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ABSTRACT

By quantifying EPR-generated accumulations of entangled proton qubits populating duplex microsatellite
base pairs, observed as G-C — G*-C’, G-C — *G-C*and A-T — *A-*T, the potential to exhibit expansion
or contraction over evolutionary times can be qualitatively specified. Bold italics identify base pair
superpositions of entangled proton qubits. Metastable hydrogen bonding amino (-NH;) protons
encounter quantum uncertainty limits, Ax Apx = h/2, which generate EPR arrangements, keto-amino
—(entanglement)-> enol-imine, yielding reduced energy entangled proton qubits shared between two
indistinguishable sets of electron lone-pairs belonging to enol oxygen and imine nitrogen on opposite
strands. When measured by Grover’s-type quantum processors, §t < 10723 s, microsatellites whose
entangled proton qubits generate a preponderance of initiation codons — UUG, CUG, AUG, GUG —
participate in the expansion mode of DNA synthesis, but if more stop codons — UAA, UGA, UAG — were
introduced and/or the particular sequence consisted exclusively of A-T, such microsatellites would
generally decrease in relative abundance over evolutionary times. This model is tested by evaluating the
twenty-two most abundant microsatellites common to human and rat. From this list, predictions by
“measurements of” entangled proton qubit states identify two ordered sets — eleven exhibiting expansion
and eleven exhibiting contraction — of microsatellites, consistent with observation. These analyses imply
Grover’s-type enzyme-processor measurements of EPR-generated entangled proton “qubit pairs” can
simulate microsatellite evolution, and further, identify entangled proton “qubit pairs” as the smallest
“measurable” genetic informational unit, specifying particular evolution instructions with “measured”
guantum information. Classical pathways cannot simulate microsatellite evolution observables.

Key Words: Entanglement evolution algorithm; Informational entangled qubits; Quantum/classical interface;
Quantum information processing; Quantum uncertainty limits; Variable ‘tick rate’ clock

1 Introduction

Recent studies [1-4] of time-dependent molecular clock [5-11] genetic alterations are consistent with
Grover’s-type [12] enzyme quantum-readers measuring, 5t < 1073 s, EPR-generated [13-18] entangled
proton qubit states to yield time-dependent substitutions [6-9], ts, and time-dependent deletions [10-11],
td, after quantum information processing, At' < 107* s [3], events of (i) transcription, (ii) translation, (iii)
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selection of accessible amino acids for peptide bond formation, (iv) initiation of genome growth and (v)
random genetic drift [1-4,19]. Accuracy of this quantum entanglement algorithm model [1-4] for
describing molecular evolution of DNA systems is tested by comparing its predictions to observation
regarding evolutionary distributions of the twenty-two most abundant microsatellites common to rat and
human genomes [20-22], identified in Table 1.

Microsatellites of length L are short (20 < L < 80 bp) tandem repeats (STRs) of duplex DNA with repeat unit
< 6 bp [20-21]. Hundreds of thousands of STRs are distributed throughout eukaryote and prokaryote
genomes [23-24] and have become a primary source of nuclear genetic markers for a variety of
applications [25-27]. Because of considerable variability in repeat number at most loci, i.e., polymorphism,
microsatellites are frequently used in the study of evolution and mapping of heritable disease genes [28-
34]. Studies on the origin, evolution and instability of such gene [34-37] have employed linkage
disequilibrium analysis that is dependent on microsatellite mutation rates. Microsatellites generally
exhibit mutation by the gain and/or loss of repeat units with an occasional point mutation interruption
[38-40]. Although microsatellite evolution is of considerable interest [41-44], the responsible mechanisms
are incompletely understood [45-48]. Specifically, the relative distribution of microsatellites — and their
individual lengths — throughout eukaryote and prokaryote genomes have remained an enigma [20-23, 49-
50]. Also, microsatellite evolution rates may be different for humans, non-human primates and rodents,
implying variable, species dependent mutation rates in STRs [40-41,51-54]. The effectiveness of resolving
microsatellite data in evolutionary and genetic studies is a function of the accuracy of models for
microsatellite evolution [1-2]. Inadequate models can reduce analytical insight and yield misleading
conclusions [1-5]. The development of accurate models requires a proper understanding of mechanisms
responsible for intra-loci and extra-loci dynamic events, and their consequences [1-3,28-29], which can
cause expansions and/or contractions within microsatellite loci.

Models for microsatellite evolution have employed various combinations of slippage-like mutation
[38,48,55-56], rate of base substitution in flanking sequences [33,36], and the stepwise mutation model
[57]. Nevertheless, the above mentioned models [24-28,30-48,55-57] for STR evolution have not provided
an obvious rationale for the distribution of the 22 most abundant STRs common to human and rat
genomes [20], displayed in Table 1. The purpose of this report is to predict, qualitatively, the evolutionary
distribution of the 22 most abundant STRs (Table 1) common to rat and human DNA [20], using an
evolutionarily selected, EPR-generated [13-18] quantum entanglement algorithm [1-4] for specifying
time-dependent substitutions, ts, [5-9] and time-dependent deletions, td [10-11]. Quantum
entanglement algorithm predictions [1-4] of STR expansion and/or contraction [6-7,29] herein considered
generate favorable results, compatible with observation [20].

Recognition of entangled proton qubit resources [1-2] in ancestral ribozyme — RNA duplex segments [3-4]
provides entanglement-enabled pathways for reactive proton qubits to implement incremental
improvements to genome fitness, of the form: RNA — ribozyme - RNA — protein - DNA — protein [1-4].
This model implies enzyme-processor measurements of entangled proton qubit states, 5t < 1073 s, can
be responsible for initiating systematic origin of life evolutionary processes [2-4], and insight into
manifestation of several age-related human diseases [1-2,6-8,29]. A subset of STRs includes unstable
triplet repeats responsible for human genetic disease [1-2,6-8,28-29,33,46], where associated molecular
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DNA dynamics can be qualitatively described in terms of EPR-generated [13-18] entangled proton qubits
(Figs. 1-3) [1-4] — keto-amino > (entanglement) - enol-imine —

Table 1. Twenty-two most abundant microsatellites in rat and human genomes

Microsatellite Sequences within Rat and Human Genome Databases*

1 2 3 4 5 6
Rat Ro. Total Human Ho. Total
Motif bp»6e0 Rat Motif bEp > 40
1 cn i 133 A 2 131
2 CT 7 56 Ch 10 73
3 B o] 34 ARRT 3 21
4 ARRRT O 18 CT 1 18
5 RAGE 1 13 AT 3 18
& CAG 0 11 LRLC 7 15
7 oAmnc 1 8 ARLC 0 13
E AGAT 1 8 ARDE 0 10
9 azC 0 7 CCG 1 10
10 RCGC © 7 CRG 2 9
11 LT 1 7 AGE 0 El
12 AGGE 1 8 AGAT 7 9
13 RRTG O g BRGE 3 8
14 CRLGR O g ATCC 3 7
15 RCC 0 8 ALT 2 7
16 LRRRLC O© 5 ARTC 0 3
17 LAT 0O 5 ARTGE 0 3
183 RGGG O 5 ACAT o} 3
1% RCAT 0O 4 ACZC o} 3
20 RRTT O 3 CRGL 0 2
21 RTCC 0O 3 ARG 1 2
22 cce 0 3 ATC o} 2

*Adapted from Beckmann & Weber[20]

which are measured and expressed by Grover’s-type [1-2,12] quantum processors. Execution of quantum
processor measurements, 6t < 10 s, of entangled proton qubit states yields time-dependent
substitutions, ts [6-9], and time-dependent deletions, td [10-11], which can cause time-dependent
introduction, and deletion, of initiation codons — UUG, CUG, AUG, GUG — and/or termination codons:
UAG, UGA, UAA [1-2,6,29,58]. Execution of instructions specified by “recently introduced” codons can
cause addition or subtraction of STRs for the particular microsatellite [1-2,6-7].
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Figure 1. (a) Symmetric and (b) asymmetric channels for EPR proton exchange — electron arrangement at a G-
C site, creating entangled pairs of proton qubits.

(Figure 1. Symmetric (a) and asymmetric (b) channels for EPR proton exchange — electron arrangement at
a G-C site. (a) Symmetric channel for proton exchange tunneling electron rearrangement, yielding two
enol-imine hydrogen bonds between complementary G’-C’. Here an energetic guanine amino proton
encounters quantum uncertainty limits, AxApx = h/2, and initiates the reaction. (b) The asymmetric
exchange tunneling channel, yielding the *G-*C “hybrid state” containing one enol-imine and one keto-
amino hydrogen bond. An energetic cytosine amino proton initiates reaction in this channel. An annulus
of reaction is identified by arrows within each G-C reactant duplex. Electron lone-pairs are represented
by double dots, :. Bold italics, G'-C’ and *G-*C, denote necessity of Hilbert space to describe embedded
entangled proton qubit dynamics.)

The initial half of this report — Sections | & Il — outlines the question regarding evolutionary distribution of
STRs [2,20] among rat and human, and presents an applicable quantum entanglement information
processing model for “evolving” molecular DNA systems [1-4]. Model application includes illustrations
that entanglement properties of proton qubit states are necessary for measurements by Grover’s
processors to accurately execute instructions specifying the particularts— G202 > T, G002 - C, *GO
20°> A *C202%2-> T (see Table 2 & Figs. 1-3 for notation) — or deletion, td, *A > deletion & *T >
deletion [1-2,6,11]. Quantum information processing analyses is developed to explain prokaryotic [3,9-
11] systems, and is subsequently applied to eukaryotic data [1-2, 6-8,29]. In these cases, quantum
uncertainty limits [59], Ax Apx > h/2, operate on metastable hydrogen bonded amino (-NH,) protons,
which introduces a probability of EPR-arrangements [13-18], keto-amino — (entanglement) = enol-imine
(Figs. 1-3), observable as G-C > G’-C’, G-C = *G-*C and A-T = *A-*T [1-4,6-11]. Product enol and imine
protons — occupying G-C’, *G-*C, *A-*T — are entangled qubits [60-62] shared between two
indistinguishable sets of electron lone-pairs belonging to enol oxygen and imine nitrogen on opposite
genome strands (Fig. 2), and consequently, participate in entangled quantum oscillations — |+> 2 |—>—
at ~ 10'% s* between near symmetric energy wells [1-2,6], in decoherence-free subspaces [63-65], until
“measured by” evolutionarily selected Grover’s-type [12] processors that implement quantum
information processing. Bold italics — G*-C’, *G-*C, *A-*T — are used to designate quantum enhanced
genetic information embodied within dynamic entangled proton qubits occupying EPR-created [13-18]
base pair sites. Section lll employs quantum entanglement algorithm [1-3,6,29] applications for describing
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molecular dynamics exhibited by “evolving” STRs [1,6-7,20,29] listed in Table 1. Discussion and Conclusion
of results obtained in Sec. lll are given in Sec. IV.

Figure 2. Distribution of observable entangled proton qubit states at a G’-C’ (symmetric) or *G-*C
(asymmetric) superposition site.

(Figure 2. Distribution of entangled proton qubit states at a G’-C’ (symmetric) or *G-*C (asymmetric)
superposition site. Symmetric, asymmetric and second asymmetric (unlabeled) channels (=) by which
metastable keto-amino G-C protons populate enol and imine entangled proton qubit states. Dashed
arrows identify pathways for quantum oscillation of enol and imine proton qubits. Approximate electronic
structures for hydrogen bond end groups and corresponding proton positions are shown for the
metastable keto-amino duplex (a) and for enol and imine entangled proton qubit states, G-C' (b-e).

