ ǿŀǎ 

ŀƴƻǘƘŜǊ ǎǘŀǇƭŜΣ ǳǎŜŘ ǘƻ ŎƻƳōŀǘ ŀ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ƛƴŦŜŎǝƻƴΦ !ǎ ŀƴǝōƛƻǝŎ-ǊŜǎƛǎǘŀƴǘ ά ǎǳǇŜǊπ

ōǳƎǎέ ōŜŎƻƳŜ ŀ ƎǊƻǿƛƴƎ ŎƻƴŎŜǊƴΣ ǘƘŜǎŜ ŀƎŜ-ƻƭŘ ǊŜƳŜŘƛŜǎ ŀǊŜ ǇǊƻǾƛƴƎ ƳƻǊŜ ǊŜƭŜǾŀƴǘ ǘƘŀƴ 

ŜǾŜǊΦ 

                {ŎƛŜƴǝǎǘǎ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ǘǳǊƴƛƴƎ ǘƻ ƴŀǘǳǊŜΩǎ ŎƻƳǇƭŜȄ ŎƘŜƳƛǎǘǊȅ ŦƻǊ ǎƻƭǳǝƻƴǎΦ 

¦ƴƭƛƪŜ ǎȅƴǘƘŜǝŎ ŀƴǝōƛƻǝŎǎΣ ǿƘƛŎƘ ƻƊŜƴ ǘŀǊƎŜǘ ŀ ǎƛƴƎƭŜ ōŀŎǘŜǊƛŀƭ ǇǊƻŎŜǎǎΣ ƴŀǘǳǊŀƭ ŎƻƳπ

ǇƻǳƴŘǎ ƭƛƪŜ ǘƘȅƳƻƭ ŦƻǊƳ ǘƘȅƳŜ ƘŀǾŜ ƳǳƭǝǇƭŜ ƳƻŘŜǎ ƻŦ ŀŎǝƻƴΦ ¢ƘȅƳƻƭ ŘƛǎǊǳǇǘǎ ōŀŎǘŜǊƛŀƭ 

ƳŜƳōǊŀƴŜǎ ŀƴŘ ƛƴǘŜǊŦŜǊŜǎ ǿƛǘƘ ǇǊƻǘŜƛƴ ǎȅƴǘƘŜǎƛǎΣ ƳŀƪƛƴƎ ƛǘ ƘŀǊŘŜǊ ŦƻǊ ōŀŎǘŜǊƛŀ ǘƻ ŘŜǾŜƭƻǇ 

