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FOREWORD 

Prof. A.V. Ramachandran 

Mentor, School of Science 

  
 

    Personalized medicine is fast becoming a reality due to developments in genome science 

and reducing cost of sequencing technologies. No doubt, genomics is more of science and not 

medicine per se. Can personalized medicine be a possibility with reference to complex 

diseases? That is a question met with quite a bit of scepticism.  We have successfully 

completed human genome project but, it is yet to affect health care of individuals. Oncology 

is one field where some degree of success is achieved in terms of genetically targeted 

treatment and prevention. In the years ahead, incorporation of genomics into clinical practice 

may become possible due to developments in translation of genetics to personalized medicine.  

    Application of genomics in the field of ART is a distinct possibility from the point of view 

of both basic and translational research. With refinement in molecular genetic techniques, 

complete characterisation of genome variation of an embryo might become a reality. Together 

with the emergence of therapeutic possibilities of mitochondrial transfer and GGE, relevant 

discussions and regulations would be needed to determine how such novel technologies ought 

to be implemented in ART practice in a responsible and evidence-based manner. 

    I am extremely happy that the third year students of BMS (Biomedical Science) are 

bringing out the third edition of “Ingenious Probers” impinging on the field of Genetics and 

Health. It is appreciable that this is a venture of the students under a self-constituted academic 

club named “Biomed Club”.  

    Happy reading to all and wish the Biomedical students all the best in their quest for more 

such innovative endeavours. 
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PREFACE 

Dr. Elizabeth Robin, 
Associate Professor & Program Chair, 

Division of Biomedical and Life Science, 
School of Science, 

Navrachana University, Vadodara 
 

    Over the past few decades, advances in genetics have exceeded our greatest expectations and have 

changed the way we think about health. Advances in genetics continue to be made at an ever increasing 

rate. We are aware that genetics has been traditionally associated with pregnancy, birth defects, and 

newborn screening, but now almost every disease is influenced by an individual’s genetic make-up. 

Therefore, it is important to consider the impact of genetics for any condition throughout a patient’s 

lifetime. The third issue of Ingenious Probers – 2019 is to provide a genetics educational resource for 

patients and health professionals and to increase awareness of specialty care in genetics. 

 

 

 

International Conference on Ecohealth and 

Environmental Sustainability 
 

    The International Conference on Ecohealth and Environmental Sustainability is organized by 

Navrachana University under its department “Navrachana University Centre for Environment, Research 

and Innovation” in collaboration with the University of Calgary, Alberta, Canada from 24th to 26th of 

February 2020. 

    The conference will be covering new ideas and approaches about recycling, reducing the usage of 

energy, green energy, pollution control, oceanography and many others. The various themes present in the 

conference will be Aquatic Ecosystem, Ecohealth, Economics and Management, Engineering solution for 

sustainable environment, Eco architecture and design, disaster management and many other 

interdisciplinary and innovative themes. 

    The goal of Ecohealth and sustainability is to conserve natural resources, create alternative energy 

sources and to contain pollution and harm to the environment. This conference aims to discuss and debate 

on the probable solutions to environmental problems, natural resource management, pollution control and 

effects of aquatic pollution especially on human health and other flora and fauna. Bioethical, socio-

economic and regulatory aspects of environmental sustainability will also be addressed. 



5 

ABOUT THE MAGAZINE 
  

     
    We the committee members of BIOMED@NUV, we proudly present the first science magazine of 

School of Science (SOS), Navrachana University. This magazine is an amalgamation of various scientific 

aspects and different approach towards applied sciences. We the students of Biomedical Science put 

forward “INGENIOUS PROBERS: EXPLORING THE DEPTH”. We, at BIOMED@NUV pursue similar 

attributes and promote the same through this magazine. The BIOMED@NUV will also carry out various 

activities such as debates, magazines, seminars, workshops and many more. The club was established in 

May, 2018. 

    The aim of the club is to promote and explore various sectors of Biomedical Science and other related 

aspects. 

    The magazine focuses on different scientific aspect and how it relates with life sciences. This combined 

effort of students and teachers of Biomedical Science is a step further in providing some curious minds a 

platform for different perspective of knowledge. Understanding scientific information is one thing but 

magazine also focuses on compelling the audience on how that knowledge is interpreted and applied in 

different field of biology. 

The BIOMED@NUV is being managed by the Committee members namely: 

• Dev Thakkar [Id: 17166004] (President); 

• Arnav Patel [Id: 17166024] (Vice President); 

• Neel Patel [Id: 1716627] (Vice President); 

• Khushi Mandaliya [Id: 17166018] (Treasurer); 

• Hemangi Rajpara [Id: 17166020] (Secretary); 

• Maithili Chokshi [Id: 17166013] (Outreach & Publication Head); 

The editorial team also consists of Khyati Patel [Id: 17166015] and Chaitanya Raulji [Id: 17166017] 

The biomedical science students has also put their sincere efforts in making the magazine  

The plagerism check for the content in the magazine was conducted by using Small seotools [https://

smallseotools.com/plagiarism-checker/] 

 

About Course  

    Biomedical Science is a research oriented field, which mainly focuses on various fields like 

Biotechnology, Pharmaceutical, Clinical Data Management, Molecular Diagnostics, and Biomedical 

Industries. Analyzing the current scenario in research and industry specializations, major aspects such as 

Molecular medicine, Drug discovery and design, Reproductive Biomedicine and Human Genetics are 

offered in this course. This course is thus customized to suite the demands of the ever expanding science 

of molecular biology and is one of its kinds in Gujarat. The Masters Course lays emphasis on the overall 

development of laboratory skills of a research student coupled with an expansion of his/her knowledge 

base through specialized inputs for the course. 
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INVITED ARTICLE 
 

Can The Understanding Of 3 
Dimensional Structure Of DNA Open Up 
More Dimensions For Us To Decode It? 
 
Aakash Sethi | aakashsethirox@gmail.com |2nd MBBS | Government Medical College, Baroda  

    “Can we understand biology using mathematics?” 

Asked the 10 year old Jay to his father who was a 

mathematician. He replied in a sarcastic tone “Think 

Rationally Jay, Mathematics and Biology are far 

from each other on the spectrum of science.”  

    Just as the number 1 is connected to 2 with the 

help of a number line, the aim of my article is to tell 

you, how maths and biology are very intricately 

connected.  

    Let’s begin by exploring one such well known 

concept- The Fibonacci sequence. Fibonacci in the 

year 200 BCE. came up with a set of numbers, 

which were related to each other in the following 

way- 

1,1,2,3,5,8,11 and so on…. 

    Can you find a pattern? Every new number is 

formed by adding the previous 2 numbers. The ratio 

of 2 consecutive numbers is a constant and is equal 

to 1.1618.  

    This is called the ‘Golden Ratio’ in mathematics. 

Interestingly DNA also follows golden ratio. The 

ratio of the length of one turn of the DNA with the 

width, the number comes out to be 1.618 (Figure 1). 

    Can mathematical equations be used to describe a 

molecule with 420 BILLION different possible 

arrangements? 

    I am sure everyone would be familiar with the 

basic structure of DNA. The average length of DNA 

in each human cell is 2 meters but the size of the 

nucleus is just 6 micro meter, about a million times 

smaller. Thus DNA has to coil upon itself in order to 

fit within such a small space. 

    This coiling of the DNA around itself can be 

expressed in terms of linking number of DNA 

Linking number = Tw + Wr. 

    Where Tw are the Twists and Wr is the writhe. 

Twist is the number of times a Single strand of DNA 

wraps around its counter strand. Writhe is the 

number of times both of the strands loop arounds 

themselves. The below given picture explains it 

better (Fig 2 & 3). 

    If the linking number is –ve, then the DNA is 

known as –ve supercoiled and similarly if the linking 

number is +ve the DNA is called as +ve supercoiled. 

Almost always the DNA found in cells are negative 

supercoiled. This –ve supercoiled DNA is under-

wound as compared to relaxed DNA that has no 

supercoiling (Lk = 0). This under-wound state helps 

cells to unwind the 2 DNA strands using less amount 

of energy.  

    Understanding the 3-D structure of DNA is 

important in analysing its interaction with other 

biomolecules like proteins, nucleic acid etc. and 

other cellular processes of replication, transcription 

etc.  

Fig-1: Golden ratio in DNA- 

If the length of one turn of DNA or 10 base pairs is 1 

unit, then the width between 2 strands is 1.618 units 

which is equal to the ‘Golden Ratio’ 
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    DNA can exist in non B DNA forms as well. One 

important example is Z-DNA. Z-DNA is a left 

handed helix (as compared to right handed of B-

DNA) which is formed in a sequence-specific 

manner: an alternating purine-pyrimidine sequence 

like GC or TG repeats. Z-DNA is proposed to 

stabilise the open structure of DNA during 

transcription via binding by proteins such as 

ADAR1 or Nrf2. Current genome-wide sequence 

analyses suggest that the genomic instabilities 

induced by non-B DNA structure-forming sequences 

not only result in predisposition to disease, but also 

contribute to rapid evolutionary changes, particularly 

in genes associated with development and regulatory 

function.  

    Before concluding I would like to remind you that 

there are estimated 8.7 million different species on 

earth. The reason for the diversity around us is DNA 

recombination. You can imagine the precision with 

which this recombination would have had to work 

for us to have so many species and scientist say we 

are not even close with the estimates. Thus the more 

we try to untangle the mysteries of DNA, the more 

tangled it sounds to our rational brain. 

 

References- 
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Plasmid DNA. Microbiology spectrum, 3(2), 10.1128/

microbiolspec.PLAS-0036-2014. doi:10.1128/microbiolspec.PLAS-
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Benjamin KR, Abola AP, Kanaar R, Cozzarelli NR. Contributions of 

supercoiling to Tn3 resolvase and phage Mu Gin site-specific 

recombination. Journal of Molecular Biology. 1996 Feb;256(1):50-65. 
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Fig-2: Understanding twists and writhes in DNA 

Fig-3: Wr=0 and thus  

Lk = No. of twists = 4 
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    Life as we know it, is specified by the genomes 

(the entire genetic component of the living 

organism) of the large variety of organisms with 

which we share the planet.  

    Every organism possesses a genome that contains 

biological information needed to construct and 

maintain a living for that specific organism. 

    The human DNA consists of 3.3 billion 

nucleotide base pairs divided into chromosomes. 

These base pairs form sequences called genes which 

range upto 20000 to 25000 genes in the human 

body. 

    The human genome project (HGP) was a 

multibillion dollar global research project with the 

goal of complete mapping and understanding of all 

the genes of the human body. It was the world’s 

largest collaboration biological project. 

    The human genome project was started in the year 

1990 with the objective of determining the DNA 

sequence of the entire euchromatic human genome 

and was completed in the year 2003. 

    The project was formally founded by the US 

department of energy and the National Institutes of 

Health (NIH), and was expected to take 15 years. In 

addition to the United States, the international 

consortium comprised geneticists in the United 

Kingdom, France, Australia, China and myriad other 

spontaneous relationships. 

Pioneers in the Human Genome Project: 

• Robert Sinsheimer proposed the idea of 

sequencing of the human genome in the year 

1985. 

• Charles DeLisi and David Smith proposed 

the budget for the human genome project. 

• James Watson was the first project director 

of the human genome project and was later 

succeeded by Francis Collins in the year 1993 

as the overall project head and the director of 

the NIH (later known as national human 

genome research institute or NHGRI) and was 

in power until completion of the HGP in 2003. 

Technical aspects in the Human Genome Project: 

The process for determining the human genome 

involves two things: 

1. Genome mapping or characterising the 

chromosomes. This is called the genetic map. 

