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Our mind can trick us into ignoring the obvious if we 
focus too much on something in particular. This pheno-
menon, known as inattentional blindness, is illustrated 
by Simons & Chabris (1999) in their experiment, where 
participants are asked to count the number of passes 
made by players in a recorded ball game. While most 
viewers excel at counting the number of passes, only 
a minority notice a person dressed as a gorilla who is 
slowly walking among the players. 

Scientists are not immune to inattentional blindness 
and, unfortunately, this blindness could cost human li-
ves. A historical example of this blindness is the centuri-
es-long dominance of the theory that infectious diseases 
were caused by miasma. This term indicated invisible 
vapors, detectable by their smell, and supposed to be 
produced by sick people, swamps, and the pools of hu-
man waste in cities. Fighting miasma by draining swam-
ps, constructing urban sewers, and prescribing plenty of 
fresh air to patients led to improvements in public he-
alth, reinforcing the belief in the theory and the conse-
quent implication to follow its prescriptions and stomp 
out miasma dissidents. 

As we now know, miasma was a figment of scho-
larly imagination, which for centuries favored fiction to 
actual culprits, i.e., bacteria. Indeed, Marcus Varro in 
the 1st century BC speculated that “tiny creatures” in-
visible to the naked eye grow in swamps and, if swal-
lowed or inhaled, caused disease. Girolamo Fracastoro, 
the physician that coined the word syphilis, furthered 
this idea in 1546 and named the pathogenic creatures 

“germs” (seminaria). However, evidence for the exi-
stence of “tiny creatures” was lacking until Antoni van 
Leeuwenhoek, using the microscopes he crafted, descri-
bed unicellular organisms, including bacteria, in 1676. 
It took two additional centuries to reach the point when 
a disease could be attributed to a microorganism; in-
deed, in 1854 Filippo Pacini (Pacini 1866) and Joaquim 
Balcells i Pascual (Esteva de Sagrera 2018) independen-
tly identified the bacterium that causes cholera. Their 
discovery, however, was ignored for several decades 
because most scholars and physicians still firmly be-
lieved that infectious diseases were caused by miasma. 
It took the insight, energy, and public prominence of 
Pasteur and Koch to make them see the “gorilla” lur-
king in their midst. 

Is this story relevant today? As human nature evol-
ves slowly also for scientists, the possibility that we are 
still inattentionally blind to something even within our 
area of expertise is not negligible. As the story of mia-
sma illustrates, a symptom of inattentional blindness 
is the persistent failure to solve a problem completely 
while having some success in alleviating it. 

This symptom leads us to cancer research, a pro-
spering field that has failed to noticeably reduce cancer 
mortality despite the unprecedented research effort and 
astronomical financial resources it has consumed. A re-
cent article in Cancer Cell can be used as a case study. 
This article attempts to answer a fascinating, puzzling, 
and clinically relevant phenomenon, i.e., the existence 
of exceptional responders (ER), that is, “patients for 
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whom a complete or partial response was expected in 
less than 10% of similarly treated patients or whose 
duration of response lasted three times the published 
median or longer”. The term “exceptional” under-
scores once again that the response of most cancer 
patients to therapy is unexceptionally poor, which 
gives additional urgency to finding the mechanisms 
underlying ER.

In search of these mechanisms, the authors as-
sembled an unprecedented collection of ER cases (111 
in total) and attempted to define what was common 
among them. The analysis used several approaches 
but, overall, was based on the somatic mutation theory 
of carcinogenesis (SMT), which underlies most of the 
current cancer research. The SMT posits that cancers 
are cell-based diseases caused by mutations in certain 
genes. After analyzing the collected data, the authors 
concluded that “[a] final important observation is that 
the majority of ER cases could not have been ‘‘solved’’ 
by analysis of DNA mutations alone, emphasizing the 
need for multi-platform genomic analyses of additio-
nal ER cases in the future. Such analyses may solidify, 
modify, or reject the hypotheses [about specific mole-
cular mechanisms] we have proffered, arguing for an 
international effort to study large cohorts of these fa-
scinating patients” (Wheeler et al. 2020).

This conclusion adds to the growing list of observa-
tions that the SMT fails to explain. For example, not all 
carcinogens cause mutations, which implies alternative 
mechanisms of carcinogenesis, as does the observation 
that some cancer cells have no detectable alleged can-
cer-causing mutations at all. Likewise, the causal role of 
mutations is also challenged by the presence of presu-
med carcinogenic mutations in normal tissues and be-
nign tumors and by the fact that no known mutations or 
their combinations directly cause cancer. Equally puz-
zling for this theory are observations that normal cells 
transplanted into organs treated with carcinogens give 
rise to cancers, that mouse teratocarcinoma cells inser-
ted in normal blastocysts can generate normal mice, 
that cells from a carcinoma are normalized when placed 
into healthy orthotopic tissues, and that many cancers 
can regress spontaneously.

Given this evidence, an unbiased observer may won-
der whether continuing to focus on cancer genomics co-
mes at the cost of ignoring the “gorilla” that can account 
for those otherwise puzzling observations. For example, 

the Tissue Organization Field Theory (TOFT) explains 
these observations by positing that the initiation and 
progression of cancer is due to the disruption of the nor-
mal interaction of cells and tissues, and that prolifera-
tion is the default state of all cells (Sonnenschein & Soto 
2020). An increasing number of observations suggest 
that cancer initiation and its progression, or regression, 
are not primarily caused by intracellular processes but 
should be considered, instead, relational phenomena 
occurring in tissues, involving the entire organism and 
its environment.

If alternative theories can explain the observations 
at which SMT fails, why then cancer research continues 
to focus on a theory that has lesser explanatory power? 
If SMT is the solution for cancer, why do physicians still 
continue treating cancer patients with drugs that are 
deemed by this very theory as carcinogenic? 

As past and current accounts of science suggest, 
answers may lie not only in the realm of data and facts, 
but in conceptual, social, economic, and ideological 
currents that influence science as a human activity and, 
together, make it easier to overlook “gorillas”. Indeed, 
oncology is a profitable and growing business, with 
positive outcomes so negligible that they require large 
cohorts to detect them.

Viewing cancer as a part of an organism would help 
experimental and clinical cancer researchers to consi-
der empirical evidence and the explanatory power of 
theories, rather than ranking them by how popular, 
prevailing, or remunerating these theories are. This ap-
proach may help those in this field to notice “gorillas” 
which may be walking around research laboratories 
and cancer wards in plain sight, while researchers and 
clinicians are busy counting and cataloguing genomic 
abnormalities.
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The COVID-19 pandemic has raised many relevant 
questions, some of which have been thoroughly discus-
sed in a previous issue of Organisms (Bizzarri 2020; 
Mascia 2020).

Further, it has shed light on a big problem in Italy 
(and let us hope that the same mistakes will not be repe-
ated in the future): the attempt to hide a shameful inef-
ficiency and planning failure by involving incongruous 
professional figures.

I am referring to swabs in particular. I personally 
know many people who have lined up for hours to take 
a swab and who have not been able to get the result for 
tens of days. Consequently, they had to remain quaran-
tined, even if asymptomatic, for an indefinite time. The 
cause of the problem started long ago. People did not 
want to understand that laboratory diagnostics are es-
sential for prevention and early detection of diseases—
at low price. In fact, the cost of inadequate hospitaliza-
tions makes for 15% of healthcare expense compared to 
just 2–3% of laboratory tests. 

Notwithstanding, cuts have been always and only 
made in laboratories by reducing the tests and, above 
all, the staff. This is why state-run laboratories are now 
unable to swiftly test, as needed, hundreds of thousands 
of swabs. If university and hospital public laboratories 

had been enabled during the past years—or even just 
months—then we would not witness such a disaster. 

Instead and unfortunately, the government and the 
health department of the Lazio region (followed by the 
rest of Italy) welcomed and adopted a different, seemin-
gly great idea by the President of the Federation of the 
Orders of Pharmacists: it let pharmacies perform rapid 
(not molecular) swab tests. You could say that the idea 
is brilliant because it takes the pressure off public la-
boratories. However, who will perform swab tests in 
the pharmacy if not pharmacists? Now, pharmacists 
are trained for dispensing drugs but have no idea about 
how to swab and its potential problems. What if a pa-
tient faints? What if he or she bleeds? And what if the 
pharmacist performs a wrong swabbing procedure, lea-
ding to a false negative? These are just a few examples 
and many others could be listed, but the most notice-
able is the following: reporting is not the pharmacists’ 
job. Attesting that a patient is COVID-positive or -ne-
gative is not the same as providing a pregnancy or dia-
betes self-test, where the patient carries out the proce-
dure independently and receives a figure in response. 
Reporting is a professional task that does not belong to 
pharmacists which, in fact and in most cases, are not 
even legally covered from any negative consequences. 
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It seems that the Federation aims more at increasing 
clients and revenue rather than caring for pharmacists. 
The latter have had outdated job contracts with inade-
quate pay for their professional services for years. Now, 
they are also requested to fulfill this task while phar-
macy owners adorn themselves with the frieze of health 
workers and saviors of the National Health System. It 
goes without saying that these tests have a cost (22–24 
euros) and are not covered by the NHS.

Then, the Order of Biologists came into play to sup-
port pharmacies by selecting those who have swabbing 
experience from among its members. Indeed, there 
would be no objection of such an offer, except for the 
request for compensation, i.e., allowing all the private 
laboratories to test for COVID. We come full circle. 

Someone may think that I have an agenda against 
pharmacists and biologists. This is not the case. I deeply 
respect those valuable professionals who do well what 
they have been trained and qualified to do. 

Rather, the target is public service management. 
This management does not invest in universities, hospi-
tals, and local health units. It does not support its physi-
cians, pharmacists, biologists, nurses, and laboratory 
technicians—all highly skilled health workers, nor hire 
more of them. It does not reinforce the national rese-
arch to find a solution to the pandemic. Rather, it limits 
itself to finance private vaccine research and outsources 
its activities to individuals with no qualification. It even 
foreshadows a future in which pharmacists will admini-
ster vaccines. 

Important managers of the Order of Pharmacists 
have declared that, so far, pharmacists cannot perform 
swab testing. However, the Trentino Health Councilor 
has submitted a request for authorization to the Mini-
stry of Health. If such a request will be approved, then 
a simple circular letter from the Ministry will transform 
professional qualifications out of the blue without any 
change in the university curricula and with no legal 
base. Such a situation is not justified by the emergency, 
which would instead require the hiring of qualified per-
sonnel. This adds to the release of some tutorials on 
how to perform swab tests and administrate vaccines. 
These tutorials lasting a few minutes overcome years of 
study and practice by physicians and nurses…

I see here the outcome of a long-running attempt to 
misappropriate actions that have always been attribu-
ted to physicians.

The medical profession stemmed from minor activi-
ties (such as barber) to then stand out, at the beginning. 

A whole series of related activities, including laboratory 
diagnostics, followed. These used to be based on ma-
nual skills and were often not easily repeatable, while 
high technology and reliability characterize them today. 
Science has then grown pharmacy, biology, genetics, 
and all their branches.

In most cases, Physicians are satisfied with their own 
clinical activity while laboratory medicine is rather seen 
as a second choice. On the other hand, pharmacists, 
biologists, and chemists access activities that used to be 
typical of the physicians of the past and where the rela-
tionship with the patient still has a relevant role. This is 
why a physician prescribes but does not dispense drugs 
as others will take care of such a task. Accordingly, some 
pharmacists see swabbing as a professional step ahead.

No tutorial or webinar can make someone able to per-
form any activity. Even driving cannot be taught by mere 
verbal teaching, because it requires example and practice.

We think we know a lot about this virus: how it is 
made, how it enters cells, and the damage it causes. Ho-
wever, we may need to think twice. More than 15 million 
have been infected in the world, over a million in Italy 
as far as we know. Therefore, it seems we have enough 
material for an accurate epidemiological investigation 
to explain why some people are asymptomatic while 
others are affected by a different degree of severity, in-
cluding death. Maybe the virus has variant forms, or the 
clinical outcome depends on age, lifestyle, or something 
else. Could we get adequate information from the au-
topsies of those who died because of (not just with) the 
virus? We all may carry important information about 
risk factors and correlations with, as a mere example, 
our body size, which could lead us to more responsible 
behavior. Indeed, though, research is expensive. The-
refore, one might expect that a system governed by a 
capitalist ultra-right refuse to invest in it. Yet, our go-
vernment pretends to be leftist, and it is supported by 
a pure party that would never defund research… but in 
fact does it.
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When cells meet an adhesive matrix, they begin 
to spread and migrate with a speed that depends on 
the stiffness of the extracellular matrix. On a flat sur-
face, migration speed decreases with matrix stiffness 
mainly due to an increased stability of focal adhesions. 
Noticeably, 3-dimensional (3D) cell invasion is enhan-
ced by higher matrix stiffness, opposite to cell beha-
vior in two dimensions, as long as the pore size does 
not fall below a critical value where it causes exces-
sive steric hindrance (Lang et al. 2015). Indeed, non-
transformed, premalignant, and transformed cancer 
cells not only invade in greater numbers but also mi-
grate more persistently within a stiffer 3D type I col-
lagen gel (Haage & Schneider 2014). In this respect, 
ECM density and composition can impose physical 
constraints to restrict cell movement by reducing pore 
size, necessitating a requirement for the cells to degra-
de the matrix or undergo transdifferentiation (epithe-
lial–mesenchymal transition) to be able to invade and 
migrate. Conversely, it is of relevance that inhibiting 
ECM stiffening effectively impairs exogenous and re-
sident cell invasion and migration, eventually promo-

ting the reversion of the inflammatory phenotype and, 
in some circumstances, even the cancerous transfor-
mation (Kenny & Bissell 2003). Overall, this evidence 
prompted to consider the micro-environment and the 
mechanotransduction process as new, testable targets 
in the management of inflammatory-derived diseases, 
including cancer and age-associated comorbidities. 
Indeed, amazing examples of the reversion of cancer 
cells have been obtained by culturing cancer cell in 3D 
cultures. Those models composed by ECM of stroma 
cells (myoepithelial and stroma cells) have shown to 
reproduce the structure as well as the organization of 
the normal tissue in vivo (Speroni et al. 2014). Indeed, 
cells cultured in 3D display several differences regar-
ding those traditionally conditioned in a 2D medium, 
so much so that the era of 2D studies should now be 
regarded as definitely waned (Bissell et al. 2017). Ove-
rall, these studies allowed for appreciating how critical 
the interaction among the different components of the 
micro-environment (collagen fibers, cells, soluble fac-
tors, ECM) is in shaping critical biological processes in 
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which a causative role is clearly sustained by biophysi-
cal factors and forces (Tracqui, 2009).

Recently, Piccolo and colleagues (Panciera et al. 
2020) found that a specific receptor tyrosine kina-
se (RTK)–Ras axis is activated in a process requiring 
increased force transmission between oncogene-ex-
pressing cells and their surrounding extracellular ma-
trix. Noticeably, microenvironments approximating 
the normal softness of healthy tissues, or blunting 
cellular mechanotransduction, prevent oncogene-
mediated cell reprogramming and tumor emergence. 
It is worth noting that RTK–Ras pathway empowers 
a disproportional cellular response to the mechanical 
properties emerging from the cell/micro-environment 
cross talk, such that when cells experience even subtle 
supra-physiological extracellular-matrix rigidity, they 
are converted into tumor-initiating cells. These regu-
lations rely on YAP/TAZ mechanotransduction, and 
YAP/TAZ target genes account for a large fraction of 
the transcriptional responses downstream of oncoge-
nic signaling. Conclusively, these results pave the way 
to see the mechanobiological machinery as a potential 
“target”, which can be exploited to favor reversion of 
pre-neoplastic or even neoplastic conditions. Moreo-
ver, they vindicate several studies carried out in the 
last two decades highlighting the biological role sustai-
ned by biophysical factors and structural constraints 
(Bizzarri et al., 2018) originating from bio-electroma-
gnetic fields (Levin et al. 2011), or mechanical stres-
ses emerging from the cell-stroma interplay and hen-
ceforth transmitted through the cytoskeleton (CSK) 
(Brock et al. 2015) to the nucleoskeleton (NSK) (Poh 
et al. 2012). In turn, mechanical transduction induces 
adaptive changes in CSK/NSK configuration and in cell 
shape with subsequent modulation of chromatin struc-
ture that constitutes an indispensable premise of any 
epigenetic reprogramming. These models allow for ap-
preciating significant changes in gene expression pat-
terns (Luo et al. 2013) and enzymatic activities which, 
overall, cooperate in inducing the reversion of the ma-
lignant phenotype throughout the physical cue that 
triggers the entire process (Su et al. 2013; Willhauck 
et al. 2007; Paszek et al. 2005). Noticeably, even mild 
“manipulations”—as seen in the report from Piccolo’s 
team—are instrumental in influencing the natural hi-
story of cancerous diseases. This is especially true for 
a few substances that interfere with collagen biosyn-

thesis and ECM composition. Ascorbic acid (Philips 
et al. 2009), hyaluronidase (Benitez et al. 2011), and 
Lysyl-Oxidase (Santhanam et al. 2010) inhibitors, as 
well as polyphenols (extracted from green tea or red 
wine) (Zlotogorski et al. 2013), modify tissue stiffness 
and collagen structure, contributing to reshaping the 
micro-environment architecture and exerting a signi-
ficant clinical activity through this, both in the field of 
chemoprevention and as treatment (Sagar et al. 2006).

Therefore, as aptly asserted in the study, the gathe-
red results “may inform research on potential routes to 
exploit oncogenic mechanosignalling as a vulnerability 
at the onset of tumorigenesis, including tumor preven-
tion strategies akin to those used by normal tissues to 
prevent cancer emergence.”

References

Benitez A, Yates TJ, Lopez LE, Cerwinka WH, Bakkar A, 
Lokeshwar VB 2011, “Targeting hyaluronidase for cancer 
therapy: Antitumor activity of sulfated hyaluronic acid in 
prostate cancer cells”, Cancer Res, vol. 71, no. 4085, p. 
95.

Bissell MJ 2017, “Goodbye flat biology – time for the 3rd 
and the 4th dimensions”, Cell Sci., vol. 130, no. 1, pp. 3-5. 
Available from: doi: 10.1242/jcs.200550.

Bizzarri M, Masiello MG, Giuliani A, Cucina A 2018, “Gra-
vity constraints drive biological systems toward specific 
organization patterns: Commitment of cell specification 
is constrained by physical cues”, Bioessays, vol. 40, no. 1.

Brock A, Krause S, Ingber DE 2015, “Control of cancer for-
mation by intrinsic genetic noise and microenvironmen-
tal cues”, Nat. Rev. Cancer, vol. 15, pp. 499-509.

Kenny PA & Bissell MJ 2003, “Tumor reversion: correction 
of malignant behavior by microenvironmental cues”, 
International Journal of Cancer, vol. 107, no. 5, pp. 
688–695.

Haage A & Schneider IC 2014, “Cellular contractility and 
extracellular matrix stiffness regulate matrix metallopro-
teinase activity in pancreatic cancer cells”, FASEB J., vol. 
28, pp. 3589–3599.

Lang NR, Skodzek K, Hurst S, Mainka A, Steinwachs J, 
Schneider J, Aifantis KE, Fabry B. 2015, “Biphasic 
response of cell invasion to matrix stiffness in three-
dimensional biopolymer networks”, Acta Biomateria-
lia, vol. 13, pp. 61-67. Available from doi: 10.1016/j.
actbio.2014.11.003.

Levin M 2011, “Endogenous bioelectric signals as morpho-
genetic controls of development, regeneration, and neo-
plasm”, pp. 39-89 in: Pullar CE (ed.), The Physiology of 



13

Force Matters in Canalizing Cell Differentiating Paths

Bioelectricity in Development, Tissue Regeneration, and 
Cancer, Boca Raton: CRC Press.

Luo T, Mohan K, Iglesias PA, Robinson DN 2013, “Molecular 
mechanisms of cellular mechanosensing”, Nature Mate-
rials, vol. 12, pp. 1064-1071.

Panciera T et al. 2020, “Publisher correction: Reprogram-
ming normal cells into tumour precursors requires ECM 
stiffness and oncogene-mediated changes of cell mecha-
nical properties”. Nature Materials, vol. 19, no. 4, p. 475. 
Available from doi: 10.1038/s41563-020-0644-5.

Paszek MJ et al. 2005, “Tensional homeostasis and the mali-
gnant phenotype”, Cancer Cell, vol. 8, pp. 241-254.

Philips N, Dulaj L, Upadhya T, 2009, “Cancer cell growth 
and extracellular matrix remodeling mechanism of ascor-
bate; beneficial modulation by P. leucotomos”, Antican-
cer Research, vol. 29, pp. 3233-3238.

Poh YC et al. 2012, “Dynamic force-induced direct disso-
ciation of protein complexes in a nuclear body in living 
cells”, Nature Communications, vol. 3, p. 866.

Sagar SM, Yance D, Wong RK 2006, “Natural health pro-
ducts that inhibit angiogenesis: A potential source for 
investigational new agents to treat cancer—Part 2”, Cur-
rent Oncology, vol. 13, no. 3, pp. 99-107.

Santhanam AN, Baker AR, Hegamyer G, Kirschmann DA, 
Colburn NH 2010, “Pdcd4 repression of lysyl oxidase 
inhibits hypoxia-induced breast cancer cell invasion”, 
Oncogene, vol. 29, pp. 3921-3932.

Speroni L, et al. 2014, “Hormonal regulation of epithelial 
organization in a three-dimensional breast tissue culture 
model”, Tissue Engineering. Part C, Methods, vol. 20, 
pp. 42-51.

Su G, Zhao et al. 2013, “Direct conversion of fibroblasts into 
neural progenitor-like cells by forced growth into 3D 
spheres on low attachment surfaces”, Biomaterials, vol. 
34, pp. 5897-5906.

Tracqui P. “Biophysical model of tumor growth”, Reports on 
Progress in Physics, vol. 72, no. 5, pp. 51-30. Available 
from: doi: 10.1088/0034-4885/72/5/056701 

Zlotogorski A, Dayan A, Dayan D, Chaushu G, Salo T, Vered 
M 2013, “Nutraceuticals as new treatment approaches 
for oral cancer: II. Green tea extracts and resveratrol”, 
Oral Oncology, vol. 49, pp. 502-506.

Willhauck MJ et al. 2007, “Reversion of tumor phenotype in 
surface transplants of skin SCC cells by scaffold-induced 
stroma modulation”, Carcinogenesis, vol. 28, no. 3, pp. 
595-610.





The COVID-19 Epidemic as a Dynamic System: A Robust, 
Hypothesis-Free Approach

Alessandro Giuliani a*

a Environment and Health Department, Istituto Superiore di Sanità, Roma, Italy

*Corresponding author: Alessandro Giuliani Email: alessandro.giuliani@iss.it 

Commentary on: Bizzarri, M, Di Traglia, M, Giuliani, A, Vestri A, Fedeli V, & Prestininzi A. 2020, “New statistical RI index 
allows to better track the dynamics of COVID-19 outbreak in Italy”, Scientific Reports, vol. 10, no. 22365. Available from DOI: 
https://doi.org/10.1038/s41598-020-79039-x.

Citation: Giuliani, A 2020 “The COVID-19 Epidemic as a Dynamic System: A Robust, Hypothesis-Free Approach”, Organisms: 
Journal of Biological Sciences, vol. 4, no. 2 pp. 15-16. DOI: 10.13133/2532-5876/17269

Commentaries

Vol. 4. No. 2 (2020)
ISSN: 2532-5876
Open access journal licensed under CC-BY
DOI: 10.13133/2532-5876/17269

15

The global diffusion of COVID-19 made apparent 
the many points of friction between scientific model-
ling (at both the mathematical and the biological le-
vels) and the social and clinical ‘empirical’ consequen-
ces of the crisis. As aptly stressed by Mazzocchi (2020) 
in referring to the COVID-19 pandemic: “These crises 
are the result of multiple causes, which interact at dif-
ferent scales and across different domains. Therefore, 
investigating their proximate causes is not enough to 
fully understand them.”

The need to face the COVID-19 pandemic’s econo-
mic, political, and psychological consequences requi-
res simple, albeit informative, estimates of the entity 
of the problem along both space and time dimensions. 
The classical SEIR (Susceptible, Exposed, Infected, Re-
covery) compartmental models with the consequent 
estimation of the Basic Reproduction Number (R) 
has been proven to generate severely biased estimates 
of epidemic spreading. The use of R in both popular 
media and governmental communication has led to 

misunderstandings and distortions of the real state 
of affairs. These distortions derive from many ‘ano-
malies’ with respect to the ideal case from where the 
SEIR model stems. These anomalies encompass the 
lack of ergodicity (the presence of ‘super-spreaders’, 
the marked spatial heterogeneity of the disease, the 
uncertainty of initial data) and the simple fact that R 
can only register the ‘increase of new cases’ without ex-
plicitly considering the ‘healed’ compartment, i.e., the 
‘exit’ from the ‘infectious basin’. This situation can be 
equated to the estimate of the level of a hydrographic 
basin, taking into consideration the in-fluxes without 
considering the out-fluxes constituted by the emissari-
es. The situation turns out to be more critical due to the 
relatively low lethality and morbidity of the virus with 
a great majority of asymptomatic cases that (especially 
in the initial period of the epidemic) get unnoticed with 
a consequent bias in the estimation of both the actual 
number of infected persons and lethality of the disease.
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Italy is a paradigmatic case of such problems that 
present a marked spatial and temporal heterogeneity 
of the epidemic with the much larger number of both 
fatalities and infections concentrated in Lombardy and, 
more in general, in the northern part of the country. 

The authors thus shifted the attention from the ac-
tual number of infected persons (from where classical 
R-like statistics depend) to the dH/dI ratio (RI) being 
dH and dI the daily variation of healed and infected 
numbers. This index was demonstrated to correctly 
‘catch’ the tipping-point of the epidemic, i.e., the discre-
te time points preceding the transitions of the epidemic 
going thru initial growth, exponential rise, plateau, and 
decline phases. Two very simple albeit powerful featu-
res of the index allow for reaching this result: 1. The 
daily differential is much less affected than the absolu-
te number by the uncertainty and fatally non-random 
sampling of the population, and 2. The ‘healed’ status 
is acquired after three negative tests, then is fatally de-
layed with respect to acquiring the ‘infected’ condition, 
so giving to the dH/dI ratio the meaning of an ‘acce-
leration’ (positive or negative), acting as a ‘second or-
der’ derivative of the dynamics catching the inflection-
points of the time series.

The authors demonstrate the sensitivity of the RI 
index to such inflection-points (transitions) that go 
completely unnoticed by the R index.

On the other hand, the recognition of a strict line-
ar relation between the number of accesses to inten-
sive care units (ICUs) and fatalities (both the indexes 
known without any relevant uncertainty) and their abi-
lity to follow the epidemic dynamics allows for simulta-
neously getting a cross-check of the epidemic dynamics 
and of the stress on the nation’s health system. Finally, 
yet importantly, a simple logistic model fed with the 
initial epidemic figures allowed for correctly predicting 
the timing of the plateau phase of infection. This de-
monstrated that even largely biased and preliminary 
evidence permits a reliable forecasting for the subse-
quent evolution of the crisis.

The authors know very well the difficulty of the 
task to go from science to the acquisition of the new 
perspective by regulators. At the same time, however, 
the huge social consequences of such a crisis asks for a 
correct assessment of the situation for both regulators 
and public opinion.
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Introduction

The serum represents the liquid, non-cellular part of 

the blood; it contains water, proteins, electrolytes, ion-

ic radicals, antibodies, antigens, hormones, and is the 

main biological material for the screening and diagnosis 

of many diseases (Harrison 2012). 

In some recent works (Dal Lin, Gola, et al. 2018; 
Dal Lin, Marinova, et al. 2018; Dal Lin, Brugnolo, et al. 
2020) we have described how the characteristics of se-
rum can vary in relation to the psychic activity of an in-
dividual depending on whether it is oriented to stress or 
relaxation. In fact, after about 20 minutes of relaxation 
through meditation or music appreciation, the physi-
cal appearance of the serum changes, becoming clearer 
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and less viscous (Dal Lin, Gola, et al. 2018). This is ac-
companied by a decrease in serum lipid levels, inflam-
matory molecules, stress hormones, oxidative stress 
markers and by a change in gene expression (NfKB 
network) in white blood cell precursors (Dal Lin, Ma-
rinova, et al. 2018). Furthermore, body temperature 
seems to decrease with relaxation (Dal Lin, Marinova, 
et al. 2018).

Research carried out in the 1990s and subsequent 
years established the property of animal and plant tis-
sues to generate relatively strong transient non ioni-
zing radiations (NIR) wave in the electromagnetic ran-
ge (electromagnetic waves, infrared radiation, thermal 
radiation, bioluminescence) due to mechanical stres-
ses and temperature changes in biological structu-
re (Chang 2008). These radiations are mainly due to 
the piezoelectric and pyroelectric voltage and electric 
polarization of natural biological structures (water, 
ions, proteic molecules etc.). Owing to cell metabo-
lism, polarization domains due to molecular electric 
dipoles are continuously destroyed and restored in a 
non-equilibrium polarization (Del Giudice et al. 1985, 
1986, 1988; Jiin-Ju, 2008) dynamical regime. Such 
type of non-equilibrium electric polarization is known 
as a main characteristic of electrets (Del Giudice et al. 
1985, 1986, 1988; Jiin-Ju, 2008). Electrets are genera-
ted under certain conditions, e.g. under the influence 
of an electrostatic or electromagnetic field or ionizing 
radiation, light and other factors, and their polariza-
tion slowly diminishes in time (Cohen & Popp 2003; 
Popp 2003). 

Starting from the works of Gurwitsch in the 20s of 
the last century and of F.A. Popp in the 70s, more and 
more researches have documented the emission of bio-
photons from living organisms (Jursinic 1986; Niggli 
1993; Van Wijk et al. 1993), with a possible role in cell 

growth and differentiation and intra- or inter-cellular 
communication processes (Scordino et al. 1996; Lanza-
nò et al. 2007).

The emission of biophotons is responsible for the 
Delayed Luminescence (DL), the phenomenon of ul-
tra-weak photo-induced light emission that persists up 
to a few minutes after a light source has stimulated the 
studied material (Jursinic 1986; Niggli 1993; Van Wijk 
et al. 1993).

DL seems to be closely correlated with the functio-
nal status of different biological systems studied to date 
(Scordino et al. 1996; Lanzanò et al. 2007; Scordino et al. 
2008; Costanzo et al. 2008; Scordino et al. 2014; Yagura 
et al. 2019). It has been possible to reveal DL from liquid 
solutions of biological interest (Gulino et al. 2010; Musu-
meci et al. 2012; Colleoni et al. 2016; Grasso et al. 2018; 
Sun et al. 2019) and, although the precise origin of the DL 
is still a subject of debate (Brizhik et al. 2001; Sławinski, 
2003; Scordino et al. 2010; Alvermann et al. 2015; Cifra 
et al. 2015; Scholz, Dědic, & Hála, 2017), these observa-
tions suggest it may vary depending on the REDOX state 
of the analyzed biological system and according to its de-
gree of homeostatic stress  (Sławinski 2003) .

These premises given and having documented the 
physical and biochemical change of the serum of the 
same human subject after 20 minutes of relaxation with 
reduction of oxidative stress markers, we wondered if 
these observed changes could be accompanied by an 
appreciable modification of the pH, electric conduc-
tivity and DL of the same serum samples previously 
analyzed (Dal Lin, Gola, et al. 2018; Dal Lin, Marinova, 
et al. 2018). This paper contains a first answer to this 
question, reporting, as a pilot study, the response of a 
limited number of subjects. The chosen parameters are 
indeed the ones directly related (Gulino et al. 2005; Ku-
bera-Nowakowska, Lichszteld and Kruk, 2007; Nagare, 

Figure 1: The study design (explanation in the text). RR: Relaxation Re-
sponse. RR 20 min: after 4 days of training, each subject relaxes through 
meditation or music appreciation for 20 minutes. A blood sample is taken 
immediately before and immediately after. The acute variation of the stu-
died parameters can be attributed to the practice of relaxation according 
to the used methods because the precise timing of blood sampling (before 
and immediately after the end of the session) prevents any other influen-
ce. All groups were subjected to the same environmental conditions: in 
particular, also the control patients were taken in our classroom for 20 mi-
nutes and were not subjected to any intervention. We simply asked them 
to relax and most of them sat down with eyes closed. For more details ple-
ase see our previous works (Dal Lin, Gola, et al. 2018; Dal Lin, Marinova, 
et al. 2018). Modified from (Dal Lin, Brugnolo, et al. 2020).
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2013; Ho, 2015; Hansen, Nilsson and Rossmeisl, 2017; 
Chaplin, 2020) to the changes of the polarization den-
sities and optical properties of the serum samples and 
their changes may contribute to explain the difference 
visible in Figure 2.

1. Material and methods

1.1. Biological samples
In this work we analyzed the serum samples col-

lected in our previous study (Dal Lin, Marinova, et al. 
2018), approved by our institutional review board (Co-
mitato Etico per la Sperimentazione Clinica - Azien-
da Sanitaria di Padova, protocol number 3487/AO/15 
- 13/7/2015 updated number 4895/AT/20 - 23/7/20). 
Briefly, we enrolled 40 subjects: 30 consecutive patients 
after myocardial infarction and 10 healthy controls. 10 
patients were taught to meditate, 10 to appreciate music 
and 10 did not carry out any intervention and served as 
controls. As stated, in order to rule out that the disease 
state could interfere with the relaxation effect, we en-
rolled 10 healthy volunteers (5 were trained to meditate 
and 5 had music appreciation). The practices of medita-
tion and music appreciation are able to produce the so 
called Relaxation Response (RR) in the same way (Ben-
son & Klipper 1975; Dal Lin et al. 2015; Dal Lin, Mari-
nova, et al. 2018). The details of the RR techniques that 
we used and the description of their pathophysiological 
mechanism is described in our previous works (Dal Lin 
et al. 2015; Dal Lin, Gola, et al. 2018; Dal Lin, Marinova, 
et al. 2018; Dal Lin, Brugnolo, et al. 2020).

After the initial four-day training, after 6 and 12 
months of RR practice, we collected a blood sample 
immediately before and after the relaxation session (ac-
cording to the scheme reported in Figure 1) in order to 
study any modification of the pH, electric conductivity 
and DL of the same serum sample.

 A clear variation of the physical characteristics of 
the serum samples (Figure 2), was observed.

According to Benson’s researches (Benson & Klip-
per 1975) and to our previous study (Dal Lin, Gola, et 
al. 2018; Dal Lin, Marinova, et al. 2018), there are no 
significant differences between relaxation techniques. 
Therefore, we merged into a single “intervention” group 
(called “RELAXATION RESPONSE”) all patients tre-
ated with meditation and music and into a single “in-
tervention healthy controls” group (called “RELAXA-
TION RESPONSE HEALTHY CONTROLS”) all healthy 
subjects. Finally, the patients that did not carry out any 
intervention constituted the “CONTROLS” group.

We emphasize that in our work we observed the RR 
using two conditioning techniques, meditation and mu-
sic, which have to be considered as two ways leading to 
the same relaxation effect (Dal Lin et al. 2015). There-
fore, even from a strictly methodological point of view, 
we used a unique technique—precisely the RR—from 
which also the need to unite in a single “intervention 
group” the treated subjects.

Indeed, all subjects enrolled in the study have con-
tinued the practice at home, twice a day, as they had 
been taught. During the follow-up period, each subject 

Figure 2: Variation of the physical 
characteristics of the plasma of the 
same patient during 20 min of medi-
tation. On the left: the blood sample 
(after 4 min of centrifugation at 5000 
rpm) before meditation is opalescent. 
On the right, the blood sample imme-
diately after meditation is clearer. The 
patient was fasting for more than 5 h 
before meditating. 
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reported to have pleasantly performed more than 80% 
of the meditation or music listening sessions. 

1.2. pH-metry measurement
The pH were monitored using a pH-meter model mi-

cropH2002 by CRISON, equipped with a pH electrode 
for microsamples, model 52 09. The electrode specifica-
tions are: asymmetry potential < ±15 mV, pH sensitivity 
4...7 (at 25° C) > 98%.

1.3 Conductivity measurements
Systematic measurements of specific conductivity 

were performed on the samples, using an YSI 3200 con-
ductometer with a conductivity cell having a constant of 
1.0 cm-1. The cell was periodically calibrated by determi-
ning the cell constant K (cm-1). The specific conductivity, 
χ (μS cm-1), was then obtained as the product of the cell 
constant and the conductivity of the solution. For a given 
conductivity measuring cell, the cell constant was deter-
mined by measuring the conductivity of a KCl solution 
with specific conductivity known with great accuracy, at 
several concentrations and temperatures. All conducti-
vities were measured in a room at controlled temperatu-
re of 25±1°C and temperature-corrected to 25°C, using 
a pre-stored temperature compensation for pure water.

1.4. DL measurement set up
The DL extends over a rather large time scale: from 

about 10-7 seconds to more than 102 seconds. It requires, 
therefore, a measurement system with a high dynamic 
capacity. The signal intensity is also very weak (from a 
few million to a few tens of photons per second, com-
pared with about 3 * 1017 phonons per cm2 per second 
of sunlight) and thus it is necessary to use a single pho-
ton detection system and a total optical isolation of the 
sample from the surrounding environment.

The measurement of DL is even more difficult when 
one studies samples without photosystem. As compa-
red to plant cells, the DL intensity of the other systems 
is considerably reduced and the time decay is faster. In 
addition, the excitation spectrum shifts towards ultra-
violet. This entails the risk that the DL spectrum over-
laps the excitation spectrum of the materials used as 
specimen holders as plastic or quartz cuvettes.

To solve these problems, a specific equipment has 
been developed. Here we give a brief description of this 
set up, more information can be found in the literature 
(Tudisco et al. 2003; Scordino et al. 2014).

The equipment is based on the use of a photomul-
tiplier (PMT) enhanced to count single photons. The 

excitation source is a high intensity pulsed nitrogen la-
ser that illuminates the sample through an optical fiber. 
During the laser pulse, an electronic shutter switches off 
the PMT in order to prevent damage resulting from the 
large amount of photons diffused by the sample. We use 
an electronic shutter instead of a mechanic one because 
the former has the ability to reduce the delay between 
the laser pulse and the start of data acquisition.

The DL was measured in a time window that starts 
from about 10 μs after the illumination switching off 
and lasted until the signal is well distinct from the back-
ground. The entire data acquisition process is managed 
by a personal computer equipped with a special multi-
channel scaler. It records the number of photons col-
lected in a time window as a function of time. To re-
duce the noise, a smoothing procedure was performed: 
the experimental points were sampled and averaged in 
such a way that final data are equally spaced on a loga-
rithmic temporal axis.

The low intensity emitted by the DL signal does 
not allow to obtain a high spectral resolution. The-
refore, to evaluate the spectrum we used three bro-
adband interference filters (50 nm FWHM) placed 
between the sample and the photomultiplier. The 
central wavelength of the filter was 450 nm, 550 nm 
and 650 nm, respectively.

To reduce its background noise the photomulti-
plier was cooled down to -30 ° C. The most important 
background source in these measurements is represen-

Figure 3: Drawing of the set-up. Schematic view of the 
sample configuration (for the sake of clarity the distan-
ces and sizes are not in scale).
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ted by the DL emitted by parts of the same apparatus, 
such as the sample support.

With the objective of both reduce the quantity of 
serum sample required and eliminate any background 
signals deriving from the excitation of the sample con-
tainers, a specific support for the sample was develo-
ped. It consists of a hollow cylinder covered by a closing 
disc with a small 3.5 mm diameter hole (see photo in the 
insert in Figure 3). 

The sample consisted of a “drop” (volume 20–25 µL) 
supported only by contact with the edge of the circular 
hole. This eliminated the presence of any material be-
hind the sample and therefore the presence of spurious 
components due to support.

A bifurcated optical fiber was positioned just abo-
ve the “drop” so that only the sample, not the sup-
port, fell inside its solid collection corner. In this way, 
the fiber, connected to both the laser and the PMT, 
was used both to illuminate the sample and to collect 
the DL.

To avoid contamination problems, the pierced me-
tal disk that closed the sample holder and held up the 
“drop” was replaced at every measurement.

Due to the low level of the signal, for every sam-
ple the values of 100 runs were added in order to re-
duce the measurement error and increase the signal 
to noise ratio. In addition, two technical replicates 
of every sample were performed. The results presen-
ted here are average values from two to eight measu-
rements, depending on the evaluated DL parameter 
(see Results).

2. Results

2.1 pH and Electric Conductivity
The results of pH and electric conductivity evalua-

tions are reported in Table I, Table II and in Figure 4 
and 5 for different blood sampling timepoints (BST). 
The pH seems to significantly increase in the RR groups 
at 6 and 12 months while decreases in controls at 12 

Table I: Serum pH at different BST. Median and interquartile 
range.

Figure 4: pH at different BST. Graph with statistical analysis of 
the data reported in table I.

Figure 5: Conductivity at different BST. Graph with statistical 
analysis of the data reported in table II.

Table II: Serum conductivity at different BST. Median and in-
terquartile range.
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months. Electric conductivity seems to decrease in 
the RR groups at 6 and 12 months while increases in 
controls at 12 moths and after the initial 4 days of trai-
ning. Data are expressed as median and interquartile 
range (variables do not have a normal distribution 
as assessed by the Shapiro-Wilk test). The compari-
son between the pre-post intervention changes was 
performed by means of Wilcoxon test. In particular, 
we compared the extent of the percentage changes of 
each parameter occurring during each relaxation ses-
sion by means of the Mann-Whitney test. An initial 
comparison between groups was performed by means 
of Kruskal-Wallis test for independent samples or by 
Friedman test for paired data. Bivariate correlation 
was performed by Spearman test. Statistical signi-
ficance was assumed if the null hypothesis could be 
rejected at p=0.05. The statistical analysis was per-
formed using software SPSS version 22.0 (Chicago, 
SPSS, Inc., Chicago, IL). 

2.2 Delayed Luminescence
Figure 6 shows DL time trends from basal serum 

samples of one patient from the RELAXATION RE-
SPONSE group. Generally speaking, DL data, both in 
the total number of photons re-emitted and in the time 
trend, differ at the different blood sampling times we 
considered. 

First of all we tried to investigate possible difference 
in DL response before and after the relaxation session 
at each blood sampling times (BST). Starting from the 
DL decay intensity I(t), we evaluated the total number 
Ntot of emitted photons, that is 

       
         Ntot =  ∫

tf

I(t)dt
                  ti

where ti and tf represent the initial and final acquisition 
times, respectively. Figure 7 shows the results at diffe-
rent BST in the case of a patient from the RELAXATION 
RESPONSE group.