Electron lone-pairs are represented by double dots, :, and a proton by a circled H. Proton states are
specified by a compact notation, using letters G, C, A, T for DNA bases with 2’s and 0’s identifying electron
lone-pairs and protons, respectively, donated to the hydrogen bond by — from left to right — the 6-carbon
side chain, the ring nitrogen and the 2-carbon side chain. Superscripts identify the component at the
outside position (in major and minor groves) as either an amino group proton, designated by 0°, or a keto
group electron lone-pair, indicated by 22. Superscripts are suppressed for enol and imine groups.)
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2 Molecular Genomic Evolution via EPR-Generated Proton Qubits
Measured by Grover’s Processors

2.1 Model Summary

Icy comets colliding with a cooling pre-biotic Earth [66] — ~ 4.3 to 3.9 billion y ago — created impact
synthetic processes [2-4] that ultimately generated “ribozyme-like” RNA polymers which could
inefficiently duplicate a few molecular units of RNA [67-70]. Random classical processes [71] introduced
energetically preferable hydrogen bonded base pairs [72] — including keto — amino hydrogen bonds —
between complementary RNA duplex segments. Consequently, quantum uncertainty limits, Ax Apy = h/2
[6,59], operated on metastable amino (-NHz) hydrogen bonded RNA protons, which introduced a
probability of EPR-arrangement [1-3,13-18], keto-amino — (entanglement) - enol-imine (Figs. 1-3 for
DNA), where reduced energy enol and imine product protons are each shared between two
indistinguishable sets of intramolecular electron lone-pairs belonging to enol oxygen and imine nitrogen
on opposite genome strands [2,10], and thus, participate in entangled quantum oscillations at ~ 4x10™3
s71(~4800m ™) [2,10], in decoherence-free subspaces [63-65], until “measured” in a genome groove [73-
75], 6t << 1078 s, by an evolutionarily selected, “truncated” Grover’s [3,12] quantum bio-processor.
Before proton decoherence, tp < 1073 s [75-76], proton — processor entanglement states implement
quantum information processing, At” < 107 s, including (/) transcription, (ii) translation, (iii) selection of
accessible amino acids for peptide bond formation, (iv) initiation of genome growth and (v) random
genetic drift [1-3,19]. This specified peptide bond formation — ~ 8 to 16 KJ/mole [1-3,58] from proton
decoherence — and the final, decohered molecular clock state, which is an observable time-dependent
substitution, ts — G202 > U, G'00 2 > 5HMC, *G0 2 0° > A & 5SHM*C2 0 2? > U — or deletion, td, *A
-> deletion & *U - deletion [1-3,9-11]. (See Table 2 for notation; here, primordial “RNA-type” genomes
are assumed to have been composed of analogs of guanine, 5-hydroxymethylcytosine (5HMC), adenine
and uracil [2-3].) RNA genomes containing “excessive” levels of entangled proton qubits were excluded
from the viable gene pool [2-3], thereby allowing selection of an approximately “wild-type” gene pool. An
evolved version of these ancestral “RNA-type” genes are identified as “gatekeeper” genes in Homo
sapiens [1-4]. “Grover’s-type” [12] quantum probability measurements of the 20 different available
entangled proton qubit states [1-4] imply quantum entanglement origins of the triplet code, utilizing 43
codons and ~ 22 L-amino acids.
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Figure 3. Metastable and proton qubit *A-*T states.

(Figure 3. Pathway for metastable keto-amino A-T protons to populate reduced energy enol and imine
proton qubit states. Dashed arrows indicate proton oscillatory pathway for enol and imine proton qubit
*A-*T states. Notation is given in Fig. 2 legend. The # symbol indicates the position is occupied by ordinary
hydrogen unsuitable for hydrogen bonding.)

When ancestral duplex RNA became too unwieldy for “error-free” duplication [2-3,67-70], newly selected
repair enzymes replaced RNA with more suitable DNA [2-3,77]. Soon after genome conversion, RNA -
DNA, uracil was replaced by 5-methyluracil (thymine) and 5SHMC was generally replaced by cytosine. The
quantum entanglement algorithm “measures”, 8t < 1073 s, entangled proton qubit states to yield ts and
td into RNA and DNA genomes, after (i) an initial formation of enzyme-proton entanglement [1-3,12], 6t
<< 10785, (ii) implementation of an entanglement-assisted enzyme quantum search (At' < 10724 s), (iii)
specification of the “correct” complementary mispair [2,6,10-11], and (iv) selected replication-
substitution or deletion [1-3], with classical tautomers containing decohered protons. Consistent with
implementing steps — (i), (if), (iii), (iv) — ts and td can introduce and eliminate initiation codons — UUG,
CUG, AUG, GUG — and termination codons, UGA, UAA, UAG [1-2,6-7,29]. The resulting “dynamic
mutations” [1,29,78] can cause susceptible STRs, e.g., (CAG), (n > 36), to exhibit deletions and/or
expansions > 10 (CAG) repeats in 20 y [1-2,33]. This observable expansion/contraction mechanism [1-2,6-
8,29,33,78] can account for genomic growth, over the past ~3.5 billion y, from primordial RNA [68] to 21
century DNA of ~ 6.8 x10° base pairs [1-3,58].
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2.2 Molecular Genetic Observables Requiring Quantum Entanglement Algorithm

Operations

Recent studies of time-altered states exhibited by ancient [79] (a) T4 phage DNA [9-11,80-83], (b) human
gene systems [1-2,4-8] and (c) human-rodent microsatellites [2,20] require enzymatic quantum

information processing of entangled proton qubit states [3,12] to satisfy observations. Convergence of

these different studies imply evolutionary origins of quantum entanglement processing emerged during
the era of ancestral ribozyme — RNA systems [2-3,67-70]. In these cases, the anti-entanglement hypothesis
[84-85] disallowing required, ambient temperature in vivo entanglement states is falsified [1-4,6-11,86-

91]. Since lower energy enol and imine proton
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(Table 2. Transcribed messages from entangled proton qubit states, decohered isomers and formation of
complementary, Topal-Fresco [9-11,92] mispairs. Normal tautomers (top row) and entangled qubit “flip-
flop” states/decohered tautomers (left column) are listed in terms of the compact notation for hydrogen-
bonding configurations identified in Fig. 2 Legend. Consistent with enzymatic quantum information
processing, base pair substitution notation at the respective row-column juncture identifies eigenstate
components that will form a complementary mispair with an incoming classical tautomer, selected by an
enzyme-entanglement quantum search, At' < 107* s. Transcribed messages obtained from entangled
proton qubit states are identified in the right hand column.)

qubit states [1-4,6-11] in metabolically inert, but biologically operational duplex genomes (RNA and DNA)
[72] are initially unoccupied, but are energetically accessible [6-11], quantum confinement [59,93] of
metastable hydrogen bonded amino (-NH,) protons introduces EPR arrangement probabilities [13-18],
keto-amino > enol-imine, observable as G-C > G’-C’, G-C> *G-*C, A-T > *A-*T (Figs. 1-3; Table 2), by
transcription and replication of time-altered DNA lesions of T4 phage [6,9-11]. Transcription and
replication of entangled proton qubit superposition G’-C’ and *G-*C sites yield observable time-
dependent molecular clock base substitutions, ts—G202->T,G002-> C, *G020°> A& *C202*>
T [2,10] — whereas entangled proton qubit states within *A-*T sites (Fig. 3) exhibit time-dependent
deletions, td, *A - deletion and *T - deletion [11]. Also when G’ and/or *C is located on the transcribed
strand, time-dependent substitutions, ts — G2 0 2 - T and *C2 0 2> - T — are expressed by quantum
transcription before replication is initiated (Fig. 4) [10-11]. Subsequent replication — after entangled
enzyme quantum searches, At’ < 10724 s — expresses genotypically incorporated ts — G20 2 > T and *C2
0 22 > T - at frequencies identical to those previously exhibited by quantum transcription before
replication [10-11,81-82]. Therefore, G’ & T and *C = T contributions to the “gene pool” are 2-fold >
“replication only” expectations, and further, replication incorporation ts instructions are provided by prior
“Grover’s-type” [2-3,12] transcriptase quantum measurements of entangled proton qubits. These
“nonconventional”, G’ = T and *C - T transcription and replication observations [10-11,81-82] are also
required to explain evolutionary distributions of the 22 most abundant microsatellites (short tandem
repeats, STRs) common to rat and human genomes [2,20].

Classical restrictions [71] do not allow time-dependent mutations at G-C sites [2,6,9-11] to spontaneously
accumulate in metabolically inert [94], extracellular T4 phage DNA [83] as point, heteroduplex
heterozygotes, r*/rll [80-82], G-C - G’-C’ and G-C > *G-*C lesions, that subsequently express
distinguishable ts observables, G = T and *C -» T, via transcription (and thus translation) before
replication is initiated, and further, express the identical transcription-generated mutation frequencies —
G’ - T and *C - T — by subsequent replication-incorporated substitutions [10-11,81-82]. As noted
elsewhere [2,9-11], these original observations [81-82] were viewed as enigmas [95-96], inconsistent with
classical molecular genetics, and were ultimately ignored without resolution via classical molecular
genetics [97]. Nevertheless, when G’and/or*C are located on the transcribed strand, T4 phage ts systems
[81-82] routinely exhibit identical G* - T and *C - T mutation frequencies for pre-replication
transcription, and post-transcription replication [10-11,97], implying non-classical pre-replication
transcriptase processing of quantum informational content — occupying heteroduplex heterozygote G’-C’
and *G-*C sites [80] — specifies frequencies of subsequent replication-implemented physical substitution
mutations, ts, G’ = T and *C - T [2,10-11]. Also when the wild-type r* allele requires a substitution, e.g.,
G > Tor C—>T, for growth on E. coli K [80,98], quantum transcription of entangled proton qubits can
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generate quantum informational content, G’ & T and/or *C - T, providing relevant “translated”
information that specifies existence of the wild-type r* allele, thereby allowing initiation of replication and
subsequent growth [10-11]. In these cases, wild-type r* allele requirements [80,98] are satisfied by
translation of informational content generated by quantum transcription of EPR-generated entangled
proton qubits, 8t << 1073 s, not from physical molecular replacements, G’ - T or *C - T, that occur in the
ensuing round of replication [10-11]. In these situations, the observed translated messages from quantum
transcriptions, e.g., G202 - T and *C2 0 22 > T (Fig. 4), allow initiation of genome duplication, and thus,
completes a feedback loop between an entangled enzyme-processor “measurement” of entangled proton
qubit states, and subsequent genome growth [1-4,6-7,10-11].
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(Figure 4. Approximate proton-electron hydrogen bonding structure “seen by” Grover’s [12] enzyme
quantum reader in intervals, 6t << 10723 s)

Figure 4. Approximate proton-electron hydrogen bonding structure “seen by” Grover’s [12] enzyme
quantum reader in intervals, 5t << 1072 s, encountering (a) normal thymine, T22 0 2% (b) enzyme-
entangled enol-imine G'2 0 2; (c) enzyme-entangled imino cytosine, *C2 0 22, and (d) enzyme-entangled
enol-imine G'0 0 2. Notation is specified in Fig. 2 legend.