Genome mapping uses genetic markers for the 

creation of genetic map. 

a. Genetic markers: any inherited physical or 

molecular characteristics that are different 

among individuals of a population. 

2. DNA sequencing, or determining the order of  

DNA bases on a chromosome. These are physical 

maps. 

a. To sequence the DNA, it must first be 

amplified, or increased in quantity. Two types 

of DNA amplification techniques are cloning 

and polymerase chain reactions(PCRs). 

b. Once the DNA has been amplified the 

sequencing techniques used in the human 

genome project are: 

• Shotgun sequencing method  

• Sanger sequencing method 

Breakthroughs of the Human Genome Project: 

• Publicly available scientific data: 

The project pioneered the practice of making 

INVITED ARTICLE 
 

The Human Genome Project 
 
Kavan Shah | shahkavan31@gmail.com | 2nd Year | Student, Government Dental College and 
Hospital, Ahmedabad 
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scientific data available to the public free of charge 

and in this way, the open access to data helps 

researchers make discoveries far more quickly. 

• Discovering our origins: 

Another key accomplishment of the HGP is 

shedding light on human origins and migrations that 

facilitate personal discovery of your ancestry. 

Comparisons are made by the scientist over the 

ancient and modern DNA to understand changes in 

the genome over the course of time. 

• Finding the causes of the diseases: 

The Human Genome Project has supercharged 

efforts to discover the causes of various diseases. 

This leads to successful treatments for a wide range 

of medical conditions. As a result, more than 1,800 

disease genes have been discovered. With the lower 

cost of genetic research, studies can now be 

conducted to identify the causes of rare diseases. 

• More personalised drug treatment: 

The field of pharmacogenomics has greatly 

benefited from the HGP. This field examines how an 

individual’s genetic variation affects their response 

to drugs. The data is being used to determine if 

patients with certain diseases will respond to specific 

drugs, and in some cases, the correct dosage. In the 

future, thanks to genetic research, it’s expected that 

there will be even more targeted prevention, 

preemptive intervention, and treatment. 

• Future possibilities with gene therapy and 

genetic engineering: 

In the past few years, interest in human genetic 

modification and gene editing technology such as 

CRISPR (cultured regularly interspaced short 

palindromic repeats) has skyrocketed. So the day is 

not far when with genetic modification, it would be 

possible to simply change a person’s genes to 

prevent or cure a disease. 

 

References: 

Slingshot Health. (2019,April 29). Top 10 Breakthrough of Human 

Genome Project. Retrieved from https://www.slingshothealth.com/

blog/2019/04/25/top-10-breakthroughs-of-the-human-genome-project/ 
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    We have all heard about look-a-likes and 

doppelgängers in grandma’s stories, vampire TV 

serials, books, and movies. The myth is that there are 

seven individuals who look just like you and are out 

there somewhere. Doppelgangers are people who 

look identical but are not related to each other. But 

do they really exist? Dr. Teghan Lucas, from 

Australia, stated that there is a one in a trillion 

chance of two or more people matching one another 

on 8 measurements of the face. She published a 

study on doppelgängers in 2015, where she 

compared people for their 8 facial characters and 

body 

measurements. 

    The human 

genome is 99.9% 

similar in all 

humans. But 

0.05% 

percentage of 

variation gives 

rise to such a 

great variety of 

faces in humans 

that is not seen in 

any other 

species. So the chance that two unrelated humans 

look similar is very slim yet possible. To find out if 

there are real doppelgängers out there, three teens 

founded an online project named 

“twinstrangers.com” aiming to find people who 

looked like each other but are completely unrelated. 

One of the three, Niamh Geaney found three 

doppelgängers through the website. She took a DNA 

test with one of her doppelgängers, Irene Adams to 

find out if they were somehow actually related. They 

took a set of three tests to find out if they were 

sisters, half-sisters or somehow related in the genetic 

pool. The first test showed that the chances of them 

being sisters were 0.0006% which proved they are 

definitely not sisters. The second test showed the 

odds of them being half-sisters (sharing one parent) 

were 1.1%. Clearly, they were not directly related. 

The final test of them being distant relatives proved 

that they were not related in 20,000 years as 

Niamh’s haplotype H showed origins in South-west 

Asia and Irene’s haplotype T had origins around 

Mesopotamia.  

    The DNA test they took proved that they were not 

even distant relatives yet looked so similar that even 

their parents would have to give a second look. This 

uncanny resemblance of doppelgängers is restricted 

only to their faces 

and they might have 

completely different 

personalities and 

ages. The reason 

behind this is still a 

mystery. So now if 

you meet someone 

who feels like 

looking in a mirror, 

you could have just 

found your 

doppelgänger! 

 

 

References: 

Mortillaro,N.(2015,October 27).Your doppelgänger exists,according 

to Science. Retrieved from. https://globalnews.ca/news/2300048/your-

doppelganger-exists-according-to-science-heres-why/ 

Hoyt,A.(2019,April 23). Do you have a Doppelgänger?. Retrieved 

from. https://science.howstuffworks.com/life/genetic/doppelganger-1-

in-trillion-chance.htm 

Image Source:  

Anonymous.( 2015, November 21).Woman who finds a twin stranger’. 

https://www.dailymail.co.uk/femail/article-3327228/Niamh-Geaney-

finds-twin-stranger.html 

Do You Have A Doppelganger? 

 
Khushi Tekale | 18166002@nuv.ac.in| S.Y. B.M.S | School of Sciences, Navrachana University, 
Vadodara 

http://twinstrangers.com
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Genetic Influence On Cognitive 
Development 

 
Khushi Mandaliya | mandaliya729211@gmail.com | T.Y. B.M.S | School of sciences, Navrachana 

University, Vadodara 

    Cognitive development is an aspect that begins its 

development from the infancy state. As now we 

know that the major developmental aspects in our 

body as a whole are controlled by our genes. In 

recent years, there is light shaded on the genetic 

influence on cognitive development and the studies 

have shown a positive correlation.  

    Cognitive development includes many aspects 

such as intelligence, creativity, language learning 

ability, phonological awareness, thinking, decision 

making, etc. All these aspects are set to determine 

the future of an individual if we practically see it! 

And on the other hand there are also multiple factors 

that determine the cognitive development. Cognition 

development depends on the factors such as 

environmental factors, parental upbringing and 

genetics of course.  The overall cognitive ability of a 

person depends on many factors and a single factor 

cannot be pinpointed as responsible for the cognitive 

ability.  

    Now, when we talk about the genetic effects on 

cognition then, there is a correlation between the age 

and the genetic influence paradigm. It is found 

through a data from Philadelphia Neurodevelopment 

Cohort, which did a study on a large population 

based sample of individuals; aged between 8 to 21 

years. The data showed that the neurocognitive 

measures were highly heritable between childhood 

to early adulthood. The general cognitive ability or g 

is affected highly with genetic variance in the 

transition from childhood to early adulthood.  

    The genetic variance effect on the cognitive 

development specifically varies according to the age 

of an individual. Childhood and early adulthood, is 

such a span where the cognitive ability is highly 

heritable. When an individual enters into the 

adulthood and then ages further then majorly other 

factors such as 

environmental 

factors, overall 

mindset and to 

an extent food 

habits also affect 

the cognitive 

development. 

    If we see the 

etiology of the 

genetic influence on cognition then, there are over 

350 genes identified to affect the cognition; with 70 

loci significantly involved in the development. The 

genes are basically “turned off” & turned on” during 

the life span according to the age.  

    The study for this specific field is going on in a 

rift as through these studies we can study the 

cognition to a greater extent and might find a genetic 

factor affecting or initiating neurodegenerative 

diseases in old age. For this study, twins are used 

and they are separated at an early age to see whether 

the genetic influence is similar or not. Such studies 

might be helpful to get a break through the cognition 

related disorders & neurodegenerative diseases. 

 

References: 
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Content:  

https://journals.sagepub.com/doi/full/10.1177/0956797612457952 
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https://www.sciencedirect.com/science/article/abs/pii/

S1364661300018532 



14 

    A wide range of companies and startups have 

started offering a wide range of genetic testing, that 

guarantee a variety of reports and information based 

on the genome sequencing and data. These test 

vouch to give information related to areas like 

longevity, fitness related attributed, exhaustion, 

intelligence associated characteristics including 

mathematical ability, hippocampus volume and 

educational attainment.  

    Genealogical DNA 

testing gives 

information pertaining 

to the ethnicity where 

the information is 

derived from a variety 

of sources including 

autosomal, 

mitochondrial and Y-

DNA. The industries 

have risen to different 

heights, aided with 

launch of variety of 

applications on the 

digital platform to 

explore greater 

avenues. The 

generation of the report 

of the various traits, 

requires comparison of user’s data with data 

gathered through genome associated studies and 

surveys. Different testing agencies utilize different 

ethnic reference groups and different matching 

algorithms. As a result there is a large variation 

between the data generated and delivered to the 

users, which is considered as one of the limitations 

of the Genetic testing.  

    A genome wide association study (GWAS) is a 

procedure that is used to associate specific genetic 

variation with particular diseases. With the genome 

wide association studies scientists have been able to 

predict the combined effect of single nucleotide 

polymorphism to generate polygenic scores, which 

provides an estimate of how likely it is that an 

individual will develop a certain trait. There are 

certain issues that arise due to availability of little 

scientific evidence to back up certain phenotypes 

associated with fitness and parenting behaviors. 

Traits that are generally examined in large GWAS, 

like educational attainment, are generally determined 

by difference between groups. However this data is 

highly misinterpreted by the users as the intrinsic 

biological differences in 

ability is explained; 

however social and 

environmental differences 

are undermined. Test for 

traits like intelligence 

comes with additional 

ethical and societal 

implications. There are 

reports and tests for 

ancestry, intelligence and 

same sex attraction; 

however they must be 

given with disclaimers that 

stress the fact that these are 

not disposition score, or 

diagnostics.  

    Given the shortcomings, 

the test is aimed to educate 

and give limited information purely based on 

comparative and relative data. Subsequently, 

companies have started providing, complete 

transparency and with reliability ratings based on the 

reference and literature.  

 

References:  
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What Your DNA Can’t Tell You? 

 
Kashyapi Joshipura | 18166001@nuv.ac.in | S.Y. B.M.S | School of sciences, Navrachana University, 
Vadodara 
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Can Mitochondrial DNA Overcome 
Chemotherapy Resistance? 

 
Helly Pandya | 19166010@nuv.ac.in | F.Y. B.M.S | School of sciences, Navrachana university 

Vadodara 

    Mitochondria, also known as the powerhouse of 

the cell, have its own genome and are a semi-

autonomous organelle. Mitochondrial DNA encodes 

essential protein subunits for oxidative 

phosphorylation that play a vital role in respiration 

and ATP production. Apart from that mitochondria 

also help in cell signalling and cell death. 

    Another important function of mitochondria is that 

of immunity response generation. Mitochondria have 

the capacity to generate mitochondrial signals that 

can alter the cellular metabolism. Various research 

recently have shown that mitochondria is basically 

a DNA- stress relieving organelle that switches off 

the stress mechanism that can cause changes in the 

DNA. This mechanism is said to have helped 

avoid Chemotherapy resistance.  

    One of the most commonly used cancer 

treatments today is Chemotherapy which involves 

usage of cytotoxic drugs that kill the rapidly 

growing cancerous cells. But these cancer cells 

can often become resistant to chemotherapy.  

Chemotherapy resistance is responsible for tumor 

re-occurrence and leads to treatment failure. 

Chemo-resistance has several origins and 

functioning mechanisms. How? 

    The reason for this resistance can either be 

resistance to drugs which causes gene mutations or 

the DNA could remain the same but the cancer cell 

could trick the drug by changing its gene activity 

after adapting to it at first.  

