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The Society in the Past Year  

Introduction 

It has been nearly a year since our team was trusted to 

helm Natural Sciences Society, and it has been a 

pleasure in every sense. Inheriting the society from our 

capable predecessors was daunting, but over the year 

the society has developed and thrived into a dedicated 

community with attendance spanning students from 

years 10 to 13. While the core of the society has 

remained unchanged, with an impressive selection of 

talks given by students taking place weekly, we have 

introduced new types of sessions—from debates to 

quizzes—to break the pattern and keep the society 

lively throughout the school year. The scientific 

interest displayed by students will be depicted here, in 

the 13th issue of the Natural Sciences Journal and the 

first journal of this team. 

Society Sessions 

It was our aim as a team to ensure that Natural 

Sciences Society truly encompasses the full scope of 

the term. We have strived to make sure that the 

society lives up to its name, by including talks on a host 

of scientific subjects beyond the traditional trio of 

biology, chemistry, and physics. This desire was 

reflected in our first group session, a debate on the 

topic: which science is the most integral to society? 

Each of the four members represented their chosen 

science, but as the debate progressed, the team and 

the floor began proposing more sciences to contend 

for the top spot. This debated defined the society for 

the remainder of the academic year, making it clear 

that the society had incredible potential those 

interested in less conventional sciences (such as 

psychology) and those with a desire to explore how 

those sciences overlapped and interacted. From there, 

we encouraged year 11 HPQ students to practice their 

presentations, with Jonah McDonald giving a 

fascinating talk entitled ‘Does brain biology influence 

political orientation?’ While brain chemistry can’t 

answer all questions political, it was a deeply thought-

provoking talk that was enjoyed by all members 

present.  

The second spring half term and first summer half term 

also saw a splendid array of talks being given by 

students, as well as another debate. Current Vice 

President Matthew Perry gave a talk on the ‘Clockwork 

Universe’, a concept that’s difficult to grasp, 

particularly for non-physics students, but which 

Matthew managed to make deeply engaging. Chrisa 

Prachalia, the current President, talked us through the 

bizarre and extreme differences between the sexes of 

some species—especially birds—and the hatred which 

Darwin harboured towards the peacock for that very 

reason. Other talks ranging from the nature of memory 

to time travel and its possible commercial uses were 

enjoyed by attendees throughout the two half terms, 

with the summer one being brought to a close with a 

talk on Biomimicry by Zarya Mekathotti. Her talk 
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covered topics across maths, biology physics and even 

the architectural implications of modelling our society 

against the tried and tested designs of nature. 

The final half term was quite trying for the team. After 

coming back, we were immediately swamped with our 

exam period, and poor timing of trips meant that it was 

difficult to run sessions. Nevertheless, the members 

were welcomed back for a final session; a grand Kahoot 

tournament (with prizes for the winner) was held and 

at the end of the fierce competition, it was time 

disband the society until our return in the next 

Academic year. 

Upon returning to school in September, we were 

pleased to see an influx of new members from year 12, 

as well as some familiar faces from last year. It felt 

appropriate to reinforce the society’s subject diversity, 

so the team gave a talk on ‘Looking for extra-terrestrial 

life.’ From there, a series of year 12s expressed interest 

in giving their own presentations—a promising 

response for the future of the society. The first half 

term mostly served to introduce new members to 

various topics and get them familiar with the format of 

the society with a talk on directed evolution by Charles 

Anderton and Beatrice Brolly’s talk on the disease 

Leishmaniasis. Perhaps most unconventional was Lucy 

Saunder’s talk on the history of the philosophy of 

science, which will hopefully pave the way for a new 

area of discussion to be developed in the society.  

What remains of the winter term is filled to the brim 

with promise. With collaborations with Debating 

Society and Medics Society coming up, as well as a talk 

by an external speaker and former Olavian. However, 

the time draws ever nearer to this team’s retirement, 

it is necessary to start the preparations for selecting 

the new presidency team. Though we will leave with a 

heavy heart, the year 12s show incredible promise; we 

are certain that the society will be left in capable 

hands. 

Journal 

The articles written by the students this year 

demonstrate the wide scope of scientific interest 

displayed by students across the school and the range 

of subjects that society is known for. The articles cover 

both theory and practical implication, posing questions 

of veritable importance to contemporary society. To all 

those who contributed, we thank you for your 

submissions; this issue of the Olavian Natural Sciences 

Journal would of course not have been possible 

without your enthusiasm and commitment to the 

society. 
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Organoids: the key to future tissue 

modelling? 

Introduction 

According to the Science Council, science is “the 

pursuit and application of knowledge and 

understanding of the natural and social world 

following a systematic methodology based on 

evidence.” It therefore stands to reason to believe that 

experimental evidence is pivotal to truly 

understanding the world around us; after all, how can 

we test a hypothesis if there’s no evidence to prove or 

disprove it? 

Thus, we are introduced to the concept of modelling. 

Oftentimes it is difficult to measure or examine what 

we need directly, so alternatives must exist to roughly 

assess the validity of predictions. For example, whilst it 

is possible to measure the effects of tobacco on human 

lungs, it is difficult to do so closely. Firstly, a living 

person must consent to being used for an experiment, 

one that we know will cause harm so it is unlikely that 

anyone who does not already smoke will agree. If you 

were to use a smoker, you must take into account how 

long and frequently they have been smoking, and they 

may even have to agree to experimental parameters 

that differ from their regular smoking habits. This is 

inconvenient a for both parties and even despite all of 

this, the experimental techniques required to assess 

the influence that tobacco has on the human 

respiratory system are difficult to execute. 

This clearly is not a sustainable model for all 

experiments relating to tobacco and the effect it has 

on the respiratory system. Therefore, alternatives such 

as examining tissue post-mortem or animal 

experimentation are often preferred. However, even 

here we see obvious limitations in these examples. 

Animal cells will differ to varying extents from human 

counterparts and examining things only post-mortem 

limits our ability to observe changes as they occur.  

Whilst in vivo (occurring in whole, living organisms) 

observations give us a clearer idea of how that 

organism operates, it is clear that in vitro (occurring 

outside of a living organism; a laboratory setting) 

experiments are necessary for science’s continued 

development. It is widely assumed that the closer we 

can get to replicating in vivo conditions in the lab, the 

Mice are the most commonly tested on animal, though 
there are concerns regarding the ethics and practicality of 
this 
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closer our laboratory observations will be to the 

reality.  

Cell Cultures 

Cell culture is the process by which cells are grown 

under controlled conditions, most often in a 

laboratory. This can encompass both single-celled 

organisms, such as bacteria, as well as cell samples 

from multi-celled organisms, such as plants (though it 

more often assumed to be referring to the latter).  

Cell cultures can be very easily made at their most 

simplistic, requiring only the isolated cells, a surface on 

which they will rest and a growth medium. In practice, 

this can be achieved with some cells, a petri dish and a 

solution containing an energy source (e.g. glucose),  

amino acids, vitamins, salt and a pH buffer. More 

sophisticated methods include using matrices 

intended to replicate the extracellular matrix that a 

culture would produce in vivo. Typically, the growth 

medium is varied across experiments or new 

biochemical factors are introduced to assess the 

culture’s reaction to the changes. 

Cell culture has led to the development of tissue 

cultures and organ cultures as well. In principle all are 

similar; one grows tissues or organs under controlled 

conditions in the lab. All three cultures have been 

developed for over a century and have been pivotal in 

developing drugs and testing treatments. 

2-Dimensional vs 3-Dimensional Cell 

cultures 

Mentioned above are methods regarding 2-

dimensional (2D) cultures. They have proven 

exceptionally useful over the years and their 

widespread use gives them the benefit of providing 

results that are easily comparable due to the multitude 

of experiments that have already been conducted. 

They are familiar and well-established—they are also 

far from perfect.  

2D cultures suffer from a variety of drawbacks that 

have been revealed over the years, most stemming 

from how they are not well-suited to replicating in vivo 

conditions despite our best efforts and in some cases 

even produce abnormal cells and tissues.  

First and foremost, cells grown in 2D are often 

misshapen; they are forced to lie flat on a surface 

which results in unnatural elongation. There is also the 

issue of how the cells in the culture interact with 

external stimuli. In a 2D culture, all cells are equally 

exposed to the medium’s components and are 

therefore far more susceptible to drugs and added 

chemicals than would be physiologically expected in an 

organism. This has frequently led to an overestimation 

of a tested drug’s hypothetical efficacy.  

Further drawbacks include the lack of prevalent cell 

junctions—communication between cells like one 

would expect in vivo is rarely achieved in 2D cultures 

and the cells themselves tend to proliferate far more 

vigorously than is naturally expected. Cells from 2D 

cultures also don’t differentiate as well as their in vivo 

counterparts, a phenomenon which is especially 

harmful in stem cell observations. There is even 

tentative evidence to suggest that cells in 2D cultures 

exhibit different gene and protein expression.  

That does not mean to say that 2D cell cultures are 

ineffective, far from it. They have been successfully 

utilised for over a century and  any observations made 

usually take the limitations of this methodology into 

account. However, for some fields of research, these 

limitations are more keenly felt than others, 

particularly in stem cell research and developmental 

biology. 

As such, since the 2000s efforts to transition to 3D cell 

cultures have been more pronounced. That is not to 
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say that the advent of 3D cell cultures is a particularly 

recent development (spheroid techniques date back to 

the 1950s and biologist Mina Bissell has been striving 

for a more widespread use of 3D cultures since the 

1980s) but due to technical and monetary limitations, 

their use has been limited.  

3D cultures are superior to 2D cultures in a variety of 

ways. The cells retain their natural shape and can form 

layers like in their physiological environment. The 

existence of these layers is extremely significant, as it 

means that there is a gradient of availability of medium 

components, with outer cells more exposed and inner 

cells less so. This also allows for better cell 

communication. 

Referring to their use in drug testing, 3D cell cultures 

show less susceptibility to drugs in general and the 

influence of external factors is less pronounced and 

takes longer to develop. This more accurately reflects 

the potency that drugs will have on the intended 

organism, so it is perhaps unsurprising that much of 

the renewed interest for developing 3D cell cultures 

stems from the pharmaceutical industry. More 

crucially for the field of stem cell research, cells grown 

in 3D cultures show a greater potential for 

differentiation and their gene and protein expressions 

more closely resemble those of their in vivo 

counterparts.  

Naturally, 3D cultures are not without limitations. 

Currently, the methods are far more time-consuming 

than those of 2D cultures and the cost is comparatively 

very high. There is also the concern that cell cultures 

grown in 3D are necessarily of a smaller scale due to 

practical limitations. The lack of available data on 3D 

cultures must also be seriously considered, as it is 

possible to have overestimated their likeness to in vivo 

conditions. 

3D Cell Culture Techniques 

3D cultures can be subdivided into two categories: 

scaffold-based and scaffold-free. Neither method is 

inherently superior to the other, so the choice of 

technique relies on the circumstances of the 

experiment and availability of material. 

Scaffold-based techniques create an artificial structure 

which functions like an extracellular matrix which cells 

are then embedded or coated onto. Hydrogels are 

particularly popular due to their high water-retention, 

meaning that substance transport is easily achieved 

throughout the matrix. Natural hydrogels derived from 

animal tissues are the most popular, given that they 

are the closest one can get to in vivo conditions but 

polymer and wood-based nanocellulose hydrogel 

matrices are used too. Using a pre-existing scaffold 

allows for more control over the experiment’s 

conditions and is sometimes preferred because of this. 

By contrast, scaffold-free techniques either rely on the 

cultured cells to secrete their own extracellular matrix, 

rather than being added onto an existing substitute. 

Spheroid cultures have already been mentioned 

earlier, with various methods all fitting under that 

same umbrella term, from microfluidic spheroids to 

hanging-drop cultures. These methods allow the cells 

to self-assemble, forming clumps. Another method 

uses bioreactors to encourage faster cell growth when 

necessary but can be adjusted to allow only for natural 

diffusion of substances.  

Hydrogel scaffold 
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Organoids 

3D cell cultures have led to one of the most exciting 

biological discoveries in recent science: organoids. 

Organoids are miniaturised, self-organised, 3D 

tissue cultures produced in vitro and which are derived 

from stem cells. In essence, they are miniature organs 

usually no larger than 5mm in size. Though they are 

simplified models of organs, they have realistic micro-

anatomy with steady development in techniques and 

methods for growing them since their discovery in 

2008.  

The variety of organoids already developed is 

impressive, including (but not limited to): cerebral, gut, 

intestinal, lingual, cardiac, lung, breast and retinal 

organoids.  

Organoids can be created from any stem cell or 

pluripotent cell more generally. Thus, organoids can be 

made using human embryonic stem cells (hESC), adult 

stem cells like those in bone marrow, as well as 

induced pluripotent stem cells (iPSC). Following the 

development of stem cells into organoids is the closest 

in vitro equivalent possible to witnessing the 

development of organs in the body. The possibilities 

for studying organ morphogenesis from the earliest 

stage of development is an exciting prospect, but their 

uses are not limited to developmental biology. 

Organoids can be developed from any pluripotent cell 

so, in theory, organoids can be used to test drug 

efficacy specific to each individual. By sampling a 

patient’s stem cells, it is possible to grow miniaturised 

version of their organs, allowing for more personalised 

treatment of diseases that currently isn’t possible. 

Furthermore, the complexity of the organ tissue 

generated may allow scientists to more accurately 

observe the effects of certain diseases on those 

specific organs and model cancers in an environment 

closely resembling in vivo conditions with complex 

tissues that will react realistically. Significant 

excitement has also been expressed at the possibility 

of being able to more closely examine the effects of 

genetic modification on specific tissues.  

It is clear that organoids have a lot of potential for 

future study, however they are not without limitations. 

Undoubtedly, organoids are still at scientific infancy, so 

the technology surrounding them and their 

development—though it is improving—is lacking. 

Organoids take a long time to form. Furthermore, 

whilst they show promise for modelling the effects on 

individual organs on a realistic scale, they are currently 

severely limited in modelling the effects of biochemical 

changes or diseases on a multi-tissue level. Whilst 

communication within an organoid is easily achieved 

and one of the main benefits of using them, 

communication between organoids is far more difficult 

to achieve, limiting the scope of what can be observed 

and possibly missing changes that may be occurring 

elsewhere in an actual organism. 

However, there is perhaps an even greater issue 

surrounding organoids. 

Stem Cells 

Liver tumouroid 

Cerebral organoid 
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Since their discovery and isolation, stem cells have 

been hugely important in most biological fields, 

especially those surrounding developmental biology 

and organ morphogenesis. However, it is no secret that 

the use of hESCs remains controversial as it requires 

the destruction of the embryo at the blastocyst stage. 

Recently there has been a resurgence of hostility 

towards female reproductive rights in America. 

