
 

 

+ 

 

Science behind Errors of The Human Body Feb 2011 

 

1

Before getting into details of the science behind 

‘Errors…’ it is important to understand the 

principles of information flow in biology. Briefly, 

it is described in the Central Dogma of 

molecular biology (see left panel), which says 

that:  

1. Genetic information generally is stored as a 

DNA sequence and in special cases (like in 

RNA viruses) as RNA 

2. In the process of transcription of information 

from DNA to RNA and then to protein the 
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message (or instruction) is being expressed and 

it cannot go the other way. In other words, 

DNA is a code for proteins and once a protein 

is made it cannot be translated back into DNA. 

3. DNA is inherited through replication and cell 

division – each cell receives the same package 

of DNA stored information. RNA is a 

messenger that takes the information from the 

nucleus to the cell cytoplasm. Protein is the 

information – the tool, which the cell uses to 

maintain its wellbeing. 

Introduction to molecular biology 

Burton’s Disease 

Central dogma of 

molecular biology 

Burton’s disease is an isolated case of a random 

genetic mutation, which leads to formation of 

tumors all over the body. Dr. Geoff Burton 

discovers the mutation that causes the disease. 

Glossary: 

A gene is a unit of heredity in a living organism. It normally 

resides on a stretch of DNA that codes for a type of protein 

or for an RNA chain that has a function in the organism. 

Genes hold the information to build and maintain an 

organism's cells and pass genetic traits to offspring. 

Gene 

A retrovirus is an RNA virus that is replicated in a host cell 

via the enzyme reverse transcriptase to produce DNA from 

its RNA genome. The DNA is then incorporated into the 

host's genome by an integrase enzyme. The virus thereafter 

replicates as part of the host cell's DNA. 

Retrovirus 

Endogenous retroviruses (ERVs) are sequences in the 
genome thought to be derived from ancient viral infections 
of germ cells in humans, mammals and other vertebrates; as 
such their proviruses are passed on to the next generation 
and now remain in the genome. 

Mutation In molecular biology and genetics, mutations are changes in 

a genomic sequence: the DNA sequence of a cell's genome 

or the DNA or RNA sequence of a virus. Mutations are 

caused by radiation, viruses, transposons and mutagenic 

chemicals, as well as errors that occur during meiosis or 

DNA replication.  

Endogenous 
Retrovirus 
(ERV) 

read more on page 3 

Genome The genome is the entirety of an organism's hereditary 

information. It is encoded either in DNA or, for many types 

of virus, in RNA. The genome includes both the genes and the 

non-coding sequences of the DNA. 

Basic scheme of 
a cell 
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‘Errors of the human body’ tells a fictional story 

of a disease, which appears in a newborn child. 

The child is born healthy but soon after being 

born develops tumors and growths all over its 

body. The doctors have no clue as to what can 

cause such a sudden onset of the disease. 

When the child dies they suspect it was a 

genetic mutation and an isolated case. 

Geoff, the father, starts his research to identify 

the mutation responsible for his son’s disease. 
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In order to make his effort scientifically sound 

he creates a whole novel method to identify 

deadly mutations, which happen in random cases 

in humans. He finds the mutation, which most 

likely caused his son’s disease. It is a new gene 

with an unknown function therefore it needs 

research to prove that this gene is an oncogene 

(see glossary). The person, who takes this 

research on, in secrecy, is Rebekka. 

The story of Burton’s Disease 

DNA  

Allele – a version 

of a gene 

Each gene exists in two copies 

in each cell – one inherited 

from mom and one from dad, 

and both are a little different, 

even though they have the 

same function. There are many 

versions of the same gene in 

the population and these 

versions are called alleles. We 

get one allele from each of our 

parents - that’s why we are a 

mix and not an exact copy of 

our parents. 

DNA is a very long molecule, a polymer, which 

makes up our entire hereditary material, our 
genome. DNA is built of nucleotides much like 

a necklace is built of beads on a string. There 

are four types of ‘beads’ in our genome, 

adenine, thymine, cytosine and guanine, called 

A, T, C and G, for short.  

The sequence of these ‘letters’ in DNA makes 

up a code that holds the information needed to 

build and maintain cells within an organism.  

The main role of DNA molecules is the long-

term storage of information. 

‘Errors…’ Glossary: 

An oncogene is a gene that has the 

potential to cause cancer.  In tumor cells, 

they are often mutated or expressed at 

high levels. 

Oncogene 

A fictional disease named after the child 

who was the only reported case with 

such set of symptoms: tumors, flu-like 

symptoms and very quick progression of 

the disease until death. 

Burton’s 
syndrome 

Based on existing evidence there is a 

possibility for an ancient retrovirus in the 

genome to become active again. The 

mechanisms for that are unknown and in 

‘Errors…’ we’re exploring a scenario 

where the virus is mutated in the 

genome and gains the ability to self-

replicate again. 

