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A message from the new editors, Naomi and Rayya: we’re doing it differently. This edition showcases 
not only outstanding artwork and scholarly explorations of topical issues, but also haute monde 
musical talent, linguistic brilliance and a true variety of academic excellence in the sixth form.  
This is the sixth edition of the CGS sixth form academic journal, a student-produced and half-termly 
edited publication containing a sample of exemplary academic work from Years 12 and 13, both 
within and beyond the curriculum. The aims of the journal are to recognise and publicise the 
achievements of the sixth form whilst simultaneously encouraging high standards in academic 
research and the formal presentation and communication of work, with a view to fostering skills 
essential to academic study beyond school.  
Contributions from any student in Years 12 and 13 for our next edition would be gratefully received. 
Please email your work, be it a dissertation, photo, code, a piece of artwork or music to 
15rnawal@colytongrammar.com or 15nolotu@colytongrammar.com. 
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A strategy to reduce the incidence and impact of ARVC (arrhythmogenic right ventricular 

cardiomyopathy) in the UK 
 
ARVC (arrhythmogenic right ventricular cardiomyopathy) is a condition where proteins 
forming connective tissue in the heart are not correctly coded for, resulting in the heart being 
unable to recover from damage. This leads to a plethora of serious conditions such as heart 
failure and arrhythmias which are debilitating and often fatal. Currently ARVC is treated with 
drugs such as beta-blockers which reduce the force with which the heart pumps and ACE-
inhibitors which dilate blood vessels around the heart to reduce blood pressure making the 
workload on the heart smaller. As well as this, various lifestyle changes are recommended 
such as reducing strain during exercise and stopping smoking. Our strategy has 3 strands 
which seek to implement new ideas in conjunction with existing treatment, such as helping to 
motivate people to make positive changes to their lifestyle, reducing risk factors of ARVC in 
new ways, such as the use of VR technology. As well as using technology to drive people’s 
improvement of lifestyle, we have also developed a prototype app which would help identify 
the risk of developing ARVC to simulate a more holistic approach to the prevention, diagnosis 
and treatment of ARVC. Finally, our last strand endeavours to improve on the existing 
treatment available for ARVC by using a new gene therapy technology called mRNA CRISPR 
which uses the body’s existing protein manufacture capabilities to produce functional 
versions of the protein incorrectly coded for by those suffering from ARVC. 
To help aid the diagnosis and therefore treatment and prevention of the development of 
ARVC, we have developed an app to simulate a potential future service to help reduce the 
incidence of this debilitating condition. The app seeks to both evaluate and record the 
potential risk of a person of developing ARVC to help aid diagnosis of the condition in a 
consultation with a healthcare professional. The risk is calculated by accounting for several 
factors such as symptoms indicative of the disease and risk factors known to be associated 
with the incidence of the development of ARVC. 
Although our model app is designed to diagnose ARVC, it has the potential to be able to 
diagnose for several other conditions ranging from heart attacks to genetic conditions such as 
Marfan syndrome. It is also important to clarify that this prototype app is only in a 
developmental stage and could have many other services integrated into its software to allow 
for a more holistic approach to diagnosing conditions. To ensure that this app meets the needs 
of its users, it could be presented to a sample of patients and iteratively improved so that 
when the service is released, it will fulfil the needs of the public. 
The development and maintenance of such an app could be cost intensive, however should it 
achieve its potential of a near-universal diagnosis tool for heart conditions, there could be a 
significant cut in the costs for the treatment of heart conditions such as heart failure by 
catching the disease in its early stages – in this example providing drugs such as beta-blockers, 
thus removing the need for expensive and high-risk surgery such as a heart transplant. 
To find out more about our diagnostic strategy, scan the below QR code to gain an insight into 
the functionality of our app. 
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Finally, our strategy to mitigate the progression of ARVC relies on correcting the proteins 
produced with impaired function in producing connective tissue in the heart. By combining a 
technology known as a frequency-to-voltage converter present in pacemakers with a gene 
therapy tool called CRISPR, we intend to allow functional proteins to be produced when the 
heart is under stress. This approach could allow for people suffering from ARVC to partake in 
exercise, improving their heart condition without the consequence of replacing damaged 
heart muscle with fatty deposits or scar tissue. Subsequently, this could potentially even act to 
reverse some of the damage caused by ARVC by slowly building up and strengthening heart 
tissues. 

 
The above circuit diagram shows a frequency-to-voltage converter attached to a mechanism 
which would release molecules known as mRNA which produces a temporary gene therapy 
effect as is used in CRIPSR. During periods of stress, the heart pumps at a faster rate (i.e., at a 
higher frequency), hence the usage of a frequency-to-voltage convertor. This, when attached 
to a switch known as a transistor would mean that molecules of mRNA would be released 
during periods of intense activity for the heart, allowing the correct protein to be coded for 
and produced, resulting in the development of healthy connective tissues. As a result, exercise 
could lead to the improvement of heart condition when using mRNA CRISPR treatment when 
suffering from ARVC. 
It is important to clarify that although this treatment seems promising, it relies on mRNA 
CRISPR that has not been rigorously tested and developed yet. However, we have chosen this 
as it not only removes the need for wholesale changes to the genetic code as in conventional 
CRISPR, but also makes the procedure more ethically acceptable to the public as no 
permanent changes are made to the patient’s genome. 
The mRNA release mechanism would rely on a physical phenomenon called piezoelectricity, 
where squeezing a piezoelectric material (for example quartz) results in the movement of 
electric charges to opposite ends of the material, or conversely, electric fields result in 
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piezoelectric materials changing shape. Additionally, piezoelectricity has scope to improve the 
function and lifespan of the pacemaker on which this mechanism operates, by charging the 
pacemaker with each contraction of the heart, thus removing the need for surgery to replace 
batteries in the pacemaker. 
As a whole, this treatment would be relatively inexpensive except for the use of CRISPR, which 
is fairly cheap but is put at a high price by companies. Piezoelectric materials are cheap and 
relatively abundant, occurring both naturally (e.g., as quartz) and synthetically. In fact, the use 
of piezoelectricity could even lower costs of treatment as they could remove the need for 
surgery to replace batteries in pacemakers. This procedure could at first be trialled with 
parallel tests to see whether the desired outcome is achieved with both the piezoelectric 
mechanism and the mRNA CRISPR, with use of fluorescent markers and trials in tissues and 
animals with connective tissue proteins for the respective clinical trials. 
We hope that our strategy will successfully help tackle the incidence of ARVC and its cost to 
both the individuals suffering from it and the institutions to treat it. 
 