Enzyme entanglement conditions imposed on “measured”, &t << 1073 s, coherent groove proton qubits
of G’2 0 2 and *C2 0 22 create identical hydrogen bonding proton — electron lone-pair configurations for
entangled G2 0 2 and entangled *C2 0 2? (Fig. 4), as “viewed by” entangled transcriptase systems.
Enzyme-entangled groove protons are dedicated to implementing the entanglement-assisted quantum
search, At’ < 10 s, for purposes of specifying the correct incoming amino proton on (a) syn-AQ° 2 # for
G’2 0 2 (Fig. 5b) and (b) normal anti-AQ° 2 # for *C2 0 2?(Table 2). These selections specify complementary
mispairs for the “in progress” ts, G202 - Tand *C2 022?- T. Consequently, before physical incorporation
of the G’ - T or *C - T substitution, “entangled” G2 0 2 (Fig. 4b) and “entangled” *C2 0 2? (Fig. 4c) are
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deciphered and transcriptionally expressed by the E. coli host’s RNA polymerase as normal T22 0 22 (Fig.
43), as observed [10-11,81-82]. In these cases, entangled eigenstates, G’2 0 2 and *C2 0 22, are subjected
to quantum transcriptase measurements, G2 0 2 - T and *C2 0 22 5 T, and subsequently (or
simultaneously), 100% of the transcribed, entangled eigenstates — G’2 0 2 and *C2 0 2°— participate in the
entangled enzyme quantum searches, At' < 1072 s [1-3,6-8, 10-11]. This generates the identical
frequencies of base substitutions, G2 0 2 - T and *C2 0 2> - T, via quantum transcription before
replication, and subsequently, expressible as decohered incorporated base substitutions (Table 2). This
100% efficiency of expressing G202 - T and *C2 0 2*-> T —via quantum transcription before replication
— at the identical frequencies exhibited by ultimately incorporated ts substitutions, is a consequence of
the fact that the “pre-replication” quantum mechanically transcribed eigenstate-entanglement is
subsequently a component in the replicated, decohered complementary mispair [1-3], created by the
entangled enzyme quantum search, At’ < 1074 s (Fig.5; Table 2). This generates a 2-fold “mutation
enhancement” of G’ < T and *C = T substitutions [2,10-11], which explain the 65.5% A-T content of T4
phage DNA [79]. Evolutionary analyses [2] — that explain the relative
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(Figure 5. Complementary transversion mispairs created by enzyme-proton-eigenstate entanglement
executing a quantum search.)

distribution of the 22 most abundant microsatellites (STRs [20]) common to rat and human — require ts
and td properties exhibited by T4 phage [6,9-11] to also be analogously operational in evolving rat and
human genomes. Additionally, entangled enzyme quantum search times, At’ < 1074 s [1-3,6,12,75], for
specifying the complementary mispair exclude classical interactions [71] with ions, H,O and random
temperature fluctuations.
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2.3 Quantum Theoretical Treatment of “Nonclassical” Molecular Genetic
Observables

2.3.1 Asymmetric Channel

Hydrogen bonds in duplex DNA genomes are replicated into the metastable keto-amino state [1-4,6-11]
where reduced energy, enol and imine proton qubit states are initially unoccupied, but are energetically
accessible via EPR isomerization, keto-amino > enol-imine [13-16]. In the asymmetric case (Fig. 1b & Fig.
2f-g) of EPR-generated G-C - *G-*C, quantum uncertainty limits, Ax Apx = h/2, operate on hydrogen
bonding amino (—NH,) protons of cytosine, causing confinement of amino protons to too small of space,
Ax [59,93]. This creates direct quantum mechanical proton — proton physical interaction, which generates
the asymmetric EPR arrangement, keto-amino = enol-imine (Fig. 1b), where position and momentum
entanglement is introduced between separating imine and enol protons. Molecular neutrality and stability
of complementary *G-*C quantum entanglement superposition states within the double helix are
satisfied by an energetic amino cytosine proton projected between two identical sets of electron lone-
pairs on the complementary guanine keto oxygen, and transfer of the hydrogen bonded ring proton, from
guanine to cytosine, and simultaneously, intramolecular reorganization of appropriate m and o electrons,
illustrated in Fig. 1b. Each reduced energy, entangled imine and enol product proton is shared between
two indistinguishable sets of electron lone-pairs, and therefore, participates in entangled quantum
oscillations [2,6,10] at ~ 10'* s7%, into and out of major (~22 A) and minor (~12 A) genome grooves [73-74],
between near symmetric energy wells in decoherence-free subspaces [63-65]. This specifies quantum
dynamics of an EPR pair of entangled enol and imine proton qubits until measured, &t << 107** s, by an
enzyme quantum processor [12]. The imine and enol protons constitute an “entangled pair” of two-state
proton qubits on opposite DNA strands.

An entangled enol or imine proton is in state |+ > when it is in position to participate in interstrand
hydrogen bonding and is in state |- >when it is “outside”, in a major or minor DNA groove [1-4,6-11]. The
guantum mechanical state of the entangled pair of proton qubits can be viewed as a vector in the four-
dimensional Hilbert space that describes the quantum position state of two protons. The most general
guantum mechanical state of these two protons can be written as

[P >= cu|++>+C|+->+Cu|-+>+C-|-->, (1)

where the first symbol, + or —, represents proton 1 and the second symbol represents proton 2, and the
expansion coefficients, ¢’s, satisfy normalization, |c. |2+ |ci-|? + |c-+|? + |c—-|? =1.Since Eq (1) cannot
be expressed as a tensor product of protons 1 and 2, maximally entangled quantum states for the qubit
pair of imine and enol protons can be written in terms of the four Bell [17-18] states, expressed as

| = I/V2 {[++>+ |- - >} (2)
|O>=1/N2{[++>- |-->} (3)
|d*>=1/NV2{|+->+|-+>} (4)
|b™>=1/N2{|+->- |-+>}. (5)
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2.3.2 Symmetric Channel

The symmetric keto-amino - enol-imine channel is initiated by quantum uncertainty limits, Ax Apx = h/2,
initially operating on amino (-NH,) protons of guanine carbon-2 (Fig. 1a). The energetic proton receives
recoil energy resulting from proton-proton confinement to too small of space, Ax. This direct quantum
mechanical proton — proton physical interaction between guanine carbon-2 amino protons generates the
initial EPR arrangement [13], keto-amino > enol-imine, where position and momentum entanglement is
introduced between separating, carbon-2 side chain, enol and imine G’-C’ protons (Fig. 1a). This proton
transfer initiates intramolecular reorganization of m and o electrons within guanine and cytosine, which
subjects “distorted” amino protons of cytosine to quantum uncertainty limits, Ax Apx = h/2, in too small
of space, Ax. The resulting direct quantum mechanical proton — proton physical interaction generates the
second EPR arrangement, keto-amino -> enol-imine, where position — momentum entanglement is
imposed between separating, carbon-6 side chain imine and enol protons. In this case, the initial proton
entanglement reaction induced the second proton separation entanglement reaction, thereby generating
two sets of entangled proton “qubit pairs” as consequences of two sequential EPR arrangements, keto-
amino = enol-imine [1-2,6]. Each of the four reduced energy enol and imine protons is shared between
two indistinguishable sets of electron lone-pairs, and thus, participates in entangled quantum oscillations
at ~ 10%3 s7! between near symmetric energy wells in decoherence-free subspaces [63-65]. This specifies
quantum dynamics for the two sets of entangled proton qubits occupying G’-C’isomer pair superpositions,
until measured by “Grover’s-type” [1-3,12] quantum processors.

The dimensionality of the Hilbert space required to express the quantum mechanical state for four proton
qubits is sixteen, i.e., 2N =2% = 16. Each entangled imine and enol proton is shared between two sets of
indistinguishable electron lone-pairs, and thus, participates in entangled quantum oscillations between
near symmetric energy wells at ~ 10*3 s in decoherence-free subspaces, which specifies entangled proton
qubit dynamics occupying a heteroduplex heterozygote G’-C’ superposition site [1-2,6,10-11,80]. In this
case, two sets of entangled imine and enol proton qubits — four protons constituting two sets of entangled
“qubit pairs” — occupy the complementary G’-C’ superposition isomers such that enzyme quantum reader
“measurement” of G’-protons specifies, instantaneously [13-16], quantum states of the four entangled
qubits that occupy the sixteen-dimensional space.

Studies of heteroduplex heterozygote G’-C’ sites with G’ on the transcribed strand [2,6-7,9-11,80] require
the enzyme quantum reader to “measure”, specify and execute quantum informational content of sixteen
different entangled proton qubit G*-C’ states (Table 3). In the example of Fig. 2, G002 (G’'00 2 - (), the
carbon-2 imine proton is in state |- > groove position, whereas the eigenstate G202 (G202 - T) has
both carbon-2 imine and carbon-6 enol protons in state |- > groove positions. Eigenstate G200 (G200
= G; “null” mutation) has the carbon-6 enol proton “trapped” in a state |- > DNA groove, but entangled
enol and imine protons for eigenstate G’0 0 0 are both in state |+ >, the “interior” interstrand hydrogen
bond position. Since the enol and imine quantum protons on G’ are one-half of the four entangled imine
and enol G’-C’ proton qubit pairs, enzyme quantum reader measurements on G’-proton states specifically
select quantum mechanical qubit states, |- > and |+ >, for the four entangled G’-C’ protons. Here the
entangled pair — guanine carbon-2 imine and cytosine carbon-2 enol — are identified, respectively, as
protons numbers | and Il (Roman numerals). Proton numbers Il and IV, respectively, are cytosine carbon-
6 imine and guanine carbon-6 enol. Using this notation, the enzyme quantum reader measures the four
entangled proton qubit states of G0 0 2 as |-+-+ >, i.e., guanine imine proton | is in state |- >, cytosine

URL: http://dx.doi.org/10.14738/jbemi.42.2795 E3




JOURNAL OF BIOMEDICAL ENGINEERING AND MEDICAL IMAGING, Vol 4, No 2, April, 2017

enol proton Il is in state |+ >, cytosine imine proton Il is in state |- >, and guanine enol proton IV is in
state |+ >. Similarly, the measured proton qubit state for G20 2 is |-++- >, and is |+-+- > for G200,
and finally, is |+-—+ > for eigenstate G’0 0 0. In addition to the four quantum mechanical states of G’
imposed by enzyme quantum reader measurements (Fig. 2b-e), twelve additional states are required to
specify the four two-state entangled proton qubits. The G’-C’ site superposition consist of two sets of
intramolecular entangled proton qubit pairs that are participating in quantum oscillations between near
symmetric energy wells in decoherence-free subspaces [1-2,10,63-65] at ~10%3 s™! s, Therefore, the most
general quantum mechanical state of these four G’-C’ protons is given by

|W> = ¢i| —+=+>+ | ==+ >+ 5| ——++ >+ | —+++>
+os| == >+ 5| = >+ 7| >+ | ——+-> (6)
+ Co| +=+= >+ | +H+= >+ |+ >+ cpp| - >

+ | Hmmt > | HHHE > g FHE >+ g+ >

where the c¢/s represent, generally complex, expansion coefficients. Since the 16-state superposition of
four entangled proton qubits occupy enol and imine “intra-atomic” subspaces, shared between two
indistinguishable sets of electron lone-pairs, the entangled quantum superposition system will persist in
evolutionarily selected decoherence-free subspaces [63-65,99] until an invasive perturbation, e.g.,
“measurement”, exposes the previously “undisturbed” quantum mechanical superposition [2,7,10-
11,75]. Just before enzyme quantum reader measurement of a G’-C’ site where G’ is on the transcribed
strand, the 16-state G’-C” superposition system is described by Eq (6). In an interval &t << 1073 s, the
enzyme quantum reader simultaneously detects entangled G”-protons | (carbon-2 imine) and IV (carbon-
6 enol) in either correlated position states, |-> or |+>, which are components of an entangled proton
“qubit pair”. When proton | or IV is measured by the quantum reader in position state, |-> or |+>, the
other member of this entangled pair will, instantaneously [13-16], be in the appropriately correlated state,
|+> or |->, respectively. Protons detected in state |->, “outside” groove position, form “new”
entanglement states with the proximal quantum reader [2,12] that enable enzyme quantum coherence
to implement its quantum search, At' € 104 s, which specifies an incoming electron lone-pair, or amino
proton, belonging to the tautomer selected for creating the “correct” complementary mispair (Fig. 5).
Protons detected in state |+>, “inside” hydrogen bonding position, contribute to specificity of the G’
genetic code, exemplified by both G2 0 2 and *C2 0 22 “measured as” normal T22 0 22 (Fig. 4) via quantum
transcription and replication [10-11]. Since the quantum reader detects entangled G’-protons | and IV in
states |—> or |+>, the “matching” correlated quantum states, |+> or |->, of entangled C"-protons Il and
Il were instantaneously specified. Consequently, enzyme quantum reader “measurement” on G’-protons
| and IV converts, instantaneously, the 16-state quantum system of Eq (6) into the 4-state system —
C1|—+—+>, és| —++- >, Co| +—+- >, (13| +——+ > —listed in column B of Table 3 and illustrated in

{Table 3. Evolution of the sixteen-state entangled proton qubit G’-C” superposition, before measurement
(column A), after measurement, At” < 107* s (column B), and decohered observables (column D).}
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Table 3

Unperturbed (A) and instantaneous yield of “measured” (B) G'-C’ entangled proton qubit states, showing results
of entangled enzyme quantum search, At' < 10 s, (C) and molecular clock (D) results, ts.

