




Introduction
This work is the result of a summer long workshop on 
Synthetic Biology for artists and designers held at the 
Srishti School of Art, Design and Technology. 
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“Well..What I’m seeing here 
is that the experiment has failed”

“Failed?”

“Yes, failed”.

Failure 
[feyl-yer]

–noun

1. an act or instance of failing or proving unsuccessful; lack of 
success: His effort ended in failure. The experiment was a 
failure.

2. nonperformance of something due, required, or expected: a 
failure of the C. elgenans to imbibe the E. coli

3. a subnormal quantity or quality; an insufficiency: the failure 
of results to show that there were C. elegans being affected 
by the E. coli.

4. deterioration or decay, esp. of vigor, strength, etc.: We did 
not see any apparent failure in C. elegans motion

5. a condition of being bankrupt by reason of insolvency.

6. a becoming insolvent or bankrupt: the failure of a bank.

7. a person or thing that proves unsuccessful: He is a failure in 
his career. 
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Experimental failure #49
“Imaging a world where practically anybody with an average IQ 
would have the ability to create novel organisms in their home 
garage without adhering to a professional code of conduct, filing 
a reporting system and lacking a sufficient biosafety training, is 
a thrilling thought.” 

-Markus Schmidt- Diffusion of synthetic biology: a challenge to 
biosafety, 2008.
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Cow
Cattle (colloquially cows) are the most common type of 
large domesticated ungulates. They are a prominent modern 
member of the subfamily Bovinae, are the most widespread 
species of the genus Bos, and are most commonly classified 
collectively as Bos primigenius. Cattle are raised as livestock 
for meat (beef and veal), as dairy animals for milk and other 
dairy products, and as draft animals (pulling carts, plows and 
the like). Other products include leather and dung for manure 
or fuel. In some countries, such as India, cattle are sacred. It 
is estimated that there are 1.3 billion cattle in the world today. 
In 2009, cattle became the first livestock animal to have its 
genome mapped.

The world cattle population is estimated to be about 1.3 
billion head. India is the nation with the largest number 
of cattle, about 281,700,000 or 28.29% of the world cattle 
population, followed by Brazil: 187,087,000, 18.79%; China: 
139,721,000, 14.03%; the United States: 96,669,000, 9.71%; EU-27: 
at 87,650,000, 8.80%; Argentina: 51,062,000, 5.13%; Australia: 
29,202,000, 2.93%; South Africa: 14,187,000, 1.42%; Canada: 
13,945,000, 1.40% and other countries: 49,756,000 5.00%.[54] 
Africa has about 20,000,000 head of cattle, many of which are 
raised in traditional ways and serve partly as tokens of their 
owner’s wealth.
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The Insides of a COW
The size of the bovine genome is 3 Gb (3 billions of base pairs). It 
contains approximately 22,000 genes of which 14,000 are common to 
all mammalian species. Bovines share 80 percent of their genes with 
humans. They have also about 1,000 genes shared with dogs and rodents 
but not identified in humans.

Cattle have one stomach with four compartments. They are the rumen, 
reticulum, omasum, and abomasum, with the rumen being the largest 
compartment. The reticulum, the smallest compartment, is known as 
the “honeycomb”. Cattle sometimes consume metal objects which are 
deposited in the reticulum and irritation from the metal objects causes 
hardware disease. The omasum’s main function is to absorb water and 
nutrients from the digestible feed. The abomasum is like the human 
stomach; this is why it is known as the “true stomach”.

Cattle are ruminants, meaning that they have a digestive system 
that allows use of otherwise indigestible foods by regurgitating and 
rechewing them as “cud”. The cud is then reswallowed and further 
digested by specialised microorganisms in the rumen. These microbes 
are primarily responsible for decomposing cellulose and other 
carbohydrates into volatile fatty acids that cattle use as their primary 
metabolic fuel. The microbes inside the rumen are also able to synthesize 
amino acids from non-protein nitrogenous sources, such as urea and 
ammonia. As these microbes reproduce in the rumen, older generations 
die and their carcasses continue on through the digestive tract. These 
carcasses are then partially digested by the cattle, allowing them to gain 
a high quality protein source. These features allow cattle to thrive on 
grasses and other vegetation.
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Synthetic Biology
Synthetic biology is the design and construction of new biological 
functions and systems not found in nature