 
By Violet S, Tom P, Georgie W, Harry L, Bethan R & Ollie B 
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How Should Vaccine Development and Distribution be Managed by the Private and Public 
Sectors? 

 
The COVID-19 pandemic has brought the need for cooperation on a new scale because of the 
severe economic and social costs from the spread of the virus. It is clear vaccination has 
developed at a greater pace than ever before, with the development of new vaccines in less 
than a year cleanly breaking the preceding record of four years for the development of the 
Mumps vaccine in 1964-68.[1]  This creates great interest in analysing how the Public and 
Private sectors have performed in response to the crisis in the development and distribution 
of vaccines, and whether cooperation has played out and to what advantage. 
This article will analyse strengths and weaknesses of private and public efforts in the race for 
vaccination, and explore what effect cooperation has had.  
 
Private Efforts 
First of all, private development and distribution of vaccines, where companies have full 
responsibility, ownership and control, could be successful because of the profit motive. 
Traditional theory suggests profit would be the incentive required to rapidly develop and 
supply vaccines at the lowest possible cost, thus leading to the optimal production and 
allocation of vaccines. The theory assumes a government project inevitably has a greater 
tendency to be overstaffed and to overspend, thus a market-based solution is always more 
efficient. The second primary argument is that since government projects are funded through 
tax revenue, higher public expenditure may crowd out investment in the private sector, 
because there is reduced ability and incentive to invest or enter the market. Since the private 
sector would more efficiently allocate resources to investment, in the long-term there will be 
lower-than-potential productivity and output in terms of vaccine production.  
It is no secret that these two arguments hinge on assumptions, specifically that free markets 
are more efficient at allocating resources. However, this argument may still have merit, not 
necessarily because the profit motive or industry expertise directly translate into better 
decision-making, but simply because the current market is dominated by private, not public, 
companies. 70% of the administration of Vaccines for Children (VCFs) is private in the USA. 
The figures are higher at 90% in both France and Germany.[2]  A successful vaccine-backed 
recovery will depend on safety and multiple approaches to developing vaccines. Governments 
simply do not have the industry expertise or capacity to undertake the entire development of 
multiple vaccines which will bring about a successful recovery. Most vaccines are 
unsuccessful, but fierce competition ensures that there are always successful vaccines 
produced. Currently, there are over 50 vaccines in clinical trials around the world that have 
not been released yet.[3]  This supports the efficiency of private efforts so far in the pursuit of 
herd immunity. 
 
Public Efforts 
It could be argued that since vaccines are a public good, allocation should be left to the 
government. This is because they are non-exclusive to some extent, since the entire 
population benefits as an individual is vaccinated. However, a vaccine is not entirely a public 
good. There is no free rider problem, as the individual gains the most from taking a vaccine, 
but the rest of the population much less [4].  As a result there is demand for vaccines, therefore 
private companies will enter the market to supply vaccines and allocation can be a product of 
supply and demand.  
On the other hand, to support the case for government intervention, vaccines are a merit good 
because of the positive externality of herd immunity, which may not be reflected in the price 
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of vaccines in the free market, thus there would be under provision of the good, which 
supports the case for government subsidy of a vaccine. Price controls could also be necessary 
because of wild fluctuations in price resulting from changes in the level of demand, which 
would depend on level of infections, expected infection rates and threat perception. No price 
controls would greatly increase uncertainty. 
Furthermore, even if the government is not the best entity for the development of vaccines, it 
can ensure best possible allocation of vaccines to consumers. This is because in a private 
market, those that are willing and able to buy a vaccine do not necessarily align with those 
who need it the most, and who will benefit society the most from receiving a vaccination. 
There is a moral hazard associated with allocating vaccines through the free market 
mechanism. Those  who need it most include those in risk groups, including those more likely 
to be infected, spread, or die from the coronavirus. Currently, even despite government 
allocation, there are uptake disparities between income groups. 75% in the 50-54 age 
category in the poorest areas have had at least one dose, whereas the figure is 90% in the 
most affluent areas, as a result of lifestyle and time commitments.[3]  This is significant because 
it is high-income individuals who are more likely to work from home and be able to self-
isolate whereas lower-income individuals tend to work in higher risk professions with more 
contact. Thus the government should be in control of allocation of vaccines on the basis of 
priority. It has the best information about the R value (reproductive number) within different 
age and social groups and risks of severe illness or death.[5] 
The case could be made for private distribution in conjunction with public, since it will only 
add to collective efforts. In India, it is estimated the government lost three months in the 
rollout of COVID-19 testing because it initially prohibited private testing.[4]  However, the case 
for vaccines is different. The rollout of vaccinations is likely to be limited more by supply of 
vaccines than vaccination centres and staff, because most vaccines all come from a small 
number of producers, thus there could be misallocation if the private sector is left to distribute 
vaccines.[6]  Depending on government capacity, less vaccines go to the ones who need it the 
most, more to those who need it less, and private vaccination does not add to collective efforts. 
Perhaps as a result of this and other factors, it has not been legal in the UK to pay for a 
vaccination privately.  
A second reason for the public distribution of vaccines is that the government has more 
bargaining power than the individual consumer and so can secure vaccines at a lower price. 
Governments even receive discounts depending on their funding of the vaccines. However, 
there is large variation between prices governments have paid for vaccines. AstraZeneca 
doses have been sold to the EU for $2.15 each whereas to South Africa the price was $5.25. 
The case is arguably more extreme for vaccine producers selling for a profit, namely Moderna 
and Pfizer. Israel paid a premium price of $23.50 per dose for early shipments of the Moderna 
vaccine. Governments of different countries are still subject to the same budget inequalities 
facing individuals, and  there are great divides between vaccination progress in rich and poor 
countries. The UK has ordered enough vaccines to fully vaccinate the entire population three 
times.[6]  At the time of writing, WHO Director-General Tedros Adhanom Ghebreyesus 
reported that “900 million doses have been administered globally, but over 81% have gone to 
high or upper-middle income countries, while low-income countries have received just 0.3%.” 
[7]  This serves to highlight that the public sector does not necessarily allocate based on need. 
There is a need to end vaccine nationalism and ensure more equitable distribution of vaccines 
at a global level. 
 