Objection against abortion frequently takes the form 

of defending the embryos, so their use in scientific 

research remains controversial. 

America’s contested position as one of the global 

superpowers means that it not only has significant 

monetary influence, but also social influence, which 

can change the way science develops to a considerable 

extent. In 2001, the Bush administration cut federal 

funding for stem cell research, limiting all projects to 

existing stem cell lines and banning the creation of new 

ones. It must be noted that embryos used for this were 

not created specifically for experimentation but 

supplied by IVF clinics who would have discarded 

unnecessary embryos regardless.  

This development is known to have hampered 

progress and despite the restriction being lifted in 

2009, hESCs remain a controversial issue. 

The use of adult stem cells or iPSCs would seem to be 

the superior alternative. They can be derived from 

adults at no harm to them and indeed for the majority 

of instances, this wouldn’t be a problem. In many 

instances it would be beneficial to use these cells 

instead, especially if we’re considering personalised 

medicine.  

However, there is now considerable evidence to 

suggest that gene expression in adult stem cells and 

iPSCs differs than those of hESCs, a fact that would 

once again limit the viability of using organoids created 

from them. Analysis of diseases at the embryonic 

stage, as well as any research into early development 

will have to take into consideration the fact that gene 

expression will differ to those of hESCs. 

Conclusion 

Whilst not without problems, organoids show a 

significant amount of promise for future research into 

organ development, disease analysis and personalised 

medicine. The problems surrounding the technology 

used to develop them is likely to as more research is 

dedicated to improving the method. 

The issues surrounding stem cells are largely a thing of 

the past, though the threat of future legislation 

altering that remains. Even so, in the majority of 

instances, there is no necessity to use hESCs, so the 

ethics surrounding their use will not limit the 

development of organoid science in the future. 

Though it’s still too early to tell, it would seem that we 

have much to expect from organoids in the future. 

Chrisa Prachalia 
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Can we really define ourselves as a 

species? 

The short answer would be no. According to one of the 

most frequently used biological definitions of 

species—a classification comprising related organisms 

that share common characteristics and are capable of 

interbreeding—Homo sapiens and Homo 

neanderthalensis are arguably the same species. They 

clearly share common characteristics in terms of 

behaviour, morphology and physiology—they would 

have to for the two populations to be able to 

interbreed at all—and the evidence showing the 

presence of Neanderthal genes in modern populations 

prove that the two species must have been able to 

interbreed to produce fertile offspring and were not 

reproductively isolated from each other. 

Or were we? Evidence from analysis suggests that 

every anatomically modern human not of African 

descent has 1-4% Neanderthal DNA in their genome. 

This suggests that the incidence of interbreeding 

between AMH (Anatomically Modern Humans[1]) and 

Neanderthals is most likely have occurred once every 

77 generations. Due to an uneven probability 

distribution in the model used to find this though, it is 

still not unlikely that greater rates of interbreeding 

than this occurred. However, as even greater rates of 

interbreeding than this could still be considered small, 

this suggests that with such a low rate of 

interbreeding, Homo sapiens and Homo 

neanderthalensis were right at the edge of biological 

‘compatibility’, with only certain individuals able to 

reproduce to produce fertile offspring. This suggests 

that it may be sensible, at least according to the 

common biological definition, to keep Homo sapiens 

and Homo neanderthalensis classified as distinct 

species. 

However, the biological definition of species is most 

certainly not the only one we may wish to consider for 

classification. Since we are specifically talking about 

the potential link between Homo sapiens and Homo 

neanderthalensis, which is now extinct, a phylogenetic 

definition of species may be more appropriate. This is 

the definition developed by Niles Eldrege and Joel 

Cracraft in order to solve the problems of not having 

any living specimens whose breeding patterns can be 

observed: “a species is a diagnosable cluster of 

individuals within which there is a parental pattern of 

ancestry and descent, beyond which there is not, and 

which exhibits a pattern of phylogenetic ancestry and 

descent among units of like kind.” Key to this definition 

is the pattern of ancestry an organism exhibits and that 

differences between species are ‘diagnosable’.  

As this definition is mainly designed for classification of 

species that are now extinct, so reproductive 

behaviours cannot be observed, this diagnosis is likely 

to come through fossil evidence. From the fossil 

evidence we have, it appears that Neanderthals were 
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generally shorter and stockier than AMH. There are 

also marked differences apparent in the head. 

Neanderthals have more developed jaws, with larger 

teeth, and though the cranial volume of AMH and 

Neanderthals is similar, (see figure 1) it appears that 

the cerebellum of AMH was much greater in volume 

than Neanderthals’. Studies of living humans show that 

the cerebellum is heavily involved in cognitive 

flexibility and language processing. This suggests that 

Neanderthals did not have the ability to adapt when 

they faced the selection pressures from the changing 

climate reducing the large prey available for them to 

hunt, and competition from Homo sapiens, which 

would explain their extinction from Europe around 

40,000 years ago.  

Also, Homo sapiens can be traced back to a 

‘mitochondrial Eve’—the last woman who every living 

human’s mitochondrial DNA can be traced back to 

through an unbroken line of maternal ancestry, and a 

‘Y chromosomal Adam’—the last man who the DNA of 

the Y chromosome of every living man can be traced 

back to. These people both lived around 150,000 years 

ago[2]. This suggests there is generally a parental 

pattern of ancestry and descent which occurs in AMH 

but not Neanderthals. However, recent analysis of the 

Y chromosome of an African-American family suggests 

that it is possible that due to interbreeding between 

Homo sapiens and other human species such as 

Neanderthals, it is possible that a minority of the living 

population do not actually descend from the Y 

chromosomal Adam or mitochondrial Eve (Though no 

examples have yet been found of AMH who do not 

appear to descend from the mitochondrial Eve). 

So, given this conflicting evidence, what is the best 

method to determine whether organisms are separate 

species or not? Should we consider populations the 

same species if they have any significant similarities 

and have ever successfully interbred? Should we 

consider populations different species if they have any 

differences whatsoever? The major problem with the 

latter idea, at least from a human perspective, is that 

it could lead to living human populations being 

classified as separate species, or at least subspecies. 

Besides being politically unacceptable, it would also be 

scientifically unacceptable to classify humans 

differently to other animals, as we have known since 

Darwin, that in evolutionary terms, we are no different 

to any other organisms.  

There is also the issue of taxonomic inflation to be 

considered. If we begin to reclassify organisms to 

increase the number of species, then it may suggest 

that conservation efforts are being more successful 

than they actually are, as the increase in species would 

compensate for those lost. It could also lead to more 

truly distinct species going extinct, as people are less 

likely to act to save one endangered species if there are 

five other closely related ones still living. It could also 

lead to increased levels of trophy killing and poaching, 

for example increasing the number of antelopes 

needing to be killed for the ‘spiral-horned grand slam’ 

from the current nine, to 25 with a different definition. 

So then why not always lean towards considering 

populations the same species? Unfortunately, this 

would have the same problems for conservation as 

considering populations always different species: if 

there are two populations, that may actually be 2 

species but are classed as one, then one of the 

populations could go extinct, and it would never be 

saved provided the other one was still being relatively 

successful. 

If it is not sensible to lean towards over or 

underestimating species numbers, then what is the 

Figure 1: Comparisons of the brain surface morphology among 
Neanderthal (NT), early Homo sapiens (EH) and modern Homo 
sapiens (MH). The upper row shows the differences in brain 
surface area. The lower level shows the morphological 
difference in the direction perpendicular to the tangential 

11 



 
OLAVIAN NATURAL SCIENCES JOURNAL JANUARY 2019, 13TH ISSUE 

correct course of action? Given that any definition of 

species you choose will always conflict with another or 

itself, then we are only left with two options. Either 

change the way we view species as a concept or 

abandon it altogether. To change the way we view 

species, it seems best to look outside of the 

mainstream taxonomic field, to people who are less 

influenced by prevailing opinions. Biological 

philosopher Matt Haber suggests that boundaries 

between species are not cut and dry like we normally 

perceive them. Instead, they are ‘gradient 

boundaries’—there are distinctions, but there are grey 

areas of overlap between the distinct areas, much like 

the difference between hot and cold, or winter and 

summer. There is no well-defined point where any of 

these ends, but they clearly do end. He argues that it is 

the same with species, and if this is considered from a 

phylogenetic, evolutionary perspective, this makes 

sense: Evolution occurs gradually, with random 

mutations leading to variation in the population. If a 

selection pressure is applied, those with beneficial 

alleles are more likely to survive and pass their genes 

on to the next generation. If two populations of the 

same species are split so they cannot reproduce with 

one another; geographically, temporally, ecologically, 

reproductively or behaviourally, then selection 

pressures will be applied differently. This means 

different alleles will be favoured, so gradually, their 

genes will diverge more and more and eventually they 

will become different species. This is not, however, an 

instant process. There is a grey area, where it is 

possible for the populations to diverge to form two 

distinctly different species or come back together to 

form just one.  

Thinking about species in this way allows us to consider 

the evidence on a case by case basis, and make a 

sensible judgement, rather than attempting to 

constrain the natural world into a neat set of 

categories that work for us, but do not actually 

represent the complexity and variety that evolution by 

natural selection has created. This does introduce the 

issue of what to do about populations that appear to 

be in the grey area, but generally, this appears to be a 

useful way of considering species. If we consider AMH 

and Neanderthals like this, it seems that, on balance, 

we are separate species. However, that is just my 

opinion given what I think is a balanced analysis of the 

evidence. Some scientists may give more weight to the 

evidence of some interbreeding and that some AMH 

have Y chromosomes descended from a Neanderthal 

lineage, and so classify us as one species. 

How then to resolve the inevitable disputes? The 

current system would certainly not do, where 

taxonomists can use whatever their favoured 

definition is to conduct a study on whether 

populations are the same species or not, publish a 

paper, and then have their opinion generally accepted 

as fact, at least until someone else publishes a paper 

with a different conclusion. In this system, the only real 

check on validity is peer review, which often pays very 

little attention to how ‘species’ is defined, and instead 

focuses on methods used to find differences or 

similarities, which are often entirely valid. An 

alternative proposal—though often an unpopular one 

within the established taxonomic community—is an 

international, independent body tasked with setting 

out clear rules on how species should be defined, and 

with the power to review and overturn other ideas. 

Stephen T. Garnett and Les Christidis propose that it 

should be part of the remit of the already existing 

IUBS—the International Union of Biological Sciences. 

This would bring the control of both species naming, 

and species definition under the control of the same 

organisation and ensure that the definition of species 

is applied consistently, by all taxonomists, across all 

domains, so that conservation can be effective in 

pinpointing the populations and species that need the 

most help and are in the most danger of extinction. 

Such a body, though it faces significant opposition 

from mainstream taxonomic circles, is not 

unprecedented in the field. For viruses, the ICTV 

(International Committee on Taxonomy of Viruses) is 

ultimately able to make an executive decision on which 

groups of viruses are species. Of course, the definition 
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of virus species is a very different thing to the 

definition of living species, however the model of a 

judicial commission overseeing subcommittees could 

still provide many useful lessons. 

There was another option alluded to earlier, however: 

abandoning species altogether as a useful taxonomic 

concept. As discussed previously, species is a slightly 

woolly concept, though it is often misconstrued as 

being an absolute classification. Due to this confusion 

surrounding species due to its age, and transcendence 

into popular culture—most people would have some 

idea of what species is, even if it is not accurate, which 

could harm science communication efforts—it may be 

more sensible to use a new, more clearly defined, and 

potentially more useful concept. So, what alternatives 

are there? Well, if we are going to reject species, we 

must also reject the entire Linnaean classification 

system, as all the other classifications within it suffer 

from the same problems as species—this is obvious 

from the fact that even the very highest levels of 

classification—kingdoms and domains—have been 

revised many times. Therefore, we need an entirely 

new system of classification.  

The only system that seems likely to come into general 

use is the clade system, as it has gained widespread 

support from many taxonomists, at least as an 

alternative way to look at relationships between 

species. This is a classification system based entirely on 

phylogenetic principles, unlike the Linnaean system, 

which takes a range of factors into consideration, as 

when the system was created, phylogenetic 

relationships were not well understood, so factors 

such as morphology had to be used instead. The 

phylogenetic system of clades is based entirely on 

genetic, evolutionary relationships, rather than 

physical characteristics. This means that a clade—an 

ancestor (an organism, population, or species) and all 

its descendants—is an empirical method of population 

classification, based purely on evolutionary descent. 

This means that using this system, it is a very simple 

matter to classify how related two populations are, by 

how far back you need to go in evolutionary terms to 

place them in the clade. Also, it is very easy to 

diagrammatically represent relationships classified in 

this way, using a cladogram. (see figure 2) Alone 

however, using clades is not enough to escape from 

species, as clades can simply be used to consider how 

species are related in evolutionary terms. 

Enter the PhyloCode—the International Code of 

Phylogenetic Nomenclature. This is a system based on 

seven key principles, five of which provide clear 

guidelines for how naming should work within the 

code: reference, clarity, uniqueness, stability and 

phylogenetic context. Reference is the principle that 

“the primary purpose of taxon names is to provide a 

means of referring to taxa, as opposed to indicating 

their characters, relationships, or membership”. Clarity 

is the principle that "taxon names should be 

unambiguous in their designation of particular taxa. 

Nomenclatural clarity is achieved through explicit 

definitions, which describe the concept of the taxon 

designated by the defined name”. Uniqueness is the 

principle that “to promote clarity, each taxon should 

have only one accepted name, and each accepted 

name should refer to only one taxon”. Stability is the 

principle that “the names of taxa should not change 

over time.  As a corollary, it must be possible to name 

newly discovered taxa without changing the names of 

previously discovered taxa”. Phylogenetic context is 

the principle that “this code is concerned with the 

naming of taxa and the application of taxon names in 

the context of phylogenetic concepts of taxa”. These 

five principles offer great improvements over the 

Figure 2 : a cladogram for humans showing the Great Apes clade, and 
the Apes clade. 
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Linnaean naming system, especially the principle of 

stability. This is because in naming systems based on 

Linnaean classification, should the rank or genus 

assignment of a species or clade change, the name will 

change. This can create inconsistency when naming 

species over time, which would not occur with the 

PhyloCode. The PhyloCode also makes provision for 

hybrid species/clades (see figure 3), unlike the 

Linnaean system, as many of the definitions of species 

that the Linnaean system is based off do not allow for 

hybridisation of species, which we are increasingly 

seeing can occur and naturally, with many populations 

we view as species today originating through 

interbreeding of other species. However, as with using 

a phylogenetic classification system alone, just using 

the PhyloCode to define clades does not allow us to 

escape species entirely – there is provision within the 

PhyloCode for describing species in terms of clades and 

phylogenetic relationships. 

