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Summary

A Chern-Simons current, coming from ghost and anti-ghost fields of supersymmetry theory, can be
used to define a spectrum of gene expression in new time series data where a spinor field, as
alternative representation of a gene, is adopted instead of using the standard alphabet sequence of
bases A,T,C,G,U.We give examples of the use of supersymmetry for living organisms, discuss the
codon and anti-codon ghost fields and develop an algebraic construction for trash DNA, the DNA
area which does not seem active in biological systems. As a general result, all hidden states of
codon can be computed by Chern-Simons 3 forms. Finally, we plot a time series of genetic
variations of viral glycoprotein gene and host T-cell receptor gene by using a gene tensor correlation
network related to the Chern- Simons current. An empirical analysis of genetic shift, in host cell
receptor genes with separated cluster of gene and genetic drift in viral gene, is obtained by using a
tensor correlation plot over time series data derived as the empirical mode decomposition of Chern-
Simons current.
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General Relativity: Successes

Modern 
Cosmology

Gravitational 
Waves

Black holes



General Relativity shortcomings

ØUniverse accelerating expansion
ØInflation

ØMass-Radius diagram of 
neutron stars

Large Scales                

ØGalaxy Rotation Curve



General Relativity shortcomings

Unfortunately, thus far, no 
theory is able to solve all 
these problems at once!

Small Scales

ØRenormalization
ØQuantization

ØCannot be treated using the same 
formalism of QFT

ØDiscrepancy between theoretical and experimental Λ ØSpace-time singularity



Modified theories of gravity

Extended theories of gravity Alternative theories of gravity

Topological Field Theories

Chern-Simons Theory



Topological Invariants

Depend on the topology, independently of the space-time geometry

They do not depend on the local form of the spacetime, but only 
relies on its global structure 

Torus cannot be obtained by 
deforming the sphere



Lovelock and Chern-Simons theories

Lovelock action

The GB term naturally emerges

It is the most general action 
without torsion which leads 

to second-order field 
equations

Four-dimensional limit

Topological surface Lovelock Theorem:

The H-E action is the most 
general four-dimensional 
action leading to second-

order field equations

It follows that

J. Zanelli. arXiv:hep-th/0502193



Chern-Simons theory

Starting from Lovelock action, it 
is possible to select the 
coefficients such that the 
resulting theory is invariant with 
respect to some gauge group

Proceed by trial and error

Find a methodical procedure
All D-dimensional Lagrangians whose 

exterior derivative provides a 
topological surface term, are quasi

gauge-invariant

Chern-Simons Lagrangians

Shiing-Shen Chern James Harris Simons
Examples of three-dimensional CS Lagrangians

Why Chern-Simons?

• It fits the formalism of QFT
• It can be quantized
• It can be applied to SUGRA
• It can be renormalized
• AdS/CFT correspondence



Chern-Simons theory: three possible applications

𝑃!
"($) = 𝑑𝐴𝑑𝐴 𝑃!

&"(!) = 𝑇𝑟[𝑑𝐴𝑑𝐴]

U(1) invariant

Related topological surface

SU(N) invariant

Related topological surface

AdS invariant

Electromagnetism Biological systems

Related topological surface

Cosmology and Black holes



Cosmological applications

Starting line 
element and 

starting action

d+1 dimensional expression of scalar curvature and GB term 

Cosmological Lagrangian

F. Bajardi, D. Vernieri, S. Capozziello, “Exact solutions in 
higher-dimensional Lovelock and AdS5 Chern-Simons 
gravity,’’ 10.1088/1475-7516/2021/11/057



Spherical symmetry

Starting line 
element and 

starting action

d+1 dimensional expression of scalar curvature and GB term 

Spherically symmetric Lagrangian



Classical electromagnetism
In coordinates representation

Klein-Gordon equation for the vector field 

Can be added to 
the free EM 
Lagrangian

By varying with 
respect to the 

gauge connection

Massive wave equations Massive photons

Proca wave equation: Breaks U(1) invariance

Chern-Simons wave equation: U(1) invariant, but not conformally invariant

Special relativity is preserved



SU(N) invariant Chern-Simons action and 
application to biological systems

How to go from this
To this?





Main Idea:
The main idea is to deal with the DNA as the space-time,
so that the DNA/RNA curvature, can be described in
terms of geometry



Why is this important?

