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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 Ryuy — 59w R = 817G T
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General Relativity shortcomings

Large Scales

» Universe accelerating expansion
»Inflation
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u Dark Energy  w Dark Matter = Ordinary Matter

/>Ga|axy Rotation Curve

Observed rotation
curve

Rotatson curve expected
Y without dark maiter
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»Mass-Radius diagram of
neutron stars




General Relativity shortcomings

Small Scales

»Renormalization
»Quantization

classical Newtonian
mechanlcs gravity

quantum electro- specnal general
mechanlcs nngneusm relativity relativity

NVl

quantum QFI' in
field curved f--» 2 Quanumo
theory spacenrre L

» Discrepancy between theoretical and experimental A
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ﬂCannot be treated using the sarrm
formalism of QFT

K%pace-time singularity \

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




Chern-Simons Theory

Modified theories of gravity

Topological Field Theories

Extended theories of gravity

Alternative theories of gravity
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Topological Invariants

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

=0

Torus cannot be obtained by
1 deA=2(g_1) deforming the sphere

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



Lovelock and Chern-Simons theories

Lovelock action SO(1,D —1)
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It is the most general action
without torsion which leads
to second-order field
equations
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Lovelock Theorem:

The H-E action is the most

general four-dimensional

action leading to second-
order field equations




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

Find a methodical procedure ———

Shiing-Shen Chern James Harris Simons

Proceed by trial and error

Why Chern-Simons?

* |t fits the formalism of QFT
* It can be quantized

* It can be applied to SUGRA
* |t can be renormalized

* AdS/CFT correspondence

All D-dimensional Lagrangians whose
exterior derivative provides a
topological surface term, are quasi

gauge-invariant E = dlﬁ.

Chern-Simons Lagrangians
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Examples of three-dimensional CS Lagrangians




Chern-Simons theory: three possible applications

» SU(N) invariant
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Cosmology
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Cosmological applications
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Scale Factor

Dimension
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element and
starting action

d+1 dimensional expression of scalar curvature and GB term
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Spherical symmetry
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d+1 dimensional expression of scalar curvature and GB term
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Classical electromagnetism , _
In coordinates representation

S = / AdA = / Oy — 8, Ay) Ay dat Ada” A daP = / PF,, Ay dx
Can be added to
the free EM
Lagrangian

1 1
s=/ (—iFﬂ"FMV + §m2A"Au) d'z.

By varying with —
respect to the )
gauge connection

(04 m?) (eaﬁTF"ﬁ) =0 Massive wave equations —— Massive photons

Klein-Gordon equation for the vector field €apr F”

Proca wave equation: (0+m?)4® =0 Breaks U(1) invariance

Chern-Simons wave equation: (O+ m?) (eaﬂTFaﬁ) =0 —— U(1) invariant, but not conformally invariant

Special relativity is preserved




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

To this?

How to go from this

Adenosine

vgar phosphate
backbone




GRAVITA
BIOLOGY

A CHERN-SIMONS APPROACH
TO LIVING SYSTEMS




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

RGO DD -




Why is this important?

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

cussed branches of science

I

A complete theory capable of predicting the interactions
that occur among macro molecules and the corresponding
biological implications is still missing

I

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.