ǊŜǎƛǎǘŀƴŎŜΦ 

      ¢ƘŜ ǊŜǎŜŀǊŎƘ ƛǎƴΩǘ ƭƛƳƛǘŜŘ ǘƻ ǎǇƛŎŜǎ ŀƭƻƴŜΦ 

¢ƘŜ ōŀǊƪ ƻŦ ǘƘŜ ŎƛƴŎƘƻƴŀ ǘǊŜŜΣ ǘǊŀŘƛǝƻƴŀƭƭȅ ǳǎŜŘ 

ǘƻ ǘǊŜŀǘ ƳŀƭŀǊƛŀΣ Ŏƻƴǘŀƛƴǎ ǉǳƛƴƛƴŜ ǎǝƭƭ ǊŜƭŜǾŀƴǘ 

ǘƻŘŀȅΦ 9ǎǎŜƴǝŀƭ ƻƛƭǎ ŀǊŜ ŀƭǎƻ ǎƘƻǿƛƴƎ ǇǊƻƳƛǎŜ ŀǎ 

ŀƴǝƳƛŎǊƻōƛŀƭ ŀƎŜƴǘǎΦ ¢Ŝŀ ǘǊŜŜ ƻƛƭΣ ƪƴƻǿƴ ŦƻǊ 

ǘǊŜŀǝƴƎ ǎƪƛƴ ƛƴŦŜŎǝƻƴǎΣ ŀƴŘ ƻǊŜƎŀƴƻ ƻƛƭΣ ǊƛŎƘ ƛƴ 

ŎŀǊǾŀŎǊƻƭ ŀƴŘ ǘƘȅƳƻƭΣ ƘŀǾŜ ǇǊƻǾŜƴ ŜũŜŎǝǾŜ 

ŀƎŀƛƴǎǘ ŜǾŜƴ ŀƴǝōƛƻǝŎ-ǊŜǎƛǎǘŀƴǘ ǎǘǊŀƛƴǎΦ 

 !ǎ ŀƴǝōƛƻǝŎ ǊŜǎƛǎǘŀƴǘ ƎǊƻǿǎΣ ǘƘŜ ŜȄǇƭƻǊŀǝƻƴ 

ƻŦ ƴŀǘǳǊŀƭ ǇǊƻŘǳŎǘǎ ŀǎ ŀƴǝƳƛŎǊƻōƛŀƭ ŀƎŜƴǘǎ ŦŜŜƭǎ 

ōƻǘƘ ƛƴƴƻǾŀǝǾŜ ŀƴŘ ƎǊƻǳƴŘŜŘ ƛƴ ǘǊŀŘƛǝƻƴΦ ¢ƘŜǎŜ 

ŀƴŎƛŜƴǘ ǊŜƳŜŘƛŜǎΣ ƴƻǿ ǎǳǇǇƻǊǘŜŘ ōȅ ƳƻŘŜǊƴ ǎŎƛπ

ŜƴŎŜΣ ǊŜƳƛƴŘ ǳǎ ǘƘŀǘ ƴŀǘǳǊŜ Ƙŀǎ ŀƭǿŀȅǎ ōŜŜƴ ŀ 

ǇƻǿŜǊŦǳƭ ǎƻǳǊŎŜ ƻŦ ƘŜŀƭƛƴƎΦ .ȅ ŎƻƳōƛƴƛƴƎ Ǉŀǎǘ 

ǿƛǎŘƻƳ ǿƛǘƘ ǘƻŘŀȅΩǎ ǘŜŎƘƴƻƭƻƎȅΣ ǿŜ Ƴŀȅ ŘƛǎŎƻǾπ

ŜǊ ǎǳǎǘŀƛƴŀōƭŜ ǎƻƭǳǝƻƴ ǘƻ ƻǳǊ ŦǳǘǳǊŜ ƳŜŘƛŎŀƭ 

ŎƘŀƭƭŜƴƎŜǎ ǎƻƭǳǝƻƴǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ǉǳƛŜǘƭȅ 

ǿŀƛǝƴƎ ƛƴ ƴŀǘǳǊŜΩǎ ŀǊǎŜƴŀƭ ŀƭƭ ŀƭƻƴƎΦ 
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AI and Microbiology :  

tƛƻƴŜŜǊƛƴƎ 5ƛǎŎƻǾŜǊȅ [ŜŀŘƛƴƎ ǘƻ ŀ bŜǿ 9Ǌŀ ƻŦ LƴƴƻǾŀǝƻƴ 

Unlocking the microscopic world with AI: 

 Artificial intelligence (AI) and microbiology are trans-

forming the understanding and manipulation of microbi-

al life, unlocking new potential in research, healthcare, 

and environmental management. Despite their critical 

roles in ecosystems, human health, and the economy, mi-

crobials remain a vast and mostly uncharted territory. 

Al's capability in managing and interpreting massive da-

tasets could light the way forward, from decoding genet-

ics to mapping behaviors and interactions, accelerating 

the journey into the microbial world. 

One of the most exciting advancements is the use of AI in analyzing complex microbial da-

ta. Machine learning algorithms are now capable of processing vast amounts of gnomic, 

proteomic, and metabolic data with unprecedented speed and accuracy. These tools are not 

only accelerating the identification of new microbial species but also enabling the discov-

ery of novel microbial functions and interactions. 

In healthcare, AI is revolutionizing by approaching microbiome research and analyzing pa-

tient data as AI systems can predict how changes in the microbiome may influence health 

and disease. AI-driven predictive models are aiding in the development of targeted antibi-

otics and probiotics, enhancing treatment efficacy while minimizing resistance issues.AI 

models are being used to monitor and predict the impact of microbial activities on ecosys-

tems. For example, advanced AI tools are employed to track microbial responses to envi-

ronmental changes, such as climate change and pollution. This information is crucial for 

developing strategies to mitigate negative impacts and promote ecosystem sustainability. 

Future Prospects: 

Looking ahead, the potential for AI and mi-

crobiology to drive innovation is immense. 