Actually Ntot is an extensive parameter and it is subject 
to variations whose causes are not always controllable. 
The data reported in Figure 7, even when some (mini-
mal) differences could be seen by comparing data before 
and after RR session, show that these differences do not 
manifest themselves always in the same direction. Pre-
cisely, sometimes the data before RR session are greater 
than the ones after, sometimes it is the opposite. This 
result was observed in all the samples analyzed.

Measuring DL, the intensive parameters are often 
more stable and therefore provide useful information 
on the system even when the extensive parameters pre-
sent significant oscillations.

In our case a simple intensive parameter is linked to 
the dynamics of the time decay trend I(t). A relatively 
simple way to analyze changes in the dynamics of two 
measurements is to compare the two time trends via a 
log-log graph.

In this case, if the dynamics are the same, the log-log 
graph will have a slope of 1, otherwise it is possible to obtain 
other useful information about the evolution of the system. 

Concretely, looking for an intensive parameter to 
compare the measures immediately before and imme-

diately after the relaxation session at the various BSTs, 
we studied the relationship:

Figure 7: Total number of photon emitted (Ntot) at different BST 
in the case of a patient of the RELAXATION RESPONSE group. 
“Before” and “after” refer to the relaxation session. Average value 
and standard deviation of two measurements are reported.

Figure 6: Delayed luminescence time trends of serum samples 
from one RELAXATION RESPONSE HEALTHY CONTROLS 
group patient, at different BST. () at first 4-days session, () 
after 6 months and() after 12 months of RR practice
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  Iafter(t) = k Ibefore(t)m                          (1)

and determined the parameter m, i.e. the slope of the 
curves like that drown in Figure 8, where the DL inten-
sities, as the one reported in Figure 6, are compared 
point by point, that is at the same time from the begin-
ning of the decay.

The average of the 90 evaluated values (20 RELAXA-
TION RESPONSE GROUP and 10 RELAXATION RE-
SPONSE HEALTHY CONTROLS, 3 BSTs each patient) 
we obtained was m = 0.99 ± 0.01 with R2 > 0.991. This 
means that there is not a change in the slope of the DL 
time decay from blood samples collected before and af-
ter relaxation session.

As a consequence, differently from the visual in-
spection shown in Figure 2, no significant differen-
ce can be ascribed to DL measurements performed 
at each BST before and after the relaxation session. 
Thanks to this result in the following the average value 
of the two was considered. 

Interestingly, a change in the slope of the DL time 
decay was observed at different BSTs, that is on increa-
sing the time that patient dedicated to RR practice. To 
point out this aspect we compared the DL time decay 
IBST(t) at each BST with the corresponding IB(t) at the 
basal condition (B) by considering again a log-log plot 
described by the relationship:

  IBST(t) = C IB(t)a             (2)

As a result, no change in the slope was observed at

the different BST for samples from the CONTROLS (no 
RR practice), getting as average value, with R2 > 0.997
                _

   
acontrol =0.999 ±0.003

Significant differences were instead observed as a 
consequence of RR practice, as shown in Figure 9, whe-
re the parameter a is reported as a function of the BSTs. 
Data from patients of the same group were averaged. 

It appears that for all subjects who have undergone 
RR practice, however, there is a significant variation in 
the parameter a of Equation 2 starting from the sam-
ples of the first BST, i.e. 4D. The most significant varia-
tions with respect to the CONTROLS occur in the sam-
ples from patients of the intervention group. In this case 
values of a less than 1 indicates that DL intensity I(t) 
from samples collected at different BSTs decays in time 
more slowly than the one from samples collected before 
the RR practice. Worth to note that it was previously 
observed (Scordino et al. 2014) that the DL trends from 
normal cells decay more slowly than in the case of DL 
from tumor cells. 

We explored the possibility of considering also the 
total number of photon emitted Ntot at the different 
BSTs and comparing them. Above we have already ar-
gued on the extensive characteristics of this parameter, 
so in order to compare the response of the different 
samples we evaluated, for every patient at each BST, the 
dimensionless parameter RN so defined:

  RN = NBST/NB                       (3)

where NBST is the total number of photon emitted at the 

Figure 9. Values of the a parameter Equation 2 at different BST. 
(Light blue bar) the first four days session 4D, (violet bar) after 6 
months (6M) and (orange bar) 12 months (12M) of RR practice. (co-
lour with net) RELAXATION RESPONSE group, (colour) RELAXA-
TION RESPONSE HEALTHY CONTROLS group, (solid tick line) 
CONTROLS. Mean and standard error of samples of the same group.

Figure 8: DL intensity after RR session as a function of the cor-
responding (at the same time) intensity before RR session. Data 
refer to blood samples from the same patient of Figure 7 at six 
months of RR practice..
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settled blood sampling time, evaluated as average value 
between samples collected before and after the relaxa-
tion session, and the corresponding value NB evaluated 
on samples collected before starting the training to re-
laxation practice.

Average values within the group of RN is repor-
ted in Figure 10. It appears, as expected, that the er-
ror bars are very large. Nevertheless, we can assess 
that RN does not change at the different BSTs in the 
case of the CONTROLS (no RR practice) assuming 
the value 1, within the error. In contrast, for the two 
groups the behavior of RN at different BSTs, i.e. on 
increasing the time during which the RR is practi-
ced, not only is different from the CONTROLS but 
also between the two groups. More precisely, in the 
case of healthy people which experienced RR prac-
tice (RELAXATION RESPONSE HEALTHY CON-
TROLS), the parameter RN increase with time; in the 
case of patients which experienced RR practice af-
ter myocardial infarction (RELAXATION RESPON-
SE group), RN takes on much larger values than the 
CONTROLS, with an increase up to six months, fol-
lowed by a decrease to the same value corresponding 
to the first four-day session. 

In addition, results reported in Figure 10 are in ac-
cordance with that reported in Figure 9. Indeed, an in-
crease of the total number of counts corresponds to a 
better capacity of the system to store and transmit the 
excited levels inside its structures and the decrease of 
slope in the intensity time decay (slow decay) corre-

sponds to a decrease of the decay probability of these 
excited states.

Up to now we have considered DL emission in the 
wavelength range (400–850 nm) of the acquisition sys-
tem. A spectral analysis was performed by considering 
DL emission in three spectral intervals, centered at wa-
velengths 450 nm, 550 nm and 650 nm respectively, 
where important natural biomarkers, as for instance 
nicotinamide adenine dinucleotide, flavins, lipopig-
ments, protoporphyrin, singlet oxygen, emit. 

Figure 11 reports the DL emission spectrum relati-
ve to samples from the same patient (the one of Figure 
6). It results that each spectral component is affected 
by a rather high error so no significant difference in the 
spectrum can characterize DL data at different BSTs. 
The same occurred for all the patients. Nevertheless, if 
one considers the contribution of these spectral com-
ponents to the total emission some differences can be 
pointed out. More precisely, by denoting DLvis the to-
tal number of photon emitted in the wavelength range 
(400–850 nm) of the acquisition system, and DL450, 
DL550 and DL650 the total number of photons emitted 
when filters centered at wavelengths 450 nm, 550 nm 
and 650 nm, respectively, were used, the portion Q of 
the total emission within spectral range we observe can 
be evaluated as 

 Q = (DL450 + DL550 + DL650) /DLvis .            (4)

To point out difference at different BSTs with re-
spect the initial Basal condition, the ratio QBST/QB 

Figure 11: DL emission spectrum for samples from one pa-tient 
of the RELAXATION RESPONSE HEALTHY CONTROLS Group 
(the same as in Figure 6) at different BST. (light grey bar) Basal 
condition, (light blue bar) at the first four days session (4D), (vio-
let bar) after 6 months (6M) and (orange bar) 12 months (12M) 
of RR practice.

Figure 10: RN ratio between the total number of photon emitted 
at the settled blood sampling time and the corresponding value eva-
luated before starting the training to relaxation practice. (Light blue 
bar) the first four days session 4D, (violet bar) after 6 months (6M) 
and (orange bar) 12 months (12M) of RR practice. Average values 
and standard errors of the measurements on the whole group.
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between such portion, as defined in Equation 4, at a 
fixed BST and the corresponding value before begin-
ning the training to relaxation practice was evaluated. 
Variance from the unitary value indicates a shifting of 
the spectrum out of the spectral emission range moni-
tored by the used filters.

Figure 12 shows the values of the ratio QBST/QB, eva-
luated as average within each group, at the different BSTs. 
A significant change as a consequence of the RR practice 
can be observed. This change can be interpreted as due to 
a red shift of the sample spectra after the RR practice and 
could be useful in the design of further set-ups. 

Figure 12: Ratio of the Q portion of the total emission within 
spectral observed range with respect the corresponding value 
evaluated before starting the training to relaxation practice 
at different BST. (Light blue bar) at the first four days session 
(4D), (violet bar) after 6 months (6M) and (orange bar) 12 
months (12M) of RR practice. Average values and standard 
errors of the measurements on the whole group. 

4. Discussion

In this paper we have presented some results of 
an exploratory study. In fact, during the study repor-
ted in our previous works (Dal Lin, Gola, et al. 2018; 
Dal Lin, Marinova, et al. 2018; Dal Lin, Brugnolo, et 
al. 2020) we have noticed an evident, visible change 
in the physical characteristics of the plasma of the 
subjects who undergo a Relaxation Response practi-
ce (Figure 2). Aiming to explain this observation, we 
analyzed some physical parameters characterizing 
the behaviour of human serum, i.e. of its main com-
ponent, the water, in equilibrium with many proteins 
and ionic molecules.

Summing up, our preliminary data may suggest 
that the serum pH could significantly increase during 

a Relaxation Response intervention while electric con-
ductivity decreases. 

Regarding the evaluation of the DL on a complex 
medium such as human serum, more precise me-
thods will have to be developed in order to bypass the 
background noise due to the huge chaotic balance of 
molecules contained in it. However, our preliminary re-
sults seem to indicate that a DL modification could be 
present according to the Relaxation Response practice. 
In fact we noticed a modification of the slope of the DL 
time decay with the Relaxation Response, namely that, 
in the same subject, DL may decay in time more slowly 
in blood samples collected after the RR practice than 
before. Worth to note that it was previously observed 
(Scordino et al. 2014) that the DL trends from normal 
cells decay more slowly than in the case of DL from tu-
mor cells. Moreover, after the RR practice a red shift of 
the sample spectra may occur. Interestingly this would 
be in line with the brain activity during the techniques 
that lead to Relaxation Response (Wang et al. 2016; Dal 
Lin, Brugnolo, et al. 2020).

From the theoretical analysis standpoint, Figure 2 
and these preliminary observations suggest the appea-
rance of a coherent molecular dynamics within the blo-
od samples analyzed after the Relaxation Response.

The available theoretical modeling (Del Giudice et 
al. 1985, 1986, 1988) in terms of many-body physics 
suggests indeed that a diffused coherent dynamics at 
intra- and inter-cellular level is at work in healthy bio-
logical systems and provides the conditions favorable 
to an efficient metabolic activity. Some technical and 
mathematical details of the theoretical analysis are 
presented in the Appendix. Here we briefly mention 
(cfr. the Appendix) that the coherent molecular dyna-
mics is negatively affected by functional or chemical, 
oxidative stress. The theoretical model agrees with the 
observed red shift of light in the DL emission and the 
measured temperature decrease (Dal Lin, Marinova, 
et al. 2018). Coherence also accounts for the storage 
of energy in a convenient lapse of time, so that its ra-
diation may be “delayed” till a convenient threshold is 
reached. Moreover, the theory predicts that biophoton 
emission occurs in the presence of dynamical singula-
rities, in agreement with the observation that DL oc-
curs in stressing situations.

In the Appendix we also comment on the linear log-
log plot (Figure 8) of the measurements, which may ex-
presses fractal self-similarity properties of the coherent 
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molecular dynamics and relate them to equations (1) 
and (2) (see the Appendix for details). 

Finally, theoretical and invitro experimental results 
show that higher pH corresponds to lower electric con-
ductivity (and vice versa) for water in the presence of 
hydrophilic polymers (for example nafion (Capolupo et 
al. 2014)), where the formation of domains, called EZ 
(exclusion zones), is observed, which suggest that bio-
logical fluids may present similar properties of pH and 
electrical conductivity, consistently with the measure-
ments mentioned above in the RR practice. 

In conclusion, the theoretical modeling of a cohe-
rent dynamics within the blood samples analyzed af-
ter the Relaxation Response appears to be in agree-
ment with the preliminary data reported above. Our 
analysis is also inspired by the finding of coherent re-
sponses of cells submitted to sound wave stimulation 
(Dal Lin, Radu, et al. 2021). Further researches and 
technical developments are needed to support our 
preliminary findings. 

Appendix: Theoretical modelling

The electric dipoles characterizing macromolecules 
and the molecules of the water bath in which they are 
embedded offer the possibility of a molecular dynamics 
rich of phenomenological aspects. The theoretical mo-
del describes indeed the formation of the electret do-
mains (already mentioned in the text, cfr. section 1) of 
coherent dipole oscillations and the generation of non-
vanishing polarization density P(x,t) arising from dyna-
mically generated longrange correlation modes among 
the system microscopic components (Goldston, Salam, 
& Weinberg 1962; Del Giudice et al. 1985, 1986, 1988; 
Umezawa 1993; Blasone, Jizba, & Vitiello 2011; Vitiello 
2012). The energetic feeding of the system at molecular 
level, by ATP hydrolysis or by other external or endoge-
nous sources, is used for its coherent ordering (organi-
zational activity). The quanta of the collective dipole wa-
ves (the dipole wave quanta, dwq) are condensed in the 
system ground state, out of which they may be excited 
under the action of some external input. The coherent or-
dering is negatively affected when the system undergoes 
mechanical or electromagnetic stress, or else, as already 
mentioned in the text, by functional or chemical, oxidati-
ve stress or other kind of stressing occurrences. 

The coherent condensation of dwq provides the 
change of scale, from the system microscopic activity to 

its macroscopic behavior at the cellular and multicel-
lular levels. 

Due to boundary effects from the system finite size 
an effective nonzero mass meff is dynamically acquired 
by the dwq. Their propagation is in fact limited to the 
linear size L = ħ/(c meff) (Gulino et al. 2005; Hansen, 
Nilsson, & Rossmeisl 2017). In stationary conditions 
the wavelength λ of the coherent dipole vibrational wa-
ves is related to L by L = n λ/2, with n integer. We thus 
see that larger coherent domains correspond to smaller 
meff and larger λ. This agrees with the red shift of light in 
the DL emission of treated subjects. Their RR practice 
consists indeed in the enhancement of the system cohe-
rent ordering at microscopic cellular and intercellular 
levels, i.e. in the increase of the linear extension L of 
coherent domains, thus shifting toward larger λ (toward 
the red band spectrum). 

One also finds that L = (πhc/6kB)n2 /T , with T the 
temperature and kB the Boltzmann constant, which 
shows that more extended coherent domains, i.e. lar-
ger L consequent to RR practice, leads to temperature 
decrease, in agreement with measurements reported in 
previous observations ( Dal Lin, Marinova, et al. 2018).

The fact that luminescence is delayed also finds its 
origin in the coherent dynamics. Indeed we recall that 
an electromagnetic (e.m.) field finds its way through 
the ordered medium of polarization density P(x,t) by 
selffocusing propagation. According to general results 
of quantum field theory (QFT), the so-called Ander-
sonHiggsKibble (AHK) mechanism predicts that the 
e.m. field in its filamentary propagation acquires a mass 
MV, proportional to P(x,t) (Del Giudice et al. 1986, 1988). 
For MV = 13.60 eV, the hydrogen ionization energy, the 
diameter of the filament (channel) is d = ħ/(c MV ) = 125 
Å. This means that photons of energy h ν > 13.60 eV 
may produce destructive effects on the coherent dipole 
ordered region and destruction of the e.m. filamentary 
propagation. Photons of energy h ν < 13.60 eV inste-
ad may not be able to penetrate the ordering. However, 
small energy photons may themselves contribute to the 
system polarization and in this way they may be ‘sto-
red’ within the system. The energy so accumulated in 
a convenient lapse of time may reach the threshold ne-
cessary to trigger a chemical reaction, or else it may be 
radiated under convenient stimuli, thus generating the 
“delayed” luminescence whose red shift signals its low 
energy (recall that the spectrum between 1/7 and 1/8 of 
13.60 eV covers the red band spectrum). The radiated 
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energy also carries the imprint of the long-range dwq 
coherent correlation in the system ground state. This is 
consistent with the discussion on the log-log plot (cfr. 
Figure 8) of the measurements reported above. It is in 
fact known (Zheng & Pollack 2003; Vitiello 2012) that 
the linear log-log plot generated form self-similarity re-
lations, like (qα)n = 1, signals a coherent state structure 
in the system. In our case it is qα = Iafter(t)/Ibefore(t)m, or 
qα = IBST(t)/IB(t)a, from equations (1) and (2), with k and 
C equal to 1, respectively. The strength of the coheren-
ce in the coherent state expression (Zheng & Pollack 
2003; Vitiello 2012) is given by the quantity qα, with 
q related to the slope m or a of the straight line in the 
log-log plot; m and a are the self-similarity, or fractal 
dimension. 

It can be shown that biophotons can be emitted in 
the self-focusing regime (i.e. for non-zero MV ) (Del Giu-
dice et al. 1988) and in the presence of topological sin-
gularities in the dwq condensate (Goldstone, Salam, & 
Weinberg 1962; Del Giudice et al. 1988; Blasone, Jizba, 
& Vitiello 2011; Vitiello, 2012). These singularities in 
the space-time non-homogeneous condensation are de-
scribed by the condensation distribution f(x,t). Moreo-
ver, singularities of f(x,t) are only allowed (Goldstone, 
Salam, & Weinberg S 1962; Blasone, Jizba, & Vitiello, 
2011; Vitiello, 2012) when dwq have vanishingly small 
effective mass, meff —> 0 , i.e. for quite large size L of 
the ordered domain, which determines the scale for the 
(delayed) luminescence wavelength. 

The theory prediction that biophotons are emitted 
in the presence of singularities of the condensation di-
stribution f(x,t) is consistent with the observation that 
DL occurs when the system undergoes stressing situa-
tions, like those indeed induced by illuminating the sy-
stem with the high intensity pulsed nitrogen laser used 
in the experiments, exciting condensate modes, or by 
other endogen functional stress regimes, like during cell 
growth and differentiation. 

The theoretical model seems to be consistent also 
with the observed behavior of pH and electrical conduc-
tivity reported above. This can be seen by considering 
that sources of singularities for f(x,t) also come from 
surface boundaries in the biological structure, e.g. cell 
membranes, veins and arteries surfaces, etc., or surfa-
ces due to the presence of impurities or any ionic ag-
gregates in biological fluids, or surfaces dynamically 
generated by turbulent fluid circulation, e.g. by vortices 
(Vitiello 2012). In order for the coherent condensation 

to survive to the presence of these surfaces singularities, 
the correlation length modes dynamically respond pro-
pagating to enough large L so to have vanishingly small 
meff compatible with the existence of the f(x,t) singula-
rities. This means that a coherent stratum of biological 
fluids (serum, blood), will form near the surfaces. This 
is similar to what commonly observed (Vitiello 2012) 
in laboratory, where strata of coherent water molecular 
dipoles extending for a hundred of microns of thickness 
are observed adjacent to hydrophilic polymers (for 
example nafion). These strata are called EZ (exclusion 
zones) since their coherent organization expels present 
particle and is impenetrable by them or other impuri-
ties. The strata are polarized so that charges of sign op-
posite to the one of the charges of the material surface 
(negative in the case of nafion) are pushed out of the 
strata. A gradient of the pH orthogonal to the surface is 
thus produced (in the nafion case, pH is lowering mo-
ving far away from the surface). It is also known that 
the splitting of water molecules into OH— and H+ in the 
EZ region (Zheng & Pollack 2003; Zheng et al. 2006; 
Zheng, Wexler, & Pollack 2009; Del Giudice et al. 2015) 
is energetically advantageous, with consequent effects 
in the electrical conductivity (Del Giudice et al. 2015). 
Measurements have shown that higher pH corresponds 
to lower electric conductivity (and vice versa) for water 
in the presence of nafion (Capolupo et al. 2014). The 
conclusion is that theoretical and experimental results 
suggest that biological fluids in the cells or flowing in 
veins or arteries may present properties of charge di-
stribution, pH and electrical conductivity of the kind 
just described, which may be consistent with the mea-
surements described in the text according to Relaxation 
Response practice.
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Abstract

The field of epigenetics is primarily interested in the epigenetic basis of development and disease, the transgenerational transmis-
sion of epigenetically controlled traits, and the role of the environment in modulating epigenetic traits. The term “epigenetics” 
itself has evolved. Initially it designated that a limited number of molecular modifications to DNA can influence gene expression as 
one of the mechanisms controlling cellular differentiation and divergent phenotype despite containing the same genetic code. To-
day, a broad and imprecise classification of many other cellular regulatory processes that can influence gene expression and which 
may or may not be heritable are commonly referred to as “epigenetic”. Two recent papers, one by Ute Deichmann and the other 
by Corrado Spadafora, expose the overly broad use of the term. Accepting their challenge to redefine epigenetics in a more precise 
and rigorous way could have significant consequences. It could help us avoid attributing alterations in an offspring’s phenotype 
due to environmental stresses experienced by its parents to epigenetic mechanisms, and misuse of the term outside the narrow 
confines of scientific discourse in the life sciences. Moreover, such precision would ensure setting an appropriately high bar for 
testing whether newly identified aspects of DNA methylation and micro RNA transmission could be transmissible from parent to 
offspring through the germline, and more stringently verifying as yet unfounded claims for the transgenerational heritability of 
environmentally acquired traits that could discredit this important field of inquiry.
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Epigenetics, which may be defined as “the stu-
dy of mitotically and meiotically heritable changes in 
gene function that cannot be explained by changes in 
DNA sequence” (Waddington 1942; Riggs et al. 1996; 
Deichmann 2015), has become a very popular topic in 
the biomedical sciences. Emerging from early studies 
in the fields of cellular differentiation and embryonic 
development, which showed how DNA methylation 
and histone modifications could alter the phenotype of 
cells (Nakao 2001), Epigenetics garnered broad interest 

after the discovery that it was involved in carcinogene-
sis (Sugimura & Ushijima 2001). Paradoxically, insight 
into the association of epigenetics and cancer raised 
doubts regarding the role of epigenetic mechanisms in 
regulating cellular processes. A proliferation of studies 
showing that tumors could carry different, contrasting 
epigenetic profiles, led to questioning whether epigene-
tic changes observed in cancer might also reflect nor-
mal regulatory processes (Jones & Buckley 1990). The 
significance of epigenetics has been ambiguated by the 
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gradual loosening of the above-mentioned definition 
of “epigenetic traits”. Initially, the term “epigenetic” 
was limited to DNA methylation and histone modifica-
tions, however today, the term means different things 
to different scientists who commonly use it to refer to 
many other cell molecular events. This has led to confu-
sion in interpreting epigenetic studies. A common joke 
among biologists illustrates this point: “If they ask you 
anything you don’t know, just say it’s due to epigenetic 
modifications”.

Nevertheless, the field of epigenetics continues to 
attract considerable interest. This is due to its appa-
rent involvement in many diseases (Feinberg 2018; 
Tollefsbol 2018) and to the intriguing notion that some 
sort of yet unidentified “epigenetic” process might be a 
mechanism that allows acquired traits to be inherited. 
This would mean environmentally determined paren-
tal phenotypes could be stably transmitted to offspring 
without a change in the germline’s DNA sequence (Ca-
sas & Vavouri 2020; Senaldi & Smith-Raska 2020). If 
such a mechanism were revealed, it would have impor-
tant implications for understanding health and disease, 
and would fundamentally change our understanding 
of evolution. Nevertheless, the value of the burgeoning 
research into these questions is limited by widespread 
and inaccurate use of the term, and by the tendency to 
mislabel a wide variety of cellular regulatory processes 
as “epigenetic”. 

The scientific problem and its broader implica-
tions are superbly discussed by science historian Ute 
Deichmann, in her insightful and incisive review “The so-
cial construction of the social epigenome and the larger 
biological context” (Deichman 2020, p. 37). She surveys 
the foundations of epigenetic science, highlighting the 
milestones and discoveries that we can rely on, and criti-
cizing the misuse and over-interpretation of the biologi-
cal epigenetic discourse by the social sciences. These have 
often ignored the narrow bio-molecular context of the 
findings, relying on flawed studies and limited findings 
to draw overarching inferences. It bears repeating that 
few phenomena in fact meet the strict definition of epi-
genetic traits, stipulating that such modifications 1) must 
not alter the DNA sequence and 2) must be transmittable 
from parent to progeny, at least during somatic cellular 
proliferation or gametogenesis. To date, DNA methyla-
tion and covalent histone modifications, which together 
can determine nucleosomal occupancy, are the only phe-
nomena proven to meet these essential criteria. 

Whether microRNAs (miRNA), commonly referred 
to in the biological literature as somehow being epige-
netic also meet these criteria is still very much an open 
question. MicroRNAs can be transmitted, but given the 
apparently stochastic mode of their transmission, it is 
not evident they can indeed give rise to stably inheri-
ted traits not encoded by the offspring DNA (Gapp & 
Bohacek 2018; Fuso et al. 2020). In another recent re-
view, Corrado Spadafora offers an intriguing hypotheti-
cal model, whereby miRNAs might be transmitted from 
the parental germlines to the developing embryo by cir-
culating vesicles, and then stably acquired (Spadafora 
2020).

The crucial questions raised by these reviews con-
cern if and how the environment can modulate epi-
genetic traits in such a way that acquired traits could 
be transmitted across generations. Although as 
Deichmann cogently argues, it is abundantly evident 
that a wide range of environmental factors including 
chemical agents, nutrition, pollutants, physical activity, 
and even behavioral stress, can induce changes in the 
epigenome, the evidence is a far cry from the “revenge 
of Lamarkism” (Deichmann 2016). Deichmann extensi-
vely documents the fact that to date we have no credible 
evidence for transgenerational epigenetic inheritance 
in humans, and even in other species the evidence is 
exceptionally rare and has no permanent impact on the 
epigenetic marks. Furthermore, there is scant evidence 
of extensive environmentally induced demethylation of 
CpG islands in differentiated tissue. 

In this regard, it should be noted that most studies 
of mammalian DNA methylation to date have focused 
on highly stable CpG methylation in CpG islands. Much 
less is understood about more dynamic changes that 
are increasingly documented in gene promoters outside 
of dense CpG regions. It is indeed difficult to imagine 
that a CpG-dense, heavily methylated promoter could 
be easily demethylated in a differentiated tissue. Ho-
wever, emerging evidence suggests that environmen-
tal-dependent differential methylation may play a fun-
ctional role in promoters with low CpG density, even 
in non-proliferating tissues (Lee et al. 2020). We have 
demonstrated, for example, that B vitamin imbalances 
can induce differential non-CpG methylation in the 
promoter of the PSEN1 gene (related to amyloid pro-
cessing) in adult mice, modulating gene expression and 
eventually exacerbating their Alzheimer-like phenotype 
(Fuso et al. 2012). Similar non-CpG differential methy-
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lation has been observed in the post-mortem brain from 
Alzheimer’s patients and healthy controls (Monti et al. 
2020; Nicolia et al. 2017). Such environmental modu-
lation of non-CpG epigenetic patterns in tandem with 
altered gene expression, even in non-proliferating tis-
sues, might shift the organism between health and di-
sease. Further research into environmental effects on 
non-CpG methylation is warranted, and remains to be 
explored both in quiescent and proliferating somatic 
cells. Nevertheless, this type of environmental influence 
on what is generally regarded as an epigenetic marker, 
does not meet the essential criterion of being a heritable 
change. It would be of considerably greater interest if 
such adaptive or maladaptive changes were also obser-
ved in meiosis, because as far as we know, epigenetic 
modifications to non-mutated DNA would have to occur 
in the germ-line in order to stably influence the phe-
notype of the progeny without changing their inherited 
DNA sequence (Jawaid et al. 2020). 

Spadafora proposes an alternative potential mecha-
nism for transmitting acquired environmental traits 
involving miRNA in his review. He postulates that miR-
NAs released from parental somatic tissues that have 
been exposed to stress, can be taken up in vesicles by the 
gametes and transmitted as “epigenetic information” to 
somatic tissues in the developing embryos, potentially 
establishing stably inherited traits. It is difficult to see 
how vesicle-transported miRNAs could resolve the cri-
tical issues addressed in Diechmann’s review since no 
evidence has yet been found for stable epigenetic inhe-
ritance in humans and scant evidence supports it in 
mammals. Another problem is the stochastic way the 
developing embryo would have to take up circulating 
miRNAs to ensure the offspring would preferentially 
express the parents’ acquired phenotype. It is difficult 
to reconcile what we know of evolutionary selection 
with such “environmental epigenetics”. Indeed, in the 
few documented mammalian models, transgeneratio-
nal changes have never been observed to last beyond 
three generations (Heard & Martienssen 2014).

Until environmentally acquired phenotypes can be 
shown to be stably transmitted to offspring across mul-
tiple generations, independent of their inherited DNA 
sequence, the field of epigenetics would benefit from a 
renewed consensus on precise criteria for “epigenetic” 
traits and for designating newly discovered phenomena 
as epigenetic. It is clear that DNA methylation, histone 
modification, and non-coding RNAs represent different 

molecular species with different functional characteri-
stics. Therefore, any new molecule or process can only 
be termed epigenetic through its functional epigenetic 
effects. In order to uphold the hypothesis that envi-
ronmental conditions can produce a stably heritable, 
acquired phenotypic response, without altering the 
DNA sequence, we need a more precise understanding 
of how an organism might adapt to environmental con-
ditions by specifically modifying the expression of rele-
vant target genes and pathways in a beneficial manner 
to enhance evolutionary fitness. Until such evidence is 
available, we can advance the field by not using the term 
epigenetic indiscriminately. Overreaching inferences 
rooted in social and disciplinary arguments over the re-
lative importance of nature and nurture are unlikely to 
carry us forward. We will do more to advance the field 
of epigenetics along with all the life sciences by testing 
novel hypotheses that can identify, deepen and refine 
our understanding of the master commands that direct 
the adaptive cellular response of target genes to envi-
ronmental cues, without changing the gene sequence. 
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Abstract

Physics led the way in the creation of Molecular Biology by employing X-ray crystallography in the elucidation of the atomic struc-
ture of proteins and DNA. Now it is physics again, by using large accelerators of electrons and neutrons, that is transforming mo-
lecular biology into Atomic Biology. This transformation process is guided by the establishment of periodicity, a phenomenon that 
can now be shown to start with elementary particles, to extend to atoms and macromolecules, and to occur equally among living 
organisms including humans. Biological periodicity was established in the following properties: vision, regeneration, luminescen-
ce, flight, placenta, penis, plant carnivory and mental ability. Significant is that three of these properties do not start at the cell or 
the organism, as previously thought, but emerge already in crystals and minerals which have no genes, and where organization 
is decided by atomic and electronic interactions. The punctuated reappearance of a given property, which leads to periodicity, is 
based on its own evolution of DNA. This is demonstrated by the formation of the placenta, which in plants and in humans, is de-
cided by the same DNA sequences. Also, vision, which appears in the simplest invertebrates as well as in humans results from the 
action of the same gene Pax6. It is this DNA homology which allows the reappearance of the same pattern, in the most different 
organisms. The law of periodicity which has been enunciated at the atomic level holds equally well for the periodicity found in 
living organisms allowing predictions. 
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PART 1. It was Physics Which Led to the
Emergence of Molecular Biology

1.1. X-Ray Crystallography Opened the 
Way to the Atomic Structure of Proteins 
and DNA
Molecular biology was born from the interaction of 

physics with microbiology and genetics. The original im-
pulse did not come from biological disciplines, as could 
have been expected, but from experimental physics.

The pioneers were: Max von Laue (1879-1960), Wil-
liam Bragg (1862-1942) and Lawrence Bragg (1890-
1971). All three were physicists. von Laue demonstra-
ted that X-rays were electromagnetic waves, like light, 
but of very short wavelength. He then realized that 
the atoms in a crystal were in an ordered array, in ac-
cord with their external regularity. He passed a narrow 
beam of X-rays through a crystal of a copper compound 
and obtained a diffraction pattern of spots on a photo-
graphic film. 

This experiment became the basis on which the 
Braggs later created X-ray crystallography. The ato-
mic layers of a crystal acted as mirrors, reflecting 
X-rays, with interference resulting from reflexions 
at different layers. It allowed them to measure the 
interatomic distance in crystals of diamond, copper 

and salts, such as KCl. The ordered atomic interior of 
crystals became a reality. 

Subsequently John D. Bernal, after taking a degree 
in physics, joined W.H. Bragg in London in 1923. Ber-
nal published works on the position of carbon atoms in 
graphite and on a simple method of interpreting X-ray 
diffraction pictures that was widely adopted. Later, at 
Cambridge, Bernal discovered the rich X-ray diffraction 
patterns of protein crystals and of viruses. He opened a 
new field of research at the cellular level. 

Biologists tend to think in terms of complexity and, 
by 1936 genetics had advanced so far, that the gene was 
considered to consist of proteins. Nucleic acids were too 
simple to carry the genetic material: “The riddle of life 
was in the structure of proteins”.

It was at that time that Max Perutz joined Bernal at 
his laboratory and who after 30 years of intense labor, 
produced the three-dimensional map of haemoglobin 
(Perutz 2003). 

Following World War II another student of Bernal 
was Rosalind Franklin a physical chemist (1920-1958) 
who collaborated with M. Wilkins. She produced the 
X-ray diffraction pattern of a thread of DNA. The bold 
cross-like pattern that emerged was characteristic of a 
helical structure and this led James Watson and Francis 
Crick to make a double-helical model of DNA in 1953. 

Figure 1: Aerial view of MAX IV accelerator laboratory which started operating in June 2016 at Lund University, Lund, Sweden.
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1.2. The Contribution of Genetics and 
Microbiology
In the meantime, George Beadle joined Edward 

L. Tatum who worked with the fungus Neurospora. 
The mutations obtained, by X-rays, led them to the 
concept of “one gene — one enzyme”. 

But it was from France, that microbiologists 
would give a major explanation of the genetic events 
occurring in the cell. Jacques Monod, Francois Ja-
cob and André Lwoff studied mutant bacteria. They 
were led to introduce the idea of operons, groups of 
genes with related functions, which were control-
led by an operator. They also developed the idea 
of messenger RNA, which carries information from 
DNA to the ribosomes, where protein synthesis oc-
curs. All their predictions were fully confirmed, not 
only in bacteria, but in other living organisms from 
plants to humans. 

By the 1960s Molecular Biology came of age.

1.3. Physics is Now Transforming 
Molecular Biology into Atomic Biology
New technologies are now allowing to go deeper 

than the atom. 
Over 900 scientists have been performing expe-

riments since 2013 using synchrotron radiation of 
the MAX II AND MAX III accelerators from Lund 
University in Sweden and a still more efficient la-
boratory MAX IV, has been completed in June 2016 
(Figure 1). 

Synchrotron radiation is obtained when elec-
trons are accelerated to a speed close to that of 
light. At the same time a magnetic field curves their 
trajectory. 

X-rays may damage the materials studied. As a 
consequence new laboratories are being created to 
use instead neutron scattering to probe the structu-
res but in addition the behavior of large molecules. 
For this purpose the European Spallation Source 
is now under construction at Lund University and 
is expected to open in 2023 with 3,000 scientists 
working per year.

Neutrons probe structure, but most important, 
also motion. Measurement of structure extends 
from micrometers to one-hundred-thousandth of 
a micrometer and motion is recorded from milli-
seconds to ten-million-millionths of a millisecond 
(Eriksson 2015, Andersson 2020).

PART 2. Periodicity is a Phenomenon Inhe-
rent to Matter and Energy that will Guide 
Physics into Novel Areas of Research

2.1. Periodicity is Already Present in 
Elementary Particles
Padamsee (2003) described the present view of 

the evolution and periodicity of elementary particles 
as follows. 

By 1963 physicists had identified 41 new particles. 
By 1970 the list exploded to several hundred. Most par-
ticles were unstable and there was a bewildering array, 
with various masses, charges and spin. 

However, further research revealed that the initial 
plethora of particles could be reduced to two funda-
mental ones: quarks and leptons, which by combina-
tion produced all the others. This result led also to the 
establishment of their periodicity in the form of a Pe-
riodic Table of Elementary Particles. Murray Gell-Mann 
(1929-2019) succeeded in elucidating from the chaotic 
subnuclear landscape certain underlying patterns well 
hidden among the new properties. As Padamsee (2003) 
points out: “Order does exist, although at a deeper level 
than immediately recognizable”. 

This quark model predicted new particles with very 
specific properties which were later found experimen-
tally. There are six quarks altogether in three genera-

Figure 2: Periodic Table of quarks and leptons showing the 
three generations of matter derived from leptons and quarks.
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tions of pairs: up, down; charm, strange; and top, bot-
tom; and quark mass increases with generation. Each 
quark has an anti-quark partner. The leptons also span 
three generations in pairs: electron, electron neutrino; 
muon, muon neutrino; and tau, tau neutrino. 

The evolution of the elementary particles results 
from the finding that all are derived from only two: a 
quark and a lepton. This is the same situation that hap-
pens later at the atomic level in which all the 118 chemi-
cal elements are derived from a single atom: hydrogen.

The periodicity is revealed by elementary particles 
which happen to have the same property. There are 3 
types of neutrinos: electron neutrino, muon neutrino 
and tau neutrino with increasing mass (Figure 2). This 
is also the same situation that happens at the atomic 
level where atoms with increasing mass have the same 
basic properties, such as the noble gases. 

Significant is that quarks and leptons are conside-
red to have no structure — we are at the very core of 
matter and energy.

2.2. DNA has no Information for Iron, 
Zinc or Magnesium — The Importance of 
Single Atoms
Hemoglobin is a protein that functions as a respira-

tory pigment by binding oxygen reversibly. Its function 
is not located on the amino acid sequences which were 
formed, following instructions from DNA, but is carried 
by the four atoms of iron which occupy exact positions 
in the macromolecule. The ability to oxidize existed in 
iron before the cell was formed. It is the speed of the 
process that was enormously improved by the novel lo-
cation within the edifice of amino acid residues. 

Zinc finger is a protein motif associated with 
DNA-binding proteins. It consists of a loop of 12 ami-
no acids that directly coordinates a zinc atom. These 
proteins intercalate directly into the DNA helix, but 
the main function lies in the zinc atom and not in the 
amino acid sequences. 

Chlorophyll is responsible for light capture in 
the photosynthesis of plants. Each molecule com-
prises a porphyrin group containing magnesium. It 
is the magnesium atom which is responsible for its 
main function. 

The simple atoms of iron, zinc and magnesium, 
are those that have the key to the functions of these 
vital macromolecules but DNA has no information for 
these atoms.

All this novel evidence points to the extreme impor-
tance of single atoms.

2.3. The Physical Rules that Predict the 
Atomic Behavior of DNA and Proteins 
Remain Elusive
At present there is a most detailed and coherent 

picture of the structure and function of DNA, RNA and 
proteins elucidating the biochemical activity of the 
cell. However, what are the physical rules that direct 
the evolution of these macromolecules? This question 
had been asked earlier for proteins because they are so 
many and diversified.

Concerning DNA and RNA we are mostly in the 
dark but physicists are now helping in this direction. 
Computer graphics and nuclear magnetic resonance 
have allowed a better resolution of their three-di-
mensional structure and function. But the picture is 
still far from satisfactory. As C. Branden and J. Tooze 
(1991) already pointed out “We shall not unravel the 
chemistry of life in molecular detail without knowing 
at atomic or close to atomic resolution the structure 
of biological macromolecules, especially proteins”. 
This still applies to our present state of knowledge 
in proteins as well as in DNA and RNA, in which the 
behavior, as well as the movement of single atoms, 
remains to be elucitated.

2.4. The Iconic Table of the Chemical 
Elements Contains Many Irregularities
—Biological Tables are Expected to be
More Irregular but to Carry the Same
Underlying Order
Scerri (2007) writes “There is a fundamental re-

lationship between the elements” and he adds: “The 
periodic law states that after regular but varying in-
tervals the chemical elements show an approximate 
repetition of their properties”. But he also points out 
that “Periodicity among the elements is neither con-
stant nor exact”. 

No phenomenon at the physical, chemical or biolo-
gical level reveals total regularity. Already the periodi-
city of the movements of the planets in the Solar Sy-
stem contains irregularities. The eccentricity of some 
planetary orbits, such as that of Mercury, is not negligi-
ble (Weinberg 2015). 

The Periodic Table of the Elements is accordingly ir-
regular. Hydrogen (H) can be placed close to lithium on 
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the extreme left side of the table, but may also occupy a 
position at the extreme right at the side of the noble ga-
ses. Helium (He) is an element with an anomalous posi-
tion in the periodic table. The same is true of europium 
(Eu) and ytterbium (Yb) that belong to the lanthanide 
series. Other irregularities include chromium (Cr) and 
copper (Cu) atoms that carry 1 rather than 2 electrons 
on their outer orbitals. 

“There is a clear line between radioactive and stable 
elements: everything below bismuth (No 83) is stable; 
everything above it is radioactive — except technetium 
(Tc) and promethium (Pm), which stick out like sore 
thumbs” (Gray 2009). 

Not less than 700 different graphic representations 
of the Periodic Table of the Elements, with quite diffe-
rent configurations, have been published exposing the 

variety of interpretations of periodicity among elements 
(Mazurs 1974) (Figure 3). 

As Gray points out “Chemistry is too complicated for 
any rule to be absolutely hard and fast”. 

Biology is still more complicated and as such rules 
are expected to be even less rigid. But this does not 
exclude, as is the case of the chemical elements, that 
there is a fundamental underlying order that pervades 
biological phenomena.

2.5. The Periodicity of the Chemical Elements
has Determined that of Minerals
That the periodicity of the chemical elements has de-

termined the periodicity of the minerals is evidenced by 
the fact that: arsenic, antimony and bismuth are consi-
dered as both minerals and chemical elements (As) (Sb) 

Figure 3: (1) The periodic chart is ba-
sed on the original table of Mendeleev 
from 1869. Since then many other che-
mical elements have been added accor-
ding to Mendeleev’s prediction (in this 
chart 103). The vertical columns tend to 
have elements with the same properties. 
(2) In this spiral representation of pe-
riodicity, hydrogen occupies the origin 
of the spiral, because all other atoms 
are known to be derived from this che-
mical element. Within the spiral there is 
full regularity but the transition metals 
stick out of it building a separate block. 
Besides, the Actinides and Lanthanides 
cannot be easily compressed into any 
representation: be it the conventional 
chart where they build two separate rows 
or this one where they protrude distin-
ctly from the spiral. Inert gases are also 
called noble gases.
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(Bi). Another example is the group of elements consi-
sting of gold, silver and copper (Au, Ag and Cu) that be-
long to the same group in the periodic table and which 
are at the same time minerals. Their common proper-
ties are known to be the result of the metallic bond of 
their atoms. As Jaffe (1988) remarks: “Electrons govern 
chemical behavior of atoms, and how they may be pa-
cked into minerals”

Significant, is that the chemical elements did not 
change their properties as they built the cell, a fact that 
we tend to overlook.