A B C D

cr| ¥—+—+= £r| —++= -G 1 # G002 —=C
oz | F——+= £z | —+—=

oz | ¥+t o

o Y —

ox | = c = syn-AlF 2 # G202-T
o #=—t-> co] -+

or | ¥—+—*—= &7 >

P cs -

o3 | +—+-> o | == C0°2 22 G200—G
cio| +re- cio| >

oo | +—F—= e | =

o |[+—*—= iz |+

i | = cus | = none GOO0—"?
Cre| HH= Cre| = 7= microcolony
Crs | = crs | =

A e | =

Fig. 2b-e, where expansion coefficients, ¢, are defined by ¢é;=3%-1¢;, é=3%-5¢, éo=3%_9c, and é13 =
3%, _13¢.. This result is displayed in Table 3 where column A identifies the unperturbed 16-state quantum
system of Eq (6). Column B contains the distribution of |->and |+> proton states — for G’-C’ protons: |, II,
I, IV —generated instantaneously as a consequence of the quantum reader initially “measuring” quantum
states of entangled G’-protons | and IV. The instantaneously generated

quantum states — ¢i|—+—+ >, és|—++- >, Co|+—+->, Ci3|+-—+ > — provide, instantaneously, specific
instructions for the enzyme — proton entanglement before it embarks on its entangled enzyme “quantum
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quest”, At' < 1074 s, of selecting the particular incoming tautomer specified by molecular evolution, ts
requirements [1-2,6-8]. Incoming tautomers selected by entangled enzyme quantum searches are
identified in column C and resultant molecular clock substitutions, ts, are listed in column D of Table 3.

In intervals, 8t << 1071 s, the enzyme quantum processor measurement apparatus “traps” entangled G’
imine and/or enol protons — | and IV — in DNA grooves, specified by state |->, and consequently, the
position state, |->or |+>, is instantaneously specified for the four entangled G’- €’ protons: I, IV and I, IIl.
In column A of Table 3, an entanglement state between the quantum reader and a “groove” proton is

“uxn

indicated by superscript, “*”, e.g., | *-+-+>, identifying G” proton | as the enzyme — entangled “groove”
proton. The “new” entanglement state between the quantum reader and the “trapped” proton enables
enzyme quantum coherence to be immediately exploited in implementing an entangled enzyme quantum
search, At' < 1074 s, which ultimately specifies the particulartsas G002 > C, G202 > TorG200->G
[2,6,10-11]. The specificity of each ts is governed by the entangled enzyme quantum search selecting the
correct incoming tautomers —syn-G22 2 #, syn-A0° 2 #, C0° 2 2% — respectively, for proton qubit eigenstates
- G002 G202 G200 - illustrated in Fig. 4, Table 2 and Table 3. Natural selection has exploited
guantum entanglement properties of proton qubits [60-62], which allow enzyme — proton entanglement
to specify and implement results of an entangled enzyme quantum search in intervals, At' < 1074 s [1-
2,6,10-12]. This mechanism implies that enzyme — proton entanglement implementation of an enzyme
guantum search would not be successful without instantaneous specification [13-16] of the four G-C’
entangled proton qubit states determined by quantum reader “measurements” on the two G’-proton
qubits, I and IV, associated with the transcribed strand (Table 3).

2.4 Enzyme - Proton Entanglement-Enabling Grover’s [12] Quantum Search for
“incoming” Tautomer

The enzyme quantum reader “measurement apparatus” patrols the double helix along major (~ 22 A) and
minor (~ 12 A) grooves [64,73-74], creating entanglement states between “measured” enol and imine
entangled qubit “groove protons” and proximal enzyme components [1-3,12]. The quantum reader
polymerase energy source is ATP, and it maintains a reservoir of purines, pyrimidines and nucleotides for
base pairing operations. Davies [100] has noted that the polymerase protein has a mass of about 1079 g,
and a length of about 1073 cm and travels at a speed of about 100 bp per sec., or about 10 cm s7* [58,101].
Curiously, the normal speed of the polymerase, ~ 107 cm s, corresponds to the limiting speed allowed
by the energy-time uncertainty relation for the operation of a quantum clock. For a clock of mass m and
size |, Wigner [102] found the relation

T < mF/h. (7)

Equation (7) can be expressed in terms of a velocity inequality given by

v>h/ml, (8)

which, for this polymerase, yields a minimum velocity of about 10 cm s, implying the quantum reader
enzyme speed of operation can be confined by a form of quantum synchronization uncertainty [100]. The
guantum reader “measurement apparatus” has been evolutionarily selected to decipher, process and
accurately exploit informational content within DNA base pairs composed of either (a) the classical keto-
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amino state, (b) undisturbed, enol and imine entangled proton qubit states — Eqs (2 — 6) — including
enzyme — proton entanglements participating in an entangled enzyme quantum search, At” < 10 s [1-
4,6,12,75].

The enzyme quantum measurement-operator is identified by M, and operates on G’-proton states located
on the transcribed strand to yield three different entanglement states between groove protons and
enzyme components. From column B of Table 3, these enzymatic quantum “measurements”, and
resulting enzyme-proton entanglements, can be symbolically represented by

M |—+—+> = ¢1|—+—+ >Ep, (9)
M | —++—->= é5 | —++— >E\p|,p|v (10)
M |+=+=> = éo| +—+- >Ep, (11)

where Ep, piv in Eq (10) represents quantum entanglement between “groove” proton | (G2 0 2-imine) and
“groove” proton IV (G2 0 2-enol) and proximal enzyme components. Similarly, £p,and Epy, represent
alternative entanglements between enzyme components and entangled proton |, and separately,
entangled proton 1V, respectively. The original unperturbed groove proton’s “quantumness” becomes
distributed over an enzyme “entanglement site”, which is selected to complete its assignment of
specifying the complementary mispair before proton decoherence, i.e., At <t < 1073 s [1-2,6-8]. Each of
the three enzyme-proton entanglements implements a different “selective” quantum search, At' <104 s
[1-3,12,75], to specify the correct evolutionarily required purine or pyrimidine tautomer to properly
complete the molecular clock [6,9-11] base substitution, ts, by a quantum processing [1-4,12], Topal-
Fresco [9-11,92] substitution-replication mechanism (Table 2; Fig. 5). Since quantum informational
content is deciphered by enzymatic processing of entangled proton qubits shared between two
indistinguishable sets of electron lone-pairs, the entangled enzyme quantum search mechanism is
assumed to initially select the incoming tautomer on the basis of electron lone-pair, or amino proton,
availability. Evidently the “evolved” quantum reader has an immediately accessible “reservoir” of required
tautomers for quantum search selection [1-4,9-11].

Evidence discussed here [1-12,29,63-65,67-70,80-82,97] implies a “Grover’s-type” enzyme-entanglement
complex has been evolutionarily selected and refined over the past ~ 3.5 or so billion y to implement sets
of entangled enzyme quantum searches. In this model of molecular genomic evolution, an evolutionarily
selected enzyme-proton entanglement implements a quantum search of the evolutionarily available
purine and pyrimidine database for the “matching” classical tautomer required to execute an “in progress”
complementary mispair formation before proton decoherence [1-4,75]. The initial component of the
complementary mispair — the particular eigenstate — was selected by “new” quantum entanglement
between the “trapped” entangled groove proton and the Grover’s enzyme quantum reader. The enzyme
— proton entanglement implements a quantum search which specifies — in intervals, At' < 1074 s [1-4,12]
— the incoming electron lone-pair, or amino proton, belonging to the tautomer required to create the
complementary mispair (Fig.5; Table 2; Table 3). This allowed quantum coherence of the entangled
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ribozyme and/or enzyme to specify the particular ts or td, and thus, enable entanglement-directed
genomic evolution.

When both imine and enol G’-protons occupy groove positions at time of measurement, the enzyme-
proton entanglements specify eigenstate, G’2 0 2. In this case, the enzyme quantum-reader imposes
“new” entanglement conditions on the two G2 0 2 groove protons, | and IV (Fig. 4b). This creates the
proton-enzyme entanglement, i.e., Ep, pv in Eq (10), and “simultaneously”, an output informational
transcription qubit, G'20 2 - T, is generated. The resulting enzyme-proton-eigenstate entanglement will
execute its evolutionarily specified assighment of identifying syn-A0° 2 # to create the designated
complementary mispair, G2 0 2-syn-AQ° 2 # (Fig. 5b), for this particular ts, G2 0 2 - T [2,10-11]. The
entangled protons will retain coherence until specification of the complementary mispair, i.e., G2 0 2—
syn-AQ° 2 # in the case of Ep, piv — Eq (10) — and illustrated in Fig. 5b. Entanglement state, £p; in Eq (9),
specifies the selection of syn-G22 2 # to create the complementary mispair, G’'0 0 2-syn-G22 2 # (Fig.5a),
which generates the transversion substitution, G'0 0 2 - C [34,43]. Entanglement Ep, in Eq (11) selects
normal C0O° 2 2% (Table 2), which yields a detectable, T4 phage plaque, “null” substitution [9-11,80], G'2 0
0-> G2200°

The enzyme quantum measurement apparatus functions as a linear operator acting on states of entangled
proton qubits oscillating into, and out of, DNA grooves at ~ 10%3 s71, This allows creation of enzyme-proton-
eigenstate entanglements — G202, G'0 0 2, G'2 0 0 — that select the particular classical isomers, i.e., syn-
AQ° 2 #, syn-G22 2 # and CO° 2 22 (Tables 2-3; Fig. 5), respectively, for the formation of complementary
mispairs. Since these complementary mispairs are specified in intervals, At' < 107 s, the relevant classical
isomer components are immediately accessible. When the selected classical isomer is interfaced with its
corresponding entangled eigenstate, the linear superposition system collapses onto the eigenstate
specified by the enzyme-entangled proton, which completes the “measurement” of the superposition
base pair system [1-4,75-76]. These evolutionarily refined quantum search processes allow this enzyme-
proton entanglement to complete its task in intervals, At’ < 10724 s [1-4,12], which is ~ 10°-fold faster than
classical expectations. However, Tegmark’s [75] assessments of proton decoherence times imply the
relation, At' < ~10™%s.