As AI technologies continue to evolve, their 

ability to analyze and interpret complex bio-

logical data will only improve. This will likely 

lead to new discoveries in microbial genet-

ics, metabolism, and interactions, further 

enhancing the ability to harness microbes 

for various applications. However, the inte-

gration of AI into microbiology is not with-

out its challenges. The technologyôs knack 

for identifying patterns can sometimes con-

ceal the casual relationships for vital scien-

tific discovery. 
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H ISTORICAL DEVELOPMENT OF MICROORGANISMS 

The existence of microbes was suspected as early as the sixth century BC in 

Jain   scriptures from India. Antonie van Leeuwenhoek is credited with first identifying   

microorganisms in 1670s using his newly developed microscope. Louis Pasteur and   Rob-

ert Koch established the link between microbes and diseases. Exceptional                   ad-

vancements in Microbiology & Biotechnology have made remarking pace in studying 

these microorganisms. 

 

MICROBIAL FORENSICS: A NEW FIELD IN THE  UNITED STATES 

  Microbial forensics, established in 2003, is a scientific discipline analyzing evidence 

from  bioterrorism acts, bio-crimes, or inadvertent microorganism/toxin release. 

It focuses about the type of microbial agent used, determining its probable 

origin, identifying its natural reservoirs,  transmission routes, possible  tar-

gets, involvement of toxins, and confirmation of genetic modification or  chem-

ical treatment of the microorganism.  Techniques used include phenotypic 

methods, phylogenetic analyses, nucleic acid-based methods, Polymerized 

chain  reaction (PCR), use of  microbial genetic markers,   high-throughput  se-

quencing (HTS) or sequencing (MPS)  technology, or next-generation  sequenc-

ing (NGS). Microbial  forensics faces challenges due to the  inadequacy of ro-

bust technologies to identify the sources of   biological threat agents. The  fu-

ture of  microbial forensicS, such as the betterment of different fields or  tech-

niques,  increased focus on  bio-surveillance, endemism, metagenomics, and 

proteomics. 

MICROORGANISMS AND BIO-

TERRORISM 

Microbes are a potential biological 

agent used in bio-terrorism. They 

have been used to orchestrate bioter-

rorism and bio-crimes. Bio-terrorism 

targets against civilian population, 

while bio-crimes target individuals 

or particular groups. Illicit use of            

biological agents by criminals and 

terrorists from 1900 to 2000 has 

been documented. 

BIO-WARFARE AND MICROOR-

GANISMS 

The emergence of small bio-weapons 

programs allowed weaponization of 

biological agents and development of 

sophisticate delivery systems. 

Measures to combat these     activities 

include the signing of the Geneva 

protocol in 1925 and the Biological 

Weapons convention in 1972. 

MICROBIAL FORENSICS 
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  NOBEL LAUREATES  

¢ƘŜ bƻōŜƭ tǊƛȊŜ ƛƴ нлнл ǿŀǎ ŀǿŀǊŘŜŘ Ƨƻƛƴǘƭȅ ǘƻ IŀǊǾŜȅ WΦ !ƭǘŜǊΣ aƛŎƘŀŜƭ IƻǳƎƘǘƻƴ ŀƴŘ 

/ƘŀǊƭŜǎ aΦ wƛŎŜ ϦŦƻǊ ǘƘŜ ŘƛǎŎƻǾŜǊȅ ƻŦ IŜǇŀǝǝǎ / ǾƛǊǳǎϦ 

N 
ĆÌÙú sĖíĸÙ íĀ sëĴĚíĆúĆçĴ ĆĖ _ÙÓíÎíĀÙ íĀʶʴʶĲɹÀĚ ÀĲÀĖÓÙÓ ġĆ ġëĖÙÙ ĚÎíÙĀġíĚġĚ˞KÀĖıÙĴ Vː úġÙĖˋ _íÎëÀÙú

KĆĥçëġĆĀˋ ÀĀÓ -ëÀĖúÙĚ _ː víÎÙ˞æĆĖ ġëÙíĖ çĖĆĥĀÓÌĖÙÀ÷íĀç ĲĆĖ÷ íĀ ÓíĚÎĆıÙĖíĀç ġëÙ ëÙēÀġíġíĚ - ıíĖĥĚː ¢ëíĚ

ÓíĚÎĆıÙĖĴ ĲÀĚ ÎĖĥÎíÀú íĀ ĥĀÓÙĖĚġÀĀÓíĀç ÀĀÓ ÎĆÿÌÀġíĀç ÌúĆĆÓ-ÌĆĖĀÙ ëÙēÀġíġíĚˋ ĲëíÎë ëÀÓ ÌÙÙĀ À çúĆÌÀú

ëÙÀúġë íĚĚĥÙː ¢ëÙíĖ ĖÙĚÙÀĖÎë úÀíÓ ġëÙ æĆĥĀÓÀġíĆĀ æĆĖ ġëÙ ÓÙıÙúĆēÿÙĀġ Ćæ ÌúĆĆÓ ġÙĚġĚ ġëÀġ ëÀıÙ íÿēĖĆıÙÓ ġëÙ ÀÌíúíġĴ ġĆ

