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The Melanitis leda
Project-transgenic
butterfly
A BRIEF INTRODUCTION ON THE REALISATION PROCESS
IOANNIS MELANITIS- MATINA PAPAGIANNAROU

PHYSICAL INFORMATION EXCHANGE BETWEEN
ORGANISMS
A transgenic butterfly model

of LEDA MELANITIS (Melanitini,

Linnaeus 1758 ) containing a gene of human origin (artist YIannis
Melanitis).
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The Melanitis leda species, also known as common evening brown, is widely spread around the
globe. Main niches are located in Africa, South East Asia and parts of Australia. This species
became of great interest due to its name, Melanitis leda at the exact meeting point of arts and
science.
In our group, we are being mainly focused on the genes which are directly involved in the
development of the eye. The eye, one of the most complex systems, receives light and decodes
it to an optical description. The human optix gene belongs in a greater set of genes that
compose the gene regulatory networks (GRN). The GRNs are evolutionary conserved molecular
pathways for differentiation that work independently for each species. All species share
homologous or orthologous members of this molecular network, which act as transcription
factors and determine the differentiation stages in embryonic development. Here, we
concentrate on the role of the human homologous optix gene SIX6. The aim of our investigation
is to create and study the function of a chimaeric human six6 homeobox protein. We will try to
create a transgenic butterfly model containing a gene of human origin, which is expected to
miss-express the six6 protein in order to acquire ectopic eyes in other parts of the body.
Nowadays, tools and technology allow the artist to sit at the place of a scientist and manipulate
the microcosmos, extend the molecular interactions and enlighten newly formed colors and
patterns.
The SIX6, similar to the drosophila sine oculis, so, is located on chromosome 14 and expresses
the eye development homeobox protein of 241 amino acids. The homologue SIX6 protein of all
vertebrates lack the non conserved C-terminal domain, which determines the molecular
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interaction, which is responsible for the eye development. Therefore we are here attempting to
genetically modify the human SIX6 protein at its C-terminal domain. Schematic representation
of the chimaeric protein is described in the following figure.

Transgenesis, matings and breeding should be held in an authorized lab and handled by trained
personnel. Transgenic Melanitis leda_human.chimaeric.six6 is acquired via GAL4-UAS system.
Fresh eggs are co-injected with both constructs as described in the picture below. Further
crossings among the heterozygous offsprings of the next generations arise in transgenic
butterflies at a ratio 1:4. Generation of transgenic leda melanitis is confirmed by genotyping and
southern blot studies.
1.

Development of the constructs for injection.

Both human six6 gene and Drosophila melanogaster
optix gene are purchased by OriGene©. By the use of
restriction endonucleases, the DNA sequence that

Figure 2

encodes for the C-terminus domain of the optix gene
is removed and fused downstream to the human six6
gene. The chimaeric sequence six6.c’terminus optix
domain is tagged to a GFP gene and ligated to a pCMV
vector. (figure3) Further details on this vector, please
follow the link*.
The construct which contains the human.chimaeric.six6 – tagged GFP gene after ligation to the
CMV vector is being transformed into competent cells, grown for 2 hours/37°C in shaker with
non selective S.O.C medium. Cells are plated out in LB Agar+50 g/ml Ampicillin and incubated
at 37°C overnight.
From each plate mini-amplification of 50 colonies is performed in LB broth+50 g/ml Ampicillin.
All samples are incubated in shaker at 37°C overnight. DNA extraction and size testing are
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processed by inhouse protocol and restriction digestion accompanied by electrophoresis size
separation. All samples are sent for sequencing.

Figure 3

2.

A native promoter is linked upstream to the GAL4 gene. This promoter keeps the GAL4
expression constantly on. In stable transfection, where both constructs are incorporated
in the genome, the GAL4 product induces the activation of the UAS and controls the
expression of the target human.chimaeric.six6 – tagged GFP gene (figure 4).

Figure 4

The Melanitis leda Project-transgenic butterfly | Ioannis Melanitis- Matina Papagiannarou

The outcome of the previously described genetic manipulation is the generation of a transgenic

Melanitis leda with ectopic ommatidia on the wings. Previous studies have shown that missexpression of lepidopteran optix homeobox protein result in the development of apical eye
structures in different parts of the body, ie: legs and antenna. The gene regulatory networks,
those which are responsible for the development of forebrain and retina, are activated through
the expression of transcription factors which are absent in other tissues. In our experimental
process, we expect that the chimaeric human.chimaeric.six6 protein also activates the key

regulatory gene eyeless as well as other optix alleles in cis. Eyeless which is associated to red

pigmentation explains the phenotype of the Heliconius red pigment patches on the wing. In the

melanitis leda species, it is not yet known whether the gene regulatory networks function similar
to the Heliconius, although we suspect that even if the GRNs work independently in each
species, they tend also to be evolutionary conserved in a great extent.

The optix2/SIX6 gene as the initiator of photoreceptor development and main controller of the
eye morphogenesis is about to provide the confirmation, that different lepidopteran genera
share similar features on the molecular level as well as same phenotypic traits.

*http://www.origene.com/destination_vector/PS100010.aspx
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A HUMANISED BUTTERFLY NAMED LEDA MELANITIS
Yiannis Melanitis (GREECE)
[biological collaboration of Matina Papagiannarou(GREECE)]
A work of inserting a human gene (artists‘ Melanitis Yiannis) in a butterfly (species: Leda Melanitis)
Yiannis Melanitis's gene will be micro-injected into the butterfly named Leda Melanitis (the
Common Evening Brown of the Containing group: Melanitini, Linnaeus 1758 ). The gene of the
artist will be inserted in the genome of the butterfly which is sharing the same name.