Active 
Endogenous 
Retrovirus 
(AERV) 

Easter Gene 
(RIP5) 

Easter gene and RIP5 are two names of 

the same fictional gene; the gene which is 

mutated in Burton’s Disease 

DNA is so long that in 
order to fit inside the 
tiny nucleus of the cell, 
it has to be tightly 
packed.  

It does so by twisting 
and coiling onto itself 
until it forms an X 
shaped package, called 
a chromosome. 

Human genome 
consists of 23 distinct 
chromosomes, each 
appearing twice in each 
cell (so 46 altogether). 
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Why was the gene causing Burton’s 

Syndrome unknown? 

The Human Genome Project identified all 

genes and other genetic components 

based on analyzing the genome of 270 

people. Many genes have been well 

characterized in terms of their function 

and structure. There are genes, however, 

that are identified but their function is 

largely unknown. There are also genes 

that have no activity and cannot function 

due to mutations, so called pseudogenes. 

Geoff believes that RIP5 is such a gene, a 

pseudogene that came back to life. 

He is not all that wrong, as we will see 

later. 
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The truth about Burton's disease 

Human genome contains about 98,000 

ancient retroviral sequences, which make 

up around 8 percent of our genome. Most 

of these viruses are inactive due to 

silencing mutations, but some have been 

shown to be active in human cells under 

special circumstances. Scientists 

hypothesize that active endogenous 

retroviruses may cause or facilitate 

diseases such as multiple sclerosis (MS), 

AIDS and even schizophrenia. 

In 'Errors...' Burton's syndrome is in fact 

caused by one of such viruses, embedded 

in the genome for thousands of years 

without activity and awoken by a random 

mutation in the child. 
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Neither Rebekka nor Geoff realized that 

because it has never happened before! 

The virus causes an unusual infection...   

At first showing symptoms of the flu, then 

tumors. Eventually the body adjusts to the 

virus and together with immunity, 

surprisingly, it gains the capacity to rapidly 

heal. 

Such virus does not exist and it's an 

entirely fictional idea, however, there are 

examples of viruses that are undergoing 

positive selection, which suggests that 

they are a positive trait and their presence 

provide an advantage to the organism. 
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Tricky mutations – example from real life 

There are mutations that are thought to be 

negative for the health but in certain 

circumstances can save life. Sickle-cell anemia is 

an example of such mutation.   

It is a genetic blood disorder characterized by 

red blood cells that assume an abnormal, rigid, 

sickle shape (see image on the left). One-third 
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of all indigenous inhabitants of Sub-Saharan Africa 

carry the gene, because in areas where malaria is 

common, there is a survival value in carrying only a 

single sickle-cell gene (sickle cell trait). Those with 

only one of the two alleles of the sickle-cell disease 

are more resistant to malaria, since the infestation 

of the malaria plasmodium is halted by the sickling 

of the cells which it infests. 

 

Burton’s Syndrome – a case of misunderstood genetic mutation 

In a body, cells have to divide so 

that the body can grow and/or 

repair the damage. Proliferation, 

i.e. cell division, needs to stay 

under control in order to create 

a healthy body. If this control is 

lost, proliferation may lead to 

cancer. This makes proliferation 

and cancer very tightly linked.  
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Axolotls are, like frogs, amphibians and have an amazing capacity 

to regenerate (regrow) lost appendages. They can regenerate lost 

legs, tails and even parts of inner organs such as heart and brain. 

In spite of the historically few researchers studying limb 

regeneration, remarkable progress has been made recently in 

establishing the axolotl (Ambystoma mexicanum) as a model 

genetic organism. This progress has been facilitated by advances in 

genomics, bioinformatics, and somatic cell transgenesis that have 

created the opportunity to investigate the mechanisms of 

important biological processes, such as limb regeneration, in the 

axolotl. Rebekka is a specialist on axolotl regeneration. 

She has a history of collaboration with Geoff Burton. She trained 
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with him as a PhD student in the USA, then as a biochemist, and 

was obviously very much influenced by him as a mentor. After 

coming back to Germany she continued her research in the area of 

axolotl limb regeneration in the group of Prof. Samuel Mead.  

Rebekka took interest in the unknown gene RIP5, which caused 

Burton’s syndrome. Due to a delicate nature of her research 

(working on a gene that killed her mentor’s baby) she decides to 

keep the origin of the gene a secret and gives it another name 

Easter. We can only guess that the name came up after she saw the 

first results of her experiments. 

 

(continued) 
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How does Rebekka test the function of Easter gene? 

What Rebekka does is she takes a piece of baby’s DNA that 

contains the mutated gene (in other words she makes a clone 

of this piece in a test tube) and injects it into fertilized axolotl 

embryos. This allows the injected DNA to become a part of 

each cell’s genetic makeup in the developing young axolotl. 

Through cell division every newborn cell inherits the mutated 

copy of the Easter gene. This way Rebekka can test what the 

new gene can do in axolotl.  