ÓÙġÙÎġ ÀĀÓ ġĖÙÀġ ëÙēÀġíġíĚ -ˋ ĖÙÓĥÎíĀç ġëÙ íĀÎíÓÙĀÎÙ Ćæ úíıÙĖ ÓíĚÙÀĚÙ ÀĀÓ úíıÙĖ ÎÀĀÎÙĖ ÀĚĚĆÎíÀġÙÓ Ĳíġë ġëíĚ ıíĖĥĚː 

In the late 1970s and early 1980s, despite advances 

in hepatitis B and A screening, many cases re-

mained unexplained, especially for patients receiv-

ing blood transfusions.      Harvey Alter, at the NIH 

(National Institute of Health), studied these cases 

and found that blood from these patients could 

transmit the disease to chimpanzees, confirming 

the illness was caused by an infectious agent with 

viral characteristics. The virus did not fit the pro-

files of known hepatitis A or B viruses. This work 

led to the designation of the disease as ñnon-A, 

non-Bò hepatitis, highlighting that it was a distinct 

form of hepatitis not caused by previously identi-

fied viruses.  

Michael Houghton and his team at Chiron Corpora-

tion discovered a novel RNA virus in Hepatitis C. 

They collected DNA fragments from infected chim-

panzees' blood and used sera from hepatitis pa-

tients to identify antibodies. This breakthrough al-

lowed for the development of diagnostic tests and 

treatments, improving hepatitis C management and 

reducing liver disease and cancer risk. Charles M. 

Rice's work at Washington University confirmed 

that the hepatitis C virus (HCV) alone can cause 

hepatitis. He identified a crucial region at the end of 

the HCV genome and used genetic engineering to 

create an engineered RNA variant. The RNA was 

injected into chimpanzee livers, revealing patholog-

ical changes similar to human chronic hepatitis C 

cases. This experiment bridged the gap between 

the virus's discovery and its role as a pathogen, 

providing the final proof needed to confirm the vi-

rus's role in chronic hepatitis cases. 

The discovery of the hepatitis C virus led to the de-

velopment of sensitive blood tests for screening 

blood donations and diagnosing infected individu-

als. These tests significantly reduced post-

transfusion hepatitis incidence. This also led to the 

development of effective antiviral drugs like direct-

acting antivirals (DAAs), which can target and elim-

inate the virus, resulting in cure rates of over 90% 

in many cases. This breakthrough has reduced the 

burden of liver disease and cancer. 

The discovery of the hepatitis C virus by Alter, 

Houghton, and Rice revolutionized medical science 

and public health, leading to innovative advance-

ments in treatment and management, inspiring 

global efforts towards eradicating the disease . 
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Intas is a leading, vertically integrated global pharmaceutical formulation development, 

manufacturing, and marketing company. Intas is committed to challenging the unmet  medi-

cal and societal needs through a comprehensive pharmaceutical value chain spanning 

across the world. 

      Intas has set up a network of subsidiaries, under the umbrella name of Accord Healthcare 

to operate in global markets. It is currently present in more than 85 countries worldwide with 

robust sales, marketing and distribution infrastructure in markets like North America, Eu-

rope, Central & Latin America, Asia-Pacific as well as CIS and MENA countries. Intasô re-

markable success in North America and European operations have helped us emerge as a 

global brand in the worldôs largest pharmaceutical markets. 

    Every Intas product and service is a testament to its uncompromising quality     

standards. All products are manufactured in facilities that are approved by major global 

regulatory agencies including the USFDA, MHRA, EMA, TGA, MCC, ANVISA and more.  

     Currently, Intas has over 10,000 product registrations worldwide. In India, Intas has estab-

lished leadership in key therapeutic segments like CNS, Cardiovascular, Diabetology, Gastro-

enterology, Urology, Oncology, Hematology, Immunology and Neurology. Overseas, the com-

pany is particularly well known for its range of products in Oncology and other hospital ï 

based therapeutic areas in the EU and USA 

     As a part of the progressive future strategy, they have invested in Pharmez 2 ï a highly ad-

vanced expansion of our Pharmez SEZ facility in Gujarat, India. This new age, highly auto-

mated and efficient manufacturing layout can produce more than one billion solid orals per 

month as well as 5 million   injectable units. This futuristic Pharmez 2 facility is set to be the 

cornerstone of their promising future. 