Cooperation 
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On the positive side, cooperation has proved to be extremely successful within industry and 
the development of the vaccines through the Accelerating COVID-19 Therapeutic 
Interventions and Vaccines (ACTIV) partnership. This creates opportunity for discussions on 
trial designs, data sharing and vaccine efficacy studies. Transparent evaluation of 
effectiveness, central laboratories, and global cooperation in the development of vaccines has 
arguably helped to speed up processes.[8]  Private sharing of technology and specialisation of 
operations has played a huge part: the largest manufacturer of vaccines, the Serum Institute of 
India (SII), has been licensed by Oxford-AstraZeneca and Novavax to produce 1 billion does of 
each vaccine by the end of 2021, which expands production from what would be possible for 
each developer on their own.[9] 

The state has also been instrumental in de-risking investment into vaccine production and 
research. Large-scale Phase III trials and being able to manufacture doses requires an upfront 
investment of $500-1500 million. Governments have subsidised and funded these expenses to 
great effect. The USA federal government launched a $13 billion Operation Warp Speed and 
acted to directly fund manufacturing facilities through the building or repurposing of factories 
and rapidly expanding supply of specialised materials like glass vials or syringes.[9]  Despite 
the original assertion that the profit motive justifies exclusive private development of 
vaccines, there would be no incentive for any producers to enter the market had governments, 
charities and private philanthropists not stepped in to lower the private costs of investment, 
thus de-risking private operations. 
A major criticism of the subsidisation of research and development has been the increase in 
private profits at the cost of the taxpayer, and large flexibility in price setting which goes to 
vaccine developers and not the government. This effect is mitigated by the Advance Market 
Commitments (AMCs): purchasers agree the price in advance and promise to buy the specified 
quantity of vaccines if it meets certain standards. This reduces scope for exploitative 
behaviour from developers such as restricting supply.[10] 

In conclusion, it is clear that vaccine research and development has been wisely left to the 
private sector given industry experience, skills, and existing infrastructure, although 
government intervention was necessary to expand facilities and make private operations 
more viable through de-risking and subsidisation. The government is best suited to judging an 
equitable allocation of vaccines given the information it possesses and its authority to conduct 
vaccinations. There have been widespread welfare gains from the cooperation between the 
private and public sectors and within industry itself, notably within the ACTIV partnership, 
although there is greater need for cooperation at a global level, as well as within communities 
to prevent COVID-19 from becoming a disease of the poor.  
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The Endosymbiotic Theory 

 
A discussion of the endosymbiotic theory (endosymbiosis) to explaining Eukaryotic organelle. 

 
Key Definitions: 
 
Prokaryote: A type of organism, typically unicellular, that lacks a membrane bound nucleus. 
 
Eukaryote: A type of organism, typically multicellular, where its cells contain a membrane 
bound nucleus. Usually larger and more complex than prokaryotes. 
 
Organelle: A subcellular structure that has one or more specific jobs to perform in the cell. The 
organelle that will be referred to most are: Chloroplasts which are the photosynthetic parts of 
the cell and Mitochondria the site of respiration in a cell to provide its energy. 
 
Symbiosis: An interaction between two different organisms living in close physical 
association, typically to the advantage of both. 
 
(Binary)fission: Asexual reproduction whereby the cell divides into two new daughter cells, 
each identical to each other (unless a mutation occurs). 
 
Introduction: 
 
The theory states that Eukaryotes arose when multiple smaller prokaryotes combined into one 
larger cell, most likely through engulfing, and functioned together in a symbiotic relationship 
whereby they mutually benefited each other. An early version of the theory was first suggested 
by Mereschkowsky in 19101 when he proposed ancient bacteria as the origin of chloroplasts. 
However, it did not reach international attention until the theory was rediscovered in the late 
1960’s by Lynn Margulis 2  with the addition of the evidence that DNA was found in the 
chloroplast. Modern versions of the theory use it to explain the origin of mitochondria and 
chloroplasts but it cannot explain other eukaryotic organelle. 
It is commonly accepted by biologists that prokaryotes evolved long before eukaryotes, around 
3.5 billion compared to 2 billion years ago, based upon fossil evidence. The endosymbiotic 
theory relies on this fact as it explains how the larger and more complex eukaryote evolved 
from the simple, single-cellular, prokaryote. 
It is thought chloroplasts (plastids) originated from cyanobacterial like prokaryotes 3  and 
mitochondria originated from α–proteobacteria4. 
 
Evidence: 
 
It starts with DNA 
The most obvious clue that mitochondria and chloroplasts were in fact an organism themselves 
is the presence of DNA. This have been proven by many studies, such as Stern and Palmer’s5. In 

 
1 Symbiogenesis, Natural selection and the dynamic Earth- U Kutschera. 2009. 
2 Journal of theoretical biology- A. lazcano et al. 2017. (vol 434, pg. 80-87) 
3 PRIMARY AND SECONDARY ENDOSYMBIOSIS AND THE ORIGIN OF PLASTIDS- G McFadden. 2020. Journal of Phycology. (vol 37, 
issue 6). 
4 On the origin of mitochondria: a genomics perspective- G Andersson et al. 2003. Biological sciences. (vol 358,issue 1429). 
5 Extensive and widespread homologies between mitochondrial DNA and chloroplast DNA in plants- D Stern + J Palmer. 1984.  
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most instances there is only trace amounts of DNA left as many of the genes moved to the host 
cell’s nucleus, but in some cases whole plasmids are still present e.g. The mitochondria of zea 
Mays (maize plants)6.  
 