To finally escape species, we need to define a new 

basic taxonomic unit—the SNaRC (Smallest Named 

and Registered Clade). This is the smallest division as 

there is no currently acceptable evidence for clades 

within it. The SNaRC is not a basic taxonomic unit in the 

way species is, in that if the SNaRC is subdivided into 

smaller clades, the old SNaRC is no longer classified as 

a SNaRC, it simply keeps its old name and that is the 

end of it. This is contrary to a species however, which, 

if it is divided into smaller species, cannot possibly 

retain its original classification. This is because it 

cannot simply be shunted up a rank the classification 

scale, as then it would become a genus, so the genus 

would have to become a family and so on. Then not all 

the organisms previously classified would be 

represented, and the ranks would no longer be useful. 

The only option with such a fixed classification system 

would be to remove the old species group completely, 

which would cause problems in research that had 

referred to it, as it would no longer be a recognised 

species. Also, the abrupt change to classification could 

cause problems surrounding the conservation of that 

species or group of species. With a SNaRC however, it 

would be a simple matter to subdivide it, should new 

evidence come to light in support of that since it has 

no rank. 

The SNaRC then is a practical unit—naming stops at 

this level because there is no evidence for any further 

division, not because we reached the lowest rank and 

have nowhere else to go. It is useful for conservation 

efforts as there is phylogenetic evidence to separate it 

from close relatives, therefore it is likely unique in 

some way, and so should be conserved where possible. 

However, should this be impractical for whatever 

reason, it would also be possible to move up the 

phylogenetic tree to the next clade, and conduct 

conservation based off that. For example, if a SNaRC 

has no breeding pairs left, but there was a fertile male 

of the SNaRC left, the closest evolutionary relatives 

could be easily found by moving one branch up the 

phylogenetic tree, and then bred with the SNaRC near 

extinction, in order to preserve at least some of the 

biodiversity of the first SNaRC. 

How then does all this impact whether we can really 

define ourselves as a species? Well, if we first consider 

the question of whether we are a separate species to 

Neanderthals, what do we find? There is evidence for 

both considering ourselves and Neanderthals the same 

Figure 3: cladograms showing the development of the 
hybrid species X and Y through 2 distinct pathways. [2] 
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species and separated, however the probable low rate 

of interbreeding coupled with marked structural 

differences between Homo sapiens at the time and 

Homo neanderthalensis outweighs the evidence for 

considering them the same species, such as some AMH 

having a Y chromosome from Neanderthal descent. So, 

we are a distinct species from Neanderthals, which all 

AMH apart from those of African descent have some 

DNA from. Does this change anything, however? 

Fundamentally no. I have argued for the consideration 

of Homo neanderthalensis as a separate species to 

Homo sapiens, though undoubtedly there would some 

taxonomists and biologist who would disagree. Since 

species is such an inherently fuzzy concept, where 

disputes are inevitable, I would ask the question; Can 

we really define anything as a species? Well, perhaps 

we can, but is it sensible? Overall, without some sort 

of body to make clear, balanced judgements, that take 

account of all the available evidence, it seems perverse 

to use a concept that can and does have an enormous 

impact on the world that is not intrinsically rooted in 

scientific fact. It would seem far more sensible to use 

an alternative system more firmly rooted in objective 

phylogenetic relationships, which could be the SNaRC, 

or another concept entirely This means it seems logical 

that we cannot truly consider anything a species, 

therefore we most certainly cannot consider ourselves 

a species, however much DNA we do or do not share 

with Neanderthals. 

Charles Anderton 

Footnotes 

AMH is used in different circumstances to 

mean slightly varying things, however in this essay it 

can be taken to be roughly equivalent to the group we 

currently define as Homo sapiens. 

There is however significant uncertainty in this 

figure, with estimates for the time both the Y 

chromosomal Adam and mitochondrial Eve lived 

ranging from around 100,000 years ago to around 

350,000 years ago, depending on the methods used to 

determine age. I have tried to take a reasonably 

representative figure from a recent study. 
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Uses and Impacts of Nanoparticles 

Introduction 

A nanoparticle is any particle where all three Cartesian 

dimensions are between 1 and 100 nanometres in size 

and may be classified in many different ways. These 

include distinction between organic and inorganic 

particles, such as liposomes (organic) and fullerenes 

(inorganic), or hard and soft particles (e.g. silica and 

vesicles). 

Nanoparticles have three main physical properties that 

distinguish them from other particles. These are: 

1. they are highly mobile in the free state 

2. they have a high surface area : volume ratios 

3. they exhibit quantum effects 

 

The fact that nanoparticles have a high surface area to 

volume ratio may not seem at all significant as a 

contributing factor to their unique properties, but it is 

actually this that has the largest impact on how they 

act. If this doesn’t sound convincing, it is important to 

realise that one teaspoon of silica nanospheres has 

more surface area than 12 double sized tennis courts.   

Uses 

Nanoparticles have many everyday uses, as well as 

many revolutionary uses. As most properties of 

nanoparticles relate to their size, it is to be expected 

that most developments have involved embedding 

nanoparticles into composite materials. 

One example of this is the use of nanoparticles in 

creating natural polymers. The development of these 

was driven by the increasing use of non-petroleum 

derived polymers. They incorporate a biopolymer 

found in the cell wall of algae (known as alginate). This 

is used with a natural nanoclay to create a 

biodegradable polymer that leaves no unnatural 

traces.  

Nanoparticles are also widely used in medicine, as they 

are small enough to travel through the circulatory 

system and enter cells. 

Conventional drug delivery systems have many 

limitations, such as non-specific targeting and lack of 

water solubility. However, with the use of 

nanoparticles, capsules that only release their drugs 

under certain conditions have been developed. The 

chemotherapy drugs are trapped inside a polymer 

coating, which contains a thin layer of gold particles. 

These nanoparticles melt at a much lower temperature 
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(700°C) than everyday gold (1064°C). When they melt, 

the nanoparticles swell from 6nm to 50nm across. The 

capsules are also coated in a layer of antibodies, which 

are very specific and only bind to the tumour. 

The idea is that the capsule travels through the 

bloodstream to the tumour, where the antibodies help 

the capsule to bind to it. The capsules are then 

bombarded with a low energy infrared laser, which 

heats up the capsules, causing the nanoparticles to 

melt and swell. The swelling breaks open the polymer 

coating, and the drugs are released directly at the sight 

of the tumour, so they can destroy it. 

Environmental Impacts 

Before blaming nanoparticles for the current 

catastrophe that is our changing environment, it is vital 

to remember that most nanoparticles currently in our 

environment are naturally produced, rather than 

anthropogenic. For example, the ocean emits an 

aerosol of salt that ends up floating in our atmosphere, 

while fires and volcanoes produce a wide range of 

nanoparticles too. Unfortunately, this does not change 

the fact that there are several ways in which 

nanoparticles are believed to negatively impact our 

environment. 

Firstly, the mobility and sorptive capacity of 

nanoparticles make them effective vectors in the 

transport of chemical pollutants. Sorption is the 

process by which one substance becomes attached to 

another. Nanoparticles having a high sorptive capacity 

means that they easily bind to pollutants and their size 

and mobility allow them to take them to places such as 

lakes and rivers, where they can majorly impact the 

aquatic ecosystem. 

Secondly, some nanoparticles can reduce the 

functioning of naturally occurring microbial 

communities and ones that are employed in industrial 

processes (like the ones involved in sewage 

treatment). 

Nonetheless, by fully understanding these two issues 

we can reengineer them in order to use nanoparticles 

to improve our environment. While nanoparticles can 

attach to pollutants and bring them to places that 

cause the effects of the pollutants to be magnified, 

scientists may be able to use this property of 

nanoparticles to remove chemical contaminants from 

the environment. The fact that nanoparticles interact 

with microbial communities in such an unexpected 

way could also suggest they may interact with other 

organisms in more beneficial ways. 

Human Impacts 

As nanoparticles are mainly naturally produced and 

have been around for longer than humans have, we 

have mainly evolved to be unaffected by 

nanoparticles. However, nanoparticles produced from 

fires and smoking have shown correlation with lung 

damage and early mortality, suggesting that these 

nanoparticles may cause cellular damage in the lungs, 

where the cells absorb the nanoparticles and undergo 

genetic mutation.  

Another substance linked to negative health effects is 

E171, which contains titanium dioxide nanoparticles. 

This is associated with changes to the gut microbiota, 

and the development of inflammatory bowel disease.  
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Clinical investigations on the effects of nanoparticles 

on human health have been controversial and lacking. 

Due to this, while we have observed correlation 

between nanoparticles and the stated effects on 

human health, as of right now, we are unsure if this is 

a result of causation or coincidence. 

Conclusion 

It is clear that nanoparticles have many advantages, 

and some may see these advantages as completely 

worth all the risks associated with them. However, 

currently there is simply not enough research in the 

field of the effects of nanotechnology on society, and 

before we continue to use it, it would be 

recommended to continue clinical tests on their effects 

on the human body as well as their effect on the 

environment. Nanotechnology researchers should also 

turn their focus to environmental developments, as 

there is clearly a lot of potential in this field, rather 

than creating even more composite materials. This is 

especially important today as we face another global 

extinction due to the climate crisis, and 

nanotechnology could hold the solution to it. 

Eugenie Lumsdon 
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Genetically modified Crops—Solving 

or Making Problems?   

Introduction 

Genetically modified (GM) crops are plants that have 

had their genome altered, often through the 

introduction of a desired ‘transgene’, like resistance 

for a specific disease, through genetic engineering. 

This process to create them is complex but is rendered 

relatively simple by modern technology and 

understanding. 

The Process 

Before genetic modification can begin scientists must 

identify and isolate a desired gene. First, they find an 

organism that naturally contains the desired trait. 

From the organism’s genome, they will attempt to 

identify the gene responsible for the trait, which is 

often achieved through comparing the organism with 

other organisms of the same species that lack the trait. 

Alternatively, they may use a DNA probe-which is 

radioactive/fluorescent to make it traceable. Another 

way to obtain and identify a desired trait is to 

deliberately induce mutations in different samples and 

record the effect until they find the mutation they 

want. Once the gene is identified, scientists may 

recreate it in lab conditions using the gene’s amino 

acid sequence, or they may locate the mRNA of the 

gene to synthesise the desired DNA segment.  

The gene may then be modified slightly in order to 

optimize it, then this ‘transgene’ will be inserted into 

the target plant’s genome. There are two methods by 

which this can be done. One is that gold particles, 

coated in the desired transgene, are fired at plant cells. 

In a few cases, the particle will pass through a cell, 

leaving the transgene behind, allowing it to be 

incorporated into the cell’s DNA. The other method 

uses Agrobacterium tumefaciens, the bacteria which 

causes large growths called galls by inserting parts of 

its DNA into the plants as a vector. Scientists use a 

‘restriction enzyme’ to cut into the plasmid of the 

bacterium, leaving a staggered cut which makes it 

20 



 
OLAVIAN NATURAL SCIENCES JOURNAL JANUARY 2019, 13TH ISSUE 

easier to connect in the desired gene. Then ‘DNA 

ligase’ is used to attach the new gene and the plasmid 

is taken back up by the bacterium. This genetically 

modified bacterium is then cultivated, multiplying 

many times to produce clones of itself. Plant cells are 

then grown inside the culture of altered bacteria using 

conditions that promote gene transference. In both 

cases, the gene transference occurs at an early stage, 

often on a single plant cell, as it means the organism is 

more likely to take in the new gene and will develop 

with the new characteristic(s). 

Applications of GM Crops 

The main reason that the development of GM crops 

has so much funding and so many proponents is due to 

its many useful application (both current and potential 

future ones), as well as its ability to increase world food 

security with the global population predicted to rise to 

10 billion by 2050. 

Herbicide Tolerance 

Some GM crops have been engineered to be 

unaffected by certain herbicides, namely Glyphosate 

and Glufosinate—two herbicides that are in common 

use and have minimal impact on the environment. 

Scientists make use of soil bacteria’s genes, which can 

produce an enzyme that nullifies and breaks down 

glyphosate, and the genes of a bacteria which 

produces enzymes that detoxify the harmful chemical 

Phosophinothricin found in Glufosinate. Herbicide-

resistance is exceedingly beneficial: it increases crop 

yield as weed control is made far easier, reduces the 

need for ploughing—preventing soil erosion—and it is 

argued it will reduce the application of herbicides. 

Disease Resistance 

With the FAO estimating that 20-40% of global crop 

production is being lost to disease annually, it is clear 

to see the major positive impact that the widespread 

introduction of resistant GM crops could have. This 

application of GM technology would also serve to 

increase the yield, improving the income of farmers 

and reducing waste. Moreover, the effectiveness of 

this has been proven through the resurrection of 

Hawaii’s papaya industry after it’s destruction by the 

papaya ringspot disease. Today 77% of Hawaiian 

farmers use GM papayas, which were created using a 

gene from the virus itself.    

Insect Resistance 

Insects cause a lot of damage to crops, especially in 

developing countries, but scientists have introduced 

transgenes into crops which allow them to produce 

toxins that affect certain insects. The gene used is from 

the bacterium Bacillus thuringiensis, which produces a 

group of proteins called the Bt toxin. This toxin is used 

in organic farming as a natural insecticide and only 

harms pestiferous insects. According to the Royal 

Society over 90% of the cotton planted in the USA, 

India, China, Australia and South Africa have been 

modified to produce the Bt toxin. It is believed that 

over the last 20 years the application of 450,000 tons 

of insecticide has been avoided due to the introduction 

of these genes, reflecting how GM crops can help the 

environment.  

Biofortification 

By increasing the yields of crops, it is hoped that the 

risk of famines in developing countries could be 

significantly reduced. Though, in addition to this, some 

companies are now hoping to go further, adding in 

extra minerals and vitamins to prevent malnutrition 

and improve the health of those that eat the crops as 

part of their staple diet. For example, in 1999 ‘Golden 

Rice’ was created in order to solve the issue of vitamin 

A deficiency, which WHO states is the leading cause of 

preventable blindness and affects around 250 million 
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pre-school children. Golden Rice is fortified with beta 

carotene, a pigment typically found in carrots and 

squash, which is converted into vitamin A inside the 

body. GM crops could also be used to improve the 

healthiness of foods eaten in MEDCs. For example, in 

2014 the company ‘Pioneer’ engineered a modified 

soybean that contained a healthier balance of fatty 

acids; it can be used to make oil for frying food, which 

could replace unhealthier hydrogenated oil, and to 

prevent foods like biscuits, crackers and chips from 

going stale. 

Withstanding Harsh Abiotic Factors 

GM crops can also make farming easier in harsher 

conditions, helping those that live and work there. 