     Intas believes in empowering people. Therefore, to fulfil its corporate vision, Intas aims to 

acquire and retain the best talent across the industry to fully leverage the diversity of respec-

tive markets they operate in. 

KNOW YOUR CITY  !!  
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Á CROSSWORD:  

ü  !/wh{{ Υ 

мΦ tŀǊŀǎƛǝŎ ŎŀǳǎŜ ƻŦ ŎƘǊƻƴƛŎ ψψψψψ ƛƴŎƭǳŘŜ  

ά[ŜƛǎƘƳŀƴƛŀǎƛǎέ ϧ ƳŀƭŀǊƛŀΦ 

оΦ ²ƘƛŎƘ ƛƴŦŜŎǝƻƴ ŎƻƳƳƻƴƭȅ ŎŀǳǎŜŘ ōȅ ƘŀǊπ
ǾŜǎǝƴƎ ǎŜŀŦƻƻŘ ƛƴ ŎƻƴǘŀƳƛƴŀǘŜŘ ǿŀǘŜǊΚ 

пΦ !L5{ ŘƛǎŜŀǎŜ ƛǎ ŎŀǳǎŜŘ ōȅ ŀ ǾƛǊǳǎΣ ǿƘƛŎƘ ōŜπ
ƭƻƴƎǎ ǘƻ ψψψψ ǾƛǊǳǎ ƎǊƻǳǇΚ 

сΦ  ²ƘƛŎƘ ōŀŎǘŜǊƛŀ ŀǊŜ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ Ƴƛƭƪ ƻŦ ƛƴŦŜŎǘŜŘ 
ŀƴƛƳŀƭΚ  

тΦ ²ƘƛŎƘ ōŀŎǘŜǊƛŀ ǘƘŀǘ Ŏŀƴ ŎŀǳǎŜ ŀ ǾŀǊƛŜǘȅ ƻŦ ƛƭƭƴŜǎǎΤ 
ƛƴŎƭǳŘƛƴƎ ŘƛŀǊǊƘŜŀΣ ǇƴŜǳƳƻƴƛŀ ϧ ǎŜǇǎƛǎΚ 

фΦ 9ǉǳŀǝƻƴŀƭ ŘƛǾƛǎƛƻƴ ƛǎ ŀƭǎƻ ƪƴƻǿƴ ŀǎ ΧΧΚ 

ü 5h²b Υ 

 нΦ ¢ƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ŦǳƴŎǝƻƴ ƻŦ ŀ ƎŜƴŜ ƛǎ ΧΦΦΚ 

 оΦ ! ƎŜƴŜ ǘƘŀǘ ǘŀƪŜǎ ǇŀǊǘ ƛƴ ǘƘŜ ǎȅƴǘƘŜǎƛǎ ƻŦ ǇƻƭȅǇŜǇπ
ǝŘŜ ƛǎ ψψψψψψ ƎŜƴŜΦ 

рΦ ¢ƘŜ ƭƛǾŜ ǾŀŎŎƛƴŜǎ ŀǊŜ ŀǾŀƛƭŀōƭŜ ŀƎŀƛƴǎǘ ǘƘŜ Ŧƻƭƭƻǿπ
ƛƴƎ ǾƛǊǳǎŜǎΣ ŜȄŎŜǇǘ Υψψψψψψ 

уΦ ²Ƙŀǘ ƛǎ ǘƘŜ Ǌŀǿ ǎƻǳǊŎŜ ƻŦ /ƭƻǎǘǊƛŘƛǳƳ bƛŜǊŜǝŎŀƴǎΚ 

фΦ ! {ǿƛǎǎ ƻǇƘǘƘŀƭƳƻƭƻƎƛǎǘΣ ±ƛŎǘƻǊ aƻǊŀȄ ŘŜπ
ǎŎǊƛōŜŘ ǘƘŜ ƎŜƴǳǎ ψψψψψψψψΚ  

млΦ ²Ƙƻ ŘŜǾŜƭƻǇŜŘ aǳŜƭƭŜǊ-Iƛƴǘƻƴ ŀƎŀǊΣ ²ƘƛŎƘ ƛǎ ŀ 
ǊƛŎƘ ƳŜŘƛŀ ǘƘŀǘ Ŏŀƴ ƎǊƻǿ Ƴŀƴȅ ƳƛŎǊƻōƛŀƭ ǇŀǘƘƻƎŜƴǎΚ 
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