FtsZ 
 
Filamenting temperature sensitive mutant Z is a protein coded for by the FtsZ gene. The 
significance of this protein is it is almost exclusively found in prokaryotic cells and it forms into 
a ring structure at a site that is about to undergo binary fission (the mechanism by which 
bacterial cells divide), a precursor as such. Plastids specifically chloroplasts also need FtsZ for 
normal cell function and distribution7, they divide by fission like prokaryotes do. This is strong 
evidence to suggest that chloroplasts, a eukaryotic organelle, were once an individual cell. It is 
important to note that it is no longer an individual functioning cell. Chloroplasts also rely on 
Eukaryotic mechanisms for fission too, ‘DRP5B is the dynamin-related eukaryotic protein that 
facilitates division from the outside of chloroplasts’8 this evidence highlights how the organelle 
has evolved to rely on its hosts’ cell nucleus to code for its proteins; this is in part due to 
organelle-to-nucleus transfer of genes which causes a recruitment of exons into the pre-existing 
nuclear genes, giving rise to new coding sequences9. (Although that is beyond the scope of this 
paper.) The once prokaryotic cell, at some point in its history, evolved to become reliant on the 
eukaryotic host; effectively changing it from a symbiotic parasite to the organelle within a cell 
we know today (the shift from endosymbiont to organelle is actually defined by the reduced 
genome size10). 
 
Cell membranes and porins 
 
Further supporting evidence for the symbiotic theory is that the only other organelles within a 
eukaryotic cell, that is not the nucleus, to have a double membrane is the mitochondrion and 
chloroplasts. However this alone isn’t enough evidence, so the structure of these membranes 
must be studied. Flotillin is a protein that acts like a scaffold in a ‘lipid raft,’ and ‘favours 
recruitment of other proteins.’11 Flotillin keeps these rafts functional by facilitating interactions 
between the raft proteins, ultimately it plays a vital role in membrane function. What is 
interesting Is it is present in both bacterial and mitochondrion cell walls and performs a similar 
function12 in each.   
Porins are a major class of proteins that play a part in the molecular sieve, that gram negative 
bacteria contain, in the outermost membranes. Similarly, the outer membranes of the 
mitochondria and chloroplast both also contain the large porins seen in gram negative 
bacteria13. Again, similar to before there are other proteins also found in both  gram negative 
bacteria, mitochondria and chloroplasts; The most notable of these is β- Barrel proteins (see 
diagram).  These proteins are also found in the outer membranes of both gram negative bacteria 

 
6 Mitochondrial plasmids- S Dordrecht. 2016. Encyclopaedia of Genetics, Genomics, Proteomics and Informatics. 
7 FTSZ AND THE DIVISION OF PROKARYOTIC CELLS AND ORGANELLES- W. Margolin. 2016.  
8 Dynamins at a glance- J Heymann et al. 2009. 
9 DNA Transfer from Organelles to the Nucleus: The Idiosyncratic Genetics of Endosymbiosis- T Kleine et al. 2009. Annual review 
of plant biology. (vol 60, pg. 115-138). 
10 Organelle evolution: what’s in a name?- P Keeling et al. 2018. Current biology (vol 18, issue 8). 
11 The Similarities between Human Mitochondria and Bacteria in the Context of Structure, Genome, and Base Excision Repair 
System- K Boguszewska et al. 2020. 
12 The Similarities between Human Mitochondria and Bacteria in the Context of Structure, Genome, and Base Excision Repair 
System- K Boguszewska et al. 2020. 
13 Porin from both bacterial and mitochondrial cell membranes- R Benz. 2008. Critical reviews in biochemistry (vol 19, issue 2, 
pg. 145). 
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and the outermembranes of both mitochondria and chloroplasts 14 .   The clear similarities 
between the cell membranes of the gram negative bacteria and  eukaryotic organelle 
(chloroplast and mitochondria) both containing β- Barrel proteins and Flotillin suggests they 
all shared a recent genetic link from the same ancestor. This is direct support for the 
endosymbiotic theory. 
β- Barrel protein > 
 
 
 
https://upload.wikimedia.org/wikipedia/commons/thumb/c/c5/Rbp_1brp.png/198px-
Rbp_1brp.png 
 
N- Formylmethionine  
 
N- Formylmethionine (fMet) is the amino acid used to initiate protein synthesis in almost all 
bacterial cells, it is coded for by AUG15 which is the start codon for protein synthesis. It has been 
found that the ‘mechanism of initation of protein synthesis,’ in chloroplasts is the same as in 
bacteria16 i.e. through the use of fMet. Other studies have also identified fMet  intiating protein 
synthesis in a range of mitochondria including yeast and rat liver cells, this supports the 
symbiosis theory in that all mitochondria evolved from the same singular prokaryotic cell. The 
study also provided even more conclusive evidence in studying protein synthesis inititaiton in 
rat liver cytoplasms where no fMet was detected17. This conclusively shows fMet is not needed 
universally for protein synthesis so is only included exclusively in ancestors of the same cell. 
 
Weaknesses: 
 
Other organelle: 
The endosymbiotic theory offers a comprehensive explanation of how mitochondria and 
chloroplasts came to be organelle in a eukaryotic cell, but the same cannot be said for other 
organelle. Cells contain many other organs such as ribosomes and golgi apparatus to name a 
few, these all lack similarities to prokaryotic cells and genetic information contained inside 
them. Resultantly, the theory has no way of explaining the presence of these organelle as they 
do not appear to have occurred within the cell through a symbiotic relationship. The origin of 
most cell organelle is a question unanswered with many speculating evolution, genetic drift and 
plenty of other theories. There is the possibility it could have occurred through the same 
endosymbiotic process and all similarities to the original cell and genetic information were lost 
through evolution, but that is a theory yet to be proved. 
 
Alternative theories: 
 
Secondary endosymbiosis: 
This is not specifically an alternative theory, more a layer of added complexitiy to the original. 
Multiple endosymbiosis, most commonly secondary and tertiary, is the englufing and 

 
14 The Mitochondrial Porin, VDAC, Has Retained the Ability to Be Assembled in the Bacterial Outer Membrane- D Walther et al. 
2010. Molecular biology and evolution. (vol 27, issue 4, pg. 887-895). 
15 Protein synthesis and degradation- J Pelly. 2012. Elsevier’s integrated review of biochemistry. 
16 Involvement of N- Formylmethionine in Initiation of protein Synthesis in Cell-free Extracts of Euglena gracilise- J Schwartz et al. 
1967. Journal of molecular biology. (vol 25, issue 3, pg. 571-574). 
17 N- Formylmethionyl transfer RNA in mitochondria from yeast and rat liver- A smith et al. 1968. Journal of molecular biology. 
(vol 38, issue 2, pg.241-242). 