Crops like flood-resistant rice have helped farmers 

struggling due to flooding caused by global warming; 

the new rice can withstand 3 weeks submerged 

underwater and still produce a good crop. Drought-

resistant crops have also been created by the company 

‘Performance Plants Incorporated’. They identified the 

target genes by causing genetic changes to occur in 

100,000 plants and then screening them for desired 

characteristics. A mutation affects the activity of an 

enzyme named farnesyltransferase and increases the 

speed at which the plant responds to drought, making 

it more resistant to the effects of water deprivation.  

Alternative Uses 

Meanwhile, crops that contain jellyfish genes have 

been created, that are able to glow in the dark when 

dehydrated. This has helped make farming simpler and 

more time- and cost-efficient, with plants only being 

watered when necessary. Another suggestion is that 

GM plants should be used as a source of natural 

lighting. In 2014 an American Biotechnology Company 

called ‘Bioglow’ revealed that they had created a plant 

that was able to glow without input from external 

sources, using genes from luminescent marine 

bacteria. They are continuing work on the plant, 

hoping to increase the brightness of its glow. The 

creator of the plant expressed that he believed that, 

with further development, the plant could be used in 

“contemporary lighting design, namely in landscaping 

and architecture as well as in transportation, marking 

driveways and highways with natural light that does 

not require electricity," he pointed out that the 

company “also have a capacity to make plants glow in 

response to environmental cues, making them 

effective environmental and agricultural sensors." 

Some potential applications of GM technology include 

plants that take in more carbon dioxide—perhaps 

lessening global warming—and crops that have been 

engineered to be used as effective bio-fuels-which is a 

carbon-neutral way of obtaining energy. Scientists are 

researching into engineering crops that produce 

vaccines or other useful drugs, which can then be 

harvested, refined and used. A further idea is that the 

plants could be modified so that just by eating them 

the vaccine/drug could be administered. There would 

be many advantages to this: no needles would have to 

be used-reducing waste  and the risk of spreading 

diseases; administering the medicine would be much 

easier and less intimidating; the cost of the treatment 

would be reduced, and storage and transportation 

would be easier.  

Risks 

During the process of development, there are rigorous 

safety checks that are carried out. Crops that have had 

a new gene inserted into their genome are closely 

scrutinised and must undergo several tests, including 

toxicology screenings and animal feeding trials before 
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any food produced by them is allowed onto the 

market. Authorities then decide if the product is safe- 

meaning that all GM products currently on the market 

are deemed as harmless as non-GM foods. Moreover, 

it has been 20 years since the commercialization of GM 

crops. Around 75% of all processed food in the US (e.g. 

crackers, cooking oil, cereals) already contain GM 

ingredients. Despite this, no ill effects have been 

observed and most of the studies claiming GM foods 

are harmful often are about the ‘transgene’ itself or 

associated farming methods like over-use of 

herbicides. Furthermore, GM technology is essentially 

a faster, modern equivalent of the selective breeding 

that humans have been doing for centuries. Finally, 

GM technology, states the AAAS, has the backing of 

many respected organizations, including WHO, the 

American Medical Association, the U.S. National 

Academy of Sciences and the British Royal Society. 

Despite the lack of negative health consequences, GM 

crops are not free from criticism. Outlined below are 

some of the most frequent concerns raised 

surrounding the use of GM crops. 

Reduced Biodiversity 

It is feared that GM crops may damage the 

environment by reducing biodiversity, particularly if it 

is introduced on a large scale. Herbicides and pesticide-

resistant crops would allow farmers to apply more of 

these chemicals, resulting in fewer weeds and insects, 

which may be food for other animals. For example, one 

study found that the number of chickweed plants, 

which birds rely heavily on for food, was significantly 

fewer In GM fields.  Some GM plants may also contain 

genes that are harmful towards other species, take the 

Bt toxin produced by insect-resistant corn crops, it was 

found to cause high mortality for monarch butterfly 

larvae, which become useful pollinators. Although it 

was shown that the impact was not as large as 

previously thought, this still reflects how introduced 

genes could affect non-target organisms. Opponents 

of GM argue that other useful insects are negatively 

impacted by GM crops as well. 

Overuse of Chemicals 

Applying more herbicides and pesticides to fields and 

growing resistant strains of GM crops encourages 

weeds and insects to evolve resistance through natural 

selection. Only the strongest pests will survive and 

reproduce. In 2011 Scientists studied 13 major 

pestiferous species and found 5 were immune to the 

toxins found in GM plants and sprays. This is forcing 

farmers to apply more and more herbicides/pesticides, 

as reflected by the ‘Environmental Sciences Europe’ 

who stated that there was an increase of 25% per year 

in herbicide usage due to GM crops. Additionally, the 

GM plants, despite not being affected by these 

chemicals, end up containing large amounts of them, 

which is then transferred into food made with them, 

which is then consumed by humans or animals, a 

phenomenon known as biomagnification.  

 

Gene Transference 

Another issue with GM crops is gene flow, which 

occurs through the spread of GM pollen to other non-

GM plants, resulting in the wild relative/s of the GM 

plant obtaining its features-which could be its insect or 

herbicide resistance. This would make the wild plant 

more invasive, altering its ecosystem, or facilitating the 

transference of those advantageous genes to other 

plants-including weed species creating ‘super weeds’ 

that are harder to control. Also—as in the 2000 case, 

involving the GM maize ‘StarLink’, which was not 

approved for human consumption—they may 

contaminate the food supply. 

Allergies 

In some cases, a protein that does not cause an allergic 

reaction when expressed naturally may become 

allergenic when produced in another species, due to 

changes in the way the protein is made. This was found 

to be the case for ‘StarLink’ maize and in GM peas 
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being grown by the CSIRO organization which, when 

tested on mice, encouraged them to react to foods 

they had previously not been allergic to. 

Antibiotic Resistance 

When creating GM crops, antibiotic-resistant genes 

are sometimes used as markers to identify cells which 

contain the desired gene. There is a concern that 

through eating GM crops containing these genes, 

which cause resistance to antibiotics like ampicillin, the 

genes may be transferred to bacteria in the gut. This 

resistance could then be passed on to pathogens. 

Researchers estimated that 6% of GM tomatoes genes 

would survive digestion, implying these genes could be 

picked up by bacteria. In 2002 this was demonstrated 

by the Food Standards Agency in human volunteers, 

sparking alarm. 

However, other scientific studies have stated that the 

likelihood of this is remote and that, even if was to 

occur, the impact would be minimal, with these 

markers being limited to clinical or veterinary use. They 

also reflect on how due to these fears, scientists have 

been told to avoid using antibiotic-resistant genes, 

instead developing and using different markers. 

Market Monopoly 

There are only five main companies that are involved 

in the production of GM seeds, with ‘Monsanto’ 

producing 90%. The fact that the production lies in the 

control of so few multinational companies means they 

may have dominance over the future of global food 

production; they could use this power to pressure 

countries and farmers into buying their products. 

Moreover, Monsanto forces farmers to rebuy GM 

seeds, not allowing them to harvest and plant second-

generation ones—one farmer was found guilty of 

patent infringement at the Supreme Court after doing 

this. Having to rebuy seeds raises expenses and means 

GM seeds are not accessible to those that really need 

them. Most worrying, however, was the revelation 

that Monsanto have own a ‘terminator gene’ which 

can make plants produce sterile seeds. These could be 

used for blackmail and if the genes got into the 

environment, transferring to other plant species, they 

could be devastating. Though, arguably, this could 

prevent GM crops from breeding with wild relatives, as 

there would be no viable offspring. 

Conclusion 

The potential of GM crops is astounding; if used 

correctly they could improve the lives of millions and 

prevent famines. However, the current lack of 

research, conflicting data and the fact that added 

genes may be inserted in new and unexpected places 

means side effects in the long term are unknown. 

Additionally, they are not benefiting poorer people 

due to their expense, and may, in fact, make things 

worse, as farmers that use GM may put traditional 

farmers out of business. If we are to continue to 

develop GM crops, we must ensure they go through 

proper checks, isolating them until they are deemed 

safe and subjecting them to longer, wider scale 

examinations. Also, it might be useful for the 

government to become involved in GM production and 

to pass further laws on GM technology, which could 

hopefully dilute the monopoly that a select few 

multinational companies have over the industry right 

now. 

But for now, GM crops cannot be grown, for 

experiments or farming, without approval from the 

regulatory body DEFRA or being carefully assessed by 

the EU’s regulatory system, and there are no 

commercial GM crops grown in the UK. Despite the 

fact that almost every international agency, such as 

WHO and FAO, have agreed that GM crops are safe for 

human health. 

Katherine Stanton 
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What does it Mean to be a Scientist? 

Science and philosophy are disciplines that are often 

posed as opposites. Many consider the former to be a 

practical and useful way to empirically discover the 

true nature of the world, in contrast to their stance on 

the latter. Stephen Hawking proclaimed that 

“philosophy is dead”, and it’s seen as a useless, 

needlessly academic, and drastically outdated 

specialty by a not-insignificant number of people. 

This exact approach grants us an interesting way to 

answer the question in the title: one definition of a 

‘scientist’ is someone who abides by ‘scientism’, a view 

that promotes the use of and trust in science in 

contexts outside the academic, even so far as basing 

society and culture around it. Of course, this is not the 

answer we are looking for, as scientism is by no means 

a universally held view, although this perspective will 

return later. 

The more traditional answer to the question is that a 

scientist is someone who studies science, and so an in-

depth response will need to define science. Ironically, 

it is necessary to use philosophy to achieve this end, 

and two particular fields in particular are at the centre 

of this. Metaphysics is the study of reality and how we 

interact with it, and epistemology is the study of truth 

or knowledge. 

The scientific method is a core part of what modern 

science means, and so it is as good a place to start as 

any other. On one hand, a scientist forms ‘laws’ based 

on observations and refines them over time, such that 

they have predictive power; and on the other hand, 

they posit theories to explain why the laws are so 

successful. This is combined with a strong dose of 

scepticism, in order to ensure that only the strongest 

theories are accepted as scientific fact. One of the 

forms in which this comes is actually a well-known 

piece of philosophy: Occam’s razor is a philosophical 

‘razor’ that allows scientists to ‘shave off’ overly 

complicated theories. This means that rather than a 

theory that requires a vast number of assumptions 

(such as believing in the Flat Earth), the scientist will 

generally accept the simplest theory that fits the 

evidence. With all of these aspects together, it is 

understandable why the scientific method is so 

effective in explaining the world. 

In order to find flaws in this rigorous procedure, we 

must track the development of scientific thinking. An 

obvious place to start is with Sir Francis Bacon, who in 

1620 broke from the attitudes of his contemporaries 

to formulate ‘inductivism’. In the Baconian model, as it 

became known, the scientist makes an observation, 

proposes a law to generalise it, confirms or denies it by 

further trial, and then repeats the process with a 

slightly broader law in order to gradually discover the 

nature of nature itself. This provides the backbone of 

the modern scientific method, although further steps 

were still taken. 
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Around two hundred years later, Auguste Comte 

became the initial proponent of ‘positivism’, a more 

developed form of inductivism. It was under positivism 

that the focus shifted towards predictive power, and 

Comte believed that it was through these 

experimentally proven scientific laws that we could 

positively find true knowledge about the world. As he 

was the first modern philosopher of science, it is 

unsurprising that he essentially founded scientism - 

writing in the 1830s in the context of a Europe shaken 

to its core by the French Revolution, he proposed that 

science could be a new ‘religion’ for humanity as 

secularism began to flourish. 

While Comte was a decidedly radical thinker, his 

ideological descendants—who were self-described as 

‘Logical Positivists’—were even more so. In the 1920s, 

these philosophers put forwards the Verification 

Principle or ‘verificationism’ as an extension of 

Comte’s thought. The Principle asserts that only 

scientifically verifiable statements are meaningful, 

rejecting ‘a priori’ or non-empirical statements as 

being purely tautological (e.g. 1+1=2). In its most 

radical form, this leads to a powerful but controversial 

logical razor: ‘Newton’s Flaming Laser Sword’ asserts 

that "what cannot be settled by experiment is not 

worth debating.'' 

 

Several of these approaches have some clear flaws, but 

in order to explain why, an introduction to different 

types of reasoning is necessary. 

Deductive reasoning is the simplest type: if you can 

logically deduce one thing ‘b’ from another statement 

‘a’, it uses deductive logic. This is most commonly seen 

in mathematics  and produces answers that are true by 

definition such as 1+1=2. As a result, it is seen by the 

Logical Positivists as being useless in explaining the 

world (all deductive reasoning is non-empirical). 

Inductive reasoning is a rather similar approach: if you 

can induce a theory ‘b’ from observation ‘a’, it uses 

inductive logic. As the evidence ‘a’ only provides some 

evidence for the theory, the truth of ‘b’ is not definite. 

Despite this, it is of the same style as deductive 

reasoning, and is preferred as the basis of empirical 

science. 

Abductive reasoning, however, is what some critics say 

science uses instead. In this formation, we begin with 

an observation ‘b’ and infer backwards that a law ‘a’ 

must explain it. The reason that this is so controversial 

is because it commits a logical fallacy, namely the 

fallacy of the converse. To explain this, an example is 

needed: a correct statement would be ‘If my lamp is 

broken, my room must be dark.’ Abductive logic, 

however, would say that ‘My room is dark, and 

therefore my lamp is broken.’ This is not necessarily 

the case—the lamp might be switched off or 

unplugged. Occam’s razor, the supposedly powerful 

tool for helping to discover scientific truths, is the most 

prominent example of this flawed logic, as it works 

backwards in the same way that the fallacy of the 

converse warns against. 

The line between inductive and abductive reasoning is 

unclear, but even if science does use inductive logic, it 

opens it up to harsh criticisms. David Hume, an 

eighteenth-century Scottish philosopher, found 

several issues with inductive logic, creating the 

‘problem of induction’. His first criticism is that we 

cannot observe causation itself, only our own senses. 

This means that the universalisation that scientific laws 
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and theories desire is impossible, as we cannot know 

which conditions actually produce a particular effect—

we can only control variables, such as temperature, to 

determine which don't. A similar line of reasoning 

leads to the realisation that we cannot know that the 

world will continue to behave in the same way in the 

future; such a belief in ‘the uniformity of nature’ is ill-

founded, according to Hume. 

Perhaps the strongest criticism he levied was that it 

committed the ‘induction fallacy’. His famous example 

demonstrates why: If I have only observed swans that 

are white, I cannot say for certain that that is the case 

for all swans. Inductive logic would lead us to the 

conclusion that all swans are white—and, of course, 

while that was as good as true in Hume’s time, black 

swans have since been discovered. 

While Hume called into question the idea of 

definitively true knowledge based on science, a long-

standing epistemological problem calls into question 

the idea that knowledge is possible at all. The ‘regress 

argument’ is around two thousand years old, and only 

relies on the principle that all statements require 

justification. Any statement P must require a further 

statement P’ to justify it. As all statements need to be 

justified, P’ must be justified by P’’ in order to be true; 

and so on ad infinitum. As any statement requires an 

infinite amount of justification, no statement can be 

considered to be truly ‘true’, whether inductive or 

deductive. 

