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Abstract: In this study, genomic analyses reveal unprecedented sequence alignment between Homo sapiens and Aurelia 
aurita (moon jellyfish), challenging fundamental assumptions about mammal evolution. BLAST+ screening identified 
extensive homologous regions with 80-99% sequence identity across alignments spanning 2,000-5,000 base pairs. Critical 
neural genes including CADPS2 (calcium-dependent secretion), BDNF (brain-derived neurotrophic factor), MAOA 
(monoamine oxidase A) show long-alignment, high confidence (E-value = 0) matches with 86-96% identity between species 
supposedly separated by ~600 million years of evolution. These patterns persist across RNA, mRNA, and mtDNA; and 
across modern humans, Neanderthals, Denisovans, and other archaic hominins, ruling out contamination or artifacts.  

The conservation extends beyond protein-coding genes to full regulatory elements, indicating preservation of entire 
functional networks. These findings suggest that human neural architecture represents an integration of cnidarian neural 
modules within a colonial organizational framework, supporting a model where humans function as terrestrial siphonophore 
colonies with jellyfish neural zooids. This genetic data necessitates fundamental reconsideration of mammalian evolution 
and the evolutionary origins of complex neural systems. 
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Introduction 

Recent advances in genome assembly quality and 
comparative genomic methodology have enabled detection 
of previously overlooked patterns of sequence conservation 
across taxonomic boundaries. High-quality reference 
genomes, including telomere-to-telomere assemblies and 
ancient DNA reconstructions, provide unprecedented 
resolution for identifying homologous regions that may 
have been obscured in earlier analyses using shorter, more 
fragmented assemblies. 

The study emerged from systematic screening of cnidarian 
genomic data against human reference sequences. This 
analysis revealed extensive, chromosome-scale sequence 
conservation between Aurelia aurita and Homo sapiens, 
including preservation of complex neural gene networks 
previously considered vertebrate-specific, and with 
extensive matches only explainable by direct ancestry. 

Under current consensus models, the ~600 million years 
separating cnidarians from humans represents a vast 
evolutionary gulf bridged by successive innovations in body 
plan organization, neural centralization, and developmental 
complexity. This traditional framework faces a fundamental 
challenge when confronted with new molecular data 
revealing extensive, high-fidelity sequence conservation 
between cnidarians and Homo species.  

While limited homology in highly conserved 
"housekeeping" genes is expected across metazoans, the 
discovery of long-alignment, near-perfect sequence 
matches spanning multiple kilobases challenges basic 
assumptions about molecular evolution rates, the 
relationship between sequence conservation and 
phylogenetic distance, and the ancestry of mammals.  

The data presented here support a fundamentally different 
interpretation of human and mammal evolutionary origins, 
one that positions cnidarian neural architecture as a 
modular system that was incorporated and integrated within 
more complex organizational frameworks (the mammal as a 
terrestrial siphonophore).  

Current Understanding of 
Aurelia aurita 

Genomic Architecture and 
Evolutionary Complexity  

Recent genomic sequencing efforts have fundamentally 
transformed our understanding of Aurelia aurita (jellyfish) 
biology, revealing unexpected complexity in this seemingly 
simple cnidarian. The Aurelia aurita genome comprises 
approximately 377 Mbp with ~45% consisting of 

interspersed repeats, harboring approximately 28,625 
protein-coding genes (Khalturin et al. 2019; Gold et al. 
2019).  

Phylogenetic analyses reveal that the magnitude of genetic 
differences between scyphozoan and cubozoan jellyfish is 
equivalent, on average, to the level of genetic differences 
between humans and sea urchins in the bilaterian lineage 
(Khalturin et al. 2019). This extraordinary genetic diversity 
within cnidarians underscores the ancient divergence and 
independent evolutionary trajectories of major cnidarian 
clades, with molecular dating estimating the separation of 
major cnidarian groups at more than 500 million years ago 
(Khalturin et al. 2019). 

Stage-Specific Gene Expression and 
Development  

Transcriptomic profiling across Aurelia aurita's complex life 
cycle has identified distinct molecular signatures 
characterizing each developmental stage. Approximately 
1,231 and 2,487 genes exhibit jellyfish- or polyp-specific 
expression patterns, respectively (Khalturin et al. 2019). 

Remarkably, about one-third of Aurelia genes with jellyfish-
specific expression have no homologs in anthozoan 
genomes (coral and sea anemone), indicating that the polyp-
to-jellyfish transition requires a combination of conserved 
and novel, medusozoan-specific genes (Khalturin et al. 
2019). 

Comprehensive gene co-expression network analysis across 
all five life cycle stagesidentified 35 distinct co-expression 
modules governing post-embryonic developmental 
processes. Several hub genes have been identified as critical 
regulators with extensive interaction networks, likely 
orchestrating key developmental transitions (Liu et al. 
2022). 

Microbiome-Dependent 
Development  

Recent research also revealed an obligate relationship 
between Aurelia aurita and its associated microbiome, 
representing one of the earliest documented cases of 
microbiome-dependent development in cnidarians. The 
strobilation process (a critical asexual reproduction 
mechanism) is severely compromised in the absence of the 
natural polyp microbiome, with limited production and 
release of ephyrae ( Jensen et al. 2023).  

Crucially, the natural microbiota must be present in polyps 
prior to the onset of strobilation to ensure normal asexual 
reproduction and successful polyp-to-medusa transition 
( Jensen et al. 2023). Providing native microbiota to sterile 
polyps after strobilation onset fails to restore normal 
development, indicating a critical temporal window for 
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microbiome establishment. 

Transcriptomic responses to microbiome manipulation 
reveal sophisticated host-microbe interactions. Antibiotic 
treatment and consequent microbiome reduction 
significantly affect host gene expression, with genes 
involved in immune response and defense mechanisms 
being highly upregulated (Moritz et al. 2023).  

Host-derived quorum quenching activities have been 
identified as novel defense mechanisms, with 37 quorum 
quenching-encoding open reading frames showing 
differential expression patterns in response to bacterial 
challenges (Moritz et al. 2023). 

Novel Physiological Mechanisms  

Aurelia aurita exhibits a remarkable self-repair mechanism 
that diverges fundamentally from traditional regeneration. 
Upon amputation, rather than regenerating lost tissue, 
jellyfish reorganize existing body parts to recover radial 
symmetry within days (Abrams et al. 2015).  

This "symmetrization" process occurs through mechanical 
reorganization of remaining arms, recentering of manubria, 
and rebuilding of muscular networks, completed within 12 
hours to 4 days (Abrams et al. 2015). This mechanism has 
been observed across multiple scyphozoan species, 
suggesting a shared biomechanical strategy for maintaining 
functional geometry. 

Recent investigations into cnidocyte development have 
revealed that cnidocytes in Aurelia arise from 
epitheliomuscular cells, unlike in hydrozoans (Gold et al. 
2019). This discovery polarizes our understanding of 
cnidogenesis evolution and raises fundamental questions 
about the evolutionary trajectory of stem cell regulation in 
cnidarians (Gold et al. 2019). 

Aurelia aurita produces six distinct nematocyst types (a-
isorhiza, A-isorhiza, O-isorhiza, eurytele, polyspiras, and 
birhopaloid) with varying sizes and functions, 
demonstrating sophisticated cellular weaponry for prey 
capture and defense (Ayed et al. 2020). The genetic basis of 
nematocyst production involves phylotypic gene clusters, 
with minicollagen genes (encoding major structural 
components of nematocysts) organized into conserved 
clusters with collinear expression across cnidarian taxa 
(Khalturin et al. 2019). 

The Aurelia aurita nervous system develops through a 
precisely orchestrated sequence during metamorphosis. 
The rhopalial nervous system (a medusa-specific sensory 
structure) differentiates in ordered stages: first the gravity-
sensing lithocyst and touch plate, followed by the marginal 
center controlling swimming activity, and finally the 
photoreceptive ocelli (Nakanishi et al. 2009).  

At least seven bilaterally arranged neuronal clusters, 
consisting of sensory and ganglion cells with associated 
neuronal processes, become evident during metamorphosis 
(Nakanishi et al. 2009). 

The mesoglea (Aurelia aurita's massive extracellular 
matrix) contains a novel protein called mesoglein, 
synthesized by mesogleal cells as a high molecular mass 
precursor (Matveev et al. 2007). Mesoglein contains both 
Zona Pellucida and Delta/Serrate/Lag-2 domains, 
suggesting roles in cell adhesion and signaling (Matveev et 
al. 2007). This specialized ECM contributes to the 
jellyfish's unique biomechanical properties and may 
underlie its remarkable regenerative capabilities. 

Aurelia aurita has evolved medusozoan-specific muscle 
proteins, including a novel family of myosin tail proteins 
that likely emerged from conventional myosins through 
gene duplication and subsequent diversification (Khalturin 
et al. 2019). These proteins represent evolutionary 
innovations underlying the sophisticated locomotory 
mechanisms required for active swimming in the medusa 
stage. 

