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Abstract

The human brain evolves generation by generation. In the present paper I dis-
cover, by means of theoretical research into the process of gene transmitting
and inheriting of a typical family (a family without loss of its any genes), that
the bio-quantum computational speed (the Grover Iterations per second) of
mankind increases in the human hereditary process. That means that the abil-
ity of the human brain (the central processing unit of biological information
and controller of biological process of humans) to control bio-quantum com-
putation strengthens or develops in the human hereditary process. This is the
bio-quantum evolution of the human brain. Thus, this work explores the bio-
quantum mechanical nature of human brain evolution.
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1. Introduction

Exploration of biological evolution is an important and significant subject of bi-
ology, genetics and anthropology. Modern theories of human brain evolution,
based on modern genetic theories, have been developed. Volume of researches on
human brain evolution, in terms of development of human genes, DNA and ge-
nome, has been published.

Enard, W. et al. study molecular evolution of a gene related to development of
human speech and language [1]. Dorus, S. ef al. examined the evolution of genes
involved in human nervous system development [2]. Evans, P. D. ef a/ find that
an important brain gene, Microcephalin (MCPH1) regulating brain size, has con-

tinued to evolve adaptively in modern humans [3]. Mekel-Bobrov, N. et al find
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that one genetic variant of ASPM, a specific regulator of brain size in humans,
arose merely about 5800 years ago and has since swept to high frequency under
strong positive selection, suggesting that the human brain is still undergoing rapid
adaptive evolution [4]. Results of Prabhakar, S. et al suggest that widespread cis-
regulatory changes in human evolution may have contributed to unique features
of development and function of the human brain [5]. Pollard, K.S. ef a/ show that
the ability to compare our genome to that of our closest relative, the chimpanzee,
presents new approaches to link genetic and phenotypic changes in the evolution
of the human brain [6]. McLean, C.Y. et al search for putative regulatory muta-
tions specific to the human lineage by looking for sequences deleted in the human
genome, illustrated by means of two examples, one of which affects brain size [7].
Paar, V. et al. identify two particular intragene repeat structures of noncoding hu-
man DNA, genomic patterns underlying the evolution of the human brain and its
emergent advanced cognitive capabilities [8]. The results of Charrier, C. et al
show that inhibition of SRGAP2 function by its human-specific paralogs has con-
tributed to the evolution of the human neocortex and plays an important role dur-
ing human brain development [9]. Somel, M. et al. review a strategy to yield some
of the first hints about the mechanisms of human cognition [10]. Geschwind, DH
and Rakic, P. describe how advances in neurobiology, associated with those in
genetics, provide insights into the evolutionary mechanisms in the human cere-
brum to understand the emergence of human higher cognition [11]. Boyd, J. L. et
al. conclude that changes in HARES function unique to humans alter the cell-cycle
dynamics of a critical population of stem cells during corticogenesis and may un-
derlie some distinctive anatomical features of the human brain [12]. Florio, M. et
al find that human-specific gene ARHGAP11B may have contributed to evolu-
tionary expansion of human neocortex [13]. Fiddes, I.T. et a/ Discover that the
emergence of human-specific NOTCH2NL genes may have contributed to the
rapid evolution of the larger human neocortex [14]. Heide, M. ef al show that the
human-specific gene ARHGAP11B drives changes in development in the nonhu-
man primate marmoset that reflect the changes in evolution that characterize hu-
man neocortical development [15]. Trujillo et al. conclude, in their article, that
the reintroduction of an ancestral amino acid substitution in the protein NOVA1
drastically alters the development of brain organoids. The comment of Maricic,
T. et al. shows that cell lines used by the authors carry heterozygous deletions of
the target DNA sequence, providing another plausible explanation for the effects
observed [16]. The comment of Herai, R. H. ef al. shows that the “putative Nean-
derthal variant” of TKTL1 is present in modern human backgrounds, disputing
the argument that this genetic variant is responsible for brain differences in mod-
ern humans as opposed to Neanderthals [17]. Joshy, D, Santpere, G and Soojin,
V.Y. support the acceleration of cell-type-specific functional programs as an im-
portant feature of human brain evolution [18]. Rickelton, K. et a/. identified genes
with variation in expression most correlated with brain siz [19]. Cui, X. et al. find