However, responses to this problem (aside from just 

giving up) do exist. The most common one is to refute 

the central premise and claim that some statements, 

called either first principles or axioms, do not need 

justification. This view is called foundationalism and is 

found in places as diverse as Descartes's mathematics 

and Thomas Aquinas's theology. One important 

example of a scientific axiom is the idea of the 

'uniformity of nature', which if taken as true provides 

a solid basis for scientific theory. However, its 

unprovability demonstrates a key conflict between 

foundationalism and the scepticism emphasised in the 

scientific method - surely it is ridiculous to assume 

anything without good reason? 

In contrast, coherentism offers an alternative but 

justifies its response to the regress argument in an 

entirely different way. Rather than aiming for true 

knowledge, it contests that it makes sense for, for 

example, statement P’’ to be justified by statement P, 

creating a circular framework. This is based on the 

epistemic ‘coherence theory of truth’, which asserts 

that truth is only found with reference to a set of 

existing beliefs. Such a postmodern approach fully 

accepts the idea that true knowledge is impossible, 

but—as Otto Neurath, a Logical Positivist, noted—

permits the creation of a ‘boat’ on which we can 

navigate the ocean of reality, replacing faulty parts 

when evidence conflicts with it. The only question that 

needs to be asked when considering whether 

something is true is whether it gels with our other 

knowledge, which has merited the theory sizeable 

criticism from those who believe that only one set of 

objective facts exists. 

If every view so far presented has fundamental flaws, 

how are we going to solve the problem of science? 

Karl Popper has an answer. He presented 

falsificationism, rather than inductivism or positivism, 

as the core principle of the scientific method. While 

subtly different from positivism, the changes are 

significant: in order to be a scientific statement, a 

hypothesis must be able to be falsifiable. This accounts 

remarkably better for the induction fallacy, too—if we 

only observe white swans, we can rule out the theory 

that all swans are black, but not positively know that 

all swans are white. Science, under the Popperian 

approach, sees progress as the rejection of incorrect 

theories, rather than as a development of ‘true 

knowledge’—a view that reflects in a remarkably 

coherentist way the march of modern science.  

However, this is by no means a view that rejects non-

scientific ideas. Unlike the position of the Logical 

Positivists that anything that is not verifiable is 

meaningless, Popper had a much more 
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accommodative outlook on things that didn’t fit under 

his umbrella of science. He noted especially that 

Darwin’s theories are not falsifiable, and yet they are 

still useful as a “metaphysical research program”, a 

way of shaping our framework of knowledge that is 

certainly meaningful. As Werner Heisenberg himself 

noted in a 1971 criticism of positivism, “If we omitted 

all that is unclear, we would probably be left with 

completely uninteresting and trivial tautologies.” 

Postpositivism is an effective metatheoretical 

approach which takes into account all of these 

considerations and more. Thomas Kuhn, a 

postpositivist American philosopher of science, 

expanded upon the idea of falsification in his 1962 

book ‘The Structure of Scientific Revolutions’. In cases 

where the evidence contradicts broad swathes of 

accepted scientific fact, it’s sometimes the case that 

several theories or even entire areas of study must be 

thrown out, in what he labelled a ‘paradigm shift’—a 

phrase that is now in common parlance. This 

represents a compromise between the coherence 

theory of truth and its main alternative, the 

correspondence theory of truth (wherein ‘truth’ is 

determined with reference to the real world). 

The reason such a compromise is necessary is based in 

Hume’s criticisms of our capacity to glean real 

knowledge from the real world. This was also 

developed by postpositivist theorists and is 

summarised in the phrase ‘scientific historiographical 

externalism’, which essentially recognises human 

fallibility in making scientific judgements. Popper, 

Kuhn and Hume all also accepted for practical 

purposes the idea that there is an objective reality, 

despite an inability to prove it, in order to actually 

perform science. This brings together the coherentist 

and foundationalist approaches, with only as much 

scepticism as is useful. 

Conclusion 

Overall, it’s clear that we can’t abide by scientism as 

proposed by Comte. It’s important to realise that 

qualitative judgements are sometimes just as or even 

more useful than quantitative ones, particularly in the 

social sciences. Science isn’t about finding permanent, 

unchanging facts because one day, someone may find 

another black swan. 

However, we can get extremely close if we realise and 

account for our human fallibility. Popper’s falsification 

criterion acts as a ‘razor’ of its own, allowing us to 

distinguish between evidential and philosophical 

claims. Even David Hume was an empiricist - and that 

says to me that science works. 

Lucy Saunders 
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Subatomic Particles 

Subatomic particles are the self-contained units of 

matter or energy that are, as far as is known, the 

fundamental building blocks of the universe. They are 

called subatomic because they are all of them smaller 

than the atom. At first, it was thought that the atom 

was the smallest fundamental particle, meaning that it 

could not be split into anything smaller. The word atom 

itself comes from the Greek ‘a’, meaning not, and the 

word ‘tomos’, meaning cut. Before the idea of the 

atom was widely accepted, people believed that all 

matter consisted of four elements: fire, air, water and 

earth. It was only when people began discovering 

smaller particles that the idea of the atom was 

accepted. 

The Electron 

The electron was the very first subatomic particle to be 

discovered. It was identified in 1897 by J. J. Thomson. 

He was studying the properties of the cathode ray. The 

cathode ray is a glass tube that has had nearly all the 

air pumped out of it, before having a large electric 

voltage applied to it between two electrodes at either 

end. He detected that a stream of particles was coming 

out of the negatively charged electrode and travelling 

to the positively charged electrode. He noticed that: 

1. The particle travelled in straight lines 

2. They were independent of the material 

composition of the cathode, so it did not 

matter what material the cathode was made 

from 

3. If an electric field was applied in the path of 

the particle, it was deflected away from the 

negatively charged plate 

 

From the third point, Thomson could identify that the 

particle was negatively charged itself. He then 

measured the charge-by-mass ratio (e/m) of the 

particle using deflection in an electric and a magnetic 

field and got a value of -1.76 x 108 coulombs per gram. 
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This value is important as two particles with the same 

e/m ratio move in the same path in a vacuum. This 

measurement convinced Thomson that what had 

previously just been called a ‘cathode ray’ was actually 

a particle, which he originally called the corpuscle.  

In 1909, R. Millikan measured the charge on an 

electron using negatively charged oil droplets. He 

measured a charge of -1.6x10-19 coulombs, which is 

also today’s value of the charge. He could then work 

out the mass of the electron using Thomson’s e/m 

value, and a mass of 9.1x10-31g was calculated. This 

was approximately 2000 times lighter than the mass of 

hydrogen. In fact, the electron is the lightest stable 

subatomic particle that is currently known. It is not the 

only negatively charged particle, but its charge of -

6x10-19 is known as the elemental charge. All other 

subatomic particles have integer multiples of this 

charge, apart from quarks. However, these quarks 

cannot be isolated, and together they do have integer 

multiples of the elemental charge.  

The mass of the electron is so small that it is essentially 

nothing and is ignored in all calculations. Its mass is 

9.1x10-31g, which is 
1

1836
 the mass of a proton. For a 

charge so large, the electron’s mass is incredibly small.  

Alpha Radiation 

The alpha particle was the next particle to be 

discovered. It consists of two protons and two 

neutrons. This type of particle is emitted as a form of 

radiation to stabilize an unstable, radioactive 

substance. This particle was first discovered by H. 

Becquerel in 1895, quite by accident. He was trying to 

prove that minerals made phosphorescent by mineral 

light might emit x-rays. He placed a piece of uranium 

onto some photo paper and placed it into direct 

intense sunlight, and when the image was developed it 

bore a clear resemblance of the shape of the uranium. 

The sun did not shine for a few days and Becquerel 

stopped his experiment but was shocked to find that 

the image without sunlight was just as intense as with 

sunlight. He then concluded that this was because the 

material itself was emitting something, and it had 

nothing to do with the sunlight – therefore discovering 

radioactivity. He then proved that this was only a 

property of uranium and no other phosphorescent 

mineral. 

M. Curie then took up these experiments and found 

two more elements that had the same properties: 

Polonium and Radium. She also found that these two 

elements were 60 and 400 times more radioactive than 

uranium respectively. 

In 1899, E. Rutherford was studying the ionization of 

gases by the radiation from uranium. He identified two 

types: alpha and beta radiation, named for ease. He 

discovered both their differing ionisation powers, as 

well as their penetrating powers. Many experiments 

were carried out on these two types of radiation, and 

it was discovered that the alpha particle was the same 

as a helium nucleus.  

The Photon 

The photon was the next subatomic particle to be 

discovered. It was discovered by A. Einstein, who won 

a Nobel Prize for its discovery. He developed ideas 

initially proposed by M. Planck and observed years 

earlier by H. Hertz in 1887.  
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In 1900, Planck was testing a ‘black box’, which is a box 

from which no light can escape. According to the 

known laws of wave dynamics, the box should have 

emitted an infinite amount of ultraviolet radiation 

when heated. Instead, the box radiated in distinct 

frequencies, and none of them were infinite. This led 

Planck to develop the idea that energy was quantized 

in discrete packets.  

In 1905, Einstein published a paper that used these 

packets to explain the photoelectric effect. He 

conducted his experiment by aiming different types of 

light at a piece of metal. With some types of light, a 

small current was made, and electrons were emitted, 

but with others, nothing occurred. He explained this by 

furthering Planck’s ideas that energy came in packets 

by saying that light could also come in packets. Later, 

these packets were called photons.  

The Proton 

The proton was discovered by Rutherford again, 10 

years after he discovered the alpha particle. It was 

1909 when he, along with H. Geiger and E. Marsden, 

conducted his gold foil experiment. At the time, the 

accepted idea of an atom was the plum pudding 

model, where negative electrons are dotted around a 

spherical cloud of positive charge. This is what he 

expected the gold foil to be made of. His idea was to 

shoot alpha particles at the piece of gold foil. He 

surrounded the thin sheet of gold and surrounded it by 

zinc sulphate, which would flash when it was hit by an 

alpha particle. He expected that the particles would 

penetrate the thin sheet of foil due to their mass and 

speed, and would come straight out the other side, 

perhaps being slightly deflected by the positive charge 

of the gold foil. 

However, while most of 

the alpha particles did 

do this, a tiny fraction 

was reflected at an 

angle of more than 

90°—around 1 in 

20,000 particles. This 

was as incredible as, in Rutherford’s words, “if you 

fired a 15-inch shell at a piece of tissue paper and it 

came back and hit you.” Rutherford then theorized 

that the positive charge and almost all the mass of an 

atom was contained in a very small area of the total 

volume of an atom. He calculated that the radius of this 

small area was at least 10,000 times smaller than the 

radius of the whole atom. He called this small area the 

nucleus and called the small positive particles that 

were in it the 

proton. At the 

time it was 

thought that the 

nucleus was 

made up of 

protons and 

some electrons. 

The Neutron 

Around the same time, Rutherford theorized the 

existence of a neutral particle, that had roughly the 

same mass as a proton. Even so, it was not until several 

years later that the neutron even came close to being 

discovered. In 1928, W. Bothe and his student H. 

Becker fired some alpha particles at beryllium. This 

produced a type of radiation that was penetrating, but 

not ionizing. This radiation was assumed to be gamma 

rays, but after some experimentation by I. and F. Joliet-

Curie, the radiation was found to eject protons from 

paraffin. This was shocking to them as gamma photons 

had no mass, so how could they possibly eject 

something as massive as a proton, especially at such 

high speeds? They used the Compton Effect analogy, 

which is similar to the photoelectric effect in that an 

electron is emitted from the material that the photon 

hits, but different in that the photon only passes some 

of its energy to the electron in the Compton effect, but 

passes all of it in the photoelectric effect. They 

assumed that the proton behaved similarly to the 

electron in this but failed to take into account the fact 

that a proton is 1836 times heavier than an electron, 

and a gamma photon would have nowhere near 

enough energy to eject it.  
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J. Chadwick heard of their results and told Rutherford 

of them. Chadwick then repeated the experiment, but 

in more detail. He fired the emissions from the 

beryllium at paraffin, as well as at helium, nitrogen and 

other elements. By comparing the energies of the 

ejected particles, he concluded that the beryllium 

emissions contained a neutral particle that had a mass 

that was only marginally greater than that of a proton. 

In fact, the mass of a proton is 1.672623x10-27g, while 

the mass of a neutron is 1.674929x10-27g.  

Other Subatomic Particles 

Between the early 1930s and the mid-1960s, studies of 

the composition of cosmic rays and experiments using 

particle accelerators revealed more than 200 types of 

subatomic particle. Physicists then began to classify 

them according to their properties (mass, charge and 

spin) as well as their behaviour in response to 

fundamental interactions: in particular, the weak and 

strong forces. The weak force is the force that 

underlies the process of a neutron turning into a 

proton, and the strong force is the force that binds 

quarks together. The strong force is the strongest of all 

fundamental interactions, and, within the right range, 

can be almost 100 times stronger than the 

electromagnetic force. 

 Leptons 

Leptons are a group of subatomic particles that have a 

spin of − 1
2⁄  that do not experience the strong force. 

They do, however, experience the weak force and the 

gravitational force. There are 3 neutral leptons and 

three charged leptons (all are negatively charged). 

Their related antileptons are oppositely charged to 

them. 

The electron is a type of charged lepton and is the 

lightest of the three. It seems to be completely stable 

and does not decay. The next lightest, the muon, is 

around 200 times greater in mass, and has an average 

lifespan of 2.2 millionths of a second. It then decays via 

the weak force into an electron, a neutrino and an 

antineutrino. The third charged lepton, the tau, is very 

heavy and has a mass almost twice that of a proton. Its 

lifespan is 2.9x10-13 of a second, after which it can 

decay into a muon, a tau-neutrino and a muon-

antineutrino, or it can decay into an electron, a tau-

neutrino and an electron-antineutrino. 

While the charged leptons also experience the 

electromagnetic force, the neutral leptons, or 

neutrinos, only experience the weak force and the 

gravitational force. Therefore, they react very weakly 

with matter and are very hard to detect. 

Hadrons 

Hadrons are another group of subatomic particles. 

They refer to all the particles that are made from 

quarks, and hence experience the strong force. 

Examples of hadrons include the proton and the 

neutron. There are two types of hadron: stable and 

resonant. However, only the proton has been seen to 

be very stable. Experiments have shown that, when 

free from the nucleus, the proton has a lifetime that is 

greater than 5x1033 years, whereas the neutron has a 

lifetime of 15 minutes under the same conditions. 

Some of the other hadrons live for only between 10-10 

and 10-8 seconds. 