    Cytotoxic drugs (Drugs that contain 

chemicals which act as toxins for several 

specific target cells and curb their growth) 

that target the proliferating cells can be 

resisted by oncogenic cell itself as a result of 

lack of response action that was supposed to 

be induced by the drugs for tumor inhibition. 

This happens as a result of the inability of the 

drug to specifically target the cancer cell.  

Here, a smaller group of cancer cells that 

escaped the target action of drugs may have 

later mutated. On the other hand, cellular 

changes take place that possibly occur due to 

the exposure to a new drug. Upon exposure, each 

cellular body does not respond the same to an 

individual drug even after having the same chemical 

composition. 
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    For instance, one frequently reported cause of 

multi-drug resistance is the decreased permeability 

and enzyme deactivation of the P-glycoprotein (It is 

a protein found in the plasma membrane that acts as 

a Drug Transporter and helps in various drug actions 

for curing genetic disorders). This P-glycoprotein 

permits the cancer cells to escape the fatal drug 

doses by pumping out the cytotoxic drugs and hence 

decreasing its effectivity.  

    Now in the case where the DNA remains 

unchanged, epigenetic signals such as histone 

methylation and acetylation are capable of 

controlling the cancer cell death or survival 

regardless of the inhibitory drugs. Epigenetics is the 

study of heritable genes where changes occur in the 

gene activity and not the whole DNA sequence. 

Under the study of chemotherapy resistance of 

Melanoma which is a common type of skin cancer 

caused in our melanocyte cells and skin 

pigmentation; it is found that those cancer cells 

could change their gene activity and show 

replication and growth even in the presence of its 

inhibitors. 

    With reference to the ongoing study at Salk’s 

Molecular and Cell Biology laboratory, Professor 

Gerald Shadel quotes that Mitochondria act as the 

first line of defense in sensing DNA stress. It 

explains that the cell’s response to the fragmented 

mtDNA is similar to the stimuli generated when a 

viral invasion takes place. Here, in both the cases the 

mitochondria controls danger signals that will 

activate responses that fight the pathogen to keep the 

cell process undisturbed and avoid apoptosis. The 

chemotherapy drug (often Cisplatin) can cause the 

damage and release of oxidized or incomplete 

mtDNA, which in turn activates an immune 

response. This mtDNA release can also occur in 

situations such as organelle death or inflammations 

to which the mtDNA will evoke an anti-stress 

response. 

    In the new study, Prof. Shadel focuses on the 

interferon stimulated genes or ISGs which are 

activated in cancer cells. With the help of these ISGs 

and mechanism of the mtDNA release, he believes 

that if we are able to prevent damage to the 

mitochondrial DNA or its release during the cancer 

treatment, we might be able to prevent 

chemotherapy resistance. In other words, mtDNA 

make themselves most prone to damage and warn 

the other cell components to enable defense 

mechanisms and overcome chemotherapy resistance. 

    Till today there have been discoveries that state 

the contribution of mitochondria in chemoresistance 

and how mitochondria support it. But this new age 

theory presents a solution as to how mitochondria 

can instead overcome this resistance and possibly 

discover newer alternatives for chemotherapy 

resistance as well cancer treatments. 
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Salk Institute. "Mitochondria are the 'canary in the coal mine' for 

cellular stress: How some cancers resist chemotherapy." 

https://www.ncbi.nlm.nih.gov/pubmed/16103712 

https://www.ncbi.nlm.nih.gov/pubmed/19903760/ 



17 

Fountain Of Youth: Talk About Eternity. 
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    Just tale old as time, Adam and Eve use to be the 

first human beings and as the Earth got populate 

leaving more complications about the living and the 

end of the life. 

    Each hominid wants to stay in each point of life 

and even to the infinity but life cycle regulates and 

eventually brings death, but what if we can stop and 

cheat death. 

    Cheating death or living forever is termed as 

Immortal or Enduring. 

    Immortality have changed its definition from 

living forever to look younger endlessly. 

    From decades of evolutions and channels of 

human modification, the date of living also increased 

with the drastic term of time. A Century ago, the 

average lifespan was 56 years. Now it’s almost 79 

years. That’s almost 23 more years to grow, evolve, 

and explore…. Or to suffer if we’re very sick. All 

credits to Medical Advancement. 

    Many theories were proposed to look forward for 

the system of death and hence, no one knows but 

those theories convince and up raised many new 

questions about God's built system. One famous 

theory proposes, our longevity is primarily 

determined at the moment of conception and is 

largely subjected on our parents and their genes. 

Death is a side effect of aging and so does the 

wrinkles which are eventually phenotypes (visible 

features) but cellular aging is not noted unless you 

are under medical surveillance for certain cause. 

Aging is basically a natural set period where 

materials decay with certain amount of triggering 

cells to act upon body. It is not simply wearing and 

tearing and second law of thermodynamics doesn’t 

work here. 

    According to the Scientist and Author, ‘Aubrey de 

Grey’; 7 deadly SENS: which causes aging in the 

cellular level and they are: 

•Nuclear Mutations: mutation lead to cancer. 

•Mitochondrial Mutations: cell component 

which is essential for energy production. 

•Intracellular Junk: proteins which are not 

digested by our cell properly. 

•Extracellular Junk: proteins accumulated 

outside the cell. 

•Cell Loss: cells that cannot be regenerate by 

the body itself. 

•Cell Senescence: when cells lose the ability to 

divide. 

•Extracellular Cross links: loss of elasticity 

from the cell and the tissues. 

Rays to immortality 

    It is working on “telomerase”. (University of 

California Berkley have captured the most detailed image up to 

date of telomerase)  

    Aging and telomere are connected in such a way 

that each time cell divides, the chromosomes are 

copied, but they aren’t copied all the way same. 

Consequently, telomere gets shorter. In fact, we lose 

50 to 2oo base pairs each time. They behave as 

cellular counter clock. 

    As telomere goes under threshold of shy 4000 

base pairs , the problem start to raise which 
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eventually show 7 deadly SENS. Cells that stop 

replicating enter the state of ‘ Senesces ’ and 

accumulation of this senesces show the organ failure 

and diseases. 

    Telomerase to the rescue, Elizabeth Blackburn in 

1970s and student Carol Greider discovered 

telomerase which is able to add DNA to the telomere 

again.  

The telomerase is dubbed as the Immortality 

enzymes. 

    Although we all have telomerase but we are not 

immortal as it turns out that telomerase isn’t 

switched on in the most adult cells. It’s only active 

in sperm cells, embryos cells and adult stem cells. 

Moreover it is found that telomerase act as 

molecular sensors of genomic damage and mutation. 

    On note: Keeping telomere long and enabling 

cells to dividing regardless of  how much damage 

they’ve have accumulated allows the cancer cell to 

form and grow. 90% of all malignant tumors have 

found a way to turn on telomerase and use to 

become immortal.  

    Unfortunately in early stage the structure of 

telomere was just a street capture photo but the new 

detailed image doesn’t have enough of details to 

show that how neighboring atoms interact but there 

is enough information to get sense of how the 

components of the enzyme work together.    

    The new insight talks a lot about why mutation in 

telomerase prevents it for working properly and thus 

causes diseases. The new structure of the telomere 

can show the new rays for the drugs to target and 

limit the enzyme working not causing cancer. It can 

work as potent drug target. Thus one of the factors 

from 7 deadly SENS is done by telomerase.  

    Blocking or targeting it indiscriminately comes 

with many significant pitfalls but, there are 

conditions where it can be controlled in high 

maintained condition only in certain cells for certain 

period of time only.   

7 major Breakthrough to achieve immortally: 

•Unlocking gene power: by cracking the 

mysteries of genes, the scientist may be able to 

find out the immortal gene and implant it. 

•Cloning: is fundamental to most living things, 

since the body cells of plants and animals are 

clones that come ultimately from a single 

fertilized egg. The parts of the body for 

replacement or whole body. It is consider 

branch for immortality studies and it is most 

evolved one.  

•Cryogenics: it’s the most science of 

preserving organisms, the patient can fall into 

the cryogenic sleep until the diseases is cured.  

•Cyber brain: your body can perish, yet your 

mind can be uploading to the hard drive which 

remains forever. The Russia-2045 is working 

on this project and hence provided the data 

about its successful working in next 17 years. 

Companies like Tesla is also been under 

construction of cybrog ( human having 

machine parts as it can be most of the heroic 

frictional movies are based on) . 

•Cellular repairs: Nanotechnology is evolving 

from the date backed to it discovery and hence 

in near future there might be our bodily 

modifications and treatments on cellular aging 

will be accompanied by this nano modified 

drugs at DNA level causing positive mutation. 

•Biohackers have different approach for 

longevity as they use their knowledge of 

neuromediators and genes to prolong their 

lives and to improve their body performance.  

•Gene therapy: The foundation behind gene 

theory is that segments of DNA that occurs at 

the end of chromosomes, called telomeres. 
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Each time cells divides lead to the shorter of 

this arm and at a point the cells cannot divide 

without losing important parts of DNA. 

    Experiments by Centro National de 

Investigaciones Oncologicas (CNIO) in 2012 were 

actually successful showing 1/4 lifespan in mice. 

The gene theory consisted of treating the animals 

with a DNA modified virus, the viral genes having 

replaced by those of the telomerase enzyme, with the 

key role in aging. With manufacture of telomere can 

revamp or suspend this kind of damage at single 

treatment, throwing lime light on possibility to 

develop a telomerase based anti-aging gene therapy 

without increasing incidence of cancer. 

Stranger than Fiction  

    This breakthrough might look like a 

mad scientist fictional theory but let’s get 

back to the reality. 

    Ever heard about of Dashi – Dorzho 

Itigilov? He was the Buryat Buddhist 

lama, born in 1852 and he is still in 

meditative stage, rather than dead. It is all 

due to the way he passed away. He 

recommends his fellow monks to start the 

process of last rituals that he is going to 

pass away soon while he sat in lotus 

position but never woke up from his 

meditation and to this day  he remain in 

lotus position without showing any kind 

of decaying. People believe that he is in 

hibernation mode or in nirvana stage. 

The medication won’t provide eternal life 

to all of us but it helps to encounter some 

of the 7 deadly SENS mentioned by 

Aubrey de Grey. 

 Do humans really seek for productivity 

eternal life or just younger immortality? Humans are 

not looking forward for immortality in real sense but 

they want to stay younger. Basically, we confuse the 

age-old desire to find the fountain of youth with the 

secret to immortality. Now, the story lies between 

health span vs. lifespan. Will key to stay younger 

will trigger immortality or to stay immortality will 

trigger younger looking self? 

Keywords 

Telomerase, Telomeres, Longevity, Senesces, 

Biohackers 
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    The CRISPR revolution shows no signs of 

slowing down. It is adaptive immune system of 

prokaryotic and amenable to genome engineering 

offering flexibility and easy multiplexing. 

Prokaryotes have utilized CRISPR as a powerful 

defensive strategy against viral invaders, and this 

system is proving to be useful for research 

applications, and stop using past genome 

engineering technologies like zinc finger nucleases 

(ZFNs) and TALENs. 

    In 1987, CRISPR (clustered regularly interspaced 

short palindromic repeat) sequences were initially 

discovered in E. coli genome, but their function as a 

protect against bacteriophages was not elucidated 

until 2007. Scientists hypothesized (cas) genes to not 

only store a record of invading phages but also to 

destroy the phages upon re-exposure.  

    It is an overview of the endogenous type 2 

bacterial CRISPR system. Bacterial genome 

(CRISPR array) contains many unique protospacer 

sequences that have homology to foreign DNA. 