Evolutionary and Phylogenetic 
Implications  

The comprehensive genomic and transcriptomic data from 
Aurelia aurita provide crucial insights into cnidarian 
evolution and the origins of complex life cycles. 
Comparative analyses suggest that the common ancestor of 
cnidarians possessed sophisticated regulatory mechanisms 
that were differentially retained or modified across major 
cnidarian lineages. (Khalturin et al. 2019). 

The discovery that both polyp and jellyfish stages express 
similar proportions of medusozoan-specific genes (38% in 
polyps and 32% in jellyfish) suggests that the traditional view 
of anthozoan polyps as ancestral cnidarian forms may be 
oversimplified (Khalturin et al. 2019).  

Evolutionary Relationship 
Between Humans, Cnidarians, and 
Tunicates  

The current consensus in evolutionary biology places 
humans (Homo sapiens) within the phylum Chordata, a 
lineage characterized by features such as a dorsal nerve 
cord, notochord, pharyngeal slits, and post-anal tail. Two 
major groups of non-vertebrate chordates (tunicates in the 
subphylum Tunicata) and cephalochordates (e.g., lancelets) 
are considered key reference taxa for understanding the 
emergence of vertebrate traits. 

In contrast, cnidarians, including jellyfish, corals, and sea 
anemones, are thought to belong to an earlier-diverging 
animal phylum and are often treated as models of pre-
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bilaterian, diploblastic body plans with nerve nets rather 
than centralized nervous systems. 

Cnidarians are typically positioned as a sister group to 
Bilateria, the lineage from which all animals with bilateral 
symmetry descended. Although cnidarians exhibit simple 
tissues and lack mesoderm, they do possess elements of 
neuronal signaling, epidermal patterning, and axis 
formation.  

Genomic studies have revealed that cnidarians retain a core 
set of conserved genes, including homeobox transcription 
factors (e.g., Hox, ParaHox); components of Wnt and TGF-
β signaling; and some early synaptic and neurotransmitter-
related genes. Cnidarians are generally thought to reflect an 
ancestral eumetazoan state, prior to the rise of the 
triploblastic bilaterian body plan. 

Tunicates occupy a unique position in animal phylogeny as 
the closest known invertebrate relatives to vertebrates, 
making them a central focus of comparative genomic and 
evo-devo studies. Tunicate larvae exhibit hallmark chordate 
features, including a notochord, dorsal hollow nerve cord, 
pharyngeal slits, and a post-anal tail. 

Genomic studies, particularly in Ciona intestinalis and 
Oikopleura dioica, revealed that tunicates possess many key 
vertebrate developmental genes, including orthologs of pax, 
Sox, and Hox family genes; components of neural crest and 
placodal pathways; and conserved pathways for neural tube 
and heart development.  

Tunicates do lack many vertebrate gene expansions, 
including those associated with adaptive immunity, 
elaborate synaptic regulation, and brain-specific 
transcriptional control. However, their position on the tree 
is such that any genes or regulatory elements found in 
tunicates and vertebrates but not in other invertebrates are 
often assumed to reflect features that evolved in the last 
common ancestor of chordates. 

Under this framework, the evolutionary path from 
cnidarians to humans is viewed as passing through bilaterian 
intermediates, with the rise of mesoderm, bilateral 
symmetry, a centralized nervous system, and complex 
organ systems. Cnidarians are positioned well outside this 
trajectory, making them a negative control in many studies 
of vertebrate-specific features. Tunicates, on the other 
hand, are considered a crucial bridge. 

Therefore, under current consensus, the presence of 
vertebrate-specific gene families or syntenic chromosomal 
regions in cnidarians (especially with high sequence 
identity) would be unexpected and difficult to reconcile with 
existing evolutionary models. Similarly, if these same 
features are found in cnidarians but not in tunicates, it 

would challenge the assumption that vertebrate complexity 
evolved strictly through innovations along the chordate 
stem. 

Methodology 

A prior study by the author found extensive genetic 
evidence supporting a theory that humans are an evolved 
form of marine colonial organisms that is structurally and 
genetically aligned with siphonophores, specifically 
Nanomia sp. (Gjøvik, June 4 2025). 

Sequence homology, physiological patterning, and 
architectural parallels suggest that the human body 
represents a refined internalization of colonial modularity, 
guided by conserved biochemical systems and 
environmental memory. BLAST analysis revealed extensive 
sequence conservation between human genome assemblies 
and marine invertebrate species. (Gjøvik, June 4, 2025). 

Alignments between Homo sapiens and Nanomia septata 
showed 70-82% identity across 1,762-2,198 base pairs with 
E-values of zero, indicating extremely high statistical 
significance and non-random alignment. The statistical 
impossibility of such extensive conservation across taxa 
separated by hundreds of millions of years challenges 
existing phylogenetic models and demanded systematic 
investigation. (Gjøvik, June 4 2025). 

In this study, in order to further investigate the hypothesis 
that the human genome operates as a composite 
orchestration platform composed of biological 
microservices (functional modular units ported from 
ancestral lineages), the study developed a pipeline to detect 
non-vertical sequence modules shared between humans and 
basal marine taxa (e.g., jellyfish, hydrozoans, tunicates, 
protists, etc.).  

These candidate “modules” are theoretically interpreted as 
imported services, integrated into the human runtime 
environment via modular inclusion rather than evolutionary 
mutation and selection alone. (Gjovik, June 23 2025). This 
methodology interprets BLAST+ output as a log of module 
transfer, reuse, and runtime integration. Matches are 
assessed for features consistent with intact service logic, 
port fidelity, and modular encapsulation – looking to 
multiple lines of evidence including functionality, 
chemistry, and physiology in addition to genetics.  

All sequences were searched against a curated custom 
database including RefSeq and GenBank genomic and 
transcriptomic sequences from Homo sapiens (including 
Verkko and archaic assemblies) and ancient metazoans, 
including jellyfish, tunicates, siphonophore, and selected 
protists. Data included public TSA, WGS, and 
mitochondrial/ribosomal datasets for humans and basal 
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marine invertebrates. 

Parameters included BLASTn with -task megablast; 
filtering disabled: -dust no, -soft_masking false; and output 
retained includes bit score, e-value, alignment length, 
percent identity, start/stop positions. 

Feature 
Interpretation in 
Microservice Framework 

E-value = 0.0 
Indicates non-random match; 
interpreted as intentional module reuse. 

Length > 1,000 bp 
Suggests functional payload or self-
contained logic unit. 

Bit Score > 1,000 High-confidence payload delivery. 

% Identity ≥ 90% 
Indicates high-fidelity transfer, possibly 
recent or strongly preserved. 

% Identity 70–89% + 
0.0 e-value 

Suggests adapted plugin—function 
retained, code altered. 

Short match (400–
1,000 bp) + 0.0 e-
value + ≥99% ID 

Likely runtime triggers, control signals, 
or modular wrappers. 

 

Matches were assessed using the following multi-metric 
framework, integrating E-value, length, identity, and bit 
score. In honor of the concept of Siphonophores as genetic 
engineers, this theoretical framework is modeled with 
software engineering and deployment terminology, as an 
apt comparison to how siphonophores appear to manage 
their own physiology and genomes.  

Candidate modules that satisfied these criteria were flagged 
as hypothetical genomic microservices. These modules 
were further evaluated for characteristics of microservice 
architecture including boundary integrity, genomic 
location, expression evidence, and redundancy. To 
distinguish vertically inherited domains from cross-lineage 
modular reuse, each candidate was evaluated for: 

• Appearance in non-human lineages, particularly marine 
invertebrates or protists. 

• Preserved alignment to humans, including archaic 
hominins (e.g., Neanderthal, Denisovan). 

• Match presence in human mtDNA, nuclear RNA, or 
non-coding regions, indicating runtime versatility. 

Microservice modules identified via this framework are 
interpreted as: 

• Encapsulated logic blocks ported from ancestral or 
parallel biological systems. 

• Preserved as biologically containerized services, 
activated in specific runtime contexts (tissue, 
developmental window, immune response, etc.). 

• Evidence for a distributed genomic architecture, in 
which human evolution proceeded by compositional 
inclusion and module orchestration, rather than solely 
by pointwise mutational evolution. 

This methodology interprets high-confidence BLAST 
matches as architectural evidence for a modular genome 
stack composed of ancient biological services.  

Data sets were tested from both directions with Aurelia run 
against Homo, and Homo run against Aurelia, etc. The data 
sets and results for this study are available in the 
supplementary materials.  

Study Results 

Upon initiating this study, it became apparent that one 
specific match between humans and a certain jellyfish, 
presented more than simply a “microservice.” In fact, this 
ambitious and novel methodology revealed what appears to 
involve the incorporation of much of an entire jellyfish 
genome into human physiology – and specifically, 
neurology.  

BLAST+ analysis of Aurelia aurita genomic sequences 
against human databases yielded results that dramatically 
exceed conventional expectations for cross-phylum 
sequence conservation, or even the initial concept of 
siphonophore “microservices.”  