2.6. Periodicity Governing the Construc
tion of DNA and Proteins
Ohno (1988) has described in detail the occurrence 

of periodicity among macromolecules. They represent 
an intermediate stage between chemical elements and 
living organisms. 

Ohno states “It is a mistake to regard any coding se-
quence as unique implying the descent from random as-
semblages of four bases. Instead each coding sequence 
is comprised of primordial and derived repeating units.” 
The DNA periodicity is evident in segments of the hu-
man X chromosome where a 419 long coding sequence 
consists of four widely separated segments (phospho-
glycerate kinase coding sequence) (Ohno & Ohno 1986). 

In the case of proteins, with transmembrane 
α-helices, the primordial repeating units of their coding 
sequences were base heptamers.

PART 3.
The Periodicity in Living Organisms 
is Displayed by their Fundamental 
Properties

Periodicity in living organisms was established by 
Lima-de-Faria (1995), but the development of molecu-
lar biology, that occurred since then, allowed to treat 
this phenomenon more extensively and to establish it 
on a firm basis (Lima-de-Faria 2017). It led to the pro-
duction of a Periodic Table of Living Organisms that 
covered 8 biological properties: vision, regeneration, 
luminescence, placenta, penis, flight, plant carnivory 
and mental ability. 

All these properties were investigated at the mole-
cular level, and the genes involved in them, as well as 
the RNA sequences that participated in their expression 
were included. 

In this article the occurrence of biological periodicity 
will not be described in detail but only the main results 
are mentioned. The reader is referred to the above cited 
works for a comprehensive treatment of the subject.

3.1. Flight — Is a Punctuated Event which 
Arises from Species Without Wings
Flight is one of the periodic processes that is most 

easy to exemplify. It occurs in air in: insects, squids, fish, 
pterosaurs (fossil reptiles), birds and bats (Figure 4). 
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Figure 4 (previous page): Periodicity of flight. (1) Insect 
Chrysops discalis. (2) Extinct flying reptile Rhamphorhymque. 
(3) The bird giant kingfisher Megaceryle maxima. (4) Flying fish 
Dactylopterus orientalis. (5) A bat (flying mammal).

Table 1: PERIODIC TABLE OF FLIGHT AND GLIDING Flight in air and in water, both represent active movements, by the use of 
wings and fins, in different media. The periodicity is revealed by the sudden eruption of flight in the most unrelated groups of animals. The 
expression or repression of flight capacity is known to be decided by genes that control wing development. Gliding turns out to be also a 
periodic event re-emerging after periods of latency. It became of general occurrence in mammals, yet at the side of gliding species ”there 
are extremely similar ones” that do not glide.
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It is a punctuated event, but moreover it occurs in 
animal species that are not related directly to the pre-
vious possessor of this property. Insects start flying wi-
thout predecessors (the first insects had no wings). Mo-
reover all other invertebrates which evolved for millions 
of years do not fly. Much later appeared flying reptiles 
that had no direct relation to insects. The birds evolved 
from non flying reptiles, and later the bats, had no direct 
relation to birds, but came from small terrestrial mam-
mals. Some species of squids and fishes are able to move 
out of water and fly in air in a most advanced way. Flight 
is an evasion from gravity. It occurs in water, in the wa-
ter-air interface, and in air. Not only marine mammals, 
but most fish, fly in water. Active flying is particularly 
evident in manta rays (a fish measuring up to 7 meters 
across) “swimming like a large bird on flapping wings” 
(Burnie 2004). Zoologists have not hesitated to call the 
swimming of these fish as “underwater flight” which is 
achieved by their large pectoral fins (Table 1).

The emergence of flight has been difficult to explain. 
The hypotheses on the origin of bird flight do not ap-

ply to the origin of flight in insects and bats. Also authors 
agree that selection is impotent to furnish an explanation.

Instead the genetic evidence clarifies the situation. 
Hox genes are known to decide the formation of wings, 

as well as their suppression, and a fly with 4 wings (in-
stead of 2) can be produced by genetic intervention wi-
thout selection or successive random mutations. Also 
birds with four wings, instead of two, have been obtai-
ned in the laboratory (Affolter et al. 1990, McGinnis & 
Kuziora 1994, Cohn et al. 1997) (Figure 5). It also turns 
out that the same genes (Hox) determine the formation 
of insect and bird wings. Periodicity could hardly be 
conceived if the wings of insects and birds had different 
genetic origins.

What characterizes flight periodicity is the re-emer-
gence of coherent flight capacity following long periods 
of latency. Gliding, which occurs from insects to mam-
mals, is also a periodic event (Figure 6).

3.2. Placenta—Occurs in Humans but is 
Equally Well Developed in Flowering
Plants
The placenta is a structure that interlocks the fetal 

and maternal tissue in animals, and in plants, is the pla-
ce in the ovary where the ovules develop and are provi-
ded by nutrients (Figure 7). The placenta occurs in the 
most complex as well as the simplest living organisms be 
they animals or plants. It is found in mosses and ferns 
and reappears in flowering plants. It is independent of 

Figure 5: Production in the laboratory of flies with four wings (instead of two) and of birds with four wings (also instead of two) by genetic 
manipulation of DNA sequences. This was possible due to the gene similarity between invertebrates and vertebrates. (1) Drosophila mela-
nogaster four-winged fruit fly produced by combining the gene mutations bithorax and post-bithorax. (2) Gallus gallus, chicken, genetic 
intervention leads to the production of a bird with four wings by modifying the location of a growth gene in the bird embryo.
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Figure 6: Gliding. (1) Draco volans (a reptile) glides by expanding its ribs that can be folded down. (2) Giant flying squirrel (placental 
mammal). (3) Petaurus australis (marsupial). (4) Cynocephalus variegatus (placental mammal).

organism complexity a feature that is evident in all pro-
perties that exhibit periodicity. It is well developed in 
the simplest animals (onychophorans and sponges) as 
well as in fish (sharks, rays and sea horses) (Table 2).

Not less than 94 human genes are highly expres-
sed in the placenta. Remarkable is that the punctuated 
emergence of this organ is decided by common genes in 
plants and animals (Spielman et al. 2001). Its periodi-
city is evident in reptiles where it has evolved on more 

than 100 separate occasions (Flemming & Blackburn 
2003) which is also a demonstration of its sudden emer-
gence. This very high reappearance of the placenta is in 
agreement with the “hypermutation” found in vertebra-
tes, including humans, where there is a sudden increase 
of the mutation rate at specific genes. An example is the 
immunoglobulin gene in which the mutation rate is 6 to 
7 orders of magnitude greater than that of background 
mutations (Brown 1999). 
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3.3. Penis — Re-Emerges, without 
Previous Announcement, in Flatworms
and Mammals
The penis would seem to be an organ characteristic 

of vertebrates, such as humans, but it occurs equally 
well formed already in worms (Figure 8).

It has an equally punctuated appearance neither rela-
ted to the environment nor to nearly connected species. 

Most birds have no penis. The genetic events leading 
to the elimination of the penis have been found to be de-
pendent on the activity of the gene Bmp4 which induces 
cell death in genitalia. 

The penis is absent in whole groups of invertebrates 
(22 phyla) but it appears, without previous announce-
ment, in marsupials and placental animals where it be-
comes well established (Table 3).

Figure 7: Comparison of the development of the placenta and other organs in mammals and flowering plants. The similarity is due to 
similar genes in the two unrelated groups. From Spielman et al. (2001) with permission.
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Table 2: PERIODIC TABLE OF THE PLACENTA. The placenta is such an important organ that it characterizes a whole animal 
group — the placental mammals. It interlocks foetal and maternal tissues in the uterus of animals. Surprisingly it appears equally well 
advanced in plants, where it is ”the ovule part of the carpel and a sporangium bearing area”. The periodicity is revealed by its emergence 
in many invertebrate species, and in vertebrates, such as the sharks, where it attained a development that rivals that of mammals. Besides, 
in reptiles, it emerged on more than 100 separate occasions whereas in sharks it reappeared 11 times.
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3.4. Vision — is Decided by the Same 
Gene from the Simplest to the Most 
Complex Animals
Three properties are of special importance becau-

se they do not start at the organism level but appear 
before DNA and the cell emerged in evolution. Vision, 

regeneration and luminescence are already evident in 
crystals and minerals. 

The ability to direct light to specific sites is present 
in crystals. The phenomenon is called double refraction. 
The light is divided into two polarized rays as seen in 
the minerals calcite and tourmaline (Wenk & Bulakh 

 
  

  

 
 
 

 

 

 

 
 

 

 

 

 

 

 

  

 
 

  

 
  

 

 
 

 

  

Table 3: PERIODIC TABLE OF THE PENIS. The penis is absent in a large number of invertebrate phyla as well as in most groups of 
vertebrates. It emerges suddenly in totally unrelated groups of simple as well as complex organisms. It establishes itself as a permanent 
organ in mammals. A double penis also occurs in a punctuated way among crustaceans, molluscs, insects and reptiles.
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2004). The cornea and the lens of the animal eye are 
the two structures that bend light rays to focus images 
on the retina. It turns out that in the eye of living brittle 
stars (echinoderms) the lens is made of calcite (Björn 
2015), and in the mollusc chiton the eye lens is made of 
the mineral aragonite. This means that vision is ancho-
red in the mineral world (Figure 8). 

Typical of periodicity is that the complexity of the 
eye is not related to organism complexity. Bacterial cells 
act as spherical lenses and their vision is considered si-
milar to that of the human eye (Schuergers et al. 2016). 
Moreover in molluscs eye organization becomes close to 
that of the human eye (Table 4). 

Repression and expression of the same genes appear 
as the source of eye absence and reappearance. Larvae 
and adults of Annelid worms have the same genes yet 
larvae have eyes whereas adults lack them. 

Ubiquitous genes and identical regulatory molecu-
lar cascades have shaped the eye throughout its evo-
lution. Gehring and collaborators (2014) have shown 
that most animals “share the same master control gene, 
Pax6, and the same retinal and pigment cell determina-
tion genes”. The loss of Pax6 gene function, led to ani-
mals without eyes, in both mammals and insects, reve-
aling again the identity of the genetic pathways which 
are at the basis of the periodicity (Figure 10).

Figure 8: Penis in worms and crustaceans. (1) Flatworm, Fasciola hepatica, the penis has a seminal vesicle, a prostate gland and an eja-
culatory duct. (2) Crustacean, Cymathoa aestroides, penis and part of ventral wall. (3) Flatworm, Taenia saginata, body segment showing 
ovaries (ov) and penis (p). (4) Crustacean, copulating Barnacles. The long penis of the individual on the left is inserted on the individual 
on the right (based on a photograph by R. Sisson).
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Figure 9: Mineral crystals deviated light before eye lenses did it. (1) Double refraction in calcite showing the splitting of the light into an 
ordinary and an extraordinary ray. (2) Transparent crystal of calcite in which one sees clearly the double refraction of the letters EOS. (3a) 
Calcite, viewed normal to the rhombohedron face. (3b) Calcite showing no double refraction, viewed parallel to the c axis.
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Table 4: PERIODIC TABLE OF VISION. Thousands of species in invertebrates have existed, for millions of years and survived effi-
ciently, without eyes. At the same time the eye attained a high degree of complexity even in the simplest invertebrates. There is an increase 
in eye complexity that tends to follow the organism’s phylogenetic position. After being a punctuated event in invertebrates, the eye beca-
me a permanent feature of vertebrates. Periodicity is elucidated by the finding that the Pax6 gene is present in all species that have eyes 
and even in those that lack eyes. This indicates that gene expression and repression are responsible for its periodic emergence.
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3.5. Regeneration — Starts in Crystals, 
Expands in Plants, but Slows Down
in Vertebrates
Regeneration is characterized by the ability to pro-

duce, without external intervention, the original pat-
tern. It is actually based on atomic and cellular order. 

Regeneration started in crystals before biological 
evolution arrived. It occurs in ammonium bimalate and 
ammonium oleate crystals as well as in minerals. If they 
get broken regeneration ensues the addition of identical 
atoms which lead to the restoration of the identical pat-
tern (Bonner 1952). 

Research on atomic configuration, taking place 
during crystal formation, shows that disorder is tran-
sformed into order depending on temperature. In the 
mineral feldspar low temperatures lead to an ordered 
assembly of novel atoms (Wenk & Bulakh 2004). 

In living organisms the appropriate genes are 
called to action, and the cells only develop a prepro-
grammed cellular order that does not deviate from 
the original configuration of the organism. This pro-
gram is actually a memory which remembers the 
whole organization — without it no identical pattern 
could be recreated. 

Figure 10: General scheme of eye evolution. Evolution of various eye-types from a common ancestral prototype. Under the control of the 
Pax6 gene the photosensitive cell assembles with a pigment cell to form an organ, the prototype eye. This generates the various eye-types 
from the eye of simple molluscs (Cardium, Pecten) to insect eyes, the complex eye of Cephalops (advanced molluscs) and the vertebrate 
eye (including humans).
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Protozoa and algae rebuild their body from isolated 
fragments by releasing chemicals that determine the 
pattern. Hydras have body memory and the ability to 
sense structure size. These properties extend also to hi-
gher organisms (Figure 11).

The genes participating in regeneration have been 
identified in flatworms (Turbellaria). The Wnt 3 genes 
induce a wave of proliferation in neighboring cells. As 
many as 694 genes decide ordered regrowth of organs 
in brittle stars when they regenerate the whole body 
from a single arm (Purushothaman et al. 2015). 

As one reaches the vertebrates, fish rebuilt the: 
tail fin, kidney, heart and brain, when a battery of ge-
nes is activated. 

The ability to reestablish the body pattern dimini-
shes in vertebrates, becoming reduced to the mamma-
lian heart, pancreas and other organs. Birds show an 
absence of regeneration, except for their feathers, that 
are replaced continuously. On the contrary mosses and 
ferns know their body plan and in flowering plants a 
single somatic cell can give rise to a whole plant (Ha-
berlandt 1902) (Table 5).

Figure 11: Regeneration in crystals, protozoa and invertebrates. (1) Crystals of ammonium bimalate. Crystal with its end broken (left) 
and under regeneration which leads to the restoration of the original pattern (right). (2) Liquid crystals of ammonium oleate. Following 
breakage the crystals regenerate building the original pattern. (3) Protozoa, Stentor, stages of regeneration from three separate frag-
ments. (4) Flatworms, Planaria, regeneration of complete individuals from three separate fragments. (5) Echinoderm, an ophiuroid 
after being divided into two parts (left). Shortly after, one half regenerates building the original pattern (right). (6) Echinoderm, starfish, 
Linckia, three successive stages of the regeneration of the whole body from the end of a single arm.
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Table 5: PERIODIC TABLE OF REGENERATION. Biological memory is the capacity to copy preexisting patterns. Regeneration is 
a form of memory which started in the crystal world and expanded into cells, organs and whole bodies. The periodicity is shown by the 
absence of regeneration in many invertebrate phyla which is accompanied by a high ability of whole body memory in other species. This 
occurred in simple invertebrates and flowering plants. As organism complexity increased organ memory tended to decrease.
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3.6. Luminescence — Is Found in Many
Minerals and Has Become a Main
Property in Bacteria, Insects and Fish, 
but Was Precluded in Later Evolution
Bioluminescence has been described as a “random 

and spasmodic phenomenon” and selection has also 
been evoked and denied. Luminescence occurs from 
minerals to fish, but like regeneration is a limited pro-
cess. It is both an electronic event, resulting from chan-
ges in atomic energy states, and at the same time a ge-
netic process. 

Luminescence was widespread in minerals before 
it arose in living organisms. It was found even earlier 
in chemical elements, which are considered to be color 
activators in minerals, such as Europium and Uranium. 
No less than 21 minerals are luminescent and the colors 

emitted by living organisms are the same that are emit-
ted by minerals (Figure 12). 

All luminous bacteria have a common DNA se-
quence, they share the lux operon, that encodes for the 
biosynthesis of luciferase and its substrates (Dunlap et 
al. 2007) (Figure 13).

There are luminous and non-luminous algae and a 
large number of invertebrates were not allowed to de-
velop luminosity. However, in some families of insects 
luminescence attained extreme intensity. Among the 
molluscs, the Cephalopods, are covered by hundreds of 
luminescent organs that glow in the ocean water. The 
number of photophores is as high as 687. Fishes, look 
also like Christmas trees with their long lines of lumi-
nous organs that “Are extraordinarily elaborate”, but 
marine mammals are not luminous, yet they live at 

Figure 12: Luminescence in minerals. (1) Crystals of scheelite 
(CaWO4) seen under daylight. (2) Luminescence in crystals of 
scheelite submitted to ultraviolet radiation. (3) Crystals of fluo-
rite (CaF2) seen under daylight. The large cubes have a blue-
green color dispersion (natural fluorescence). (4) Luminescen-
ce in crystals of fluorite submitted to ultraviolet radiation.

Figure 13: Bioluminescence. (1) Photobacteria, two colonies 
of Photobacterium photographed in obscurity. (2) Shrimp, a 
luminous crustacean species. (3) Noctiluca, adult stage of Noc-
tiluca sp. (4) Insect, the strong light emitted by Pyrophorus. (5) 
Squid, mollusc, a luminous species.
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Table 6: PERIODIC TABLE OF LUMINESCENCE. Luminescence appeared with light intensity in simple organisms such as bacte-
ria, insects and molluscs. It became maximal in fishes but was totally precluded in later evolution. Luminescence occurs in minerals, befo-
re the arrival of DNA and the cell, showing that this phenomenon is due to atomic and electronic processes. High light intensity emerges 
irrespective of the animal’s phylogenetic location and it arose independently at least 40 times.
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depths exceeding those of luminous fish. Non-luminous 
molluscs occur also at depths from 200 to 7,000 meters 
and the bats, which regularly live in darkness, did not 
become luminous. 

The luciferase gene produces the sole enzyme re-
sponsible for luminescence. The complete DNA sequen-
cing of luciferase genes demonstrates that they have 
been highly conserved (Choi et al. 2003). Following 
genetic manipulation flowering plants and rabbits have 
become luminous 

The periodicity of luminescence is evidenced by 
the fact that “Bioluminescence is estimated to have 
evolved independently at least 40 times” (Hastings 
2011) and all authors agree that luminescence has 
had independent origins throughout its evolution 
(Table 6).

3.7. Carnivory in Plants — Their Trapping
Organs Contain: Doors, that Open and 
Close, Sensorial Hairs that Recognize
Prey and Digestive Glands, but Have
no Nervous System
Plants have no brains and no nervous system, yet 

they perform activities comparable to the brain fun-
ctions of animals as shown by the analysis of their car-
nivorous behavior.

Carnivory in plants is not a “Paradoxical Event” but 
is due to the expression of specific genes and chemical 
modifications of DNA. 

Mammals have not inhabited the planet for a long 
time, the animals of the order carnivores arose 10 mil-
lion years ago (Wilson & Mittermeier 2009–2019). 
Equally, the carnivorous plants are not old. Flowering 
plants had their major radiation 125 million years ago, 
but all extant carnivorous plants are found in recently 
derived groups. McPherson (2010) states that carnivo-
ry is a “relatively young evolutionary invention” among 
flowering plants. 

Its periodicity is evident. The 20 extant genera of 
carnivorous plants have turned out not to be closely 
related. Carnivory evolved at least on ten separate oc-
casions and may have evolved independently 12 times 
(Williams et al. 1994, McPherson 2010). 

The fusion of leaves is a primary event in the buil-
ding of traps. This is determined by a battery of genes 
that have been isolated, cloned and sequenced (Glover 
2007, Eilenberg et al. 2006). 

Movements of tendrils, which are also part of carni-
vory, are decided by touch-inducible genes. Carnivory 
is also an epigenetic phenomenon; within the same in-
dividual plant, the leaf morphology changes during de-
velopment resulting in the production, side by side, of 
non-carnivorous and carnivorous leaves. 

DNA evolution has not allowed flowers to become 
carnivorous, which is a phenomenon limited to leaves. 
These have been successively modified resulting in hi-
ghly advanced trapping organs such as: spiral branches, 
funnels, pitchers and bladders. 

The origin of periodicity in carnivorous plants is elu-
cidated by the finding that the basic structures and fun-
ctions participating in carnivory, existed separately in 
multiple plant families, without having anything to do 
with flesh digestion. It is only when they were suddenly 
combined coherently that carnivory emerged (Table 7). 

Traps take various forms from rosettes to trumpet-
like tubes covered with hoods and in some species are 
closed by lids and in others by doors that open and close. 

Hairs and bristles have sensorial functions. The 
trapping mechanism is so specialized that it can distin-
guish between living prey, and pebbles or sticks, that 
touch the leaf. 

The inner part of the trap is covered by more than 
6,000/cm2 microscopic glands in Nepenthes. The glan-
ds not only secrete the digestive fluid but also absorb 
the products of the digestion (Figure 14).

The digestive enzymes in plants are the same that 
participate in animal digestion and also have the 
same active sites — another example of plant — ani-
mal similarity. 

Carnivorous plants may use traps without or with 
active movements. In Dionaea the trap closes within 
0.5 seconds, in Aldrovanda within 0.01 seconds and 
in Utricularia the door opens within 30 milliseconds 
following prey detection. This is a speed of reaction 
comparable to that found in the nervous system of 
higher mammals.

3.8. High Mental Ability — is Evident from
Ants to Humans Reappearing Suddenly
The concepts of instinct, intelligence and selection 

were terms that belong to the 1800s when research on 
animal behavior and evolution were based mainly on 
an ignorance of genetics, biochemistry and biophysics. 
These were scientific disciplines that did not yet exist.
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Table 7: PERIODIC TABLE OF PLANT CARNIVORY. Carnivory occurs solely in flowering plants. These arrived late in evolution 
and most species have about the same degree of organization. The periodicity is evidenced, among other features, by the same trait re-
emerging in unrelated families. Besides each trait starts with a simple structure or function that becomes successively more complex in 
species with similar body complexity (since all are flowering plants). This property is divided into 5 main traits that result in the ability 
that plants have to trap and digest animal prey. Most traits start with simple structures and successively the complexity increases leading 
to extreme refinements, which due to their efficiency and speed, are comparable to the nervous system of animals. These traits are decided 
by specific genes. Carnivory re-emerges at least 10 times.
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At present these concepts are being superseded. 
Instinct and intelligence were coupled to the as-
sumption of human biological supremacy that now is 
shown to be less pre-eminent. Selection has turned 
out to be of little significance as molecular processes 
explain the pathways.

Periodicity at the mental level seems unexpected 
but mental processes are equally directed by the evo-
lution of DNA sequences. The brain develops under 

the control of well defined Hox genes which decide 
the formation of part of the brain in vertebrates. 

High mental ability has resurged without pre-
vious announcement. The formation of societies oc-
curs in bees, ants, termites and humans. In insects 
it is accompanied by agriculture (raising of fungi in 
termites), animal husbandry (use of sugary products 
of other insects in ants), language (with dialects in 
bees), weaving (of leaves in ants) and other activities 

Figure 14: Plant 
carnivory. Evolu-
tion from simple to 
complex leaves. (1) 
Pinguicula vulgaris, 
flowering plant with 
a rosette of leaves 
slightly curved at the 
borders. (2) Heliam-
phora nutans with 
leaves building an am-
phora. (3) Leaves of 
Sarracenia variolaris 
(left), Darlingtonia 
californica (middle) 
and Sarracenia lici-
niata (right) building 
an open tube curved 
at the end. (4) Nepen-
thes Dominii, modi-
fied leaf as a pitcher 
with large lock. (5) Ne-
penthes laevis, tran-
sformed leaf (partly 
sectioned) showing 
numerous glands (as 
black specks) in the 
lower part (b) and ac-
companied by a spira-
lized tendril and a lid 
(e) at the top.
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previously considered to be limited to humans. Octo-
puses display the highest mental ability, among inver-
tebrates, which is linked to the recruitment of novel 
genes (Figure 15). 

The periodicity of mental ability is based on the fol-
lowing evidence (Table 8).

Insects are distributed into 29 orders. In only two of 
them: Hymenoptera (ants, bees and wasps) and Isop-
tera (termites) did social behavior lead to the forma-
tion of highly complex and dynamic societies. Hence, 

27 orders did not acquire this behavior although they 
had millions of years of evolution at their disposal. 
Biologists were led to the conclusion that in insects: 
“social organization has evolved independently eleven 
times in the Hymenoptera, but only once in the Isopte-
ra” (McFarland 1981). 

Insects, birds and primates came to different 
solutions depending on the species. This diverse 
mental ability is dependent on genes. The gene Fox 
P2 is responsible for singing in both birds and hu-

Figure 15: Mental ability in insects. (1) African weaver ant Oecophylla longinoda. Ant weavers use their feet and mandibles to combine 
the borders of leaves. Simultaneously, other ants carry larvae, which have in their mouth a liquid, that seals the leaves together. (2) Ant 
farming. Formica sp. Ants use aphids (insects), which excrete a sugary substance, as a source of nutrition. They even move them to appro-
priate sites where the aphids can better feed on the sap of plants. (3) Nest architecture in termites, Hodotermes meriodinalis. The central 
chimney keeps the temperature constant. Different compartments function as: foraging tunnels, food stores, the royal cell, and chambers 
for the young termites. There are also chambers where fungi are cultivated as a source of food.
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Table 8: PERIODIC TABLE OF MENTAL ABILITY. Problem solving, nest building, migration and tool making, attain remarkable 
development in simple invertebrates as well as in complex mammals. The genes involved in some of these processes are known: singing in 
birds and humans (FoxP2 gene) and web building in spiders (proteins MiSp, Flag and MaSp2). Only two of the 29 orders of insects formed 
high complex and dynamic societies. Social organization evolved independently 11 times in one of these orders but only once in the other. 
Another feature of periodicity is that closely related species do not exhibit the same specific trait.
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mans, and the silk of the spirals built by spiders, is 
the product of genes that have been isolated. Spirals 
are also drawn by humans and drugs lead in both 
cases to the drawing of irregular geometric figures. 
Moreover, the same brain chemicals are present in 
spiders and humans. 

There is among animals a common form of abstract 
thinking: bees, birds and chimpanzees can count (Dac-
ke & Srinivasan 2008). 

The similarity between plants, invertebrates and 
vertebrates (including humans) is becoming more com-
prehensive as molecular biology expands.

  

 

 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

 

   
 

Table 9: PERIODIC TABLE OF EQUIVALENCE BETWEEN MARSUPIALS AND PLACENTALS. The similarity between these 
two series of animal species has been repeatedly described as an “intriguing case of convergence” and as a “curiosity”. Their similarities 
were considered the product of random events and these animals, arising on distant continents, could hardly have the same genes. Again, 
molecular evidence revealed another scenario. There has been an extreme permanence. The protein coding genes of the monotremes (the 
early ancestors of these two groups) were compared with those of marsupials and placentals. The number of these genes in the monotre-
me platypus is 18,527, in humans 18,600 (placental) and 20,800 for opossum (marsupial). Besides 82% of the monotreme genes have 
homologues in these other species (Warren et al. 2008). The animals that emerged are members of the most different families: moles, 
mice, anteaters, gliders, wolves, lions and sabre-tooth tigers. There are impressive similarities species by species, this is why they have 
been called, by different authors, as “carbon copies”.

Figure 16: Some of the species that are 
“carbon copies” of one another in pla-
cental and marsupial mammals. (1) The 
sabretooth tiger Smilodon (placental) 
and (2) the sabretooth tiger Thylaco-
smylus (marsupial). Both are fossils. (3) 
Gliding squirrel Anomalurus peli (pla-
cental) and (4) the greater glider Petau-
roides volans (marsupial). (5) The com-
mon mole Talpa europaea (placental) 
and (6) the pouched mole Notoryctes 
typhlops (marsupial).
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3.9. The Placental Mammals are “Carbon 
Copies” of the Marsupials
It has been repeatedly pointed out, by many authors, 

that the two groups are very much alike. However, this 
finding has not been examined in terms of periodicity. 
It was considered of marginal significance since it could 
not be explained by selection.

The first marsupials (that carry their young in pou-
ches) arose 75 million years ago. The placentals (that 
retain the young inside the mother’s body) appeared la-
ter 50 million years ago (Macdonald 1984). The “carbon 
copy” versions that emerged include species, genera, fa-
milies and orders. Equivalents are found for members 
of carnivora, primates, rodentia, dermoptera, insecti-
vora, edentata, perissodactyla and artiodactyla (Table 
9). For instance, the fossil sabretooth tiger Smilodon (a 
placental) had a most similar species in the marsupial 
fossil Thylacosmylus. The European otter (placental) 
and the water opossum (marsupial) have the same body 
features and behavior. The same is the case of the com-
mon mole and the pouched mole (Figure 16). The genes 
in these two groups were also found to be most similar 
(Warren et al. 2008). 

Periodicity is stressed by the finding that gliding 
species were produced, again and again, in marsupials 
and placentals.

3.10. Biological Periodicity is Cha-
racterized by the Following Features
The following text is a description of the main cha-

racteristics of biological periodicity and the enunciation 
of the Law of Periodicity. After four years, since they 
were written, it does not seem necessary to add or sub-
tract any material to the statements made, which sup-
ports their validity (Lima-de-Faria 2017): 

1.  Biological periodicity is an event anchored 
in the mineral world where only simple atomic 
interactions decide the properties. These do not 
start at the biological level, as previously assu-
med, but existed before DNA and the cell arrived 
in evolution. Regeneration is evident in crystals 
of ammonium oleate, luminescence is pro-
nounced in the minerals fluorite and scheelite as 
well as in 19 others. Also in vision the ability to 
deviate light rays (present in lens proteins) was 
already exhibited by calcite crystals with their 
double refraction. 

2.  The main feature of biological periodici-
ty is its punctuated emergence. It seems to arise 
from nowhere coming and going without previous 
announcement. The organisms that exhibit flight, 
vision, plant carnivory, or any other of the descri-
bed properties, do not show a relationship to their 
immediate predecessors. The pterosaurs were not 
directly related to the flying insects that preceded 
them, and carnivorous plants appear in plant fa-
milies that are not closely related. 

3.  Periodicity emerges with few intermedia-
te forms or abruptly in most cases. High mental 
ability is present in the building of elaborated so-
cieties by ants whereas many other insect species 
are solitary. 

4.  It is independent of organism complexity. 
Vision is present in bacteria in a way that it alrea-
dy resembles that of humans. The placenta emer-
ges independently in plants, invertebrates and 
mammals.

5.  It appears in a well defined organ or on a 
restricted species group. Plant carnivory is confi-
ned only to leaves and only to flowering plants. 
Luminescence became localized to specific organs 
and could not extend beyond the fishes.

6.  The types of structures and functions that 
are an obligatory component of a given property 
(e.g. flight, mental ability, placenta formation) are 
essentially the same in all the different taxonomic 
groups that exhibit it. Flight in bats, birds and in-
sects uses a wing whereas a quite different struc-
tural solution could have been created (such as jet 
propulsion in squids). 

7.  Periodicity occurs at regular intervals but 
of variable length. This is to be expected since we 
are dealing with living organisms which are more 
complex than simple atoms. High mental ability 
has re-emerged after millions of years but in plant 
carnivory the interval may have extended to only 
thousands of years.

8.  It is independent of the organism’s taxono-
mic location. The penis is as developed in inverte-
brates as it is in higher mammals.

9.  It is also independent of the environment. 
Gliding has arisen in animal species living in the 
tropics as well as in Nordic climates. The marsu-
pials that evolved in Australia (in a different en-
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PERIODIC TABLE OF CHEMICAL ELEMENTS NOBLE 
GASES

Increasing 
grade of 
complexity

ALKALI  
METALS

ALKA-
LINE 

EARTHS
NONMETALS HALO-

GENS

HELIUM

2

4.0

1

LITHIUM

3

6.9

BERYLL- 
IUM

4

9.0

BORON

5

10.8

CARBON

6

12.0

NITRO-
GEN

7

14.0

OXYGEN

8

15.9

FLUO-
RINE

9

18.9

NEON

10

20.1

2

SODIUM

11

22.9

MAGNES-
IUM

12

24,3

ALUMI-
NUM

13

26.9

SILICON

14

28.0

PHOS-
PHORUS

15

30.9

SULFUR

16

32.0

CHLO-
RINE

17

35.4

ARGON

18

39.9

3

POTASS- 
IUM

19

39.1

CALCIUM

20

40.0

GALLIUM

31

69.7

GERMAN- 
IUM

32

72.5

ARSENIC

33

74.9

SELENI-
UM

34

78.9

BROMINE

35

79.9

KRYPTON

36

83.8

4

RUBIDIUM

37

85.4

STRON-
TIUM

38

87.6

INDIUM

49

114.8

TIN

50

118.6

ANTI- 
MONY

51

121.7

TELLUR- 
IUM

52

127.6

IODINE

53

126.9

XENON

54

131.3

5

CESIUM

55

132.9

BARIUM

56

137.3

THALL-
IUM

81

204.3

LEAD

82

207.1

BISMUTH

83

208.2

POLON- 
IUM

84

(210)

ASTATINE

85

210

RADON

86

(222)

6

FRANC-
IUM 

87

(223)

RADIUM

88

226.0

113 114 115 116 117 118

Increasing grade  
of complexity LANTHANIDE SERIES
LANTHA-

NUM

57

138.9

CERIUM

58

140.1

PRAESE-
ODYM- 

IUM

59

140.9

NEO-
DYMIUM

60

144.2

PROME-
THIUM

61

(145)

SAMAR-
IUM

62

150.4

EUROPI-
UM

63

151.9

GADO-
LINIUM

64

157.2

TERBIUM

65

158.9

DYS-
PROS- 

IUM

66

162.5

HOLM-
IUM

67

164.9

ERBIUM

68

167.2

THULIUM

69

168.9

YTTER-
BIUM

70

173.0

ACTINIDE SERIES
ACTIN- 

IUM

89

(227)

THOR-
IUM

90

232.0

PROTAC-
TINIUM

91

231.0

URAN-
IUM

92

238.0

NEPTU-
NIUM

93

237.0

PLUTO-
NIUM

94

(244)

AMERI- 
CIUM

95

(243)

CURIUM

96

(247)

BERKE-
LIUM

97

(247)

CALI-
FORN- 

IUM

98

(251)

EIN-
STEIN- 

IUM

99

(254) 

FERM-
IUM

100

(257)

MEN- 
DELE- 
VIUM

101

(256) 

NOBEL- 
IUM

102

(254) 

PERIODIC TABLE OF LIVING ORGANISMS 

Increasing 
grade of 
complexity

LUMI- 
NES-
CENCE VISION

REGEN- 
ERATION
(WHOLE 
BODY)

PLA- 
CENTA

PENIS
(SINGLE) 

FLIGHT
(IN AIR) 

PLANT 
CARNI- 
VORY
(TRAP)

MENTAL 
ABILITY

1

MINERALS

EUBACTE-
RIA 

MINERAL 
REFRAC-
TION

CYANOBAC-
TERIA 

CRYSTALS

PROTOZOA

ONYCH-
OPHO-
RANS

BRYO-
ZOANS

FLUKES INSECTS Drosophyl-
lum
Leaves 
slightly
curved at 
top

ANTS

TERMITES 

BEES

2

DINOFLAG-
ELLATES

PLANT 
CELLS

CNIDARI-
ANS 

ALGAE

SPONGES 

SPONGES

WORMS

FLIES 

GNATHOS-
TOMULIDS

GASTRO-
TRICHA 

SQUIDS Sarracenia
Tube with 
a lid

SPIDERS

OCTOPUS-
ES 

3
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CEANS

MOLLUSCS

INSECTS

CNIDARI-
ANS

ASCIDIANS

FERNS 

MOLLUSCS
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FISH Nepenthes
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of two 
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ARCHER-
FISH

4

STARFISH

JELLYFISH
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ANS 
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TOADS

LIZARDS

CAECI-
LIANS

LIZARDS 

PTERO-
SAURS

Dionaea
Leaves
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and mov-
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MONITOR 
LIZARDS

5

MOLLUSCS

INSECTS 

REPTILES

BIRDS 

ECHINO-
DERMS

FLOW-
ERING 
PLANTS

BANDI-
COOTS

OSTRI-
CHES

DUCKS 

BIRDS Genlisia
Spirally
twisted
branches
with claws

WEAVER-
BIRDS

6

NEAR-
SHORE AND 
ABYSSAL 
FISH

MARSUPI-
ALS

PLACEN-
TALS 

FLOW-
ERING 
PLANTS

EARLY PLA-
CENTALS

LATE PLA-
CENTALS 

MARSUPI-
ALS

PLACEN-
TALS 

BATS Utricularia
Bladder 
with
movable
door 

CHIMP-
ANZEES

Increasing grade 
of complexity

MARSUPIAL SERIES
POU-
CHED 
MOLE

MULGA-
RA
MOUSE
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COGALE

OPOS-
SUM

ANT-
EATER 
NUMBAT

GREAT-
ER 
GLIDER

SUGAR 
GLIDER

WATER 
OPOS-
SUM

POU-
CHED 
HYENA
FOSSIL

TASMA-
NIAN 
WOLF

MARS-
UPIAL 
LION
FOSSIL 

SABRE- 
TOOTH 
TIGER
FOSSIL 

PLACENTAL SERIES
MOLE MOUSE SHREW TARSIER ANT-

EATER
SQUIR-
REL

COLUGO OTTER SPOT-
TED 
HYENA

WOLF LION SABRE- 
TOOTH 
TIGER
FOSSIL 
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VIUM

101

(256) 

NOBEL- 
IUM

102

(254) 

PERIODIC TABLE OF LIVING ORGANISMS 

Increasing 
grade of 
complexity

LUMI- 
NES-
CENCE VISION

REGEN- 
ERATION
(WHOLE 
BODY)

PLA- 
CENTA

PENIS
(SINGLE) 

FLIGHT
(IN AIR) 

PLANT 
CARNI- 
VORY
(TRAP)

MENTAL 
ABILITY

1

MINERALS

EUBACTE-
RIA 

MINERAL 
REFRAC-
TION

CYANOBAC-
TERIA 

CRYSTALS

PROTOZOA

ONYCH-
OPHO-
RANS

BRYO-
ZOANS

FLUKES INSECTS Drosophyl-
lum
Leaves 
slightly
curved at 
top

ANTS

TERMITES 

BEES

2

DINOFLAG-
ELLATES

PLANT 
CELLS

CNIDARI-
ANS 

ALGAE

SPONGES 

SPONGES

WORMS

FLIES 

GNATHOS-
TOMULIDS

GASTRO-
TRICHA 

SQUIDS Sarracenia
Tube with 
a lid

SPIDERS

OCTOPUS-
ES 

3

FUNGI CRUSTA-
CEANS

MOLLUSCS

INSECTS

CNIDARI-
ANS

ASCIDIANS

FERNS 

MOLLUSCS

INSECTS 

FISH Nepenthes
Pitchers
of two 
types

ARCHER-
FISH

4

STARFISH

JELLYFISH

FISHES

AMPHIBI-
ANS 

FLAT-
WORMS

SHARKS

TOADS

LIZARDS

CAECI-
LIANS

LIZARDS 

PTERO-
SAURS

Dionaea
Leaves
bilobed
and mov-
able

MONITOR 
LIZARDS

5

MOLLUSCS

INSECTS 

REPTILES

BIRDS 

ECHINO-
DERMS

FLOW-
ERING 
PLANTS

BANDI-
COOTS

OSTRI-
CHES

DUCKS 

BIRDS Genlisia
Spirally
twisted
branches
with claws

WEAVER-
BIRDS

6

NEAR-
SHORE AND 
ABYSSAL 
FISH

MARSUPI-
ALS

PLACEN-
TALS 

FLOW-
ERING 
PLANTS

EARLY PLA-
CENTALS

LATE PLA-
CENTALS 

MARSUPI-
ALS

PLACEN-
TALS 

BATS Utricularia
Bladder 
with
movable
door 

CHIMP-
ANZEES

Increasing grade 
of complexity

MARSUPIAL SERIES
POU-
CHED 
MOLE

MULGA-
RA
MOUSE

PHAS-
COGALE

OPOS-
SUM

ANT-
EATER 
NUMBAT

GREAT-
ER 
GLIDER

SUGAR 
GLIDER

WATER 
OPOS-
SUM

POU-
CHED 
HYENA
FOSSIL

TASMA-
NIAN 
WOLF

MARS-
UPIAL 
LION
FOSSIL 

SABRE- 
TOOTH 
TIGER
FOSSIL 

PLACENTAL SERIES
MOLE MOUSE SHREW TARSIER ANT-

EATER
SQUIR-
REL

COLUGO OTTER SPOT-
TED 
HYENA

WOLF LION SABRE- 
TOOTH 
TIGER
FOSSIL 
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Table 10 (previous pages): CHARTS OF CHEMICAL AND BIOLOGICAL PERIODICITY — PERIODIC TA-
BLE OF CHEMICAL ELEMENTS COMPARED WITH PERIODIC TABLE OF LIVING ORGANISMS. 

(1) PERIODIC TABLE OF CHEMICAL ELEMENTS. Mendeleev’s original Table contained only 61 chemical elements but 
at present the Table extends to 118. Over 700 different representations of the Periodic System have been published putting 
in evidence particular properties of the atoms (Mazurs 1974). In the present table are included the groups of atoms that 
exhibit the highest degree of regularity. Hydrogen (with its variable location) and the transition metals were not included. 
The eight vertical columns consist of elements which have the same basic property. This property resurfaces independently 
of whether the atoms are simple or most complex. The intervals are not all of the same length. The Periodic System con-
tains many irregularities, which are usually not mentioned, since the Table is one of the icons of science. The two horizon-
tal series comprise the Lanthanide Series and the Actinide Series which are compared with each other due to the following 
common atomic features: (1) The lanthanides are especially notorious for being chemically similar to each other. (2) The 
actinides are also similar to each other by being all radioactive. (3) The properties found in the elements of lanthanides 
parallel those of the actinides (Gray 2009) The comparison, of the marsupial series and the placental series, with that of 
the lanthanide series and the actinide series, may seem farfetched, but this is because it is still difficult to think of DNA’s 
gene sequences in simple atomic and electronic terms. 