Fortunately, they are born in very high energy 

situations and therefore move close to the speed of 

light. This slows down their timescale, so they appear 

to live much longer to an observer. These hadrons are 

referred to as stable to distinguish them from their 

counterparts. The ones that live for longer decay via 

the weak force, and the ones with shorter lifespans via 

the electromagnetic force as it is stronger. The hadrons 

with very short lifespans decay via the strong force, 

and number more than 200. These exist only for the 

amount of time that light takes to cross the particle, 

therefore decaying almost as soon as they are created. 

They are called resonant hadrons because observers 
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can only observe the resonance they leave behind. This 

occurs when the system absorbs more energy than 

usual because the energy is at the system’s own 

natural frequency. 

The hadrons, both stable and resonant, fall into two 

classes: baryons and mesons. Baryons are particles 

made of three quarks, and mesons are particles made 

of a quark and an antiquark. These are the only two 

combinations that the strong force allows. 

Quarks and Antiquarks 

There are six types of quark that account for all known 

hadrons. They have the names: up, down, charm, 

strange, top and bottom. They are unusual as they 

have charges that are smaller than the elemental 

charge e. The up and down quark are needed to build 

protons and neutrons and have charges of + 2
3⁄ 𝑒 and 

− 1
3⁄ 𝑒 respectively. A proton has two up quarks and 

one down quark, giving it a total charge of +1e, 

whereas a neutron has one up quark and two down 

quarks, bringing its total charge to 0. 

Up and down quarks are the lightest quarks. The 

second pair, charm and strange, are heavier, and have 

charges of + 2
3⁄ 𝑒 and − 1

3⁄ 𝑒 respectively. The third 

pair, top and bottom, are the heaviest and have the 

same charges respectively. Today, the quarks, along 

with the leptons, are recognized as fundamental pieces 

of matter. 

Beyond Quarks 

Since the first tentative discovery of quarks in 1968 (at 

the time called partons due to a general reluctance to 

immediately identify them with quark theory), their 

existence has broached another question. What if 

there is something smaller?  

Preons are considered sub-components of quarks and 

leptons; though currently no experimental evidence 

exists to confirm their existence. Though the current 

Standard Model of particle physics has proven reliable, 

the prospect of smaller particles still continues to 

arrest some interest in the scientific community—after 

all, while the Standard Model adequately predicts and 

describes physical phenomena, some problems 

persist. Most notable is the absence of gravitation 

theories and the known phenomenon of quarks 

decaying into other quarks, implying that they are not 

truly fundamental particles. Perhaps going smaller 

might help physics to answer some of its most lingering 

questions to date. 

Deborah Bakare 
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Hair Loss Treatment Using STEM 

Cells 

How does hair grow? 

Hair loss is currently treated by using hair transplants, 

usually from another place on the patient’s body which 

is done to avoid rejection from the person. Hair grows 

due to follicles which are found around the body but 

hair on the scalp is different as it grows indefinitely 

whereas other hair stops growing after reaching a 

certain length. Growth factors are responsible for the 

growth of hair, along with protein which creates the 

hair itself. Humans have a limited number of hair 

follicles as hair follicles cannot grow in some cases. This 

means that if you lose a lot of hair follicles, some might 

not get replaced, which in the long term can lead to 

hair loss. Follicles can also close up when they stop 

receiving the required growth factors. The follicle then 

shrinks and closes, meaning the hair won’t grow 

anymore and is much more susceptible to snapping.  

What chemical treatments are available 

for hair loss? 

The two main treatments for hair loss in men are 

chemicals called finasteride and minoxidil. Finasteride 

works by preventing hair follicles from closing up which 

means that hair is still able to grow, and it is stronger. 

It doesn’t allow hair to grow by making new follicles 

but reduces the number of lost follicles, slowing down 

hair loss. The downsides of these chemical drugs are 

that they can both have negative side effects such as 

unwanted hair growth around the rest of the body. The 

main advantage is that surgery is not required so if a 

patient has a condition which means that they are 

unable to have surgery, such as haemophilia, they can 

take any medicine orally.  

There are two types of hair transplants, artificial and 

real. Artificial hair transplants use synthetic hair found 

in wigs which are implanted into the scalp through 

surgery. Follicle hair transplants work by removing 

follicles from elsewhere around the body and putting 

them in the scalp so hair is able to grow. 

What are stem cells and how can they 

treat hair loss? 

Stem cells are cells which can differentiate into other 

cell types in order to become specialist cells which 

carry out a particular role in the body. There is research 

which proves that introducing stem cells to a site which 

requires help to carry out a role, due to it being too old, 

or if it has been damaged, the stem cells can encourage 

growth. The stem cells can be taken from bone 

marrow, blood or from fat. Studies in 1996 revealed 

that hair follicles can contain stem cells which are 

responsible for the stimulation of hair growth. This is 

the reason that stem cells are suitable for hair 

transplants. Stem cell research has rapidly sped up due 
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to the emphasis on regenerative medicine, which is the 

process of creating or replacing human tissues.  

How do stem cells hair transplants 

work? 

After the stem cells have been removed from the body, 

either from fat or from the bone marrow of the 

patient, the top half of the hair follicle is taken from a 

donor area. The hair cut by the surgeon is then placed 

in a solution which stimulates the growth of more hair 

follicles. After the hair follicles have been produced, 

they are injected into the scalp along with the stem 

cells which are used to stimulate growth. The 

advantage of stem cell hair transplants over regular 

hair transplants is that the area from which hair was 

cut in the first place, can continue growing as none of 

the lower hair follicle was damaged. This method can 

also be used for growing beards. 

What are other side effects of stem cell 

hair therapy? 

Other hair transplants could have complications such 

as pain or itchiness after the surgery but the HASCI 

(Hair Science Institute) says that it is painless with little 

recovery time required. The grafts used in stem cell 

therapy are from the patient itself, which also helps 

reduce the chance of rejection where the immune 

system would attack the body because it is 

unrecognized. If someone else’s stem cells were used, 

it could result in the patient needing 

immunosuppressants, in order to reduce the risk of an 

immune response. This makes the patient more 

susceptible to infection, especially if surgery was just 

done as there could be open wounds. Therefore, 

everything must be sterile when performing surgery on 

a person under the influence of immunosuppressants 

as it is very easy to get an infection because the 

immune system wouldn’t respond. There are also the 

usual risks of surgery such as prolonged pain but HASCI 

supports that there is no pain after the surgery. There 

is anaesthesia involved which the patient could have 

an allergic reaction towards which is another factor 

that needs to be taken into account. 

A comparison of the three types of hair 

transplants: stem cell hair transplants, 

natural hair transplants and artificial 

hair transplants 

Comparing all three methods allows us to conclude 

how effective stem cell hair transplants are. The main 

natural hair transplant, FUE (follicular unit extraction) 

transplants which work by extracting hair follicles, 

from other parts of the body so they can grow in the 

scalp. Nido Synthetic Hair is the most popular company 

for synthetic hair used in transplants which are 

implanted into the scalp. Stem cell hair transplants 

remove part of the hair follicle, so that the grafts can 

then be implanted elsewhere on the scalp. This allows 

hair to carry on growing at the donor site. In FUE 

transplants, strips of hair follicles are taken from 

around the body and are put in the scalp. Nido 

implants work by making holes in the scalp into which 

the artificial hair can be inserted. The cost of a stem 

cell hair transplant is around £5500, whereas the cost 

of FUE transplants are around £3500. Nido hair 

transplants are much cheaper at around £2000. On 

HASCI’s website, stem cell hair transplants are 

supposed to be ‘painless’ but this source may not be 

reliable, as seen in the analysis of each source. There is 

also no rest time required. For FUE transplants, it is 

advised that you take 2-5 days of rest, as the hair could 

fall out prematurely. For a synthetic hair transplant, 

there is no rest time required. For all three types of hair 

transplant, there may be some light scarring in the 
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scalp, but this usually won’t be able to be seen unless 

you have very short hair.  

Conclusion 

In conclusion, based on the available information, it 

would seem that stem cell hair transplants are much 

better than other available hair transplants as the hair 

is natural, which means that it can still grow, and hair 

will continue growing on the donor area. However, the 

main downside is the cost, which is because only one 

body (HASCI) can carry out the surgery as the solution 

is patented.  

Rishi Tandon 
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Species-Specific Music 

There have been many studies which have tried to 

investigate whether or not animals like music. Much of 

this research has been conflicting where some say that 

cats like classical music and others saying that animals 

simply don’t respond at all to human music, this being 

music specifically created for humans. However, 

research has been done to investigate the reason why 

they might not like the music and whether we can 

create music that they might like. 

David Teie studied music when he went to university 

and originally was looking into how and why music 

affects people’s emotions. Teie studied music to find 

the specific components of music to come up with a 

theory about how and why music gives such an 

emotional response to humans but other species like 

cats don’t. He also began to wonder if there was a way 

to make animals respond to music the same way that 

humans do. He then created the music he thought 

would affect them and became the first person to 

create species-specific music.  

Teie looked at many parts of the music of which he 

focussed on the two main ones: the beat and the 

melody. These two parts of the music are affected by 

what we hear before birth and what we hear after 

birth. 

For humans, we begin hearing 3-4 months before we 

are born, which means the way we perceive music is 

influenced from that point onwards. When we are in 

the womb, the things we hear remain in our brains and 

become part of how we perceive and respond to 

music. In the womb, there are two things we primarily 

hear: our mum’s heartbeat (about 25db above 

baseline noise) and her breathing. These often provide 

a strong and soft beat to the music, which can be found 

in most cultures around the world. The beat of human 

music ranges between 40-240 beats per minute, 40 

bpm being the resting breathing rate whereas 240 bpm 

is about the heart rate of someone running. Slower 

beats are able to produce a calming effect whereas fast 

beats do the opposite. The reason that the beat of the 

music is able to produce emotions like this is because 

during the period of which babies begin to hear, the 

limbic system in the brain goes from being the size of 

your little fingertip to being fully developed. The limbic 

system is responsible for producing emotions and 

retaining information. When the foetus is able to hear 

about 4 months before their birth the heartbeat and 

breathing of the mum is internalised and retained by 

the limbic system and produces strong emotional 

connection to the beat of the music.  

The melody of the music is also dependent on the 

information that we collect before birth but also what 

we hear after birth. In the womb we are able to hear 

our mum's voice and after birth we hear people 
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talking. The voices of people are the basis of melodies, 

which are made up of individual notes rather than 

glisses, the gilding from one pitch to another. Usually 

the pitch of the melody is higher, and this is due to the 

fact that the voices of our mums are usually higher, as 

the voice of our mums can be heard better inside the 

womb. Research was done by the University of Florida 

where they inserted a microphone into the uterus of 

some pregnant women. They found that the average 

of a mum's voice in the womb was about 77.2 db. This 

is a similar level to loud traffic on a street or four times 

as loud as someone standing right next to her would 

hear her. This means that the melody of our mum’s 

voice is internalised before we are born, which 

suggests why melodies are usually in a higher pitch. As 

the voice of a woman is a higher pitch than male voices 

you usually find that people find a melody with high 

pitch to be more comforting whereas lower pitches are 

found to more threatening, but how the melody is 

perceived is also dependent on the beat and the 

surrounding components—the context. 

What each species considers music is very dependent 

on what they are able to hear, especially what they 

hear in the womb. For each species these things are 

slightly different. Teie decided to test his theory, first 

creating music for monkeys and then for cats. He 

worked with Charles Snowdon, a primatologist and 

professor of psychology at the University of Wisconsin 

to test his hypothesis. 

Teie first created music for the tamarin monkey. These 

are relatively closely related to humans as both are 

primates therefore the elements of their music can be 

quite similar. Tamarin monkeys also use tone, pitch 

and other auditory clues to express emotion. However, 

the tamarin monkey voices are a much higher pitch 

than human voices. This means that what we find is 

high pitched they would think is low pitched. As well as 

this the tamarin monkey female resting heart rate is 

about 200-220 bpm, which would be agitating to us but 

calming to the tamarin music. Teie looked at the calls 

of the tamarin monkey which either indicated danger 

or safety and used them to create music to calm or 

distress the monkeys. 

Snowdon then tested the music on the tamarin 

monkeys and compared the response against the 

controls—human music. He noticed that there was a 

considerabl response from the tamarin monkeys when 

the species-specific music was played, whereas when 

human music was played, they did not show any signs 

of response. There was an anomaly where the tamarin 

monkeys began to fall asleep to the sound of Metallica, 

a heavy metal band. This was because the beat was 

approximately 220 bpm which is the resting heartbeat 

of a tamarin female, which makes Metallica’s music 

very calming to tamarin monkeys. 

 

Teie decided to test his hypothesis further by creating 

music for cats. Cats rarely respond to human music and 

this is mainly because cats are born deaf. This means 

that the first thing that they hear is not in the womb 

but when they gain their hearing after they are born. 

As such, they don’t hear their mum’s heartbeat or 

breath, so this isn’t calming to them. Instead, the first 

things that they hear are the rhythms of suckling milk 

and the sound of their mum purring. As well as this, 

cats are able to vocalise an octave higher than humans 

can and they use more sliding frequencies than 

humans do, so this needs to be incorporated into their 

music. As well as being born deaf the cat’s brains are 

only and eighth of the size that it will be at 10 weeks, 

so there is lots of development still left occur, meaning 

that the sounds they hear early are more likely to be 

remembered. 
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Teie composed two songs for cats, then Snowdon and 

Megan Savage, an undergraduate student, tested the 

songs against two controls, which were classical music. 

One song was the tempo of purring, approximately 

1380 bpm, and the other had the tempo of suckling 

whereas the human music had a slower tempo (less 

than 70 bpm). In both songs, there was an increase in 

the sliding frequencies where the human music had 

little to no sliding and the average pitch was 

approximately two octaves above that of the classical 

music. They placed two speakers in the homes of 47 

cats and played the songs. They found that when they 

played the species-specific songs that they exhibited 

positive behaviours like getting closer to the speaker 

and rubbing against the speaker in half the time it took 

for there to be any positive response from human 

music. For the cat music, there was on average 1.5 

positive responses per cat to the cat music. As well as 

this study there has been lots of anecdotal evidence 

from owners saying that their cats really enjoy the 

music.  

People hope that this music will help cats and other 

domestic animals with issues such as separation 

anxiety, loneliness and grief. Playing this music will 

help to calm the animals and can sometimes send 

them to sleep, which could be useful in kennels where 

pets can become agitated easily. As well as this there 

is a hope that species-specific music could be used to 

help calm or entertain captive wild animals who can 

act destructively when not stimulated, which is 

exciting for zookeepers and research centres. 