Protospacers are separated by short palindromic 

sequences. First of all, the CRISPR array is 

transcribed to make the pre CRISPR RNA (pre-

crRNA). then the pre-crRNA is processed into 

individual crRNAs by a special trans-activating 

crRNA with homology to the short palindromic 

repeat. The tracrRNA helps conscript RNAse 3 and 

cas9 enzymes, which together separate the individual 

crRNAs. The tracrRNA and Cas9 form a complex 

with each individual unique crRNA. crRNA, 

tracrRNA, Cas9 complex seeks out the DNA 

sequence complementary to the crRNA. In Type II 

CRISPR systems, a potential target sequence is only 

valid if it contains a special Protospacer Adjacent 

Motif (PAM) directly after where the crRNA would 

bind. After the complex binds, Cas9 brake the 

hydrogen bound and separates the double stranded 

DNA target and cleaves both strands near the PAM. 

The crRNA, tracrRNA, Cas9 complex after the 

double-strand break it is unbound.  

    There are found 48% of bacterial and 95% of 

archaeal genomes, they have highly diverse, with 

CRISP To CRISPR!  
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varying PAM sequences and number of cas proteins. 

Classification defines 5 types and 16 subtypes based 

on characteristics and evolutionary similarity. They 

are grouped into two large classes based on the 

structure of the effector complex that cleaves the 

genomic DNA. Type 2 CRISPR was the first use for 

genome engineering, with type 5 following in 2015. 

    Phage have an anti-CRISPR genes for fighting 

back to bacteria. The CRISPR seems like a winning 

strategy for the prokaryotic to survival, but it is 

beatable. First identified the first set of anti-CRISPR 

genes in bacteriophages infecting pseudomonas 

aeruginosa. Anti-CRISPR genes have a varied 

mechanism to block CRISPR. there are two ways 

first prevent the CRISPR-Cas complex from binding 

to DNA, and second inhibit the recruitment of Cas 

proteins to the CRISPR-Cas complex. Recently, 

researchers use anti-CRISPRs as off-switches for 

CRISPR genomic editing. 

    In 2012, first demonstrated that CRISPR could be 

programmed for targeted DNA cleavage in vitro. In 

2013, described CRISPR-based genome editing in 

mammalian cell culture. After five years PubMed 

lists more than 6,300 CRISPR-related publications, 

in which detail work to improve the tool’s 

specificity, orthogonality, and multiplexibility in 

various species, and also the development of new 

applications.  

    CRISPR have two main categories of genome 

editing. It is based on the experimental conditions. 

Cas9 complex is produce a double-strand break and 

it could be repaid through non-homologous end 

joining (NHEJ) or homology directed repair (HDR). 

    Genome editing with the help of CRISPR is not 

only simple, but also scalable. There are many 

gRNAs were targeting many loci can be easily 

expressed in the same cell or organism. The capacity 

to precisely target CRISPR to a given locus makes it 

especially amenable to genetic screens. amalgamate 

gRNA libraries can be used to identify genes that are 

important to a given phenotype. Now libraries are 

available for gene knockout, and also transcriptional 

activation or suppression. These both are the power 

of next-generation sequencing, CRISPR is a strong 

system for genome-wide screening. 

     Scientists have also used the targeting capability 

of Cas9 to make other types of modifications at 

Class 1 Class 2 

Type 1 (cas3) Type 2 (cas9) 

Type 3 (cas10) Type 5 (cpf1) 

Type 4 (csf1) Type 6 (cas13) 
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specific loci. Activate or Repress: dCas9 fused to 

transcriptional activators or repressors can modulate 

transcription in a reversible manner. Epigenetics: 

dCas9 fused to epigenetic modifiers can modulate 

transcriptions and create heritable epigenetic marks. 

Visualize: Fluorescently labelled dCas9 or gRNAs 

that bind fluorescent proteins can be used to image 

genomic loci in live cells. RNA targeting: Cas13 

enzymes target RNA rather than DNA, sometimes 

requiring a protospacer flanking sequence (PFS). In 

bacteria, Cas13 targeting also promotes non-specific 

RNA cleavage, but this non-specific cleavage does 

not occur in mammalian cells. Purify: Epitope-

tagged dCas9 can also be used to purify a genomic 

locus and its associated proteins or RNAs through 

ChIP (enChIP) or biotin-streptavidin pulldown 

(CAPTURE) Tag: Multiple methods make it easier 

to tag endogenous loci with epitope tags or 

fluorescent markers. 

    It’s amazing to see how much progress has been 

made in just five years, with the skyrocketing 

popularity of CRISPR echoing that of RNAi and iPS 

cells. Genome engineers continue to work to develop 

a highly specific, programmable platform well-

suited for various biological and translational 

technologies. Biotechnology companies are 

exploring therapeutic applications of CRISPR to 

treat genetic disease, with the caveat that off-target 

editing risk must be made very low or non-existent. 

Scientists continue to wrestle with the possibility of 

postnatal and germ line editing, with the 

International Summit of Human Gene Editing 

convened in 2015 to discuss the ethics associated 

with CRISPR in agricultural and therapeutic 

applications. 

    Despite the ethical controversies surrounding non-

research applications, it’s clear that CRISPR is a 

truly disruptive technology for basic research. The 

beauty of CRISPR is that it’s adaptable to almost 

any model system or biological topic, and you don’t 

need to be an expert to see results! 
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Treating Cancer Without CRISPR  
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    An abnormal growth of body cells which tend to 

proliferate in an uncontrolled way and in some cases, 

to metastasize (spread). Cancer is not only one 

disease but it is a group of more than 100 different 

and distinctive diseases. Cancer can involve any 

tissue or tissues of the body and have many different 

forms in each body area. Most cancers are named 

after the type of cell or organ in which they start. If a 

cancer spreads (metastasizes), the new tumor bears 

the same name as that of the original (primary) 

tumor. 

    The frequency of a particular cancer might depend 

on gender. Skin cancers are most common type of 

malignancy for both men and woman whereas, the 

second most common type in men is prostate 

cancer and in women, breast cancer. 

    The frequency of Cancer does not equate to 

cancer mortality. 

    Skin cancers may be curable. Lung cancers are the 

leading cause of death from cancer for both men and 

women. 

    Benign tumors are not cancer. Malignant tumors 

are cancer. Cancer is not contagious. 

    Cancer comes from the Latin word for crab. The 

ancient people used the word to describe 

malignancy, because of the crab-like tenacity a 

malignant tumor, this sometimes seems to show in 

grasping the tissues it invades. Cancer is also called 

malignancy, a malignant tumor, or a neoplasm 

(literally, a new growth). 

    In the most basic terms, cancer refers to cells that 

grow out of control and may invade other tissues. 

Cells might become cancerous due to the 

accumulation of defects, or mutations, in their DNA. 

Certain inherited genetic defects or mutation (for 

example, BRCA1 and BRCA2 mutations) and 

infections can increase the risk of cancer. 

Environmental factors such as, air pollution and poor 

lifestyle choices—such as smoking and heavy 

alcohol use—can also damage DNA and lead to 

cancer. 

    In most of the cases, cells are able to detect and 

repair DNA damage. If any cell is severely damaged 

and cannot repair itself, it usually undergoes so-

called programmed cell death or apoptosis. Cancer 

only occurs when damaged or mutated cells grow, 

divide, and spread abnormally in the body instead of 

self-destructing as they should. 

    Despite some progress in the past few years, the 

mortality rate as a result of cancer shows the urgent 

need of new and more efficient therapeutic options 

to fight with cancer. In addition to being an inspiring 

fear research tool, CRISPR/Cas9-mediated genome 

editing holds immense promise in cancer therapeutic 

applications. As mentioned earlier, a possible 

application of the CRISPR/Cas9 system to cancer 
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therapy is associated to the regulation of endogenous 

gene expression.  

    Now catalytically inactive dCas9 can be converted 

by gRNAs to specific target DNA sites, and when 

joined to transcriptional activation or inhibition 

domains, can be exploited to activate or repress 

specific target genes. However, a caution or 

warming to this approach is the identification of 

genetic alterations involved in cancer cell viability. 

Another challenge would be the effective delivery of 

the CRISPR components into all cancer cells 

present. 

    As previously mentioned above, cancer is a 

complex disease. Effective immunity against cancer 

cells involves elaborate interactions between tumor, 

host, and environment. During past few years, 

immunotherapy has emerged as a promising option 

to treat cancer by enhancing the immune response to 

tumor cells with synthetic chimeric antigen receptor 

(CAR) therapy or targeting the programmed death 

receptor 1 (PD-1) . Cancer immunotherapy has many 

advantages over chemotherapy or radiotherapy, such 

as, low risk ratio, and durable activity. The term 

cancer “immunotherapy” encompasses a wide 

variety of methods to increase tumor immunity. The 

development of new generation therapy approaches 

is especially interesting for those types of cancer that 

are untreatable with the current methods. 

    Oncolytic viruses are currently emerging as 

important agents in cancer therapeutics. These 

viruses can be genetically modified to lack virulence 

against normal cells. But maintaining the ability of 

this to attack and destroy cancer cells with deficient 

antiviral defenses. Directly destroying the cell is one 

of various mechanisms involved in the viral-induced 

destruction of cancer cells, which triggers further 

immune stimulation through tumor antigens released 

from the dying cell. Between other research and 

more translational applications, CRISPR/Cas9-

mediated genome editing holds immense promise in 

cancer therapeutic applications as it could be used to 

engineer Oncolytic viruses for optimized tumor 

selectivity and enhanced immune stimulation.  

    Adoptive cell therapy [ACT] is an immunotherapy 

way that deals with the isolation and in-vitro 

expansion of tumor specific T-cells. This is followed 

by their reintroduction into the patient. There are 

many forms of ACT which are under development 

including the use of T-cells that have been 

engineered to effectively recognize and attack tumor 

cells. One such approach involves the omission of 

the programmed cell death-1 receptor (PD-1) gene in 

T-cells.  This PD-1 axis inhibits the cytokine release 

which causes cytotoxicity, induces apoptosis of 

tumor specific T-cells, as well as resistance of tumor 

cells to cytolytic T-lymphocyte attack. Indeed, this 

promising approach is being tested in six clinical 

trials with PD-1 knockout T-cells for lymphoma, 

gastric, lung, prostate, and bladder cancer, and renal 

cell carcinoma. 

    Another exciting anticancer immune therapy that 

holds great promise in the treatment of 

hematological and solid cancers is based on the 

production of next-generation CAR (chimeric 

antigen receptor) T-cells. These are engineered to 

express tumor targeting receptors. Until recently, 

CAR T-cell therapy targeting the CD19 antigen has 

been the most studied and successful due to its 

specific expression in B cells and B cell leukemia.  

    Although ACT therapies have shown promising 

results in clinical trials on leukemia and lymphoma, 

some patients have died during the trial phases 

because of cytokine release syndrome and 

neurotoxicity. Currently, CAR T-cell therapy has 

only received approval from the FDA for the 

treatment of relapsed and refractory B-cell acute 

lymphoblastic leukemia in pediatric and young 

adults. 
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Cancer being one of the major causes of disease 

associated mortality along with being increased with 

time worldwide. The main pillar in developing 

therapeutic and medicine for cancer involves 

improved understanding of tumor biology. The 

studying of tumor biology led to understanding of 

the key proteins of oncogenic signaling pathway. 

This led to development of small molecules and 

antibiotics which targeted specific cancer but not all. 

Thus in order to treat those with unknown treatment 

or resistance mechanisms we had to undertake 

efforts to characterize genetic blueprints of cancer 

and tumor biology and get to the depth of 

carcinogenesis and treatment response. There's 

where CRISPR/Cas9 comes into play. This is an 

important genetic tool that has capabilities to edit 

genome of several organisms. It has its several 

modified versions which help in engineering 

genomes and also to activate and repress expression 

of genes. So this article focuses on how CRISPR/

Cas9 is used for development in therapeutic for 

cancer. This article further progress towards 

introduction towards CRISPR/Cas9 and how it is 

developed and modified which in turn help towards 

cancer therapeutics.  