Some people use biobricks to design new systems. BioBrick standard 
biological parts are DNA sequences of defined structure and function; 
they share a common interface and are designed to be composed 
and incorporated into living cells such as E. coli to construct new 
biological system

Consider this hypothetical situation

The Biobrick BBa_K274100 consists of three basic biobricks coding 
for enzymes CrtE, CrtB & CrtE. This biobrick is activated ONLY in the 
presence of Proline peptides, which is abundantly present in Casein 
and are mostly inactive. When the biobrick comes in contact with 
these Proline peptides they code for conversion of colourless farnesyl 
pyrophosphate to red lycopene. The red lycopene is responsible for 
the red pigment coloration in casein.

When C. elegans consumes the E. coli strain with the Biobrick vector 
they are digested and the vector is freely available in the worm’s 
gut. When the cow consumes the worm from the soil, the vector is 
also digested. Once in the cow’s gut the gene starts to code for the 
conversion of farnesyl pyrophosphate to red lycopene, since there 
is abundance of proline peptides. This process happens only in the 
mammary gland of the cow. Therefore, the red milk.
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Cattle today are the basis of a multi-billion dollar industry worldwide. 
The international trade in beef for 2000 was over $30 billion and 
represented only 23 percent of world beef production. (Clay 2004). The 
production of milk, which is also made into cheese, butter, yogurt, and 
other dairy products, is comparable in economic size to beef production 
and provides an important part of the food supply for many of the 
world’s people. Cattle hides, used for leather to make shoes, couches and 
clothing, are another widespread product. Cattle remain broadly used as 
draft animals in many developing countries, such as India.
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Some consider cattle the oldest form of wealth, and cattle raiding 
consequently one of the earliest forms of theft.  

Some microbes respire in the cattle gut by an anaerobic process 
known as methanogenesis (producing the gas methane). Cattle emit a 
large volume of methane, 95% of it through eructation or burping, not 
flatulence.[40] As the carbon in the methane comes from the digestion 
of vegetation produced by photosynthesis, its release into the air by this 
process would normally be considered harmless, because there is no net 
increase in carbon in the atmosphere — it’s removed as carbon dioxide 
from the air by photosynthesis and returned to it as methane.[citation 
needed] Methane is a more potent greenhouse gas than carbon dioxide, 
having a warming effect 23 to 50 times greater.

Cattle farming is “responsible for 18% of greenhouse gases”.
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sur-prise
[ser-prahyz, suh-] 
verb, -prised, -pris·ing, noun 
–verb (used with object)

1. to strike or occur to with a sudden feeling of wonder or astonishment, as 
through unexpectedness:.

2. to come upon or discover suddenly and unexpectedly: The Villagers were 
surprised by the red milk.

3. to make an unexpected assault on (an unprepared army, fort, person, etc.).

4. to elicit or bring out suddenly and without warning

5. to lead or bring unawares, as into doing something not intended

–noun

6. an act or instance of surprising or being surprised.

7. something that surprises someone; a completely unexpected occurrence, 
appearance, or statement: This was a surprise to all the villagers.

8. an assault, as on an army or a fort, made without warning.

9. a coming upon unexpectedly; detecting in the act; taking unawares.

—Idiom

10. take by surprise 
a. to come upon unawares. 
b. to astonish; amaze: This took everyone completely by surprise.
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dis·be·lief
[dis-bi-leef]

–noun

1. the inability or refusal to believe or to accept something as true.

2. amazement; astonishment: We stared at the red milk in disbelief.
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The Village Meeting
Mahatma Gandhi advocated Panchayati Raj, a decentralized form of 
Government where each village is responsible for its own affairs, as 
the foundation of India’s political system. His term for such a vision 
was “Gram Swaraj” (Village Self-governance).

•	 Preparation of plan for economic development and social justice.

•	 Implementation of schemes for economic development and social 
justice in relation to 29 subjects given in Eleventh Schedule of  
the Constitution.

•	 To levy, collect and appropriate taxes, duties, tolls and fees.
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The panchayat raj is a South Asian political system mainly in India, 
Pakistan, and Nepal. “Panchayat” literally means assembly (yat) of five 
(panch) wise and respected elders chosen and accepted by the village 
community. Traditionally, these assemblies settled disputes between 
individuals and villages. Modern Indian government has decentralized 
several administrative functions to the village level, empowering elected 
gram panchayats.
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blame   

[bleym]  
verb, blamed, blam·ing, noun 
–verb (used with object)

1. to hold responsible; find fault with; censure: I blame your cow.