Despite there being clear signs that domesticated and 

wild animals alike enjoy music when played to their 

specific range pitch and tempo, they unfortunately 

cannot appreciate the music in quite the same way 

that humans can. Snowdon says that this is due to the 

fact that animals don’t have relative pitch. "We can 

recognize that a sequence of notes is the same 

whether it's in the key of F or A flat," he said. "I have 

found that animals have very good absolute pitch, but 

they don't have relative pitch. They can learn to 

recognize a sequence of notes, but if you transpose the 

notes to a different key (so that the sequence uses the 

same relative notes but with a different key) they can't 

recognize the relationships between the notes 

anymore." This means that animals won’t ever 

understand music the same way that we do. 

However, despite this, species-specific music is an 

exciting new scientific creation that goes to show what 

can be achieved when thinking of ways to make the 

world better not just for humans but for all animals. 

Isabelle Hargreaves 
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Theories of Olfaction 

The human nose has the undervalued ability to 

distinguish between more than one trillion different 

smells which it achieves with the roughly 400 odour 

receptors lining the olfactory epithelium. We detect 

smells by inhaling vaporised odour molecules in the air, 

which dissolve through the nasal mucus and bind to 

olfactory receptor neurons inside our nostrils. These 

odour molecules stimulate the specialised receptor 

cells to transmit electrical signals to the olfactory bulb 

at the front of the brain, where it is processed and 

interpreted to induce the  sensation of smell. Over the 

past two decades, a pair of conflicting theories of 

olfaction have arisen, both striving to explain the exact 

mechanics behind how we perceive different smells. 

Here, we take a deeper look. 

Docking Theory 

This is the predominant and more conventional theory 

of smell, which first appeared in the 1949 ‘American 

Perfumer’ journal in an article by R.W. Moncrieff, who 

thought that the odour of a molecule was dependent 

how its shape affects selective adsorption on the nasal 

epithelium.  

Formerly known as ‘lock and key’ or ‘shape theory’, 

this is theory advised that the molecular shape of an 

odorant and a combination of weak, non-covalent 

interactions between odorant molecules and the 

olfactory receptor protein is what dictates a molecule’s 

scent profile. These interactions involve electrostatic 

and dipole attractions as well as hydrogen bonding, ion 

interactions and hydrophobic effects—where a 

different set of weak intermolecular forces can 

activate different combinations of odorant receptors 

in the nose. The odorant molecule forms these 

interactions as it approaches the epithelium, forming 

weak bonds that stabilise its position and orientation 

within the receptor. The time an odorant remains in a 

receptor depends on how strongly it can bind to it, and 

so a longer period of time spent on the receptor will be 

translated as a stronger response and so a stronger 

intensity. 

This shape-based model explains why some 

enantiomers (non-superimposable stereoisomers) of a 

molecule smell differently since they fit into separate, 

chiral receptors in the nose. However, it is also known 

that many enantiomer pairs, such as those of 

limonene, smell identical at sufficiently pure levels, 

which should not be expected if this model were valid.   

Below are further cases where Docking theory does 

not seem to apply to. The first is a scan showing the 

neural activity of lab rats which depicts strikingly 

similar responses to the enantiomers R-carvone and S-
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carvone, despite the isomers being structurally 

different.  

The second shows the similar molecular structures of 

ethanol and ethanethiol, which under the Docking 

theory should smell rather similar, yet ethanol has a 

pleasant, vodka fragrance while ethanethiol has a 

pungent, garlic odour. Docking theory’s inability to 

provide an explanation for these cases left some 

scientists unconvinced of its validity, leading to the rise 

of a new vibrational theory of olfaction. 

Vibrational Theory of Olfaction (VTO) 

Being one of the more controversial theories of 

olfaction to date, this theory suggests that smells can 

be differentiated through sensing the molecular 

vibrations of odour molecules, rather than how they 

‘fit’ and bind to receptors. This theory was first 

proposed by a team of Greek researchers led by Luca 

Turin, who put forward the idea that smells can be 

distinguished through molecular vibrations of the 

various functional groups present in an odorant.  

After the odour molecule reaches an olfactory 

receptor, it deforms the receptor structure and 

vibrates, allowing nearby electrons to tunnel into the 

donor site (as shown by the position of the electron in 

step 2). Here, the theory suggests that the molecule’s 

vibrational patterns will initiate a quantum tunnelling 

event, by causing electrons from the donor site to 

tunnel into the acceptor site through the odorant 

molecule (step 3). It is this step that explains how 

differently shaped molecules can smell almost the 

same. If they possess similar vibrational patterns, then 

they can precipitate similar electron tunnelling events. 

These events also influence how the electron is 

expelled from the acceptor site (step 4), and thus the 

signal transduction pathway that is triggered by the 

passing of the electron through the receptor. Similar 

tunnelling events will lead to a similar olfactory 

Three-dimensional models of ethanethiol (left) with sulphur 

shown in yellow, and ethanol (right) containing oxygen shown in 

red. 

Neural activity of olfactory bulb enantiomers of carvone in rats. 

Note that activation due to either isomer results in similar, but 

distinct glomerular responses.   

Three-dimensional models of ethanethiol (left) with sulphur 

shown in yellow, and ethanol (right) containing oxygen shown in 

red. 
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response that can then be interpreted as similar smells 

in the brain.  

A few studies have been conducted to support this 

theory, including a 2014 experiment on how 

competently honeybees could discriminate between 

deuterated isotopomers (isotope isomers) of several 

organic odour compounds- acetophenone and 

benzaldehyde. Here, scientists replaced the hydrogen 

in the carbon-hydrogen bonds of these odour 

molecules with deuterium, a heavier, stable isotope of 

the element. 

These carbon-deuterium bonds are stronger than their 

carbon-hydrogen equivalent as they require more 

energy to break (341.4 kJ/mol needed to dissociate the 

C-D bond compared with 338 kJ/mol for C-H). This is 

because Deuterium is much heavier—roughly twice of 

hydrogen’s atomic mass due to an additional 

neutron—so its bond with carbon will vibrate much 

more slowly and less vigorously, thus produce a 

different stretching frequency. This property of 

deuterium also results in very similar, almost identical 

molecular shapes between deuterated and non-

deuterated (i.e. normal) versions of the organic, 

aromatic odour compounds involved, allowing 

scientists to discern whether or not vibrational 

frequency is a factor in scent recognition. According to 

the vibration theory of smell, the normal and 

deuterated versions of acetophenone and 

benzaldehyde should smell different due to their 

dissimilar vibration frequencies of bonds to hydrogen 

compared to deuterium, and not the same, as the 

previous ‘Docking theory’ would suggest from their 

similar shapes. 

The experiment’s results seemed to support Turin’s 

theory; the honeybees showed that they could readily 

distinguish deuterated odorants from their hydrogen-

based counterparts when trained to associate sucrose 

rewards with the uncommon d-ACT and d-BNZ 

(deuterated acetophenone and benzaldehyde) 

isotopic forms. Other studies conducted showed that 

humans were also able to determine d-BNZ from h-

BNZ (deuterated from non-deuterated), which further 

support Turin’s theory. 

Conclusion 

Unfortunately, these studies do not provide conclusive 

proof that vibrational theory encompasses all aspects 

of odorant reception as deuterium affects much more 

than just the vibrational spectrum of odour molecules. 

In fact, neither of the two theories seem to be able to 

fully explain the intricate process of olfactory 

recognition. Docking theory fails to address how there 

are many examples of aroma molecules with different 

Interaction between an odorous camphoraceous molecule 

(from the camphor tree) and an olfactory receptor  

Skeletal formulae for non-deuterated and deuterated versions 

of acetophenone— an aromatic 
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molecular structures that smell the same—for 

example, benzaldehyde shares the same ‘bitter 

almonds’ aroma that cyanides are infamous for, 

despite their vastly different molecular structure. 

Meanwhile, theoretical analysis of Turin’s vibration 

theory shows that the electron transfer process 

induced by odorant molecules, due to their vibrational 

frequencies, could be overwhelmed by the quantum 

effects of other non-odorant molecules present in the 

nasal mucus.  

However, some scientists believe that these theories 

could work in harmony; Docking theory could illustrate 

how scent molecules would find and fit into the 

receptor bonding landscape while the molecular 

vibrations of molecular bonds would uncover how the 

characteristic aromas of a molecule would come 

about. Those behind both opposing theories admit 

that the lack of understanding behind the secondary 

structure of the olfactory receptor is an impediment to 

resolving the perplexing mechanics of scent 

recognition, and further advancements would be 

necessary before a decisive conclusion can be made.  

Eleanor Yuen 
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One Small Step for Geckos 

Throughout engineering, a defining feature of the 

pursuit has been how technology and industry have 

adapted in response to an engineer’s perception of 

their world, through development in scientific 

principle and the demand for change. Engineers 

understand a scientific concept through its most 

fundamental building blocks, use them to ask the 

necessary questions and apply the answer to a 

requirement that they observe in contemporary 

society.  

The biologist examines the natural world that exists, 

analysing events to determine the principles which 

underlie them. The engineer, by contrast, has to use 

those same principles to create creative, practical 

solutions for innovation. The misconception that 

arises, however, is that engineering is solely confined 

to the scientific principle that provides its base. 

Through the advances of thermodynamics following 

the invention of the steam engine to the discovery of 

exoplanets with the Hubble space telescope, 

engineering and science form a cyclical relationship in 

each other’s innovation, a link that has extended to our 

industries. 

The French scientist and philosopher René Descartes 

argued:  

‘The only difference I can see between machines and 

natural objects is that the workings of machines are 

mostly carried out by apparatus large enough to be 

readily perceptible by the senses (as is required to 

make their manufacture humanly possible). Whereas 

natural processes almost always depend on parts that 

they utterly elude our senses’. 

Historically, engineering as a practice has produced 

structures restricted to the human scale. In trying to 

expand the boundaries of human capability, engineers 

and scientists looked to producing the first skyscrapers 

of the late 1800s and even further, as the 1980’s ‘space 

race’ heralded a new age for exploring worlds beyond 

our solar system. Rarely do we perceive the nanoscale 

at which nature produces the most of her work as a 

frontier. To this extent, Descartes’ idea recognises the 

inherent fault in human understanding, in that our 

available perception limits us.   

The early Greek philosopher Lucretius’ epic poem ‘De 

Rerum Natura’, provides the earliest historical record 

of the atomic theory of matter by fellow philosophers 

Democritus and Leucippus. In his epic poem, Lucretius 

considered the fundamental nature of living things and 

proposed that the unobservable world abides by a 

different set of principles or properties. This idea, 

when understood, defines the essence of Bio-

inspiration. The flight of the hummingbird has better 

maneuverability than any manmade aircraft, the silk of 
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the Darwin’s bark spider is ten times tougher than 

Kevlar, DNA is able to store all the information stored 

on the internet in a space the size of a shoebox. 

Research in this sense, often excludes the structures 

outside of the scale of our human experience and, in 

doing so, excludes their potential. As put forward by 

the biologist Helen Ghiradella in 1991:   

‘Many of us working in the biological fields have 

perhaps unconsciously assumed that small things 

must be simple, at least more accessible to human 

understanding than those on the human scale. This 

may not be the case and indeed, the further we 

investigate the more complexity we seem to find’ 

Simultaneously at Descartes’ time of writing, the 17th 

century saw the invention of the microscope, signalling 

the start of experimental exploration on the 

microscale. The common optical microscope since its 

invention has allowed scientist to observe the living 

cell, as well as the structures of algae, protozoa and 

bacteria. Beyond this point, at one-thousandth of a 

millimetre, the nanoscale becomes unobservable, as 

we reach the same dimension as the wavelength of 

light. As light waves meet waves of the same frequency 

and phase difference, interference causes the image 

under the microscope to blur, rendering objects of this 

magnitude unreachable. 

To indirectly image structures on this scale, scientists 

turned to X-Ray crystallography. The X-Ray with a 

wavelength between 0.01 to 10 nanometres (10-11 to 

10-8m) when incident of a crystalline structure, 

diffracts and scatters to produce a pattern analysed by 

a detector. Bragg’s law defines the relationship 

between the atomic structure of crystals and the 

wavelength of waves that interact with them in this 

technique, by this process allowing scientists to 

deduce the structure’s form. It was with this method 

that in 1952 allowed physical chemist Rosalind E. 

Franklin and PhD student Raymond G. Gosling to 

capture the first X-Ray Diffraction photograph, 

commonly known as ‘Photo 51’.  

As a feat of 20th-Century science, the photo was the 

first evidence of the double-helix structure of DNA, 

demonstrated that two DNA strands coil in opposite 

directions and revealed the 10 bases stacked on each 

turn of the DNA strand. On a larger scale, the 

photograph has been the inspiration of books, plays 

and a wealth of research in biology, biochemistry, 

genetics and engineering spanning the 60 years since 

its initial experiment.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Photo 51, X-ray Diffraction Image 1952 

 

Figure 2 Francis Crick's original sketch of the structure of 
DNA, made 1953 
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The discovery led to the understanding of the structure 

that connects all living matter, allowing us to observe 

nature’s own ‘nanotechnology’. DNA with a width of 

2nm is considered a large molecule when ranked 

against other subcellular structures, nonetheless, it is 

present in all natural structures, ranging from the 

bird’s wing to the fibres of spider silk. ‘The Central 

Dogma’, first proposed by F. Crick in 1958, describes 

the process by which genetic information can form 

functional living material; DNA directs the synthesis of 

large-chain proteins, which form attractive regions 

allowing proteins to self-assemble into even larger 

multidimensional structures. 

Often the approach engineering’s approach to 

invention starts with large complex structures and 

develops to simplify them to smaller structures. 

Nature’s approach is drastically different; natural 

selection through chemical synthesis, takes 

fundamental structures, such as in the example of 

DNA, develops to form greater structures of varying 

magnitude, function and complexity: the large 

complex form of Homo sapiens developed from single-

celled organisms.  

Conversely, the natural selection that has allowed 

these natural phenomena, similarly restrict it. An 

analogy proposed by the late geneticist George Beadle 

can be used to best describe this. A typist writing a 

manuscript will iteratively change a copy in the case 

where an error is found unless the error proves 

beneficial. When this occurs, the typist alters from the 

original copy and continues a new cycle. Error in the 

natural world becomes necessary for development, 

while centuries of refinement yield incredible solution; 

evolutions inefficiency sets it apart from its manmade 

counterparts. 

The 1940s saw a dramatic shift in aircraft design from 

the piston engines of the Wright Brother’s aircraft to 

the jet engines found in modern aeroplanes. Frank 

Whittle through the communication of ideas with 

other members of the scientific community, constant 

prototyping and through the implementation of design 

found in other inventions was able to develop the 

engine from its invention in 1928 to its first flight ten 

years later. If this were to be replicated by the design 

paradigms found in natural selection, an intermediate 

species would have to exist which exhibited the old 

trait while the second strand of the species with the 

new trait was developing. Furthermore, the natural 

structure is restrained by the structure of its 

predecessor. In evolutionary terms, as a species grows 

in size, loss of function against growth results in 

geometric constraint. The palaeontologist Dr David 

Raup used a conic derivative to predict the 

hypothetical growth of the Mollusk Shell; in doing this 

we find that due to the shells lack of gestational 

growth, the shell can only become larger through 

incremental addition along an edge through evolution. 