Contact data of a
genomic region

o/ /'4/ >
i . A rPrSwWR ,.f

OJ
yF M . — ¥
P 4 .
£ \FNS R, v
,)1)/ <2 y

NSR_ASZ?gSC @9 Specific binding sites
for cognate binders

Polymer physics SBS model of the region

)))l

Often it 1s 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

2 Second base of codon
| u [l A G

. NH,
UUU |Phenylalanine| UCU UAU | Tyrosine |UGU Cysteine U _____Adenme : T-—x———h mine /ﬁ\ Guanine © c %
vuc| P lueq  UAC| Tyr Jugd oys . Ny HaC N . |L osine |
U Uca Serine <7 | ‘ <{-/, \| “NH PN
VORI Leucine e stop W ST A NHTS ) r "N PN L N
UUG| Leu |ucG uGg| THPRhan (= N NH ~0 N NH; S X0
Trp
uu CcCcu CAU |,,. ... CGU U
Histidine
g CUC| | eucine 1€€| proline ICAC| His  |cac € 3 Moreover, CS theory is a topological field theory, which is a key
T Arginine =
o L P a H
S CUA| teu |CCA|  Pr° ICAA|Glytamine |(GA| Arg A 2 feature to describe the topology of DNA
k] Gi S
o
9 cuG CCG CAG in CGG G i
] )
js AuU Isoleucine ACU AAU Asparagine AGU Serine U n
= AUC lle ACC | Threonine|ARC| Asn  |AGC|  Ser . 2
“ B Thr A S
ACA AAA| Lysine |AGA| Arginine
AUG [Methionine ACG AAG Lys AGG Arg G
Met
GUU GCU GAU| Asparticadd |GGu U
. As
G euc Valine Gee A':‘?'“e GAC P GGC| Glycine .
GUA| Val GCA a Gl
GCG GAA Glutamicacid [GGA y A
GUG GAG| Glu |GGG G

f f f f

codons



Complex biological systems: the formalism In this way, Chern-Simons

currents can be computed for
the whole genetic code

First step: defining a set of quaternion fields

.

Apna = e Apna 1= e¥lon

5 e 3 Ak
Tpna:i=ie 2Bn Urnap :=ie 279

Cona = je™n Crna = j eimn In quanturT\ fle|f:| theory, Wilson I.o‘ops
o - are gauge invariant operators arising from
s i Bn s Tjon .
(GDNa = ke GrNa=ke the parallel transport of gauge variables

[h] € H: [h] = a+bi+cj+dk and a,b,c,d € R around closed loops.

CO n Sid e ri n g t h e S U (2 )_i nva rl a nt C h ern _Si mon a CtIO n Amino acid CS Current Amino acid CS Current Amino acid CS Current Amino acid CS Current
Phe (UUU) 0.7071 Ser (UCU) 0.0534 Tyr (UAU) 0.0214 Cys (UGU) 0.0122
g SU@2) _ / T [ AdA + g AA A] Phe (UUC) 0.5000 Ser (UCC) 0.0495 Tyr (UAC) 0.0205 Cys (UGC) 0.0118
3 Leu (UUA) 0.3717 Ser (UCA) 0.0460 Sto (UAA) 0.0197 Sto (UGA) 0.0115
Leu (UUG) 0.2887 Ser (UCG) 0.0429 Sto (UAG) 0.0189 Trp (UGG) 0.0112
Leu (CUU) 0.2319 Pro (CCU) 0.0402 His (CAU) 0.0182 Arg (CGU) 0.0109
And computing the expectation value of the Wilson LOOp Leu (CUQ) 0.1913 Pro (CCC) 0.0377 His (CAC) 0.0175 Arg (CGC) 0.0106
Leu (CUA) 0.1612 Pro (CCA) 0.0354 Gin (CAA) 0.0169 Arg (CGA) 0.0103
Leu (CUG) 0.1382 Pro (CCG) 0.0334 Gin (CAG) 0.0163 Arg (CGG) 0.0010
W(A) =tr [exp {P ?{ AH e (AUU) 0.1201 Thr (ACU) 0.0316 Asn (AAU) 0.0157 Ser (AGU) 0.0098
DASSTLW (A Ile (AUC) 0.1057 Thr (ACC) 0.0299 Asn (AAC) 0.0152 Ser (AGC) 0.0096
J =< [W( A)] S— J € n? ( n) | e (AUA) 0.0939 Thr (ACA) 0.0284 Lys (AAA) 0.0147 Arg (AGA) 0.0093
[DAeS Met (AUG) 0.0841 Thr (ACG) 0.0270 Lys (AAG) 0.0142 Arg (AGG) 0.0091
Val (GUU) 0.0759 Ala (GCU) 0.0257 Asp (GAU) 0.0138 Gly (GGU) 0.0089
To get the Chern-Simons current J Val (GUC) 0.0690 Ala (GCC) 0.0245 Asp (GAC) 0.0134 Gly (GGC) 0.0087
Val (GUA) 0.0630 Ala (GCA) 0.0234 Glu (GAA) 0.0129 Gly (GGA) 0.0085
Val (GUG) 0.0579 Ala (GCG) 0.0224 Glu (GAG) 0.0126 Gly (GGQ) 0.0083

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



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

Virus RNA Host DNA  Virus RNA HostDNA

x1 y1

X2 y2

W(x3/y3)
y3

y4 x4

y5 x5

Cd4 gene V3 gene

x1 y1
x2 y2
Antigeht shift
y3 x3
x4 y4
x5 y5
V3gene Cd4gene

Each point is labeled by a different current

The approach:

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

What we expect

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.