This is important because the today schematization methods represent one of the most controversial and dis-
cussed branches of science

A complete theory capable of predicting the interactions
that occur among macro molecules and the corresponding 

biological implications is still missing

Although the application of Chern-Simons gravity to complex 
systems seems to be unusual, topological field theories are 
deeply studied in several branches of physics, besides the 

application to gravitational interaction.

Often it is difficult to reconstruct the DNA shape and figure out whether two or more regions are in contact 



Why Chern-Simons?
One may wonder why using the Chern-Simon theory to this purpose, instead of considering General Relativity

Chern-Simons theory is developed to work in three dimensions (generally, odd dimensions) and it is a 
good candidate to describe the DNA, which is divided in triplets  

Moreover, CS theory is a topological field theory, which is a key 
feature to describe the topology of DNA 



Complex biological systems: the formalism

First step: defining a set of quaternion fields

Considering the SU(2)-invariant Chern-Simon action

And computing the expectation value of the Wilson Loop

In this way, Chern-Simons 
currents can be computed for 

the whole genetic code

S. Capozziello, R. Pincak, K. Kanjamapornkul and E. N. Saridakis. Annalen Phys 530 (2018), 1700271

To get the Chern-Simons current J

In quantum field theory, Wilson loops 
are gauge invariant operators arising from 
the parallel transport of gauge variables 
around closed loops.



Chern-Simons current: provides an 
indication about the point-like 
curvature of a given sequence

We theoretically expect the mutation to level out the 
curvature spectrum, providing smoother variations of 
the current with respect to the original sequence. In 

analogy with other physical systems, the curved point 
is surrounded by a non-equilibrium region, which in 
turn tends to mutate in order to reach a minimum 

free energy state. 

1) Introduce mutations of amino acids
2) Study the effects of the mutations

The approach:

What we expect

In agreement with Gibbs free energy minimization

Can be assumed to be constants
Potential energy

Each point is labeled by a different current

S. Capozziello, R. Pincak, K. Kanjamapornkul and E. N. Saridakis. Annalen Phys 530 (2018), 1700271



Each first alpha alphabet of [si] states contain substate of p-orbital of spinor field in codon. 

64 states of codon and anti-states of codon state

Not all possible combinations actually result in real states, but only a few of them

To Compute the States we impose:
- No torsion
- Metric Compatibility 

By means of the Nitrogen bases, it is possible to define different possible ”real” states



On the left, the interaction of retrotranspon can 
be visualized as the entanglement state in the 

loop space of time series data with 
extradimension over the Hopf fibration

orientation area of fiber space of DNA, it is an active part of the state with 
spherical shape of a single histone protein in the active zone of DNA, that is 
the 2% area of gene expression in the human genome. We notice that the 

induced Chern-Simons current in this area is quantized into separeted fiber in 
the covering space of the sphere.

The expectation value of the Wilson Loop, which in turn is defined using the Nitrogen 
bases, provides the Chern-Simons current, capable of describing the DNA/RNA 

curvature using the same formalism as the gravitational interaction



Chern-Simons current over CD4 
receptor protein as curvature in 

behavior of docking states 
between V3 loop and CD4

Loop space of time 
series data over cell 
membrane and 
docking state when a 
virus attaches a cell

This formalism can be also used to describe docking between molecules



For instance, the equation of glycoprotein attached to the CD4 T-host cell is given by

The table below shows the definition of first 14-
ghost fields in E8 × E8 model of artificial HIV 

viral v3 loop and cd4 as a supermanifold 
structure

14 bases for ghost fields, 3 bases for anti-ghost fields

with



The picture shows the duality in plane while the virus attaches the surface of cell membrane with the same curvature and with different curvature. On the left 
side, it is demonstrated the homotopy equivalent state of protein-protein interaction with different curvature while docking. The remaining area between 

docking curvature is not zero. This area can induce a contractible to new 14-extradimensions by using the homotopy equivalent map. When we take the 
cohomology group to that surface, the computation of cohomology is not zero. This fact is implying a nonequilibrium state of docking between V3 loop HIV virus 
and host cell receptor CD4 in difference curvature. On the right hand situation of docking state, there is an equilibrium state with the same curvature. The rest 

of the area between docking can be contractible to a point and the cohomology group is zero.



What about the “Junk” area?



Junk DNA is a part of DNA that does not directly code for proteins, but still plays 
an important role in regulating gene expression and in the structure of the 

genome. 