In a Mollusk shell, elongating the cylindrical shell 

increases its vulnerability to damage.   

Other limitations are imposed by the growth in the 

information needed to provide the genetic instruction 

for the new species. In 1950, the physicist Dr Horace R. 

Figure 2 The first direct Electron Microscope image of DNA , 
2012 

 

Figure 3 Incremental increase in length in 3-Dimensional 
structures, in a prism the shape is retained while in a 
cylinder the shape is elongated 
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Crane hypothesised that a large group of unidentified 

subcellular structures would prove to have a helical 

structure. Helices are produced through continuous 

subunits and in assembly are incredibly simple in the 

information required to produce them. Essentially, 

helices are created through identical building blocks 

with equal information required to produce each of 

them. Crane through this principle predicted the 

‘Alpha helix’ structure of the DNA strand, which 

defined the double helix, supercoiling structure of the 

DNA Strand presented in the experimental work of 

Rosalind Franklin.  

Yet Crane extended this, predicting that the structure 

would have helical microtubules and microfilaments 

that maintain the shape and motility of these 

structures. These structures are capable of self-

assembly, they will ordinarily combine to form 

structure without requiring the need for structural 

support or additional information. While the helical 

structure may not be the most ideal for its function, it 

provides an adapted method of regeneration and data 

storage which rivals any of our modern engineering’s 

current methods.  

The American physicist Dr Richard Feynman celebrated 

this in his talk at the American Physical Society in 1959, 

putting forward this simple idea ‘there’s plenty of 

room at the bottom’: 

‘This fact—that enormous amounts of information 

can be carried in an exceedingly small space—is, of 

course, well known to the biologists, and resolves the 

mystery which existed before we understood all this 

clearly, of how it could be that, in the tiniest cell, all of 

the information for the organization of a complex 

creature such as ourselves can be stored. All this 

information—whether we have brown eyes, or 

whether we think at all, or that in the embryo the 

jawbone should first develop with a little hole in the 

side so that later a nerve can grow through it—all this 

information is contained in a very tiny fraction of the 

cell in the form of long-chain DNA molecules in which 

approximately 50 atoms are used for one bit of 3 

information about the cell. Better electron 

microscopes If I have written in a code, with 5 times 5 

times 5 atoms to a bit, the question is: How could I 

read it today? … Unfortunately, the present 

microscope sees at a scale which is just a bit too 

crude. Make the microscope one hundred times more 

powerful, and many problems of biology would be 

made very much easier…The marvellous biological 

system. The biological example of writing information 

on a small scale has inspired me to think of something 

that should be possible. Biology is not simply writing 

information; it is doing something about it. A 

biological system can be exceedingly small. Many of 

the cells are very tiny, but they are very active; they 

manufacture various substances; they walk around; 

they wiggle, and they do all kinds of marvellous 

things—all on a very small scale.’ 

What Feynman means by this, is that nature’s process 

starts with the individual small-scale molecules and yet 

through assembly and synthesis is able to produce 

intricate multi-component structures, which 

nonetheless fit in the confines of the nanoscale. 

Feynman’s talk in 1959, marks the beginning of 

sustained scientific interest in the nanostructures 

found in nature and its relevance to developing 

technology. Six years later, in 1959, the invention of 

the Scanning Electron Microscope by Cambridge 

Instruments would allow the direct observation of the 

natural structures Feynman called for us to explore. It 

would take 500 years since the invention of the first 

compound microscope before the electron microscope 

would reveal the first direct image of DNA. Though the 

findings of Franklin, Watson and Crick have been 

tested, finalised and accepted, this final image is the 

first observation of the structure on the nanoscale.  

Through the case study of the discovery of the DNA 

Double Helix, we can begin to analyse how scientific 

discovery is propelled by the development of 

experimental technique and apparatus. Without the 

invention of the microscope, molecular biology as a 

field would not have developed. Simultaneously, 

without the exploration of structures found in 
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biological systems, the potential of biologically 

inspired structures would not be available. To this 

extent, science and engineering throughout the history 

and development of both practices, demonstrate a 

symbiotic relationship.   

Case Study: The Gecko’s Foot in Space 

Exploration 

The Gecko has been one of Biology’ greatest mysteries, 

dating back to observation by the Greek philosopher 

Aristotle, who studied the animal’s ability to,  

‘Run up and down a tree in any way, even with the 

head downward.’ 

Similar to the search for DNA Structure, the scientific 

principle behind the Gecko’s foot would only emerge 

with the invention of the SEM. Early predictions that 

were limited by early microscopy included suction and 

capillary forces, but the real microstructures involved 

would emerge in the 1990s by Professor Bob Full and 

Dr Keller Autumn at the department of Integrative 

Biology at the University of California, Berkley. Electron 

Microscope images reveal the gecko toes are lined 

with arrays of keratin bristles, or setae, with almost 

500,000 on each foot, these setae separate into 100-

1,000 nanostructure bristles, known as spatula with 

spoon-line structures. As a system, the Gecko has an 

approximate one billion points of contact and ten 

different levels of compliance.  

Dr K Autumn, now Professor of Biology at Lewis and 

Clark College, Oregon, led a research team which 

aimed to conclude the physical principles behind this 

nanostructure. Their research was published in their 

paper ‘Adhesive force of a single Gecko foot-hair’ in 

‘Nature’ in 2000, demonstrating in their experiment 

how the gecko seta has 10 times the amount of force 

expected given the force exerted by the animal and the 

density of the array, the source of this force being the 

principle of van der Waals force.   

The principle first proposed by the Dutch physicist, 

Johannes van der Waals, can be found behind most 

examples found in nature. Van der Waals forces occur 

as attractive and repulsive forces between particles, 

surfaces and other intermolecular forces separated by 

a distance of 5nm or less. The electrons of an atom or 

molecules produce an electric field with polarity this 

induces a symmetrical polarity in neighbouring 

particles, resulting in a temporary force of attraction 

between the atoms or molecules. In experiment, 

Gecko’s adhered to silicon dioxide, a polar 

semiconductor and gallium arsenide, a non-polar 

semiconductor. The gecko was able to adhere to both 

equally, which proved the theory. The same 

phenomena can be observed when a fly walks across a 

window or a spider across a web, due to similar hair-

like nanostructures, with the size of the setae division 

decreasing, as the mass of the animal decreases.  

Achieving effective adhesion is one of the space 

industry’s most common problems, being at the root 

of tasks from replacing external space station objects 

Figure 4 Microscopic analysis of the Gecko's Foot. (Above) The 
underside of a climbing Gecko.                                       (Bottom, 
From Left to Right) A) The Setal Array on the pad of Gecko's foot 
B) Seta fibres, 10 micrometres across              C) Spatula fibres, 200 
nanometres across 

Figure 5 Diagram demonstrating Van der Waals Forces 
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to collecting samples of materials. Since the Apollo 

missions began in the early 1960s, engineers and 

scientists at NASA’s Jet Propulsion Laboratory, or JPL, 

have used VELCRO ® adhesions, though as the scope of 

space exploration expands this approach has 

immediate limitations. The need for two adhesive 

surfaces restricts the accessibility of some objects, and 

furthermore small loose fibres create debris, which can 

damage to microelectronics. A new project launched 

by JPL’s Extreme Environment Robotics sourced 

inspiration from the Gecko’s ability to control adhesion 

to various surfaces.  

The fibrous array structure of ‘micro-wedges’ used in 

JPL’s Gecko Gripper technology uses silicon rubber 

with a length of 20 μm across the base, a material with 

a lower density and greater coefficient of friction than 

the Gecko’s keratinous setae. These micro-wedges 

when unloaded, Van der Waals forces on the adhesive 

surface are negligible. When load applied is increased, 

contact areas with the surface increase resulting in a 

high shear adhesion capacity, allowing the system to 

have an ‘on/off’ adhesion control. Like the Gecko on 

which the approach is based, the technology is a 

compelling approach to climbing tasks and the gripper 

technology have been integrated with JPL’s current 

LEMUR series of climbing robots. In 2017, microgravity 

environment testing aimed to demonstrate if the 

LEMUR 3 robot would be a viable solution for external 

inspection, repair and service activities on large 

spacecraft and space stations, such as the 

International Space Station, telescopes and satellites. 

In comparison to current external repair methods such 

as the robotic arm, a climber robot has increased 

mobility and accessibility to certain location.  

These dry adhesive solutions may also provide a 

solution to one of space exploration’s fastest-growing 

issues: orbital space debris, or ‘space trash’. More than 

20,000 objects orbit on Low Earth Orbit at speeds 

reaching up to 28,000 km/hour. In orbit, collision 

between debris and in-service satellites can lead to the 

major loss of resources. Furthermore, these constant 

collisions of space debris can trigger a chain-reaction 

of collisions, leading to the predicted Kessler effect, 

ultimately creating a debris accumulation that 

threatens all future spaceflight. The method currently 

in use is the gripper or grappling tool system, designed 

to dock onto cooperative targets. This approach is only 

suitable for objects designed for this function and 

retired satellites and other orbital objects are not 

capable of docking through these systems. To combat 

this, researchers have sought for ways to produce 

viable direct adhesion to debris; traditional methods 

Figure 6 Fibre Area in JPL Gecko Gripper 
Structure 

 Single fibre, Unloaded - no adhesion Heavily Loaded fibre - high adhesion 
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such as suction and chemical adhesion are ineffective 

in the hostile vacuum conditions of space while 

magnetic attraction cannot control non-ferrous 

objects. One compelling solution is active electrostatic 

adhesion; however, this provides a low adhesive 

pressure relative to the potential difference required. 

Passive dry adhesion under the effect of Van der Waals 

forces provides a method for manipulating and 

controlling uncooperative objects while also being 

viable for the conditions of space.  

 

 

However, the structures found in a Gecko’s foot merge 

nano– and micro-structures in a branching formation 

across non-coplanar surface in practice when 

attempting to replicate this structure, current 

technology and manufacturing techniques are unable 

to produce the same effect as its natural counterpart. 

Due to the geometrical limitation, the current 

prototype technology can only work effectively on 

smooth materials; nonetheless, through testing and 

further research the approach provides a compelling 

approach to the obstacles set by space exploration.  

The term ‘Biomimetics’ bears controversy in the 

scientific community. It encourages the idea that 

nature’s design is superior to that of the human 

engineer and that by mimicking nature engineers 

automatically more advanced than their traditional 

counterparts. The biological design provides incredible 

solutions, yet the practice of achieving this bears 

dramatic constraints on its design.  The term ‘Bio-

Inspiration’ therefore bares much greater acceptance 

as well as strength. As the biomimicry institute founder 

Jane Benyus encourages, engineers should make a 

habit of bringing a biologist to the design table.  

Nadiya Ivahnenko 
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Chromosomes and Cancer 

Introduction 

“Cancer is the name given to a collection of related 

diseases. In all types of cancer, some of the body’s cells 

begin to divide without stopping and spread into 

surrounding tissues.” 

Our chromosomes are the key to understanding 

cancer, as damage to DNA has been found to be the 

root cause of cancer, conclusive evidence of which first 

came from Professors Lawley and Brookes’, two classic 

papers published in the 1960s. Lone chromosomes 

confined to their own ‘micronucleus’ and aneuploidy 

are unique to cancer cells, yet their role in cancer is 

unclear, so instead this essay will focus on mutations 

and telomeres. Mutations to a variety of different 

genes can lead to uncontrolled cell division, and now 

we understand the role of our telomeres (caps on the 

end of chromosomal DNA) in protecting our 

chromosomes from DNA damage. 

Mutations and cancer 

Cancer is caused by mutations in the DNA. If the 

genome of a cell were intact, it would behave normally 

because DNA codes for the production of proteins, 

including enzymes, so thus the genome of the cell 

controls its phenome. There are two types of 

mutations: acquired mutations are the most common 

cause of cancer, occurring from damage to genes in a 

particular cell during a person’s life, for example from 

tobacco use, UV radiation, and age. The other type of 

mutation that can lead to cancer is a germline 

mutation, a less common occurrence where a 

mutation occurs in a gamete, and thus is copied into 

every cell in the body. This explains why some cancers 

can be inherited down generations. 

The body corrects the vast majority of mutations, but 

damage to certain genes can lead to cancer. Cancer-

causing mutations are found on genes including 

tumour suppressor genes which repair mismatched 

DNA and control cell death, such as p53 and TP53. 

Oncogenes can cause healthy cells to become 

cancerous, such as HER2 and the RAS family of genes. 

Finally, damage to a DNA repair gene means mistakes 

are not corrected; this includes tumour suppressors 

such as p53, BRCA1 and BRCA2. 

Telomeres and cancer 

Telomeres are repeated TTAGGG bases at the end of a 

chromosome’s DNA sequence, which protects the 

chromosome from DNA damage; however, with each 

cellular division a telomere shortens, until it becomes 

critically short. This is why normal human cells have a 

limited number of divisions—the Hayflick limit. 

However, in certain conditions cells bypass this and 

their telomeres become uncapped, leading to crisis; 

increased genomic instability eventually leading to cell 

death. In rare cases cells escape crisis by expressing the 
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ribonucleoprotein telomerase, which maintains short 

but stable telomeres; in some cases, these become 

cancerous. Telomerase activation has been observed 

in ~90% of tumours, suggesting that this pathway to 

immortality is crucial to the propagation of cancer 

cells. Although telomerase does not cause cancer, it is 

required for cancer cells to continue to divide, 

otherwise they would reach crisis, which would kill 

them; hence telomerase can effectively make these 

cells immortal. 

 

Conclusion 

Can we use this information to prevent or treat 

cancer? What we know about mutations and 

telomeres can help us. Preventing mutations must be 

our first objective, by spreading awareness of the 

dangers of tobacco and UV exposure, but as 

telomerase is not usually expressed in healthy human 

cells, we could target this with new therapies to help 

stop tumours in their tracks. A drug that destroys or 

prevents the production of telomerase could limit the 

lifespan of cancer cells as their telomeres would 

become critically short so that the cancer cells reach 

crisis and, eventually, cell death. Study of 

chromosomal instability in cancer cells and aneuploidy 

could lead to greater understanding and better 

treatments for cancer, but one thing is clear; 

addressing cancer at its cause, in the chromosomes, 

could help us beat it. 

Matthew Perry 
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Image of a chromosome, with the telomeres represented by the 

colour pink. As the cell divides, the pink region will get smaller 

and smaller until it eventually disappears. 
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