(2) PERIODIC TABLE OF LIVING ORGANISMS. Like in the Table of the chemical elements there are eight columns in 
which the properties were grouped according to basic common features: (1) Luminescence, vision and regeneration start 
all three at the mineral and crystal level. (2) Placenta, penis and wings (flight) are organs that appear from nowhere. (3) 
Plant carnivory and mental ability are processes that lead primarily to the acquisition of nutrients followed by digestion 
and assimilation. 
 Periodicity is characterized by: (1) The same property re-emerging as much as 10 times (plant carnivory), and 40 times 
(luminescence). Simple eyespots have evolved also independently at least 40 times and probably as many as 65 times 
(Land & Fernald 1992). In sharks the placenta emerged independently on over 11 occasions and the placenta of reptiles 
”has evolved on more than 100 separate occasions”. (2) A property suddenly appears in the simplest as well as the most 
complex organisms. This sudden recurrence takes place in organisms that are not phylogenetically closely related. (3) 
The properties arise without previous announcement. (4) The novel structures appear ”ready made” being functional and 
coherent from the start. (5) Some properties arise at the mineral level, before DNA arrived in evolution, supporting the 
notion that biological periodicity has an atomic ancestry. The emergence of two independent series, in the lower part of 
the two charts, reinforces the connection between the two types of periodicity the chemical and the biological. Only future 
investigation, at the atomic level will elucidate properly this surprising similarity, that at present, may appear fortuitous.

vironment and having a different plant diet) be-
came carbon copies of their European placentals. 
Flight occurs in air but also in water and in the 
water-air interface.

10.  The degree of complexity of a given struc-
ture or function does not necessarily follow the 
general increase in complexity taking place du-
ring evolution. Flight in birds is not more complex 
than that of flies. Four wings occur in fishes and 
butterflies but birds have only two. The eye of a 
fish is not more advanced than that of an inverte-
brate cephalopod (Table 10).

3.11. The Molecular Mechanism 
Responsible for the Emergence 
of Biological Periodicity

1.  Biological periodicity could not occur if 
the genes of most living organisms were not es-
sentially similar. The sequenced genomes of algae 

(Chlamydomonas), flowering plants (Arabidop-
sis) and humans were compared revealing that 
their gene numbers are 15,143, 26,341 and circa 
23,000 respectively. Besides many gene families 
can be easily recognized in these 3 types of orga-
nisms (Merchant et al. 2007). 

2.  Before the sudden re-emergence of a given 
property was considered a “paradoxical event”. 
Biological periodicity could not even be contem-
plated because the genes directly responsible for 
a given structure and function were not known. 
Now a single gene, isolated in the test tube, such 
as Pax6, decides vision in nearly all animals 
(Gehring & Ikeo 1999). 

3.  Plants were considered to be genetically far 
away from animals and as a consequence could 
not be included in the same periodicity. The pla-
centa which is a general feature of a whole group 
of mammals, could not be compared to that of 
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plants, but its emergence in these totally unrela-
ted groups is now known to be decided by com-
mon genes (Spielman et al. 2001).

4.  The ordered evolution of an organ, such 
as the eye, has been guided by self-assembly, 
a pure atomic event, independent of external 
intervention.

5.  Coherence of structures and functions bu-
ilding a harmonious organ with high efficiency 
are most evident in plant carnivory, flight, men-
tal ability and vision. 

6.  The novel organs appear as “ready made”. 
Extra pairs of wings in flies, and extra pairs of 
wings in birds, obtained in the laboratory, are for-
med, from the onset, with the correct skeleton, ar-
ticulations, muscles and blood vessels. The extra 
legs of insects, produced in the same way, are also 
organized consisting of the identical segments 
and articulations (Bender et al. 1983, Lawrence 
1992, Gehring 1998). 

7.  The sudden absence of a property, as well 
as its equally sudden reappearance, is due to the 
repression and the expression of a gene or gene 
cluster. Gene repression and expression are deci-
ded by changes within the DNA of chromosomes 
but also by the intervention of small RNAs. 

8.  The same genetic constitution which is pre-
sent within the same animal or within the same 
plant, allows or blocks the occurrence of a given 
property. The same individual plant produces side 
by side carnivorous and non-carnivorous leaves. 
Among annelids, brachiopods and bryozoans the 
adults have no eyes whereas the larvae have eyes. 

9.  The resurfacing of the same property may 
occur again and again. Bioluminescence is esti-
mated to have evolved independently at least 40 
times and plant carnivory also independently on 
10 occasions. The placenta in reptiles has evolved 
on more than 100 separate occasions.

3.12. The Law of Biological Periodicity
Scerri (2007) who treated extensively the periodi-

city of the chemical elements in his work The Periodic 
Table — Its Story and Its Significance formulated the 
Law of Periodicity at the chemical level as follows: “The 
periodic law states that after certain regular and varying 
intervals the chemical elements show an approximate 

repetition in their properties”. To be noted is that the 
intervals are regular but “varying” and that the repeti-
tion is “approximate”. And he adds “periodicity among 
the elements is neither constant nor exact”. However, 
he emphasizes that there is a fundamental relationship 
among the elements.

The evidence gathered at the molecular level that 
unifies living organisms independent of their comple-
xity or phylogenetic location, exposes a periodicity that 
can also be concretized in the form of a law.

The law of biological periodicity states that after cer-
tain regular and varying intervals the living organisms 
show an approximate repetition in their properties.

The similarity between the periodicity at the atom 
level and that of living organisms is so striking that the 
law of biological periodicity is a paraphrase of the law 
of the chemical elements. This is astonishing and could 
hardly be expected since we tend to think about biologi-
cal phenomena following antiquated ways of reasoning 
far removed from the laws of physics and chemistry.

Now, when the evidence is so compelling, one thinks 
that it could not be otherwise.

3.13. Predictions 
Predictions can now be better formulated, and tre-

ated more extensively, because in the last four years 
more data have become available. A comparison with 
these results allows a clearer overview. 

1.  Chemical ignorance limited prediction
When Mendeleev produced his Table it con-

tained only 61 elements, and as a consequence 
there were empty spaces in the columns. He 
realized that these were not faults, but were a 
sign that there existed chemical elements that 
had not yet been discovered, which occupied the 
empty squares. These elements were later found 
corroborating his predictions. But since then 
many others were discovered (total 118) that 
could not be predicted.

2.Biological ignorance limits prediction
The same situation is faced at present. The 

Biological Tables contain empty spaces. This is 
not surprising. The number of species in eukaryo-
tes (organisms with a cell nucleus) is 8.7 million + 
- 1.3 million and comprise mainly: protozoa, fun-
gi, plants and animals. Microbial species (without 
a cell nucleus) are 1 trillion (Mora et al. 2011, Lo-
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cey & Lennon 2016). Most of them have never 
been studied in detail as regards structure, fun-
ction or behavior. The ignorance is monumen-
tal. Treatises describing in detail each species 
were published only recently. The Handbook of 
the Birds of the World (del Hoyo et al. 1992–
2011), comprises 16 volumes covering 9,600 
species and the Handbook of the Mammals of 
the World (Wilson & Mittermeier 2009–2019) 
has just been published covering 9 volumes 
(5,339 species). No comparable works exist 
for fishes (24,500 species), amphibians (5,000 
species) and reptiles (7,984 species). Novel pro-
perties are being added continuously allowing 
animals and plants to be located with precision 
in the empty squares. An example is the number 
of animals that can count, or recognize signs, 
which will successively fill the table of mental 
ability. Also, the number of fish and invertebra-
te species, that display luminosity, will increase 
in the boxes of this table. Regeneration is being 
actively investigated and new organs are being 
added. Besides, new properties, which so far 
have not been studied from the point of view of 
periodicity, will create new columns or Tables. 
The nearest candidate is dentition. 

3.  The inclusion of novel properties in 
the main Table 

Teeth are eliminated and replaced at speci-
fic intervals, but it has not been realized befo-
re that this is a programmed event, decided by 
internal genetic processes, which are indepen-
dent of the environment. In humans the upper 
and lower teeth (central incisors) erupt by 6 to 
12 months of age and are shed when children 
are 6 to 7 years old. Other teeth follow exact 
programs such as wisdom teeth (eruption at 17-
21 years). Fossil birds had teeth, but they were 
eliminated in living species and turtles also 
lack teeth. However in many fishes, amphi-
bians and reptiles tooth replacement continues 
throughout life. As Romer and Parsons (1978) 
point out the replacement is in waves, and what 
at first sight “seemed madness” and a “jumble” 
is the result of “an underlying principle of or-
der” It is this order that now makes dentition a 
perfect example of periodicity.

4.  The length of the periods
The length of periods is already highly varia-

ble in the Periodic Table of Chemical Elements. 
This is recognized as “the really crucial proper-
ty of the periodic Table”, yet the lengths of the 
periods are still not explained at present. At the 
biological level this phenomenon will be still 
more difficult to unravel, but should not be out 
of reach. In flight the interval is of the order of 
millions of years (e.g. insects to pterosaurs and 
birds to bats) but it may be of the order of hun-
dreds of years between the plant carnivory exhi-
bited by different families, or by days in the for-
mation of the placenta in reptiles.

5.  The creation of novel organisms
Using genetic engineering it will become pos-

sible to obtain the resurgence of a given proper-
ty and consequently to create organisms with a 
specific structure and function that did not exist 
before. These will occupy empty spaces at most 
unexpected sites. 

6.  The acceleration of evolution
It will become possible to accelerate or to retard 

evolution by interfering with the own evolution of 
the macromolecules that direct the cell processes.

7.  The present interpretation of evo-
lution is antiquated. Novel structures and 
functions arise as coherent combinations

Contrary to the present dominating view of 
evolution, genetic engineering and biotechnology 
are disclosing that novel structures and functions 
arise, from the start as coherent combinations of 
parts and organs. They are the product of new 
rearrangements of DNA sequences that lead to 
molecular cascades which determine a new deve-
lopment and establish a novel final pattern.

8.  Novel organs appear “ready made”
Equally, the emergence of novel traits is not 

considered to be the result of numerous ran-
dom mutations accompanied by long periods 
of selection. Instead novel organs (which have 
been obtained experimentally) appear “ready 
made”. They arise again and again, irrespecti-
ve of whether they have a positive or negative 
effect on the organism. The own evolution of 
DNA, RNA and the proteins follows only the 
laws of physics and chemistry. 
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9.  Canalization of events
The electron is a prisoner of its energy sta-

tes. It can jump from one orbital to another but 
cannot fall between orbitals. The energy alterna-
tives are, from the beginning not of all kinds. The 
canalization of evolution, is present at the very 
dawn of matter and life, since elementary parti-
cles and atoms have not changed their properties 
when the cell emerged. 

10.  Biological Periodicity a key to novel 
alleys in physics

Just as the law of periodicity, resulting from 
Mendeleev’s work, became the key to modern che-
mistry, the law of biological periodicity is expected 
to lead physics into new alleys of research, obli-
ging molecular biology to become Atomic biology.

11.  Prediction is always a difficult process
As Scerri emphasized “Almost nobody, inclu-

ding Mendeleev, had predicted or even suspected 
the existence of an entire family of new elements”, 
the inert or noble gases.

12.  A mathematical equation defining 
the law of periodicity

As knowledge enlarges, and mathematicians 
will start collaborating with atomic biologists, it 
is expected that, in a distant future, the law of 
periodicity will become crystallized into a simple 
mathematical equation.
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Abstract

Genetics, as all human activities, is a situated practice. Given its enormous cultural and epistemological influence, the young 
age of the discipline may be surprising—not even 150 years old. The creation of the science of transmission and production of 
traits in organisms responded to 19th century’s epistemological needs in biology, as well as political and social developments: the 
transmission of characters and their variations throughout generations needed a new theory, the embryological development of 
organisms had to be explained, the unrest and disastrous living conditions provoked by the industrial capitalism and the colonial 
project in the West called for a reaction from the elites. The trajectory of genetics is one of permanent co-production between the 
different ontologies and practices it is situated in. As a science, it draws its legitimacy from the stories it tells (about the world or 
about itself), the interests it serves and the existing power relations it is part of. Given this background, the present work tries to 
shed some light on several aspects of the history of genetics that may help clarify its role and impact on our societies. The set of 
ontological and material transformations it underpins is referred to as the Genetic Order, and this is explored particularly in the 
context of the irremediable past and present association of genetics with eugenics, the construction of key notions such as herita-
bility and the dichotomy Nature/Nurture, the enormous influence of cybernetics over biology and genetics after the second world 
war and the alliance between biotechnologies, genetics and neoliberalism in more recent years. One central notion that wanders 
throughout this text is that of control over bodies and life in general. This is illustrated by the recent explosion of the genomic 
prediction industry and its impact on contemporary subjectivities. In the end, it is a world of statistics, algorithms, predestination, 
risk management and control that the Genetic Order offers, echoing the hegemonic influence of the neoliberal cybernetic project 
where all that lives must be engineered, modelled, monitored, predictable and transparent.  
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Introduction

“We are painfully aware that genetic science has, for 
more than a century, played a central role in producing 
the ideology that supports systemic racism. […] We un-
derstand that we cannot simply disavow this history, 
because many of our field’s fundamental concepts and 
approaches were established for the purpose of advan-
cing eugenics, under the assumption of extensive racial 
differences within a social hierarchy.”

Department of Human Genetics, University of Chi-
cago, Statement on Police Violence, Racism, and Gene-
tics (2020) 

Few modern sciences have had such an impact on 
our ontologies (the ways we define what the world is 
made of) and on the materiality of our lives (e.g., the 
food we produce and eat, how we heal ourselves, our 
relationships with each other and with other organisms, 
how we conceive ourselves as humans) than genetics. 

The trajectory of the science of transmission (here-
dity) and production (development) of traits in organi-
sms is one of permanent co-production between these 
ontologies, these practices and the science itself. New 
imaginaries and new sciences, here seen as context 
and content, do not generally come one after the other, 
but co-create each other, as Latour reminds us (Latour 
1993). Born—alongside the eugenics project—during 
the industrial revolution and the colonial project in the 
West at the end of the 19th century, matured throughout 
the first half of the 20th century (through the first World 
War, the explosion of agribusinesses, the rise of fascism 
in Europe, the horrors of the second World War...) and 
literally taking over the whole of biology in the second 
half of the 20th century (through molecular biology, 
genetic engineering and the influence of cybernetics), 
genetics has reached a point where its original short-
comings are biting back. Pichot is one of the historian 
of science who has shown with most clarity the episte-
mological failure of genetics in helping us interpret and 
understand life phenomena in a coherent way: “The 
theory is that heredity is the transmission of an orde-
red substance (DNA) that controls the organization of 
an organism. But as experimental results accumulated, 
the order of this substance became increasingly uncer-
tain and its correspondence with the organization of 
the organism more and more vague. So much so that 
today there is practically nothing left, neither of this or-

der nor of this correspondence.” (Pichot 2003, transl. 
by the author). He therefore affirms that “genetics has 
no object, it only has a function.” (Pichot 2001, transl. 
by the author). The interpretation of the world that ge-
netics promotes has lead to changes that need to be lo-
oked at critically and challenged. The set of ontological 
and material transformations underpinned by genetics 
will be referred to here as the Genetic Order (GO). This 
GO presents several well known characteristics that 
will be further discussed throughout this article. One 
is Geneticization, understood as the “the ongoing pro-
cess by which priority is given to differences between 
individuals based on their DNA code” (Lippman 1993) 
but it also refers here to the fabrication of DNA and the 
gene as cultural icons and god-like entities (Kupiec & 
Sonigo 2000; Nelkin & Lindee 2004). Another feature 
of the GO is its reductionist and mechanistic aspect, de-
scribed by many authors, for example Lewontin (1991), 
Morange (2003) or Nicholson (2014a). Geneticization 
is therefore a cultural process that produces genetic es-
sentialism (the DNA molecule perceived as our essence, 
our “truth within” that defines our identity) and genetic 
determinism (our DNA dictates our morphology, our 
health, our personality, our behaviors).

The main specificity of an ontology is that it is ex-
tremely difficult, usually impossible, to think outside 
of it. However, the past months constitute an example 
where events have taken place that were unthinkable 
only few weeks before that. I am referring here to the 
shift of consciousness and to the possibilities opened 
by the recent wave of unrest against police violence 
and systemic racism, particularly in the USA. An ele-
ment of this shift occurred in university departments, 
for example, departments of genetics and human ge-
netics, which were forced to react to the massive upri-
sings taking place in their cities (see the opening quote 
from the Department of Human Genetics in Chicago). 
One of the most interesting aspect of this reaction was 
the acknowledgement of the contribution of genetics 
to systemic racism and its epistemological connection 
to the eugenics project. This shift has to be understo-
od also in the context of the global Covid-19 pande-
mic, which had already raised similar issues. Not only, 
and unfortunately unsurprisingly, poor and racialized 
sections of the population are hit much harder by the 
virus, but dominant classes’ engrained eugenic beliefs 
(and readiness to mass sacrifice vulnerable popula-
tions) were suddenly brought to light notably throu-
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gh the push for “herd immunity” or the discussions of 
“hospital resources allocation”. Therefore, a perhaps 
not-so-expected consequence of the Black Lives Mat-
ter movement is the emergence of a decisive counter-
story against the official narrative that genetics’ link 
with racism and eugenics is a thing of the past, sol-
ved after the second world war, and was the deed of 
some “bad apples” in the field. As an illustration, and 
mirroring the removal of slave owners and colonial fi-
gures’ statues in many countries, genetics departments 
and other institutes are slowly changing their names or 
the names of their buildings that were related to famous 
eugenicists, in some cases after many years of dismis-
sed and ignored local activism to achieve the very same 
thing (for example in University College London, UK).

Given this background, what I hope my contribu-
tion to be is to bring some light on several aspects of 
the history of genetics that may help clarify its role and 
impact on our societies. Drawing from the work—pu-
blished in English—of critical biologists (Lewontin, 
Kupiec, and Noble) and social scientists (Nelkin, Lin-
dee, Keller, Bliss, Cooper, and Rouvroy) as well as from 
untranslated French literature (Pichot, Bonneuil, So-
nigo, and Lafontaine), this paper originates from the 
established understanding that genetics, as any other 
science, has been influenced by the epoch, the politi-
cal context and the world views it has been practiced 
in, and has influenced them in return. In other words, 
genetics is a situated practice. One central notion that 
will run throughout this text is that of control: genetics 
as a recurrent project of control over (human) bodies, 
(human) evolution, the living world and the planet in 
general. This is explored particularly in the context of 
the irremediable past and present link between genetics 
and eugenics, the enormous influence of cybernetics 
over biology after the second world war and the alliance 
between biotechnologies, genetics and neoliberalism in 
more recent years.

1. Origins and structuring

1.1. Origins
There is no need to describe at length the main 

scientific theories about the natural world of the 19th 

century, other authors have described the birth of 
biology as an independent science and the paradigms 
shifts accompanying it (Kupiec & Sonigo 2000; Mayr 
1982; Morange 2017; Pichot 1999). The 19th century 

biology inherited a predominantly fixist, essentialist, 
mechanistic (to be more exact, machinistic) and re-
ductionist view of the living world. Species would re-
produce their form, or essence, to the identical throu-
ghout generations, and the organism itself, perceived 
as a Cartesian machine, could be entirely understood 
through the study of its independent and separate 
parts. The strength of this mechanistic view of life is 
that it provided a good description and understanding 
of how an organism works and its “internal” causality 
mechanisms. Its weakness is that it could not explain 
developmental (under preformationism, the mode of 
generation associated with mechanistic biology, deve-
lopment does not need to be explained as organisms 
are always-already entirely present) nor evolutionary 
processes (Pichot 1999). 

In the terminology of Pichot (2001), the reproduc-
tion of the same exemplified by preformationism is 
called the reproduction-generation mode. He points 
out that the identical reproduction of organisms is an 
ahistorical conception of life: if nothing changes, there 
is no history. When the living world is seen as orde-
red and fixed, then what biology needs to explain is the 
variation between individuals. A way to solve the di-
lemma about observed differences between beings was 
to establish a distinction between specific differences 
(the ones between the different forms/essences/spe-
cies; the “real” differences that have a significance) 
and accidental differences (they do exist between in-
dividuals but they do not really matter for the under-
standing of the organisms). In this system of thoughts, 
the oppositions essence/existence and species/indi-
viduals are associated with these specific/accidental 
differences. Pichot partly explains the longevity of the 
preformationist ideas for theological reasons, as it 
complements perfectly the finalist and deterministic 
way of understanding organisms and the world: the 
organism’s plan (its form or essence) pre-exists to its 
existence, and the unfolding of its life is determined by 
an external cause (Pichot 1999). 

During the century, transformism (or evolutioni-
sm, the idea that species have evolved throughout hi-
story) will be more and more widely accepted. Fixism 
and essentialism will be slowly replaced by a histori-
cal, processual understanding of life (Kupiec & Sonigo 
2000; Mayr 1982). One of Darwin’s contribution was 
to put forward variation as a fundamental property of 
organisms, and he asserted that these variations were 
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transmitted from one generation to the next. Accor-
ding to Kupiec (2019) and Rosanvallon (2012), this is 
a paradigmatic change. First, this is a blow to the idea 
of a well “ordered” living world. Second, if variation 
is a characteristic of organisms and can be transmit-
ted, therefore, what needs to be explained from then 
on are the similarities between beings (and not their 
differences). One of the main question of biology 
emerges then, the one about the “reproduction of the 
similar”, or in other words: what are the biological 
mechanisms that explain the similarities between pa-
rents and offspring?

This new historical and processual vision of life 
provoked epistemological issues in biology: one was 
the need to articulate the physico-chemical explication 
of the organism with a historical explanation and ano-
ther was the questioning of the notion of species. Be-
cause of the latter, the concept of species could not re-
fer any longer to eternal and separate entities. Indeed, 
as Kupiec and Sonigo (2000) propose, a “species” is 
more of an instant (like a photograph), whereas life is 
actually a historical process, the genealogy of lineages 
over time (a sequence like a video). Mayr (1982) in-
sists on the importance, for the future establishment 
of genetics as a discipline, of what he calls “popula-
tion thinking” (focusing on the diversity and variations 
between individuals within a population, rather than 
the essentialist thinking that focuses on the differen-
ces between species) and, from there, the necessity 
to compartmentalize and separate all the visible cha-
racteristics of organisms into individual traits. The-
refore, the notion of the specific form was gradually 
replaced by the notion of an organism as a sum of in-
dividual characters, of which only a part are transmit-
ted (even though it was still not known how). These 
characters will be called hereditary characters for two 
reasons: the previous observation of a kind of vertical 
transmission of exceptional characters such as heredi-
tary diseases, and the construction of an equivalence to 
the legal/economical notion of heredity (transmission 
of wealth and properties, accumulation of possessions 
throughout generations…). Heredity, as a substantive, 
is imported to biology at this moment (Pichot 2001). 
This importation of concepts from the legal/economic 
field in biology is a reminder of the famous influence 
of Townsend and Malthus on Darwin for the formula-
tion of the natural selection theory (which itself will 

influence back social sciences through social Darwini-
sm) (Pichot 2000), illustrating this constant back and 
forth movement between natural sciences and politics.

Heredity, therefore, is the answer to the first epi-
stemological issue mentioned above: the necessity of 
a historical component in the explanation of the or-
ganism. To have continuity between the generations, 
there needs to be a transmission of characters (and 
their variations). This is, in Pichot’s terminology, the 
transmission-generation mode (Pichot 2001). Mayr 
(1982) describes the trajectory of ideas at the turn of 
the 19th/20th centuries that lead to the establishment 
of genetics, and especially the influence of mechani-
stic and reductionist thinking as well as physics me-
thodologies. It is fascinating to follow this gradual 
narrowing down of the scientific focus from the cell 
(the Cell theory), to the nucleus then to the chromo-
somes (the Chromosome theory) and finally to the 
DNA and the gene, revealing the obsession for the se-
arch of “the” corpuscular unit of genetics (which was 
thought as the unit of heredity or the unit of deve-
lopment depending on the context and the specialty 
of the scientists involved). As the physiology of re-
production is better described, another central que-
stion of biology emerges: how can complex organisms 
made of so many different organs and types of cells 
can be produced from a single cell?

Prior to preformationist ideas, heredity was mostly 
understood as the transmission of entities (humors or 
materials) “collecting” the different parts of the body, 
or, as Pichot puts it, a kind of “representative sample” 
transmitted through the generations (Pichot 1999). In 
early 1890s Weismann, a German biologist drawing 
from the “representative sample” notion, will establish 
the bases of genetics as a science with his germ pla-
sm theory and the germ/soma opposition. The germ 
plasm is a substance representing the germinal line, it 
is the structure that bears the heredity and is respon-
sible for the transmission of characters. The soma is 
the rest of the body, it does not transmit anything. 
The birth of genetics relies therefore on a fundamental 
and irreducible new separation: between the organ of 
heredity and the rest of the body. This is reflected, in 
Weismann’s theory, in the opposition between heredi-
tary (the characters contained in the germ plasm and 
that can be transmitted) and acquired characters (that 
are related to the soma and that cannot be transmit-
ted). Genetics becomes the science that studies the 
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transmission of these hereditary characters. Keller, 
reflecting on these shifts, writes about internalization 
and substantiation (Keller 2010). The substantiation 
is the notion that what is transmitted is a substance, 
a material entity made of particles that resides in the 
body. This particulate form of heredity will be discus-
sed further in the next part. The notion of internaliza-
tion is summarized by Moore commenting on Keller 
(2010): “the word ’innate’ came to be associated with 
heredity and the word ’acquired’ came to be associated 
with the environment (i.e., that which is external to the 
body). This internal/external dichotomy allowed nur-
ture to be disjoined from nature” (Moore 2012). The 
emergence of the new ontological alignments internal-
innate-hereditary and external-acquired-environment 
will define genetics. Pichot (1996) clarifies the impor-
tance of this transition. Before Weismann, the funda-
mental opposition was between the acquired and the 
inherited characters – but all were inheritable, or he-
reditary. The fundamental opposition of the nascent 
genetics is different, it is the one between the in-prin-
ciple-hereditary characters (be they inherited or not) 
and the in-principle-non-hereditary characters (acqui-
red). This may seem very subtle as a difference but the 
implications are significant. It is indeed very difficult 
to clearly define what is a purely in-principle-heredi-
tary character (this is further discussed in section 3.1).

With his theory, Weismann manages, according to 
Pichot (1996), to bring together the ideas of prefor-
mation as well as epigenesis (the ancestor of modern 
embryogenesis and the mode of generation associated 
to vitalism, the main rival theory to mechanistic bio-
logy at the time). Indeed, although it does not contain 
a pre-formed being, Weismann’s germ plasm is sup-
posed to contain the instructions of its formation. A 
digitalization before its time. Moreover, in this theory, 
the construction of the organism, while pre-written, is 
effectuated by epigenesis. The germ plasm acts as the 
material form of a “memory”, a vision that will lend 
itself particularly well to the cybernetic framework 50 
years later. Thus, by reconciling the two dominant the-
ories of biology Weismann provides a framework that 
will satisfy the majority of biologists, a kind of neo-
preformationism (Mayr 1982; Pichot 1996). The germ 
line would therefore be the only part of the organism 
that shows continuity in time; it is immortal, there-
fore timeless. Drawing from Weismann, geneticists 
will slowly deny any influence of the environment on 

the germ, making heredity a purely structural and a-
historical phenomenon (Bonneuil 2015a). According 
to Kupiec, Weismann (together with De Vries) is re-
sponsible for a major leap in the foundation of gene-
tics: introducing dualism into the theory of heredity by 
postulating that macroscopic traits are determined by 
the structure of microscopic elements, thereby giving 
the theory an Aristotelian structure (Kupiec 2019). De-
spite the upheavals of evolutionism in the 19th century, 
the organism is once again detached from its history 
and its environment – it is back to “order”. In Le siècle 
du gène (2015a) Bonneuil argues that the emergence 
of this vision echoes the appearance of the mass pro-
duction of objects during the industrial revolution. 
Previously, the value of an object was strongly lin-
ked to its history, its origin, who made it, by what 
technique, where, under what conditions... With 
mass production, the link between an object and its 
origin disappears, as does the link between an orga-
nism and its history. 

Another explanation for the success of Weismann’s 
theory, and its perpetuation in current genetic essen-
tialism, lies in the idea of immortality. What could be 
the reasons explaining the powerful resonance of this 
idea of immortality with this particular era? The first 
that comes to mind is again the link with industrial ca-
pitalism. What is a business, a corporation? It is an en-
tity whose existence can last a much longer time than 
that of the human scale, an entity whose hosts (ow-
ners, shareholders) are just passing through, although 
they must act in the “interest” of the company (Waters 
J, personal communication). The similarity becomes 
even more striking when one considers the familial 
character of certain companies, inherited from genera-
tion to generation within “entrepreneurial” dynasties. 
This echoes Lewontin’s work on the adequacy betwe-
en the mechanistic and reductionist ontology with the 
individualist view of the world (Lewontin 1991). With 
the development of industrial capitalism, and the con-
comitant change in social organization, a completely 
new vision of society emerged: the individuals as the 
primary and independent entities (in a permanent 
competition between themselves); society as a con-
sequence, not a cause, of individual properties; orga-
nisms determined by internal factors, the genes (“the 
modem form of grace”). Just as genes determine in-
dividuals, individuals determine communities—thus, 
genes make cultures and determine societies: “We 
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have become so used to the atomistic machine view of 
the world that originated with Descartes that we have 
forgotten that it is a metaphor. We no longer think, as 
Descartes did, that the world is like a clock. We think it 
is a clock.” (Lewontin 1991)

Genetics, the actual name of the discipline, was 
then coined by Bateson in 1906 and Weismann’s the-
ory was quickly formalized with the creation of the 
terms gene, phenotype (first the average apparent type 
of a population but now defined as the set of the appa-
rent traits of an organism) and genotype by Johannsen 
in 1909 (Mayr 1982).

1.2. End of the 19th century, genetics
under the influence: eugenics
During this pivotal period between the 19th and 

20th centuries, several core concepts in genetics 
emerged. One of the scientist most representative of 
these changes is Galton and the main thrust of this 
early bubbling is the creation of, and the articulation 
between, the notion of heritability and the Nature/
Nurture dichotomy. Both ideas were associated to the 
political project of eugenics, a project aimed at con-
trolling human populations and their evolution. One 
of the priorities of genetics became then the “impro-
vement” of the human population. At the root of all 
this, as narrated by Keller (2010) was Galton’s con-
cern about how to stop the ongoing “degeneration” of 
his nation and ensure that more “geniuses” are pro-
duced. Old ideas that will flourish in the context of 
the emerging genetics and Darwinism. Of course, this 
“concern” must be understood in the light of the par-
ticular historical conditions of the late 19th century: 
the explosion of industrial capitalism and the mas-
sive urbanization (i.e., the expulsion of thousands of 
humans from the countryside to the cities) leading to 
horrendous living and sanitary conditions (the “dege-
neration” that provoked anxieties in Galton and many 
others), the enormous workers’ movements and re-
volts, the formulation of the communist and anarchi-
st theories, the beginning of feminist struggles, the 
colonization project and the conflicts it provoked, 
etc. The elites were worried about so much upheaval 
and resistance. Here Royer’s intervention about the 
essence of capitalism as a “project against life” offers 
a striking perspective (Royer 2017). He argues that 
the immeasurable anthropological transformations 
of the 19th century in the West were marked by the tri-

ple alliance between the new mode of scientific pro-
duction, the thermo-industrial capitalism (coal then 
oil) and the formation of the modern nation-state as 
we know it. According to him, this alliance is at the 
origin of what is going to become eugenics, which will 
constitute the ideological basis of a new mode of so-
cial engineering characterized by the transgression of 
the (mass) murder taboo. All of this being legitimized 
by the discourse of the new mode of scientific pro-
duction built throughout the 19th century, the “Scien-
ce with a capital S” as Carnino calls it (Carnino 2015). 
Eugenics is a true mass movement. At the time, most 
geneticists were eugenicists, including progressives, 
and the importance of promoting and creating a new 
human was widely accepted (Pichot 2000). From 
Royer’s perspective, the eugenics project accompa-
nies the West and capitalism towards the realization 
of their essence, a project of total death, embodied 
by the two major and concomitant events of the ato-
mic bombs launched on Japan and the Holocaust 
(Royer 2017).

Pichot’s perspective is that, in short, eugenics can 
be considered as the natural continuation of Darwi-
nism—although not necessarily of Darwin himself 
(Pichot 2000). As mentioned, the industrialization 
associated to the massive urbanization lead to the mul-
tiplication of diseases and ill-health in big cities. For 
many established scientists of the time, this was inter-
preted as a sign of the degeneration of the occidental 
civilization. From 1859 and the publication of On the 
Origin of Species, Darwinism provided a “scientific” 
explanation to this phenomenon: this multiplication 
of diseases and social problems were not due to social 
conditions, but to the absence of natural selection in 
human societies. The solutions proposed were twofold: 
social Darwinism (the liberal laissez-faire promoting 
the survival of the fittest, or rather the elimination of 
the inferior, without any state intervention aiming at 
supporting the most vulnerable) and eugenics (a social 
selection driven by state intervention to replace natu-
ral selection) (Pichot 2000). This process went hand 
in hand with the construction of Science as the only 
institution able to help improve humanity (to advan-
ce it in the direction of betterment and happiness and 
progress; Carnino 2015) leading to mass sterilization 
policies targeting “criminals” (in practice, those consi-
dered mentally ill, the poor, the racialized people and 
other non-citizens) in several countries (for example 
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in the United States or Sweden, where they will last 
until the 60s and 70s) and, eventually, to the Nazi 
exterminations (Pichot 2000; Royer 2017). 

1.2.1 The construction of the Nature/
Nurture dichotomy, part I
A first step in the establishment of eugenics as a di-

scipline is the construction of the dichotomy Nature/
Nurture. It is Galton who, in 1874, will inaugurate the 
conjunction “Nature and Nurture” as fundamental in 
genetics (Keller 2010). Previously, according to Keller, 
the ideas of Nature and Nurture were present but they 
were neither considered as fundamentally distinct cate-
gories nor in opposition. Keller uses the analogy of the 
seed (Nature) and its culture (Nurture) to describe the 
ontology of the time: one cannot go without the other 
in the production of an organism. The semantic ope-
ration of Galton’s locution “Nature and Nurture” and 
then quickly “Nature versus Nurture” is not innocent. 
Indeed, two terms can only be brought together if they 
can first be considered disjointed and separate. Their 
coming together and their interaction imply their sepa-
ration. Their separation implies that they can be studied 
and measured independently, compared and debated... 

A central element of this new construction is the 
substantiation already mentioned: heredity is carried 
by a corpuscular substance (made of elementary, mo-
lecular and independent particles) that resides within 
the organism (although, in a way, it is separate from it) 
and is transmitted through the generations. The con-
tributions of Mendel, Weismann and Galton were cen-
tral to the double shift from blending (holistic) and soft 
inheritance to a particulate and hard inheritance (see 
Mayr 1982 and Bonneuil 2015a; this double shift is cal-
led “discretization of heredity” in Pichot 1999). This is 
exemplified by the comparison between Darwin’s and 
Galton’s view of heredity. Darwin, along many others at 
the time, accepted the particulate form of inheritance 
(he called these particles gemmules), that is to say he 
did not believe that heredity was a blending process of 
two complete organisms where the offspring was a mix 
of its parents (a holistic view). However, he considered 
that they were still influenced by the environment, still 
malleable (soft). With Galton, these particles will be-
come fixed, discrete, independent and invariant enti-
ties (hard, see Keller 2010 and Mayr 1982). Nature 
and Nurture are then separated, among other things, 
by the elements of which they are composed of. Galton 

will establish for the following decades that : 1) the ele-
ments that make up Nature (the innate, or genetic for-
ces) are the elements of heredity; 2) the elements that 
make up Nature are in competition with the elements 
that make up Nurture (the acquired, or environmental 
forces), this is the shift from Nature and Nurture to 
Nature versus Nurture; 3) the elements that make up 
Nature are, in the last resort, always more powerful 
than the elements that make up Nurture (Nature-first 
approach) (Keller 2010). 

How does this theorization serve the eugenics 
project? This “discretization of heredity” and the crea-
tion of the Nature-Nurture divide were, I would propose, 
a necessity for the eugenics project. Both were framed 
as such and were essential for the hegemonic role of ge-
netics in shaping our ontologies. Below are preliminary 
ideas that would of course need further exploring. 

First, Keller (2010) suggests that in order to un-
derstand the origin and persistence of the separation 
and opposition between Nature and Nurture, it would 
be possible (or even preferable) to set aside eugenics. 
I would however propose that the construction of the 
categories Nature and Nurture is not distinct from the 
eugenics project that produced them. Neither is their 
hierarchization. Let us for a moment step aside towards 
Delphy, who offers a framework for interpreting the 
processes of creation of categories and their hierar-
chization (from a feminist but also anti-racist point of 
view) (Delphy 2008, 1993). She assumes that catego-
ries (such as male/female, black/white) do not exist in 
the “natural world”. Divisions are social conventions, 
always created by humans, which order the materiality 
of the world (this echoes the debate around the concept 
of species between essentialists and nominalists). In the 
case of the male/female categories in humans, Delphy 
suggests that, contrary to the usual view, sex (biological 
or natural) does not precede gender (social or cultural): 
gender precedes sex. In other words, gender hierarchi-
zation (the patriarchal system) is not a phenomenon 
resulting from categorization but precedes it (and then 
the two phenomena reinforce each other). Hierarchy 
is at the origin of categorization. It is because the ju-
stification of a system of domination is necessary that 
categorization criteria, usually sought in the body/na-
ture (naturalization), are established as universal and 
timeless. For Delphy, a similar mechanism is at work in 
the scientific justification of racism. The creation of the 
categories Nature and Nurture by the eugenics project 
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could be interpreted in the same way. It is because the-
re was a eugenic project that required a framework of 
thought in which the differences between humans had 
to be biological and inherited that the dichotomy was 
constructed in this way: a hierarchization and separa-
tion of Nature and Nurture (with Nature as the primary 
force in the transmission and formation of characters).

Second, to assimilate the elements of heredity only 
to Nature is to give natural scientists full responsibili-
ty for the study, interpretation and manipulation of the 
transmission, the development and the distribution of 
heritable traits, since Nature is the domain reserved to 
hard experimental sciences and no other.

The third line of thought is related to the understan-
ding of the emergence of eugenics as one of the conse-
quences of the scientific revolution in biology in the 19th 

century. Indeed, modern science had fundamentally 
been based on an opposition between the object being 
studied (nature, animals, plants etc.) and the subject 
(the one who conducts the study, i.e., humans). With 
the emergence of evolutionism and the increasingly cle-
ar positioning of humans within animals (starting with 
Linnaeus up to Darwin), the object/subject boundary is 
less and less clear. If humans are part of the animals, 
they can therefore be the object of science itself and its 
experiments (Rey 2015). Can we interpret the emergen-
ce of the Nature/Nurture dichotomy as a response to 
the blurring of the object/subject boundary after the 
Darwinian paradigm shift? It is not clear, but the na-
turalization of the elements of heredity in humans has 
undoubtedly provided the justification for the use of 
breeding and selection techniques (applied in the past 
to plants and non-human animals) on humans. Moreo-
ver, the closer groups of humans are associated to Na-
ture (women, lower classes, mentally ill, enslaved, co-
lonized...), the more they are seen as “objects” and the 
target of the eugenics project. 

Fourth, the historical process of discretization of 
heredity played a major role in the creation of imagi-
naries echoing the eugenics project. Indeed, to consi-
der the organism as an arrangement of independent, 
particulate traits, recombinable at will, responds to the 
demiurgic promise of human control over evolution 
(Bonneuil, 2021). For De Vries, one of the founders of 
modern genetics (although not a supporter of eugenics, 
see Pichot 1999), only “[s]uch an hereditary character, 
isolated from the rest, can now become the object of 
an experimental treatment.” (De Vries 1889, cited in 

Bonneuil 2021). Pichot suggests another argument: 
during the first decades of the 20th century, through 
the discretization of both the phenotype and the ge-
notype, the particles of heredity lost their “physical 
substance”: they became mostly defined through the 
traits (or rather, the mutations) they corresponded to. 
This was a complete inversion of the way to study he-
redity: from a physical explanation (starting from the 
genotype to explain the phenotype) to a “mutationist” 
explanation (starting from the phenotype to explain 
the genotype). Pichot qualifies this second approach 
as “phenomenist” and statistic, a kind of “semiology” 
(an “interpretation of signs”), and argues that becau-
se of its practicality, all sorts of characters ended up 
being interpreted in this way, including psychological 
and social ones. Moreover, because these traits were 
usually identified through mutations associated to 
“monsters” or pathologies, this created an obsession 
of the “good” and “bad” genes (Pichot 1999). Using 
Darwinism, as mentioned above, the “proliferation” of 
these bad genes was interpreted as the consequence of 
the disappearance of the process of natural selection in 
human societies, leading to eugenics.

Finally, in this vision centered on genetic material, the 
body of the organism is excluded (see Nicholson 2014b). 
Organic complexity, the interactions between different 
biological elements, or between the biological and the 
social/environment... all are gradually being left aside in 
the analysis of heredity phenomena or the formation of 
phenotypic traits. The ontological scale, the one in which 
the explanation of the living is found, becomes that of 
the genetic factor, the molecule. In other words, since 
the traits of humans are mostly genetically inherited, 
society and culture have only a very limited role in the 
unequal distribution of these characteristics (in short, 
inequalities are “natural”). Politics and social or collec-
tive action are then of little use, since what counts in 
explaining who we are is the individual lineage, i.e., the 
traits directly transmitted by our parents. What would 
therefore allow us to “improve” our situation is the po-
sitive selection of “superior” natural characteristics or, 
and this has been the main methodology of eugenics, the 
negative selection of “inferior” characteristics (i.e., the 
elimination or sterilization of people with these traits). 
This exclusion of the body, associated with reductionism 
and eugenics, echoes and contributes to a deep, ancient 
and general affect characteristic of the West: the fear of 
the body (see section 3.3.1).
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1.2.2 The construction of the notion of 
heritability, part I
Under the influence of the eugenics project, and fol-

lowing the ontological alignments identified by Keller 
(2010), the central question of genetics will then beco-
me the study and measure of the respective effects of 
Nature (innate) and Nurture (acquired) in the forma-
tion of traits. This question is still central today. These 
traits, in humans, will include the different parts of the 
body as well as personality traits and behaviors (like 
intelligence, a very early obsession of geneticists and 
eugenicists) and they are all conceived to be produced, 
entirely or at least partially, by the elements that make 
up natural forces. It should be reminded that there is 
nothing neutral about the choice of this research me-
thodology. It can be partly explained because of the 
influence of physics and its methods on biology. Lou-
art (2018) reminds us how much the direct transfer of 
these methods from one discipline to the other is ina-
dequate (because of the necessity of simple and isola-
ted objects from their environment, of the total control 
of parameters etc.). On another hand, underneath the 
differential measures of Nature and Nurture effects on 
traits development is a desire to develop ways to inter-
vene on human reproduction and the necessity to define 
scientific criteria to justify and determine who will be 
able to reproduce or not. To measure the relative im-
portance of genetic, the notion of heritability is created. 
Galton and others will use twin studies for this purpose 
(see Keller 2010). This era also marks the development 
and standardization of intelligence quotient (IQ) tests 
by the eugenics movement (for the control of reproduc-
tion of the feeble-minded and others considered “de-
viant”). The link between the measure and the studies 
of IQ’s heritability and the science of eugenics is the-
refore historical, structural and fundamental. In 1918, 
Fisher, one of the founders of population genetics (also 
a eugenicist), proposed, according to Keller (2010), the 
most significant reformulation of the issues raised by 
Galton: 1) the question of causality between genetic 
elements and traits should be formulated in terms of 
differences in traits, and not on the basis of the traits 
themselves; and 2) there is a need to shift the analysis 
of heredity from individuals to populations. Until to-
day, genetics is still struggling with this reformulation 
and has not yet escaped the political and linguistic 
traps that surround it. Since that founding moment, 
there has been a perpetual confusion between causality 

and correlation, causality and perturbation, individual 
and population, transmissibility and heritability, cha-
racter and character variation etc. All of this will be 
discussed in more details in section 1.3 and 3.