In agreement with Gibbs free energy minimization AG < 0.

G=U-TS+pV,

Can be assumed to be constants

Potential energy

S. Capozziello, R. Pincak, K. Kanjamapornkul and E. N. Saridakis. Annalen Phys 530 (2018), 1700271
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By means of the Nitrogen bases, it is possible to define different possible ”"real” states

[s1] = ([ALT]) € oM, [p1] = [s1]" = [sua]" = ([A], [T]")" € M

64 states of codon and anti-states of codon state

[s2] = ([4], [NA]) € LM, [s2]" = ([A],[NA])" € TyM

[ss] = ([C],[G]") e TL,M,  [ss]” = ([C],[G]")" e T;M

[sa] = ([C},INC]) € LM, [sa]" = ([C], [NC])" € M

[ss] = ([T, [T]") € TLM,  [ss]” = ((T), [T]")" € TyM

[se] = ((T), [NA]) € TLM,  [se]" = ([T], [NA])" € T;M

[s7] = (G, [GI") e LM, [s7]" = ([G], [G]")" € T, M

[ss] = ([G], [NC]) € LM, [ss]" = ([G], [NC])" € T,M.
K=41,(s1,p1)

. 1 . To Compute the States we impose: CS=0.0157,Asn
I = 59 (0j9;k + 0igjx — Orgjk) Vg9 =0. - No torsion
- Metric Compatibility

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

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

A




Viral RNA DNA

Ribosome
Apna = e2ihn Apna = etion Chern-simons current
Tpna = e zibn Ugpna == ie”2iom Wi =t [exp {’Pf{AH
. . R s >

; . jm DA, W (Ay)

Cpnai=je™  Crya:=jée™n — A)>=1 LA L
| | J =< [W(A)] > [DAGS

Gpna = k ¢2mibn GRNA == k e2mion

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 Whsettleap

mRNA

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

loop space of time series data with Cher‘

]

-Simons
rrent

extradimension over the Hopf fibration D“a['zyi'a'e

orientation area of fiber space of DNA, it is an active part of the state with
L 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
Parallele trfns(ofn[irgp]onoriemation induced Chern-Simons current in this area is quantized into separeted fiber in
Duality state state [sf .
i N\ - Uppers the covering space of the sphere.
wd S8\

/. / Cor omplex plane
)

in spinorstate (8] + /

L’
e —
D-

\ Geneon state of geng expression

Retrontransposon state



This formalism can be also used to describe docking between molecules

Chern-Simons current over CD4
receptor protein as curvature in
behavior of docking states
between V3 loop and CD4

9"k

4
o1 olsp

T
ST a6 30:6::0:00:88, B

Viral RNA GENE, xt Host DNA gene,yt

(W]

Viral Glycoprotein

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

virus attaches a cell




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

[ D®,(z) 0 0000 O 0 0 0 |
0 D®y(z;) 0 000 0 0 0 0 d @y A d o _
0 0 ... 000 0 0 0 0 D®y(zr),k=1,2,---14 = 451 /_ gkke—]27rﬂk(zlc)dﬂk = ﬁ /_ gkke—27|']ﬁi(1k)dﬁk
adi | 0 0 0 000 DBy(z:) O 0 0 _ s ks
0 0 0000 0 dbf(y) O 0 \\W'th/'
0 0 0 00O 0 0 d®F (yt) 0 d gPPde2min (up)
0 0 0000 0 0 0 dof(y) | o7 (y:),p=1,2,3 = 59" ; () = R
= adjy,z; = {ye,x:} = 0. 14 bases for ghost fields, 3 bases for anti-ghost fields
Ghost field ®;| site name |moduli state space variable| Anti-Ghost field ®; site name moduli state space variable
P, C T <I>1+ CD4 receptor Yt
d, N T4 oF CXCR4 coreceptor Y
(o i Ty <I>;f CCRS5 coreceptor Yt
(o La Tt
@5 as Tt
The table below shows the definition of first 14- @ Lc x
ghost fields in E8 x E8 model of artificial HIV ®7 o3 T
viral v3 loop and cd4 as a supermanifold Ps Le Tt
structure @9 V5 e
‘I’m V4 Tt
(o3P V3 Ty
By, V1/V2 mt
P13 Bridging Sheet Tt
Py B Sheet Tt




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.

e U e N — N
th\,yt) H(S) 74 8

ol

Undocking state with nonequilibrium docking state with equilibrium




What about the “Junk” area?