< Lipid raft formed 

over Flotillin 
https://www.researchgate.net/figure/Distribution-of-lipid-rafts-in-C-albicans-

grown-as-a-biofilm-or-b-planktonically_fig7_51635434 
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endosymbiotic relationship that occurs between a cell and a cell that has previously undergone 
the process to turn an endosymbiont to an organelle18. It results in the larger diversity, added 
complexitiy and the multiple membranes observed in cells today19. 
 
Any evidence for proto-mitochondria? 
 
An alternative theory for the evolution of mitochondria as a eukaryotic organelle is that it 
gradually evolved within the cell through natural selection. Unlike endosymbiotic theory which 
explains the mitochondria as being taken into the cell as a fully fledged mitochondria, this 
theory suggests mitochondria started as much more basic units which have evolved through 
time to become the complex organelle seen today. Therefore, there should be some evidence of 
organisms with transitional or very primitive (proto) mitochondria if this theory were to be 
true. Currently, there are no such cells known to science that contain such things as ‘primitve 
mitochondria,’ they contain either a fully fledged mitochondrial organelle as we know or none 
at all20. Conclusively, this alternative seems a weak explanation for the presence of eukaryotic 
organelle and with no real evidence is most likely to not be true. 
 
By Tobias A. 

 

 
  

 
18 Primary versus secondary endosymbiosis- The endosymbiotic hypothesis. Webpage. 
19 PRIMARY AND SECONDARY ENDOSYMBIOSIS AND THE ORIGIN OF PLASTIDS- G McFadden. 2020. Journal of Phycology. (vol 37, 
issue 6). 
20 Examining the alternative- R Caldwell et al. 
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Source code for a prototype app which would help identify the risk of developing ARVC By 

Ollie B 
 

SAH Program 

Final.txt
 

SAH Program 

Final.py
 

 
The app assesses the risk of developing ARVC based upon symptoms, blood readings and 
lifestyle factors. Symptoms assessed that a patient would present, indicative of ARVC, include 
fainting which is a sign of lack of oxygen to brain because of heart weakness. Blood readings 
for pressure show whether it's too high and pulse is indicative of arrhythmias that may occur 
due to the malformation of connective tissue. Lifestyle factors are taken into consideration as 
they are a risk which can affect the likelihood of getting the condition such as smoking. Using a 
weighting scale for each factor/symptom means that it calculates a risk: for example, fainting 
is a higher weight than breathlessness. It is important to note the emphasis on accessibility 
and on the weightings being an approximation rather than exact. 
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The Tail Tells the Tale: How Can the Point of Origin of a Blood Spatter be Determined? 

 
The aim of this report is to evaluate some methods used in Bloodstain Pattern Analysis (BPA), 
estimating a region of origin, and calculating an accurate point of origin. Measurements of the 
stains and other information about force, direction and source, will be considered. 
Mathematical modelling of BPA can reveal the height from which the injury was inflicted, and 
the position of the victim relative to their attacker. Environmental impacts that can affect the 
parabola of a blood drop are also discussed, as well as the effects of stress on the deformation 
and disintegration of droplets. Combined, this information will be relevant in finding the 
region and point of origin of a bloodstain pattern. More detailed information regarding topics 
mentioned can be found in the Appendices. 
BPA is the analysis of a pattern of bloodshed resulting from a violent crime. ‘Blood spatter’ is 
the pattern of stains made in the environment of a violent crime, and ‘bloodstains’ focuses on 
the drops that make up a spatter [1].Blood spatter is categorized as impact spatter (created 
when a force is applied to a liquid blood source), or projection spatter (caused by arterial 
spurting or spatter cast off an object) [2][3]. Impact and projection spatters are dependent on 
the velocity and force with which the blood left the source. Bloodstains are classified as: 

-  Passive stains (resulting from gravity acting on an injured body, for example flows and 
pools);  

- Impact stains (blood projecting through the air, usually classed as spatters but may also 
include splashes and arterial spurts);  

- Transfer stains (resulting from objects coming into contact with existing bloodstains 
and leaving wipes, for example footprints) [3].  

The three groups of bloodstains were created from the theory that the size of the bloodstain is 
inversely proportional to the force applied to the static blood in formation. 
  
 
Method 1:Tate’s Law:  
When trying to understand a timeline of events at the scene of a violent crime, it is important 
to understand the fluid dynamics of how the droplet of blood is formed. When presented with 
a bloodstain, the formation and flight path of the droplet will dictate the resultant stain. This is 
influenced by circumstances that are specific to the crime, for example the size of the source, 
the force used, and the environment. This briefing will only focus on the application of Tate’s 
Law within the context of passive drops. 
 
 In 1864, Tate postulated that the volume Videal of the drop that falls (eg. a capillary with 
negligible pressure to form a passive stain) should be given by ⍴gVideal = 2πRσ, where ⍴ is the 
density of the fluid, g is the gravitational field strength 9.81N, R is the radius of the droplet, 
and σ refers to the surface tension of the droplet[4]. 
 

⍴𝑔𝑉𝑖𝑑𝑒𝑎𝑙 = 2𝜋𝑅𝜎 
 
For example, for  a low-velocity impact blood spatter of 4mm in diameter, with σ 56 Nm^-1 [5] 
and ⍴ of 1060 kg/m^3 [6]; 
Videal = (2πx (2x10-3 )x 56)/1060 x 9.81 = 6.5x10-5 m3 
 This is approximately a 6th of a teaspoon of blood [7]. This gives an indication of the size of the 
parabola, force used, and mass of droplet, which can inform conclusions reached about the 
source of the blood.  
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Unfortunately this does not always work in practice, as Tate’s Law will only give accurate 
results if the liquid makes a right angle of contact with the source walls and all of the hanging 
drop detaches [4]. Therefore in practice, a small fraction of Tate's 'ideal' drop volume will 
remain attached to the source after the main drop has left. 
During flight, some droplets of blood will experience deformation, the change in their 
dimensions as a result of stress. Impact-generated bloodstains larger than 0.5mm in diameter 
were found to undergo significant in-flight deformation with the possibility of disintegration 
[8]. This makes the reconstruction of a timeline very hard, however it is highly unlikely that all 
of the bloodstains found at the scene of a violent crime will have undergone significant levels 
of deformation, therefore information can still be ascertained through application of theories. 
These deformations need to be considered when estimating the parabola and trajectory of the 
droplet. At velocities higher than 15ms-1, critical drop deformation may be reached leading to 
disintegration as a result [4]. Passive blood droplets were found to travel at velocities lower 
than terminal (from a height of less than 7 feet) in typical crime scene conditions and 
therefore to possess low deformation levels [8], however for example a gunshot wound will 
produce high levels of deformed bloodstain patterns [3], due to the significantly higher stress 
levels. More information about gunshot wounds included in Appendix 1. 
  