Instead, this study identified thousands of high-confidence 
alignments with sequence identities of 80-99% across 
regions spanning 1-5 kilobases. This is “conservation” 
levels typically observed between closely related 
mammalian species, not organisms supposedly separated by 
~600 million years of evolution. 

Top hits included 3,465–3,500+ bp alignments with >99% 
identity (e.g., 99.596%, bit scores >6,300, E = 0). Multiple 
independent contigs mapped with similar scores to the 
same chromosomal regions, indicating consistency across 
the Aurelia aurita genome. These long-range alignments 
included RNA, mRNA, and mtDNA, and also appeared to 
span intergenic and regulatory regions. 

This research found chromosome-scale alignments where 
Aurelia contigs match long-alignments that primarily map 
to human chromosomes 15, 21, and 22. A subset of contigs 
from the Aurelia aurita assembly displayed high identity to 
large segments of human genomic sequences (e.g., 
CM099722.1, CP068256.2, OZ096273.1, CP139528.2, 
GBRG01036015.1, ).  

The strongest alignments were observed on chromosomes 
22, 15, and 21, with alignment lengths of 3,508 bp (87.4% 
identity), 3,492 bp (86.8% identity), and 3,491 bp (86.6% 
identity), respectively all with E-values of zero. 
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Chromosome Y also showed substantial conservation with 
a 2,697bp alignment (86.9% identity), while the larger, gene-
dense chromosomes displayed lower lengths: chromosome 
X (1,519 bp), chromosome 19 (1,505 bp), and chromosome 
1 (1,525 bp). Other chromosomes were not tested in this 
study and should be evaluated in future studies.  

In addition, individual protein-coding genes critical for 
neural development and immune function exhibit 80%+ 
sequence identity across long alignments and even 
complete coding sequences.  

These findings are validated by parallel analysis of sequence 
conservation patterns across multiple Homo lineages, 
including modern humans, Neanderthals, Denisovans, and 
other archaic hominins. The consistent presence of 
cnidarian-homologous sequences across these lineages, 
combined with systematic variation in the specific cnidarian 
taxa represented, provides strong evidence for the 
biological authenticity of these conservation patterns while 
ruling out technical artifacts or contamination. 

The data presented below document systematic 
conservation of functional genetic networks that challenges 
fundamental assumptions about the evolutionary 
relationship between cnidarians and vertebrates, and raise 
questions about the ancestral relationship between Homo 
sapiens, Nanomia, and Aurelia aurita. The extent and 
organization of these conservation patterns suggest that 
cnidarian-derived genetic modules represent integral 
components of human genomic architecture. 

Neurological Genes  

Consistent with the chromosome-scale results, and 
escalating the significant of these matches, this study also 
found numerous Aurelia aurita contigs with high-quality, 
long-alignment matches to human protein-coding genes, 
particularly those involved in neural signaling, synaptic 
regulation, and immune receptor function. 

Multiple contigs (e.g., GBRG01052249.1, 
GBRG01047208.1) aligned with high identity (93.7–96.2%) 
over ~1,507 bp to CADPS2, a gene associated with 
regulated vesicle priming and neurotransmitter release. Bit 
scores exceeded 2,300, with E-values of 0, indicating 
extremely significant alignments. CADPS2 is typically 
expressed in vertebrate neural tissues, with known roles in 
neuroendocrine signaling. 

Aurelia contigs such as GBRG01000513.1 and 
GBRG01047208.1 aligned to Homo sapiens (NG_017077.2) 
solute carrier family 9 (SLC9A9) with identities of 86–89% 
over ~700 bp with E-values of 0. This gene is involved in 
neuronal endosomal pH regulation and has been linked to 
neuropsychiatric traits in humans. 

Aurelia aligned over 517 bp with ~89.5% identity to both 
BDNF and BDNFOS. (e.g., GBRG01039648, 
NG_011877.2, NG_011794.2). These elements are central 
to vertebrate neuroplasticity and behaviorally relevant 
neural development. MAOA homologs matched with ~91% 
identity over ~516 bp (NG_008957.2, GBRG01039648.1). 
This gene is critical for monoamine degradation, 
particularly serotonin and dopamine, and is highly 
conserved in vertebrate neural systems. 

Aurelia matched Homo sapiens Neurobeachin which 
regulates synaptic vesicle trafficking (514-603 bp, 71.5-
88.2%, 0-1.31E-80) and Reelin which is involved in neuronal 
migration and layer formation (517 bp, 89.6%, E=0). 
Matches also included axonal guidance and pathfinding 
genes Contactin-4 (994 bp, 70%, 1.28E-81); Semaphorin 
SEMA5A (513-602 bp,  73.6-88.9%, 0-4.89E-105); and 
neuronal cell adhesion/NRCAM (498-516; 87.4-92%, E=0) 

Development Genes  

Aurelia mitochondrial DNA (NC_008446.1, HQ694729.1) 
matched with Homo sapiens Erb-B2 Receptor Tyrosine 
Kinase 4 over 1,352 bp, with E-values of 0 (~64%, 
NG_011805.2). ERBB4 are cell surface receptors involved 
in cell signaling — they regulate cell growth, differentiation, 
migration, and survival. 

Aurelia also aligned with RBPJ, a key player in Notch 
signaling and essential in development. (513 bp, 79.1%, 
1.47E-123) and Pecanex (PCNX1) a critical gene for 
neurodevelopment and linked to Notch signaling (513 bp, 
91.8%, e-value of zero). 

Matches included PBX1 homeobox transcription factor, 
important in early development and hematopoiesis (814 bp, 
74.5%, 5.20E-148); Lysine histone demethylase (KDM6B) 
involved in developmental gene regulation and lineage 
specification (632 bp, 65.5%, 4.81E-24); and cytoplasmic 
polyadenylation (CPEB4) which controls mRNA 
translation during oocyte maturation, synaptic plasticity, 
and brain development (769 bp, 76.3%, 7.23E-161). 

Structural Proteins, Enzymes, 
and Metabolism  

There was a long alignment to Cytoplasmic Dynein 2 Heavy 
Chain 1 (DYNC2H1). Three Aurelia contigs (e.g., 
GBRG01188310.1–GBRG01188312.1) matched Homo 
sapiens DYNC2H1 with alignment lengths of 2,335-3,241 bp 
at ~64.7-68% identity and E-value of 0-7.15E-157 (e.g., 
NM_001080463.2). This gene encodes a motor protein 
essential for retrograde intraflagellar transport and ciliary 
function.  

Interestingly, there are also strong matches with zero E-
values between Homo sapiens DYNC2H1 and stony corals 
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Pocillopora verrucosa and Acropora muricata (4,799-5,898 bp), 
and hydrozoans Hydractinia symbiolongicarpus (4,067 bp), 
Hydra vulgaris (2,778 bp), and Clytia hemisphaerica (2,339 
bp). These matches further support a theory of direct 
cnidarian ancestry for what we refer to today as terrestrial 
mammals. 

Aurelia matches with Homo sapiens included 1,314 bp 
alignment with Tubulin gene (TUBB1) with 71% identity 
and e-value of zero. Mucins and similar proteins 
contributing to barrier function, mucus formation, or 
secretory processes. Mucins forming gel-like mucus layers 
in the gut and respiratory tract marching matching over 517 
bp, 89%, and e-value of zero (MUC5AC) and 504 bp, 72%, 
and e-value 1.40E-49 (MUC2, MUC6). 

Matches with enzymes acting on sugars or proteins, with 
indirect influence on multiple pathways including 
glucosidase (GANAB) which is involved in glycoprotein 
quality control in the ER (1,304 bp, 64.6%, 2.94E-48). 
Matches across ion transport and membrane excitability 
including chloride intracellular channel, expressed in 
kidney and sensory hair cells (CLIC5) and  L-type calcium 
channel, critical in cardiac and neuronal excitability 
(CACNA1C) over 600-747 bp, 65.9-74.7%, and e-value 
4.89E-105-3.60E-43). 

Immunology  

Long contigs aligned to sequences annotated as KIR gene 
clusters, including functional and pseudogene forms (e.g., 
KIR2DL1, KIR3DL3, KIR3DP1). Alignments up to 1,099 
bp with ~94% identity and e-values of zero were observed. 
(e.g., GBRG01052249.1, MZ206083.1). These gene 
families are typically located in the leukocyte receptor 
complex on chromosome 19 in humans and play central 
roles in immune surveillance by NK cells. 

Aurelia contigs also aligned with 528 bp,  ~91% identity, and 
0 E-value to the upstream regulatory region of ERVW-1, an 
endogenous retroviral element important in placental 
development in humans. (NG_044970.2, 
GBRG01052249.1). 

Matches included proteins or molecules directly involved in 
innate or adaptive immune responses, such as a 724 bp 
alignment with C-C chemokine genes, sharing 85.4% 
identity and zero e-values. Aurelia also matched with Homo 
sapiens along the Defensin beta-4A (DEFB4A) gene, an 
antimicrobial peptide (907 bp, 71.6%, 6.39E-127). 