2.5 Origin of the Genetic Code Model

According to the quantum information processing model [1-4], entangled proton qubit resources were
initially introduced into ancestral duplex “RNA-like” segments associated with ribozymes [67-70,103]. RNA
— ribozyme duplex nucleic acid components are assumed to have been composed of analogs of G— 5HMC
(5hydroxymethylcytosine) and A— U [3]. Survival of ribozyme — RNA duplex components — populated with
entangled proton qubits — required selection of rudimentary quantum bio-processors [2,12], operating on
entangled proton qubits, creating peptide — ribozyme — proton RNA entanglements. Since quantum bio-
processors “measure” quantum informational content by selecting entangled proton qubit states, in
intervals 6t << 107225 [1-4,10], quantum reader operations can be approximated by a “truncated” Grover’s
[12] quantum search of “susceptible” unsorted entangled qubits occupying G-5HMC’ and *G-5HM*C
superposition sites. Grover's algorithm is applicable for large system sizes N in high dimensional Hilbert
spaces where the quantum enabled database is unsorted. However, a quantum bio-processor searching
a particular unsorted database of N qubit states (here N = 20 qubit states occupying G’-C’ + *G-*C sites;
Egs (2-6)) can be approximated by iterations of a “truncated” Grover’s quantum search. The quantum bio-
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processor is designed to identify entangled proton qubit states, including those occupying a RNA groove,
where the “measurement” interval satisfies, 8t << 10723 s. The quantum bio-processor peptide-ribozyme
forms an entanglement state with the “trapped” proton that, before proton decoherence, 1o < 107 s, (a)
generates quantum transcription information from “measured” entangled proton qubit states [2-3], e.g.,
G202 - U,5HMC’202% - U, etc, (b) implements a “new” peptide bond between an “incoming” selected
amino acid and an existing “in place” amino acid, and (c) implements selection of an “incoming” tautomer
to “pair with” the ultimately decohered eigenstate, specified by the “trapped” proton in a genome groove.
In this context, quantum bio-processor operations can be qualitatively approximated by a “truncated”
Grover’s [12] algorithm. This approximation of a quantum bio-processor measurement on entangled
proton qubit states occupying G’-5HMC’ and *G-5HM*C superpositions implies a “truncated” (N = 20 qubit
states) Grover’s algorithm would yield an improved efficiency of VN over a classical search. If J is the total

J ",

number of bio-molecular quantum reader measuring operations, Grover’s “truncated” algorithm states
(2J + 1) arcsin (1/VN) =1/2, (12)

which yields the interesting solutions,

J=1, N=4 (13)
J=2, N=104 (14)
J=3, N=202 (15)
J=4, N=332. (16)

Consistent with observables exhibited by T4 phage DNA, the model outlined here assumes quantum
reader measurements of G’-5HMC’ and *G-5HM*C superpositions generated RNA “transcription qubits”
(Table2) - G202 > U, G200 - G, 5HM*C2 0 2° > U, *G0 2 0° - A — that provided single base RNA
informational units as precursor mMRNA and precursor tRNA. Measurements [10-11] imply that *€202? >
T yields *G0 2 0° - A (~ 100%) in the complementary strand. Precursor tRNA components were evidently
retained in the bio-molecular quantum processor’s “hard drive” reservoir until a sufficient “sampling” of
entangled qubit states had been subjected to the particular set of measurements. In this case, the number
of measurement operations, J, converged to a value that yielded adequate statistics. According to this
qualitative model, the quantum entanglement algorithm, implemented by ribozyme — peptide quantum
reader-processors, converged via natural selection, to three measurement operations —J =3 in Eq (15) —
to obtain adequate statistical probabilistic measurements of 20 entangled proton qubit states occupying

-5HMC’ and *G-5HM*C superposition sites; *A-*U sites were deleted [11]. The three selected quantum
processor measurements identified a triplet code for a precursor tRNA, where L-amino acids were
selected. Three separate probabilistic measurement operations would “quantify” a sufficient number of
the 20 different entangled proton qubit states, and also, specify about 20, i.e., 22, amino acids for
participation in protein structure [103]. The scenario outlined here implies quantum reader
measurements of entangled proton qubits occupying ancestral G-5HMC’, *G-5HM*C and *A-*U
superposition sites may have provided the initial quantum informational content, specifying evolutionary
parameters for origin of the genetic code, consisting of ~ 22 L-amino acids specified by 43 triplet codons.
Such “fundamental” quantum entanglement evolutionary processes [1-4] may have been operationally
retained in “evolved” eukaryote systems, and thus, appear to participate in expressing measurements of
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entangled proton qubits required to exhibit molecular evolution of STRs [1-3,20], discussed in the
following.

3 Human - Rat STR Evolution in terms of Quantum Entanglement
Algorithm

3.1 Initiation and Termination Codons via Grover’s measurements of EPR-
Generated Entangled Proton Qubits

Observations [9-11,29] and analyses [1-4,6-8] imply metastable hydrogen bonding amino (-NH>) protons
encounter quantum uncertainty limits, Ax Apx = h/2, which generate probabilities of EPR-created
entangled proton qubits [1-3,13]. Replication and transcription of entangled proton qubit superposition
G’-C’ and *G-*C sites yield observable time-dependent molecular clock base substitutions, ts [6,10-11] —
G202->T,G002->C,*G020°> A& *C202%-> T (Table 2) — whereas entangled proton qubit states
within *A-*T sites, i.e., A-T > *A-*T (Fig. 3), exhibit time-dependent deletions, td, *A - deletion and *T
- deletion [11]. Also when G’ and/or *C is located on the transcribed strand, time-dependent
substitutions, ts — G2 0 2 > T and/or *C2 0 2> > T — are expressed by “Grover’s-type” transcriptase
measurements of entangled proton qubits before replication is initiated (Fig. 4) [1-3,9-11,81-82].
Subsequent replication — after entangled enzyme quantum searches, At' < 107* s — expresses
genotypically incorporated ts— G202 - T and *C2 02> > T — at frequencies identical to those previously
exhibited by quantum transcription before replication [9-11,81-82]. In these cases, G’ > Tand *C > T
contributions to the “gene pool” are 2-fold > “replication only” expectations [2,9-11], and transcriptase
guantum processing specifies frequencies of subsequently incorporated ts, G’=> T and *C > T.

Based on predictions of quantum entanglement algorithmic processing of EPR-generated entangled
proton qubits accumulating with time in metastable duplex DNA base pairs, observed as G-C - G'-C’, G-
C > *G-C* and A-T - *A-*T [9-11], the potential for a microsatellite [20] to exhibit expansion or
contraction over evolutionary times can be qualitatively specified [1-2,6-7,29]. This hypothesis — based on
observation [1-2,29] — assumes that the evolutionarily selected quantum entanglement algorithm
responsible for ts [1-4,6-8] and td [10-11] has been operational since the era of ancestral RNA — protein
genomes [1-3,67-70,103], and therefore, has provided a source of time-dependent, ‘point’ genetic
variation in all subsequently evolved duplex DNA [1-3,58]. The model also assumes a functional
relationship exists between the relative positions of entangled proton qubit states within microsatellites
and initiation regions for DNA replication [104]. Consequently, a time-dependent introduction of
additional initiation codons — UUG, CUG, AUG, GUG — could cause the creation of additional polypeptides,
some of which could be responsible for initiation of, or reinitiating, DNA synthesis [1-4,6-8,29]. Such
additional initiating polypeptides could be responsible for adding more repeat units to an original
microsatellite. Similarly, a time-dependent accumulation of stop codons — UAA, UAG, UGA — could
introduce terminations of peptide chains that participate in transcription and replication. Subsequent
transcription and resulting DNA synthesis would accordingly be altered, which could yield contractions
exhibited by microsatellites [1-2,6-7,78]. An accumulation of entangled proton qubit states and
subsequent transcriptase measurements [9-11] could specify the implementation of initiation codons and
deletions or stop codons in microsatellites and/or their flanking sequences. Given observations [9-11,80-
82] consistent with the selected quantum entanglement algorithm for EPR-generated [13-18] time-
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dependent molecular clock DNA evolution [1-4], the model — if applicable — should predict, qualitatively,
the evolutionary distribution of the 22 most abundant microsatellites (Table 1) common to rat and human
DNA [2,20].

Although classical modes of evolution responsible for individual microsatellite length and their relative
distribution throughout eukaryotic and prokaryotic genomes have remained an enigma [23,105-106],
guantum entanglement algorithm processes [1-4,6-8] provide a rationale for relative expansion and/or
contraction of a particular STR over evolutionary times [1-3,6-7,29]. Microsatellite duplexes whose
“processed” [3,12] entangled proton qubits generate a preponderance of initiation codons — UUG, AUG,
CUG, GUG — participate in the expansion mode of DNA synthesis [1-2,6,29], but if more termination
codons — UAA, UGA, UAG — were introduced and/or the particular sequence consisted exclusively of A-T,
such microsatellites would generally decrease in relative abundance over evolutionary times [1-2,7,10-
11,]. This model is tested by comparing quantum entanglement algorithm predictions of microsatellite
expansion or contraction with observation for each of the 22 most abundant microsatellites common to
human and rat (Table 1). Analyses assumptions are (a) STR evolution is a consequence of EPR-generated
entangled proton qubits populating STRs — or its flanking sequence — that is operated on by quantum
entanglement algorithmic processes, which generates molecular clock events, ts and td, and their
“dynamic” consequences [1-3,6-7,29,78], and (b) the rat genome is more ancient than human [107].
Results should provide an evolutionary rationale for the relative distribution of the 22 most abundant
STRs in rat and human genomes [1-3,20].

riplet Repeat and Contraction Unstable (CCG), and (CAG). Microsatellites

Unstable repeat nucleotide sequences are responsible for ~ 20 or so heritable human genetic diseases [1-
2,6, 29-34] and have been studied at the molecular level since 1991 [28]. However, internally consistent
mechanisms responsible for microsatellite repeat, intergenerational instabilities [41-44,78] and
subsequent expressions of diseases have been an enigma [46,108-109]. Insight into microsatellite
instabilities is implied by consequences of the quantum entanglement algorithm operating on, for
example, (CCG), and (CAG), microsatellites listed in Table 1. In cases of Fragile X syndrome (FX), triplet
repeats, (CCG),, are located in the 5'-UTR of gene FMR1 where data indicate a maternal bias and a high
upper limit expansion copy number of ~ 2000 (CCG), repeats [28-29]. Figure 6a illustrates that entangled
proton qubit states in (CCG), repeats would not generate stop codons, but three of the twelve ts pathways
(25%) could introduce entangled proton qubit states that could be measured to express an initiation
codon, 5'-CUG-3'. Specifically, entangled proton qubits could accumulate for years to decades in oocyte
DNA [110] before the enzyme quantum reader would “measure” 5'-C*C202°G-3' and 5'-CG'202G-3'
entangled qubits, thereby expressing CUG via transcription of entangled proton qubit states (Fig. 4) and
subsequent replication. Since the rate of accumulating entangled proton qubit states in haploid DNA
would be smaller in ~34 °C sperm [111] than in 37 °C oocyte genomes [2,110], hyperexpansions (copy no.
> 1000) of (CCG), in oocyte

URL: http://dx.doi.org/10.14738/jbemi.42.2795 | 63 |
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{transcription]
(C =T) 5-COE-2' S-CHCRODIG-Z e 5-CUG-3
— {repl
-GEC-5 F-EHE020°C-5 — F-EAC-5 (GIn)

{transcription]

5'-CCG-3 S-CHCROPG-3  ---mmmmmmmmmmmm e 5'-CUG-3'
— {rep)
(G &) T-GGEC-5 T-GFGO20°C-5 T-GAC-5 (Gln)
(rep) _
F-CCG-3 F-Co0205-3 — F-GAC-5 (GIn)
— (transcription)
(G—T) 3-GGC-5 F-GE2O2C-F  --mm-mmmmmmmmmmmmemneee 5'-CUG-3'
5-CCG-3 CC2205 {rep) 5-CGG-2' (Arg)
— —
(G- C) 2-GGC-5' GGO02C 3-GCC-5' (Pra)
(C =T} 5-CCG-3 202G (rep] 5-TCG-3" (Ser)
— —
-GGC-5 *GO20°GC 3-AGC-5' (Arg)
[(G— C) 5'-CCG-3 CCGOOZ2 (rep) 5'-CCC-3" (Pro)
— —
F-GGEC-5 GEC220 F-GGGE-5 (Gly)
(G —A) 5-CCG-2 CC*GOo20° irep) 5-CCA-Z [Pro)
— —
-GGC-5 GG*C202° 3-GGT-5' (Trp)
5-CCG-3 CC*G020° (rep) 5-CCA-3' (Pro)
— —
(C—=T) ¥-GGC-5 GG*C202° 3-GGET-5 (Trp)
5-CoG-3 CO2005 (rep) 5-ACG-3" (Pro)
— —
(G—T) 3-GGC-5 G202GC 3-TGC-5° (Gly)
5-CCG-3 22005 (rep) 5-GCG-3' (Ala)
- —
(G—C) 3-GGC-5 G0025C 3-CGBC-5 [Arg)
5-CCG-2 +C202°CG (rem) 5-TCG-Z° (Ser)
- -
(G —A) T-GGC-5' *GO20°GC -AGC-5' (Arg)
(G—=T) 3'-CCG-2 CoG202 (rep) 5-CCT-3" (Pro)
— —
-GGC-5 GGC020 3'-GGA-5" (Arg)

Figure 6a. Entangled proton qubits populating CCG repeats

(Figure 6. Base substitution pathways generated by EPR arrangements, keto-amino - enol-imine,
introducing entangled proton qubit states in duplex triplet repeats of (a) CCG/GGC and (b) CAG/GTC. The
particular substitutions are in parentheses, e.g., (C - T), adjacent to the reactive 5' or 3' strand of the
triplet duplex. The initial product is selected by the proton qubit “trapped” in a DNA groove [73-74], 6t <<
107'% s, which identifies the participating eigenstate of the G’-C’ or *G-*C superposition within the triplet
duplex. Subsequent transcription (trans) and/or replication (rep) of enol and imine proton qubit isomers
within STRs yield altered triplet codes, where pathways for generating initiation codons and stop codons
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are indicated. The CUG initiation codon can be derived from keto-amino CAG/GTC as indicated. Notation

specifying particular proton qubit states is that of Fig. 2.)