Method 2: Trigonometric Modelling: 
In terms of BPA, there are mathematic methods to determine the angle of impact relative to 
the surface. This will give an indication of the region of origin. In order to calculate the impact 
angle, a width measurement W is taken , and a length measurement L.  
Figure 1: Labelled diagram of a blood stain showing the width, length, tail and direction of travel 
[4].  

It is important not to measure the tail of the stain at this stage, as this is indicative of the 
gravitational force and the force applied by the weapon rather than the angle of impact. The 
larger the tail, the smaller the angle of impact.  
 

𝑆𝑖𝑛−1(𝐴𝑛𝑔𝑙𝑒 𝑜𝑓 𝑖𝑚𝑝𝑎𝑐𝑡 ⍺) = 𝑊𝑖𝑑𝑡ℎ (𝑊)𝑥 𝐿𝑒𝑛𝑔𝑡ℎ (𝐿) 
 
Example calculations:  

Sin-1(0.0173m x 0.02m) =60  ֯ 
 

Sin-1(0.04m x 0.06m)= 41 ֯ 
 

Tail 

(w) 

(L) 
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Here, we can see that the longer the stain, the smaller the angle of impact (⍺). The tail will also 
indicate the direction of the blood droplet.  
Figure 2: The changing shape of bloodstains as ⍺ changes [9]. 

 
If a droplet is high velocity, it will usually have a smaller impact angle, and was inflicted with 
more force. If there are two droplets from the same suspected source, then this method can be 
used to calculate an estimated point of origin. This method can be developed into a 3D model 
when incorporated with the equation  
 

𝑍 = tan(⍺) 𝑃 
 
 Where Z is the height from the surface, and P is the distance from where the blood droplet hit 
the surface to the point of convergence. This gives an estimated point of origin, and can be 
used in practice through the method of stringing at a crime scene (see Appendix 2).  

If one of the drops mentioned above of ⍺=30 ֯ is 1m away from the estimated point of 
convergence, then the value for Z will be: 
Tan (41)x1 = 0.869m 
  

Z (Calculated point of origin) 



VI FORM ACADEMIC JOURNAL: Volume X Term Date 

 pg. 18 

Figure 3: A 3D representation of a bloodstain pattern showing calculated and actual points of 
origin [9]. 
  
As Figure 3 shows, these calculated points of origin will always overestimate the height Z of 
the point of origin, to provide a maximum. In reality, the blood would have taken a modified 
parabolic path (blue) due to gravity and drag [9]. One study has shown that typical indoor air 
currents have significant effects on the trajectories of airborne droplets. Standards on indoor 
air conditions limit the maximum permissible air velocity in dwellings to 0.3 ms-1. Based on 
indoor air current of 0.5 ms-1 the recorded flight path deviations were less than 20 mm for a 
droplet of 5 mm in diameter (deposition height 1.4 m) which could increase up to 2–3 m for a 
droplet of 0.1 mm in diameter [4]. This is just one study where external factors aside from the 
blood itself or force of deposition have affected the bloodstain pattern.  
 
Method 3: Weber and Reynolds Numbers: 
In order to give an indication of force and location of origin in realistic situations, gravity and 
air resistance must be taken into account. For this, we require five parameters for each 
bloodstain:  
1) Location of the bloodstain in X, Y and Z coordinates 
2) Directional angle γ 
3) Impact angle α 
4) Volume of the blood droplet  
5) Impact velocity of the blood droplet [4].  
 

 
 
Figure 4: A mathematic model that shows the practical application of z=tan(⍺)P equation [4]. 

In Figure 4, a plumb line is shown at 90 ֯ from the point of origin to the Y axis, in order to show 
the directional angle γ.  
 
For the final parameter, the impact velocity, recent studies for simple fluids suggest that it can 
be inferred from the maximum diameter that an impacting drop of known volume attains [10]. 
The opposing forces present when a droplet hits a surface are inertial forces, surface tension, 
and viscous forces. The capillary force is the combination of adhesive forces and cohesive 
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forces between molecules and the environment. These can be represented by the Weber 
number (We) [11][4][8] showing the ratio of the inertial and surface tension forces: 

𝑊𝑒 =
⍴𝐷𝑜𝑣2

𝜎
 

and the Reynolds number (Re), which shows the ratio of inertial to viscous resistance forces 
for a moving fluid [12][4]: 

𝑅𝑒 =  
⍴𝐷0𝑣

𝜂
 

 Here, D0 denotes the diameter of the droplet in flight, v the impact velocity of the droplet, σ is 
surface tension as above, and η the viscosity of the fluid. This spreading of droplets can be 
described in terms of an interaction between the behaviour for the capillary regime (We1/2), 
and the viscous regime (Re1/5). Incorporating previous known values, this can be represented: 

𝑊𝑚𝑎𝑥

𝐷0

= 𝑅𝑒
1
5

(𝑊𝑒𝑅𝑒−
2
5)

1
2

𝑠𝑖𝑛⍺

𝐴 + (𝑊𝑒𝑅𝑒−
2
5)

1
2((𝑠𝑖𝑛⍺)

4
5)

 

 
For this calculation, we will assume that the diameter of the inflight droplet is half the 
diameter of the stain it creates, and that it is a low velocity impact spatter (travelling at 
around 1.5ms-1) [2], with viscosity of 1.7 Pas-1[13][14]. 

 𝑊𝑒 =  
1060 𝑥 0.02 𝑥 (1.524)2

56
= 0.879 

𝑅𝑒 =  
1060 𝑥 0.02 𝑥 1.524

1.7
= 19.00 

𝑊𝑚𝑎𝑥

𝐷0

= 0.3817 

𝑊𝑚𝑎𝑥 = 7.634𝑥10−3𝑚 
 
Where A is a coefficient of Wmax/D0 (1.24). Here, we have calculated the maximum width of the 
droplet to be 7.6mm, which is 1.6mm larger than the original hand measurement in Method 2. 
This calculation would of course rely on us knowing the critical value of the diameter of the 
inflight droplet, which is unlikely to be possible at the scene of violent crime without highly 
advanced CCTV. However, when information and values such as these are available, a more 
accurate value for the size of the droplet can be calculated.  
 