Yiannis Melanitis
physical information exhanges between organisms
The terms ‘‘gene,’’ ‘‘organism,’’ and ‘‘species’’ have been used in a wide variety of ways, in a wide variety of contexts. Anyone
who attempts merely to map this diversity is presented with a massive and probably pointless task.
[David L. Hull, Matter of Individuality, Conceptual Issues in Evolutionary Biology, Third Edition, Edited by Elliott Sober,
Bradford Books, 2006 Massachusetts Institute of Technology].

Within the modern biological context of the synthetic model (modern evolutionary synthesis), it is not
clear if genes or organisms are evolving, if the individual (i.e a human or a butterfly) is the object of
change instead of the genetic material it carries.
A gene is defined as an information carrier of an organism and the information of set-genes may be
almost the same in different species. The

role of information in life is critical. Not throught a

semeotics interpretation, but as a physical quantity. Common thought, still preoccupied with the notion
of information as an outcome of matter, is difficult to accept the idea that the world itself might be the
outcome of information. This was enclosed in the physicist‘s John Wheeler phrase "the it from bit":

‘It from bit’ symbolizes the idea that every item of the physical world has at bottom–a very deep
bottom, in most instances–an immaterial source and explanation; that which we call reality arises in
the last analysis from the posing of yes/no questions and the registering of equipment-evoked
responses; in short, that all things physical are information-theoretic in origin and that this is a
participatory universe. (Wheeler, John A. (1990), W. Zurek, ed., "Information, physics, quantum: The
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search for links", Complexity, Entropy, and the Physics of Information (Redwood City, California:
Addison-Wesley, 1990). Leo Scizard was the first to define the bit from information (Melanie Mitchel,
Complexity: A Guided Tour, Oxford University Press, USA; First Edition edition, 2009), in order to
solve the famous paradox of Maxwell’s demon. But the crucial hit on the non-organic nature of
information itself were Stephen Wolframs‘ ideas on building life patterns out of simple laws,
suggesting that all organic life can be the outcome of computational processes. The next step is
generating life from inorganic chemicals – a kind of "inorganic biology" by building inorganicchemical-cells, to create self-replicating, evolving inorganic cells that would essentially be alive (Lee
Cronin, 2011).
By inserting information in the core of the physical world we confront the conceptualization of life.
Human presence inside the physical event, by changing the event itself,

is a major issue since

quantomechanics era. Interventions occuring at the biological scale however, present several
differences compared to that model, since the entropy to be calculated is more complex. The entropy of
dna itself can be analogous to Shannon’s eqations used to calculate the entropy of a text. The rules of
grammar may be applyied also to dna code series. [ see J. Kevin Lanctot, Estimating DNA sequence
entropy, Dept. of Computer Science, University of Waterloo, Canada].
The interference of the artist, the biologist or the experimentist in general, has to provide changes to the
entropy of the event in general. That’s a crucial point of accepting, that if something has to be done,
there is always a cost that may exceed the energy demanded for a specific work (artwork ). My aim is
to see all biological inteferences as changes in the entropy of the artistic set. Artistic sets, I define, are
enviromental time-space events that have a precise starting amount of entropy without a known
conclusion. The purpose of an action in the arts has to be considered and possibly measured by the
amount of escape from ‘normality‘.
How and why an organism act towards a decision (therefor producing more entropy) cannot be
cosidered as normal or unnormal.The term Hamiltonian spite, within the field of social evolution,
refers to behaviours occurring among conspecifics that have a cost for the actor and a negative
impact upon the recipient. Richard Dawkins also put this issue on discussion since his Selfish Gene
book (1976), where he presents a gene-centred view of evolution: the replicators are the genes
within organisms, with each organism's body serving the purpose of a 'survival machine' for its genes.
(wikipedia). The origins of a genecentric idea comes rather from W. D. Hamilton, in a 1970 paper

Selfish and Spiteful Behaviour in an Evolutionary Model, where Hamilton considers the question
of whether harm inflicted upon an organism must inevitably be a byproduct of adaptations for
survival.
But what exactly is the natural selection process? Natural Selection is defined as The Driving Force
Behind Evolution. Also mutation, the basis of Natural Selection, is information change, caused by the
environment. Are researchers part of this environment? If selection is considered to occur on the gene
level, then the central mind, the informational context that drives this change, might be rediscussed. We

The Melanitis leda Project-transgenic butterfly | Ioannis Melanitis- Matina Papagiannarou
tend to consider that genetic changes have a «natural basis» and should be left on that status quo.
However, none natural event happens without a human action, by means that, from the primeval era of
human history, interventions on the natural scale were drastic and there is no context we may perceive
nature out of it. As Stephen Gould recently put it, evolution is like a videotape that, if replayed over
and over, would have a different ending every time (Gould 1989, especially pp. 45–52, 277–291).
The conceptualization of life is a preoccupation of philosophy. In the first place, subsituing animal
genes with human ones seems to contextualise an issue that aims to override its own context. On the
bioscale, genes are the carriers of information, but information evolves also. A human gene from
Melanitis Yiannis in a a hybrid butterly that in named Melanitis LEDA, is also a linguist-sociological
overlap with ontological consequences that require futher analysis.The extraction of a vocabulary out
of its environment, transforms the amount of information it carries. Information has a cost in
information indeed…
Athens, 2012