2. to place the responsibility for (a fault, error, etc.) (usually fol. by on ): I 
blame the field in which she was grazing-which is yours.

3. Informal . blast; damn (used as a mild curse): Blame the gods.

–noun

4. an act of attributing fault; censure; reproof: The Village judge said he 
found nothing to justify blame in the accident.

5. responsibility for anything deserving of censure: We must all share 
the blame for this.

–Idiom

6. 6. to blame, at fault; censurable.
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hy·poth·e·sis   
[hahy-poth-uh-sis, hi-]  
–noun, plural -ses  

1. a proposition, or set of propositions, set forth as an explanation 
for the occurrence of some specified group of phenomena, 
either asserted merely as a provisional conjecture to guide 
investigation (working hypothesis)  or accepted as highly 
probable in the light of established facts.

2. a proposition assumed as a premise in an argument.

3. the antecedent of a conditional proposition.

4. a mere assumption or guess.
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Religion
Religion is the belief in and worship of a god or gods, or a set of beliefs 
concerning the origin and purpose of the universe. It is commonly 
regarded as consisting of a person’s relation to God, gods, or spirits. 
Many religions have narratives, symbols, traditions and sacred histories 
associated with their deity or deities, that are intended to give meaning 
to life. They tend to derive morality, ethics, religious laws or a preferred 
lifestyle from their ideas about the cosmos and human nature.
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Science
Science (from the Latin scientia, meaning “knowledge”) is an enterprise 
that builds and organizes knowledge in the form of testable explanations 
and predictions about the natural world. An older meaning still in use 
today is that of Aristotle, for whom scientific knowledge was a body of 
reliable knowledge that can be logically and convincingly explained.
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Paneer (Hindi: panīr, from Persian panir) is a fresh cheese common in 
South Asian cuisine. It is of Indian origin. In eastern parts of India, it is 
generally called Chhena. It is an unaged, acid-set, non-melting farmer 
cheese or curd cheese made by curdling heated milk with lemon juice 
or other food acid.

Unlike most cheeses in the world, the making of paneer does not 
involve rennet as the coagulation agent, thus making it completely 
lacto-vegetarian.

It is usually white in color.

Lassi is a popular and traditional Punjabi yogurt-based drink of India 
and Pakistan. It is made by blending yogurt with water or milk and 
Indian spices. Traditional lassi is sometimes flavored with ground 
roasted cumin. Sweet lassi, blended with sugar or fruits instead of 
spices, is also very popular.

It is usually white in color.
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Dr. Guha - It could be the grass 
Dr. Roy - We should send it to the lab.

For a hypothesis to be put forward as a scientific hypothesis, the scientific 
method requires that one can test it. Scientists generally base scientific 
hypotheses on previous observations that cannot satisfactorily be 
explained with the available scientific theories.

In its ancient usage, hypothesis also refers to a summary of the plot of a 
classical drama.
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Experiments are the step in the scientific method that arbitrates 
between competing models or hypotheses. Experimentation is also used 
to test existing theories or new hypotheses in order to support them 
or disprove them. An experiment or test can be carried out using the 
scientific method to answer a question or investigate a problem. First an 
observation is made. Then a question is asked, or a problem arises. Next, 
a hypothesis is formed. Then experiment is used to test that hypothesis. 
The results are analyzed, a conclusion is drawn, sometimes a theory is 
formed, and results are communicated through research papers.
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1. Excorcise.

3. Sacrifice

2. Purify

4. D. D. T
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Experimental failure #50
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hind·sight   

[hahynd-sahyt] 

–noun

recognition of the realities, possibilities, or requirements of a situation, 
event, decision etc., after its occurrence.
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List of Industrial Disasters
Oppau explosion, Germany 
When it happened- September 21, 1921 
What went wrong- A tower containing a mixture of 4500 tonnes of ammonium nitrate 
fertilizer and ammonium sulfate exploded at the plant. 
Estimated loss- Some 600 people died and more than 2000 were injured.