But let us stay a moment longer on the hold of the 
eugenic ideology on genetics and biology at the begin-
ning of the 20th century. It is worth mentioning the new 
obsession of the time: the genetic purity of beings. Ge-
netic purity, i.e., the establishment of a lineage coming 
only from an individual and presenting no variations 
of the studied trait throughout generations, becomes 
both a quest and a standard of knowledge on heredity 
(Bonneuil 2015a). “Pure” genetic lines are established 
for flies (the fruit fly, a model animal for the study of the 
transmission of traits), cereals, yeasts (for beer), vac-
cines, etc. Bonneuil (2015a) recounts very clearly the 
ways genetics followed, supported and encouraged the 
entry and rationalization of living organisms in industry 
and agriculture (most of the main geneticists of the time 
were deeply associated to the agribusiness). Genetical-
ly stable, predictable, reproducible and calibrated life 
forms are produced in connection with the industriali-
zation of the western world. At this time, the gene (as an 
abstract unit for the transmission of hereditary traits) 
is thought of as an inert, selectable and storable brick. 
As it is carried by chromosomes, it is therefore present 
only in the nucleus of the cell, which is then perceived 
as the control center of the organism, echoing the divi-
sion of labor of the major industries of the time. Bon-
neuil (2019a) is also exploring another interesting line 
of research. This set of properties attributed to the gene 
feeds a vision of organisms in terms of genetic resources 
(which will lead to the notion of biodiversity) where 
they are perceived as a catalogue of properties that can 
be classified, hierarchized, exploited and “conserved”. 
With respect to the link between the agribusiness and 
eugenics, it is interesting to note that in the 1930s, the 
Nazis began by banning plant seeds deemed “unpro-
ductive or susceptible to disease” (Bonneuil 2015a).

1.3 Genetic structuring and development 
One mythical figure of genetics that has not been 

mentioned yet is of course Mendel and his famous laws 
of heredity (formulated in the 1860s) which, because 
they were established from very carefully selected cha-
racters and organisms, served mostly as counterpoint 
to all the exceptions that were later observed. This se-
quence of the history of genetics has been extensively 
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covered, for example by Mayr (Mayr 1982) or, more 
critically, by Kupiec (2019) or Pichot (1999). From the 
“re-discovery” of Mendel’s work in 1900 and during the 
first half of the 20th century, genetics developed in dif-
ferent branches (population, physiological and formal 
genetic). Genetics, from its very foundations, is therefo-
re very heterogeneous in its methods and in the episte-
mological status of its components—one of the causes 
of the inability of genetics to become a “proper” science 
(Pichot 2001). 

The beginnings of formal genetics (around 1915) fo-
cused mainly on locating mutations on the Drosophila 
chromosomes. The American biologist Morgan and his 
team (the main actors of this branch of genetics) wor-
ked frantically to map hundreds of mutations. Their 
laboratory infrastructures testified to a very profound 
evolution and scaling up of scientific practices, mirro-
ring the general industrialization of the time. For Bon-
neuil (2015a), this is part of the “revolution of control” 
and the systematic management that was taking place 
in the large organizations and industries at that time, 
which inaugurated new forms of information manage-
ment and biopolitics. This obsession with mapping will 
manifest itself again later with the hysteria of DNA se-
quencing, genomics and post-genomics. Morgan inau-
gurated in genetics the confusion between modelization 
and theorization, where the repetition, auto-confirma-
tion and accumulation of experimental data constitu-
te the basis and the aim of all inquiries (Pichot 1999). 
One might think that mapping is a neutral endeavor. 
It is, after all, only a matter of measuring, deciphering, 
observing, indexing, and representing a phenomenon 
in a graphic form. And yet, as The invisible commit-
tee reminds us in a fulgurant way: “One never maps a 
territory that one doesn’t contemplate appropriating” 
(The invisible committee 2015). This interpretation is 
shared by Nelkin and Lindee: “the apparent precision 
of a map may make invisible the priorities and inte-
rests that shaped it. As forms of knowledge, all maps ... 
are the product of cultural choices.” (Nelkin & Lindee 
2004). What is represented, and how it is represented 
on a map, is as much a choice of visual power as it is a 
choice of persuasion and appropriation. A map is not an 
objective representation, it is contextual: “Mapping is 
the process of claiming territory—that was its historical 
purpose and it remains so today in molecular genetics. 
The ‘commons’ of human heredity has been divided up 
among the mappers, and the human genome is essen-
tially, entirely patented...” (Nelkin & Lindee 2004). This 

is one of the fundamental thrust of genetics, established 
at the earliest stage of the discipline: cataloguing and 
mapping genomes for the purpose of appropriation. If 
there is one example of obscene clarity about the role 
of mapping in the conquest of territories, it is the co-
lonial situation in Palestine. Against the mapping of 
the colonial power, Said proposed a counter-mapping, 
a counter-cartography of resistance: “In the history of 
colonial invasion, maps are always first drawn by the 
victors, since maps are instruments of conquest. Geo-
graphy is therefore the art of war but can also be the art 
of resistance if there is a counter-map and a counter-
strategy.” (Said 1995). Echoing concerns about con-
temporary genetic essentialism, could we imagine a 
counter-mapping of the human genome?

Another contribution of Morgan and his team is 
the consecration of the conflations already mentioned: 
between the study of a character and the study of the 
variation of a character, between the population and 
the individual scale and between statistical measure-
ment (correlation) and causality. Pichot tells us that the 
methodology of Morgan’s school is part of the legacy of 
the role of hereditary diseases on the development of 
genetics, when they were used to establish the notions 
of hereditary characters and heredity, introducing a 
conceptual mistake. Indeed, a disease is not a biologi-
cal trait, it is the alteration of one or several biological 
traits. The conceptual error (that of confusion between 
character and variation in character) will be reproduced 
on an industrial scale with Morgan’s studies of the mu-
tations/deformations of Drosophila. For example, his 
team claimed to study the heredity of the “white-eye” 
character, but in reality they were studying the here-
dity of a mutation that would cause a disease in which 
one of the most obvious symptoms were white eyes. It 
is therefore the study of the heredity of an alteration 
(amongst other alterations) of a trait, not the heredity 
of that trait (Pichot 2001). Keller shows that this con-
flation occurs through a three-step process: 1) the cause 
of a phenotypic difference observed in a population is 
attributed to a putative gene mutation, 2) the presen-
ce of a putative gene mutation signals the presence of 
a gene, and 3) the responsibility for the formation of 
that trait in an individual is attributed to that putative 
gene (Keller 2010). The existence of the mutation and 
the associated gene are, at the start, only hypotheses of 
Morgan’s method. There is a shift from what begins as 
comparative genetics (the comparison of different phe-
notypes) to individual genetics (the study of the role of 
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a particular gene in the production of a particular trait). 
Similarly, Mayr notes that “Galton’s worst mistake ... 
was that he transferred what was statistically true for 
the genotype as a whole to the mode of inheritance of 
individual characters.” (Mayr 1982). The operation is 
so inherent to genetics methodology that it is general-
ly invisible. However, this is very significant. To consi-
der the gene simply as a difference maker (producer of 
variations) is not enough for the hegemonic project of 
genetics, it must also be a trait maker (producer of phe-
notypical characteristics) in order to have the power to 
act and create life, justifying its mobilization to control 
(human) evolution (Keller 2010). In other words, at the 
early stages of genetics, the notion of direct and unequi-
vocal causality between a gene and a trait is essential 
to the justification of the eugenics project. Through the 
methodology developed by Morgan, genetics is enshri-
ned as a science of the differential: it will henceforth 
focus of studying alterations, mutations and differen-
ces (the mutant type) in relation to a predefined norm 
(called the “wild type”). This is the distinction between 
“differential heredity” (the heredity of a difference, of 
the modification of a trait by mutation) and “absolute 
heredity” (the heredity of the actual trait) drawn by Pi-
chot (Pichot 1999). It is therefore not by accident, or be-
cause some geneticists are ill-intentioned, that genetics 
is often used to define norms (natural and at the same 
time, because of its political aspect, social). This is its 
very essence, its methodological necessity and its way 
of constructing the world.

Between the 1930s and 1950s, the main story of mo-
dern biology emerged: the synthetic theory of evolution 
(STE or Modern Synthesis, also sometimes called neo-
Darwinism). It is presented as a reconciliation between 
the young genetics and Darwinism. It is a theory of evo-
lution centered on the gene (and later on the Genetic 
Program), reductionist, deterministic and that deepens 
the direct link between genes and traits and the exclu-
sion of the environment (both the outside of the orga-
nism, the inner environment and even the composition 
of the gametes) (Noble 2015). Newman also notes that 
the STE theorists consciously set aside certain aspects 
of Mendel’s and Darwin’s work that were embarrassing 
to neo-Darwinism, but that will re-emerge throughout 
the 20th and 21st centuries (Newman 2013). This is the 
case for example of saltationism, rejected in favor of 
gradualism (see Mayr 1982). Gradualism is the idea 
that evolution takes place through a slow and regular 

accumulation of mutations causing tiny variations, se-
lected as they go along when they give a certain repro-
ductive advantage to individuals in a certain context (a 
reminder of the idea of the progressive accumulation of 
capital and wealth). The other aspect is of course the 
already mentioned dismissal of soft inheritance for a 
hard conception of heredity that will be perfectly com-
plemented by the notion of the DNA molecule as inde-
pendent, isolated from the outside and with a “perfect” 
replication system. 

2. The construction of a hegemony

2.1 Cybernetics and genetics,
an all-encompassing imaginary
The 1940s saw the birth of cybernetics, a scien-

ce created by a group of mathematicians, logisticians, 
biologists, anthropologists, engineers, etc. One of their 
main goals was to try to forge a “theory of the mind” 
to understand and model how the mind, and therefore 
the brain, works. The analogy between the brain and the 
computer took root, nourishing both our perception of 
the brain (and by extension of organisms) but also, in 
turn, the proto Information technologies (IT) industry. 
Generally speaking, cyberneticists were very invested in 
the development of technologies and a large proportion 
of them had links with various industries, IT but also 
the military complex (the early work of cyberneticists 
in the 1940s is directly related to the Second World 
War and the development of weapons, notably predic-
tion tools, for the United States’ army). Cyberneticists 
eventually worked towards the modelization of a large 
number of cognitive, biological and social processes 
through mathematics and computer science. Concepts 
such as information, signals, networks, interactions 
and feedback loops acquired new fame. Cybernetics is 
therefore an essentially mechanistic science that ten-
ds towards a complete modelling of all biological and 
social phenomena. A central political aspect of cyber-
netics was its emergence as a science of government 
in response to the existential crisis experienced in the 
West in the first half of the 20th century, an ontological 
crisis stemming from the two wars and their respective 
atrocities, added to the major upheavals in the mathe-
matical and physical sciences—a veritable crisis of mo-
dernity (Lafontaine 2004; Tiqqun 2020). Cybernetics 
was constructed in relation to a new need for order and 
certainty in the natural and social sciences, to an active 
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desire for a new totality. By responding to the necessity 
of the times, “the metaphysical problem of creating or-
der out of disorder” (Tiqqun 2020), it became a scien-
ce of prediction, control and management, terrified by 
all that is unpredictable, i.e., life itself. In other words, 
cybernetics went beyond the modelization and mapping 
of territories (be they bodies, societies or anything else) 
to a project of (re)building these territories according 
to the constructed map. Last aspect of this crude sum-
mary of the discipline: cybernetics gave a central role to 
the concept of information. Not only did it reduce any 
problem to an information problem (and its communi-
cation), but it also worked stubbornly towards the idea 
of a transmission process that would neither alter the 
information being transmitted nor cause “background 
noise” (Tiqqun 2020). Lafontaine refers to an epistemo-
logical reversal of the interiority-exteriority axis where 
the interiority and substance of studied objects are no 
longer relevant to science, only their exteriority (the 
patterns of their relations and communications with 
the outside). For her, cybernetics is at the origin of an 
Informational paradigm, in which information and its 
communication is constructed as a response against the 
world tendency towards entropy and disorder. She tra-
ces the genealogy of this paradigm and shows that it has 
influenced most sciences throughout the second half of 
the 20th century: structuralism, ecology, anthropology, 
psychology, post-structuralism and of course biology, 
molecular biology and genetics (Lafontaine 2004).

At the same period, a new theoretical framework 
for biology emerges. This is imagined in 1944 by the 
physicist Schrödinger, who, echoing the question of 
“creating order from disorder”, conceived heredity 
as the transmission of a physically ordered substance 
(Schrödinger 1944). According to him, the order of this 
substance commands the order of the organism, so there 
must be a correspondence between them (what he cal-
led a “code”): a microscopic specific signal (a pre-esta-
blished original order) produces the macroscopic order 
of living organisms. For Schrödinger, the chromosomes 
constitute this substance and are both a law/code and 
a power of execution; they are the architect’s plan and 
its execution by the craftsman. Schrödinger pointed out 
that his thesis of such an order required special physical 
laws for living beings. Indeed, Schrödinger’s fundamen-
tal idea was that biological systems are of a different na-
ture than physical systems (see Pichot for a summary 
of Schrödinger’s contribution to the ideas around here-

dity, Pichot 1999). As pointed out by Kupiec, this prin-
ciple of the biological macroscopic order originating in 
a microscopic order is the opposite of physics, which is 
able to comprehend the macroscopic order of matter 
from a microscopic disorder (Kupiec 2009). 

After Avery’s work (1944) suggested experimentally 
that the DNA is the support of heredity, and especial-
ly after Franklin, Watson and Crick’s discovery of the 
structure of the DNA molecule in 1953 (the work of the 
former was kept invisible for many years), Schrödin-
ger’s conception became, with some accommodations, 
the theory of the Genetic program in the early 1960s 
(see Mayr 1982 and Morange 2003 for more details on 
this period). Thus began, as Bonneuil (2015a) calls it, 
the period of the gene-program, or the gene as “chief 
planner and factory cell engineer”. Again, an imagina-
ry in sync with the global economic system of the time. 
The gene is then seen both as a DNA segment and an 
informational molecule, and heredity is its message. In 
the purest Fordist logic of the time emerges the Central 
Dogma (Crick 1958). Although the Dogma’s formulation 
is a little more subtle than many critics seem to think, 
it is nevertheless an instructive model with a predomi-
nantly unidirectional flow of coding information from 
top to bottom: from DNA to RNA and then to proteins. 
The genotype/phenotype dualism finds here a new ju-
stification. During the 1960s, the famous “genetic code” 
was elucidated. In fact, biologists simply understood in 
more details how cells use DNA to make proteins. Here, 
the influence of cybernetics is obvious. The production 
of proteins is ultimately simply a chemical reaction (the 
interaction of DNA with proteins and other molecules 
resulting in the production of other proteins), but it is 
the only one that is specifically described in terms of a 
“code” or “transmission of information”. As proteins 
are, at the time, seen as the fundamental element of or-
ganisms, if DNA is the “code” used to build these pro-
teins, it can therefore be considered as the source of all 
the information necessary for life. The DNA becomes 
the matrix of life. The ordered substance theorized by 
Schrödinger is assimilated to DNA. However, for Pichot 
(2002), the Schrödingerian principle is “relaxed” in this 
case, in the sense that the global correspondence betwe-
en the order of genetic material and the organization of 
organisms has been replaced by a local correspondence 
between the internal order of genes and the internal or-
der of proteins (the “genetic code”). This period of gene-
as-a-DNA-segment is a culmination of molecular bio-
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logy. Not only it recapitulates all main previous theories 
of heredity (Weismann, Morgan, Schrödinger) but it is 
a direct legacy of the late 19th century all-encompassing 
biological theories and their attributes: imperialist the-
ories based on a single substance that is at the origin 
of all truth, a total physical and chemical explanation 
of the organism bordering with religion (Pichot 1999). 
Another significant shift effectuated by molecular bio-
logy is the inclusion of proteins and enzymes within the 
phenotype. Previously, it was thought that the factor of 
heredity was of proteic/enzymatic nature: the “gene” 
was a protein. Therefore, the expression of heredity was 
understood as protein/gene  trait. However, with the 
gene now identified as a DNA segment responsible for 
the production of a protein/enzyme, the expression of 
heredity became DNA/gene  protein/enzyme  trait. 
The physiological mechanisms between the protein and 
the traits were evacuated from the domain of genetics 
and heredity, which focused thereafter mostly on the 
explanation of the relation between the DNA and the 
protein (Pichot 1999).

This vision of the organism is sanctioned by Jacob 
and Monod and their work on the functioning and regu-
lation of a particular region of a bacterial DNA, the lac-
tose operon. They proposed a model of gene regulation 
that will constitute one of the foundations of molecular 
biology and that directly imports concepts from cyber-
netics such as specific signals, information transmis-
sion, regulation and feedback loop. The regulation of a 
gene will depend on the activity of other proteins that 
bind specifically to a particular region outside of the 
gene to transmit an activation or repression signal. In 
this model, according to Kupiec and Sonigo (2000), the 
world of signals (regulation) is conceived as separate 
from that of metabolism (which would be the domain of 
chemistry). The “signal world” will gradually become a 
universal explanation of the natural world. If something 
happens in an organism, it is because it was triggered 
by a signal. The world we experience is only a reflection 
of the world of signals, echoing the essentialist Theory 
of ideas of Plato. The other two important features of 
Jacob and Monod’s regulation model are its instruc-
tive nature and the necessity of the concept of stereo-
specificity (Kupiec & Sonigo 2000). If an entity waits to 
receive a specific signal in order to perform an action, 
this implies that it already possesses the ability to inter-
pret the information carried by this signal: the result of 
the process always precedes, in a virtual way, the real 

process. Fitting a lingering and powerful tradition of 
essentialism in the West, “[an instructive and] determi-
nistic model might seem perfectly relevant at first sight 
for accounting for the precision in the way an organism 
functions” (Kupiec 2009). The idea of stereo-specificity 
not only gives a central role to the DNA sequence (re-
sponsible for the amino acid sequence and therefore 
the spatial configuration of the corresponding protein) 
but is paramount to the theory/metaphor of the Genetic 
program. This most cybernetic metaphor (that appea-
red in 1961 in two independent papers, one from Mayr 
and one from Jacob and Monod) could be defined as 
an instructive model (with cascades of interactions, si-
gnalling pathways, gene networks...) where differential 
gene expressions are responsible for the differentiation 
of cells during embryogenesis and the functioning of the 
organism until its death. In this theory, proteins inte-
ract in an unambiguous way, with each molecule having 
one or very few partners, excluding stochasticity (see 
Kupiec 2010 for a critique of this). Information is the 
cause of the ensuing order and, again, the final form 
pre-exists the biological material that is transformed, 
a faithful legacy to the neo-preformationist theory of 
Weismann, embodying the microscopic order theori-
zed by Schrödinger. In the 1970s new methods of cut-
ting and manipulating DNA are developed, giving rise 
to genetic engineering (e.g., the manufacture of gene-
tically modified organisms by transgenesis). “Lego” 
techniques, instructive models of DNA regulation and 
cellular differentiation, cybernetic metaphors invading 
genetics, the Central dogma, general genetic essentia-
lism... organisms are perceived as a rigidly functioning 
machine and the idea of the Genetic program takes 
hold. This set of ontological representations are part 
of the Genetic Order, built on the foundations laid by 
Schrödinger, and it is to be understood as the answer of 
biology to the metaphysical problem of order following 
the Second World War.

For Sonigo the success of modern genetics and the 
world view it offers is due not only to the influence of 
cybernetics (where everything is only an immaterial 
exchange of information) but also to the central notion 
of the individual as a separate and independent biologi-
cal entity, associated to a vision of the natural world as 
compartmentalized and discontinue (Sonigo & Stengers 
2003). In order to understand the reproduction of the 
similar, these two influences have pushed the explana-
tion towards an emphasis on the concept of information 
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and denied the idea of a material continuity between 
generations (which Sonigo claims should be seriously 
revisited, see Sonigo 2013). But in the same way that the 
historical vision of life emerging in the 19th century had 
been a challenge to the centrality of the notion of spe-
cies (see above), it should also have been a blow to the 
centrality of the notion of individual. For Sonigo and 
Kupiec, the species and the individual are only arbitrary 
snapshots of ongoing oscillating processes, respectively 
the evolution and the ontogeny—both processes that 
are considered equivalent in their model of ontophylo-
genesis (on these questions see their respective works 
Kupiec 2019, 2012, 2009; Kupiec & Sonigo 2000; Soni-
go & Stengers 2003).

As early as the 1970s, numerous studies showed 
that the genome is more malleable and the gene more 
complicated than previously thought (Morange 2003; 
Burian 2013). It is becoming increasingly clear that, in 
eukaryotes, not only is there no strict correspondence 
between the order of the genetic material and the order 
of the living being (the direct causal link between genes 
and traits is particularly difficult to demonstrate, due 
for example to polygeny and pleiotropy), but there is 
also no strict correspondence between the order of the 
gene and the order of the protein. As a consequence, 
the Schrödinger’s principle of the macroscopic biologi-
cal order originating from a microscopic order requires 
numerous adjustments, which, for Pichot, are equiva-
lent to a generalised weakening (he uses the notion of 
“softening” in Pichot 2002). As to the concept of gene, 
due to these difficulties, it is slowly losing its structural 
definition to go back to a more abstract, functional and 
“semiological” one where it is defined after its product 
(Pichot 1999).

2.2 Genetics and neoliberalism
The world economic order entered a new period at 

the end of the 1970s, that of neoliberalism. As usual, 
genetics will be part of this upheaval, while providing 
it with a powerful imaginary, in this back and forth 
movement typical of modern science. This can be seen 
first of all with the boom of genetic engineering, i.e., the 
birth of an industrial sector of biotechnologies which 
supplies molecules to the pharmaceutical, agricultural 
and petrochemical industries. At the academic level, 
Aguiton (2018) characterizes this pivotal period and the 
decades that followed by three major transformations: 
1) transformation of the figure of the scientist into an 

entrepreneurial researcher/start-up creator; 2) tran-
sformation of intellectual property regulations, with an 
increasingly massive appropriation of genetic discove-
ries and modifications; 3) an ever closer link between 
science and industry, in terms of research programs, 
funding, curricula, etc.

Perhaps it is not a coincidence that The Selfish Gene 
was published at this time, in 1976. Dawkins offers a 
vision entirely centered on DNA and the gene. An ex-
treme reductionism where the DNA, as the ontogenetic 
starting point of all that concern organisms, is both the 
source and the goal of biological processes. According 
to Noble’s interpretation, what is important in the SGT 
is the dichotomy between the replicator (DNA, gene) 
and the vehicle (organism). The replicator is the funda-
mental element of heredity, and therefore of life, and its 
evolution. It is the entity whose different variants can 
replicate identically and, potentially, for eternity—an 
immortal entity. The organism, the body, is merely 
the vehicle created by the replicator to pass from ge-
neration to generation (Noble 2011). What is at stake 
in this construction of DNA as an immortal text is that 
it can reveal the essence of the present, the events of 
the past and the possibilities of the future. DNA is hi-
story and destiny, echoing the centrality of the notion 
of immortality in the imaginary of genetics, already 
mentioned in connection with Weismann’s theory. The 
irony of the metaphor must be emphasized. Dawkins, 
who, despite portraying himself as a perpetual crusa-
der against religious obscurantism, does not seem to 
realize the extent to which his theory appeals to one 
of the most classical theological dichotomies (and 
hierarchies), that of body and soul. DNA—the replica-
tor—is the immortal essence, the spirit, or soul. While 
the body and the cell—the vehicle—is existence, it is 
the world that degrades, ages, and ultimately has little 
significance. It is impossible not to notice similarities 
with transhumanism, which presents itself as a move-
ment at the cutting edge of technological modernity 
with marvelous promises but is, ultimately, based on 
the fear/hatred of the body and of organic, and there-
fore mortal, existence (Benasayag 2016). A fear shared 
with institutional monotheist religions.

The SGT opens the period of the 1980s where the 
gene became more of a unit of intellectual appropria-
tion associated to a more generalised patenting of DNA 
sequences (Bonneuil 2015a). The general aim of rese-
arch being to control and command the gene, genetic 
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engineering and molecular biology explode. The frenzy 
of DNA sequencing (first of genes and then whole ge-
nomes) and genomics (the study of these genomes) be-
gins in the late 1980s. Once again under the influence 
of cybernetic and computer language, and when it is 
simply a matter of determining an aspect of the struc-
ture of a molecule, DNA sequencing becomes “genome 
decoding”. The genome is the key to living beings, and 
“deciphering” it means opening the “book of life” and 
understanding its mysteries. With the sequencing of the 
human genome, starting in 1990, physical and mental 
illnesses, addictions and homelessness will be overcome 
(see the incredible editorial of Science in support of the 
human genome sequencing project, Koshland 1989).

Several parallels can be drawn between the vision 
proposed by modern genetics (the SGT in particular) 
and certain characteristics of the developing neolibera-
lism. One is that all aspects of life are directed and sha-
ped either by the minuscule or the gigantic. On the one 
hand, organisms, their functioning, development, beha-
vior and all aspects of their existence are influenced or 
even directed by genes. These genes can be modified on 
demand, rearranged, ranked, corrected, extracted and 
then reintroduced. On the other hand, Neoliberalism is 
the commodification of all aspects of life, the marketiza-
tion and entry of technology into the intimacy of minds, 
behaviors and bodies. The embodiment of cybernetics 
in neoliberalism, as Tiqqun (2020) describes it, is this 
back and forth movement where beings are emptied 
of what makes them active, creative and autonomous 
(through constant capture or extraction, be it bureau-
cratic, digital or of any other nature) and are then “fed 
back” (recreated as subjects) by those data that have 
previously been processed, ordered, hierarchized and 
arranged. Secondly, this shaping (of who we are, as so-
cial individuals or organisms by neoliberalism or DNA) 
is effected beyond our perception or our reach. The 
genes, those little elements that direct us, are invisible 
to us. They are tiny command centers and our bodies, 
these robot/machines, obey their programs. Similarly, 
we have almost no control over the extreme financiali-
zation of the economy, the fact that a huge part of we-
alth creation is now dematerialized, invisible, compu-
terized, algorithmic, the way important decisions about 
this wealth creation and many other aspects of our lives 
are made somehow, in unknown places (at least with 
which we generally have no connection to)... Finally, 
genetics and Neoliberalism both mobilise representa-

tions involving an extreme reductionism. DNA is the 
source and goal of all biological phenomena, while 
competition and the free market are the sources and 
goals of all social phenomena. An explanation for the 
power of this essentialist and reductionist vision could 
be its simplicity and its complementarity to capitalism. 
Indeed, the SGT and free market theory are disarmingly 
simple and all encompassing, egoism and competition 
being the two main characteristics (King D, personal 
communication). All phenomena, social and biological, 
could be explained by these two mechanisms. Nelkin 
and Lindee (2004) summarize the “advantages” of ge-
netic essentialism: 1) it shifts the source of social pro-
blems to the individual (and not to society), 2) it provi-
des a kind of equivalence to moral redemption and/or 
absolution (“it’s not my fault, it’s my genes!”), and 3) it 
also provides a scientific, “neutral” and rational justifi-
cation for social categories.

What is at stake in this pivotal sequence of the 1970s 
and 1980s is a paradigmatic shift in the order inspired by 
computer science and cybernetics. Since the end of the 
19th century, the predominant model of order had been 
roughly that of Fordism: a highly hierarchical structu-
re, with a top-down management of politics and econo-
mics. The Fordist model, which had become too rigid, 
had to change. This marked the emergence of the net-
work society. There is no longer a single source of con-
trol, the model becomes that of a network system, made 
up of more or less equal nodes, regulated by feedback 
loops. This is the idea of “liquid nature” put forward by 
Bonneuil (2015b). He describes the transition from the 
Fordist form of capitalism (one of resource and indu-
strial production) linked to a perception of life as a re-
source (a stock and a collection of entities and species) 
to a neoliberal form of capitalism (financial, based on 
assets and income, services and investments) associa-
ted with a perception of life as a set of functionalities 
and “services”, organized in networks and made up of 
relationships.

Cooper offers a fascinating interpretation of the 
enormous shift of this era, taking the USA as an exam-
ple, but that could be applied to the West in general (Co-
oper 2008). The difficulties of Fordist capitalism cau-
sed a transition in the North American economy (and 
therefore the world economy) towards an “economy of 
promise” that Cooper calls the Bioeconomy. Already 
pointed in the famous Club of Rome’s report Limits to 
Growth in 1972, the realization of the natural limits of 
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the planet will be all the more relevant in the context of 
the oil price increases due to the oil shocks of 1973 and 
1979. Cooper describes how the American administra-
tion then decided to promote the development of both 
digital and biotechnologies. In fact, while appropriating 
certain concepts of ecology or theories of self-organi-
zation, the capital “realized” that although the planet’s 
fossil energy resources were finite, life was constantly 
renewing itself. Lafontaine identifies here the cross-in-
fluence of cybernetics on certain concepts of the natural 
sciences (the ecology of systems, the planet and life as 
a large autonomous and self-regulated whole), on the 
development of the digital industry and on the birth of 
neoliberalism (Lafontaine 2004). The biotechnologies 
characteristic of these developments are GMOs, gene 
therapy, stem cells, reproductive technologies, synthe-
tic biology, biofuels, etc. It is around these technologies 
that the Promise economy developed (Cooper 2008; 
Lafontaine 2014). They organized a speculative ima-
gination, a faith in a future where the limits of life are 
constantly being pushed back, where the health of futu-
re generations is always-already prioritized over that of 
current generations. This is reflected in funding choices, 
where, for example, medical biotechnology research 
will be largely favoured over maintaining or improving 
public health systems (see also Duster 2003). Here lies 
an important node in Cooper’s story. Neoliberalism and 
the transition to a Bioeconomy and a Promise economy 
are accompanied by an attack on the structures of the 
welfare state. Rouvroy, deciphering the relation betwe-
en the sequence opened by the Human Genome Project 
(HGP) and neoliberalism, reaches a similar conclusion. 
She associates the process and the completion of the 
HGP to the emergence of a new “mode of governance 
by genetic risk”. A central element to this new mode of 
governance is the major shift towards an individualized, 
self-responsible notion of health: 

“The narratives of genetics and the globally 
dominant messages of neoliberalism converge 
to make our post-genomic future visible and le-
gible in advance through tales of a genetic my-
thology that promises a new transparency and 
precise calculability of individual health risks, 
behaviors and identities, and through a rhetorical 
insistence on the liberating virtues of privatising 
health insurance and dismantling welfare states.” 
(Rouvroy 2008)

The transition to a Bioeconomy/Promise economy 
is also reflected in a fundamental shift in the econo-
mic relationship between the USA and the rest of the 
world: from creditor (since World War II) to debtor. 
The promise is therefore also in this debt-based rela-
tionship that is established in the following decades. A 
debt that, in reality, is so enormous and consubstantial 
to the global economy that it will never be repaid—an 
eternal promise: “Neoliberalism and the biotech indu-
stry share a common ambition to overcome the eco-
logical and economic limits to growth associated with 
the end of industrial production, through a speculative 
reinvention of the future.” (Cooper 2008). In short, the 
living, life itself, became a central resource for econo-
mic development, growth and added value. “Promising” 
life processes and molecules (giving perspectives of lon-
ger lives, miracle cures, stronger and healthier babies 
etc.) were, and still are, mobilized to leverage enormous 
amounts of preliminary investments, inflating an eco-
nomy of bets and risks completely disconnected, for 
example, to actual public health and its social aspects. 
Combined with the explosion of information techno-
logies, the neoliberal biotechnologies will have a huge 
impact. One must read or listen to Lafontaine for an 
overview of these major changes. She describes how 
the Bioeconomy is a process of marketization of the 
body, especially of women’s bodies, through the deve-
lopment of reproductive technologies (artificial inse-
mination, In vitro fertilization, ovules donation, sur-
rogate pregnancies etc.) which are instrumental in the 
current trend towards forms of liberal eugenics (see be-
low). This development of a form of bio-citizenship (a 
new form of citizenship centered on the optimization of 
the biological and bodily potentialities of individuals), 
accompanied with a molecularization of culture, has 
transformed our relations with our bodies and our he-
alth: ultra-individualization, redefinition of health in 
terms of risks, injunction to constant self-monitoring 
etc. (Lafontaine 2014).

2.3 Genomics and networks—
a new ontology?
The genomic obsession starting at the end of the 

1980s had the advantage of putting the theoretical 
difficulties of genetics already mentioned on hold, to 
give way to mainly technical problems (Pichot 2003). 
Relying on technology also provided a solution to these 
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difficulties: “Faced with the apparent disorder of gene-
tic material, geneticists have undertaken to ‘draw up 
the text letter by letter’ in order to entrust the analytical 
power of computers with the task of discovering a fun-
ctional order (which, in the end, shows great loyalty to 
Schrödinger).” (Pichot 2002, transl. by the author). The 
mass production of data and the increasingly important 
role given to bioinformatics in the 2000s testify to a re-
composition of methods and skills in biology (Aguiton 
2018). However, even if this lead to “impressive” tech-
nical achievements, it is the same conceptual error that 
is repeated, one of the fundamental errors of biologists: 
thinking of the description of a phenomenon (even in 
its smallest molecular details) as an explanation of that 
phenomenon (the way formal genetics believed that 
“modelization was theorization” at the beginning of 
the 20th century). Indeed, once the human genome was 
sequenced, the scientific community realized that the 
knowledge of its 3 billion base pairs did not provide 
the fantasized answers to all its questions. But rather 
than questioning the conceptual errors that led to this 
research program, the industrial techno-scientific ap-
proach has simply moved up a level: it is now a matter 
of studying how the genome is used by the cell—the 
era of post-genomics. This is what Bonneuil calls the 
period of the network gene (2015a). This sequence is 
marked, amongst other things, by three developments 
described below.

The concept of the gene, already very vulnerable and 
subject to a chaotic history, is now crumbling. In a little 
over 100 years, the notion of gene has moved from an 
abstract nature to a protein nature, an undetermined 
physical location on chromosomes, an ordered physical 
structure, a discrete element of the DNA molecule that 
codes for a protein, a functional unit... only to be chal-
lenged by the results of molecular biology itself, rea-
ching a climax in recent years with genomic and post-
genomic studies. To exemplify the attitude of biologists 
towards these difficulties, François Jacob, when asked 
in 2000 “whether he and other molecular biologists 
were aware of how much the very notion of gene was th-
reatened by his [late 1960s] findings?”, answered: “Yes, 
we were aware of these theoretical difficulties, but we 
chose not to speak too much of them; the priority was 
to move forward.” (cited in Gayon 2016). Nowadays, no 
one knows how to define a gene any more, which is so-
mehow embarrassing for biology and genetics, of which 

the gene is the object (for a detailed history see Bonneu-
il 2015a; Burian 2013; Keller 2000; Mayr 1982; Pichot 
1999; but also Gerstein et al. 2007 for the consequences 
of the HGP on the definition of the gene).

Epigenetics is a term created in the middle of the 
20th century by Conrad Waddington (see Keller 2000), 
in reference to epigenesis, to refer to all the mechani-
sms involved in embryonic development including the 
influence of the environment. For example, the notion 
of gene regulation, that is part and parcel of the Genetic 
Program concept, is a form of epigenetics. Since the turn 
of the millennium, epigenetics has undergone a specta-
cular development (with the study of the chemical mo-
difications of the chromatin, the non-coding RNAs, and 
their potential transmission). At first glance, the rapidly 
expanding discipline seems to call into question certain 
fundamental notions of genetics. One is the centrality 
of the gene as the unit of heredity. Since these epige-
netic modifications can be caused by external stimuli 
(toxins, traumatic events, etc.) and be passed on from 
generations to generations, biology must now grapple 
with a concept that was rejected at the outset: the heri-
tability of acquired traits (see Boskovic & Rando 2018 
for a recent review on epigenetics and Noble 2015 for a 
discussion of the implications of epigenetics findings). 
However, other researchers, including biologists criti-
cal of the reductionist and deterministic mainstream 
approach of genetics, are not so enthusiastic about the 
results of epigenetics. For example, Kupiec understan-
ds the recent interest in epigenetic mechanisms mostly 
as a continuation of an old habit of geneticists’ “double 
discourse” dating back to the notion of “reaction norm” 
created by Woltereck. In other words, when genetic 
determinism is being challenged experimentally gene-
ticists invoke/accept some form of influence of the envi-
ronment, without realizing that this is in contradiction 
with the theoretical foundations of their discipline. This 
is revealed, by the actual word itself where “epi-” means 
“above”, so epigenetics would only be an additional la-
yer added on top of genetics, and would not constitute 
a challenge to the determinism, to the centrality of the 
gene, nor to the idea of “order created from order” inhe-
rited from Schrödinger (Kupiec 2019).

In parallel with these developments, a systems bio-
logy is emerging. Systems biology is an ill-defined hete-
rogeneous discipline, but Bizzarri et al. (2013) see two 
branches: theoretical and pragmatic. The pragmatic 
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branch is the one that leads for example to synthetic bio-
logy, a techno-industrial approach that works towards 
the complete engineering of living beings. Starting in 
the 2000s, Synthetic biology built its promises on a cri-
tique of the genetic engineering of the 1970s, which was 
seen as too slow and approximate. Based mainly on the 
post-genomic techniques (transcriptomics, proteomics, 
metabolomics…), it is mostly a technical approach ai-
ming at developing cheaper and more robust genetic 
modification techniques with better and faster transfer 
from laboratory to industry. A systematic engineering 
of life. Synthetic biology is still part of the reductioni-
st paradigm in that it sees the organism as a collection 
of elements of unique, well-defined types that interact 
with each other, in the hope of maintaining a vision of 
life in which the causal relationships between specific 
entities and a biological function or trait are clearly de-
fined, and therefore patentable. As such, it is a particu-
larly telling example of the evolution of biology towards 
ever more engineering: the continuation and an accele-
ration of practices to turn organisms into “living facto-
ries” for industrial, pharmaceutical or other products. 
The story of the world we are telling ourselves, that of 
humans controlling and exploiting its environment, is 
exposed here with chilling clarity.

The theoretical branch of systems biology is built on 
a critique of the reductionist view of genetics and neo-
Darwinism and the desire to re-inscribe the organism 
in the understanding of evolutionary, developmental 
and hereditary processes. It challenges the notion of 
Genetic program and the centrality of DNA in what 
constitutes the hereditary material, and proposes to 
take into account the non-DNA or cellular heredity (see 
for example Noble 2017). This new systems biology is 
both extremely complex and fascinating in its techni-
cal achievements and, at times, politically attractive for 
the imaginary it builds. Indeed, for this part of biology, 
it is now interactions, networks and systems (i.e., rela-
tions) that matter. The millions of interactions between 
proteins and between proteins and DNA are studied in 
an automated way, then modelled and represented. It is 
no longer the genes, or the proteins, but their patterns 
(configurations of relationships) that are the basis of 
the explanation. The fundamental entities change, or, 
as Bonneuil says: “From molecular biology to systems 
biology, we move from a substantial ontology to a re-
lational ontology” (2015a, transl. by the author). This 

ontology is extended to the living world, seen as a net-
work and a continuum, as a set of inter-relationships 
and inter-connected organisms. These ideas are appe-
aling and correspond to a certain idea of relations that 
goes against the obsession of centrality, separation and 
compartmentalization, characteristic of biology and 
modernity in general. Yet, in these statements, as in 
their implications, there is a clear, if not determinism, 
at least an influence of cybernetics and its embodiment 
in neoliberalism. The gene, like life in general, is now 
seen as flexible, adaptive, connected, hybrid, innovati-
ve... echoing Bonneuil’s critique of this relational onto-
logy as “liquid nature” (Bonneuil 2015b). There is thus 
a major challenge here: (how) can biology contribute to 
(new) relational ontologies while escaping the terms of 
cybernetic capitalism?

3. The Genetic Order

3.1 The construction of the notion of
heritability, part II
As told in section 1.2.2, the focus of the science of 

heredity shifted early on towards what is conceptuali-
zed as “the part of genetics” in the transmission (and 
formation) of traits in organisms. In other words, 
there has been a geneticization of the study of herita-
bility. This next part is dedicated to the clarification 
of issues around heritability, the opposition heredita-
ry/acquired and the notion of causality and its confla-
tion with correlation.

Keller identifies two meanings given to the term 
heritability: ordinary and technical (Keller 2010). The 
ordinary meaning (often implied by scientists and the 
media) refers to a trait and its transmission/formation 
at the individual level (the transmissibility of this trait). 
Heritability studies tend therefore to be perceived as 
the determination of the share of the genetic compo-
nent, as opposed to the social and cultural component, 
in the formation of traits. However, the (proper) tech-
nical meaning refers to the variation of that trait at 
the level of a population: a statistical measure related 
to the proportion of the influence of genetic variation 
on phenotypic variation in a specific population of or-
ganisms. These differences are extremely important. 
For Keller, geneticists and journalists are perpetually 
shifting between the ordinary and technical definitions 
of heritability. The latter definition is a statistical me-
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asure, not a measure of causality; it only makes sense 
in relation to a population, not at the individual level. 
Heritability studies therefore do not tell us anything 
about transmissibility, i.e. about the quality of a trait to 
be heritable. They are studies that are entirely context-
dependent and have no implication on the mechanisms 
of transmission (of heredity) of traits between genera-
tions. To better understand the difference between the 
heritable quality (its transmissibility) of a trait and its 
(technical) heritability we can turn to a very simple 
example: the number of hands in humans. The number 
of hands (two) is an inheritable trait, it is transmitted 
from generation to generation with almost perfect re-
gularity. Its heritability, the influence of genetic varia-
tion on the variation of this trait, is, however, close to 0. 
Indeed, the variation of the trait in human populations 
depends almost entirely on environmental causes (the 
loss of a hand by accident). An inheritable trait can the-
refore have almost zero heritability.