An alternative rearrangement of this equation can calculate the diameter of the droplet during 
flight, and this can inform the perception of both the parabola and the inflight force 
experienced by the droplet. 
 
However, in order to calculate an accurate result, accepted values of We and Re specific to the 
scene of the crime would have to be determined before any calculations could take place.  A 
droplet is formed when the spreading droplet reaches its maximum diameter and remains 
pinned to the surface [10] as the viscous forces become greater than the inertial. 
 
Overall, the process to determine the point of origin for a bloodstain at the scene of a violent 
crime relies on many factors that, most of the time, are unique to the specific situation. Each of 
the methods explained in this research briefing has limitations. Tate’s Law often does not 
work in practice, as it ignores air resistance and environmental factors. Trigonometric 
modelling using Z= tan (sin-1WL)P, is the most commonly used in application of stringing (see 
Appendix 2), however produces an overestimate for the height of the source. This can still be 
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useful, however is less useful for calculating an exact value for height of the source, and does 
not consider the parabolas of individual droplets. The final method using the Weber and 
Reynolds numbers, considers the diameter of the inflight droplet (D0) and the maximum width 
of the droplet measured, taking into account the relationship between the inertial forces and 
viscous/surface tension resistance. This method is ideal for calculating the precise values for a 
parabola of an individual blood stain, for exmaple back splatter from a gunshot (see Appendix 
1), however less useful in the context of a crimes scene with many bloodstains. In all 
situations, sterile technique, accurate modelling and precision within technique are essential, 
not only in producing accurate values for the location of source of a bloodstain, but also in 
making sure that this evidence is admissible in court. 
 
By Charlotee A-P 
 
Figures: 
Figure 1: Labelled diagram of a blood stain showing the width, length, tail and direction of 
travel [4].  
Figure 2: The changing shape of bloodstains as ⍺ changes [9]. 
Figure 3: A 3D representation of a bloodstain pattern showing calculated and actual points of 
origin [9]. 
Figure 4: A mathematic model that shows the practical application of z=tan(⍺)P equation [4].  
 
 
References:  

1. Kabaliuk, N., Jermy, M.C., Williams, E., Laber, T.L. and Taylor, M.C., 2014. Experimental 
validation of a numerical model for predicting the trajectory of blood drops in typical 
crime scene conditions, including droplet deformation and breakup, with a study of the 
effect of indoor air currents and wind on typical spatter drop trajectories. Forensic 
science international, 245, pp.107-120. Accessed 25/6/21 

2. James, S.H., Kish, P.E. and Sutton, T.P., 2005. Principles of bloodstain pattern analysis: 
theory and practice. CRC press. 

3. Microsoft Word - blood.docx (forensicsciencesimplified.org) 
4. Laan, N., de Bruin, K., Slenter, D. et al. Bloodstain Pattern Analysis: implementation of a 

fluid dynamic model for position determination of victims. Sci Rep 5, 11461 (2015). 
https://www.nature.com/articles/srep11461> 

5. Hrnčíř, E. and Rosina, J., 1997. Surface tension of blood. Physiol Res, 46(4), pp.319-
321.Density of Blood (gelsonluz.com) 

6. Focus Medica 
7. Kabaliuk, N. “Dynamics of blood drop formation and flight”. Ph.D. thesis, University of 

Canterbury (2014). 
8. https://physicsworld.com/a/the-physics-of-blood-spatter/> 
9. Bergeron, V., Bonn, D., Martin, J. & Vovelle, L. Controlling droplet deposition with 

polymer additives. Nature 405, 772–775 (2000). 
10. Engineering ToolBox, (2004). Weber Number. [online] Available at: 

https://www.engineeringtoolbox.com/weber-number-d_583.html. Accessed 25/06/21. 
11. https://physics.info/turbulence/> 
12. Hyperviscosity Syndrome: Causes, Symptoms, and Diagnosis (healthline.com) 
13. NHS England Specialised Clinical Reference Group for Chemotherapy: Clinical 

Commissioning Policy: Bortezomib for relapsed / refractory Waldenstrom’s 

http://www.forensicsciencesimplified.org/blood/BloodstainPatterns.pdf
https://www.nature.com/articles/srep11461
https://materials.gelsonluz.com/2019/06/density-of-blood.html
http://focusmedica.com/index.php?route=common/home
https://physicsworld.com/a/the-physics-of-blood-spatter/
https://www.engineeringtoolbox.com/weber-number-d_583.html
https://physics.info/turbulence/
https://www.healthline.com/health/:~:text=In%20adults%2C%20hyperviscosity%20syndrome%20typically%20causes%20symptoms%20when,Normal%20values%20are%20usually%20bet


VI FORM ACADEMIC JOURNAL: Volume X Term Date 

 pg. 21 

Macroglobulinemia (all ages) (2018): From: Bortezomib-for-relapsed-_-refractory-
Waldenstroms-Macroglobulinaemia-all-ages.pdf (england.nhs.uk) . Accessed 25/06/21 
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Appendices: 
 

1. Gunshot spatters:  
The spatter produced by a gunshot coming into contact with a body typically includes forward 
spatter from the exit wound (away from shooter, typically a fine mist) and back spatter from 
the entry  wound (towards shooter, typically a few large droplets). The spatter will be unique 
to the gun, and will vary depending on the gun calibre, where the victim is wounded and the 
distance between the victim and the gun and the victim’s relative location within their 

environment [1].  
Figure 1: the front spatter pattern from a gunshot [2]. 
 

2. Stringing: 
Stringing is the practical application of the Z = tan(⍺)P equation, without having to measure 
each individual bloodstain. Once ⍺ has been calculated, analysts can begin to run strings from 
the rear edges of the bloodstains along the appropriate angles to find where they meet [3]. This 
can only provide an estimated region of origin, however, very rarely a point of origin, and 
therefore it is mainly used to establish whether the victim was sitting, standing, or lying down. 

Figure 2: Stringing at the scene of a crime [4]. 
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Revealing interview offering insight into the working Life of East Devon MP Simon Jupp 

 

To many people the role of an MP may seem somewhat foggy – myself included – so I 

contacted the local MP for East Devon, Simon Jupp to have an eye-opening interview 

about the role and life of an MP and how the pandemic has affected his duties.  