DNA versus limited expansions (copy no. < 1000) in male haploid DNA [28-29] are attributed to an
increased energy density of duplex DNA [112-113] in 37 °C oocyte genomes [2,110].

At transcription before replication, 8t < 1072% s, accumulated entangled proton qubit states, 5'-C*C202%G-
3'and 5'-CG'202G-3', would express additional “new” initiation codons, 5'-CUG-3'". In the “neighborhood”
of initiation regions for DNA replication [104], such additional reinitiating signals could cause an addition
of more triplet repeats, which would be manifested as (CCG), expansion [28-29,78,109]. Thus at
transcription just before fertilization of an oocyte [110], accumulated entangled proton qubit
superposition states — C*€202°G and CG'202G (Fig. 6a) — could be transcribed to yield CUG, which can also
specify reinitiating of DNA synthesis, thereby causing massive (CCG), expansion in oocyte DNA [28,109].
Figure 6a also shows that twelve of the twenty-one (57%) ts that code for an amino acid would result in

amino acid substitution.

S i T
B e e — TG
& —=T) -\.'-rnr-': J:.Ilaﬂz [reglk SCAT-F ([t}
FEIES Gz T-GTA-S — s FaucT
CErammiter
(G —=C) s'n;nlas r.Pil.n:-' Ires) s-c,“:-? (His)
T-GC-F GTCE20 FETEY — . S.GuG-Y
[EransOrypms)
inen)
0G - k) -CAG-F c.li-r:.uw‘ - SLCAA-T ()
- GTNCEE S— r F-UUG-T
[tramcmpbon]
-CAG-T ?.mw —- FLAM-T (]
(LT} F-ETC.5 L=y S —— > F-ANET
Erammnpban|
{LrafsSCripten)
[C—=T) T-CAG-T 'nl:I?‘IA.LI; = R e — AL a1
TS s . FATC-F (Lew)
iregd
[Lrarmscr gl |
C-CAG-T -n:laj;-’.;u:l. e TMELF
-
(G -=A] FETC-5 =TT = ¥-KTC-5 L)
{regh
FCAG- 5 CIFOAG  (rep) S-RAG-F {Lys)
IG = T) F-GETC-5 GRHITTC - TOTC-F  (lesd
LAY CZR0AG  (remd SEAL-T (G
(G - ) T-GIC-5 e . TLTC-F  [Lew)

Figure 6b. Entangled proton qubits populating CAG repeats

Unstable CAG repeats are responsible for several neurological diseases [33], including Huntington’s
disease [1-2,6,37,114-115]. Figure 6b illustrates that EPR-generated entangled proton qubits accumulated
in CAG-repeats could express initiation codons, AUG and GUG, which would require replication, whereas
the two UUG codons could be expressed by quantum transcription prior to replication. Similarly, the two
UAG stop codons would be expressed by quantum transcription before replication. Observation that CAG
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expansion is more efficient in sperm [116-118] implies that replication-dependent pathways would be
primarily responsible for CAG expansion in haploid human DNA. Expression of UAG codons would be
responsible for nonsense mutations, and thus, contractions are observed in CAG tracts from sperm [118].
This combination of expansion and contraction modes would govern instability exhibited by CAG repeats
[1-2,6,118]. According to Fig. 6b, 5'-CAG-3' and 5'-CTG-3' are complementary components on opposite
strands of a duplex repeat, 5'-CAG/GTC-5'. However, ordinary keto-amino 5'-CTG-3' could generate the
CUG initiation codon by transcription without ts intervention. Amino acid substitutions would be
introduced in four of the ten ts that code for amino acids. In particular, GIn would be replaced by Glu, Lys
and His (twice).

and Contraction and contraction evolutionary dynamics and CT repeatsl)arequantum entanglement
algorithm, 1-2,6,29,entangled proton qubits and A-Tby which entangled proton qubits populate 77 for ing
entangled proton qubit,entangled proton qubits7entangled proton qubit [1-2] (Data on A-T rich triplets
are not displayed).

entangled proton qubit70 0 22 0 2entangled the terminationcode — 5'-UAG-3’,7—isentangled proton
qubit7 (in both rat and human172,20,22.
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5'—??.13-3'
3'-GTG-5' --------(keto-amino)--- -- -- —---» 5-GUG-3'
(rep)
5-CAC-3' CACO20 = 5-CAA-3 (GIn)
TS
(G=T) 3-GTG-5 GTE202 - = 5-UUG-3
(transcription)
(C=T) 5-CAC-3 Ca*C202%  ({rep) 5-CAT-3' (His)
[ e [ — [
3-GETG-5 GT*GE0207 F-GTA-5 - = B-AUG-3
(transcription)
5-CAC-3' CL*C2027  (rep) 5'-CAT-3' (His)
[ e [ — [1
G &) 3-GTG-5' GT*E020° 3-GTA-5' - —x  §-AUG-F
(transcription)
5-CAC-3 CAC220  (rep) 5-CAG-3 (Gn)
[ - [1 - [1
(G—=C) 3-GTG-5 GTGO002 3-GTC-5" - = 5-CUG-3
(transcription)
5-CAC-3' C0204C  (rep) S-AAC-F (Asn)
[ - [ 1l - [
(G=T) 3-GTG-5 G202TG 3-TTG-5"  (val)
5-CAC-3' C2204C  (rep) 5-GAC-3' (Asp)
[ - [0 — [
(G C) 3-GTG-5 GO02TG 3-CTG-5' (val)
5-CAC-3' *C20228C  (rep) S-TAC-3' (Tyr)
[11 - I - [
(G—= &) 3-GTG-5 *G020°TG 3-ATG-5' (val)
(C=T) 5-CAC-3 *C2027AC  {rep) 5-TAC-3' (Tyr)
[ - I [ - [1
3-GETG-5 G020°TG 3-ATG-5 (val)

Figure 7a. Entangled proton qubits populating CAC/GTG triplets
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(transcription)

5-CTC-3' CTC220  (rep) o f e S > 5-CUG-3
- —
(G—+C) 3-GAG-5' GAG002 F-GAC-5 (Gln)
(rep)
5-CTC-3' CTC020 - 5-CTA-3' (GIn)
_:.
(G—=T) 3-GAG-5' GAG202  ------mmm-e- > 5-UAG-3

(transcription)

5-CTC-3' CT*C202°  (rep) 5-CTT-3' (Leu)
— —
(G A) 3-GAG-5' GA*GD20° F-GAA-5' (Lys)
(C=T) 5-CTC-3 CT*C202%  (rep) 5'-CTT-3' (Leu)
— —
3-GAG-5 GA*G020° 3-GAA-5 (Lys)
5-CTC-3 €220TC (rep) 5-GTC-3' (Val)

— —
(G = C) 3-GAG-5' GO02AG 3'-CAG-5' (Asp)
5-CTC-3' CO20TC (rep) 5-ATC-3' (Ile)

— —
(G=T) 3-GAG-5' G20246 3-TAG-5 (Asp)
5-CTC-3' *C2022TC (rep] 5-TTC-3" (Tyr)

— —

(G A) 3-GAG-5' FGO20°AG F-AAG-5 (val)
(C=T) 5-€TC-3 *C2022 TC (rep) 5-TTC-3' (Phe)
— —

3'-GAG-5' #GO20°AG 3-AAG-5' (Gl)

Figure 7b. Entangled proton qubits populating CTC/GAG triplets.

(Figure 7. Pathways for generating entangled proton qubit states in STRs of (a) CAC/GTG and (b) CTC/GAG
where decohered isomers are replicated to yield time-dependent substitutions, ts. The particular
substitutions are in parentheses adjacent to the reactive 5’ or 3’ strand of the duplex triplet. The initial
product identifies the “selected” eigenstate of the G’-C’ or *G-*C quantum superposition within the STR,
using Fig. 2 notation. Subsequent transcription (trans) and/or replication (rep) of STRs yield the resulting
triplet codes. Pathways for entangled proton qubit states to generate initiation and stop codons are
indicated. Introduction of the 5-GUG-3’ initiation codon by the keto-amino CAC/GTG duplex is shown.
Notation specifying states of entangled proton qubits is given in Fig. 2.)

20221ancient 4444example,4.
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Table 4a. Eleven microsatellites exhibiting “expansion” in ancient rat genome

1 2 3 4 5 o 7
Motif Eelative Abundance #FH/#R % Increase ¥ Pathways % Pathways
(Humber of S5TEs) Eelative INITIATIOH STOP
Abundance Codons Codons
____________ Rat  Bwmen
RCOGC 7 1 0.14 a00% 33% 8.3%
RGGEG 5 1 0. 20 400% le.6% 2.3%
Cakh & 2 0.33 200% (a]l S0% 25%
CT 1 15 0.34 135% 12.53% 12.53%
(k) acc & 3 0.50 10o% 32% 25%
Ca 133 73 0.55 82% 50% 0%
AAGG 13 i 0.62 63% Z5% 25%
Cas 11 ] 0.82 22% 50% 25%
AATG & 3 0.50 100% o) 0% T5%
ACAT 4 3 .73 33% (dy o % 50%
AATT 3 1 0.33 200% o % (el 0%

a) keto-amino CAGA/GTCT allows CUG expression

b) ACCincludes CAC STRs; Averaged values in column 6 & 7
c) keto-amino AATG allows AUG and UAA expression

d) keto-amino ACAT/TGTA allows AUG expression

e) keto-amino AATT allows UAA expression
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Table 4b. Eleven microsatellites exhibiting “contraction” in ancient rat genome

1 2 3 4 5 [ 7
Motif Relative Abundance tH/£R % Decrease % Pathwavs %Pathwavys
(Humber of STRs) Relatiwve STCE INITIATICH
Ehundance Codons Codons
""""""" Rat  Bwman
B 34 131 3.85 -T74% o3 o3
AT 7 18 2.25 -58% o3 o%
ERT 5 7 1.40 -25% {a)0 % o3
BRAT 18 21 1.17 -14% {a)0 % 0%
RTCC 3 7 2.33 -57% {b)75% Z25%
BRACT 5 10 2.00 -50% 20% (ch0 %
RRLG 8 15 1.88 -47% Z5% Z5%
LAC 7 13 1.8% -46% 50% (dyo %
BGGE & E 1.50 -33% Z5% 25%
EGAT 8 9 1.13 -11% {=2)50% Z5%
CCG 3 10 3.33 =-70% 0.0% 25%

(a) keto-amino AAT and AAAT allow UAA expression
(b) keto-amino ATCC/TAGG allows UAG expression
(c) keto-amino AAAC/TTTG allows UUG expression
(d) keto-amino AAC/TTG allows UUG expression