A similar argument can be drawn, based on one of 
the theoretical weaknesses of genetics already mentio-
ned: the opposition between in-principle-hereditary 
(inherited or not) and in-principle-non-hereditary 
(acquired) traits (Pichot 1996). Pichot tries to unravel 
this confusion and explain that such defined hereditary 
and acquired characters are not comparable terms. In 
the case of acquired traits, one instantly thinks of phe-
notypic traits (an arm cut off in an accident, therefore 
an effect) but the acquired quality never applies to the 
cause (the external determinant that produced the cut 
arm, e.g. a machine). However, in the case of hereditary 
traits, are considered inheritable both the phenotypic 
traits (the effects) and their genetic determinants (the 
DNA sequences, the genotype, i.e., the causes). This is a 
fundamental imbalance, a hiatus in definition that has 
plagued genetics to the present day: 

“these notions [hereditary and acquired] have 
meaning only in cases where there is, if not a pu-
rely genetic (respectively external) determinism, 
at least an immediate linear relationship between 
the phenotype and the genotype (respectively the 
external environment). With the exception of the 
primary protein sequence (which is directly rela-
ted to the corresponding genes—as a first approxi-
mation because in eukaryotes the structure of the 
genes is so complex that such a direct relationship 
could be disputed), however, such cases are very 

rare. They are almost non-existent at the macro-
scopic level. As a result, in practice, the concepts 
of hereditary and acquired are virtually inappli-
cable to phenotypic traits, even though they are 
supposed to apply to them.” (Pichot 1996, transl. 
by the author)
Simply asking seriously the question “what is a he-

reditary trait?” leads to a critical deconstruction of the 
foundations of genetics. Taken further, the question of 
“what is a trait?” could also be explored. One can indeed 
wonder about the equivalence of traits such as the pri-
mary structure of a protein, eye color, the shape of the 
nose or behavior. Are they unique traits? Are they simi-
lar in nature? Are some not rather sets of characters? 
How can they be compared if they are not of the same 
nature? Genetics does not provide clear answers to 
these essential questions (Kupiec 2019; Pichot 1996). 
Moreover, if the amino acid sequence of proteins is an 
apparent trait of an organism (and therefore part of the 
phenotype), why not considering the nucleic acid se-
quence of DNA as an apparent trait of an organism? Is 
DNA part of the phenotype, and if yes, then what is left 
to make up the genotype? 

Focusing on issues around heritability and the op-
positions hereditary-acquired and genotype-phenotype 
also raises the question of causality in biology and how 
to establish it. Noble reminds us that, often, functio-
nal studies of genes repeat Morgan’s conceptual error 
(studying the heritability of an alteration, among other 
alterations, of a trait, rather than the heritability of that 
trait) (Noble 2008). The problem with this method is 
that it cannot reveal the totality of the functions of a 
gene since it does not show the common effects betwe-
en the mutant and the wild type. To illustrate this, let us 
take a hypothetical example of a gene A, which has five 
functions related to traits 1, 2, 3, 4 and 5 (the biologist 
does not know any of these functions a priori). Gene A 
is mutated and we will observe a major change in trait 
5. We will have highlighted one possible function of 
gene A, but not all of them, since functions 1 to 4 have 
not been identified. However, the usual conclusion of 
molecular biologists is that the function 5 is the main 
function of gene A and the rest is generally dismissed 
as noise or pleiotropy. Noble also raises the issue of the 
Differential Genetic Effect. That is, most variations in 
DNA sequences, including changes in coding sequen-
ces, do not cause a change in phenotype. They are com-
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pensated for by the organisms, a property referred to as 
“robustness”. The reason why this is rarely taken into 
account is that modern biology and its reductionism 
ignore the organism and is based on the idea of a sole 
upward causality, coming from the lower level (the mo-
lecular level) (Noble 2008).

Finally, the conflation between causality and corre-
lation can be illustrated with the recent multiplication 
of Genome Wide Association Study (GWAS) papers 
and their Manhattan plots. Yet, in the end, what do the-
se studies show? Only a statistical link, a correlation, 
between the presence of certain nucleotides and a trait, 
as the physiological link between the sequences contai-
ning (or close to) these bases and the trait has not been 
demonstrated. GWAS studies generally include compa-
risons of the genes identified to databases of annotated 
genes, therefore they can offer indirect leads regarding 
a link between the presence of DNA sequences and a 
trait. However, they main outcome is that biology is still 
confined to the accumulation of data and correlations, 
with very little theoretical or physiological progress. At 
this stage, it is useful to recall the study by Calude and 
Longo, which emphasized that “[t]oo much information 
tends to behave like very little information” (Calude & 
Longo 2017). Genetic essentialism finds a new robe and 
new justifications for the sequencing of even more hu-
man genome sequencing, while eugenics endeavors like 
the search for a genetic basis for intelligence (“educa-
tional attainment”), homosexuality or crime (“antiso-
cial personality disorder”) flourish (Davies et al. 2016; 
Rautiainen et al. 2016; Sanders et al. 2017).

3.2 The construction of the Nature/
Nurture dichotomy, part II
Section 1.2.1 was dedicated to the historical con-

struction of the opposition between Nature and Nurtu-
re, or genetic and acquired, in relation to the eugenics 
project. This dichotomy is so “banal” today that it does 
not even need to be thought of, argued or defended. It 
is self-evident, a stark example of a belief that can be 
considered ontological. Some people will lean towards 
the genetic and natural explanation, others towards 
the environmental and cultural explanation, but it is 
rare that the existence, history and role of this dicho-
tomy are questioned. 

Picking up the history of eugenics and the Natu-
re/Nurture dichotomy where we left it, in the middle 
of the 20th century, the Nazi exterminations of the 

Second World War undermined the legitimacy of the 
eugenics project. While the term eugenics was not 
to be mentioned any more, official eugenics socie-
ties simply changed their names and certain ideas 
and practices went on (such as forced sterilization 
programs). With the emergence of medical genetics, 
the Nature/Nurture opposition was deployed even 
further. The search began for the “gene FOR” this 
or that disease, each of them considered a unique 
and singular trait, repeating again the conflations 
correlation-causality and gene-mutation. Lippman’s 
definition of geneticization summarizes what is at 
stake here: “the process by which interventions em-
ploying genetic technologies are adopted to manage 
problems of health. Through this process, human 
biology is incorrectly equated with human genetics, 
implying that the latter acts alone to make us each 
the organism she or he is.” (Lippman 1991). It is 
also worth pondering for a minute what could be the 
actual applications of medical genetics apart from 
eugenic preventative acts such as selective abortion 
and selection of embryos before implantation, or cu-
rative acts such as gene therapy (which has been an 
extremely expensive and, not surprisingly, mostly 
disappointing approach so far).

Another discipline emerging in those years was be-
havioral genetics (see Bliss 2018), which was to cau-
se several scandals in the 1970s, particularly around 
the ever-present issue of the link between genes and 
intelligence (as measured by IQ). The discipline more 
or less metamorphosed into sociobiology, whose basic 
premise was that social behaviors, in a same way that 
physical traits, are based mainly on genetic founda-
tions, are inheritable and are the results of evolution. 
Racism, for example, found here a new scientific ra-
tionalization (it would only be the result of the innate 
aggressiveness of humans and/or their propensity to 
protect those genetically close to them). The central 
idea of the emblematic work of the discipline (The Bell 
Curve, published in 1994), was that the class structure 
in the USA is based mainly on individual inequalities 
in terms of IQ, due to genetic differences. The authors 
accompanied their argument with “soft” eugenic re-
commendations, such as the prevention of immigra-
tion and the curb of welfare state provisions, which 
were seen as responsible for the decline and dilution 
of “cognitive elites” (Bliss 2018). Affected by the scan-
dal provoked by this book, sociobiology morphed into 
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evolutionary psychology. Much could be said about 
this discipline: its use of analogies, metaphors, circu-
lar logic and ad hoc explanations. All with the proclai-
med goal of understanding what makes us specifically 
“human”. Like its parent disciplines, evolutionary psy-
chology will mostly lend itself to justify existing social 
hierarchies and the reactionary political projects that 
promote them (see also McKinnon 2005).

From the 2000s, the era of Big data in biology and 
medical imaging, especially of the brain, also witnes-
sed an explosion of disciplines based on genetic and 
biological essentialism, such as cognitive genetics, 
neuroeconomics, neuropolitics, neurocriminology 
(heir to the old tradition of biocriminology) or socio-
genomics. What they have in common is their focus on 
biology and genetics in the explanation of social phe-
nomena. Bliss (2018) concludes that all these discipli-
nes, which are intended to be transdisciplinary (inclu-
ding between the natural and social sciences), always 
end up reinforcing genetic/biological determinism as 
well as the opposition and separation between nature 
and nurture and favoring the “natural” explanation. Of 
course, these disciplines face many criticisms, coming 
from the human sciences or from critical biologists, 
but unfortunately the common point of these critici-
sms is that they do not try to question the framework 
of this opposition between Nature and Nurture, and 
therefore recognize it as valid and operative. The Na-
ture/Nurture debate has therefore proven particularly 
difficult to escape. As Keller (2010) concluded, not 
only no one really knows how to define what we put 
behind the categories of Nature and Nurture, but it is 
also a haphazard mix of major issues (moral, political, 
philosophical, biological, sociological, religious, etc.) 
and the confusion surrounding it is exacerbated by the 
vagueness and ambiguities of language maintained by 
biology and genetics on heritability.

3.3 Eugenetics
The main problems with the Nature/Nurture dicho-

tomy are the political vision of the world it carries and 
the fact that it is, ultimately, inoperative in the context 
of biological science. The world view conveyed by the 
Nature/Nurture opposition is complex (Table 1). For 
example, the “body” may be perceived on the side of 
Nurture or Nature depending on the context and the 
epoch. In the context of natural sciences, Nature is the 

world of essence, signals, DNA and genes, the replica-
tor, the immortal lineage... Nature is understood as the 
ultimate, necessary and inescapable explanation of li-
ving beings. On the other hand, in power relations such 

Table 1: Dichotomies associated to the opposition Nature/
Nurture.

as patriarchy, racism or capitalism, what is associated 
with Nature corresponds to what can be dominated, 
exploited or massacred (women, racialized people, cer-
tain social classes, the planet...). In both cases, to na-
turalize is to justify. To naturalize is to define Truth; 
and Truth is the prerogative of Science and scientists. 
Since God has lost his explanatory power about the 
world, it has been replaced by another entity: DNA. 
Genetics, like monotheisms, has its dogmas, its institu-
tions and its “fundamentalists”, and “like the Christian 
soul, DNA seems relevant to concerns about morality, 
personhood, and social place.” (Nelkin & Lindee 2004). 
Of course, a whole discourse of justifications exists to 
mask this religiosity of genetics: from the necessi-
ty of a more productive agribusiness to the need for 
industrial innovation, progress and to always “move 
forward”. But the ultimate and overwhelming argu-
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ment is always the medical one. A reminder of how 
the fear of diseases and the imperfections of the body 
constantly gets mobilized to ensure our consent to new 
biotechnologies and potentially eugenic practices.

3.3.1 Fear of the body
It would have been possible to write this account of 

genetics not chronologically, but according to the dif-
ferent fears it has mobilized in the course of its histo-
ry. If I had to choose one that seems to be the central 
point, it is indeed the fear of the body, characteristic of 
the West and its project, modernity. Rouvroy remin-
ds us of Foucault’s insight to whoever wishes to un-
derstand the exercise of bio-power (the governmental 
techniques for achieving the subjugations of bodies 
and the control of populations): “One needs to study 
what kind of body the current society needs...” (Fou-
cault & Gordon 1980 cited in Rouvroy 2008). She also 
warns us, “the ‘genetic information society’… sociali-
zes people through fears”. In this society, the place we 
focus on to find commonalities between humans has 
shifted to “the ‘invisible’ but locatable and ‘calculable’ 
internal, molecular milieu” (Rouvroy 2008). Federi-
ci, reflecting on the neoliberal ontology of the body, 
draws poetically the same conclusion:

“We internalize the most profound experience 
of self-alienation, as we confront not only a great 
beast that does not obey our orders, but a host of 
micro-enemies that are planted right into our own 
body, ready to attack us at any moment. Industri-
es have been built on the fears that this concep-
tion of the body generates, putting us at the mer-
cy of forces that we do not control. Inevitably, if 
we internalize this view, we do not taste good to 
ourselves. In fact, our body scares us, and we do 
not listen to it.” (Federici 2016). 
Bonneuil (2019b) situates this ontology of the fear 

of the body at least since Descartes and his “I think the-
refore I am”. From this, humans can pretend that they 
do not have a body, nor any world. This is the specificity 
and the exceptionalism of humans: they have no place. 
Unlike Nature, they cannot be explained by a material 
process. Yet what does a body do? It breaks, it grows 
old, it changes and it dies. Here the fear of the body 
joins the fear of disease, decay and, in the last instan-
ce, death. A body is unpredictable, it is in relation with 
other bodies, with its environment, it creates its world 

and at the same time depends entirely on it. There is 
no body without a world and no world without bodies. 
Moreover, a body is difficult to define and its limits are 
not so clear. Modern science would like a body that is 
predictable, calibrated, perfect, “healthy” and indepen-
dent of external fluctuations that are unpredictable and 
uncontrollable. Echoing the fears of the first eugenicists 
and dominant classes, a body lives and acts, has a power 
and a will. It organizes itself, revolts and rises, passively 
or actively, it is difficult to control. Eugenics, transhu-
manism or synthetic biology are therefore only the most 
visible symptoms of a morbid science. But are they real-
ly symptoms? The relation between genetics and euge-
nics is radical, in the sense of root. The founders of ge-
netics, its methodologies, the ontology it co-creates (of 
essentialism, prediction, engineering and control) have 
everything to do with the eugenics project. Eugenics is 
not a corruption, an “extremist fundamentalism” or a 
“radicalization” of genetics—it is at the heart of it. Euge-
netics (Eugenic genetics) lies at the intersection of three 
powers: fear of the body, capitalism and government (in 
the sense of the control of bodies, movements and atti-
tudes). It is cybernetics that today embodies this project 
of total control of all life, an ontology terrified by the 
unpredictable, the recalcitrant, the chaotic, what esca-
pes, slips or panics, while mobilizing in an almost con-
tradictory manner the unstable, the resilient, the fluid, 
the connecting and the disruptive to justify a new mode 
of government. All of this obviously deserves to be ex-
plored further.

As a note, the term “Eugenics”, coined by Galton, 
uses the prefix “Eu-”, which means true, good or proper 
(therefore, it refers and promotes the “good and proper” 
genes, or the “well” born). The term “Eugenetics” is a 
hacking of this, and refers to what I suggest is the true 
and proper genetics, the eugenic one.

3.3.2 The genomic prediction industry
It is in this context of the ever present eugenics ima-

ginary in the neoliberal era that we must understand the 
literal burst of the Direct-To-Consumer genomic testing 
(DTC) industry, as Rouvroy concluded: “A specificity of 
biotechnology as a new representational regime and of 
genetic risks as a new mode of governance is their pro-
ximity, the immediacy of their implementation in the 
body of individuals.” (Rouvroy 2008). The rest of this 
section is dedicated to a closer look at the main compo-
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nents of the DTC industry, and how, in addition to dee-
pening the hold of genetics on our understanding of the 
world, it vividly illustrates this position of eugenetics 
at the intersection of capitalism, fear of the body and 
the ideology of control. In the present work, the pre-
diction industry together with association studies such 
as GWAS (from which the DTC companies build their 
scientific legitimacy) are understood as the foundation 
on which the contemporary eugenics projects deploys 
itself, notably through reproductive technologies.

The first component of the DTC industry analyzed 
here is the offer of ancestry tests. A smear from the insi-
de of the cheeks is sent to a private company and results 
are received online: a table with a percentage of mem-
bership of each “ethnic group” among the hundreds in-
cluded in the company’s database, a map, all sorts of 
graphical representations... and one can self-narrate a 
new identity, a new existence. As a client of 23andMe, 
one of the main actors of the DTC market, shares with 
us: “You can’t get any more knowing-about-yourself 
than processing you DNA” (23andMe, n.d,) strikingly 
echoing the assessment that Rouvroy made more than 
a decade ago on the genotype as “...the locus of authen-
ticity and ‘inner’ truth, uncontaminated by political, so-
cial and economic circumstances. Genetic information 
is represented as particularly powerful and reliable: no 
other information about a person displays such a level 
of inalterability and stability” (Rouvroy 2008). And it 
is, of course, the return through the back door of the 
biological racial classification, necessary to the eugenics 
project (Duster 2003). One article from 2019 estima-
tes that more than 26 million people in the United Sta-
tes have already undergone this type of test (Regalado 
2019). As if a whole section of the population was obses-
sively longing for an identity, for stories to tell about 
their lives and origins. All these genomes are now avai-
lable to private companies, some of which are openly 
collaborating with police forces (Hernandez 2019). Not 
having our own genome sequenced will not spare us. All 
that is needed is for someone in our family to do the 
genetic test, since parts of our genome is shared with 
our relatives. It should be stressed that this constitutes 
a profound change in contemporary subjectivation, as 
the genetic subject (the type of human being created by 
genetics) departs from the traditional autonomous, in-
dependent, liberal subject insofar as it extends beyond 
the limits of its own body to reach the body of its closest 

relatives (Rouvroy 2008). The ancestry test companies 
also offer an entirely new mode of socialization in re-
lation to the test results: connecting with unknown fa-
mily members or with people who share certain genetic 
characteristics, discussions on forums, organizing trips 
to our ancestors’ countries... DNA is at the center of 
everything, it tells us who we are, where we come from 
and who to socialize with. Another consequence, ex-
plained by Bliss (2018), is that mass social actions and 
organizations around common experiences of social 
injustice (such as anti-racist political actions) are then 
replaced by these dematerialized and individualized so-
ciogenomic predictions, by socialization on online chats 
based on the tests and by self-discovery via genomics 
and its personal development literature.

Another area of genomic prediction is the Inborn 
talent tests where parents may decide to test their 
children’s DNA to determine their potential skills in 
many areas: music, mathematics, reading, running, 
languages, dancing or drawing, but also their propen-
sity for depression, shyness, resilience, sociability, etc. 
(see Bliss 2018 for a chilling account). The advertising 
discourse of one of the company offering talents test 
(MapMyGene) is particularly telling. See http://semi-
nar.mapmygene.com/ [18 December 2020] for a glim-
pse of the company marketing to advertise their talent 
tests and the associated “seminars” (the one referred to 
here is called “Set your child up for success”). It shows 
a comparison of the efficacy of “normal parenting” and 
“genetic parenting”. The company, based in Jakarta, In-
donesia, is not a major player of the DTC industry. Its 
marketing discourse is particularly shocking and uses 
quotes from R. Plomin and J. Watson. To my knowledge, 
no other DTC company dares mobilizing such a forceful 
genetic essentialism. As such, it merely reveals the inhe-
rent tendency of the DTC industry. The tests themselves 
are advertized here: https://mapmygene.com/services/
talent-gene-test/ [18 December 2020]. The selling ar-
gument is essentially based on the guilt parents should 
feel when they do not give their children all the availa-
ble chances. Parents who raise their children with the 
help of genetics (Genetic parenting) will make the right 
choices, save time and money, will know how to choose 
their children’s activities according to their talents reve-
aled by genetic analysis, and in the end, will be the hap-
py creators of real prodigies. The bottom line is that if, 
as parents, we do not engage in genetic testing, we will 
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spoil our child’s potential and we are irresponsible. A 
glimpse of the world that genetic is offering is revealed 
in this quote from a client of MapMyGene who did the 
test with his daughter’s DNA: “All in all, this has helped 
me understand my daughter better in a very scientific 
way and for that I’m very grateful” (https://mapmyge-
ne.com/reviews/ [18 December 2020]). A world where 
our relationships to others, including our children, have 
to be scientific.

Of course, the next step has already been taken: ge-
netic testing of embryos prior to implantation during in 
vitro fertilization (IVF) procedures. These genetic tests 
are already routinely used to detect certain pathologies 
in the future embryos to implant (this is discussed be-
low), however it is worth focusing on a specific case. A 
start-up (Genomic Prediction) made the headlines a 
while ago for proposing prospective parents to geneti-
cally test IVF embryos and select the “smartest” ones. 
According to the company’s discourse, the idea is to 
test for embryos that present a risk for future “intellec-
tual disability” and then to give parents the “choice” of 
which embryo to implant (https://genomicprediction.
com/faqs/ [10 September 2020]. The company has 
now changed url (https://www.lifeview.net [18 Decem-
ber 2020]) and the FAQ does not mention “intellectual 
disability” anymore). This discourse of “free choice” 
needs to be clarified, insofar as choice has become the 
tool through which the “governance by genetic risk” is 
exercized (Rouvroy 2008). Justified by this discourse is 
a clear eugenic practice of selecting which kind of hu-
man deserve to be born, but without coercion, only “free 
choice”. The same free choice we are, in theory, exerci-
sing when we are going shopping in a supermarket. This 
has been called “liberal eugenics”, “flexible eugenics” or 
“neoliberal eugenics” and tends to overlook the fallacy 
of thinking about our choices and desires as completely 
separated or independent from the power relationships 
that exist at a given moment (Rouvroy 2008). The 
founder of Genomic Prediction, Stephen Hsu, made the 
headlines again more recently, but this time because 
of a campaign in his university asking for his resigna-
tion on the basis of his recent racist and eugenic com-
ments (https://www.geneticsandsociety.org/biopoli-
tical-times/firestephenhsu [18 December 2020]). This 
campaign sheds an interesting light on Hsu plan to, in 
the near future, rely on enough millions of human ge-
nomes to refine the algorithms that his company uses 

to predict complex characters (Schwartz 2019). I would 
however suggest that this only merely reflects the most 
common and normal scientific discourse. To illustra-
te this statement, let us take a detour outside genomic 
prediction to mention a major event of recent years, 
the creation of the first genetically modified humans: 
in November 2018, a Chinese scientist, He Jiankui, de-
cided to modify the genome of two twin girls to allow 
their parents to reproduce biologically and to ensure 
the good health of the two little girls. The genetic ma-
nipulation (using CRISPR) concerns a particular gene 
that would allegedly prevent the girls from contracting 
AIDS knowing that one of their parents is HIV positi-
ve (there are, of course, already medical and/or social 
procedures addressing this risk). This type of genetic 
manipulation is sometimes referred to as Human germ 
line modification and is prohibited in most countries. 
The world of genetics and biology is still trying to re-
cover from this earthquake, although it is almost cer-
tain that this manipulation has been attempted before, 
but not in an open, official and public way. There is a 
lot that could be said on this subject (I would refer to 
the very valuable work of the Center for Genetics and 
Society around these issues), but what is the most in-
teresting here is the dominant reaction of the “scienti-
fic community”. This has not so much focused on the 
eugenic principle of fabricating a new human being in 
a laboratory or the ethical and political aspects of such 
a project, but rather on the technical aspect: these ex-
periments are not yet safe, we cannot guarantee the 
well-being of these babies, we do not yet control all the 
parameters of this kind of manipulation, etc. In a reac-
tion to a recent interview of Jennifer Doudna (one of the 
“creator” of the CRISPR technique who was horrified by 
He’s manipulation) (Doudna & Kearney 2020), Marcia 
Darnovsky, from the Center for Genetics and Society, 
highlighted that she “opens the door to using the CRI-
SPR platform she helped develop in the service of a hu-
gely controversial enterprise: altering the genomes and 
traits of future children and subsequent generations. 
She does so under the banner of responsible science and 
policy”(Stoffregen & Darnovsky 2020). Indeed, Doudna 
does not ask whether human germ line should be mo-
dified, but how it should be done and seems to mostly 
worry about potential stifling measures and the negati-
ve impact that He and other “bad apples” caused on the 
perception of the CRISPR technique. Another example 
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is the reaction of the Nobel-prize winning geneticist 
David Baltimore: “[On a potential moratorium on hu-
man germ line alteration] With a science that’s moving 
forward as rapidly as this science is, you want to be able 
to adapt to new discoveries, new opportunities and new 
understandings. To make rules is probably not a good 
idea... [An international treaty binding on genetic mani-
pulation] could hold back the science. Right now, there 
are many countries that have outlawed germ line edi-
ting and the way they have phrased it prevents certain 
kinds of experimental work from being done. That is 
unfortunate, because I think we want to move forward 
with experimentation... There’s nothing like actually 
moving ahead with research to teach us what the actual 
pitfalls are” (Hesman Saey 2019). In reality, none of the 
aspects of the Chinese scientist’s work are called into 
question here. He applied the ideology of scientism to 
the letter: there are no rules or limits, scientists must 
advance as quickly as possible without any restriction 
nor accountability (especially not from the outside, as 
they must decide for themselves) and it is only once the 
damage has been done that one can perhaps wonder 
whether it was worth doing it.

To conclude on the DTC industry, there are other 
areas that could be mentioned such as testing for athle-
tic ability, genetically-adapted nutrition or medication 
etc. the industry is booming. However, the final type of 
tests discussed here are the medical genomic predic-
tions, the most interesting aspect of the DTC industry 
as it raises the most delicate and difficult questions. In 
the public health sector, parents, embryos or fetuses 
would be tested for whichever list of pathologies the 
local region or country deems important to pre-empt 
(like the Down syndrome). In the private sector, adults 
send their DNA (or the one of their child) to a company 
and receive in return a table with a list of dozens of 
“hereditary” diseases and, next to it, a percentage or 
an estimate (low, medium, high) related to the possi-
bility of contracting this disease in the future. Thus, 
medical genomic predictions propose an estimation of 
a risk for a future disease in order to either prepare 
for it, to eliminate fetuses or to select embryos prior 
to IVF. However, what does “preparing” for a disease 
after early detection actually mean? In reality, medici-
ne cannot help us against most of the diseases that are 
part of these tests, apart from obvious lifestyle advi-
ce (diet, exercise) and medical monitoring. Preventi-

ve treatments are not numerous and gene therapies, 
already inherently problematic, are far from fulfilling 
their promises. Biotech-medicine pushes us to do pre-
dictive testing, but has little to offer to prepare oursel-
ves for the fulfilment of its prophecies. What remains 
is the prospect of personalized genomic medicine, a 
fantasy that conveys the idea that supposed inequa-
lities due to genetic differences could be erased indi-
vidually. This narration speculates about a future ac-
cess to specific individual drugs that will create some 
kind of total equality in front of diseases. In this way, 
the real social conditions that affect us are completely 
ignored. As Bliss comments: “Yes, being able to pop 
sociogenomically targeted drugs may liberate a per-
son from stultifying depression or paralyzing rage, but 
it doesn’t liberate people from the real social condi-
tions that affect them. In fact, popping a pill will likely 
lead to pacification, and potentially depoliticization” 
(Bliss 2018). 

3.3.3 Control and Subjectivation
What is at stake here is a shaping of the ways of 

thinking about our own bodies and health: a new mode 
of subjectivation based on essentialism, guilt and an 
overwhelming individual responsibility associated 
with a cruel lack of control over the world and our 
own situation. The strength of this shaping, because it 
mobilizes the medical aspect, is that it plays with the-
se deep fears already mentioned: fear of illness, fear 
of suffering, fear of not knowing the future, fear that 
our children will get sick, fear of not offering them the 
best possible life, etc. One classic example is the breast 
cancer risk testing: the presence of certain versions of 
a particular gene is tested because the risk of breast 
cancer increases significantly depending on which ver-
sions of the gene is present or not. It is delicate to cri-
ticize the use of this kind of test. Who does not want to 
know more about their own risk of developing cancer? 
How can anyone compare these tests with eugenics? 
These are questions not to be ignored, and challenging 
the hegemony of eugenetics on our ways of understan-
ding our bodies must acknowledge all the fears that it 
instrumentalizes. The question that matters is not ne-
cessarily whether people are right or wrong to do ge-
nomic prediction tests, but what are the imaginaries 
conveyed by these sciences, approaches and technolo-
gies (taken individually but above all included in their 
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context)? If one chooses to focus on one explanatory 
field (genetics), what are the fields that are being made 
invisible? For the benefit of what or who? 

These issues are clarified by Rouvroy’s suggestion 
of the emergence of the mode of governance based on 
genetic risk information, which is “used as a means of 
creating the ideal citizen of the post-Keynesian order, 
that is, the autonomous citizen who makes no legitima-
te claims on nationally organized collective solidarity 
but rather exercises his/her capacity for choice and ma-
nages his/her own self-care.” This mode of governan-
ce therefore becomes “a privileged disciplinary tool of 
post-Keynesian governance: it functions as a ‘techno-
logy of the self’, urging individuals to get the most infor-
mation they can about their genetic status, to act ‘ratio-
nally and responsively’ after having been so informed, 
and to take responsibility for the genetic health of their 
blood relatives”(Rouvroy 2008). A process of ultra-in-
dividualization through which the genetic subject rein-
forces and is reinforced by neoliberalism’s subjectivity. 
In the end, it is a world of statistics, models, algorith-
ms, predestination and control that the Genetic Order 
promotes, echoing the cybernetic neoliberal project of 
control and risk management where everything must 
be engineered, modelled, monitored, predictable and 
transparent. What will be the impact on our lives, our 
affects, our relationships with others when, in the near 
future, genomic prediction will not only be in common 
use but socially structuring?

Conclusion: Against genetics 
and its world

Here we are at the end of this story. Let us go back 
to one of its main characters, the gene, the central en-
tity of genetics—the science of heredity. For Pichot, 
the succession of the different nature/definitions of 
the gene, gradually stacked one on top of the other, 
denotes a glaring theoretical weakness and the intel-
lectual impoverishment of a scientific community that 
clings to its dogma for mainly sociological and ideolo-
gical reasons. The gene is such a volatile concept that 
it is then possible to affirm that modern genetics is a 
science without an object (Pichot 2002). It has only a 
few functions left. In addition to its original function 
of unifying the historical and physical explanations of 
organisms through the notion of heredity, its “role” has 

also been to steer biology in a direction very much in-
fluenced by the dominant political, ideological and eco-
nomic interests and imaginaries of the epoch. Louart, 
in his work on the perception of living beings as ma-
chines, reached a similar conclusion: “today more than 
ever, the conception of the organism as a machine is 
irremediably linked to the fact that we live in a capitali-
st and industrial society: it reflects what the authorities 
that dominate society would like the organism to be, 
in order to be able to do with it as they wish” (Louart 
2018, transl. by the author). By nourishing a pseudo-
rational and all-powerful essentialist and mechanistic 
imaginary, by promising ever more predictive power, 
personalized medical treatments and increased indu-
strial productivity, genetics emulates strong affects and 
amasses a phenomenal amount of funding, masking its 
theoretical weaknesses and its deadly endeavors. 

For Kupiec and Sonigo (2000), genetics is a theory 
of heredity that breaks the material link between ance-
stors and descendants by substituting it with a virtual 
link (an information, a program) carried by DNA. But 
this virtual link cannot constitute an explanation of the 
reproduction of the similar because it implies the pre-
existence of the structures of the organism, and there-
fore suggests a deterministic vision of the organism, 
where it is the result of a pre-established objective of 
the mechanisms of development and evolution: “Biolo-
gists have dreamed of an accessible, readable demiur-
ge in the world of molecules” (Kupiec & Sonigo 2000). 
They have to give up this fantasy.

The Genetic Order has never ceased to be inspired 
and to nourish the harmful imaginaries of essentia-
lism, eugenics, capitalism and cybernetics. Following 
Rouvroy’s intuition, “genetic knowledge, or ‘genetic 
truth discourses’, and the currently experienced shifts 
in the modes of governance, are in a relationship of 
co-production” (Rouvroy 2008). Genetics deserves a 
special attention and radical criticisms. It provides 
us with a nefarious worldview and a framework of 
thought utterly limited to help us understand orga-
nisms and life in general. Should we try to change it 
from the inside, decenter it from its obsession with 
the gene and the DNA molecule to make it a science 
that makes more sense to the world we are living in 
and to the direction it needs to go? Or, as the Invisible 
Committee (2017) invites us to do with institutions, 
should it be destituted?
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The mystery of human madness is perhaps still far 
from being completely solved still in the twenty-first 
century, with the new drugs available and the cur-
rent science, often that veil remains that cloaks the 
demons of the Id and the most hidden and profound 
states of psyche.

Perhaps never as in these days affected by the so-
called Covid 19 pandemic, the theme of madness had 
been so present in the world, cohabiting with a virus, 
but always present with the same humanity, so much 
so as to be a frequent theme in the art of every era and 
culture. We have therefore chosen two examples, simi-
lar to each other in terms of place and period, but diffe-
rent enough to see the sides of that coin which is men-
tal insanity in the long autumn of the Middle Ages and, 
if you like, in what for us was the golden Renaissance, 
but which in Northern Europe took on darker and more 
disturbing tones. 

The first work we will see is The Stone of Madness, 
by Hieronymus Bosch.

The fascination exerted by Bosch’s mysteriously 
simple works and life has always led those who paid at-
tention to his paintings to try to enter and interpret the 

fantastic worlds that are depicted in them. What proba-
bly turned out to be manifest or in any case intelligible 
at various levels to the Flemish painter’s contempora-
ries, has become increasingly obscure with the progress 
of the centuries and so we have come to see in these 
plates, from time to time, the action of a madman, of an 
erotomaniac, of a demonic cultist, of an ante litteram 
drug addict or of a heretic, and to finally interpret them, 
on the basis of the current psychoanalytic discipline. 

Others, more wisely, have intuited the existence 
of various types of messages ranging from magical to 
alchemical, often hidden under the guise of the reli-
gious and moral imagery typical of the time. We wish 
to remember that Bosch is remembered above all as a 
“painter of devils” by his contemporary admirers who 
immediately recognize him as the initiate who is able to 
see with a “second sight” the supernatural creatures be-
longing to Heaven, the Underworld and those Interme-
diate Worlds. They recognized in this way, even within 
a hermetic Christian discourse, the existence of beings 
that do not belong either to the Kingdom of Light or to 
that of Darkness or even of the Elementals, of which Pa-
racelsus will then treat. The alchemical aspect, on the 
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other hand, is undoubtedly less evident to the profane 
eye, hidden in symbols and forms, in its crystalline or 
siliceous structures, tools or biomechanical buildings: 
one would say today that undoubtedly these images 
refer to ampoules, stills and flasks or to the Fulcanel-
lian athanor. The alchemical process, Opus, in Bosch’s 
paintings is to be found in the reading and deciphering 
of many tables as long as it is possible to understand the 
“code” hidden therein. In a certain sense he pictorially 
anticipates the “occult” method of Michel de Nostreda-
me that will follow him years later, with his Centuries. 

However, there is a painting in particular, a work 
considered youthful by some critics, which behind the 
veil of irony and moralizing allegory hides some mes-
sages of alchemical or spagyric origin. The painting in 
question is known as The Extraction of the Stone of 
Madness and was previously attributed to the private 
property of the Bishop of Utrecht. This fact once again 
demonstrates how almost all of Hieronymus’s patro-
nage was strictly religious and prelatic, albeit in the 
context of that particular Catholicism typical of Nor-
thern Europe which would later flow into the Lutheran 
Reformation. So from this we can already assume that 
the bishop was interested in a type of “hermetic” rea-
dings that were considered perfectly legitimate within 
an exoteric orthodoxy; a fact that leads us to exclude—
as already claimed elsewhere and not only by me—that 
Bosch has never been in the “smell of heresy” and the-
refore close to suspicious groups such as the “Brothers 
of the Free Spirit” or the sect of the “Adamites”.

The tondo that encloses the actual painting is not, 
however, a religious work, but depicts a moment in 
the action of three men and a woman, perhaps a nun.
The central character is a monk, presumably an Augu-
stinian judging by the habit. The black frame around 
the central circle is decorated with gothic letters and 
arabesques that refer to the illuminated manuscripts of 
international gothic, in a precious gold color that reads: 
“Meester snynt die Keye ras / Myne name is lubbert 
das”, i.e., “Maestro, quarry out the stones, my name is 
Lubbert Das ”. The vulgate sees in this “Lubbert Das” 
the equivalent of “fool”, of “simpleton” who is decei-
ved by the “surgeon-magician” who extracts the then 
well-known “stone of madness” from his forehead and 
which literally means “castrated dachshund”. This is 
precisely the common and immediate explanation of 
the painting, based on the simple allegory of the sin of 
a fool who deceives another like him. 

In fact, at the time when Hieronymus lived, in Flan-
ders, it was common practice to witness this interven-
tion carried out by wandering healers on some mental-
ly-ill patients, who had an elusive “stone of madness” 
extracted from their foreheads. Probably this surgical 
operation was only simulated, little more than a clever 
sleight of hand, as is still the case in many aboriginal 
populations by shamans and medicine men.

Now, instead, let’s try to see why it is possible to 
attempt a reading of the painting that leads back to the 
alchemical doctrine or, perhaps better in this case, to 
its spagyric declination. First of all, let’s look at the ta-
ble in detail (Figure 1).

Figure 1: The extraction of the stone of madness, Hiero-
nymus Bosch, around 1494, Oil on wood, 48 × 35 cm, Museo 
del Prado, Madrid.

An autumnal landscape, between low slopes and 
woods of lime trees in a row, the gothic spiers of some 
churches and the ramparts of a fortress stand out 
against the blue distance of the background, in the fo-
reground, on a clearing of grass main scene where four 
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characters act. The first from the left for the observer 
is the mysterious healer dressed in a long old pink tu-
nic; a simple clay pitcher hangs from his black leather 
belt. The surgeon wears a hood of the brown color of 
the earth, on whose right shoulder stands an ename-
led coat of arms depicting a black bird on a gold field. 
From the lapels of the tunic and from the hood, a tight 
scarlet red dress emerges. Finally, a funnel is placed on 
the doctor’s head which is the object that is the most 
incomprehensible and has always directed critics to-
wards an ironic reading of the whole image. The surge-
on is intent on incising with a scalpel the receding hai-
rline of what would appear to be an old drunkard with 
a red nose from too much drinking, dressed in a white 
shirt and tunic and with red stockings and black shoes. 
The patient, from whose head the “stone of madness” is 
extracted, is tied tightly to the high back of a chair with 
a white linen sash and his civilian belt, complete with 
pouch and kidney dagger, which hangs inert from an 
armrest. The bench then, on the bottom, shows a spe-
cial cavity where a pair of shoes are contained, perhaps 
wooden clogs that could belong to the doctor himself. 
To give comfort to the patient, whose symbolic name 
we have seen to be Lubbert Das, a monk in a black ha-
bit is placed with an exhortative attitude. He holds in 
his left hand a pewter jug with a lever lid. The religious 
man leans his left elbow, almost indolently, on a round 
table with a decidedly curious shape. The top of the ta-
ble would appear to be of polished gray stone and so 
is its base, both joined in a vertical by a single leg car-
ved in wood with a motif of acanthus or perhaps vine 
leaves. The remains of a flower lie abandoned on the 
shelf, probably the rest of a previous operation. Finally, 
on the right, a female figure dressed in a white bonnet 
and the wimple of the nuns and a long brown habit that 
almost blends into the ground leans on the table, as if 
attending interested but not too much in what is hap-
pening. Almost bored, the nun carries the other object 
hovering over her head which, together with the funnel 
on the doctor’s head, literally drove scholars crazy: a 
closed red book. A swollen pouch hangs from the nun’s 
cord, also red like her petticoat.

The “surgeon” is therefore the myste, the trickster, 
the “doctor of the soul” who is called to intervene with 
his science in bringing back to normality, therefore to 
bring back the Order from the Chaos of madness, a 
madman. He is therefore the Spagira who acts in prac-
tice, highlighted in this by the color of his robe which 

brings together all the other three colors. Red and whi-
te, respectively symbolic colors of Rubedo and Albedo, 
have merged into the antique pink of her surcoat, while 
Nigredo has remained in the belt. 

The Raw Material is the brown hood that hides the 
upper parts. It is there that the noble seal stands out, 
qualifying him as a doctor accredited to the ducal court. 
In fact, the coat of arms is crowned with silver, but de-
picts a raven—the alchemical symbol of one of the pha-
ses of the Opus—on a gold field that does not require 
further explanation. The symbolism of the crow, an 
animal sacred to Apollo, is also linked to the solitude 
necessary for the one who—like the healer—has chosen 
to live on a higher plane of being, but is also linked to 
the virtue of hope. Its black color is alchemically linked 
to the night of the Opus and the earth and therefore to 
all those operations of fertilization and germination of 
the alchemical procedure. Moreover, living in the ai-
rspace, the crow is also associated to all those demiur-
gic operations due to the celestial powers. Since he is a 
bird he is—like Odin’s two ravens or Badb in Ireland—
he is also a heavenly messenger and therefore posses-
ses magical and divinatory abilities. The crow and the 
doctor are therefore the same entity in several respects. 

The scarlet red, hidden by the overcoat with fur cuf-
fs, recalls the royal nature of which the doctor is inve-
sted, his Ars regia is also so because it is recognized by 
his sovereign. We come now to the mysterious funnel. 
An ancient instrument, in the Middle Ages the upside 
down funnel is a symbol commonly used to identify 
madness; the fact that the surgeon wears it accredits 
him as a doctor specialized in this type of treatment, 
but the funnel is also an essential tool for the alche-
mical and spagyric operation, furthermore placed in 
this way recreates the typical pointy headdress of the 
Magician and like a spire it reconnect to the sky. We 
do not know if the doctor has bare feet in contact with 
the ground, but the shoes left under the chair would 
make us suppose, thus confirming his nature as a me-
dium between the higher and the earthly states. Final-
ly, earth and water are present in the symbol of the clay 
jug hanging from its belt. 

The surgical procedure is applied to the other pro-
tagonist of the event: the “madman” known as Lubbert 
Das, a sort of Bertoldo or Zanni from the Netherlands. 
He is certainly the simpleton of the country, but he is 
also “The Fool” of the Tarot, a card that has no number. 
He is the one who sees other realities beyond human 
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ones and is always wandering from place to place. We 
recall that the Fool, from the remotest antiquity up to 
the threshold of the Modern Age, before psychoanalysis 
intervened, was cloaked in a sacred aura and therefore 
of respect, being sometimes touched by a god, or else 
being a mystic or a hermit or a traveling musician.