Texas city disaster, United States of America 
When it happened- April 16, 1947 
What went wrong- A fire broke out in a French vessel at the port of Texas city (U.S.A) This 
detonated about 2,300 tonnes of ammonium nitrate. 
Estimated loss- Around 581 people lost their lives and the disaster led to 8,485 victims.

Minamata disaster, Japan 
When it happened- 1932-1968 
What went wrong- Mercury compounds were dumped in the Minamata Bay (Japan) 
Estimated loss- This polluted the bay for 37 years. Over 3,000 suffered from severe mercury 
poisoning and other deformities.

Chernobyl disaster, Ukraine 
When it happened- April 26, 1986 
What went wrong- A test on reactor went out of control, leading to a nuclear meltdown. 
Estimated loss- 50 people were killed in the explosion. Some 4,000 cancer deaths were 
observed following the disaster.



45



46

Bhopal gas tragedy, India 
When it happened- December 2-3, 1984 
What went wrong- Methyl Isocyanate (MIC) gas and other toxic gases leaked in a pesticide 
plant in Bhopal (India) 
Estimated loss- Around 15,000 people have died since the tragedy and some 500,00 were 
exposed to the deadly gases. The disaster has polluted the groundwater, posing various 
health hazards to the residents.

Piper Alpha disaster, North Sea 
When it happened- July 6, 1988 
What went wrong- There was an explosion and fire break-out at North Sea oil production 
platform. 
Estimated loss- Some 167 men lost their lives with a total loss of US$ 3.4 billion. This makes 
it one of the worst offshore oil disasters.

Triangle Shirtwaist Factory fire, United State of America 
When it happened- March 25, 1911 
What went wrong- A fire broke out at a factory in New York City (U.S.A), due to negligence. 
Estimated loss- Over a hundred workers succumbed to fire or jumped from the building  
and died.

Exxon Valdez oil spill, United States of America 
When it happened- March 24, 1989 
What went wrong- An oil tanker hit the Prince William Sound’s Bligh reef. Around 10.8 
million gallons of crude oil was dumped into the sea. 
Estimated loss- Around 250,000 seabirds, 12 river otters, 300 harbor seals, 22 orcas, 2,800 sea 
otters, 247 bald eagles and billions of herring and salmon eggs got perished, making it one 
of the most devastating environmental disasters in the history.

Texas city refinery explosion, United States of America 
When it happened- March 23, 2005 
What went wrong- An explosion occurred, due to a diesel truck, at a refinery in Texas (U.S.A) 
Estimated loss- Around 15 people died and more than 100 were injured.
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The Village Meeting
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re·pent·ance   
[ri-pen-tns, -pen-tuhns] 

–noun

1. deep sorrow, compunction, or contrition for a past sin, wrongdoing, or 
the like.

2. regret for any past action.
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for·give·ness
[fer-giv-nis]

–noun

1. act of forgiving; state of being forgiven.

2. disposition or willingness to forgive.
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Cartagena Protocol on Biosafety
The Biosafety Protocol seeks to protect biological diversity from the 
potential risks posed by living modified organisms resulting from 
modern biotechnology.

The Biosafety Protocol makes clear that products from new technologies 
must be based on the precautionary principle and allow developing 
nations to balance public health against economic benefits. It will for 
example let countries ban imports of a living modified organism if they 
feel there is not enough scientific evidence that the product is safe and 
requires exporters to label shipments containing genetically altered 
commodities such as corn or cotton

Typical guidelines for a Bio Saftey committee

(NIH Guidelines Section IV-B-2-b)

“Review recombinant DNA research conducted at or sponsored by the 
institution for compliance with the NIH Guidelines.....and approving 
those research projects that are found to conform with the NIH 
Guidelines.”

“Notify the Principal Investigator of the results of the Institutional 
Biosafety Committee’s review and approval.”

“Periodically reviewing recombinant DNA research conducted at the 
institution to ensure compliance with the NIH Guidelines.”

“Adopting emergency plans covering accidental spills and personnel 
contamination resulting from recombinant DNA research.”
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Polio Cases 
1988 - 350,000 

2007 - 1,652

Green Revolution
1960 - two tons per hectare of rice

1995 - six tons per hectare of rice

Science  V s  Science
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Bhopal Gas Disaster
1984 - 15,000 deaths

Chernobyl
1986 - No of estimated deaths - 4000

Science  V s  Science

...etc
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