Alpha-satellite Centromere  

There were 2,235 unique matches between Aurelia 
sequences and Homo sapiens specific to human alpha-
satellite centromere border region and non-alphoid border 
regions (AF105153.3). The top matches spanned over 660 

bp, with 70.6-77.1% identity and e-values of 2.84E-127 - 1.57E-

92, and the total matches were in the thousands. 

Homo sapiens α-satellite centromere border region and non-
alphoid border region is a genomic DNA sequence that 
spans the junction (border region) between alpha-satellite 
DNA and non-alphoid sequences in the human genome. 
Centromeres are chromosomal regions supporting mitosis, 
meiosis, and chromosomal segregation during cell division 
(Logsdon and Eichler, 2023). 

Alpha-satellites are tandemly repeated sequences, typically 
found at centromeres of all human chromosomes. 
(Giannuzzi et al., 2021; Pironon et al., 2010). Alpha satellite 
is a class of highly repetitive DNA defined by a group of 171 
bp, AT-rich repeats and comprises up to 10% of the human 
genome (Giannuzzi et al., 2021). 

The sequence matches highly and broadly across this border 
region implying direct ancestry. Centromere architecture 
conservation suggests that centromere location and 
structure was already functionally fixed in this ancestor. 
May indicate that the epigenetic machinery was conserved 
and possibly shared mechanisms of centromere 
specification. 

Observed Patterns of Cnidarian 
Sequence Representation Across 
Homo Lineages  

Sequence alignments across both modern and ancient Homo 
samples revealed a consistent and recurrent signal of high-
confidence homology to multiple cnidarian taxa, 
particularly Scyphozoan jellyfish and Siphonophorae.  

These matches span mitochondrial and transcribed nuclear 
RNA sequences in Aurelia (e.g., NC_008446.1) and 
modern Homo sapiens. It also includes mitochondrial 
sequences in archaic lineages including H. neanderthalensis, 
H. heidelbergensis, and Denisovans over 1,300 bp and with 
near 0 E-values. The longest alignment with Aurelia was 
with Denisovan Homo remains found in the Denisova Cave 
in the Altai Mountains of Siberia (1,333 bp, 9.13E-122). 

The presence of these cnidarian-associated sequences 
across both modern and extinct Homo lineages provides 
strong evidence against contamination or technical artifact, 
supporting their biological authenticity and likely functional 
relevance throughout Homo evolution. 

Archaic Homo lineages also includes long alignment with 
cnidarians that did not match with modern Homo sapiens 
sequences. These included Leptothecata thecate 
hydrozoans: Blackfordia, Eirene, Eutima, and Nemalecium 
(1,300 bp+ and near zero e-value with mtDNA). 
Leptothecata are relatives of siphonophores. (Bentlage et 
al, 2021; Kayal et al, 2015). There was also a strong match 
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with Tubulariidae hydrozoan Ectopleura larynx. 

Existing research has shown that extinct hominids are 
thought to have similar cognitive genes with modern Homo 
sapiens (Paixão-Côrtes et al, 2013), yet mRNA in archaic 
humans involved different physiology and development, 
with Homo sapiens denisova genes providing enhanced 
expression during postnatal brain development where 
Homo sapiens neanderthalensis was shown to be enhanced in 
prenatal brain development. (Gunbin et al, 2015).  

Modern humans also show “significant differences” in 
neurocranial meningeal vessels compared to Homo erectus 
and Neanderthals (Bruner et al, 2005). The variety of 
cnidarians genes across Homo species provokes inquiry as to 
if the different jellyfish species may explain the varying 
physiologies.  

Interpretation 

Beyond isolated genes, the Aurelia aurita genome revealed 
numerous long contiguous regions (up to 3.5 kb) with 
extremely high identity (>99%) to large segments of human 
chromosomes 15, 21, and 22. These regions span both 
coding and noncoding DNA and often correspond to well-
assembled, modern human genomic references, including 
the T2T CHM13 build and genomes from human diversity 
panels.  This level of conservation at the chromosomal and 
syntenic level goes well beyond what would be expected 
from generic conservation of eukaryotic "housekeeping" 
genes and suggests a much deeper, more complex genomic 
relationship than current models acknowledge. 

The data presented here reveal an unexpected degree of 
sequence conservation between Aurelia aurita and multiple 
genes, regulatory elements, and chromosomal regions 
previously considered specific to humans or, at most, other 
vertebrates. These findings challenge long-standing 
assumptions in evolutionary biology, particularly regarding 
the origins, lineage-specificity, and developmental timing of 
critical molecular pathways – and mammal evolution 
generally. 

Neurodevelopment and Synaptic 
Machinery  

Several genes with strong and specific functions in human 
neurodevelopment were identified in Aurelia aurita. These 
include CADPS2, BDNF, SLC9A9, and MAOA, all of 
which play established roles in synaptic transmission, 
neuroplasticity, and neurotransmitter regulation.  

In humans, CADPS2 is involved in vesicle priming and 
neurotransmitter exocytosis, especially in dopaminergic 
neurons, and has been associated with neurodevelopmental 
disorders such as autism. BDNF supports neuron survival 

and growth and is a central regulator of learning and 
memory. SLC9A9 affects pH regulation in neuronal 
endosomes, and MAOA governs the breakdown of 
monoamines like dopamine and serotonin. 

These pathways are typically viewed as hallmarks of 
complex vertebrate (particularly primate) neural systems, 
presumed to have evolved incrementally alongside 
increases in behavioral and cognitive complexity.  The 
presence of high-identity homologs of these genes in a 
marine invertebrate genome directly challenges the notion 
that such pathways are uniquely mammalian or even 
vertebrate. 

Innate Immune Recognition and 
the KIR Gene Complex  

One surprising discovery is the presence of clear homologs 
to the Killer-cell Immunoglobulin-like Receptor (KIR) gene 
family, which in humans regulate NK cell responses via 
interaction with MHC class I molecules.  

This gene family is known to be both rapidly evolving and 
highly lineage-specific, with its structure and gene content 
varying significantly even among primates. Its appearance 
in the genome of Aurelia aurita suggests that the molecular 
toolkit for regulated cytotoxicity and immune surveillance 
may have an evolutionary origin that precedes vertebrates. 

The discovery of both functional KIR genes and 
pseudogenes in the Aurelia aurita  genome implies not only 
presence but also evolutionary turnover and regulatory 
complexity, previously thought to be exclusive to the 
adaptive or semi-adaptive immunity of jawed vertebrates. 

Retroviral and Regulatory 
Elements  

In addition to protein-coding genes, the Aurelia aurita 
genome contains high-identity matches to endogenous 
retroviral regulatory elements, notably the upstream region 
of ERVW-1. In humans, this region is derived from a co-
opted retroviral insertion (syncytin) and plays a critical role 
in placental development—a feature thought to be entirely 
absent in invertebrates.  The conservation of this regulatory 
sequence in a marine invertebrate raises important 
questions about the evolutionary origin and broader 
functional repurposing of viral sequences in eukaryotic 
genomes, suggesting either shared ancestral usage or 
unexpected parallel evolution of retroviral-derived 
regulation. 

Similarly, the identification of BDNFOS, an antisense 
transcript regulating BDNF expression, points to the 
existence of conserved RNA-based regulatory mechanisms, 
which were previously assumed to be vertebrate- or 
mammal-specific innovations tied to neural complexity. 
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Cnidarian-Homo Sequence 
Integration  

The broader pattern of cnidarian sequence representation 
across Homo lineages aligns meaningfully with the specific 
gene-level findings identified earlier in this study. Notably, 
high-confidence alignments to Aurelia aurita included both 
mitochondrial and nuclear RNA sequences, with 
exceptional identity to transcripts associated with 
transcriptional regulation, mitochondrial function, and 
membrane-related activity. 

Among the nuclear transcripts, key hits included sequences 
with strong similarity to RNA-binding proteins, ATP-
dependent helicases, mitochondrial chaperones, and 
components of the transcriptional preinitiation complex. 
These functional categories are deeply conserved and are 
central to gene expression regulation, RNA stability, and 
energy homeostasis — all core features of eukaryotic 
cellular function.  

That these matches are found in a taxonomically distant 
marine invertebrate and align at near-perfect identity levels 
with modern Homo sapiens sequences further supports the 
hypothesis that these relationships are not stochastic, but 
rather reflect conserved, possibly functionally retained 
elements. 

In the context of mitochondrial sequence matches, the 
presence of long, high-identity alignments between 
cnidarian mitochondrial DNA and both modern and archaic 
Homo mitochondrial genomes underscores a conserved 
structural motif. Importantly, these alignments were not 
randomly distributed, but clustered in regions associated 
with oxidative phosphorylation and mitochondrial gene 
expression — areas under strong selective pressure across 
metazoans. 

