
0.0.1 Empirical rules about DNA and mrNA supporting the sym-
metry breaking picture

Somewhat surprisingly, basic facts which can be found from Wikipedia, sup-
port the proposed vision about symmetry breaking although, the mechanism
of matter antimatter symmetry breaking is more complex than the first
guess. I am grateful for Dale Trenary for references which made possible to
realize this. Before continuing some comments about the physical picture
are in order.

a) The vanishing of the induced Kähler field means that the space-time
sheet of DNA is a highly unstable vacuum extremal. The non-vanishing
of the induced Kähler electric field is thus a natural correlate for both the
stability and the non-vanishing quark number density (matter antimatter
asymmetry). The generation of matter antimatter asymmetry induces a net
density of anomalous em charge, isospin, and quark number in the portion
of DNA considered. This in turn generates not only longitudinal electric
field but also a longitudinal Kähler electric field along DNA.

b) Weak electric fields play a key role in living matter. There are electric
fields associated with embryos, central nervous system, individual neurons,
and microtubules and their direction determines the direction of a process
involved (head-to-tail direction, direction of propagation of nerve pulse, ...).

c) Same mechanism is expected to be at work also in the case of DNA
and RNA. In the case of gene the direction of transcription could be deter-
mined by the direction of the electric field created by gene and telomeres at
the ends of chromosomes carrying a net anomalous quark number could be
partially responsible for the generation of this field. In the case of mRNA
the direction of translation would be determined in the similar manner. The
net anomalous em charges of poly-A tail and the transcribed part of mRNA
would have opposite signs so that a longitudinal electric field would result.

It will be found that this picture is consistent with empirical findings
about properties of DNA.

1. Breaking of matter antimatter symmetry and isospin symmetry for
entire genome

Chargaff’s rules are not exact and the breaking gives important infor-
mation about small breakings of isospin and matter-antimatter symmetries
at the level of entire genome. The basic parameters are em charge per nu-
cleotide, isospin per nucleotide, the amount of quark number per nucleotide,
and the ratio of u and d type matters coded by (G+C)/(A+T ) ratio. Recall
that there are four options for the map of A,T,C,G to quarks and antiquarks
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and for option c) resp. d) the anomalous em charge is opposite to that for
a) resp. b).

The following table gives A,T,C,G contents (these data are from Wikipedia
[5]), the amount of quark charge per nucleotide for the options a) resp. b)
given by dq1/dn = p[2(A− T )−G−C)]/3 resp. dq2/dn = p[A− T − 2(G−
C)]/3, the amount dI3/dn = p(A−G + C − T ]/2 of isospin per nucleotide,
the amount d(q−q)/dn = p(A−T +G−C) of quark number per nucleotide,
and (A+T )/(C +G) ratio for entire genomes in some cases. It will be found
that so called Szybalski’s rules state that for coding regions there is breaking
of the approximate matter antimatter asymmetry.

Note that matter antimatter asymmetry in the scale of entire genome
has largest positive value for human genome and negative value only for
yeast genome: this case the magnitude of the asymmetry is largest.

Human Chicken Grass− Sea Wheat Y east E.Coli
hopper Urchin

p(A) 0.3090 0.2880 0.2930 0.3280 0.2730 0.3130 0.2470
p(T ) 0.2940 0.2920 0.2930 0.3210 0.2710 0.3290 0.2360
p(C) 0.1990 0.2050 0.2050 0.1770 0.2270 0.1870 0.2600
p(G) 0.1980 0.2170 0.2070 0.1730 0.2280 0.1710 0.2570

dq1

dn 0.0103 −0.0067 −0.0007 0.0060 0.0010 −0.0053 0.0083
dq2

dn 0.0057 −0.0093 −0.0013 0.0050 −0.0000 0.0053 0.0057

dI3
dn 0.0080 −0.0080 −0.0010 0.0055 0.0005 0.0000 0.0070

d(q−q)
dn 0.0140 0.0080 0.0020 0.0030 0.0030 −0.0320 0.0080

p(A+T )
p(G+C) 1.5189 1.3744 1.4223 1.8543 1.1956 1.7933 0.9342

(1)

For option b) the amount of anomalous charge is about .0057e per nu-
cleotide and thus about 3 × 107e for entire human DNA having length of
about 1.8 meters. The inspection of tables of [2] shows that the anoma-
lous em charge for the repeating sequence defining the telomere is always
non-vanishing and has always the same sign. Telomeres for human chro-
mosomes consist of TTAGGG repetitions with anomalous em charge with
magnitude 5e/3 for all options and have a length measured in few kbases.
Human genome as has 24 chromosomes so that the total anomalous em
charge of telomeres is roughly 24× (5/18)×x103e ∼ .8× 103xe, 1 < x < 10.
The anomalous em charge of telomeres is three orders of magnitude smaller
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than that of entire DNA but if DNA is quantum critical system the change
the total anomalous em charge and quark number due to the shortening of
telomeres could induce instabilities of DNA (due to the approach to vacuum
extremal) contributing to ageing. Note that the small net value of quark
number in all the cases considered might be necessary for overall stability
of DNA. Telomeres are also known to prevent the ends of chromosomes to
stick to each other. This could be partially due to the Coulomb repulsion
due to the anomalous em charge.

According to [5] Chargaff’s rules do not apply to viral organellar genomes
(mitochondria [1], plastids) or single stranded viral DNA and RNA genomes.
Thus approximate matter antimatter symmetry fails for DNAs of organelles
involved with metabolism. This might relate to the fact that the coding
portion of DNA is very high and repeats are absent. Chargaff’s rule applies
not only to nucleotides but also for oligonucleotides which corresponds to
DNA or RNA sequences with not more than 20 bases. This means that for
single strand oligonucleotides and their conjugates appear in pairs. Matter
antimatter asymmetry would be realized as presence of matter blobs and
their conjugates. This might relate to the mechanism how the sequences of
oligonucleotides are generated from DNA and its conjugate.