(e) keto-amino AGAT/TCTA allows UAG expression

quantum entanglement  algorithm 1-2,6-7,29 measurements of  entangled proton
gubitterminationmeasurements of entangled proton qubit [6,9-11]107EPR-generated entangled proton
gubitinterval for ng entangled proton qubittherefore entanglement-enabled Consequently,4 [107] EPR-
generatedentangled proton qubit — that yield the “expansion” mode —Similarly,4entangled proton
gubitentangled proton qubit “ancient”entangled proton qubit4 results8entangled qubit4 results9CTC;
78entangled proton qubit4 Table 4a,,entangled proton qubit464 enzyme quantum reader measurements
of entangled proton qubits generating quantum transcription expressions 0f1-3,9-
11Consequently,8848eses48 Additionally,

(Figure 8. Pathways for entangled proton qubit introduction of dynamic mutations expressed as
initiation codons and stop codons in STRs of (a) ACGC, (b) AGGG, (c) CAGA, (d) AAGG, (e) AATG and (f)

ACAT. Pathways for expressing initiation and stop codons by keto-amino STRs are indicated.).
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(Insert Fig. 8a,b,c,d,e,f below)

ACGC A*C2022GC  (rep)  ATGC ——eee s 5-AUG-3
[ 111 - | [ -4 [ | (transcriptien)
(G = A) TGCG T*G020°CG TACG
(C=T) ACGC A*C202°GC  (rep) F o —— —> 5-AUG-3
T I [ - [[1] (transcription)
TGCG T*GE020°CG TACG
(G —=A) ACGC ACHGE020°C (rep) ACAC
- |l | - [ [ {transcription)
TGCG TG*C2027G (€] 1 c > 5-GUG-3'
ACGC AC*G020°C  (rep) ACAC
= | - [[| | (transcription}
(C=T) TGCG TG*C202°G L[c1 [ — > 5-GUG-3
(G=T) ACGC LACG202C (rep) ACTC
[ | - [1]] (transcription}
TGCG TGEC020G TGAG - — - > 5-UGA-3
ACGC AC020:C (rep) AAGC
N [ = [ 111
(G=T) TGCG TG202CG TTCG
ACGC LC220GC (rep) AGGC
[ - I [ - [1]]
(G —=C) TGCG TGOO2CGE TCCG
(G —= C) ACGC ACGO02C (rep) ACCC
T I - [1]]
TGCG TGEC220: TGEGEGE
ACGC ACGC020 (rep) ACGH
N T - [1]]
(G=T) TGCGE TGECG202 TGCT
ACGC ACGC220 (rep) ACGGE
[ — [ - [1]]
(G—=C) TGCGE TGCG002 TGECC
ACGC ACG*C2022 (rep) ACGET
(= - [1]]
(G = A) TGCG TGC*G020° TGCA
(C—=T) ACGC ACGFC202% (rep)
N A - [111
TGCG TEC*G020° TGCAH

Figure 8a. ACGC: EPR-generated dynamic mutations
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oI
TCCC
(G —=T) AGGG

TCCC

(G-ac}Tﬁﬁ?
TCCC
(G —A) AGGG
Tece
AGGG
o7 Teod
(G — C) AGGG
reee
(G —=a) i‘“ﬁ?
TCCC
AGGG
o7 Teod
(G=T) AGGG
reee
(G —=C) AGGG
reee
(G —=Aa) Pl-'i|3 G|<|3

TCCC

(C=T) TCCC

—5

—5

—

AG202GG (rep)
Ll -
Tcoz2o0cC

AGG2025 (rep)

LI -
TCCO20C

AGOO02GG (rep)
L -
TC220CC

A*G020°GG  (rep)
[ [ -
T*C2023CC

A*GO20°GE  (rep)
| | [ -
T*C202°CC

AGGO02G (rep)
[ I -
TCC2200C

AG*G020°G  (rep)
[ 1 I -
TC*C202C

AG*GO20°G  (rep)
[ | -
TC*C202°C

AGGG202 {rep)
[ 1] =
TCCCO20

AGGGOD2 (rep)
[ -
TCCC220
AGG*GE020° (rep)
L] -
TCC*C202°

AGGFGE020° (rep)
[ -

TCC*C2022

AGGC
11
TCCG

AGGA
1]
TCCT

AGGA

[ 11
TCCT

5-AUG-3

E-GUG-F

5-UGA-3'

Figure 8b. AGGG: EPR-generated dynamic mutations
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CAGA
GTCT ------ (keto-amino)-----------------mmmmommmo - <> 5'-CUG-3'
(G = T) CAGA CAG202A (rep) CATA
- —
GTCT GTCO2aT GTAT --—-—-> 5-AUG-3'
(G = C) CAGA CAGOD2A  (rep) CACA
— —
GTCT GTC220T GTGT ------ » 5'-GUG-3'
(G — A) CAGA CA*G020°  (rep) CAARA
— —
GTCT GT*C202°T - > 5-UUG-3'
(transcription)
CAGA CA*G020°A  (rep) CAAA
— —
(C—T)GTCT GT*C202°T - = 5'-UUG-3'
(transcription}
(transcription)
(C = T) CAGA *C202PAGA  --—-mm-mmmmmmmm - > 5'-UAG-3'
— —
GTCT *GQO20°TCT (rep) ATCT
(transcription}
CAGA *CIO22AGA - > 5-UAG-3'
— —
(G = A) GTCT *G020°TCT (rep) ATCT
CAGA C220AGA (rep) GAGA
- —
(G = C) GTCT GOOZTCT CTCT
CAGA CO204GA (rep) AAGA
= =
(G —=T)GTCT G202TCT TTCT

Figure 8c. CAGA: EPR-generated dynamic mutations
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(G — C) AAGG AMGDO2G (rep) AACG
— — (transcription)
TTCC TTCO20C T - = 5'-UuG-3'
{transcription)
(G—T) AAGG AAG202G-3' &~ = - > 5-AUG-3'
— (rep)
TTCC TTC020C-5' — 3'-TTAC
(transcription)
AAG202G-5" mmmmmmmememmeeees > 5-UAA-3'
— (rep)
TTC020C-3" — 5'-TTAC

(G = T) AAGG AAGG202-5' —  --mmmmmmmmmmmeeeee- >  5-UGA-3'
— (rep)
TTCC TTCC020-3' — 5'-TTCA
(G = A) AAGG AM*GO20°G  (rep) AAAG
— —
TTCC TT*C202°C C
AAGG AA*GO20°G  (rep) ABAG
— —
(C—=T) TTCC TT*C202%C TTTC
(G — C) AAGG AAGGO02 (rep) AAGC
— —
TTCC TTCC020 TTCG
(G = A) AAGG AAG*GO20° (rep) AAGA
— —
TTCC TTC*C202° TTCT
AAGG AAG*G020° (rep) AAGA
— —
(C—T) TTCC TTC*C2027 TTCT

Figure 8d. AAGG: EPR-generated dynamic mutations
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AATG -——--- (keto-amino}---------------------- = 5-AUG-3'
TTAC
AATG ------ (keto-amino)----------------------- = 5-UAA-3'
TTAC
(G — T) AATG AATG202 (rep) AATT  ---mmmmmmes = O'-UAA-3
— —
TTAC TTACO20 TTAA  ------------x 5-UAA-3
(G = C) AATG AATGO02 (rep) BATC  —---mmmmmme- > 5'-UAA-3'
— —
TTAC  TTAC220 TTAG ------------>= 5'-UAG-3'
(G — A) AATG  AAT*G020° (rep) AATA -------m-mm- = 5'-UAA-3°
— —
TTAC TTA*C202° TTAT
AATG  AAT*GO020° (rep) AATA-------------- > 5'-UAA-3'
— —
(C—T)TTAC TTA*C202° TTAT

488 entangled proton gubit4

44-44

Figure 8e. AATG: EPR-generated dynamic mutations
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ACAT
TGTA ----(keto-amino}-------------------------- = 5'-AUG-2
ACAT ACO20AT (rep) AAAT ----—----> 5'-UAA-3'
— —
(G—=T) TGTA TG202TA A
ACAT AC220AT (rep) AGAT ------—--—--> 5'-UAG-3'
- -
(G—=C) TGTA TGOD2TA TCTA
ACAT A*C202°AT (rep) ATAT
— -
(G —=A) TGTA T*G020°TA TATA
(C—T) ACAT A*C2022AT (rep) ATAT
— —
TGTA T*G020°TA TATA

Figure 8f. ACAT: EPR-generated dynamic mutations

82 0 2 8 entangled proton qubit 46-entangled proton qubit 9and AGG9fentangled proton
qubit474entangled proton qubit9entangled proton qubit s99EPR-generated entangled proton
qubit49EPR entangled proton qubit494--4entangled proton qubit9

(Figure 9. Pathways for entangled proton qubit introduction of dynamic mutations expressed as initiation
codons and stop codons in STRs of (a) ATCC, (b) AAAC, (c) AAAG, (d) AAC, (e) AGG and (f) AGAT. Pathways

for expressing initiation and stop codons by keto-amino STRs are indicated.)
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ATCC

[

TAGG ------ (keto-amino)--------=--=--=m-mm-omm- > 5'-UAG-3'
(rep)

ATCC ATCO020C — ATAC

] - [ ] | (transcription)

(G->T) TAGG TAG202G  ------------------- > 5'-AUG-3'
ATCC ATC220C (rep) ATGC ---> 5'-AUG-3'
- | i

(G—>C) TAGG TAG002G TACG
ATCC AT*C2022C (rep) ATIC
A= I

(G—>A) TAGC TA*G020°G TAAG ----> 5'-UAA-3'

(C>T) ATCC AT*C2022C (rep) ATIC
i - I i
TAGC TA*G020°G TAAG ---> 5'-UAA-3'

(rep)
ATCC 3'-ATCC020 >  ATCA
- [T
(G->T) TAGG 5'-TAGG202 ------------------ > 5'-UAG-3'
(transcription)
(rep)
5'-ATCC020 —  ATCA
- | 1]

3-TAGG202 -----------=-=--- > 5'-UAG-3'
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ATCC
[
(G—>C) TAGG

ATCC
e
(G—>A) TAGC

(C>T) ATCC
[T

ATCC220 (rep) ATCG

- 1]

- I
TAGG002 TAGC ----> 5'-UAG-3'
ATC*C2022 (rep) ATCT

- I - [l
TAG*G020° TAGA ---> 5'-UAG-3'
ATC*C2022 (rep) ATCT

- |1 - I

TAGC TAG*G020° TAGA ---> 5'-UAG-3'

Figure 9a. ATCC: EPR-generated dynamic mutations
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AAAC
[
TT7G ------ (keto-amino)-------=-====-=-mm-ommo- > 5'-UUG-3'
(transcription)
(C>T) AAAC AAAXC2022  -------mmmmmmmmeee > 5'-UAA-3'
=
TTTG TIT*G020° - 3'-ATTT
(rep)
(transcription)
AAAC AAAXC2022 ----mmmememeee- > 5'-UAA-3'
IR
(G>A) TIIG TIT*G020° - 3'-ATTT
(rep)
AAAC AAAC020 (rep) AAAA
i - I - Iy
(G->T) TIIG TTTG202 TTTT
AAAC AAAC220 (rep) AAAG
IR - [
(G>C) TITIG TTTG002 TTTC

Figure 9b. AAAC: EPR-generated dynamic mutations

9 9 greater decrease ——4DNA (16 generated by the quantum entanglement algorithm operating on (CCG),
repeats 1-2,294444

4 Discussion and Conclusion
Confidence in entanglement-enabled bio-molecular information processing [1-4,12] is provided by the
fact that multiple lines of experimental observation — prokaryote T4 phage systems [2,9-11] and human
gene systems [1-2,4,6-7,29] — converge with the EPR-generated, time-dependent molecular evolution
model for STRs herein analysed and discussed [1-4]. Quantum uncertainty limits, AxApx > h/2, operate on
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metastable amino (—NH;) hydrogen bonded protons, which introduces a probability of EPR-generated
entangled proton qubit superposition states, keto-amino —(entanglement)-> enol-imine, in STRs.
Grover’s [12] quantum processor measurements of dynamic entangled proton qubit states predict a time-
dependent creation of initiation codons, stop codons and deletions [1-3,6-7,29], and consequently,
provide a mechanism (a) for stochastic random genetic drift, ts + td [9-11,19,49], and (b) for expansion
and contraction of STRs [1-3,6-7,29,78,104]. In addition to quantum chemical analyses identifying two
internally consistent, “ordered sets” of expanding and contracting STRs from the list of twenty-two (Table
1) most abundant STRs common to human and rat, Table 4a provides insight into evolutionary
“expansion” processes. For example, a rationale is presented for (CA), repeats to be longer and more
numerous than (CT)m repeats in both human and rat. General agreement between model expectation and
relative abundance of STRs in rat and human genomes implies that evolutionary processes of expansion
and/or contraction can be simulated in terms of EPR-generated entangled proton qubit superposition
states populating G'-C', *G-*C & *A-*T sites in STRs, which are subsequently processed by the quantum
entanglement algorithm [1-4,12]. An apparent consequence of these evolutionary processes includes
triplet repeat genetic instabilities [1-2,28-29,33-34,78,109] and phenotypic expression — as a function of
time (age) — of associated triplet repeat human diseases [1-2,6-7,33,108,114-115].