Integrating these gene-level observations with the 
phylogenetic variation seen in cnidarian source taxa 
suggests that the Homo lineage has not only interacted 
broadly with cnidarian sequence space, but that it has 
retained elements with high regulatory and energetic 
relevance. Moreover, the convergence of mitochondrial and 
transcriptional signatures suggests that cnidarian-derived 
sequences may have contributed to critical cellular 
pathways in Homo, with possible implications for the 
evolution of energy metabolism and regulatory complexity. 

Together, these results frame a view of Homo evolution in 
which genomic contributions from cnidarians (particularly 
jellyfish and siphonophores) were critical, functionally 
significant, and subject to lineage-specific “innovation” 
over time.  

Modern and Archaic Homo 
Alignments to Cnidarian 
Sequences  

Comparative analysis reveals that cnidarian-derived 
sequences are differentially represented across Homo 
lineages, with modern humans showing predominant 
Aurelia and Nanomia (siphonophore) signatures, while 
archaic lineages exhibit stronger matches to Cyanea and 
Nausithoe jellyfish, Leptothecata thecate hydroids, and 
siphonpohores Praya, Rhizophysa, and Physalia.  

The gene-level alignments observed in Homo sapiens reveal 
a strong signal of homology to cnidarian sequences across a 
diverse range of nuclear-encoded and transcribed genes. 
These include key regulators of neuronal and 
developmental processes, vesicle trafficking, membrane 
transport, immune signaling, and cytoskeletal structure. 
Hits to MAOA and upstream retroviral elements further 
suggest involvement in signaling, transcriptional regulation, 
and neurochemical modulation. 

In contrast, the current protohuman data — encompassing 
H. neanderthalensis, H. heidelbergensis, and Denisovans — is 
limited to mitochondrial genome sequences. These showed 
robust alignments to multiple cnidarian species, especially 
jellyfish (e.g., Aurelia, Cyanea, Nausithoe) and 
siphonophores (Rhizophysa, Apolemia, Praya, Physalia), 
across alignment lengths exceeding 1,426 base pairs and 
identities over 93%. These results demonstrate that 
homologous cnidarian-derived sequences were already 
present in ancient Homo lineages, long before the 
emergence of anatomically modern humans. 

While these ancient samples do not provide nuclear or 
RNA-level sequence data, the mitochondrial alignments 
strongly suggest that cnidarian-derived sequences were 
already present and preserved in the common ancestors of 
modern humans and their archaic relatives. The recurrence 
of long, high-identity mitochondrial alignments across 
multiple extinct Homo taxa rules out artifact and 
underscores their evolutionary authenticity. 

Together, these observations suggest a broad and sustained 
integration of cnidarian genetic material across the Homo 
lineage, with varying representation over time. Rather than 
depicting modern Homo sapiens as uniquely or categorically 
more “complex,” the results instead point to divergent 
evolutionary trajectories, where different Homo lineages 
appear to have incorporated or retained slightly different 
cnidarian contributions. The alignment differences 
between modern and archaic genomes may reflect distinct 
phases of genetic experimentation and refinement, 
culminating in the genomic configuration observed in living 
humans today. 
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The observed shifts in species-level matches (for instance, 
stronger Praya and Physalia alignments in protohuman 
lineages, versus predominant Nanomia in modern humans) 
may reflect a period of exploratory genomic assimilation, 
followed by stabilization around functionally optimal 
configurations. Today, we’d call that “innovation” through 
“engineering.”  

While the precise mechanism by which such sequences 
became integrated remains an open question, the consistent 
presence of functional gene orthologs across multiple Homo 
lineages supports biological relation. Expanded sequencing 
of archaic nuclear and RNA content will be essential to 
determine whether the regulatory and neural hits seen in 
Homo sapiens are unique to our lineage or represent deeper 
ancestral features common to the genus Homo as a whole. 

Discussion  

Gaps and Answers in 
Evolutionary Biology Theories 

Taken as definitive data, these results highlight multiple 
major gaps in current evolutionary and genomic models. 
The presence of vertebrate-like gene architecture and 
regulatory complexity in a marine invertebrate reveals that 
key functional modules (especially for neurodevelopment 
and immune regulation) are likely far older or more widely 
distributed than previously assumed. 

Much of invertebrate genomics has focused on either model 
systems or broad phylum-level comparisons. The fine-
grained, high-fidelity homology observed here suggests that 
prior studies may have overlooked deeply conserved 
elements due to the use of shorter, lower-quality assemblies 
or a focus on more distantly related reference genomes. 

Despite the extensive study of human and primate 
evolution, critical gaps remain, especially regarding the 
molecular timeline of key developmental traits. The 
evolutionary relationship between humans and other apes is 
still fraught with missing links and contradictory fossil and 
genomic evidence. This new data compounds that 
uncertainty by extending relevant genomic features even 
further back in the tree of life. 

However, these findings also start to fill enormous gaps in 
the current understanding of the evolution of mammals. 
Today, the timing and pattern of early placental mammal 
evolution is “confounded by conflict among divergence date 
estimates from interpretation of the fossil record and from 
molecular-clock dating studies.” (Halliday et al, 2019). 
Molecular clocks place placental mammal evolution at or 
after the Cretaceous-Paleogene (K-Pg) mass extinction, yet 
no pre-Cenozoic fossils have ever been identified. (Carlisle 
et al, 2023). 

Currently there is no definitive evidence of placental 
mammals existing in the Cretaceous or earlier, implying the 
first evolution of mammals would have only occurred 66 Ma 
or less, or alternatively, mammals started to slowly emerge 
in the late Cretaceous but only then “rapidly” evolved in 
the modern Cenozoic era. (Halliday et al, 2019; Beck and 
Lee, 2014).  

Current theoretical models for mammal evolution are 
referred to by names like  Explosive, Long Fuse, Short Fuse, 
Soft Explosive, and Trans-KPg models. (Springer et al, 2019). 
There is currently no mainstream theory that placental 
mammals evolved in the ocean and their early fossils (if any 
remain) are on the sea floor, and the marine animals that 
evolved into modern terrestrial mammals, made the 
transition to land at or after the Cretaceous-Paleogene mass 
extinction ~66Ma. However, modern geological research 
would support such a theory. (Gjovik, June 25 2025). 

Instead, the closest mainstream theory hypothesizes that 
mammals evolved on land and then later some of them 
decided to move to the ocean. (Yuan et al, 2021; Guo et al, 
2024). While appearing backwards to the genetic data 
discussed, this theory is generally well accepted, and 
perhaps one reason researchers have not been searching for 
ancient marine invertebrate genetics within mammals like 
Homo sapiens.  

While most of the theories in this study are contrary to 
current “consensus,” the genomic evidence discussed here 
starts to answer some of the most perplexing mysteries in 
mammal evolution – such as, explaining what appeared to 
be concurrent evolution in land and sea of pulmonary 
adaptations to survive hypoxia. (Guo et al, 2024). 

The extremely high sequence identity of Homo sapiens to 
long chromosomal regions in Aurelia aurita and Nanomia 
currently has no explanation in standard models of genome 
evolution. These findings underscore the urgent need for a 
comprehensive reassessment of the molecular and genomic 
architecture underlying deep evolutionary transitions and 
extensive research into the connections and relationship 
between terrestrial mammals, and siphonophore and 
jellyfish. 

Physiological Convergence 
Between Aurelia aurita and 
Mammals  

Aurelia aurita exhibits remarkable physiological similarities 
with mammals that highlight shared ancestral mechanisms 
and convergent evolutionary solutions (Putnam et al. 2007; 
Bosch 2013). 

Digestive System Convergence  

One of the most striking similarities between Aurelia aurita 
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and mammals lies in their digestive biochemistry. In situ 
hybridization studies have demonstrated that trypsin, 
chitinase, and pancreatic lipase genes are expressed in 
zymogen-like cells along gastric cirri of young Aurelia aurita 
medusae (Steinmetz et al. 2017). This enzymatic repertoire 
is remarkably similar to that found in mammalian digestive 
systems, where these same enzyme families play crucial 
roles in protein, carbohydrate, and lipid digestion. 

Even more compelling is the discovery that in both 
Nematostella (a related cnidarian) and Aurelia, the 
combination of exocrine and insulinergic cells is confined to 
tissues expressing the foxA transcription factor, which 
serves as a conserved marker of bilaterian endoderm, 
midgut, and vertebrate foregut (Steinmetz et al. 2017). This 
cellular organization is strongly reminiscent of the bilaterian 
midgut, and especially the vertebrate pancreas, suggesting 
deep homology in digestive system architecture. 

Both Aurelia aurita and mammals employ fundamentally 
similar digestive strategies involving sequential 
extracellular and intracellular processing. In Aurelia, food 
undergoes preparatory digestion in the stomach and its 
pouches through extracellular digestion, after which partly 
digested material is swept by cilia into canals where food 
particles are ingested into food vacuoles by endodermal 
cells for intracellular digestion (Chapman 1978). This two-
stage digestive process mirrors the mammalian system 
where initial extracellular breakdown occurs in the gut 
lumen, followed by intracellular processing within intestinal 
epithelial cells. 