She finds that in a limb regeneration experiment the 

amputated limb regrows much faster than normal. The new 

gene, again, makes the cells divide very fast, but this time it is 

for the benefit of the healing and not to form tumors.  
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Jarek is a virologist and a mouse geneticist by training. Virology 

is the study of viruses and virus-like agents: their structure, 

classification and evolution, their ways to infect and exploit 

cells for virus reproduction, the diseases they cause, the 

techniques to isolate and culture them, and their use in 

research and therapy. 

Jarek’s pet projects explore the novel use of viruses for 

spreading vaccines against diseases, instead of the disease. He is 

testing these ‘new vaccine viruses’ on mice, hence his expertise 

in mouse biology. 

Jarek has a history of collaboration with Rebekka. Presumably, 

he was helping her to introduce the Easter gene into mice (see 

he last page to see how), but without success. Perhaps that’s 

why their collaboration ended and Rebekka denies his 

intellectual input in her project.  
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Jarek, driven by his ambition and his affection towards Rebekka, 

continues his investigation of the Easter gene on his own, 

without sharing his findings with anyone, except for his 

apathetic PhD student, Vlad. Having expert knowledge of virus 

genomes he soon finds the true nature of the Easter gene – it is 

a human endogenous retrovirus.  

The reason why the attempt to insert the Easter gene into 

mice did not work the first time around is because it was 

incomplete (viral genomes are bigger than one gene). In other 

words it wasn’t introduced as a virus but as a piece of virus 

DNA. Geoff and Rebekka failed to see that it’s a virus because 

it is still an unexplored territory for most geneticists. 

Excited by his discovery Jarek challenges his skills as a virologist 

and attempts to recreate a living virus from Burton’s child’s 

DNA. He manages to culture (grow in vitro) the virus and tests 

its activity by infecting the mice.  

- sodales. Jarek’s research 
Transgenesis in mice and virology 

+ 
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There is a couple of ethically 

sensitive issues in the story 

presented in ‘Errors…’ 

Here a list of short questions and answers: 

Q. Can a scientist work on a disease case of a 

family member? 

A. It is commonly believed that science needs 

to be based on objective observation. In case of 

an emotional attachment a scientist may find it 

difficult to interpret the data objectively. That 

said - it is not uncommon for families of people 

affected with a disease to campaign in favor of 

research and public awareness of the 

problem/disease. There is no law forbidding a 

scientist to work on a medical issue that applies 

to himself or his loved ones. 

Q. Is Rebekka’s secret research on RIP5/Easter 

gene ethical? 

A. There is no reason not to start a research 

on a new gene, especially if there is a strong 

incentive for the gene’s role in an important 

cellular process (e.g. proliferation in case of 

Easter gene). On personal level, off course, this 

is complicated and perhaps Rebekka should 

have consulted with Geoff before starting her 

project. 

Q. Is Jarek’s research on Easter gene ethical? 

A. Not really. As part of the team officially 

working on the Easter gene he is entitled to 

research in this area. However, the activation 

of the virus, a potentially risky contagious 
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agent, without knowing its effects, is not 

allowed by law and was a sign of neglect. In 

order to perform such an experiment he would 

have to obtain a special permit and most 

probably would have to upgrade his lab’s 

security level. Presumably he neglected to do it 

– otherwise his mentor, Samuel Mead, would 

have approved his experiment. In the real 

world it is unlikely that he and Samuel will 

avoid legal persecution, even though the 

research leads to a groundbreaking discovery.  

 

Off course, the film aims at raising many more 

ethical questions and the answers to those will 

become a subject to public debate, for 

example: 

1. Should people carrying mutations feel 

guilty for passing their mutations to 

their children (genetic guilt)? 

2. Should it be our goal to achieve the 

capacity of perfect regeneration and 

eternal life? What about 

overpopulation? 

3. To what extent can we learn from 

testing animal models and how much 

of testing will we have to do on 

ourselves? Is it okay to be a specimen? 

 

 

Ethical issues in ‘Errors…’ + 
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Embryonic stem cell mediated transgenesis in mouse 

(A method to insert a new gene into a mouse) 

Embryonic stem cells (ES cells, here called embryonal stem cells) are cultured and 

genetically modified by DNA-mediated gene transfer or other manipulations (that 

means they are injected/transfected with DNA, which integrates into their 

genome). Cells with the desired genetic alteration are then inserted into 

blastocyst cavities (i.e. very early mouse embryo), whereupon they resume normal 

development and produce a genetically mosaic (i.e. mixed) mice, with some cells 

derived from the ES line, and the others from the injected blastocyst (center). 

Founders, usually males, are then bred to pass on the gene, provided the ES cells 

differentiate into sperm. The first generation hybrid (F1) then carries the new 

gene in all cells (bottom). 

 

Science Consultant on ‘Errors…’ 
mariakolanczyk@me.com 

Questions?  

You’re most welcome to ask! There are no stupid questions, there 

are only stupid answers – so don’t be shy and ask researchers in 

Max Planck Institute about any matter concerning biology. For 

science specifically referring to our fictional story presented in 

‘Error…’ email me or ask Eron! 

Citations: most images and definitions come from Wikipedia and online 
resources. As we hold no copyrights for this material, do not distribute this 
information letter commercially. 