2. Breaking of matter antimatter symmetry for coding regions

As noticed, one can consider three type of symmetry breaking param-
eters for DNA in DNA as tqc model. There are indeed three empirical
parameters of this kind. Chargaff’ rules have been already discussed and
correspond to approximate matter antimatter symmetry. The second asym-
metry parameter would measure the asymmetry between uu and dd type
matter. p(G + C) corresponds to the fraction of dd type quark matter for
option a) and uu matter for option b). It is known that G+C fraction
p(G + C) characterizes genes [4] and the value of p(G + C) is proportional
to the length of the coding sequence [4, 3].

Besides Chargaff’ rules holding true for entire genome also Szybalski’s
rules [5] hold true but only for coding coding regions. The biological basis of
neither rules is not understood. The interpretation of Chargaff’s rules would
be in terms of approximate matter antimatter symmetry and the vanishing
of net isospin at the level of quarks whereas Szybalski’s rule would state the
breaking of these symmetries non-coding regions. Hence all the three basic
empirical rules would have a nice interpretation in DNA as tqc picture.

Consider now Szybalski’s rules in more detail.
a) In most bacterial genomes (which are generally 80-90 % coding) genes

are arranged in such a fashion that approximately 50 % of the coding se-
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quence lies on either strand. Note that either strand can act as a template
(this came as a surprise for me). Szybalski, in the 1960s, showed that in
bacteriophage coding sequences purines (A and G) exceed pyrimidines (C
and T). This rule has since been confirmed in other organisms and known
as Szybalski’s rule [5, 6]. While Szybalski’s rule generally holds, exceptions
are known to exist.

Interpretation. A breaking of matter antimatter symmetry occurs in
coding regions such that the net breakings are opposite for regions using
different templates and thus different directions of transcription (promoter
to the right/left of coding region).

b) One can actually characterize Szybalski’s rules more precisely. By
Chargaff’s rules one has p(A + T ) ' 1− p(G + C)). In coding regions with
low value of p(G+C) p(A) is known to be higher than on the average whereas
for high value of p(G + C) p(G) tends to higher than on the average.

Interpretation. These data do not fix completely the pattern of breaking
of the approximate matter antimatter symmetry.

i) It could take place for both kinds of quark matter (uu and dd): both
p(A) and p(G) would increase from its value for entire genome but the
dominance of A over G or vice versa would explain the observation.

ii) The breaking could also occur only for the dominating type of quark
matter (uu or dd) in which case only p(A) or p(G) would increase from the
value for entire genome.

Also a net isospin is generated which is of opposite sign for short and long
coding sequences so that there must be some critical length of the coding
sequences for which isospin per nucleotide vanishes. This length should have
biological meaning.

c) For mRNA A+G content is always high. This is possible only because
the template part of the DNA which need not be always the same strand
varies so that if it is strand it has higher A+G content and if it is conjugate
strand it has higher T + C content.

Interpretation. mRNA breaks always matter antimatter symmetry and
the sign of matter antimatter asymmetry is always same. Thus mRNA is
analogous to matter in observed universe. The poly-A tail added to the end
of mRNA after transcription to stabilize it would reduce the too large values
of isospin and anomalous em charge per nucleon due to the fact that mRNA
does not contain regions satisfying Chargaff’s rules. It would also generate
the needed longitudinal electric field determining the direction of translation.
In the case of DNA the breaking of matter antimatter symmetry is realized
at the functional level by a varying direction of transcription and variation of
template strand so that matter antimatter symmetry for the entire DNA is
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only slightly broken. Direction of transcription would be determined by the
direction of the electric field. The stability of long DNA sequences might
require approximate matter antimatter symmetry for single DNA strand
if it is long. In the case of simple genomes (mitochondrial, plastid, and
viral) the small size of the genome, the high fraction of coding regions,
and the absence of repeating sequences might make approximate matter
antimatter symmetry un-necessary. An interesting working hypothesis is
that the direction of transcription is always same for these genomes.

One can try to use this information to fix the most probable option for
nucleotide quark correspondence.

a) In nuclear physics the neutron to proton ratio of nucleus increases
as nucleus becomes heavier so that the nuclear isospin becomes negative:
I3 < 0. The increase of the nuclear mass corresponds to the increase for the
length of the coding region. Since G/A fraction increases with the length of
coding region, G should correspond to either d quark ((Qa < 0, I3 = −1/2))
or its charge conjugate dc (Qa < 0). Hence option a) or its charge conjugate
would be favored.

b) If one takes very seriously the analogy with cosmic matter antimatter
asymmetry then matter should dominate and only (A, G, T,C)→ (u, d, u, d)
option would remain.

Szybalski’s findings leave open the question whether non-coding regions
obey the Chargaff’ rules in good approximation or whether also they appear
as pairs with opposite matter antimatter asymmetry. Introns are belong to
coding regions in the sense that they are transcribed to mRNA. Splicing
however cuts them off from mRNA. It is not clear whether introns break the
approximate matter antimatter symmetry or not. If breaking takes place
it might mean that introns code for something but not chemically. On the
other hand, the absence of asymmetry might serve at least partially as a
signal telling that introns must be cut off before translation. Many inter-
esting questions represent itself. For instance, how the symmetry breaking
parameters, in particular matter antimatter asymmetry parameter, depend
on genes. The correlation with gene length is the most plausible guess.
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