The conservation of phagocytosis as a fundamental 
digestive mechanism further underscores these similarities. 
As phagocytosis is the prevalent feeding mechanism in 
cnidarians and plays important roles in mammalian immune 
and digestive systems, it likely represents the ancestral 
feeding mechanism of metazoans (Steinmetz 2019). 

Comparative analysis of digestive enzymes reveals striking 
conservation between cnidarians and mammals. Research 
on related cnidarian species has identified enzymes with 
41% amino acid sequence identity to human chymotrypsin-
like proteins, with highly conserved disulfide bonds and 
substrate-binding sites compared to mammalian CTRLs 
(Kim et al. 2011). This conservation extends to the catalytic 
triad structure essential for protease function, 
demonstrating deep evolutionary conservation of 
enzymatic mechanisms. 

Microbiome-Host Interactions  

Recent research revealed that Aurelia aurita exhibits 
microbiome-dependent development that parallels the 
crucial role of microbial communities in mammalian 
physiology. The strobilation process in Aurelia aurita (a 

critical asexual reproduction mechanism) is severely 
compromised in the absence of the natural polyp 
microbiome ( Jensen et al. 2023). This obligate relationship 
mirrors the essential role of the gut microbiome in 
mammalian development, immune system maturation, and 
metabolic function. 

Particularly significant is the discovery that the natural 
microbiota must be present in Aurelia aurita polyps prior to 
the onset of strobilation to ensure normal development 
( Jensen et al. 2023). This critical temporal window for 
microbiome establishment parallels findings in mammalian 
systems where early-life microbial colonization profoundly 
influences long-term health and development. 

Transcriptomic analysis of microbiome manipulation in 
Aurelia aurita reveals sophisticated host-microbe 
interactions remarkably similar to those observed in 
mammals. Antibiotic treatment and consequent 
microbiome reduction significantly affect host gene 
expression, with immune response and defense mechanism 
genes being highly upregulated (Moritz et al. 2023). This 
response pattern closely resembles mammalian microbiome 
disruption studies where antibiotic treatment triggers 
similar immune system activation. 

Aurelia aurita has evolved host-derived quorum quenching 
activities as defense mechanisms against pathogenic 
bacteria, with 37 quorum quenching -encoding open reading 
frames showing differential expression patterns in response 
to bacterial challenges (Moritz et al. 2023). This 
sophisticated chemical communication system parallels the 
complex molecular crosstalk between mammalian hosts and 
their microbial communities. 

While specific taxonomic comparisons between Aurelia 
aurita and mammalian microbiomes require further 
investigation, the functional similarities are striking. Both 
systems demonstrate host-specific microbial selection, 
temporal windows for colonization, immune-mediated 
microbiome regulation, and microbiome-dependent 
developmental processes. The conservation of these host-
microbe interaction patterns across such vast evolutionary 
distances suggests fundamental principles governing 
animal-microbial symbioses. 

Nervous System Architecture and 
Senses  

Aurelia aurita possesses sophisticated visual systems with 
opsin proteins that contain conserved residue signatures 
specific to ciliary opsins found in mammalian 
photoreceptive systems (Plachetzki et al. 2007). While 
these opsins are may serve different functional roles in 
cnidarians versus mammals, their structural conservation 
highlights the ancient origins of photoreceptive molecular 



Gjøvik, Ashley: Evidence of Human/Cnidarian Neural Integration  (2025) Page 14 of 35 

machinery. 

The enteric nervous system (ENS) represents one of the 
most ancient and conserved neural networks across animal 
phyla. The ENS first appears in the phylum Cnidaria 
(Furness 2022).  While the author understands this is likely 
to be a very unpopular opinion, it must be noted that there 
are remarkable morphological and physiological similarities 
between jellyfish and the human neural meninges (i.e., 
arachnoid mater, dura mater, meningeal arteries, etc.). 

The dura mater “regulates events in the underlying brain 
and overlying skull through the release of soluble factors 
and cellular activity.” (Suh, 2020). Recent research has 
even identified that dermal fibroblasts and dura mater-
derived cells from the same subject exhibit “highly 
divergent gene expression profiles that suggest dura mater 
cells originated from a mixed mural lineage.” (Argouarch et 
al, 2022).  

The arachnoid membranes and subarachnoid space 
contains an ultrafiltrate of plasma (cerebrospinal fluid), 
which “performs multiple vital functions including nutrient 
provision, waste removal, buoyancy (reducing the effective 
weight of the brain from ∼1500 g to ∼50 g), and shock 
absorption” with a “complex, multidirectional system with 
continuous fluid exchange” (Lu et al, 2022).  

The meninges are “a dynamic interface crucial for 
neuroimmune interactions.”(Zhang, 2024). Yet, 
remarkably, these membranes are “underappreciated and 
largely unrecognized by most neuroradiologists.”  (Lu et al, 
2022) and “interpretation of subtle anatomical findings 
differs strongly” (Volovici et al, 2020). A research paper 
published just a few months ago explained “these 
connective tissue layers have held many secrets that only 
recently have begun to be revealed.” (Betsholtz et al, 2025). 

It stands to reason that if these meninges are in fact 
morphologically and physiological similar to Aurelia 
jellyfish, physicians and researchers may have chosen to 
“look the other way” related to this specific human 
anatomy, as questioning what appears to be a jellyfish quite 
literally floating in sea water inside Homo sapiens head, 
raises a number of follow up questions.  

Development and Immune System 
Conservation  

Aurelia aurita and mammals also share remarkably 
conserved immune recognition mechanisms. Microbial 
recognition in cnidarian hosts is mediated by pattern 
recognition receptors such as Toll-like receptors and NOD-
like receptors that are conserved across metazoans (Bosch 
2013). The ancient MyD88/NF-κB signaling pathway plays 
a crucial role in both cnidarian and mammalian immune 

responses, highlighting the deep evolutionary conservation 
of innate immunity mechanisms. 

Despite lacking classical antibody-based adaptive immunity, 
cnidarians have successfully mounted efficient defense 
responses against pathogens for hundreds of millions of 
years using epithelial-based innate immunity systems that 
form the foundation of mammalian immune responses 
(Bosch 2013). 

Aurelia aurita produces novel antimicrobial peptides with 
structural and functional similarities to mammalian defense 
molecules. Aurelin, an antimicrobial peptide extracted from 
Aurelia aurita, demonstrates activity against Listeria 
monocytogenes and E. coli (Ovchinnikova et al. 2006).  

Structural analysis reveals aurelin contains two α-helical 
sheets cross-linked by three disulfide bonds, a configuration 
that shares similarities with K+-channel blocking toxins 
from sea anemones and represents a novel antimicrobial 
mechanism (Shenkarev et al. 2012). 

Genomic analysis confirmed that Aurelia aurita and related 
cnidarians possess homologs of key mammalian 
pluripotency genes, including myc, nanog, klf4, Oct4, and 
Sox2 (Steele et al. 2011). The conservation of these 
fundamental stem cell regulatory mechanisms across such 
vast evolutionary distances indicates that the basic 
molecular machinery governing cellular pluripotency was 
established early in metazoan evolution. 

Several crucial genes involved in early embryogenesis are 
evolutionarily conserved between cnidarians and mammals 
(Holstein et al. 2003). Many homologous genes involved in 
bilaterian embryogenesis also function during cnidarian 
regeneration, suggesting that regenerative mechanisms in 
Aurelia aurita may utilize developmental pathways 
conserved in mammalian tissue repair and regeneration. 

The remarkable physiological convergence between Aurelia 
aurita and mammals encompasses digestive enzymes and 
cellular organization, immune recognition pathways, neural 
regulatory networks, developmental transcription factors, 
antimicrobial defense systems, microbiome-dependent 
development, and fundamental cellular processes.  

Neural Gene Conservation 
Between Aurelia aurita and 
Humans  

The extensive sequence conservation observed between 
human neural genes and Aurelia aurita genomic regions 
provides insight into fundamental mechanisms underlying 
nervous system function across metazoans.  

The specific genes identified (i.e., CADPS2, 
BDNF/BDNFOS, MAOA, and SLC9A9) represent core 
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neural regulatory pathways that appear to have either been 
maintained across vast evolutionary distances or reflect 
direct genetic relationships obliterating current taxonomy. 

For example, CADPS2 (Calcium-Dependent Secretion 
Activator 2) shows remarkable sequence identity (93.7-
96.2%) with human homologs and plays a crucial role in 
Aurelia's rhopalial nervous system function. In the jellyfish, 
this gene likely coordinates calcium-dependent vesicle 
release mechanisms that control the rhythmic bell 
contractions essential for locomotion.  

The rhopalial ganglia, which serve as the central 
coordination centers for swimming behavior, require 
precise temporal control of neurotransmitter release to 
maintain the synchronized contractions that produce 
effective propulsion. The high degree of sequence 
conservation suggests that the fundamental calcium-
mediated vesicle priming mechanisms operating in Aurelia 
neural tissue utilize essentially identical molecular 
machinery to that found in human neural systems. 