 CRISPR basically stands for Clustered Regularly 

Interspersed Short Palindromic Repeats. This was 

discovered first from E. coli in 1987. This wasn't 

earlier clear but the beginning of this century it was 

discovered that they play role in adaptive immunity 

in bacteria against viruses. Their major function is to 

guide and activate Cas proteins to bind viral DNA 

sequences which are subsequently cleaved. Thus 

DNA cleavage is what is done by these proteins. If 

this system is modified a little, we are able to cleave 

as well as replace that DNA strand with desired 

strand of DNA. Holding these advantages CRISPR, 

cas9 stands as a major gene editing tool. This system 

is also developed in a manner that it can perform 

other functions like CRISPRi (CRISPR interference) 

and CRISPRa (CRISR activator), both f this exploits 

fused transcription regulators to repress or induce 

gene transcription when Dcas9 is directed t the 

transcription start site of target gene. Both 

mentioned systems lack nucleases. Some examples 

for CRISPRa are VPR, SAM and SunTag. These are 

one of the most effective systems. Also recently 

Cas9 variants have been engineered that induce 

specific single nucleotide base change. In its 

mechanism DBS (double strand break) are not made, 

instead this system relies on Cas9 nickase coupled to 

cystidine deaminases domains to induce targeted 

transition from C to T or G to A.  

All this described CRISPR systems can be used by 

scientists in several places which could help them 

understand the genetic blueprint of tumor biology 

and develop respective therapeutics. With help of 

these CRISPR Cas9 systems the scientist produce 

CRISPR pooled screens. This is done by talking a 

population of small oligonucleotide which can target 

specific gene in tumor cell and this can induce a 

knockout in that cells which change its genotypic 

characteristic and so its respective phenotype can be 

studied. This allows us to study the role of genes in 

tumor cells. There are certain libraries that help us 

design this tool which contains information about 

guide RNA and their efficacy and effectiveness. For 

a scientist it is important to understand so called 

`genotype specific vulnerabilities`. These essential 

genes can be potential drug target as their functional 

depletion leads to reduces viabilities.  

Let’s take an example and understand it better. To 

identify essential genes for acute myeloid leukemia 

(AML) Tezlepis et al. focused on eight AML cell 

lines and identified 924 candidate among which 

KAT2A was characterized and leukemia specific 

CRISPR A Helping Hand To Cancer 
Therapeutics  

 
Neel Patel* and Chaitanya Raulji | 17166027@nuv.ac.in | T.Y. B.M.S | School of sciences, Navrachana 
University, Vadodara 



26 

target (1). One more similar approach was seen in 

AML where its cell lines harboring a mutation in the 

NPM1 gene specifically depend on the menin 

binding site of the MLL1 protein(2). Supporting this 

observational, pharmacological, inhibition of this 

binding site has a pronounced anti leukemic effect. 

Keep to mind that sometimes this essential gene 

have also showed lethal if they are disrupted by any 

means, thus not every gene qualify to be drugable or 

be potential site for repressing a tumor.  

 One of the most popular in vitro model in adult 

stem cell derived organid which are used for several 

in vitro studies. We can derive stem cells from 

healthy tissue and cultivate them in media, they can 

be developed into 3D cultures with help of tissue 

specific growth factor. We can develop such 

cancerous tissue and comare it with nrmal tissue 

organoid and infer many things abut develomenat of 

that cancerous organoid. In such studies CRISPR 

Cas9 plays its important role in converting that 

nrmal organoid to cancerous one.   
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    Scientists have reduced the severity of hereditary 

deafness in mice with the delivery of CRISPR-Cas9 

RNA-protein complexes that inactivate a mutant 

gene in their inner ears. Humans as well as mice 

with a dominant mutation in TMC1, a gene required 

for the normal functioning of the hair cells that sense 

sound waves in the inner ear, experience progressive 

hearing loss. This hearing loss in mice can be 

reduced using a CRISPR-Cas9 genome editing 

strategy. Due to this the mutated copy of the gene is 

inactivated. According to Peter Barr-Gillespie, “It 

shows that CRISPR-mediated gene editing can lead 

to real amelioration of hearing loss in-vivo.” This 

model is also known as Beethoven mouse model, 

which has the same 

point mutation in 

the mouse version 

of TMC1 and that in 

the human gene 

leads to progressive 

hearing loss, 

typically during 

childhood. Around 3 

weeks, mice begin 

to lose some of their 

hearing, and by 8 

weeks they are 

profoundly deaf due 

to the death of hair 

cells.  

    A special RNA guide that targets the disease 

causing gene which is autosomal dominant, has been 

designed by researchers. These genes allow healthy 

allele to function. Instead of using a virus based 

system to deliver the Cas9 and guide RNA 

sequences, they encapsulated and delivered Cas9-

guide RNA ribonucleoprotein (RNP) complexes 

within lipids. This strategy had improved the editing 

selectivity. Later, they injected the lipid RNP 

complexes into  inner ear of new born Beethoven 

mice, which had 1 Beethoven allele (wild type) and 

left ear injected as internal control. The injected ears 

had intact and healthy hair cells, but untreated ears 

had rapid death of hair cells by 8 weeks. The 

researchers then checked hearing in four week old 

mice by checking their Auditory brainstem 

responses (ABR) which are measures of neuronal 

reaction to sound. When ears were treated with this 

method they could hear sounds of nearly 60 dB. 

Thus, this method helps in curing any hereditary 

hearing problems in humans as well as mice except 

for the wild mice as their wild alleles are already 

over expressed by the usage of CRISPR methods. 
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CRISPR Helps Mice Hear! 
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Introduction 

    CRISPR (Clustered Regularly Interspaced Short 

Palindromic Repeats) which are the attribute of the 

bacterial defence mechanism that designs the basis 

of CRISPR-Cas9 genome editing technology. In 

genomics this term is widely used for systems that 

can be administered to target specific sequences of a 

genetic code and to edit DNA, at precise locations to 

conceive new diagnostic tools and in gene 

modification, rectification of mutations in living 

systems that can be a basis for genetic causes of a 

disease. 

Neuroscience 

    Neuroscience is an interdisciplinary field that 

deals with various aspects related to the nervous 

system such as neuroanatomy (parts of brain), 

neurochemistry, cognitive abilities, neuropsychology 

and understanding the mechanisms of neurological 

and developmental brain disorders and the use of 

neuroimaging techniques to supervise brain activity. 

It is important to understand neuroscience because 

most of the bodily functions are influenced by the 

brain. 

How can genome editing 

affect how the brain works 

    Our brain is one of the 

most complex biological 

entities. No one has been able 

to understand how the brain 

works but the recent 

technology has evolved to a 

greater extent that can answer 

many questions at the genetic 

level. For years now, 

scientists have used gene 

sequencing to know the origin 

(gene) involved in brain 

development and 

neuropsychological conditions such as Alzheimer’s 

disease and Schizophrenia. Whereas in diseases like 

Fragile X syndrome where a single gene mutation is 

responsible, diseases like schizophrenia involve 

various genes so to know the root cause of the 

disease thousands of individuals had to be 

sequenced. Clues to many such genes causing 

neurological disorders are available and CRISPR can 

lay the ideal platform to figure out if disrupting these 

genes can cure the disease. 

    CRISPR can be an effective tool in developing 

animal models for studying neurological diseases by 

CRISPR mediated gene editing, For example: If a 

certain gene is causing Alzheimer’s disease it can be 

introduced and mutated in the mouse embryo by 

genome editing, and the “mouse version” of 

Alzheimer’s can be studied without multiple 

breeding steps that can take many years. An effect of 

a certain drug and its potency can easily be studied. 

CRISPR based Gene Manipulation 

    How the gene regulatory mechanisms in the brain 

help to establish the physiology and function of the 

nervous system during development and then in the 

adult nervous system. 
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    Beverly nicely introduced this concept of genome 

editing. Focusing on the usage of these CRISPR 

dcas9 approaches which have recently been 

described and can be utilized in number of different 

ways so these dead cas 9 approaches take advantage 

of inactivation of the two nucleus domains in the 

cas9 protein. This basically turns this from a DNA 

editing system into a genomic anchoring system and 

this allows targeted genomic recruitment for gene 

activation, repression, gene localization and even 

non-coding RNA localization in the genome. So 

stage studies showed that you can fuse 

transcriptional activators to these dead dcas9 

proteins, the recruitment of viral protein R [VPR] to 

a target gene promoter can drive transcription of that 

gene. You can fuse repressors the dcas9 to 

accomplish repression, you can fuse reporter 

molecules for localization in the genome.  

    The following is an early result from a research 

shows that this VPR strategy works very well for a 

targeted up regulation of a number of different 

genes, in this case targeting some of the transcription 

factors that are responsible for neuronal 

differentiation. Here the VPR was very effective as 

compared to a negative control. 

The Challenges and Future of CRISPR 

    CRISPR is relatively a new technology and it is 

not perfect. Although it is known as high- precision 

genome editing technology but the human genome is 

large and several stretches of DNA are similar to 

each other, hence there is a risk of unintended cuts in 

the genome that can cause a risk to the life of the 

organism and can alter experimental results. Also it 

is easier to insert CRISPR components in an embryo 

but when it comes to an adult rat brain the task is 

almost impossible because the CRISPR components 

can’t cross the blood brain barrier. Research is going 

on in modification of CRISPR components to cross 

blood brain barrier. Finally, there are ethical issues 

to consider when nominating CRISPR as a gene 

therapy for humans or even using CRISPR in 

primate animal models. While primates are used in a 

number of brain imaging studies, the ethics of 

genetic manipulation in these animals and 

potentially in humans is still being debated over. 

 

 

 

 

References 

http://sitn.hms.harvard.edu/flash/2016/crispr-in-neuroscience-how-

precision-gene-editing-may-unravel-how-the-brain-works-and-why-it-

sometimes-doesnt/  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4899966/ 

https://www.youtube.com/watch?v=GjhQfO-9hT8 

 

 



34 

    Mitochondria - the power house of the cell plays a 

critical role in cell functioning and has its own 

compact genome apart from cell’s nuclear genome. 

Normally humans inherit mitochondria and its DNA 

from mothers, but recent studies show that people 

can inherit mtDNA from their fathers also. The 

central dogma of maternal inheritance remains true 

but in some exceptional cases, the mtDNA can be 

passed to the offsprings. 

    These findings were conducted by Taosheng 

Huang, a medicinal geneticist and paediatrician in 

Cincinnati Childrens Hospital Medical Centre in 

USA encountered a 4-year old boy with 

mitochondrial disorder, having symptoms like 

fatigue and exercise tolerance. His blood was sent to 

lab for further sequencing, whose diagnostic result 

showed that it carried bipaternal DNA, both in 

relatively high number. Though to be a 

contamination or error, the blood sample was sent to 

three different labs and the same result appeared. 

The diagnostics was further extended to the 

members of patient’s family, the same bipaternal 

inheritance pattern was observed. Similarly, other 

families were taken into consideration whose 

mtDNA showed bipaternal inheritance and their data 

was collected and analysed. 

    According to Huang, though men with mixed 

genome and ability to pass their mtDNA is a 

dominant trait but they can’t always transfer mtDNA 

into their offsprings because at the time of 

fertilisation, there is a very rare chance that sperm 

mitochondria gets inside the egg and if they do get 

inside, they are destroyed by certain mechanisms. 