the endogenous gene regulatory functions of HARs, potentially contributing to

DOI: 10.4236/jqis.2026.163013

388 Journal of Quantum Information Science


https://doi.org/10.4236/jqis.2026.163013

). Z. Zhao

human brain evolution [20]. Pal, A. et al support that HARs alter the expression
of ancestral gene targets shared between human and chimpanzee, influencing
brain evolution [21]. Soto, D.C. et al discover two genes, GPR89B and FRMPD2B,
possibly contributing to hallmark features of the human brain [22]. The study of
Kaur, N. et al. advances the knowledge of the development and evolution of the
ventrolateral pallial (VLp) [23]. Zhang, D. et al discuss human brain develop-
ment, exploring its spatial dynamics [24]. Rickelton, K. and Babbitt, C. C. under-
stand the evolution of astrocytes across primates, focusing on gene expression
evolution and gene regulation in astrocytes [25]. Raza, R. Z., Nazir, F. and Abbasi,
A.A. build a perspective on an already determined set of human accelerated brain
enhancers (HABEs) with 34 putative target brain genes for their role in human
cognitive enhancements. They conclude that HABE, associated with IRX3, and
the Homo sapiens-specific substitution P422L in the IRX3 protein serve as exam-
ples of the accelerated evolution of human brain regulatory circuits [26]. Liu, Y.,
Li, J. and Liu, Q. find that the inactivation of CMAH (CMP-N-acetylneuraminic
acid hydroxylase), resulting from natural selection, reduced the level of N-glycol-
ylneuraminic acid (Neu5Gc) in brain tissue. And the low level of Neu5Gc pro-
moted the development of human brain tissue [27]. Soorajkumar, A. et al synthe-
size current knowledge of brain cell diversity and highlight key gene markers that
define cellular identity and function, exploring how cellular diversity shapes brain
function and contributes to disease mechanisms [28]. Chen, Y.-C., Maupas, A.
and Nowick, K. developed a software TEKRABDber to reconstruct regulatory net-
works of TEs (transposable elements) and KRAB-ZNFs (TE silencing factors
KRAB zinc finger genes) during human brain evolution. They discovered that the
human brain displays a notably denser TE:KRAB-ZNF network compared to
NHPs, particularly for more recently evolved TEs and KRAB-ZNFs [29]. Liu, J. et
al. find that small changes in regulatory DNA can directly affect critical signalling
pathways to modulate human brain development, uncovering new functions of
HARs (Human accelerated regions) as key regulatory elements crucial for the ex-
pansion and complexity of the human cerebral cortex [30]. Caglayan, E. and
Konopka, G. use DNA sequence substitutions within cellularly resolved GREs
(gene regulatory elements) to gain insight into human brain evolution, and iden-
tify ancestral evolutionary patterns of the human brain epigenome at cellular res-
olution [31]. Yoo, D.A. et al. present complete sequencing of ape genomes for
their study of evolution of humans and our closest living ape relatives [32]. In their
discussion, the expansion, contraction and restructuring of SDs lead to concurrent
gene innovation and chromosomal structural changes [32]. In the case of humans,
three gene family expansions, namely NOTCH2NL, SRGAP2C and TBC1D3, have
been functionally implicated over the past decade in the expansion of the frontal
cortex of the human brain [32].

All researches and results above are based on biological chemistry.