1s 44144However,obtained metastable hydrogen bonding amino (-NH;)protons encountering quantum
uncertainty limits, Ax Apx = h/2, which generates probabilities of EPR arrangements, where position —
momentum quantum entanglement is introduced between separating enol and imine protons [1-3,13-
16]. Reduced energy product protons are each shared between two indistinguishable sets of electron
lone-pairs belonging to enol oxygen and imine nitrogen on opposite strands, and consequently,
participate in entangled quantum oscillation at ~ 10 s between near symmetric energy wells in

IM

decoherence-free subspaces [63-65] until “measured by” [1-3,6] a “Grover’s-type” enzyme quantum
processor [7-12]. V(Tables 4a-b) 44 entanglement algorithma rational for (Table 4a) (Table 4b) Results of
squantum entanglement algorithmic processing of entangled proton qubits are 69. quantum

entanglement algorithm predictions [1-3,6,29]
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(transcription)

(G=T) AAAG AAAG202 - > 5'-UAA-3'
— -
TTTC TTTC020 (rep) TTTA
(G —= C) AAAG AAAGDD2 (rep) AAAC
— -
TTTC TTTC220 TI1G ----> 5"-UUG-3°
(G = A) ARAG AAAGO20° (rep)  AAAA
— -
C c202? TT
AAAG AAAGO20° (rep)  AAAA
— —
(C—=T) TITIC c202?

Figure 9 c. AAAG: EPR-generated dynamic mutations

[20] the 22 most abundant rat and human [20-23]quantum entanglement algorithm [1-4,6-12,29]which
Quantum entanglement algorithm analysesof (a) evolving distributions of human-rodent STRs [2,20], (b)
ancient T4 phage DNA [2,9-11,80-82], and (c) human gene systems [1-2,4, 6-8] are consistent with the
hypothesis ancestral — ribozyme systems initially acquired and “processed” EPR-generated entangled
proton qubits [3,12], cellular (LUCA) [67-70,103] Subsequent selection of enzyme — proton entanglement
processing of entangled proton qubits was an “early” adaptive mutation [1-3,7,119] that allowed
development and growth of an increasingly complex, evolving genomic system. The fact that EPR-
generated ts and td can introduce and eliminate initiation codons — UUG, CUG, AUG, GUG - and
termination codons — UAA, UGA, UAG — implies resultant “dynamic” mutations [1-3,6-7,28-29,78,108-
109] played significant roles in physical genomic growth, which has provided the classical duplex
molecular matrix on which the quantum entanglement algorithm operates on dynamic, EPR-generated
entangled proton qubits [1-4,6-11]. Availability of enzyme — proton entanglement processing [12] of
entangled proton qubits [1-4] allowed growth in genomic mass, i.e., additional base pair units via
“expansion” [1-3,6,29,78], which enhanced the probability introducing additional EPR-generated
entangled proton qubits. Most of life’s evolutionary stages — e.g., precellular, cellular, eukaryogenesis,
etc. [3,67-70,103,120] — have successfully emerged under conditions of continuous accumulations of
entangled proton qubits deciphered by quantum processing

URL: http://dx.doi.org/10.14738/jbemi.42.2795
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AAC
TTG ------(keto-amino)------------------------- = 5-UUG-3'
(C—>T) AAC AA*C202% (rep) AAT - > 5-UAA-3'
— —
TTG TT*GD20° TTA
AAC AA*C202% (rep) N > 5'-UAA-3'
— —
(G—=A) TTG TT*G020° TTA
AAC AACO20 (rep) AAA
— —
(G=T) TTG TTG202 TTT
AAC AAC220 (rep) AAG
— -
(G=C) TTG TTGO02 TTC

Figure 9d. ACC: EPR-generated dynamic mutations

information enzymes (QPIE) to yield ts and td, but several evolutionary consequences have not been
“accurately” recognized [1-12,29]. According to the evolution scenario outlined here, over the past ~ 3.5
or so billion y [1-3,67-70], enzyme quantum-reader
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(G—=T) AGG AGG202 (rep) AGT  ----- = 5'-UGA-3'
— —
TCC TCC020 TCA
(G —=T)AGG AG202G  (rep) ATG  --—-- = 5-AUG-3'
— —
TCC TC020C TAC
(G = C) AGG AGDO2G  (rep) ACG
— —
TCC TC220C TGC
(G—=A) AGG AGD20°G  (rep) AAG
— —
TCC TC202°C TTC
AGG AGD20°G  (rep) AAG
— —
(C—=T} TCC TC202*C TTC
(G —= C) AGG AGGOOZ2 (rep) ACG
— —
TCC TCC220 TGC
(G—=A) AGG AGGD20° (rep) AGA
— —
TCC TCC202° TCT
AGG AGGD20° (rep) AGA
— —
(C—=T} TCC TCC20# TCT

Figure 9e. AGG: EPR-generated dynamic mutations

processing [12] of EPR-generated entangled proton qubits have provided an entanglement resource for
guantum dynamical genomic growth and evolution, from relatively primitive pre-LUCA systems [3,67-70]
into the more complex and biologically diverse, modern mammalian genomic system [1-4,6-
7,29,103,120]. This growth and development in operational biological complexity is thus a consequence
of Darwinian selection operating on enzyme — proton entanglement processes, driven by availability of
EPR-generated entangled proton qubits at the microphysical, entangled proton qubit genomic level.
According to this and other reports [1-4], the smallest enzymatically measurable unit of quantum-
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entanglement genetic information is an “entangled pair” of EPR-generated proton qubits, occupying
decoherence-free subspaces [1-3,63-65], and subsequently measured by Grover’s [12] quantum
processor. Consequently, a nucleotide is not the smallest “basic” unit of genetic information measured by
enzyme processors responsible for molecular genomic evolution [1-3].

In duplex DNA of human genomes, unstable repeats [1-2,28-29,33,108-109] exhibit expansions and
contractions via dynamic mutations [6-7,29,78], where (CAG), sequences (n > 36) can exhibit expansions
> 10 (CAG) repeats in 20y [1,114-115]. This observation implies the hypothesis that susceptible ancestral
genomes implemented dynamic mutation expansions as consequences of particular ts + td [1-4,6-11]. A
“net” triplet repeat dynamic mutation expansion rate of 13 repeats, e.g., (CAG)13 = 39 bp, per 20y for 3.5
billion y would generate a genome of ~ 6.8 x 10° bp, which is “ballpark” compatible with bp content of
the Homo sapiens’ genome. According to the present assessment, evolutionary genomic growth was, and
is, a consequence of the quantum entanglement algorithm introducing, and eliminating, initiation codons
— UUG, CUG, AUG, GUG — and stop codons, UAA, UAG & UGA. This hypothesis is consistent with the fact
that overall microsatellite content in a genome correlates with genome size of the prokaryote or
eukaryote organism [23]. Selected “expansion” sequences were exploited as conserved genes, e.g. [121-
125], whereas “other” expansion sequences have been relegated to “unspecified” conserved noncoding
genomic space (CNGS) [126-127]. An “accurate” understanding of quantum entanglement algorithm
evolution of STRs appears to provide new and useful insight into unusual behavior exhibited by
Huntington’s disease (CAG), repeats [1-2,6,114] and other unstable triplet repeat diseases [28-29,33,108-
109]. Specifically, quantum entanglement algorithm analyses of STR evolution data — Tables 1, 4a, 4b —
support the hypothesis that the ~ 2 to
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AGAT --—--- (keto-amino}--------------------—-- * 5-UAG-3
TCTA
(G —=A) AGAT A*GO20°AT (rep) AAAT ----> 5'-UAA-3'
— —
TCTA T*C202°TA TA
AGAT A*GOD20°AT (rep) AAAT ----> 5'-UAA-3'
- -
(C—>T) TCTA T*C202°TA A
(G—C) AGAT AGOO2AT (rep)  ACAT
— -
TCTA TC220TA TGTA ---> 5'-AUG-3'
(G—T) AGAT AG202AT (rep) ATAT
— —
TCTA TCO20TA TATA

Figure 9f. AGAT: EPR-generated dynamic mutations

~ 12 yr. delay in expression of Huntington’s disease by an inherited long, e.g., (CAG);o repeat [114], is due
to the necessity of Grover’s [12] transcriptase processors measuring available entangled proton qubits
occupying a “threshold limit” [115] of the inherited (CAG), (n 2 70) repeat [1].

The quantum entanglement algorithm [1-4] generates a probabilistic yield of entangled proton qubit
states, which would manifest an irregular ‘tick rate’, as observed [9-11,49,128]. Also, the expression of
mutagenic codes, i.e., expansions and/or contractions, would introduce additional variations into
microsatellite molecular clock data. Thus the quantum entanglement algorithm seems to provide a
plausible mechanism — at the microscopic entangled proton qubit information level [1-4] — for generating
differences in substitution [6-7,9], ts, and deletion [10-11], td, rates [49,128]. By incorporating these
measurable features [1-11] into models where mathematical variables and operations represent
qguantifiable biological reality, one could aim for a reduction in parameters and an improved accuracy in
models that analyze genetic distance between species [1-3,5,49,128]. Based on the high level of
gualitative agreement between model prediction and observation of STRs [20], this report concludes that
microsatellite evolution [23,114] can be simulated in terms of EPR-generated, entangled proton qubit
states — measured by Grover’s [12] quantum processors — which introduces ts + td that can cause
expansions and contractions [1-2,6-7,29]. Agreement between model predictions and observed STR
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evolution of the 22 “most abundant” microsatellites (Table 1) implies significant elements of correctness
regarding EPR-generated, molecular mechanisms responsible for genome and microsatellite evolution,
and thus, warrants further theoretical and experimental investigations. This study also implies availability
of a time evolution quantum entanglement algorithmic approach for investigating properties of past and
future microsatellites.

ABBREVIATIONS

CNGS = conserved noncoding genomic spaces

EPR = Einstein-Podolsky-Rosen, “EPR”, refers to ref. 13, entitled, “Can Quantum-Mechanical Description
of Physical Reality be Considered Complete?” (Phy. Rev. 1935, 47,777-780.) This paper presented
a central debate over the interpretation of quantum theory where the concept of “entanglement”
was introduced. The paper considers two quantum systems that physically interact — before
separation — such that both their spatial coordinates are linked in a certain direction, and also their
linear momenta are linked in the same direction. As a result of this “entanglement”, either position
or momentum determination for one separated system would fix (respectively) the position or the
momentum of the other separated system, instantaneously.

LUCA = last universal cellular ancestor

QPIE = quantum processing information enzymes

SNP = single nucleotide polymorphism

STRs = short tandem repeats

ts = entanglement originated time-dependent substitution
td = entanglement originated time-dependent deletion

5HMC = 5-hydroxymethylcytosine
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