Junk DNA is a part of DNA that does not directly code for proteins, but still plays In the past, this DNA was thought to be useless

an important role in regulating gene expression and in the structure of the
genome.

Recent research has shown that it performs crutial functions, such as producing
non-coding RNAs (ncRNAs) that regulate the expression of other genes.
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The transition state in trash DNA between transposon, retrotransposon and X o
active gene in the moduli-state space Diophantine equation. The transitions 3
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 <ls2]/s41>=G in C(D.R)

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.

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




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

hidden states
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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
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In detail: application to KRAS human gene
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Position Ref. Base | Mutation |Ref. Amino | Mutation | Current Variation (%) | Initial CS current] Mutated CS current
25,215,485 CUU CUG L L -40.405 0.2319 0.1382
25,215,501 Uuu GUU F \' -89.266 0.7071 0.0759
25,215,520 UCG UUG S L 572.96 0.0429 0.2887
25,215,529 CCU CUU P L 476.866 0.0402 0.2319
25,215,539 UGU UGC C C -3.279 0.0122 0.0118
25,215,547 AGC AUC S I r 1001.042 0.0096 0.1057
25,215,559 ucu UGU S C -77.154 0.0534 0.0122

Figures show the comparison between the original sequence (black dashed line) and the mutated one (red solid line)
Position Ref. Base | Mutation |Ref. Amino | Mutation | Current Variation (%) | Initial CS current| Mutated CS current
25,245,294 uuc UuG F L -42.26 0.5 0.2887
25,245,314 AAU AUU N [ 664.968 0.0157 0.1201
25,245,321 CUG CUU L L 67.8 0.1382 0.2319
25,245,332 GGC GAC G D 54.023 0.0087 0.0134
25,245,338 CUU CCU L P -82.665 0.2319 0.0402
25,245,350 ACC AAC T N -49.164 0.0299 0.0152
25,245,365 CAC CCC H P 115.429 0.0175 0.0377
25,245,370 Uuu GUU F \' -89.266 0.7071 0.0759
25,245,378 UucC Uuu F F 41.42 0.5 0.7071

F. Bajardi, S. Capozziello et al. Eur.Phys.J.Plus 136 (2021) 10, 1080
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Application to KRAS human gene

Position Ref. Base | Mutation |Ref. Amino | Mutation | Current Variation (%) | Initial CS current| Mutated CS current
25,245,279 UAU UAA Y Stop -7.944 0.0214 0.0197
25,245,294 uuc UuG F L -42.260 0.5 0.2887
25,245,314 AAU AUU N [ 664.968 0.0157 0.1201
25,245,332 GGC GAC G D 54.023 0.0087 0.0134
25,245,342 GCC GCU A A 4.898 0.0245 0.0257
25,245,350 ACC AAC T N -49.164 0.0299 0.0152
25,245,365 CAC CCC H P 115.429 0.0175 0.0377
25,245,370 Uuu AUU F I -83.015 0.7071 0.1201
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Figures show the comparison between the original sequence (black dashed line) and the mutated one (red solid line)

Position Ref. Base | Mutation |Ref. Amino | Mutation | Current Variation (%) | Initial CS current| Mutated CS current
25,245,294 uuc UuG F L -42.26 0.5 0.2887
25,245,314 AAU AUU N [ 664.968 0.0157 0.1201
25,245,321 CUG CcuUU L I 67.8 0.1382 0.2319
25,245,332 GGC GAC G D 54.023 0.0087 0.0134
25,245,338 CcCUuU CCU L P -82.665 0.2319 0.0402
25,245,350 ACC AAC T N -49.164 0.0299 0.0152
25,245,365 CAC CCC H P 115.429 0.0175 0.0377
25,245,370 Uuu GUU F \' -89.266 0.7071 0.0759
25,245,378 uuc Uuu F F 41.42 0.5 0.7071
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Application to SARS-CoV-2 virus: second approach Variation (%), = !