This is proved by the recent experiments in 

D.melanogaster that an enzyme degrades paternal 

mtDNA in sperm and in the case of C.elegans, 

paternal mtDNA is eliminated immediately after 

fertilisation. But some recent studies conducted in a 

small group of families showed that the mtDNA 

somehow reached to the egg from the father and got 

copied in the fertilised egg which grew into an 

embryo further and carried paternal mtDNA. Also, 

mutation believed it to be point mutation in mtDNA 

or cellular DNA or in both or mutation in the nuclear 

gene that primarily functions in destroying the 

paternal mitochondria can result in bipaternal 

inheritance.  

    Bipaternal inheritance is common in fungi 

kingdom especially in mushrooms and yeast and 

even this is evident in marine algae and some plants. 

But considering the Animal kingdom, the maternal 

inheritance is prominent but there are exceptions to 

these like in bivalve molluscs, males pass their 

mtDNA to their male offspring but only in gonads. 

There are also some instances in which minor 

paternal mtDNA ends up in embryo in mice and fruit 

flies.  

    The new study focuses on finding additional 

families with bipaternal inheritance with a search of 

putative nuclear gene. What is to be found out is that 

whether bipaternal inheritance is a widespread 

phenomenon and whether it’s associated with any 

mitochondrial disorder or dysfunction. 

    If the role of paternal mtDNA is understood, this 

could offer a new hope for treating mitochondrial 

diseases. This could be done by preventing the 

maternal mtDNA pathogenic mutations leading to 

mitochondrial dysfunction the paternal mitochondria 

can be employed in the embryos and treat various 

diseases affecting mitochondria and its function. 

This could develop a potentially new therapy to treat 

mtDNA linking various genetic disorders like 

bipolar disorders MELAS syndrome, ALS, and some 

cancers. This can provide basis for human migration 

studies, evolutionary studies, in vitro studies and it 

can potentially claim as a medical treatment by 

setting it in such a way that would ensure proper 

mitochondrial functioning to multiply inside a 

fertilised egg. Therefore, a full research on this 

phenomenon is required to understand the bipaternal 

inheritance pattern and devising a new therapy out of 

it. 
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    Genetic engineering is all about altering genetic 

or hereditary material of an organism to eliminate 

undesirable characteristics or to produce desirable 

new ones. It majorly focuses on increasing plant and 

animal food production, diagnosing disease 

condition, medical treatment improvement as well as 

production of vaccines and other useful drugs. 

Certain methods are involved such as selective 

breeding of animals and plants, hybridization and 

recombinant DNA technology, performing these 

tasks. Nowadays genetic engineering is used in 

curing conditions such as cystic fibrosis, diabetes, 

Huntington’s disease, SCID, SCD and many more. 

CRISPR therapeutics have changed the scenario of 

these conditions which are fallouts of genetic 

mutations. Moreover, genetic screening helps by 

allowing a treatment of fetus (of the unborn). 

Overtime it can decline the spread of diseases in 

future generations. This is a clear indication that 

genetic engineering is potent enough to improve the 

quality of life and to increase life span. 

    Though the positive impacts of this field can be 

tremendous, there is a dispute over it. GMOs can 

show a difficulty sustaining environment. There is 

no such prophecy about their further changes to get 

acclimatized with ecological conditions. Modified 

species can cause a halt on the niche of existing 

species. Inaccurate performance in engineering the 

genetics of a virus or bacteria can form stronger type 

which could be potent enough to cause a serious 

outbreak. Medicines are produced by recombinant 

DNA technology using GMOs and if these used 

organisms are diseased then the disease may get 

passed on through meals. This can create a harm to 

whole population having the same meal.   

    Prognosis for the consequences of using 

biological vectors in plants and animals isn’t 

possible as there are no clues where functional 

genes are being placed. Normal genes may get 

replaced instead of mutated genes, leading to a 

condition in an organism. It may render that 

population (having humans with similar genomes) 

sensitive to pathogens or diseases. Some species can 

show abnormal outcomes of genetic engineering. For 

instance, genetically modified plant or animal can 

cause allergic effects or toxicity in 

some people but a normal one 

doesn’t. Eating foods having 

antibiotic resistance genes can 

reduce the effectiveness of antibiotic 

when taken with meals. Also, human 

genes are now being inserted into 

vegetables and pork to make them 

grow faster and increase nutrition, 

respectively. This suggests that one 

can now be a vegetarian and a 

cannibal at the same time. Milk 

yield of dairy cows is increased 

using genetically modified bovine 

somatotropin (BST). It increases 

development of mastitis in cows and 

also makes cows more susceptible to infertility and 

lameness. Another concern, pregnant women eating 

genetically modified products may peril normal fetal 

development.  
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    "Playing God" is altering the actual information 

given by the god to build mankind, which is 

sheltered by genes in an organism. Furthermore, it is 

an irreversible procedure. In future, people will be 

designing their own babies as if they design their 

mansions. If this continues, it may eventually impact 

genetic diversity of humanity.  

    Why there is need to change nature? Roses are 

perfect being red, why other colours are needed? 

Vigorous life needs a healthy diet. Having high 

proteinaceous eggs in breakfast then pizzas in 

dinner, ain’t worth. If god has created mutations, 

then there must be some resolutions for it. The 

movie attracts us towards it as it is made from the 

director’s perspective. Random person cannot 

change scenes. So likewise, a movie named nature is 

directed by god and we humans don’t have rights to 

make changes in it. Oppss! How would medicines 

get discovered without genetic modifications? Every 

problem has a solution, so does this. There are cures 

for every disease hidden in the nature. Scientists 

believe in using extraordinary compounds to make 

antidotes. But, soon solutions for these life-

threatening diseases will be discovered from 

ordinary plants only, which right now may be 

growing either in playing grounds, 

roadsides or home gardens, but we are not 

aware of it.  

    Even with all of these current concerns, 

the potential for genetic engineering is 

tremendous. Yet, much more researches 

and findings are to come but not by playing 

god.  
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    Over a decade ago, with the introduction of 

restriction fragment-length polymorphism 

technology as a relatively routine laboratory 

procedure, the National Heart Lung and Blood 

Institute of the National Institutes of Health, USA 

decided to place major emphasis on molecular 

genetics in terms of supporting research grant 

applications.EH (essential hypertension) is 

associated with age, sex, demographic, 

environmental, genetic and vascular factors.EH is 

likely to be a polygenic disorder that results from 

inheritance of a number of  susceptibility genes and 

involves multiple environmental determinants. In 

recent studies, exploring the molecular basis of EH 

including different molecular pathways are 

highlighted. 

    The renin-angiotensinogen system (RAS) is 

classically known for its role in regulation of blood 

pressure, fluid and electrolyte balance. In genetic 

studies of two large panels of hypertensive sibships 

from widely separated geographical areas, we 

obtained evidence of genetic linkage between the 

angiotensinogen gene (AGT) and hypertension, and 

demonstrated association of AGT molecular variants 

with the disease. High sodium levels increase blood 

volume, leading to increased blood pressure. 

Therefore carriers of this AGT variant are also 

associated with a higher risk for hypertension. The 

same AGT variant is also associated with a higher 

risk for non-dipper, a condition characterized by 

blood pressure remaining elevated during sleep.  

    Mendelian hypertensive disorders in which single 

nucleotide polymorphisms (SNPs) disrupt the 

function of single genes, thereby leading to 

unambiguous phenotypes. It seems unlikely, 

however, that such a simple base-substitution is the 

primary mechanism in cases of essential 

hypertension, even if SNPs modify the relevant gene 

function to some extent. Thus far, mutations in at 

least 10 genes – candidate gene approach: for 

searching hypertension loci for a given gene or set of 

genes involving specific physiological or cellular 

functions contributes to blood pressure variation. 

These mutations alter blood pressure through a 

common pathway, changing salt and water 

reabsorption in the kidney.  

     Despite the enormous efforts made to date, no 

consistent association between any of the candidate 

genes and essential hypertension has been 

established. One possible explanation is that because 

individual genes play a modest role in the 

pathogenesis of hypertension, confounding variables, 

whether individual or environmental, may decrease 

the chance of identifying a causative relation 

between the genes and hypertension, depending on 

the populations studied. Thus, Genetic factors likely 

play some role in high blood pressure, heart disease, 

and other related conditions. The risk for high blood 

pressure can increase even more when heredity 

combines with unhealthy lifestyle choices, such as 

smoking cigarettes and eating an unhealthy diet. 
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    GNEM is a distal myopathy; a very rare genetic 

condition that causes gradual progressive muscle 

weakness. It is also known as hereditary inclusion 

body myopathy (HIBM), quadriceps-sparing 

myopathy (QSM), distal myopathy with rimmed 

vacuoles (DMRV), Nonaka myopathy or hereditary 

inclusion body myopathy type 2. The worldwide 

prevalence of GNE myopathy is estimated to be one 

person in a million. 

    GNEM is caused by mutations (a mutation is a 

mistake in a gene that leads to a disorder or 

condition) in the GNE gene, which contains the 

instructions to make an enzyme called glucosamine 

(UDP-N-acetyl)-2-epimerase/N-acetylmannosamine 

kinase. This has a key role in the production of sialic 

acid in the body. Sialic acid is a sugar that gets 

incorporated into several molecules important for 

cell function, including proteins and lipids. The gene 

may also have other roles important for muscle 

contraction. (Studies are currently underway.) 

People with GNEM have a 

deficiency of sialic acid in 

the muscle cells. 

Researchers don’t 

understand fully how this 

leads to muscle weakness, 

but it could be that 

insufficient sialic acid 

affects the function of 

certain proteins in the 

muscle. 

    GNEM is inherited in a 

‘recessive’ manner, which means that both copies of 

the GNE gene have to be mutated for someone to 

have the condition. If only one copy of the gene is 

mutated, that person is a carrier and will not have 

symptoms. When two carriers have a child together, 

there is a: 

• 25 percent chance that the child will have 

inherited both mutated copies of the GNE 

gene and will develop GNEM. 

• 50 percent chance that the child will inherit 

only one mutated copy and thus be a carrier. 

• 25 percent chance that the child will inherit 

two healthy copies, so will neither have the 

condition nor be a carrier. 

    There are certain signs and symptoms that may 

prompt clinicians to suspect a diagnosis of GNEM: a 

characteristic gait (type of walk), or weakness in 

certain muscles only, for example. A muscle biopsy 

will help in the diagnosis. It involves taking a small 

sample of muscle and studying its structure under 

the microscope. Muscle affected by GNEM has a 

characteristic appearance under the microscope; 

there are circular structures called ‘rimmed 

vacuoles’ inside the muscle cells. Your consultant 

may wish to carry out magnetic resonance imaging 

(MRI) on the leg muscles to see which muscles are 

affected and to what extent. If the pattern of muscle 

involvement on MRI is typical for GNEM, this can 

be helpful in recognising the condition earlier, and 

therefore requesting gene testing earlier. 

GNE Myopathy (GNEM) : A Bad Dream! 
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    A genetic test is essential to confirm a diagnosis 

of GNEM. This involves having a small sample of 

blood taken and sent off to a diagnostic laboratory. 

There, they will extract the DNA from blood and test 

it for the presence of mutations in GNE. 

    GNEM leads to weakness and wasting of muscles 

in the legs and arms. The first symptoms normally 

occur in young adults (usually in their 20s or 30s). It 

is also possible to have an earlier or later onset of the 

condition, but that is rare. Initial signs of GNEM can 

include foot drop, which may lead to frequent 

tripping and difficulty in climbing stairs. Foot drop 

is dropping of the forefoot because of muscle 

weakness. The severity and rate of progression are 

highly variable, even within families where more 

than one person is affected. The condition can 

worsen over time. As the condition progresses, it 

may lead to weakness in the upper leg muscles, 

leading to difficulty in climbing stairs or rising from 

a chair. A person with GNEM may also eventually 

experience weakness in their hands and shoulder 

muscles. Quadriceps muscles, however, typically 

remain unaffected, even in late stages. People with 

GNEM generally experience increased disability and 

loss of ability to walk in later life. The condition 

doesn’t usually affect the heart or respiratory 

muscles, or speech and swallowing. 