Every initiate can therefore appear insane to or-
dinary men as even evangelically human wisdom is 
madness in the eyes of God and vice versa.

Lubbert Das, tied by his own sash to the chair, carri-
es all three colors of the Opus on himself. The red bree-
ches also symbolize—just like in the Tarot blade of the 
same name—not only the alchemical stage of Rubedo 
but also Strength and Action. They are the perennial 
fire that always pushes him to go and move. The body 
covered in white is the Albedo but it is also the “pu-
rity” due to its non-evil madness. Finally appears the 
Nigredo, abandoned on the chair, represented by the 
belt with dagger and pouch, in continuation with the 
same one worn by the doctor and shoes.

In this case the Fool, the one who makes fun of 
the rules, is stopped and forced in a place: his Chaos 
is brought back to Order by the sharp knife of the 
surgeon-spagira.

What the surgeon extracts from Lubbert’s flesh and 
blood is that natural formation which was known—as 
we have already written—by the singular name of “sto-
ne of madness”, but in this particular painting it appe-
ars as two small flowers. 

The symbolism of the stone is well known, as well 
as the properties of many “stones” naturally produced 
by some organisms and to which magical or otherwise 
extraordinary properties have been attributed since 
the most remote antiquity and especially in the Middle 
Ages and the Renaissance. They are called bezoars in 
ancient lapidaries and grimoires and are found in ani-
mals or even humans. In this case, the stone is also the 
soul which, transmuted, healed, rises towards God, and 
this is why it has become a flower and is also the link 
between man and the Divine. In this case it becomes 
the seal that allows the madman to open the “doors 
of perception” and in fact it seems to be located in the 
same place occupied by the pineal gland or the so-cal-
led “third eye”. Meister Eckhart teaches that “the stone 
is synonymous with knowledge” and while it not only 
becomes the Philosopher’s Stone for alchemists, for 
Ramon Llull it is a symbol of the regeneration of the 
soul through the redemption of divine grace. 

Thus, if on the one hand the healing operation car-
ried out by the doctor restores the Cosmos by bringing 
the Fool back to “reason”, at the same time it closes a 
passage between the worlds and returns the medium - 
which is represented by the Stone—to its kingdom of 
origin in the form of a flower. Lubber Das is thus cured 
and will no longer upset human rules with the irruption 
of an uncontrolled supernatural power.

However, he, who is happy to be crazy, is convin-
ced to undergo this rebalancing operation, by a monk, 
or rather by the “reason” of religion which naturally 
cannot allow deviations. The Augustinian friar with his 
black habit is therefore easily identifiable with the dark 
and nocturnal aspect, with the Nigredo but also with 
the uniformity to the ecclesiastical teaching and scho-
lastic doctrine that is the doctrinal backbone. He only 
wishes to bring Lubber Das back to the bosom of the 
mother Church so that he no longer disturbs the people 
by remembering that other realities exist. In his hand, 
the friar holds a metal flask with a lid, in contrast to the 
earthenware jug which, on the other hand, is without 
a stopper, tied to the waist of the surgeon. The metal 
here is opposed to the worked earth, and is sealed, thus 
preserving something that must not be left free to flow 
arbitrarily. Perhaps in this pewter jug they go to mace-
rate the flowers that were stones; or perhaps also in it 
there is something that has an anesthetizing function 
for the patient, perhaps a product of alcoholic distilla-
tion—or “quintessence” if you prefer. The comfort ex-
pressed by the monk is therefore in support of the work 
of the Spagira. 

The table is the apparently most alien element to all 
this en plein air action, but it is at the same time the 
most indicative for a hermetic reading of the painting. 
The table consists of two circular discs connected by a 
vertical element. The axial symbolism represented by 
the single leg of the table is easily understandable: a 
wooden beam carved in the form of Greek leaves recon-
verted to Gothic ones. Therefore, it reconnects not only 
to the myth of the tree of knowledge and that of life, 
but to the whole vegetable world from which Spagira 
takes part of its creations. This wooden axis is one with 
the landscape and joins together the two disks of cut 
and smoothed stone which are presumably Heaven and 
Earth or in any case two planes of being, two worlds. As 
we have already seen, what appear to be residual flo-
wers abandoned on the tabletop could be what remains 
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of previous surgeries or even flowers used for the pre-
paration of other spagyric and colloidal solutions. 

The nun, in her detached attitude, almost bored by 
an operation that she has probably seen many times 
and about which she seems not to care too much, was 
exploited by the surgeon or the friar as a piece of fur-
niture on which to place a book. In fact, this is not pla-
ced on the table top as it would be logical, but it has 
been placed on the head of the nun, as if it did not exist 
or was nothing more than a non-indispensable, non-
vital element. This female figure does not perform any 
function neither of aid to the doctor as a nurse, nor of 
religious aid to the monk with his prayers. The brown 
color of her habit also refers to the earth element and 
replaces the friar’s black at a lower level. The nun, the-
refore, is the feminine, prosaic, material element that 
is not interested in understanding what is happening 
around and in front of her, and this is the reason for 
the scarlet-colored book placed on her head, where she 
cannot read and, being immobile, not even feel it. The 
knowledge contained in the book is precluded to this 
woman withdrawn exclusively on her own thoughts. 
The book, the pewter jug and the funnel are positio-
ned on the same horizontal line and are therefore three 
symbolic elements, three of the tools necessary for the 
whole operation. Without the book, however, closed by 
a gold clasp, from which wisdom knowledge was lear-
ned, the metals of the funnel and jug could not be used. 

The closed book, alchemically, is also the Virgin Matter 
which keeps its secret as a mineral substance in its raw 
state is kept in the mine.

Finally, but not to be forgotten as secondary or ir-
relevant, the decorative scrolls of the words in Gothic 
letters placed on the black background are directly re-
lated to other similar ones designed in the same period 
by Leonardo da Vinci and then by Albrecht Dürer. Their 
symbolic geometric interweaving find their origin in the 
mystical decorations of the Sufis and in the fantastic 
ones of the Celtic populations. They offer a completely 
original synthesis between North, South, East and West 
merged in the decoration of the Gothic beyond the Alps 
and in its illuminated manuscripts. 

The second work we wish to analyze is The Healing 
of Madness, by Pieter Brueghel the Elder.

This is not a paint. It is rather an engraving known 
as The Witch of Malleghem which—as can be read in 
the lower margin of the sheet—promises healing to the 
citizens of Malleghem: 

“Ghy lieden van Malleghem wilt nu wel syn gesint 
/ Ick VrouwHexe wil hier oock wel worden bemint / 
Om v te genesen ben ickgecomen hier / Tuwen dienste 
met myn onder meesten fier. / Compt vry den meesten 
met den minsten sonder verbeyen / Hebdyde wesp int 
hooft, oft loteren v de keyen”, which translated would 
sound like “Oh people of Malleghem, be happy! / I, lady 
witch, want to be venerated by you too. / To cure you I 

Figure 2: The witch of Malleghem, Pieter Brueghel the Elder, Engraving and etching, 1559 by Johann Theodor De Bry.
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have come here / at your service, with my assistant. / 
Hurry up, all of you, / the nobles with the last ones, / 
since your head is full of wasps and sprouting stones.”

Hence the theme of the “stones of madness” alrea-
dy seen in Bosch returns, while the city of Malleghem 
would be nothing more than an imaginary inhabited 
center that takes its name from the same madness, 
since in the Flemish language of the sixteenth centu-
ry, the word mal precisely means crazy, while ghem 
would indicate a place. We could therefore translate 
Malleghem, (possibly today’s Maldegem, located on 
the border between Belgium and Holland), as “The city 
of Madness”. 

The scene drawn by Brueghel therefore takes place 
outdoors, near the wheel of a water mill, a symbol of 
the eternal cycle of life, of the succession of births and 
deaths, of years and days. At a short distance from the 
mill, at the edge of a wood, stands a crazy conical con-
struction that once again reminds us of the buildings in 
the woods, just as the monstrous creatures that creep 
into the crowd are similar to Hieronymus’s crickets.

In the center, on the right, appears the witch with 
her disheveled hair, carrying a viola da gamba on her 
left shoulder and at the same time holding a box contai-
ning numerous unidentified ampoules under her right 
arm. Perhaps these are medicaments, potions or elixirs 
of spagyric origin. 

The musical instrument, a viol, is carried upside 
down, as if to indicate a possible subversion of the Ar-
monia Mundi. The witch is therefore perhaps the only 
wise man in a country of madmen who carry out the 
most absurd actions and who are also easy prey for the 
many charlatans who sell them the most improbable 
medicines. While a madman is transported to the place 
where the disturbing stone is removed from his skull, 
the same one robs his Cyrene, taking the money from 
his purse. He is followed by a man, certainly a soldier, 
who still wears parts of an armor.

Another sorceress spills the contents of a jug onto 
the head of a patient, from whom a stone has just been 
extracted by her sister hag who is showing to bystan-
ders what she has just removed, in proof of her ability 
as a curator. In the meanwhile a person who could be 
her assistant lights the scene with a blind lantern. This 
character, however, might be not human: her familiar 
demon could hide under his guise. 

All this happens when, half-hidden under the 
plank, an accomplice with his lips tightened by a heavy 

padlock, takes new stones from a basket to be passed 
as a result of the operations and on his right sleeve the 
emblem of the ancient can be clearly observed “Mother 
of the madmen of Dijon”.

Finally, on the right of the engraving, a crowd of 
individuals suffering from the dark evil of madness, 
each with their own stone, throng, waiting for their 
turn to be cured.

On the left side of the table instead, some cheerful 
wives with strange cloaks, curious, examine some jars 
perhaps containing potions placed on a table, next to 
which there are strange jars and other tubes made from 
guts joined together. A sort of falcate halberd rests on 
the edge of the table together with a bone-handled kni-
fe. Meanwhile, a perched owl observes the viewer, se-
ated on a corner of the building inside which are shel-
ves, pottery and other madmen. On one of these jars we 
read “Honich”, i.e., “honey” and on the other “Sever”, 
which means “vinegar”, as if to indicate once again the 
duplicity and the extremes of the world, which in fact 
turns out to be so “bittersweet”.

Finally, on the lower right corner, contained within 
the Cosmic Egg, the patient and the surgeon once again 
perform their surgical ritual of extracting the stone of 
madness, this time multiplied in a cascade of spheru-
les that they trickle out of the egg itself, disappearing 
into the street.

Therefore, the Mystery remains and persists also in 
this work by Brueghel, offering us innumerable ideas 
for multiple interpretations and keys for investigating 
and reading it on several levels. Perhaps, it is suggesting 
that the care for what rational men consider madness, 
could not be the best way to the Knowledge of the Uni-
verse, as the wise never have dreams as beautiful as the 
those of the fool.
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During the first months of the Covid-19 pande-
mic the philosopher Giorgio Agamben has published 
a series of thoughts, successively included into a 
book titled Where Are We Now: The Epidemic as 
Politics (Agamben 2020). The core of his thinking 
was the relationship between science and society, 
namely medicine and politics. Agamben highlighted 
the risks linked to the emergence of the concept of 
“biosecurity”, i.e., the blocking of all social activities 
in order to preserve “biological life”. How far can a 
society go to defend biological life? How far can po-
litics stretch to control both society and the biologi-
cal life of citizens?

Agamben’s book has generated different and 
mainly negative reactions. However, it is undeniable 
that it addresses some unavoidable questions we are 
currently facing. We were surprised to see that most 
of the arguments made against him were flawed by 
(unmentionable) ideological prejudices. 

To deepen those questions, we propose herewith 
an exclusive interview with Giorgio Agamben.

Naked Life
The concepts of personalization and prediction 

are gaining ground in medicine. Thanks to new 
diagnostic tools and big data, medicine claims to 
predict the individual risk of developing certain 
diseases in life. Once these risks are known, peo-
ple can be directed towards appropriate lifestyles. 
Besides these screenings for genetic predisposi-
tion, new technological tools known as “weara-
bles” enable the constant monitoring of certain 
vital parameters. Today, they are mainly meant 
for sportspersons who want to continually impro-
ve their performance. Soon, however, they could 
be extended to all citizens. Apparently such an 
approach to medicine is guiding us toward what 
you have defined as life reduced to mere biology—
“naked life”. Nonetheless, many scientists are que-
stioning the ethical and technical feasibility of 
such a scenario. Would you share a reflection on 
this topic? Also, in your opinion, what should be 
done to reverse the trend? 
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In the perspective that you have outlined, the critical 
moment is crossing the threshold beyond which perso-
nalization, prediction, and screening are no more life-
style advice and suggestions, but become legal obliga-
tions. This threshold has now been crossed. What used 
to be presented as a health right has become an obliga-
tion to be fulfilled at any price. Cardiovascular diseases 
represent the most frequent cause of mortality in our 
country. We know they could decrease if we practice a 
healthier way of life and adhere to a particular diet. Ho-
wever, no doctor had even thought of their own lifestyle 
and dietary advice for patients to become the subject of 
a legal regulation, which decrees ex lege how to live and 
what to eat, transforming the whole of existence into a 
health obligation. Moreover, the Italian doctor’s pro-
fessional oath prohibited this by mentioning, “respect 
for civil rights regarding the person’s autonomy” (see 
also WMA Declaration of Geneva: “I will respect the au-
tonomy and dignity of my patient” and “I will not use 
my medical knowledge to violate human rights and civil 
liberties, even under threat”—translator’s note). This 
is what has happened for COVID-19. At least for now, 
people have accepted not only to give up their constitu-
tional freedoms, social relations, and political and reli-
gious beliefs—they have even let their loved ones die in 
solitude and without a funeral. In this sense, it can be 
said that human existence has been reduced to a bio-
logical fact, to a naked life to be saved at any cost. This 
happened despite the IFR, i.e. the real mortality rate of 
the disease, is less than 1% according to studies reported 
in your journal. A process of increasing medicalization 
of life has occurred. The unity of the vital experience of 
each individual, which is always both corporeally and 
spiritually inseparable, has split into a purely biological 
entity on one side and a social, cultural, and emotional 
existence on the other. Such a fracture is by all evidence 
an abstraction. This abstraction, though, is so powerful 
that people have sacrificed their normal conditions of 
life to it. I said that the splitting of life is an abstraction. 
However, as you know, modern medicine realized this 
abstraction around the middle of the 20th century. It did 
it through intensive care devices, which can keep a hu-
man body in a state of pure vegetative life. The intensi-
ve care unit, with its mechanical ventilators, cardiopul-
monary bypass, and equipment for maintaining body 
temperature can indefinitely suspend a human body 
between life and death. This is a dark area, which must 
not go beyond its strictly medical boundaries. Instead, 

what happened with the pandemic is that this purely 
vegetative life, this body artificially suspended between 
life and death, has become the new political paradigm 
for citizens to regulate their behavior. What is most im-
pressive in what we are experiencing is that—at any pri-
ce—a naked life is kept separate in an abstract way from 
an intellectual and spiritual life. Then, it is imposed not 
as a criterion of life, but of mere survival. 

Truth and Falsification
In 2016, Nature published the results of a survey 

revealing that over 1,500 scientists had failed to re-
produce data obtained by colleagues. Dr. Glenn Ba-
gley, the oncology director of the multinational cor-
poration, Amgen, encountered the same problem in 
2011. Before investing several million euros in a new 
drug research project, he had decided to replicate the 
53 experiments on which their development strategy 
was based. He could only replicate 11% of them (Ba-
ker 2016; Begley 2012).

Paradoxically, science is facing an unprecedented, 
deep crisis of credibility when it comes to the reliabi-
lity of the data it produces and the truthfulness of its 
statements. Despite this, it seems almost impossible 
to bring out hypotheses and results other than those 
that are universally recognized as “scientific truths” 
at the level of both public and academic opinion. Fur-
ther, political and economic decisions are often made 
on the basis of these truths. You recently published a 
post: “On True and False”. Would you help us further 
investigate this issue?

Here, we see first hand that the problem of truth 
is not an abstract philosophical problem. Rather, it is 
something extremely concrete, which determines the 
life of human beings in a considerable way. As far as 
scientific truth is concerned, a famous book by Thomas 
Kuhn had already shown that the scientific communi-
ty’s dominating paradigm is not necessarily the truest, 
but simply the one that is able to conquer the largest 
share of followers. This is also real, now, beyond scien-
tific truth. Humanity is entering a phase of its history in 
which truth is reduced to a moment in the movement 
of the false. In other, more precise words, this move-
ment is the omnipervasive unfolding of a language that 
no longer contains any criteria for distinguishing what 
it is true from what is false. True is that speech which is 
declared as such and which must be kept true, even if its 
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untruth is proven. In the end, it is essential for the sy-
stem that any distinction between true and false fades. 
Hence, confusion grows among conflicting news that is 
even spread by official bodies. This means calling into 
question the language itself as the place where truth 
manifests itself.

Now, what happens in a society that has renounced 
the truth and in which human beings can only silently 
observe the multiform and contradictory movement of 
falsehood? In order to stop this movement, everyone 
must have the courage to ask the only question that mat-
ters without compromise: what is a true word? From the 
Gospel, everyone can recall Pilate’s well-known question 
to Jesus, which Nietzsche considered “the subtlest joke 
of all time”: “what is truth?” Actually, Pilate had respon-
ded to Jesus’ immediately preceding statement, “for this 
I have come into the world: to testify of the truth”. In fact, 
there is no experience of truth without testimony: true 
is that word for which we cannot but commit ourselves 
to bear personal witness. Here, the difference between 
a scientific and a philosophical truth emerges. In fact, 
while a scientific truth is (or at least should be) indepen-
dent from the subject who enunciates it, the truth we are 
talking about is such only if the subject who pronounces 
it is wholly at stake in it. Indeed, it is a veridiction and 
not a theorem. Faced with a non-truth imposed by law, 
we can and must testify of the truth. 

The Disappearance of the Hypotheses
In one post, you pointed out that the concept of 

“news” often substitutes that of “idea”. Hence, the ex-
pression “fake news” was introduced as a weapon for 
silencing ideas or hypotheses. In your opinion, why do 
people—regardless of education—still believe the news 
whose falsehood has been well documented? What 
communication strategy should a scientist use if he or 
she has valid documentation proving the falsity of the 
official narratives?

In a society that is no longer able to distinguish true 
from false, news necessarily tends to replace reality. 
The media operate on this omnipervasive substitution 
of news for reality. Today’s media are a key tool of po-
litics precisely because they guarantee this replacement 
that is so essential to the functioning of the system. In a 
world where only news exists, only the dominant news 
is true and, at the limit, no news is more true than ano-
ther. Hence the need to set up, as our government in 

fact did, a commission for deciding which news should 
be considered true and which news should be false. In 
notes taken during World War II, Heidegger defined 
the age in which he was living as “a machination of the 
nonsensical” where an absolute absence of meaning is 
algorithmically formulated and relentlessly calculated. 
What we have under our eyes today looks like that.

The Betrayed Oath
The first point from the modern Italian version of 

the Hippocratic Oath reads, “I swear to practice me-
dicine in autonomy of judgment and responsibility 
of behavior, countering any undue conditioning that 
limits the freedom and independence of the profes-
sion.” How much autonomy do doctors still have? Is 
the very figure of the physician being transformed into 
something new? What do you think the doctor-patient 
relationship of trust will be like in the future? How do 
you relate personally to your own doctor and the care 
for your health?

What you have mentioned is just one of the points of 
the professional oath that are systematically transgres-
sed today. In addition to the aforementioned points 4 
and 5 about respecting the patient’s civil rights and au-
tonomy, point 15 is also threatened. This requires the 
need “to respect professional secrecy and to protect the 
confidentiality of everything that was shared with me, 
that I am observing or have observed, understood, or 
intuited in my profession or by reason of my state or of-
fice.” While this confidentiality was always observed in 
the past, anyone who is positive (even simply positive, 
not just sick) today is publicly denounced as such and 
isolated. Consequently, even point 6, which requires the 
need “to treat every patient with care and commitment, 
without any discrimination”, is transgressed. We have 
reached the point where the doctor does not visit posi-
tive patients.

It is difficult to maintain a relationship of individual 
trust with a doctor who also acts as a representative of 
a governmental system. Medicine and therapy must re-
main separate from power and legislation. 

Medicine as a Religion
In several contributions, you have presented the 

idea that medicine and science have become today’s 
religion. However, many doctors and scientists would 
find it hard to perceive themselves as representatives 
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of this religion. Perhaps we are referring to different 
concepts while using a single name, such as medicine 
or science? Would you help us distinguish what kind of 
medicine and science have turned into a religion?

The analogy I was suggesting is not merely metapho-
rical. If we call religion what people think they believe 
in, then science is certainly a religion today. However, 
a distinction must be made in every religion between 
the dogmatic apparatus (the truths in which one must 
believe) and the cult, that is, the behaviors and practices 
that derive from it. The common believer could ignore 
the dogmas and heresies that theologians had passio-
nately debated. Likewise, the common person of today 
can completely ignore the scientific theories that scien-
tists argue about. However, the cult, i.e. the practices 
and behaviors increasingly define him or her, and this is 
particularly true for medicine. Furthermore, just as the 
Christian religion proposed salvation through the cult, 
so does medicine target health through therapy. The 
first is about sin and the other is about illness, but the 
analogy is clear. Health in this sense is nothing other 
than a secularization of that “eternal life” that the Chri-
stians hoped to obtain through their cultural practices. 
The medicalization of life had already been growing 
beyond all measure in recent decades, but it has beco-
me permanent and all-pervasive in the situation we are 
experiencing today. It is no longer a question of taking 
medicine or having a medical examination or surgery, if 
necessary: the whole life of human beings must become 
the place of an uninterrupted worship at every moment. 
The enemy, the virus, is invisible and always present 
and must be fought with no truce in every moment of 
one’s existence.

Transhumanism
More and more funding for science comes from the 

IT industry. This has launched numerous researches 
on the merge of man and machine which, on the one 
hand, represents a new market. On the other is a new 
promise: potential human faculties and prolonged life. 
What do you think of this progressive digitization and 
robotization of life?

I think it is appropriate to consider the phenome-
non you are talking about in the perspective of the de-
velopment of the human species. We owe the idea of 
pedomorphosis or constitutive immaturity of homo 

sapiens to a brilliant Dutch scientist, Ludwik Bolk. Al-
most a century has now passed since he had foreseen 
that the technical apparatuses humans increasingly 
rely on to survive as a species would have reached a 
point of extreme exasperation. There, these apparatu-
ses would have reversed into their opposite and ended 
up causing the end of the species. Paul Alsberg discus-
sed the external technological projection of body organ 
functions in the ’20s of the 20th century. He showed 
that the result is the progressive deactivation of these 
organs in favor of the artificial instruments that replace 
them. While the animal adapts its bodily functions to 
natural conditions, man deactivates them, entrusting 
them to artificial instruments. Thus, every exosoma-
tic technical progress corresponds to a regression of 
the endosomatic functions. But if this regression goes 
beyond a certain limit, then the very survival of the spe-
cies is called into question. 

I believe we are at this threshold today. However, 
experience shows that what seems inevitable does not 
always happen. In the words of Euripides: “The ex-
pected does not turn out; for the unexpected the gods 
find a way”.

Language
You pointed out that the very terminology se-

ems selected to support a paradigm of society. For 
example, the term “social distancing” could have 
been different, e.g. “personal” or “physical” distan-
cing. Do you think the language is somehow spun, 
or rather, are we already so immersed in a new go-
vernance paradigm that such a language emerges 
spontaneously at all levels of society? I mean—like 
some sort of natural evolution? Many scientists have 
long struggled with misleading and inappropriate 
terms and yet, despite numerous strong arguments, 
we are unable to influence the universal language. 
What are the mechanisms that make certain terms 
acquired and consolidated?

The relationship between humans and language, 
and the experience that the speakers have of their lan-
guage is not simple. Perhaps this is the first problem 
that thought must deal with. Language is something 
that human beings try to master and manipulate and, 
at the same time, it is what they have always been 
dominated and determined by—something that must 
necessarily be dealt with. 
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It goes without saying that the great transfor-
mation wrought by modern technology and science 
would not have been possible without a profound 
change in the experience of language.

The ancient world could not and did not want to 
have access to science and technology in the modern 
sense. The reason is that—despite the development of 
mathematics (significantly not in algebraic form)—its 
experience of language could not refer to the world in 
a way purportedly independent from how the world re-
vealed itself through language. Language was not a neu-
tral tool, replaceable by figures and algorithms. Rather, 
it was the place where things first reveal themselves and 
communicate in their truth. Only the reduction of lan-
guage to a neutral instrument, which took place with 
Ockham and the late nominalism, allowed the delingui-
sticization of knowledge which culminated in modern 
science. Truth moved from the realm of words and lan-
guage to that of numbers and mathematics. Language 
became a system of pure conventional signs and looked, 
at least in appearance, as dominable and manipulable. 
Since then, it was no longer the place of a possible truth. 
Now, precisely a language that is no longer related to 
truth can turn into a prison—a sort of machine that se-
ems to work autonomously and from which it seems we 
cannot get out. Perhaps human beings have never been 
so helpless and passive in the face of a language that 
increasingly determines them.

Philosophy of Nature
In the past, science used to be identified as the 

“Philosophy of Nature”. People like Goethe who were 
interested in science, philosophy, and literature were 
considered the most intelligent. Today, science has 
turned toward a constantly increasing specializa-
tion that has undoubtedly led to enormous technical-
scientific advances. These are two radically divergent 
paths. What do you recommend to young students 
and researchers who are taking their first steps in the 
world of science today? 

An important moment in the history of the West is 
when philosophy realizes that it can no longer control 
science, since science has enfranchised itself from it. 
This is perfectly clear in Kant. His philosophy repre-
sents the last attempt to maintain a relationship with 
science, aiming to be a doctrine of knowledge capable 
of setting limits to any experience. I do not think that 

anything similar fits the tasks of philosophy today. The 
relationship between thought and science is not played 
on the level of knowledge. Philosophy is not a science—
nor can it be resolved into a doctrine of knowledge. In 
fact, science has shown that it does not need it at all. 
Philosophy is always about ethics. It always implies a 
form of life. Now, this is true for every single human 
being and, therefore, also for every scientist who does 
not want to give up being human. Of course, scientists 
have shown that they are ready to unscrupulously sa-
crifice ethics for the interests of science. Otherwise we 
would not have seen illustrious scientists experimen-
ting on Nazi camp deportees. I would remind a young 
person taking his first steps in science to never sacrifice 
an ethical principle to his own will to know. 

Resistance
You spoke of the need to develop new forms of 

resistance. What do you mean? Can you give us 
some examples?

I am a philosopher, not a strategist. Of course, the 
clear awareness of one’s situation is the first condition 
for finding a way out. I can only add that I do not belie-
ve today’s way out necessarily passes, as perhaps it has 
been long believed, through a struggle for the conquest 
of power. There can be no good power—and, therefore, 
no good state either. We can only, in an unjust and false 
society, attest to the presence of the right and the true. 
We can only, in the middle of hell, testify of heaven.
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Introduction

In most epidemics it is hard to determine the true 
number of new infected individuals per day. This is 
the case for the new coronavirus disease, since asym-
ptomatic people or with very mild symptoms may 
not seek medical assistance and cannot be identified 
(Baud et al. 2020). Realistic data are fundamental 
to understand the epidemic and to steer the e orts 
to inhibit the disease in the right direction. Also, 
the dynamical variables of epidemiological models 
usually are linked to, or describe directly, the evolu-
tion of the true number of infected: the comparison 
with the empirical data may be problematic if those 
numbers are not realistic. On this side, researches 
about the estimation of the real scale of the epidemic 

or of the proportion of the asymptomatic already ap-
peared in the literature—see e.g. (Li et al. 2020) or 
(Kenji et al. 2020).

On the other hand, under very reasonable hypo-
theses, it is possible to assume that suitable measu-
rable quantities are determined by the relative values 
of certain characteristics of the population only (in 
opposition to global absolute values): in this case the 
knowledge of only a fraction of new infected indivi-
duals per day may still be useful to estimate some of 
the measurable quantities. This property (we will refer 
to it as “scale invariance”) must be reflected in a scale-
independent property of the underlying epidemiologi-
cal model. In this paper we assume that the time of 
the peak of new infected by the SARS-CoV-2 in Italy 
has the scale-invariance property. We are aware of the 
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fact that this assumption can be considered at best 
a rather crude approximation to a very complex sy-
stem of interactions. In our opinion however, when 
taken as a working hypothesis, it can provide a well-
founded basis, or at least a starting point, to achieve 
reasonable estimates. This point of view will be ju-
stified further in section (1) on the basis of the SIR 
epidemiological model.

Since the start of the epidemic in China, a certain 
number of studies appeared in the mathematical com-
munity about this subject: the description of the spatial 
or temporal diffusion of the infected in given regions 
(Fanelli & Piazza 2020), (Gaeta 2020a; 2020b), (Giulia-
ni et al. 2020), the transmission dynamics of the infec-
tion (Kucharski et al. 2020), the economic and financial 
consequences of the epidemic (Albulescu 2020), the 
effect of atmospheric indicators on the spread of the vi-
rus (Wang et al. 2020), are only a fraction of the topics 
under investigation in these days. A certain number of 
epidemiological studies are connected to the SIR mo-
del. The SIR model is one of the simplest non-linear 
deterministic continuous (in time) model of epidemio-
logy: the overall population is divided in three disjoint 
classes: S, i.e. the number of susceptible individuals, I, 
the number of infectious individuals and R, the number 
of recovered individuals. Albeit its non-linearity, the 
dynamic of the model is fairly uncomplicated and ma-
nageable from an analytical point of view and displays 
very interesting and realistic properties such as the exi-
stence of an epidemic threshold—see e.g. (Braun 1993) 
and (Murray 2002).

We must underline that the assumption of the scale 
invariance is not specific of the SIR model: rather, the 
SIR model is seen here as an instance among the family 
of models possessing the scale invariance.

The paper is organized as follows: in section 1 the 
SIR model is introduced and briefly discussed. In sec-
tion (2) we analyze the data of the cumulative number 
of infected in Italy on the base of two simple hypothe-
ses. An upper bound for the time of the peak of new 
number of infected is obtained. This upper bound is 
dynamic: when more data are added to the model in 
the course of the epidemic it may changes in time. In 
section (3) we will discuss the predictive validity of the 
model on the basis of a numerical indicator measuring 
the temporal variability of the upper bound. In the con-
clusions, we will comment about the results and look 
for possible extensions.

1. The SIR Model and the Scale 
Invariance Property

The SIR model describes the evolution of the indivi-
duals in the susceptible (S), infectious (I) and recovered 
(R) classes with the following differential equations:

      (1)

The total population N = S + R + I is a conserved 
quantity from the dynamical point of view, meaning that 
there are only two independent variables in the set of 
equations (1). The characteristics of this model are well-
known and the interested readers can look for example 
at the discussions in the classical books of (Braun 1993) 
and (Murray 2002). Here we will make only few obser-
vations, relevant for the next sections.

Some authors do not include the denominator N 
on the right hand side of (1), since it is a constant and 
can be absorbed by a re-definition of the parameter 
r. However, we will keep it: in this way it is indeed 
evident the scale invariance property of the model: if 
the initial conditions (S0, I0, R0) are scaled by a com-
mon constant factor k, (and so the total population is 
scaled by a factor k), the solution is scaled by the same 
factor. Indeed it is enough to observe that, if (S(t), I(t), 
R(t)) are the solutions of equations (1) corresponding 
to the initial conditions (S0, I0, R0), then (kS(t), kI(t), 
kR(t)) are the solutions corresponding to the initial 
conditions (kS0, kI0, kR0).

Some temporal properties of this model, like the 
time corresponding to a maximum in I (the time of the 
peak of the infected), do not depend on the scaling fac-
tor k. This property is very useful, since the actual num-
ber of infected or susceptible (and then of recovered) is 
in general not known. The reasonable assumption that 
the same fraction (with respect to the total) of infected, 
susceptible and recovered individuals are known, gives 
the possibility, in this case, to compare the measured 
data with the properties that are scale-independent.

The solution of the system (1) cannot be given expli-
citly in terms of known functions. However, if the epide-
mic is not severe, i.e. the number R(t) can be considered 
small compared to the overall population, an explicit 
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formula for the number of recovered can be obtained in 
terms of the hyperbolic tangent function. Here, we will 
not give the details: the interested reader can look for 
example in (Kermack & McKendrick 1927) and (Murray 
2002). The function reads as

           R(t) = α tanh(βt − c) + α tanh(c), (2)

where we used the initial value R(0) = 0. The impor-
tant point for the rest of the paper is not the exact so-
lution of the system of equations (1), neither the beha-
vior of the solution. Rather, the possibility to represent 
an epidemiological curve with a simple and managea-
ble formula like (2) will be crucial in this study. The 
parameters (α, β, c) possess an explicit representation 
in terms of the parameters a and r of the SIR model (1) 
and of the initial conditions (S0, I0, R0). The formulas 
are quite cumbersome and the interested reader can 
look for example in (Murray 2002). Our aim here is not 
to analyze the data to fit the solutions of the system (1), 
but to make use of the explicit formula (2) in a way that 
will be clear in the next pages. In passing, we would 
like to underline that, if on the one hand the SIR model 
gives a mathematical basis to formula (2), on the other 
hand it would be possible to consider (2) as a postula-
te and to assess the soundness of this postulate from 
the truth value of the conclusions obtained. From this 
point of view, formula (2) can be considered as one of 
the examples of the so-called s-shaped epidemiologi-
cal curve (with a peaked derivative, the function sech2) 
that universally describes an infection disease (Braun 
1993). As can be seen from the second formula in the 
set of equations (1), once the value of R is given, the va-
lue of the number of infected can be obtained by deri-
vation, i.e. aI(t) = αβsech(βt - c)2. When considering the 

cumulative number of infected, R + I, the contribution 
of sech2 is negligible on the tails, whereas it is more pro-
nounced in correspondence of the maximum of sech2, 
but it is however small if the value of the parameter β 
is less than one. In this case, the value of R + I is well 
approximated by a tanh formula like (2), with a certain 
different value of c. For the sake of clearness, we report 
in Figure (1) a plot of the function (2) (left) and a plot of 
its derivative (right): as can be seen from the figures, an 
epidemiological interpretation of the parameters (α, β, 
c) can be the following: t* = c/β is the time of the peak of 
new number of infected, α(1 + tanh(c)) is the cumulati-
ve final number of people infected, whereas α tanh(c) is 
the maximum of the new number of infected.

As a final remark we want to make two observations 
about the scale invariance and the usefulness of formu-
la (2). The first observation is the following: the scale 
invariance property assumes that the same fraction of 
the true number of infected, susceptible and recovered 
is measured. However it is tacitly assumed that this 
fraction does not vary in time. If the epidemic persists 
in time, there is the possibility that the value of such 
fraction changes significantly. For this reason the num-
ber of data to be analyzed must span a limited interval 
of time. In the following section we will take the data of 
the outbreak in Italy from the 6th of March (15 days after 
the 21st of February, when the outbreak started, in order 
to have enough statistical data) to the 2nd of April, for 
a total of 28 days. The second observation is about the 
usefulness of formula (2). We are aware that this formu-
la is a very crude approximation of the real curve, but, 
for limited intervals of time (like the interval that we are 
going to consider), it is able to incorporate, in a simple 
way, the main characteristics of the epidemic. For large 
time, the epidemic curve may be asymmetric and surely 

Figure 1: The plot of the fun-
ction (2) (left) and of its deri-
vative (right) as functions of 
time for generic values of the 
parameters (α, β, c). The epi-
demiological interpretation of 
the parameters is shown.
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its differential will develop with different velocities. For 
the above reasons, in the next section we are going to 
use the above formula only for a limited amount of data. 
As we will see, this is enough to obtain some relevant 
information about the time of the peak of new infected.

2. Analysis of Data with a tanh Model

The discussion made at the end of the previous sec-
tion, despite to be very basic, has the advantage to be 
manageable and to incorporate the main properties of 
the SIR model. It is not by chance that the first appli-
cation of the SIR model (the Bombay plague of 1905) 
by Kermack and McKendrick (Kermack & McKendrick 
1927) used precisely the tanh formula above.

In the following we will base our analysis on 
two hypothesis:

1.  We assume that the cumulative number 
of infected is described by a tanh model, when 
the data analyzed span a limited interval of time 
(as explained in section (2)). Although this as-
sumption is coherent with the founding of the SIR 
model, it does not depend on the particular dyna-
mical model considered.

2.  We assume that, whatever it is the un-
derlying model describing the evolution of the 
number of infected, this model is scale invariant, 
in the sense specified in the previous section.
The second hypothesis is fundamental since we are 

going to look at scale-independent quantities: even in 
the case the measured number of infected and recove-
red individuals are different from the actual values, it is 
possible to estimate these quantities.

The cumulative total number of infected that will 
be considered in the next lines are those of the enti-
re Italian territory. There are at least two reasons that 
suggested to not taking regional or local data: the first 
one is that the epidemic started to spread across th-
ree different regions (Lombardy, Veneto and Emilia-
Romagna), and there could not be a correspondence 
between the locality where a certain fraction of inha-
bitants reside and the region where this fraction was 
infected. This is also true at a national level, but the 
fraction is assumed to be smaller. The second reason is 
that a non-negligible number of workers and students 
moved, just before the lockdown, from the northern 
regions to their regions of origin in the center and 
south of Italy.

The possibility that a non-negligible flow of infected 
people passed from the north to other regions should be 
taken into consideration. By taking the entire national 
set of data, we overpass the above issues.

The data can be taken for example from WHO 
(World Health Organization, 2020) or from Worldome-
ter (Worldometer, 2020). The cumulative total number 
of infected will be indicated by Fn, with F1 = 21 corre-
sponding to the number of infected on 21st of February 
2020. The subscript n stays for the number of days from 
the starting of epidemic. These data will be opposed to 
the continuous formula

       f (t, α, β, c) = α tanh(βt − c) + α tanh(c). (3)

The value of β will be taken to be constrained by the 
equation

                 α tanh(β − c) + α tanh(c) = F1. (4)

The function f (3) then depends on two parameters, 
α and c. When necessary, to stress the dependence on 
these parameters, we will denote the function with 
fα,c(t). The cumulative final number of infected expected 
from formula (3) is given by f∞ = α(1 + tanh(c)). It is pos-
sible to estimate the parameters α and c by minimizing 
the difference between the actual and predicted number 
of cases, i.e. minimizing

           n

  Sn = ∑ (Fn − f(n))2  (5)
                i=2

In order to have a reasonable minimum number of 
data, we start the analysis by taking n ≥15. The values of 
the parameters minimizing the sum Sn are reported in 
table (1). Please note that some values are slightly diffe-
rent from those of the preprint version of this paper sin-
ce some data on the cumulative number of infected Fn 
have been corrected according to (Worldometer, 2020). 
These values have been obtained by equating the deri-
vative of the expression (5) with respect to α and the 
derivative with respect to c both to zero. The solutions, 
for each given n, have been found numerically. Due to 
the strong non-linearity of equation (3) it is not easy to 
find estimates for the confidence intervals.

A plot of dfα42,c42 /dt and of Fn+1 − Fn is reported in Fi-
gure (2). A fundamental observation is that the function 
Sn actually has a basin of depressed values, showed in 
detail in Figure (3) for a given value of n. This basin of 
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minimum seems to indicate that there is a given fun-
ction α(c) giving a family of tanh curves with reduced 
values of Sn. The curve α(c) is quite stable by varying n 
(see section (4)) and suggests to look at the values of αn 
as functions of cn. In Figure (4) we report the plot of the 
values of αn and cn given in table (1) as a function of n, 
whereas in Figure (5) the plot of the values (cn, αn). The 
values of αn vs cn, as explained above, describe the basin 
of depressed values for Sn as a function of α(c). We make 
a cubic t, with linear coefficients, in order to get a rough 
description of the curve α(c):

                                   3

             α = ∑ akc
k  (6)

                                 k=0

Clearly, by considering a number N of values of αn 
and cn to fit ak, k=0,...,3, we will obtain a set of values 
{ak,N }. By fitting all the data available (i.e. by taking N 
= 28), we get the following values for the coefficients ak:

a0 = −999707, a1 = 1077192, a2 = −389358, a3 = 47555.
      (7)

It is possible to get more terms in the sum (6), but 
the cubic term is sufficient to get a formula accurate 
enough to what we are going to say.

The plot of the fit is given in Figure (6), together with 
the values of the residuals, 

                3          
k      αn −Σk=0 akcn , 

where the values ak are those given in equation (7).
A comparison between the curve α(c) and the basin 

of minima for Sn has been plotted in Figure (7): the red 
curve is the function (6) with the black dots giving the 
actual values of (cn, αn) in table (1).

The function α(c) denotes a trend in the data that 
may be useful. If in the next days the values of the infec-
tion continue to rise, it is reasonable to expect that the 
values of α and c will be constrained closely by the same 
curve. Clearly, the model used here is rough, but it can 
give at least an idea about the future trend of the data. 
We are tacitly assuming that there will be no other clu-
ster of infection around Italy in the next days: the point 
will be discussed later.

Now we consider the function f in (3) as a function 
of t and c alone, since the value of a is constrained by 
the curve (6). The plot of the derivative of this function 
(with respect to t) gives the time of the peak of infec-
tions. The plot is reported in Figure (8): we notice that 
the maximum of the derivative of the cumulative num-
ber of infected increases with n up to c ~ 4.3 and then 
decreases by increasing c. This gives an upper bound for 
the peak of new number of infected (the point where the 

Figure 2: The number of new infected and the continuous curve gi-
ven by dfα42,c42 /dt

Table 1: the estimated values of αn and cn
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Figure 4 (down): The values of αn and cn vs n as given in table (1)

Figure 5: The values of αn vs the values of cn as given in 
table (1)

Figure 3 (left): The basin of depressed values of S30: the values have 
been re-scaled to F2 for easy of plotting.
     

30
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second derivative of f (t) (3) is zero), given by 36 days 
after the data corresponding to F1 (21st of February).