Quantum biology’s origins are often traced back to 1944 and the publication of
Erwin Schrédinger’s famous book, What is Life? [33] [34]. In the book, the author
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declares three results. Firstly, the durability or permanence of genes is unexplain-
able by classical physics, but is explicable by quantum theory. The mechanism of
heredity is closely related to, or founded on, the very basis of quantum theory.
Secondly, it seems possible to point out in a more direct manner the connection
between “quantum jumps” and mutations of genes. Thirdly, new physical laws are
expected in the organism, and the new physical principle is nothing else than the
principle of quantum theory over again [33]. Quantum biology is a field of re-
search that applies quantum theory to understand biology, and has unique con-
tributions to life science. Researchers made contributions to quantum biology
[33]-[47]. Davies, P. reviewed researches suggesting that living systems process
information quantum mechanically, and life will eventually be created as a by-
product of quantum information processing and nanotechnology [34]. McFad-
den, J. developed an evolution theory resorting to quantum tunnelling in base pair
formation [35]. McFadden, J. and Al-Khalili, J. reviewed the origin and develop-
ment of quantum biology, arguing that some of the insights of those quantum
pioneers of the early twentieth century, including Erwin Schrédinger, remain rel-
evant to our understanding of quantum biology today [36]. The result of Dikshit,
B. shows that life originates out of establishment of quantum coherence in a group
of inanimate particles [37]. Tuszynski, J. A. discussed quantum consciousness,
commented, based on quantum theory, on the merits, challenging issues and pos-
sible developments of the hypotheses suggested to introduce a scientific basis to
consciousness theory [38]. Kim, Y. et al. reviewed the progress in quantum biol-
ogy, concerning the areas of enzyme-catalysed reactions, photosynthesis, spin-de-
pendent reactions, DNA, fluorescent proteins and ion channels, and discussed
questions, challenges, expecting further development of quantum biology [39].
Ogryzko, V. V. and McFadden, J. & Al-Khalili, J. study directed or adaptive mu-
tations, based on the principles of quantum theory [40] [41]. Pullman, B. reviewed
developments in the quantum mechanical researches on the electrical structure of
the nucleic acids [42]. Steele, R. H. discussed the quantization of simple systems
in quantum theory, introducing quantum physics into biology in an intuitive way
[43]. Wu, L.-A,, Wu, S.S. and Segal, D. demonstrated a universal DNA breathing
dynamics by means of an approximate method in quantum mechanics [44]. Rug-
giero, M. and Pacini, S. discuss quantum processes of DNA that have played a role
in the evolution of the human brain and consciousness [45]. Zhao, J. established
the System of Bio-Quantum Genetics; proposed the Bio-Quantum Genetic Model
of Plant Heredity, theoretically proving Mendel’s results of experiments on plant
hybrids; suggested the Bio-Quantum Genetic Model of Human Genetics, explain-
ing human normal inheriting, reversion and atavism [46]. Zhao, ]. discussed DNA
forming and replicating process within the theoretical framework of the System
of Bio-Quantum Genetics established in [46] and reached the conclusion that
DNA forming and replicating is a process of bio-quantum entangling, de-entan-
gling and re-entangling [47].

In the present paper, I apply quantum mechanics to understand evolution of
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the human brain. A typical human family provides the baby with the genes of
his/her seniors, and the baby searches the genes of the seniors for his/her parents’
ones and inherits them. In terms of quantum mechanics, an initial bio-quantum
state of the seniors’ genes of the human family is established, and the baby
searches the initial bio-quantum state of the seniors’ genes for the bio-quantum
state of his/her parents’ genes. The search succeeds by using Grover’s fast quan-
tum mechanical algorithm for database search [48]-[51], operating O(W )
Grover Iterations. Thus, it is found that the ability of the human brain to process
bio-quantum information, or, to control bio-quantum computation, strengthens
or develops in the human hereditary process. This is bio-quantum evolution of
the human brain, or development of human bio-quantum intelligence (human
intelligence defined and explored by means of quantum mechanics and quantum
computation). Then a law of human bio-quantum intelligence is suggested, con-
sistent with Schrddinger’s expectation [33]. Then bio-quantum selection (selec-
tion defined and explored by means of quantum mechanics and quantum com-

putation) is suggested.

2. Modeling Human Family in Terms of Quantum Mechanics

A typical human family consists of 1 generations of seniors and an offspring baby
(n>1). Every senior is probable to transmit his/her genes to the baby. Because
of this, it is possible for the parents of the baby to transmit their genes to the baby
(normal heredity), and, it is possible for the grandparents of the baby to transmit
their genes to the baby (reversion), and, it is possible for the remote ancestors of
the baby to transmit their genes to the baby (atavism). In fact, normal heredity,
reversion and atavism are three phenomena of human genetics.

Genes are micro-entities, ruled by laws of quantum mechanics, the physical sci-
ence of the micro-world. Also, genes are bio-quantum bits, controlled and trans-
formed by quantum computation. Therefore, the underlying physical mechanism
of family heredity is quantum mechanical and quantum computational processes.
Logically, establishing a bio-quantum theory of family heredity is reasonable.

Using Dirac Notation [52] [53], |F71’1> = |00~-001> is the bio-quantum state

of the genes of the baby’s parents (the father and the mother); |F72’l> = |00- - OlO)
and |F_2’2>:|00---011> are the bio-quantum sub-states of the genes of the
baby’s grandparents (the two couples of grandfather and grandmother);
|F,,)=[00--100), |F,,)=[00---101), |F,)=[00--110) and

|F7374> =|00~-111> are the bio-quantum sub-states of the genes of the baby’s
grand-grand-parents (the four couples of grand-grand-father and grand-grand-

mother);...... ; |F >:|10---OOO>, ...... R F7n2n4>=|11“'111> are the bio-quan-

—n,l

tum sub-states of the genes of the baby’s ancestors of nth senior generation.
In terms of quantum mechanics, the spectrum of genes of a typical family is a

bio-quantum superposition state. The initial probabilities of the sub-states are
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evenly distributed, because no couple of seniors is, logically and genetically, ini-
tially superior to any couple else in the family. Then the initial bio-quantum state
of the genes transmitted to the baby by his/her seniors is

F)-S5r,)

i=1 j=1
1
N
+]00---010)+[00---011)

+00---100) +]00---101) +|00---110) +| 00---111) (1)
.