In—1
20¢ 208 20A Mutations
pesitoni| R 20C ipietl| aoc Cvent ()it respect (%) with respect| | pogitig 208 Triplet | 20B Current | Variation (%) with respect | Variation (%) with respect
to previous position | to position bl B = ion (X) = Hation (%) w e Position 20A Triplet 20A Current | Variation (%) with respect | Variation (%) with respect
720 e 0.1382 717 90 to previous position to position 4 L - s,
555 ACT 0.0316 145 ET) 217 TCC 0.0495 -83 -74 to previous position to position
810 ACA 0.0284 -55 -46 301 ATT 0.1201 1191 -91 61 GTT 0.0759 772 280
1323 ACA 0.0284 20 53 1002 ACT 0.0316 0 280
266 ACC 0.0299 123 1572
1656 AAG 0.0142 3 -21 1247 AcT 0.0316 145 -55
s T T omn = S Y T 3 o 0 1 0w = =
2130 T 0.0759 195 ) 1668 ATT 0.1201 125 -88 2130 GCT 0.0257 0 195
2454 GTT 0.0759 522 -79 1709 BT 0.0257 0 = 3840 AAG 0.0142 -97 1247
2597 AAT 0.0157 79 72 1908 TTC 0.5 2236 -94
3353 cIT 0.2319 1533 -94 2148 AAC 0.0152 .93 -3 6098 ACA 0.0284 -51 -38
S5 —ote 0w % a2 231 ATA 00539 = = ool Acs 0.027 i %
3451 GAC 0.0134 82 32 2426 ACTH 00316 Le 280 6590 ccc 0.0377 -55 67
4236 AAC 00152 % 0 5219 s61s 0083 =29 2 6773 TGA 0.0115 -19 1302
5168 TAG 0.0189 73 21 3892 TGT 0.0122 -28 466
5475 GTA 0.063 25 358 4425 ACA 0.0284 33 T 6800 CTA 0.1612 927 -57
6054 CTA 0.1612 821 -42 4805 ccG 0.0334 120 89 6998 CGT 0.0109 -87 67
6092 6 0.2887 3004 93
4993 ACA 0.0284 0 -57
6098 0.0939 62 8 7069 TGA 0.0115 -88 6049
129 gGA 01382 51 _9; 5006 AcC 0.0299 -84 1143 7320 oCT 0.0257 20 1346
6161 ATG 0.0841 30 37 5305 T 0.2319 717 -93 '
6398 cGT 0.0109 93 478 5462 cGC 0.0106 -28 334 8036 GAC 0.0134 -21 243
6773 TTA 03717 2518 -57 5785 AGC 0.0096 -90 3772 8434 AGA 0.0093 -98 141
7118 cT 0.2319 1377 88 5098 ACA 0.0284 51 38
7167 GCT 0.0257 a1 265 T o 01201 86 m 8437 CCA 0.0354 -85 -58
4180, GAT RRUEL -8 . 6479 TCA 0.046 71 708 8847 CAG 0.0163 -51 1179
7315 GAT 0.0138 27 1286 - d
7331 ATA 0.0939 165 91 6590 crc 0.1913 127 -67 9516 GGC 0.0087 0 13
7517 AAG 0.0142 67 746 7120 ACC 0.0299 5 -69
9540 AGG 0.0091 -7 272
7584 GAA 0.0129 -83 -31 7170 GTC 0.069 279 -23
7501 2AT 20057 =0 =2 7577 AGC 0.00%6 8 19 9546 AGA 0.0093 -64 804
801 oy 00234 16 o 7601 AAT 0.0157 -50 -43 9557 GCT 0.0257 -89 1023
8437 CTA 0.1612 30 o1 7670 GCr 0.0257 -79 -48 9708 GAC 0.0134 -6 10
8548 CAG 0.0163 93 255 7713 CAG 0.0163 -24 -45
8549 GTG 0.0579 255 45 7781 ccT 0.0402 25 75 9795 GTA 0.063 273 -78
:ggg :__"T'(; gigg 3;‘; 5232 7816 ACA 0.0284 -25 -45
8897 GAT 0.0138 13 191 7829 ACG 00239 ol 2
= e G P = 8036 GAT 0.0138 -19 233
9331 CAT 0.0182 97 786 8081 T 0.2319 119 -80
9404 ot 0.0402 92 74 8082 TCA 0.046 -80 -76
9542 ACT 0.0316 272 69 8218 GAC 0.0134 -53 13
- 2 = T T BT
- - 9262 TAG 0.0189 97 -22
19 9283 GTA 0.063 37 71
Position 19A Triplet | 19A Current |Variation (%) with respect | Variation (%) with respect 9516 GGT 0.0089 2 10
to previous position to position 9571 ATG 0.0841 472 -37
925 TIC 05 836 -96
2840 AGC 0.0096 6213 70
3607 T 07071 0 97 O Iy f q h b
0 s pen - L n our sequences nave peen
4716 cTA 01612 821 90 . . .
5829 c16 01382 362 68 d d f h I
o o . = = considered tor this analysis,
5933 TCT 0.0534 299 596 .
7714 GAT 0.0138 -15 450 h y h I y
Zu oar pows £ — since they are the only ones
9294 T 07071 412 96 . .
5 generating variants
9762 TAC 0.0205 53 39