 

Initially I asked Simon, who was elected in the 2019 general election, ‘In the most basic of 

terms, what does an MP actually do?’ 

“Representing the area of East Devon” was his first point. Every area has an MP to represent 

their views and opinions and look at how national legislature and issues will affect their 

specific area. Something such as transport, in which East Devon could be deemed cut off, it’s 

his duty to ensure that our area benefits from any government action in this department with 

something such as the future of Exeter Airport being a priority. Usually this would be done in 

the infamous House of Commons, but this obviously hasn’t been possible. In no way too 

dissimilar from many of us, Simon found himself addressing his colleagues virtually from his 

kitchen table in Sidmouth, which is a feeling I most certainly can relate to, as a student who’s 

had to undergo virtual learning/classes idk.  

 

Another point highlighted when asked about the role of an MP was helping and interacting 

with local people who reach out to him for help. Usually MPs hold surgeries all over their 

respective areas, such as Kennaway House in Sidmouth in which locals are invited to voice 

concerns or seek any help they made need with any issue. Yet again, Covid-19 has prevented 

these vital events from taking place, forcing Mr Jupp to adapt his original plans. He’s had to 

familiarize himself with the software Zoom, as well as directly call people in urgent situations 

to keep that crucial link with local constituents who have contacted him over a wide range of 

issues. From people on hospital waiting lists to social housing issues or anti-social behaviour 

in your area. A point he was keen to emphasize was ‘Even if I can’t directly help you, I will 

almost certainly know someone who will’ viewing his own constituency office on Exmouth 

Seafront as a ‘Citizens Advice Bureau’.  

 

Furthermore, I asked Simon about what the average weekly life of an MP entails and how that 

has been affected. Usually the ‘Parliamentary timetable has me in Westminster at the start of 

the week and then back to the constituency by Wednesday or Thursday’. However, the 

pandemic has meant that Simon has been able to spend a lot more time down in  East Devon. 

Just last week he visited Venn Ottery and Aylesbeare speaking to locals. He was also in 

Exmouth and took a trip out with the Harbour Master to find out more about the Exe Estuary. 

https://science.howstuffworks.com/bloodstain-pattern-analysis3.htm
https://science.howstuffworks.com/bloodstain-pattern-analysis3.htm
http://forensicsciencenew.blogspot.com/2013/08/forensic-science-blood-spatter-patterns_26.html
http://forensicsciencenew.blogspot.com/2013/08/forensic-science-blood-spatter-patterns_26.html
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Recently though he has been able to return to Westminster to participate in the various 

committee meeting and debates as per usual. 

 

When faced with the question of what he has missed most from before the pandemic he 

responded with the same things we’ve all missed such as seeing family as well as not being as 

not being able to engage with his constituents face to face. He was surprisingly akin to many 

regular residents of the area saying he ‘enjoys a pint and a pasty’ as I’m sure many of you do as 

well as popping into his local pub the Volunteer Inn where he often would be approached by 

locals. This interaction really gives him a sense of duty.  

He states ‘I may represent the area but I certainly don’t rule over it’ inferring he really is just 

an ordinary person who is easy to approach in any casual setting and is there to help you 

rather than tell you what to do.   

 

 By Christian T 
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Tai Shan Schienberg 

 
After an unconventional childhood moving between the 
home of his grandparents in Malaysia, and his home in 
London, Schierenberg grew accustomed to art at a young 
age. As a son of a German painter, his exposition to 
aesthetic success was constant throughout his life. After 
studying at the likes of the Slade and St Martins, 
Schierenberg chose to paint. His paintings are enigmatic, 
colourful and convincing. Like his erstwhile hero, 
Velazquez, Schierenberg rarely ventured afar from 
portraiture. 
 
 
 

Velasquez was a 
Spanish painter, born 1599. He worked during the Baroque 
period. His work favours authenticity- leaning into realism 
and steering away from the romance of the Baroque period. 
Many other artists focused almost all their work on 
romance- Caravaggio, Rembrandt: They both celebrate the 
romance of a relationship. Whether that be between a 
painter and a subject, a man and a woman. They look at the 
depiction of love and interaction. The subject matter of the 
work from naked women to men reaching, all echo this 
intimacy. Velazquez was different, he always loved the 
human form, the human experience. A mastery of 
chiaroscuro and composition as strategic tools to motivate 
someone was key. Planes of focus, lines of direction, darks vs 

lights- they all brought together this overall sense of 
timelessness. He manipulated the eye to see what was 
beyond the painting, the deeper meaning of fascination.   
 

Portraiture was his passion; the perfect reflection of boundaries within his style of painting. 
When I talk of boundaries in his work, I refer to his confidence in abstraction. He would rarely 
handle his subjects in a semi-representational manor. Most often he subsumes himself in the 
subject’s    psyche - he paints from where he sits but through the different layers of texture 
and densities, he tries to depict the emotions of his subjects. He thinks that painting is 
something that is emotionally driven, however it’s not a testament of how well someone can 
be represented but instead how their personality can be reflected through paint. 
 
Regarding Schcienberg, his fascination of his subject’s psychological states is most evident in 
his portrait of John Mortimer. The face of John Mortimer is engaging; so, from an aesthetic 
point of view it’s obvious why he is so interested. What I found more gripping though was the 
obsession he took into the psychological make up of Mortimer. Schierenberg wasn’t close with 
him prior to the portrait, he only knew of him so in order to achieve a reflection of his 
character he had to be consciously aware of every action and aspect of his character.  
  

Self-Portrait, Tai Shan 
Schienberg 

Juan de Pareja, 
Velasquez 
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The way both Velazquez and Schierenberg manipulate their subjects and their environment 
only shows their obsession of one’s character in the way they paint. Schierenberg draws the 
eye to the subjects: tones in the background, purples in the shadows all incite this unveiling of 
emotion. He excites this feeling of familiarity as if he knows the subjects better than they know 
themselves and just wants to paint it; he paints, as he says to ‘be human’. Velazquez painted 
because of his fascination of the human but I think Schierenberg is different, I think he paints 
to help others, to disclose the thoughts of his sitters.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
By Danny F 
 

Painted Pastiche of 
Schienbergs’ portrait of John 

Mortimer 