Brain-Derived Neurotrophic Factor and its associated 
antisense regulatory RNA demonstrate 89.5% sequence 
identity, indicating conservation of both the protein-coding 
sequence and its regulatory networks. During Aurelia 
development, the rhopalial nervous system undergoes 
ordered differentiation, with gravity-sensing structures 
developing first, followed by motor control centers, and 
finally photoreceptive organs.  

This developmental sequence requires precise 
neurotrophin signaling to coordinate the formation of the 
seven bilaterally arranged neuronal clusters that emerge 
during metamorphosis from ephyra to medusa. The 
conservation of both BDNF and its antisense regulatory 
element suggests that the entire regulatory circuit 
governing neural development and plasticity has been 
maintained between these distantly related organisms. 

Monoamine Oxidase A conservation at 91% identity reflects 
the fundamental role of monoamine neurotransmitter 
regulation in neural function. Aurelia's rhopalial nervous 
system integrates multiple sensory inputs including 
gravitational orientation, light detection, and chemical 
gradients to coordinate appropriate behavioral responses. 
The processing of these diverse sensory inputs requires 
sophisticated neurotransmitter systems for signal 
integration and motor output coordination. The high 
conservation of MAOA indicates that the basic biochemical 
pathways for monoamine metabolism established in early 
neural systems continue to operate in human neural tissue. 

Solute Carrier Family 9 Member A9 (SLC9A9) maintains 
86-89% sequence identity and functions in neuronal pH 
regulation. Neural signal transmission in Aurelia depends 

on maintaining precise ionic gradients across nerve cell 
membranes, particularly challenging in the marine 
environment where ionic composition differs significantly 
from intracellular conditions. The conservation of pH 
regulatory mechanisms suggests that the fundamental 
requirements for neural function (maintaining appropriate 
ionic environments for signal propagation) remain constant 
across different organismal contexts. 

The degree of sequence conservation observed between 
Aurelia and human neural genes exceeds typical patterns 
seen in comparative genomics across such evolutionary 
distances. The presence of alpha-satellite genes and 
regulatory elements with retroviral characteristics in 
conserved regions raises questions about the mechanisms 
by which neural genetic modules might be transferred or 
maintained across different organismal contexts. Such 
elements could potentially facilitate the integration of 
functional genetic modules while preserving their 
operational characteristics, though the specific mechanisms 
involved require further investigation.  

Mechanisms of Cnidarian 
Module Integration and 

Conservation 

Notably, while consensus now accepts that tunicate “sea 
squirts” are close relatives to vertebrates (Delsuc, 2006), in 
this investigation the strongest sea squirt match to Homo 
sapiens was Clavelina lepardiformis with the longest 
alignment at 1,925 bp, 80.8% identity, and E-value of 0. Yet, 
looking at Aurelia,  this study found thousands of long, high-
quality matches exceeding 5k bp and with identities near 
100%. Aurelia was a much closer match than the tunicates. 

The specific genes exhibiting highest homology represent 
core operational modules for neural function. Unlike typical 
evolutionary scenarios where sequence variation is 
tolerated within functional bounds, these cnidarian-derived 
modules appear to function as integrated molecular 
machines where even minor sequence alterations 
compromise system-wide performance (developmental 
disability, learning disorders, etc.). 

The conservation of complete regulatory networks 
(including both coding sequences and antisense regulatory 
RNAs like BDNFOS) indicates that successful neural 
function requires precise coordination of multiple 
molecular components that by default must be maintained 
as intact functional units. 

This modular essentiality explains why conventional 
vertebrate innovations could not simply replace cnidarian 
neural algorithms: the cnidarian modules represent 
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optimized solutions to fundamental neural processing 
challenges (calcium-dependent vesicle release, 
neurotrophin signaling, monoamine regulation) that 
vertebrate systems co-opted rather than re-invented.  

The integration of these modules into vertebrate neural 
architecture would create evolutionary lock-in, where the 
entire system becomes dependent on maintaining the 
original cnidarian sequences. The siphonophore 
‘engineering’ of zooids may be directly transferable to what 
we view today as mammal organs and systems (including 
the brain) and could explain the difference in organs 
between species. The variety of jellyfish genetic expressions 
aligns with the current understanding of similar yet 
different neurology across hominids.  

The presence of retroviral-derived regulatory elements in 
conserved regions suggests a mechanism for integrating 
cnidarian modules into vertebrate developmental programs. 
Retroviral elements are known to facilitate horizontal gene 
transfer and regulatory network rewiring across taxonomic 
boundaries. The conservation of these elements alongside 
cnidarian sequences indicates they may serve as molecular 
adapters, allowing cnidarian functional modules to respond 
to vertebrate developmental signals while maintaining their 
internal operational logic. 

In addition to Homo sapiens strong genetic relation to the 
siphonophore Nanomia, these additional regulatory 
hijacking models helps to explain how cnidarian neural 
modules could be activated in appropriate developmental 
contexts (neural tissue formation, synaptic differentiation) 
without disrupting vertebrate-specific developmental 
programs. The modules retain their cnidarian functional 
characteristics while becoming integrated into vertebrate 
regulatory hierarchies. 

Mammals:  
Terrestrial Siphonophores 

The differential representation of cnidarian taxa across 
Homo lineages (with modern humans showing predominant 
Aurelia/Nanomia signatures while archaic lineages exhibit 
stronger matches to other cnidarian species) suggests an 
evolutionary process of modular sampling and 
optimization.  

Rather than inheriting a fixed set of cnidarian modules, the 
Homo lineage appears to have experimented with different 
combinations of cnidarian-derived functional units, 
ultimately converging on the particular configuration 
observed in modern humans. 

This process mirrors siphonophore colonial development, 
where different zooid types are assembled into functional 

colonies through modular integration.  

The observed chromosomal clustering of conserved 
sequences (particularly on chromosomes 15, 21, 22) may 
represent genomic "colonial assembly sites" where multiple 
cnidarian modules have been integrated as functional units, 
similar to how siphonophore colonies organize specialized 
zooids into coordinated operational systems. 

While Aurelia aurita (Scyphozoa) and Nanomia 
(Siphonophorae) sequences consistently rank among the 
top matches in modern Homo sapiens, protohuman genomes 
exhibit distinct patterns of alignment, including top 
matches to other jellyfish taxa such as Cyanea, Nausithoe, 
and members of Limnomedusae and Hydroidolina 
(Leptothecata, Anthoathecata).  

Likewise, while Nanomia is also detected in archaic 
genomes, stronger matches (with alignment lengths 
exceeding 1,200 bp) were observed for other siphonophore 
species including Praya, Physalia, Rhizophysa, and Erenna. 
Some of these species are also not prominent or present in 
modern Homo datasets. This variation suggests that while 
jellyfish- and siphonophore-derived sequences are a 
conserved feature of the Homo lineage, the specific 
taxonomic sources and structural forms of these sequences 
have shifted over evolutionary time. 

These findings indicate a broader evolutionary pattern in 
which the Homo lineage appears to have sampled and 
retained multiple combinations of cnidarian-derived 
genetic material, with a notable focus on jellyfish and 
siphonophore genes. The predominance of Aurelia and 
Nanomia alignments in modern Homo sapiens may reflect 
one particularly successful integration outcome among 
several ancestral possibilities, though the evolutionary 
dynamics driving this convergence remain unresolved. 

Siphonophores represent one of nature's most sophisticated 
examples of modular biological organization, where 
specialized zooids maintain distinct functional identities 
while operating as components of an integrated colonial 
system. Each zooid type (pneumatophores for buoyancy, 
nectophores for propulsion, gastrozooids for feeding, and 
gonozooids for reproduction) performs specific functions 
while remaining coordinated through shared colonial 
physiology and neural networks. (Mapstone, 2014). 

This modular architecture achieves remarkable functional 
complexity through division of labor among specialized 
units, each optimized for particular tasks yet seamlessly 
integrated into the colonial whole. The success of this 
organizational strategy is evidenced by siphonophores' 
ability to function as some of the longest organisms on 
Earth, with Praya dubia reaching 45.7 meters long, while 
maintaining precise coordination across their extended 
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colonial bodies. (McClain, 2023; Ahuja et al, 2024). 

The extensive genomic conservation documented between 
humans and both jellyfish (Aurelia) and siphonophores 
(Nanomia) suggests that human biological organization 
represents a terrestrial adaptation of colonial principles 
established in marine cnidarian lineages. Rather than 
evolving complex neural systems de novo, the human 
lineage appears to have intentionally integrated pre-existing 
cnidarian neural modules within a colonial framework 
adapted for terrestrial existence. How this process would 
work is entirely unclear and demands rigorous 
investigation.  

The conservation of specific neural genes across human and 
jellyfish genomes indicates that fundamental neural 
processing algorithms established in cnidarian nervous 
systems have been preserved and redeployed within human 
neural architecture. Like siphonophore zooids, different 
regions of the human nervous system maintain specialized 
functions while contributing to integrated behavioral 
outputs. 