Application to SARS-CoV-2 virus: first approach Ssiope =

Position | 20C Triplet | 20C Current| 20G Triplet | 20G Current| Current Variation (%)
220 ci6 0.1382 TG 0.2887 109
55| ACT 0.0316 ACC 0.0299 5
1323]  ACA 0.0284 ACC 0.0299 5
1978] _ ccc 00377 ccT 0.0402 7
2130 1T 0.0759 [ 0.0257 66
3383 _ar 02319 TIT 0.7071 205 "
4236] __AAC 00152 AAT 0.0157 3 3 g
5168 TAG 00189 TAT 0.0214 13 2 =
6054] cTA 01612 a6 0.1382 14 > .2
6092|116 0.2887 T 0.7071 125 sg
6098 ATA 0.0939 ACA 0.0284 70 g 2
6129] 16 0.1382 TG 0.2887 109 o9
6161 ATG 0.0841 ACG 0.027 68 E £
6773 TTA 03717 TGA 00115 97 g0
7331 ATA 0.0939 ATT 0.1201 28 £%
7620 GCA 0.0234 TCA 0.046 97
8437]  CIA 0.1612 CcA 0.0354 78
8549]  GTG 0.0579 716 0.2887 399
8556]  TIT 07071 TIC 05 29
8897|  GAT 0.0138 TAT 0.0214 55
9234 6rC 0.069 GTT 0.0759 10
9404] _ccr 0.0402 T 0.0534 33
9536] cca 0.0354 cTA 01612 355
9726] _caG 0.0163 €76 01382 748
Position | 208 Triplet [ 208 Current| 201 Triplet | 201 Current | Current (%)
217 TCC 0.0495 TCT 0.0534 8
1002 ACT 0.0316 ATT 0.1201 280
1668 ATT 0.1201 ATA 0.0939 -22
1709 GCT 0.0257 GAT 0.0138 -46
1908 TTC 0.5 T 0.7071 41
2231 ATA 0.0939 ACA 0.0284 -70
4805 ccG 0.0334 CTG 0.1382 314
5006 AcC 0.0299 ATC 0.1057 254
5305 T 0.2319 ccT 0.0402 -83
5785 AGC 0.0096 GGC 0.0087 -9
6590 c1c 0.1913 ccc 0.0377 -80
7170 GTC 0.069 ATC 0.1057 53
7601 AAT 0.0157 TAT 0.0214 36
7670 GCT 0.0257 GAT 0.0138 -46
7781 ccT 0.0402 CAT 0.0182 -55
7816 ACA 0.0284 ATA 0.0939 231
8036 GAT 0.0138 GAC 0.0134 -3
8082 TCA 0.046 GCA 0.0234 -49
8218 GAC 0.0134 CAC 0.0175 31
9237 TCA 0.046 TTA 0.3717 708
9262 TAG 0.0189 TAT 0.0214 13
9283 GTA 0.063 GTG 0.0579 -8
Position | 20B Triplet | 20B Current| 20F Triplet | 20F Current | Current (%)
301 ATT 0.1201 TIT 0.7071 489
2426 AcT 0.0316 AcC 0.0299 -5
5462 cGC 0.0106 cTC 0.1913 1705
6098 ACA 0.0284 ATA 0.0939 231
6590 crc 0.1913 ccc 0.0377 -80
7577 AGC 0.0096 AAC 0.0152 58
7713 CAG 0.0163 CAA 0.0169 4
8036 GAT 0.0138 GAC 0.0134 -3
9516 GGT 0.0089 GGC 0.0087 -2

Large values of
current variation

Small values of
current variation

Mutated Seq. — Original Seq.