    Currently, there is no approved treatment for 

GNEM. Several researchers are working on 

developing therapies aiming to increase sialic acid 

levels in the muscle. Others are investigating 

potential therapies that correct the mutated GNE 

gene. The condition progresses slowly, but this 

varies between individuals. Many people with 

GNEM will need to use a wheelchair in later life; for 

some, this may be seven to 10 years after the onset 

of symptoms, for others this may be 20 or more 

years. Maintaining a healthy lifestyle and having 

physiotherapy or hydrotherapy (with caution to 

avoid over exercising, muscle aches and tiredness) 

might help to delay the need for a wheelchair. But a 

wheelchair may eventually be useful in maintaining 

your independence and help to reduce fatigue. 

References: 

https://www.outlookindia.com/magazine/story/india-news-gne-

myopathy-why-it-is-a-bad-dream/301810 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5930817/ 



40 

    Addiction is defined as a chronic, relapsing 

disorder that leads to mandatory drug abuse inspite 

of their adverse consequences. Addiction is the 

disease which involves complex interaction among 

the brain circuits and the basal ganglia. Addiction is 

known as a brain disorder, that involves functional 

changes of brain circuits involved in reward, stress, 

and self-control, 

and those changes 

may last a long 

time after a person 

has stopped taking 

drugs. 

    Intoxication and 

intake of drugs is a 

lot like other 

diseases, such as 

heart disease. Due 

to this the normal, 

healthy functioning 

of an organ in the 

body is disrupted, 

and both have 

harmful effects, in 

many cases these 

are preventable or 

treatable. If they 

are untreated, they 

can lead to death. 

Addictions and 

substance abuse 

disorders (SUDs), 

are conditions that 

require exposure to an addictive agent. The wide 

variety of addictive agents include not only drugs 

but also video gaming, gambling and food. Any of 

these can lead to “Addicted state of mind” through 

neurobiological pathways, which overlap in 

Addiction to Physcoactive substances. Billions of 

people come in contact with these drugs while 

getting treatment with any kind of pain. Temporary 

tolerance towards these addictions do not create any 

problem; but inclined dependence of initial use and 

progression towards a pathologic pattern are 

influenced by intrinsic factors (for example: 

genotype, sex, 

age, mental 

illness), 

extrinsic factors

(for example: 

drug, social 

support, peer 

pressure) and 

nature of 

addictive 

substance. For 

people who are 

highly addicted, 

repeated 

exposure to such 

agents induces a 

long lasting 

Neuroadaptive 

change which 

lead to drug 

taking 

behaviours and 

motivational 

shift in a person 

which causes 

depression. 

Addictions are 

“end-stage” diagnosis which takes place due to the 

irreversible neuroadaptive changes that have taken 

place. Studies of brains of taking drugs show the 

physical changes of areas of the brain in critical 

judgment and memory thinking.  

The Genetic Basis Of Addictive Disorders. 
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    The areas of the brain affected due to drugs are: 

1. The basal ganglia, plays a role in 

forming positive forms of motivation and 

pleasurable effects of healthy activities 

in daily routine. These areas form a key 

node of the brain's "reward circuit.” Due 

to this drugs over-activate the circuit and 

produce euphoria. 

2. The extended amygdala has a role in 

stressful feelings like anxiety, irritability, 

and unease, and  indicates withdrawal 

after the drug high fades and forces the 

person to take drug again. The circuit 

becomes increasingly sensitive to 

increased drug use.  

3. The prefrontal cortex  give the ability to 

think, solve problems and exert self-

control over impulses. It forms the last 

part of the brain to mature and also plays 

and important role in making teens 

angry. The shift balance between the 

circuit and stress circuits of the basal 

ganglia and extended amygdala make a 

person with a (SUDs) seek the drug  with 

reduced impulse control. 

After reading the article, I hope no one will move 

their hands towards drugs and Addictive substances, 

because drugs are not the “only” escape to a happier 

life!  
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    Dinosaurs lived for over 140 million years before 

having their reign ended by a colossal asteroid 

impact.  

    The classic concept shown on Jurassic Park for 

dinosaur resurrection starts with a DNA-filled 

mosquito that has been preserved in amber for 

millions of years. But the question is, is this a 

scientific possibility or strictly resigned to fiction? 

    Amber is a tree resin that has fossilized due to 

high pressure and temperature, these conditions are 

experienced when they are covered by layers of 

sediments for thousands of years. Over time, the 

resin hardens to form a gemstone that has been 

greatly desired by humans for thousands of years. 

    The dinosaur DNA that could be preserved inside 

amber-entombed blood-sucking insects is of interest 

as DNA contains the genetic information for the 

growth and function of all living things.  

    We do have mosquitos and biting flies from over 

the time of the dinosaurs and they do are preserved 

in amber but only husk is preserved and not the soft 

tissues. So, we don't get blood preserved inside 

mosquitos in amber. This means that Jurassic Park is 

probably not possible exactly as it has been written. 

    When under specific circumstances blood is 

preserved, it doesn't mean that scientists will find 

DNA in it. So inspite of finding dinosaur's blood 

inside an ancient insect, an opportunity to recreate 

the reptile from it isn't guaranteed. Ancient DNA has 

so far been recovered from permafrost, as well as 

from subfossils - bones or body parts that have not 

yet fossilized. But DNA is vulnerable and breaks 

down rapidly. Sunlight has negative effects and 

water can also accelerate the deterioration of DNA. 

Modern contamination is also a problem henceforth 

it has to be handled under strictly controlled 

conditions. 

    Currently, the oldest DNA to have been found is 

around 1 million years old, although it is possibly 

younger. To get to the age of dinosaurs, DNA has to 

be 66 times older. DNA breaks down over time, 

while the dinosaurs went extinct around 66 million 

years ago and with so much time having passed it is 

very unlikely that any dinosaur DNA would remain 

today. Although bones of a dinosaur can survive for 

millions of years, its DNA almost certainly does not. 

    So, cloning a dinosaur is off the table, but an 

alternate way to recreate the extinct animals would 

be to reverse-engineer one. Which involves starting 

with a living animal and working backward towards 

ancient reptiles, attempting to reverse at least 66 

million years of evolution. 

    It is basically an argument for bringing back 

something that we humans made extinct. Even if we 

are able to clone an animal that died out naturally, 

perhaps 150 million years ago, is not going to 

recognize anything in this world if you bring it back. 

What is it going to eat when the grass hadn't evolved 

back then? What is its function? Where do we put it, 

does anyone own it? So, if someone was going to 

bring back the passenger pigeon (these birds died 

out in the nineteenth century due to extensive 

hunting by people and rapid loss of their deciduous 

forest habitats), then it could be justified that 

because they were living in a modern ecosystem, 

they could fit in. 

    An attempt to revive dinosaurs presents many 

limitations scientifically and ethically. Making 

things to put in zoos or amusement parks like 

Jurassic World likely isn't the answer. So, for now, 

dinosaurs are probably going to remain in the past. 

But using genetic engineering to bring back extinct 

animals might be considered reasonable in some 

circumstances. 
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"Just because you can, doesn't mean that you 

should." - Jurassic Park  
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Fig: The orange-coloured resin produced 
by some trees can solidify under specific 
circumstances to form the gemstone am-
ber 

Fig: Albertosaurus is a dinosaur 
that lived during the Late Creta-
ceous Period. Scientists may one 
day find blood or soft tissues in the 
fossils of these animals, which are 
around 70 million years old. 
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    The advancement of genetic research which was 

aimed primarily in the last decade to understand the 

human genome in its totality, on achieving the feat 

has set eyes on a grander ambition. Now the 

cumulative data after its due clinical trials is not far 

away from its application in gene modification and 

restructuring. Nucleases in tandem with their 

scanning counterparts have been in vogue recently. 

Everything from CRISPR, CAS9, and CPFs etc. are 

the flag bearers in the run. The revolution might not 

be welcomed by some, but trying to stop it is 

barking up the wrong tree. 

 

The Science: 

    The details of the human genome might be 

estimated accurately now, but it is one thing to know 

your battleground and another to wage a war in it. 

The principle is based on the bacteriophage- bacteria 

interaction of injecting desired segment of nucleic 

acid for integration with the host genetic material. 

The CRISPR (clustered regularly interspaced short 

palindromic repeats) method with inspiration from 

their functioning model in prokaryotic organisms is 

used to determine the target sites in the genome 

which may be mutated making the person 

susceptible to a certain disease. Conflating that with 

CAS9 a nuclease which makes the cuts at the 

CRISPR guided locations, the method aims to 

remove any genetic predisposition to certain 

diseases. 

 

Layman: 

In simple terms, there are two parts to the story... 

1. The CAS9 nuclease cleaving the undesired 

or target area with coding sequence marked 

by its scanning counterpart. (SHERLOCK, 

CRISPR etc.) 

2. Now even as the first step seems pretty 

straightforward, the cleaved ends of the 

host DNA (from which now the undesired 

sequence is removed) still have to be 

repaired. Leaving it to the innate host 

mechanisms is safer but again brings in the 

possibility of a mutation. 

    This issue brought a sharp riposte from the 

scientists who are willing to go a step further and 

introduce the desired sequence pair for integration 

once the removal of unwanted by CAS9 is done. 

This is where things are bound to get boisterous. As 

however cloying the elimination of unwanted sound, 

addition of wanted is like walking on thin ice. 

 

Clinical scenario: 

    Removing predisposition to diseases like sickle 

cell anaemia, diabetes mellitus, Hashimoto’s etc. has 

been at the focal point of this technique. While 

diseases due to single point mutations can be dealt 

with easily via this method, it is not very far that we 

even reduce risks of various cancers and other fatal 

maladies. And while we are at it why not make you 

taller or maybe change your eye colour to make you 

look more attractive...what’s with this power, we 

really don't know where to stop, do we? And why do 

we forget predisposition to a disease is not the same 

as suffering from that disease. Doctors have always 

believed that touching a healthy man is wrong; 

treating him is a crime. Generally such 

susceptibilities are only triggered due to vices like 

smoking. Luring people with an easy way out will 

never impel them to make better lifestyle choices 

and worry for their health.  

 

Ethics and breeding greed: 

    Delving into uncharted domains is the heart of 

INVITED ARTICLE 
 

Playing With Fire 
 
Akshat Thanawala | akshatthanawala7@gmail.com | S.Y. MBBS | GCS Medical College 
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science which should not be curbed under any 

circumstances. But while making such fragile 

technologies public, the scientists and policy makers 

need to ensure its smooth implementation and not let 

greed push the limitation barrier we set. 

    Things might look all rosy on the outset but if we 

all get what we wish be it physique, hair, immunity 

to diseases wouldn’t we all look the same in the end? 

Aren’t the flaws in our own genome what make us 

who we are? We have been terminating babies 

susceptible to trisomy 21 for a while now, but 

designer babies with all traits assorted according to 

our definition of perfection is not far down the line if 

CRISPR is given the green signal. There has to be a 

difference between you making your sub with your 

desired veggies and you curating traits for your child 

to be; not to mention that as soon as the first 

designer baby is born a door is opened which can’t 

be closed. A door opened to genetically modified 

soldiers and other million evil intentions. Assure me 

this power will only be used for good when pigs fly. 

    Without tainting the inquisitiveness of science 

taking baby steps is the way forward. But in my 

personal opinion it is just playing with fire and in the 

end as they say too much curiosity killed the cat. 
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    Nature has been a conductor of an orchestra with 

all animate and inanimate singing a symphony of 

sounds flowing together to create a vibrant concert. 