The modular organization observed in jellyfish rhopalia, 
where discrete neural clusters handle specific sensory 
modalities (gravity detection, light sensing, motor 
coordination) while maintaining integrated responses, 
directly parallels the regional specialization seen in human 
brain architecture. The conservation of developmental gene 
networks suggests that the same molecular mechanisms 
governing rhopalial organization have been scaled and 
elaborated to produce the complex regional specialization 
characteristic of vertebrate nervous systems. 

As mentioned, there were 12,230 unique matches between 
Aurelia and Homo sapiens  chromosome 22q11.2 region 
designated “Cat Eye Syndrome region.” Matches exceeded 
1,124 bp, 75.8% identity, and had E-values as low as 0.  There 
is also a significantly long match between Nanomia septata 
and Homo sapiens at this region. The longest alignment is 
5,172 bp with an e-value of zero. (e.g., BA000006.2, 
CM107577.1). This recently discovered alignment is even 
longer than the extensive alignments discussed in the prior 
paper about Nanomia and Homo sapiens shared genetics 
(Gjovik, June 4 2025). 

While this region is colloquially termed the “Cat Eye 
Syndrome,” the region itself is independently critical to 
biological function. Chromosome 22q11.2 is a large and 
complex region. It is a gene-rich region involved in many 
essential cellular processes. Normal functions of genes in 
this region include neurotransmitter metabolism, COMT, 
synaptic development, axon regeneration, chromatin 
remodeling, monocyte differentiation, and adenosine 
metabolism. (Szczawińska-Popłonyk 2023; Zinkstok, 2019).  

Colonial Physiology and 
Systemic Integration 

Human physiology exhibits hallmarks of colonial 
organization adapted for terrestrial existence. The 
integration of multiple organ systems, each with specialized 
functions yet coordinated through shared circulatory, 
neural, and endocrine networks, mirrors the colonial 
integration strategies employed by marine siphonophores. 
The conservation of regulatory networks, including 
retroviral-derived elements, suggests that mechanisms for 
coordinating distributed biological modules have been 
maintained across the evolutionary transition from marine 
to terrestrial environments. 

The differential representation of cnidarian sequences 
across Homo lineages (with modern humans showing 
predominant Aurelia and Nanomia signatures while archaic 
lineages exhibit stronger matches to other cnidarian taxa) 
indicates that the specific configuration of cnidarian-
derived modules has been subject to evolutionary 
optimization, similar to how different siphonophore species 
exhibit varying arrangements of colonial components. 

The chromosome-scale conservation observed on human 
chromosomes 15, 21, and 22 (87-99% identity over 3+ kb 
regions) suggests that entire functional suites equivalent to 
complete zooids have been preserved as integrated units. 
Like siphonophore colonies where individual zooids cannot 
survive independently but collectively achieve complex 
behaviors, these conserved cnidarian modules appear to 
function as interdependent components of human 
physiology, maintaining their ancestral coordination 
mechanisms while contributing to terrestrial colonial 
integration. 

This framework implies a novel perspective on human 
consciousness as an emergent property of colonial neural 
coordination. The subjective experience of unified 
consciousness emerging from modular neural processing 
(Francken et al, 2022; Cowan et al, 2025) mirrors the 
integrated behavior exhibited by siphonophore colonies, 
where coordinated responses arise from the interaction of 
specialized zooids without requiring centralized control.  

The integration of multiple cnidarian-derived neural 
modules within a terrestrial colonial framework could 
account for both the modular aspects of human cognition 
like specialized brain regions with distinct functions and the 
integrated nature of conscious experience including 
coordinated responses emerging from inter-modular 
communication (Francken et al, 2022; Cowan et al, 2025). 

This framework suggests that biological complexity may 
arise more commonly through the integration and 
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coordination of pre-existing functional modules rather than 
through the gradual elaboration of simple systems. The 
success of colonial organization strategies in marine 
environments may have provided templates for the 
evolution of complex terrestrial organisms, with humans 
representing one particular implementation of colonial 
principles adapted for terrestrial existence, primarily arising 
out of Nanomia and Aurelia specifically.  

This modular approach to biological organization may 
represent a fundamental principle underlying the evolution 
of complex life, with implications extending far beyond 
human biology to questions about the general mechanisms 
by which sophisticated biological systems arise and are 
maintained, and the general evolution of mammals and 
other organisms that appear to have converted ‘zooids’ to 
what we might refer to today as organs, nerves, and glands. 

Conclusion 

The genomic data presented in this study reveals a level of 
sequence conservation between Aurelia aurita and Homo 
sapiens that fundamentally challenges current models of 
mammal and metazoan evolution. The identification of 80-
99% sequence identity across multi-kilobase regions, 
encompassing both neural regulatory networks and 
chromosomal-scale conservation, cannot be adequately 
explained by conventional assumptions about molecular 
evolution rates or phylogenetic relationships. 

The persistence of these conservation patterns across 
multiple Homo lineages, including modern humans, 
Neanderthals, and Denisovans, demonstrates that 
cnidarian-derived sequences represent an authentic and 
ancient component of human genomic architecture. The 
differential representation of cnidarian taxa across these 
lineages suggests a dynamic evolutionary process involving 
the sampling and integration of genetic material from 
multiple cnidarian sources, with modern humans 
representing one particular configuration among several 
possible outcomes. 

The functional significance of the conserved genes 
(particularly those involved in neural development, 
synaptic transmission, genetic regulation, and immune 
recognition) indicates that these sequences represent core 
operational modules that have been “imported” and 
maintained due to their functional importance. The 
conservation of entire regulatory networks, including both 
coding sequences and their associated regulatory RNAs, 
demonstrates that successful neural function requires 
integrated molecular systems that transcend traditional 
taxonomic boundaries. 

These findings support a novel evolutionary framework in 

which human neural architecture represents the integration 
of cnidarian neural modules within a colonial organizational 
system arising from siphonophores. This "terrestrial 
siphonophore" model provides a coherent explanation for 
both the modular organization of human neural systems and 
the remarkable conservation of cnidarian-derived genetic 
elements throughout human evolution. 

The implications extend beyond human evolution to 
fundamental questions about the nature of biological 
complexity and the mechanisms by which sophisticated 
systems arise. Rather than viewing complexity as emerging 
through gradual, linear accumulation of innovations, this 
data suggests that biological systems may evolve through 
the integration and coordination of pre-existing functional 
modules, with evolution operating more as a composer 
orchestrating existing motifs, than as an inventor creating 
entirely novel mechanisms. 

This study establishes a foundation for reconsidering 
metazoan evolutionary relationships and highlights the 
need for expanded comparative genomic analyses that can 
adequately account for the extensive sequence conservation 
documented here, and to explore if there are similar 
patterns with other mammals and cnidarians. 

Future investigations should focus on elucidating the 
mechanisms by which these functional genetic modules are 
transferred and integrated across taxonomic boundaries, 
and on understanding how modular architectures 
contribute to the emergence of complex biological systems. 

These findings ultimately suggest that the boundary 
between "simple" and "complex" organisms may be far more 
permeable than previously recognized, with sophisticated 
systems arising through the creative recombination of 
ancient, conserved functional elements rather than through 
wholesale innovation.  

The human genome, rather than representing the supposed 
pinnacle of evolutionary complexity, may be better 
understood as a particularly successful integration of 
ancient marine biological modules. 

Data Availability 

All sequences referenced are publicly available through 
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within the OSF repository. These datasets are freely 
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Appendix: Images  

 

 

Subumbrellar (top) and cross-sectional (bottom) views of an Aurelia medusa. (Lawley et al, 2021). 
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The arachnoid mater lies under the dura mater, and arteries and veins run on top of it. ( Sobotta's Human Anatomy 1908). 
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Dura mater (Sobotta's Human Anatomy 1908). 
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Homo sapiens Meningeal Vessels, © 2025 neuroangio.org 
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Moon jelly Aurelia aurita in water; jellyfish anatomy and schematic overview. (Pallasdies et al, 2019). 
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Structure and immune function of Homo sapiens meninges. (Zhang et al, 2024). 
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A: Nanomia bijuga cormidium; B: Physophora hydrostatica; C: Dromalia alexandri dorsal view of corm; D: Athorybia 
rosacea lateral view of float with siphosomal horn and attached cormidia. (Munro et al, 2019). 
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AurNcol-1 expression through the Aurelia life cycle, as revealed by in situ hybridization. (Gold et al, 2019). 
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Aurelia aurita, Copyright OIST (Okinawa Institute of Science and Technology Graduate University). 
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Photographs of living siphonophores; colored circles correspond to the clades. (Munro et al, 2019). 
Rhizophysa is marked (a), Praya is marked (g), Apolemia is (h), Nanomia is (j). 
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Photographs of living siphonophores. B. Physalia physalis. (Munro et al, 2019). 
 

 