Large values of
current variation

Y

Intermediate values
of current variation

Intermediate values
of current variation
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current variation

Large values of

A\

N

current variation

Small values of
current variation

Original Seq.

Position [ 20B Triplet [20B Current | 20D Triplet | 20D Current| Current Variation (%)
1247 AcT 0.0316 ATT 0.1201 280
1306 AAG 0.0142 AAT 0.0157 11
2148 AAC 0.0152 AAT 0.0157 3
3279 GGT 0.0089 AGT 0.0098 10
3892 TGT 0.0122 TGC 0.0118 -3
4425 ACA 0.0284 ATA 0.0939 231
4993 ACA 0.0284 ATA 0.0939 231
6299 ATT 0.1201 ACT 0.0316 -74
6479 TCA 0.046 TCG 0.0429 -7
6590 crc 0.1913 ccc 0.0377 -80
7120 ACC 0.0299 ATC 0.1057 254
7823 Acc 0.0299 ACT 0.0316 6
8036 GAT 0.0138 GAC 0.0134 -3
8081 T 0.2319 crc 0.1913 -18
9516 GGT 0.0089 GGC 0.0087 -2
9571 ATG 0.0841 ATT 0.1201 43
Position | 20A Triplet | 20A Current | 20E Triplet | 20E Current | Current (%)
61 GTT 0.0759 GTC 0.069 -9
2008 ACC 0.0299 ACT 0.0316 6
3840 AAG 0.0142 AAA 0.0147 4
6800 CTA 0.1612 CCA 0.0354 -78
6998 CGT 0.0109 ccr 0.0402 269
7069 TGA 0.0115 TTA 0.3717 3132
7322 GCT 0.0257 GTT 0.0759 195
9546 AGA 0.0093 AAA 0.0147 58
9557 GCT 0.0257 GTT 0.0759 195
9708 GAC 0.0134 GAT 0.0138 3
9795 GTA 0.063 TTA 0.3717 490
Position | 20C Triplet | 20C Current | 20H Triplet | 20H Current| Current (%)
810 ACA 0.0284 ACT 0.0316 11
1656 AAG 0.0142 AAT 0.0157 11
2047 CCA 0.0354 CTA 0.1612 355
2130 GTT 0.0759 GCT 0.0257 -66
2454 GTT 0.0759 GTC 0.069 -9
2597 AAT 0.0157 AGT 0.0098 -38 "
3354 AAG 0.0142 AGG 0.0091 -36 g
3378 GTG 0.0579 GTT 0.0759 31 ©
3451 GAC 0.0134 GAT 0.0138 3 >
5475 GTA 0.063 GTG 0.0579 -8 %
6098 ATA 0.0939 ACA 0.0284 -70 -
6161 ATG 0.0841 ACG 0.027 -68 Q
6398 CGT 0.0109 CAT 0.0182 67 E
6773 TTA 0.3717 TGA 0.0115 -97 2
7118 T 0.2319 T 0.7071 205 =
7167 GCT 0.0257 GTT 0.0759 195
7180 GAT 0.0138 GCT 0.0257 86
7315 GAT 0.0138 GGT 0.0089 -36
7517 AAG 0.0142 AAT 0.0157 11
7584 GAA 0.0129 AAA 0.0147 14
7601 AAT 0.0157 TAT 0.0214 36
7801 GCA 0.0234 GTA 0.063 169
8437 CTA 0.1612 CCA 0.0354 -78
8548 CAG 0.0163 TAG 0.0189 16
8732 CTG 0.1382 TG 0.2887 109
9331 CAT 0.0182 TAT 0.0214 18
9542 ACT 0.0316 ATT 0.1201 280
9809 AGT 0.0098 ATT 0.1201 1126
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current variation
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of current variation
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Application to SARS-CoV-2 virus: first approach

Result:

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

> |100]|

T

Intermediate Yal.ues ; Large values of
of current variation current variation

Small values of
i — < |10]
current variation

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

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.

2"

Physical interpretation

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.




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

PP
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