2% 98%

Genes

In our formalism, trash DNA is rapresented 
by hidden states, which can be related to 

«real states»

The transition state in trash DNA between transposon, retrotransposon and 
active gene in the moduli-state space Diophantine equation. The transitions 
have active and passive layer. The active layer is in the active genes while the 
passive layer is in the area of trash DNA. The transition between states and 
hidden states of these 2 layers satisfies the moduli -state space Diophantine 
equation. The modulo makes the gene expression into circle and in fiber of the 
transition state.

Recent research has shown that it performs crucial functions, such as producing 
non-coding RNAs (ncRNAs) that regulate the expression of other genes.

In the past, this DNA was thought to be useless

Trash



Computationally, it is thus possible to deffine a new Chern-Simons current for 
hidden states

First, one has to define new states starting from the «real states»

Then, the CS current reads

For instance, for 
retrotrasposon it becomes

with



In so doing, the trash DNA is described at the same level as “standard” DNA



Application to KRAS and SARS-CoV2

The KRAS gene (Kirsten Rat Sarcoma Virus) is an oncogene that, when mutated, 
can contribute to the development of cancer. It is involved in cell signaling and 
the regulation of cell growth and proliferation. KRAS mutations are common in 
several types of cancer, such as lung, colorectal, and pancreatic cancer.

The SARS-CoV-2 (Severe Acute Respiratory Syndrome COronaVirus 2) 
previously named 2019 novel coronavirus (2019-nCoV), is a viral strain of the species 
Betacoronavirus  pandemicum belonging to the genus Betacoronavirus (family 
Coronaviridae), subgenus  Sarbecovirus, discovered around the end of 2019; it is the 
seventh coronavirus known to infect humans.



Approach:

1) We consider the Chern-Simons Current of series of amino acids in KRAS gene
2) We introduce known mutations in the original sequence
3) We compute the variation of the Chern-Simons current

Result:

1) The induced mutation yields variations in terms of curvature
2) The amount of variation can suggest the probability or frequency of the mutation, as well as its impact in the 

gene

Mutated sequence

Original sequence



In detail: application to KRAS human gene

Figures show the comparison between the original sequence (black dashed line) and the mutated one (red solid line)

F. Bajardi, S. Capozziello et al. Eur.Phys.J.Plus 136 (2021) 10, 1080



Application to KRAS human gene

Figures show the comparison between the original sequence (black dashed line) and the mutated one (red solid line)



Application to SARS-CoV-2 virus: second approach

Only four sequences have been 
considered for this analysis, 
since they are the only ones 

generating variants



Application to SARS-CoV-2 virus: first approach



Application to SARS-CoV-2 virus: first approach

The one-to-one comparison between the 
original and the corresponding mutated 
sequences shows that 60% of mutations 

corresponds to extreme values of current. 
Such percentage increases up to 80% if we 
consider only those mutations which will 

effectively spread out 

This statistic can be used to point out which occurred mutation 
of the sequence can be more likely to evolve in a real, spread 
out variant of the virus. Once we know the position of a given 
mutation, Chern–Simons currents can allow to predict which 

type of triplets will arise from such mutation 

> |100|

< |10|

Result: 

However, no information regarding the mutation position can be provided 



Results

The analysis again shows that mutations mostly occur where 
the current variation is high-valued. More precisely, in a set of 

125 total mutations, 59% of them (74/125) are located in points 
where the curvature undergoes abrupt variations. This 

percentage increases up to 69%, if only noticeable mutations 
which had more impact in the development of the 

corresponding variants are considered. 

This result can be explained based on the achievements of the 
previous section, where non- equilibrium points turned out to 
be best candidates to provide nitrogen bases mutations. More 

precisely, large values of the current variations account for 
peaked regions, which tend to evolve to a lower curvature, that 
is a lower current. Reversing the argument, large variations of 

current are exhibited by points which are far from the minimum 
of energy, which is supposed to occur where the trend is 

constant.

Physical interpretation



Conclusions and perspectives: Chern-Simons gravity to biological systems

Theoretical Perspectives                       1. Extend Lovelock gravity 
                                                                  2. Study other topological theories 
                                                                        towards biological systems

                    

                                                                          1.Focus on other part of DNA
  Applications                                           2.Compare with other DNA schematization methods               
                                                       3.Understand the link between CS current and  disease
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