3. Temporal variability of 
the upper bound

The basin of minimum of Sn, for each fixed n, is de-
scribed by a function gn = α(c): this function gives a fa-
mily of tanh curves with reduced values of Sn. The curve 
α(c) has been described in the previous section by fit-
ting the values of αn and cn in table (1) with a cubic for-
mula. We obtained just one curve by making use of all 
the data available, i.e. 28 couples (cn, αn). It is possible 
to ask how the curves gn(c) depend on the number of the 
data available: if the curves gn have a temporal stabili-
ty, then they can be used to make a reliable estimation 
of the time of the peak of new infected. To address this 
question we fit the data (ci, αi), with the index i from 
15 to N, by varying the number of data taken (i.e. by 
varying N). The fit is again cubic, like in (6). In this way 
we follow the temporal variation of the curve gN (c). In 
plot (9) we report the curves gN (c) for N in the inter-
val [30, 42]: they correspond to the last thirteen curves 
(in order of time). It is possible to see that indeed the 
convexity of the curves is slowly increasing, so that the 
differences are more pronounced for higher values of 

c. To have a measure of the variability of these curves 
we introduce a parameter giving the relative increase of 
gn(c) for c fixed and equal to the last available value (i.e. 
c = c42 in table (1))

 

      (8)
 

The values of PN , N = 30...42, are also reported in 
Figure (10): the maximum value is obtained for N = 42 
corresponding to P42 = 1.058. 

4. Discussion

Optimal responses to public health emergencies 
must be tailored to the regional context and must take 
into account different aspects of the epidemic, like its 
severity and the type of risks, and different aspects of 
the local capacity to manage and mitigate the sprea-
ding. From this side the quantity and quality of he-
althcare infrastructures and the coordination across 
public and private sectors appear to be crucial for a suc-
cessful implementation of the control strategy. On the 
other side, mathematical modeling tools can surely be 
decisive to properly assess the intensity, evolution and 

Figure 6: The plot of the fit (6) (left) and the values of the residuals 
3

                 
kαn − ∑k=0 akcn
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duration of the emergency. A reasonable estimate of 
the peak of new infected in epidemic outbreaks may be 
useful not only to rightly evaluate the dynamic of the 
infection, but also to give an (a posteriori) assessment 
of the effectiveness of the containment strategies: the 
perseverance of the infections may denote some dege-
neration of the control strategy or some change in the 
social situation. Clearly, the peak of new infected is just 
one of the multiple indicators that should be taken into 
account: deterministic or stochastic models, r0 and rt 
indexes, risk parameters and spatio-temporal simula-

tions are all fundamental to provide a quantification 
of the evolution of the infectious disease and develop a 
rapid decision making process.

Conclusions

The above analysis, despite using a rough function 
for the total number of infected, is able to give an upper 
bound for the time of the peak of new infected (27th of 
March) thanks to the observation that the values of αn 
are, in a certain sense, not independent on the values 

Figure 8 (top): The values of the derivative of the function f (t) vs n and c 
(left) and the corresponding values of maxima as a function of n and c (the 
points where the second derivative of f (t) vanishes) (right).

Figure 9: The functions gN (c), for N = 30...42: the curves 
overlap in a small region of the plane (α, c).

Figure 10: The values of the parameters PN , N = 30...42, measu-
ring the temporal variability of the curves gN (c).

Figure 7 (left): The basin of minima together with 
the curve (6) (in red) and the actual values (cn, αn) 
(black dots).
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of cn and are well described by a polynomial interpo-
lation with linear coefficient. The hypothesis about the 
scale invariance of the underlying model (that, we re-
peat, not necessarily is represented by the SIR model) 
and the low temporal variability of the upper bound are 
fundamental for the accuracy of the result. Another un-
derlying assumption is that the restrictive measures will 
be kept and observed in the next days and there will be 
no other clusters in the south of Italy (in the SIR mo-
del language, the values of S0 are below the epidemic 
threshold, see e.g. (Murray, 2002)). In the unfortunate 
case that there will be other clusters (the preprint ver-
sion of the paper appeared before March 27, 2020 on 
arXiv, see: https://arxiv.org/abs/2003.11363v1), it is 
possible to think of a substitution of the tanh curve by a 
combination of such functions: if there are two clusters 
of comparable magnitude, then we will have

f (t) = α1 tanh(β1t − c1) + α1 tanh(c1) + α2 tanh(β2t − c2) 
+ α2 tanh(c2)     (9)

A statistical analysis of the data given in table (1) will 
surely help to improve the results here given and will be 
provided in a next paper, where other sets of data, from 
different countries, will be analyzed.
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Introduction

In a recent paper, Zhang et al. (2020) explain the 
contribution of airborne transmission on Covid-19. 
They consider dominant the role of aerial transmis-
sion and state that airborne transmission may have 
played a role in pathogenic avian influenza. 

Their experimental and observational studies 
on interhuman transmission seem to indicate a si-
gnificant role of aerosols in the transmission of 
many respiratory viruses, including influenza virus, 
SARS-CoV-1, and Middle East Respiratory Syndro-
me coronavirus (MERS-CoV). For example, airborne 
coronavirus MERS-CoV exhibited strong capability 
of surviving, with about 64% of microorganisms re-
maining infectious 60 min after atomization at 25 °C 
and 79% relative humidity (RH). On the other hand, 
rapid virus decay occurred, with only 5% survival 

over a 60-min procedure at 38 °C and 24% RH, in-
dicative of inactivation. Recent experimental studies 
have examined the stability of SARS-CoV-2, show-
ing that the virus remains infectious in aerosols for 
hours (see Van Dorelman, 2020) and on surfaces 
up to days (see Chin et al. 2020). They based their 
argument on the measurements done in Wuhan 
hospitals and outdoor in northern Italy. Of course, 
the concentration of virus is accumulated in close 
environment and diluted in open air. Removal of 
virus bearing particles by deposition is size depen-
dent; residence time in air is closely associated to air 
mixing. The lifetime of droplets injected in air from 
infected persons is subjected to complex mecha-
nisms. First of all, in absence of turbulence larger 
particles > 5 microns are settled out in short range 
and contaminate surface, object and persons whi-
le atomized particles < 5 microns are dispersed in 
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air. The lifetime depends on various factors mainly 
the presence of high humidity and temperature. The 
wind velocity may dry the droplets. In principle the 
atomized droplets, arising from coughing and snee-
zing, interact with dry or wet aerosol present in air 
and can be dispersed in a longer range due to flow 
of air. Binbin Wang et al. (2020) made a model of 
the transport and fate of human expiratory droplets 
using different approaches and applying different 
particle models for the free fall of droplets. They 
explored continuous and impulse cough jet to tur-
bulent fluctuations. Their results presented a model 
to understand the fundamental dynamics of exhaled 
droplets in human respiratory activities. The mo-
del solves the governing equations of droplets and 
uses a continuous random walk model to simulate 
turbulent fluctuations in violent expiratory events. 
The validation of the model shows the improvement 
in the prediction of dispersion of median-sized dro-
plets. They show that these droplets are sensitive 
to environmental conditions, including temperatu-
re, humidity, and ambient flows. Applying the mo-
del to a set of idealized conditions such as free-fall 
and continuous jets, they demonstrate significantly 
different impacts of environmental parameters on 
different size droplets. The interesting point lays in 
a realistic droplet size distribution and cough dura-
tion, quantifying the transport and fate of droplets 
in the near field of source and the potential influen-
ces by ambient conditions. In veterinary medicine, 
Zhao at al. (2019) have recently confirmed the role 
of dust transport in viral epidemics spread among 
farms, such as foot-and-mouth syndrome in cattle 
and pigs and avian influenza.

Burgio et al. (2020) did not consider the hypo-
thesis of airborne transmission to be of primary 
importance. They assume that at least in this initial 
phase of the epidemic in Italy, the areas characteri-
zed by the highest lethality rates are also the most 
polluted of the country. Their claim has long been 
known: atmospheric particulate matter (droplets) is 
an effective vector for the transport of viruses and 
for the spread of viral infections. During the avian 
flu outbreaks, it was even shown that the particula-
tes had carried the fearsome H5N1 for long distan-
ces and that there was an exponential correlation 
between the quantities of cases of infection and the 
concentrations of PM10 and PM2.5. Even though 

correlation between the presence of viruses in the 
particulate matter and epidemic outbreaks has never 
yet been proved, there is increasingly evidence that 
most of the infections occur through human contact 
and in closed and crowded environments (families, 
public places, and unfortunately hospitals and he-
althcare residences). Minimal quantities of viruses 
transported by the particulates do not seem to play a 
significant role in this context.

As Zhang et al. (2020) observed, the pattern of 
contagiousness in Wuhan, Italy, New York City, and 
all the United States had different fate. According to 
their analysis, contagiousness in Italy and New York 
City started dropping not when the lockdown was 
issued, but only after a massive use of face masks 
was imposed (see Figure 1). From the same figure 
one may see that Italy’s lockdown started on March 
9th, but only on April 6th the use of face masks be-
came compulsory. The interval between these two 
dates is of about 4 weeks, while the incubation time 
of SARS-COV-2 is of about two weeks. In Italy (Fi-
gure 1 in the middle), the lockdown was issued on 
April 6, but only after April 20 the number of new 
infections started to decrease. A similar pattern was 
observable in New York City. In Wuhan, after the 
strict lockdown the number of new cases remained 
constant (see Liu et al., 2020).

The interval between the previous dates is of 
about 4 weeks, while the incubation time of SARS-
COV-2 is of about two weeks. During these 4 weeks, 
no reduction in the number of new infected people 
was measured, and most of the new infected, often 
in critical conditions, were hospitalized in intensive 
care departments. Curve B and C indicate, relatively 
for Italy and New York City, the reduction of conta-
giousness after April 6 in Italy and April 20 in New 
York City, while in the rest of the United States the 
contagious continued to grow, as shown in Figures 
2 and 3.

We have drawn in Figure 4 and Figure 5a,b, simi-
lar curves for Italy during the same period. It is evi-
dent that the policy of social distancing and face ma-
sks had a tremendous differentiating effect between 
Italy and the USA, where a policy of lockdown, social 
distancing, and face masks were adopted in a chao-
tic way and reopening was often decided while the 
infection was growing. 
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In order to understand the virus spread dyna-
mics, this paper analyzes the flow modes of air in se-
lected case studies from which we can derive the di-
spersion of droplets. By our numerical experiment, 
based on a simulation, we explored the flow disper-
sion both inside a street canyon and in a close site 
where the combined effect of flow and temperature 
play an important role. 

1. Modelling the flows

In order to improve the prediction of spreading of 
median-sized droplets, which are sensitive to the envi-
ronment and critical to the decision of public health we 
need to model the flow in different situations. 

Viruses are acellular organisms of sub-microscopic 
dimensions of the order of 60-120 nm. For lacking au-
tonomous metabolism, they are parasites and replicate 
inside cells of other organisms. By coughing, but also 
by just breathing, we emit micro droplets of the order 

of the micron. The virus may travel on such droplets. 
In the absence of wind such droplets reach rapidly the 
floor or are dispersed in air, and their concentration 
per unit volume rapidly decreases. In the presence of 
strong droplets concentration, as in the case of fog or 
relevant atmospheric pollution, the high concentration 
of infected droplets could remain in air for a longer pe-
riod. It is important to know the survival conditions of 
the virus (humidity, temperature, and pressure). Only 
this way it is possible to establish for how long and in 
which conditions the virus can remain dangerous in air. 
Probably the virus diffusion on the big cruise ships oc-
curred via the air conditioning pipes, fresh air, and re-
latively high humidity. Such investigation is not simple 
and rapid. Aerosols can travel for thousands of kilome-
tres, at different altitudes. As an example, we may recall 
that there are polluting clouds travelling at heights abo-
ve 5000 m from South East Asia to Europe. We do not 
believe that such clouds can transport the virus, but to 
tackle such a complex problem it would be important 

Figure 1: All three figures show the evolution of the 
infections in Wuhan, Italy, and New York City. Source: 
Zhang et al. (2020).

Figure 2: Coronavirus in USA from March 18, to December 
23, 2020. Yellow: affected. Green: recovered. Black: active 
ill. Red: dead. Source: https://statistichecoronavirus.it/.

Figure 3: The U.S. new cases from March 2020 to today. 
Brown: contagious. Green: recovered. Dark brown: dead. 
Source: https://statistichecoronavirus.it/.

Figure 4: Covid 19 cases in Italy. Yellow: affected. Gre-
en: recovered. Black: active ill. Red: dead. Since April 
the curve grows very slowly up to the end of August, but 
the curve representing the dead remains flat. Source: 
https://statistichecoronavirus.it/.
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the study of the virus inside a climatic chamber, where 
temperature, pressure, humidity, aerosol concentration, 
etc. could be varied. It is also crucial to understand the 
difference between aerosol and droplets. Even though 
the droplets need a hygroscopic nucleus to grow, aerosol 
is the solid part embedded in air (air plus solid). Droplets 
are due to condensation of water vapor before the satu-
ration in presence of condensation nuclei. We, hence, be-
lieve that it is fundamental to determine the time during 
which the concentration of virus remains high in air. This 
depends both from the survival time in air of the virus 
and by the possibility, when survival time is not negligi-
ble (order of seconds), that the concentration of the virus 
remains high, even in the presence of a mild wind and is 
transported in high concentration. We assume that this 
may occur when the airflow remains laminar. In a closed 
environment, the air does not move or moves slowly, and 
its movement may be due to air conditioning systems. In 
any way, we can assume, as it probably happened in the 
ducts transporting the air conditioned from one cabin to 
the other in the great cruising ships that the air speed is 
always below one msec-1. 

In a closed environment, if the air motion is laminar, 
as in figure 6a, it is possible that a high virus concentra-
tion remains in the environment. 

The passage from laminar to turbulent flow is ruled 
by the Reynolds number: 

Where u, is the air velocity, v is the air density, equal 
to 1,23 Kgm-3; μ is its viscosity equal to 0,0185, mPa at 
25°C, and L indicates the width of a pipe or similar. The 

passage from laminar to turbulent flow occurs in region 
of Re of the order of 2000.

In a closed environment, all virus transmission sy-
stems may operate simultaneously (direct contact, depo-
sition, and aerial transport). Outside, the situation may 
be different.

As first numerical experiment, we have simulated the 
condition occurring in one of the streets of our ancient 
cities: narrow and with not very high buildings. We have 
considered the simplest case: an open box, simulating a 
street, with different ratios between the height of the bu-
ildings and the width of the street, i.e. 1:2, 1:3, and 1:5.

Figure 7 presents the most general cavity open at the 
top where the top lid can slide horizontally. When the top 
lid is not moving, the internal air (or fluid) is stationary. 
However, when the lid starts moving it makes the fluid 
circulate inside the cavity. This can resemble a street 
canyon where the lateral walls of box are buildings, and 
the bottom of the box represents the surface of the stre-
et. The top lid movement simulates the windy condition. 
Appendix 1 shows the detail of the model and the CFD 
techniques we used.

As the computing time is very long and complex, we 
have carried out, more systematically, a 2D simulation of 
the airflow in a cross section of the street, as shown in the 
following figures.

The wind at the top of the building is assumed equal to 
1 m sec-1. At the ground and on the sides of the buildings 
the wind is equal to 0 msec-1. The result for Re =100 is 
reported in figure 8. The ratio between height and length 
is 1:1. We use the 2D Navier–Stokes equations with con-
stant temperature. The other parameters are shown in 
Figure 7.

Figure 5a: Daily new cases in Italy since April 2020. Brown: 
contagious. Green: recovered. Dark brown: dead. Source: 
https://statistichecoronavirus.it/.

Figure 5b: Confirmed positive cases per million of inhabi-
tants. Rolling 7-average. This picture shows the difference in 
health policies in several European countries, the U.K., U.S.A., 
and Japan. Source: https://ourworldindata.org/coronavirus/.
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The variation of the Reynolds number between 
100 and 2500 did not change the figure but in sque-
ezing the two lobes and producing a very small lobe 
at the bottom left with no influence on the middle-
high flow. 

Figure 8 allows us to observe two mega cells, a larger 
one in the upper side, and a smaller one in the lower 
part. Substantially, the air flux remains laminar in the 
two cells. This means that viruses emitted by a person 

standing on the left side of the street, near the wall, can 
reach the opposite side keeping the same concentration. 
Hence, if the concentration is high enough, a breathing 
person on the other side of the street will inhale a high 
concentration of viruses.

Further, by keeping Re=100 we changed the ratio betwe-
en the height of the buildings and the width of the street to 
1:2, 1:3, 1:4, and 1:5. We plotted the results respectively in 
Figure 9 (left and right) and Figure 10 (left and right). 

Figure 6: Laminar (a) and turbulent air flow (b). Figure 7: Cross section of the simulated street, u and v indi-
cate the wind velocity in the horizontal and vertical direction.

Figure 8: Air flow in the street cross sec-
tion, computation for Re=100 and u at the 
top of the street equal 1 m/sec.

Figure 9: Flow for Re= 100 where the ratio between high and 
length is 1:2 (left); Re=100 with ratio between High and Length 
1:3 (right).

Figure 10: 1:4 height and length 
ratio (left) and 1:5 height and length 
ratio (right).
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The system of flow shows two interacting lobes. This 
indicates that the ratio between height and width is a 
critical parameter. It is then apparent that the beha-
viour of the airflow depends strongly on the ratio betwe-
en height of the buildings and the width of the street. 
As this ratio increases, i.e., as the street becomes larger 
than the height, the system of flow produces non-inte-
racting lobes. 

Since the virus lifetime strongly depends on tempe-
rature and humidity and may decay more rapidly in the 
case of high Relative Humidity, we introduce the effect 
of temperature along the walls (see Figure 11). Here, the 
system exhibits different patterns. The cavity is closed 
and he ratio between the height and the base is 1:1. 

We have used the most general 2D Navier–Stokes 
with heat transfer incorporating the Boussinesq appro-
ximation (see Appendix 1) coupled with thermal con-
vection diffusion equation. In this model, where the 
flow is governed by the continuity equation, the equa-
tion of motion and the energy equation under Boussi-
nesq hypothesis is given in Appendix 1. 

As result we obtain the figures 12a,b, where the ratio 
between height and the base is 1:2.

Figures 12a and 12b show the existence of one cell; 
the flow seems even more regular and horizontal for 
most of the area of the cross section, with a sharper 
ascent (warm side) and descent (cold side) along the 
walls.

In our simulation we use the Rayleigh Number equal 
to 100000. In Figure 12a we show the temperature pat-
tern and in figure 12b the air flow in case of ratio 1:2.

The same experiment done with the ratio between 
height and base is 1:5 as shown in Figure 13.

In this case, the temperature difference has caused 
the air flux to become much more regular than in the 
case of Figure 9 (right), where the same ratio 1:5 has 
been assumed but no temperature difference between 
the two different walls had been assumed. In the pre-
vious case, two non-interacting lobes occurred. In this 
case, the circulation is extremely regular from one side 
to the other of the walls. It is interesting to note the ef-
fect of the temperature when the hottest and the col-
dest fluid mix, as can be seen in the sequence of Figure 
14. In this case, the ratio between walls height and base 
length is 1:2, with the number of Prandtl Pr = 0.71 and 
the number of Rayleigh Ra=105. 

Figure 11: One side of the street is illu-
minated by the sun, the other side is in 
the shade. Source: Kane et al. (2017).

Figure 12a: Temperature pattern. Figure 12b: Corresponding air flow.
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In order to understand more about the effect of a 3D 
flow in absence of temperature effect, we have also si-
mulated the case of a square and a street, assuming the 
square to be as in figure 15. 

To better understand the effect of the edges we sliced 
the 3D object in different layers. The results of one of 
them is given in Figure 16. 

At the edges, we note a strong concentration of air 
turbulence and an increase of airflow velocity due to Ven-

turi effect. This might cause locally a strong additional 
concentration of viruses even if the flow is now turbulent.

Conclusions

Our simulations evidence that in order to avoid 
the transport of infected droplets, a several-me-
ter distance, depending on the ratio between the 
boundaries, is required.

Figure 13: Same as figure 12a,b but with a ratio 1:5.

Figure 14: Sequence of mixing fluid in presence of a tempe-
rature gradient. From the first to the last picture the system 
shows the flow following the distribution of temperature. The 
computation has been performed at steps of 30 sec. The gra-
dient between the “hot” and the “cold” walls is of some degree 
(the gradient is contained into Rayleigh number).

Figure 15: Example of 3D representation for simulating the 
confluence of a street in a square.

Figure 16: Half-height horizontal cross section of a 
square-street confluence. In case of edges, the Navier–
Stokes exhibit turbulence.
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The Reynolds number shows that the circulation re-
mains laminar in a street whose width is up to 10 me-
ters when the wind velocity at the top of the buildings 
is equal to 4 msec-1. Only when we consider locations 
larger than 100 m, then the circulation appears to be 
always turbulent. The distance to avoid completely the 
contagion is of the order of 50 meters.

In case of heat convection, in the presence of high 
Relative Humidity the droplets’ lifetime could be of the 
order of 1 min, while in the case of low humidity it can 
reach values up to 8 minutes before settling. If we con-
sider an air velocity of 1 m sec-1, then the parcel may 
travel 60 meters in 1 minute and 480 meter in 8 minu-
tes. The presence of heat flow influences the spreading 
of particles. The flow changes in a few minutes and its 
pattern mixes the warm and cold air that transports the 
particles to a further distance. 

In this paper, the spreading of virus for air pathway 
has been investigated with simple examples using the 
Navier–Stokes equations and their application with 
uncompressible flow and in presence of heat transfer 
convection. Given the results, we argue that the mini-
mum safe spacing between people depends on the ratio 
between the height and length of an artefact, here pro-
posed as a cavity box. We found that the best spacing 
among people is achieved when the ratio is 1:5. This me-
ans that it is safe to stay as far away as possible or pro-
perly use mask. A 3D model applied to a more complex 
structure, such as a street-square confluence. The NS 
equations exhibit turbulence at the edges of the system. 

Appendix 1

The main ruling differential equation of fluid flow 
and heat transfer is given through the Navier-Stokes 
(N-S) equations, which are are based on the conserva-
tion of mass, linear momentum (Newton second law), 
and energy (first law of thermodynamics). Due to dif-
ferent mathematical characters of governing equations 
for compressible and incompressible flow, the Compu-
tational Fluid Dynamics CFD codes are usually written 
for only one of them. For compressible flow simula-
tion, it is usual to drop the viscous terms obtaining the 
Euler’s equation. This is of common use for obtaining 
the pressure distribution around a flying body, whe-
re the viscous effects are squeezed inside e very thin 
boundary layer. On the other hand, uncompressible 
flows have a known constant value. In this paper we 

use an incompressible flow approach that is valid for 
any coordinate system. 

In fluid dynamics, the Reynolds number, 
Re=ρUL/μ, corresponds to the ratio of inertial forces 
to viscous forces. It measures how turbulent the flow 
is, where low Reynolds number flows are laminar and 
high Reynolds number flows are turbulent. 

The Mach number, M=U/c, corresponds to the ra-
tio of the fluid velocity, U, to the speed of sound in 
that fluid, c and measures flow compressibility.

In Cartesian flows we have the following equa-
tions: 

Where v is the viscosity, p is the pressure, T is the 
temperature, ρ is the density, cp  is the specific heat, u, v 
and w are the flow components related to the coordina-
tes x, y, z. and k is the thermal conductivity. 

The dissipation function is given by 
The previous equations represent the conservation 

of mass (the first one), the conservation of linear mo-
mentum (the next three) and the conservation of energy 
for incompressible flows (the last). 

In order to simplify the system for computation, it 
is preferable to write the governing equations in nondi-
mensional form, selecting characteristic quantities that 
describe the flow problem. These are the characteristic 
length L of a flow, its velocity Uc, pressure pc, and tem-
perature Tc, fx, fy, fz are the external forces applied to the 
fluid that in our case are zero.

Then the following nondimensional parameters 
can be defined:
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Where ΔT is a known reference temperature diffe-
rence in the flow field between a constant wall tempe-
rature and Tc. Using the characteristic quantities, pre-
vious equations can be converted as: 

The following quantities have been introduced: 
the Reynolds number (Re= UcL/ v) in the momentum 
and energy equations, the Eckert number (Ec=Uc

2/(cp 
ΔT) which is the ratio of flow’s kinetic energy to a re-
presentative enthalpy difference, the Prandtl number 
(Pr=v/α=v/(k/ρcp)) which is the ratio of momentum 
and thermal diffusivities. In case of incompressible vi-
scous flow, it is usual to introduce the Reynolds num-
ber Re=100, 1000.

Solving the above system in general is difficult but 
a simple experiment can imitate some common envi-
ronmental dynamics. 

After selecting the geometry, it is necessary to define 
the dynamic boundary and thermal conditions. Since 
there are not known analytical solutions, the only choi-
ce is to obtain a solution using numerical methods by 
the treatment of the derivatives. 

Here is the algorithm we have followed.

i) Take the domain and discretize it, that means 
the solution u(x,y,z), v(x,y,z), w(x,y,z) are computed at 
discrete points xi, y, z defining a set of grid.

ii) The derivatives are expressed as some linear 
combination of u(x,y,z), v(x,y,z), w(x,y,z) 

iii) The final system is changed from a system of 
differential equations to a system of algebraic equations 
for u(x,y,z), v(x,y,z), w(x,y,z), solved using one of many 
root finding algorithms.

Following the algorithm outlined above, the first 
step is to define the domain. This means that we have 
to define the geometry, for instance a cavity, open or 
not, depending if we are making some numerical expe-
riment in a room or in a canyon street. The second step 
is to find an approximation to the derivatives that are 
approximated as:

This form of approximation is called finite difference 
approximation. The coefficients can be computed using 
the traditional Taylor series. 

We use the Dirichlet boundary conditions that 
are the values that a solution needs to take along the 
boundary of the domain and take into account its shape. 
In order to simulate the flow we divided the area given 
from Figure 7 with 100 points (see figure A1). At each of 
these grid points, the velocities and pressure have to be 
computed.

In figure A1 we present the most general cavity open 
at the top where the top lid can slide horizontally. When 
the top lid does not move, the internal air (or fluid) is 
stationary. However, when the lid starts moving, the 
motion of the lid makes the fluid circulate inside the 
cavity. This can resemble a street canyon where the la-
teral box walls represent buildings and the box bottom 

Figure A1: The area of figure 7 with 100 points.
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represents the street surface. For the flow in this cavi-
ty, the Navier–Stokes equations can be simplified. Let 
us assume that the flow does not change in function of 
time, that it does not change in the z direction, and that 
the temperature remains constant. This simplifies our 
equations to: 

Equation 1A 

The top lid drags the fluid below it, which generates 
a swirling motion. This initial swirling motion produ-
ces in turn its own swirling motion —a big gear turning 
smaller gears. A cross-section of the u, v indicates the 
wind velocity in the horizontal and vertical direction. 
The wind at the top of the building is assumed equal to 
1 msec-1. At the ground and on the sides of the buildings 
the wind is equal to 0 msec-1. 

The cavity can be made as larger or as smaller as we 
desire. In the second case top, the lid can be moved fast 
or slow simply by changing the Reynolds number. We 
varied the Reynolds number between 100 and 2000. 
This number can also be used to describe whether the 
fluid inside the box is water, air, or any other substance 
of choice. When the fluid of particles flows without in-
tersecting the paths of each other and the velocity of the 
particles is always tangential to the path of the particle, 
the flow is said to be streamline. When the streamline 
flow occurs, the layers of fluid particles tend to slide over 
the adjacent particle without disturbing the motion of 
others, and this occurs in layers or laminas of fluid flow. 
Such a flow is known as a laminar flow. Laminar flow 
or streamline flow occurs when the fluid velocity is re-
latively low. In laminar flow, the layer in contact with a 
stationary surface has zero velocity and, in the direction 
perpendicular to the surface, the velocity of the layers 
tends to increase. Also, the velocity, pressure, density, 
and other fluid dynamic properties remain unchanged 
at every point in the space of the flow. Reynolds number 
indicates how well a fluid may undergo laminar flow. 
When the Reynolds number is low, the flow tends to be 

laminar, and the viscous forces are the dominant form 
of interaction between the layers. When the Reynolds 
number is high, the flow tends to be turbulent, and iner-
tial forces are the dominant form of interaction between 
the layers.

When the fluid properties in a flow vary rapidly with 
time, i.e., when the changes in the velocity, pressure, 
density, and other flow properties show random and ar-
bitrary changes, the flow is known as a turbulent flow. 
The fluid flow within a uniform cylindrical pipe with a 
finite length, also known as a Poiseuille flow, will have 
turbulence in the flow when the Reynolds number rea-
ches the critical number, around 2040. However, gene-
rally, the flow may not explicitly be turbulent when the 
Reynolds number is more than 10000.

Eddies, cross currents and vortices are typical of any 
turbulent flow.

• Laminar flows feature low velocities and low 
Reynolds number, while turbulence flows show high ve-
locities and high Reynolds number.

• Laminar flows feature a regular and streamline 
path of the fluid lines, no lateral disturbance, and layers. 
Turbulent flows have irregular and chaotic patterns.

• Laminar flows are constant at a point in space, 
where turbulent flows are stochastic.

In case of a room one can choose a cavity differen-
tially heated, formed by two vertical walls as reported 
in figure 11. In this case of natural convection, we use 
a second model given by the equation 2A. The pro-
blem to be considered is that of the two-dimensional 
flow of a Boussinesq fluid of Prandtl number 0.71 in 
an upright square cavity of side L. Both velocity com-
ponents are zero on the boundaries. The horizontal 
walls are insulated, and the vertical sides are at tem-
peratures Tg and Td. The solution is given by DeVahl 
Davies (1983). Convection is the transfer of thermal 
energy due to the motion of fluids. Natural convec-
tion is defined as the fluid flow and heat transport 
arising due to density and temperature differences in 
the fluid. The chosen geometry is a square cavity dif-
ferentially heated. It is formed by two vertical walls, 
each of which is heated at its center. The left active 
part has a higher temperature (Tr + ∆T/ 2) than that 
of the right active part (Tr − ∆T /2). The boundary 
conditions are Dirichlet type.

The flow is governed by the continuity equation, 
the equations of motion and the energy equation un-
der convection in the Boussinesq hypothesis. Ur = 
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α/A for velocity, A for length, A/Ur = A2/α for time 
and θ= (T−Tr)/∆T corresponds to the dimensionless 
temperature. Then:

Equation 2A

We have the following boundary conditions 
(hydrodynamic and thermal) at the walls:

X=0, (Heated part of the left wall), U=V=0, θ=1;

X=1, (Heated part of the right wall), U=V= 0,
θ=0;

X=0 and X1, (Adiabatic parts of left and right walls), 
U=V=0; ∂θ/∂x = 0;

Y=0 and Y =1 (Lower and upper walls), U=V=0; 
∂θ/∂y = 0. 

The dimensionless numbers used is the Prandtl 
number Pr=v/α, that is physically defined as ratio of 
momentum diffusivity to thermal diffusivity. It provi-
des a measure of the efficiency of diffusion transport 
through the velocity boundary layer and the thermal 
boundary layer. Rayleigh number, Ra, is physically the 
ratio of buoyancy and viscosity forces multiplied by the 
ratio of momentum and thermal diffusivities. Below 
the critical value of the Rayleigh number, heat transfer 
is primarily due to conduction. Above this critical va-
lue, heat transfer is due to convection: Ra =g β∆TA3/
να. The numbers for Ra=103,104,105. For Pr=0.71 the 
relation between Ra number and Re is Re=0.085Ra0.455 
(see Grossmann & Lohse, 2002). 
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Disputes on data and observation reliability is not 
what caused Copernicus’ heliocentric model to be 
unaccepted in the short term. Rather, his model under-
mined the “main stream” narration of the time.

It is worth noting that the geocentric Ptolemaic mo-
del could explain and predict almost every celestial bo-
dies’ movements. Hence, the irregularities were seen as 
a needed update of the model instead of a need for a 
radical paradigm change (Kuhn 1957).

“L’amor che move il sole e l’altre stelle”  (Love that 
moves the sun and other stars)—even a great poet like 
Dante Alighieri (Paradise, xxxiii v. 145) considered the 
Ptolemaic model as a truth rather than a model. This 
is no longer a matter of scientific method but of narra-
tion. The popular Indian “blind men and an elephant” 
paradox (Goldstein 2010, p. 492) (see Figure 1) clearly 
shows how the implicit premises that lie in our mind 
and the implicit accepted narratives may affect our 
personal representation of reality.

Depending on both the point of view and different 
conceptual premises, one can interpret the same phe-
nomenon differently. When we begin to interpret it, we 
use words and metaphors. Here lies the “shadow line” 

between observation and explanation—between scien-
ce and the narration of science.

A question arises: how can we handle a scien-
tific model or metaphor once it has permeated 
the collective imagination, which is already full of 
other representations?

If this process develops inside the scientific com-
munity, then everything is fine. Almost all scientists 
know that they are making interpretations, hypothe-
ses, and models. Scientists know the limit of the mo-
dels and the circumstances under which a model is 
reliable or not.

On the other hand, if this process enters in the do-
main of popular communication and political decision 
making processes, then things change. This is even 
more so nowadays, where talk shows have given more 
emphasis to the emotional part of the talk instead of its 
reliability (Dahlstrom 2014).

By using emotions to tell facts, the media can obtain 
a more persuasive message over a scientific one (Jones 
& Anderson Crow 2017). This is one of the main causes 
of misinformation that has spread throughout social 
media (Cinelli et al. 2020).
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Figure 1: Original cartoon by Anon (CC BY-NC licence).

In fact, the World Health Organization (WHO) 
warned the public about the risk of infodemia during 
the COVID-19 pandemic. 

The so-called “main stream media” launched a 
communication war against “fake news” to com-
bat the spread of misinformation across social 
media platforms.

Media are using all their persuasive power in this 
battle against misinformation. It is worth remembe-
ring that, for media, the logic of the show is more im-
portant than science. Persuasion cannot be obtained 
through scientific evidence alone. What matters most 
is the trust that the narrator (journalist, anchorman, or 
editor) has from his public. The problem with the on-
going COVID-19 pandemic is that scientific knowled-
ge on this virus has been continuously constructed. 
Scientists may change their opinion. This is normal 
under research processes but could be misinterpreted 
by the general public. Clearly, if this process happens 
under the spotlight every day, then the result can lead 
to a loss of trust from citizens who start paying more 
attention to misinformation on social media.

Another variable to consider is the strategy and the 
will of the governments that pave the way for the po-
litical interpretation of scientific data (Abbas 2020). 
With all these variables on the stage—data evolution, 
different scientific models, political interpretation, go-
vernmental strategies, and the need for an audience—a 
good storyteller has to manage the flow of information 
in order to tell the narrative that best fits the needs 
of the government/system without leaving space for 
other interpretation.

The “blind men and an elephant” paradox shows 
how many variables are available to a narrator who 
wants to tell his narrative and even politicize it.

For example, take Italy at the beginning of the pan-
demic where the narrative was: no need to panic. Poli-
ticians took pictures of aperitifs among young people 
just to show that normal life can and must go on. 

However, fear among the population grew because 
media were using expressions like “case fatality rate”, 
meaning the proportion of deaths from a certain disease 
compared to the total number of people diagnosed with 
that disease in a given period. It was as if they had meant 
mortality rate, which is the measure of the relative num-
ber of deaths (either in general or due to a specific cause) 
within the entire population per unit of time. Furthermo-
re, previous news from China had scared the West.

Therefore, TV programs invited experts who tried to 
explain the difference between these two expressions. 
This presented the case fatality rate as something de-
eply connected to the number of cases diagnosed, so 
a number that is generally stabilized only after the oc-
currence of the epidemic or pandemic. The takeaway 
message, as understood by both journalists and the pu-
blic, was that there was no need to panic—at least in the 
Italian case.

This narrative met the government’s need to reassu-
re the population.

A few weeks later, however, the government’s 
need moved toward preventing a possible spread of 
the pandemic. They then preferred to put pressure 
on the population to ensure more compliance to the 
safety norms.

The narrative needed to shift from “do not panic” to 
“stay alert, we are under threat.”

“The flu is more harmful than the coronavirus in 
Italy: But fear raises awareness” (D’Aria 2020) is a 
headline from one of Italy’s main newspapers.

Those same experts then came back to TV following 
the same trick of the “blind men and an elephant” 
under new terms: the R0, or the basic reproduction 
number. This indicates the expected number of cases 
directly generated by one case in a population where 
all individuals are susceptible to infection. These ex-
perts, who had assured the population that the num-
ber of deaths were not as high as the “potential/sup-
posed” number of infections, now told citizens that 
they had to be careful because R0 must be lower than 
1 and it is dangerously on the rise instead.
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Most likely, journalists and audiences do not know 
that R0, according to Wikipedia (entry: Basic repro-
duction number), 

“can be calculated from many different ma-
thematical models. Each of these can give a dif-
ferent estimate of R0, which needs to be inter-
preted in the context of that model. Therefore, 
the contagiousness of different infectious agents 
cannot be compared without recalculating R0 
with invariant assumptions (…) R depends on 
many factors, many of which need to be estima-
ted. Each of these factors adds to uncertainty in 
estimates of R.”

But when you match such a delicate concept with 
adjectives like “dangerous” or “worrying”, then the real 
meaning of data shift toward a fictional narration of data. 
Headlines suddenly appeared: “Alarm in Germany, R0 
Goes up Again” or “R0 on the Rise and so is Fear” or “R0 
Leap to 1.13 and Now We Fear a New Diffusion”.

This communication could better frame another 
concept: social distancing. The cognitive process that 
has been introduced is clear. We need to reduce R0 in 
order to rescue our society from the virus. If people 
stay away from each other, then the R0 index will go 
down. Thus, it is important to respect social distancing 
and lockdowns.

Daily updates on the R0, hospitalizations, and de-
aths are meant to encourage like details on burning ca-
lories following physical activity do for a person who 
wants to slim down. It is a motivational process (Ver-
stuyf et al. 2012), and it does not matter if the concept 
of calories still do not clearly and strictly correlate to 
slimming down (Del Gobbo et al. 2018). What does 
matter is that this concept should be coherently inter-
preted through a specific narrative that may be untrue 
but at least effective for a specific purpose.

Science, however, should try to grasp “the elephant” 
in its wholeness. Temporary disagreement among 
scientists due to different perspectives are usually sol-
ved once a global viewpoint/systemic model is establi-
shed. Generally, time plays a crucial role in this process.

With COVID-19 still ongoing, it is difficult to esta-
blish clear data and general considerations. Neverthe-
less, scientists are starting to agree on numbers like the 
global fatality rate, assessed around 0.5–1% (Mallapaty 
2020). A recent WHO bulletin outlined that “the infec-

tion fatality rates tended to be much lower than esti-
mates made earlier in the pandemic,” explaining that 
“justification for various non-pharmacological public 
health interventions depends on the infection fatality 
rate. Some stringent interventions that potentially also 
result in more noticeable collateral harms may be con-
sidered appropriate, if the infection fatality rate is high. 
Conversely, the same measures may fall short of accep-
table risk–benefit thresholds, if the infection fatality 
rate is low” (Ioannidis 2021).

Furthermore, the average age of death has been 80 
years. Accordingly, Mitra and colleagues (2020) focu-
sed on the potential lifespan that has been lost.

From a global point of view, the consequences of the 
COVID-19 pandemic appear to be mild in terms of both 
general health and mortality if compared to all pre-
vious pandemics. Nevertheless, the current narrative 
diverges from the reality of data (Schwab 2020, p. 12).

Recently, one interesting narrative was proposed by 
the Director of the World Economic Forum, Professor 
Klaus Schwab:

“The world as we knew it in the early months 
of 2020 is no more, dissolved in the context of 
the pandemic. Radical changes of such conse-
quence are coming that some pundits have refer-
red to a “before coronavirus” (BC) and “after co-
ronavirus” (AC) era … We should take advantage 
of this unprecedented opportunity to reimagine 
our world, in a bid to make it a better and more 
resilient one as it emerges on the other side of 
this crisis” (Schwab 2020, p. 19).

The author is probably right. However, is this chan-
ge due to COVID-19 or the current narrative?

In looking for an answer to this question, it is worth 
remembering the end of Plato’s Republic allegory of 
the cave:

“SOCRATES: And now, I responded, consi-
der this: If this person who had gotten out of the 
cave were to go back down again and sit in the 
same place as before, would he not find in that 
case, coming suddenly out of the sunlight, that 
his eyes are filled with darkness?” 

GLAUCON: Yes, very much so.
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SOCRATES: Now if once again, along with 
those who had remained shackled there, the 
freed person had to engage in the business of as-
serting and maintaining opinions about the sha-
dows -- while his eyes are still weak and before 
they have readjusted, an adjustment that would 
require quite a bit of time -- would he not then be 
exposed to ridicule down there? And would they 
not let him know that he had gone up but only in 
order to come back down into the cave with his 
eyes ruined -- and thus it certainly does not pay 
to go up. 

SOCRATES: And if they can get hold of this 
person who takes it in hand to free them from 
their chains and to lead them up, and if they 
could kill him, will they not actually kill him? 

GLAUCON: They certainly will.”
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A key, critical figure in contemporary biology and 
scientific thought, Antonio Lima-de-Faria (1921) is 
Professor Emeritus of Molecular Cytogenetics at Lund 
University, Lund, Sweden. After editing the Handbook 
of Molecular Cytology (1969), Antonio Lima-de-Faria 
wrote Molecular Evolution and Organization of the 
Chromosome (1983) and Evolution without Selection. 
Form and Function by Autoevolution (1988). This last 
book was translated into Russian, Japanese and Ita-
lian. Later he wrote Biological Periodicity. Its Molecu-
lar Mechanism and Evolutionary Implications (1995, 
translated into Japanese) and One Hundred Years of 
Chromosome Research and what Remains to be Lear-

ned (2003). Subsequently appeared Praise of Chromo-

some “Folly.” Confessions of an Untamed Molecular 

Structure (2008, translated into Russian), Molecular 

Geometry of Body Pattern in Birds (2012) and Mole-

cular Origins of Brain and Body Geometry (2014). Re-

cently appeared Periodic Tables Unifying Living Or-

ganisms at the Molecular Level. The Predictive Power 

of the Law of Periodicity (2017), which was praised, by 

American and English colleagues, as a “wonderful and 

pioneering work.” His work in molecular biology has 

won him, among other honors, the decorations Knight 

of the Order of the North Star by the Swedish King and 

Great Official of the Order of Santiago by Portugal’s 

President. He is member of five scientific academies.

With this book, he leaves us his scientific testament 

while approaching his 100th year of life. As a “lonely 

wolf howling in the immensity of the night,” he laun-

ches his straightforward warning: “At present a wave 

of obscurantism is spreading over Western countries 

affecting both science and art in a deadly way.” “Mo-

dern technology has been most successful in transfor-

ming our daily lives and in allowing us to conquer outer 

space. These impressive achievements have, to a large 

extent, made us dumb, making it difficult to perceive 

the danger that lies ahead. Hence, there is a pressing 

need to bring forward the original sources in which, 

leading scientists and renowned artists, explained the 

principles that they followed in their discovery of novel 

phenomena and in the creation of unique works of art. 

It turns out that both types of minds speak the same 

language. There is a basic denominator that unites the 

human endeavor.” (Publisher: artenarchist@gmail.com)
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