+[10-+-000) + -+ +|11---111))

(|00---001)

where

N=2"-1(F,,|F,,) =6 )

ki~ mj*

3. Normal Inheriting by Quantum Computing

The parents are the generation closest to the baby. The baby is borne by his/her
parents. Therefore, normal inheriting should be defined as inheriting the parents’
genes rather than genes of the generations far from the baby. To inherit his/her
parents’ genes normally, the baby has to search the spectrum of the family genes
for his/her parents’ genes and inherits them. Therefore, in terms of quantum me-
chanics, the parents’ gene state is the unique target. The baby searches |F ) for
|F—1,|> by means of bio-quantum computation. The baby prefers to use a quan-
tum algorithm following Grover’s fast quantum mechanical algorithm for data-
base search , because Grover’s fast quantum mechanical algorithm for database
search is the optimal and efficient database search algorithm [48]-[51], the baby
finds his parents’ genes, |F_,’]> ,with a probability of O(1), by searching |F > in
O(Jﬁ ) steps (N =2" —1). The details of the algorithm are following.
1) Defining a function f (Ffl.’].):

L |F,,)=[00---001)
o, |F,,)#|00---001)

f(F.)) (3)
2) Repeating the following operations (a) and (b) for O(W ) times (Grover
Iterations):

a) Applying the oracle operation:

|7, ) =2 (-1 ")

—i,j

F,)) @)
where f (F_l-,,-) is the function defined by Equation (3).

b) Performing Grover operation (in terms of inversion about average opera-
tion) (48] [49]
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D|F) ()

where the diffusion transform D can be implemented as
D =WRW (6)

where W isthe Walsh-Hadamard Transform Matrix and R is the phase rota-
tion matrix [48] [49].
3) Measuring the resulting state of |F > .

4. Bio-Quantum Computational Speed in Hereditary Process

The (n + 1)th generation of the family inherits his/her parents’ genes by
O(\/ﬁ ) Grover Iterations according to Section 3. This fact means that the
family increases its bio-quantum computational speed in its hereditary process.
For example, for n = 100, the bio-quantum computing speed of the baby of
101th generation is O(4><107) Grover Iterations per second during pregnancy
of 280 days, but for n = 200, the bio-quantum computing speed of the baby of
201¢hA generation is 0(4 X 1022) Grover Iterations per second, much bigger than
that of the baby of 101¢A generation, also during pregnancy of 280 days. One

Grover Iteration should correspond to one physical operation of the brain.

5. Bio-Quantum Evolution of the Human Brain

A brain is a CPU (central processing unit) of biological information of a person.
The human brain controls the bio-quantum computational process and bio-quan-
tum computational speed. The increase, generation by generation, of the bio-
quantum computational speed of the family in Section 4 means that the ability of
the human brain to control the bio-quantum computation strengthens or devel-
ops in the human hereditary process. This is defined as bio-quantum evolution of

the human brain.

6. A Law of Evolution of Human Bio-Quantum Intelligence
Human bio-quantum intelligence is developing with the order O( 2" —1) ,

where +2" -1 is defined as Human Bio-quantum Intelligence Root, n is the
number of the generations of the seniors of the human family.

7. Bio-Quantum Selection

A human family of (2 + 1) generations, whose baby of the last generation is suc-
cessful to perform O(\/ﬁ ) Grover Iterations for quantum computation dur-
ing pregnancy of 280 days, is chosen as a normal family with normal heredity, or,
a normal family of normal evolution. This is defined as bio-quantum selection.
8. Discussion

1) Evolution described by Darwin is a process of natural selection.
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Human brain evolution is a bio-chemical process in modern evolutionary the-

ories, based on molecular genetics.

Human brain evolution is a bio-quantum computational process in the bio-

quantum evolutionary theory suggested in this research, based on quantum me-

chanics.

2) The bio-quantum evolutionary theory suggested in this research is validated

as long as quantum mechanics and quantum computation are valid.
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