Since ages properly modulated sounds i.e. music has 

been an important aspect of living organisms, may it 

be in a manner of prayers, songs, etc. These sounds 

as per human’s capability of hearing had been 

segregated into intra-sound (below 20 Hz), audible 

range (20 to 2000 Hz) and ultra-sound (above 

2000Hz). 

    The sound, a compressional mechanical wave that 

transmits oscillations of pressure through different 

mediums, like many other environmental factors 

namely light, temperature, pressure, etc. has also 

been considered as one of the important factors 

affecting living organisms even at the genetic level 

of organization. Though sound has been studied as 

parameters for many ecological and physiological 

processes, its consideration in the genomic analysis 

was very scarce. This esoteric area of research has 

been in limelight since last decade.  

    Many scientists have extensively studied the effect 

of music on plants. It has been found that sound 

waves at different frequencies; sound pressure levels 

(SPLs), exposure periods, and distances from the 

source of sound extensively influence plant growth. 

In the early ’80s, a physicist cum musician Joel 

Sternheimer claimed that using simple physics he 

was able to translate audible vibration the quantum 

vibration that occurs at the molecular level as a 

protein is being assembled from its constituent 

amino acids. He explicates ‘Each musical note is a 

multiple of original frequencies that occur when 

amino acids join the protein chain’. Using his 

technique, which he patented, was able to amplify 

protein synthesis for three important molecules for 

plant growth. Since then many scientists hopped in 

this research area and showed up-regulation and 

down-regulation of the genes synthesizing many 

proteins specifically functional proteins.  

    The effect of sound vibrations though has piled 

heaps of result for plants; a major lacuna occurs in 

studying its effect on animals. Recently scientists 

from Kyoto University's Graduate School of 

Biostudies have shown that certain 

'mechanosensitive' genes are suppressed when 

subjected to audible sound. Moreover, these effects 

vary depending on cell type, where some don't show 

any sensitivity. Their team leader added "Our 

research has found that audible sound stimulation 

leads to specific genetic responses. These data also 

show that at least two mechanisms are involved: 

transcriptional control and RNA degradation. Both 

are key players in controlling how much proteins are 

made in the cell." 

    Though an exact mechanism has not been 

understood, a group of scientists researching in this 

area theorizes “a detailed transcriptomic analysis 

entailing global gene expression changes due to 

sound vibration is lacking. Such a study would 

certainly reveal the possible targets of protein 

kinases, such as signaling proteins, transcription 

factors, etc.”  

    Imagine!! What an outcome can be achieved if we 

could up-regulate or down-regulate gene expression 

by mere playing a sound? Can this sound help 

synthesize novel proteins? Can it lead to super-

organism? 
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“Sound And Genes” 
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Pubertal Genetics: Advancement And 
Disease Correlations. 

 
Dr.Parth Pandya | parthp@nuv.ac.in | Asst. Professor, School of Science, Navrachana University, 

Vadodara 

    Puberty is a period of remarkable physical and 

psychological development that results in sexual 

maturation. Precocious and delayed puberty can be 

sources of distress, and there is compelling evidence 

that variation in pubertal timing may affect risks for 

conditions such as cardiovascular disease, breast 

cancer, and depression. Despite the strong 

heritability of pubertal timing, our understanding of 

the underlying genetics is limited. Recent advances 

have started to reveal the genetic background of 

normal pubertal timing and the first single-gene 

causes of precocious and delayed puberty. 

    The normal timing in onset of puberty varies 

substantially and is affected by both genetic and 

environmental factors, with genetic factors 

accounting for an estimated 50–75% of the variation. 

Extensive Genome-Wide association studies 

(GWAS) have been used to identify genetic loci that 

affect normal pubertal timing. It was in 2009, four 

independent GWAS reported the first discovery of 

genetic variants that may tend to influence the 

pubertal timing. Moreover, recent studies have used 

even larger cohorts, and a GWAS in 2017 used data 

in 368,888 women to identify 389 loci that influence 

pubertal timing. Major studies till now have 

focussed on the polymorphism of FSHR gene. A 

series of studies have analyzed variants near FSHR, 

the gene encoding the FSH receptor, that appear to 

decrease signalling through the receptor. These 

variants have been associated with later age at 

testicular growth in boys and thelarche in girls. A 

recent study investigating effects of several 

candidate gene variants on various hallmarks of 

puberty, found that a variant in LIN28B, the gene 

most strongly associated with variation in pubertal 

timing across multiple GWAS, affected timing of 

both thelarche and menarche, but variants in FSHR 

affected timing of thelarche but not menarche. 

Furthermore, a study dealing with duplication near 

the DBI (diazepam binding inhibitor) gene is 

believed to decrease testosterone and estrogen levels 

through effects on GABA signalling in mice, has 

been linked to age at menarche. 

Predicted Genes and its Association with Central 

Precocious Puberty (CPP): 

    In 2013, mutations in MKRN3 emerged as an 

important genetic cause of central precocious 

puberty (CPP) in both boys and girls from whole-

exome sequencing in multiple unrelated families. 

Loss-of-function mutations in MKRN3 both familial 

and sporadic cases of CPP have since been identified 

in various ethnic groups in the U.S., Brazil, Israel, 

Korea, Taiwan, and eight European nations. Case 

series of families with multiple affected members 

have estimated the prevalence of MKRN3 mutations 

to be 33 to 46% in familial cases and 0.4 to 3.8% in 

sporadic cases, and two small case series, including 

one in boys, have suggested even higher rates. 

Another impregnated gene DLK1 was identified in 

2017 through linkage analysis and whole-genome 

sequencing in a large family with multiple members 

with CPP. Where, a ~14 kb deletion in DLK1 was 

found to segregate with all four affected female 

members from a Brazilian family of African descent. 

Previously, deletions in DLK1 and surrounding 

genes had been identified as the cause of Temple 

Syndrome, a rare genetic disorder associated with 

CPP. However, the exact role of DLK1 in the 

regulation of pubertal timing is unknown. Studies in 

mice show that Dlk1 is expressed in the 

hypothalamus, and in vitro studies demonstrate that 

DLK1 may be a regulator of Notch signalling, which 

appears to be an important component of kisspeptin 

neuronal development in mice. Gain-of-function 

mutations in the genes encoding kisspeptin and its 

receptor, KISS1 and KISS1R, respectively, have 

also been suggested to be causes of CPP. In 2008, a 

rare heterozygous mutation in KISS1R was 

identified in a Brazilian girl with CPP; this mutation 
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led to prolonged intracellular signalling following 

kisspeptin binding. Studies have also investigated 

the role of common variants in KISS1 and KISS1R 

in individuals with CPP; these studies have 

suggested potential associations, but because of the 

small size of these studies, further replication studies 

are needed to confirm these findings. 

Delayed Puberty: 

    IGSF10 was the first gene to be associated with 

self-limited delayed puberty through a whole-exome 

sequencing study of 76 affected individuals from 18 

unrelated families. Four heterozygous, potentially 

pathogenic missense variants in IGSF10 were 

identified in 28 individuals with delayed puberty 

from 10 families, and in 7 of these families these 

variants segregated fully with delayed puberty 

variants in the genes TAC3 and TACR3, which 

encode neurokinin B and its receptor, were identified 

in multiple individuals with delayed puberty. The 

neurokinin B pathway has also been implicated in   

Idiopathic Hypogonadotropic Hypogonadism (IHH) 

with reversal, as well as in the variation of normal 

pubertal timing in GWAS; thus, neurokinin B 

signalling appears to have a critical influence on 

pubertal timing. 

    The last decade has seen significant progress in 

the identification of genes that affect pubertal 

timing, with the discovery of hundreds of common 

genetic variants that affect normal pubertal timing 

and the first single-gene causes of precocious and 

delayed puberty. Future studies with larger and more 

diverse cohorts will undoubtedly identify additional 

genes that affect pubertal timing. The future research 

depends on the mechanistic understanding and 

challenges to determine precisely how these genes 

and pathways regulate pubertal timing so as to 

unravel the physiology underlying growth and 

development and the links to adult disease risks. 
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Figure 1: Showing the association of genes in the disease conditions 

affecting the normal onset of Puberty. 



49 

GALLERY 

The launch of our 2nd issue of Ingenious Prob-

ers on the 10th anniversary of Navarachana 

Foundation. 

The Biomed Com-

mittee with the 

dignitaries at the 

inaugural of 2nd  

issue. 

The students of the School of science at the visit to Waghai Botanical Garden, Dang. 
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Planting the seed-balls of endemic 

species near the Navrachana Universi-

ty and Sindhrot. 

Making the eco-friendly pens that reduces the use of 

plastic by almost 90%. 

The eco-friendly pens were made by the students of the 

Biomedical science. 

Seed balls prepared by the students of the Life Science and 

Biomedical Science. 

Seeds were planted in the area near Junaraj, Zarwani. 
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This semester Biomed 

oraganised Phrenics Ses-

sion II. 

This included the talks on 

Quantum Biology by Neel 

Patel and Stem Cell reme-

diation by Binyaz Ilavia. 
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Timeline 

7th July,2019  

Ingenious Probers Issue 02 launched on the 
10th anniversary of Navrachana Foundation 
day. 

 
 

26th July,2019  

Is male dominance a myth?  
-By Prof. Michael Aruldhas 

 
 

25th September,2019  

Application of Bio-informatics research 
perspective. -By Dr. M Rajlakshmi 

 

 
12th October,2019  

Phrenics Session II Lecture 02 on Stem 
Cell Remediation. -By Binyaz Ilavia  

 

 

3rd February,2020  

Targeting metabolic vulnerabilities for can-
cer treatment. -By Dr. Venu Raman  

 

 

28th March,2020 [tentative]  

Phrenics Session III Lecture 01 on Neuro-
toxicity. -By Harsh Shah.  

21st January,2019 

Ingenious Probers Issue 01 launched in the 
International Conference on Reproductive 

Endocrinology. 

 

 

22nd July,2019  

Seed Ball made and distributed under the 
guidance of Dr. Karan Rana 

 

  

27th July,2019  

Phrenics Session II Lecture 01 on Quantum 
Biology.  -By Neel Patel 

 
  

26th September,2019  

How to spread your novel ideas to start a 
start-up in Biotech, Life-Sciences and Bio-

Pharma with live example. 

–By Dr. C.N Ramchand 

 

  

9th January to 11th January,2020  

Brainstorming Breakthroughs and 
challenges in Neurosciences -By Prof. 

Vibhakar Kotak 
 

  

26th February,2020  

Ingenious Probers Issue 03 launched in the 
International Conference on Eco-health and 

Environmental Sustainability. 

 

  

11th April,2020 [tentative]  

Phrenics Session III Lecture 02 on HIV 
and Bioethics. -By Aakash Sethi  
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Match the following Genetic Diseases!  

1. Huntington’s Disease 
Causes too much copper to accumulate in the or-
gans. 

2. Dercum’s Disease Trisomy 13 

3. Gaucher’s Disease 
Inherited neurological illness causing involuntary 
movements, emotional disturbance and cognitive 
decline. 

4. Wilson’s Disease 
A genetic disorder in which glucocerebroside 
accumulates in cells and certain organs. 

5. Edward’s syndrome 
An extremely rare disorder characterized by mul-
tiple, painful growths consisting of fatty tissue
(lipomas). 

6. Duchenne Muscular Dystrophy Rare, congenital eye movement disorder. 

7. Patau syndrome Disorder of connective tissue. 

8. Marfan syndrome Inherited in an autosomal dominant pattern. 

9. Duane syndrome 
Severe developmental delays due to an extra 
chromosome 18 

10. Charcot-Marie-Tooth disease Caused by mutation in the DMD gene. 
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