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Origins  of L ifeOrigins  of L ife

o Most theories  assume life began in the seas

o Bas ic amino acids, building blocks of life, formed 
• S hallows where atmospheric CO2 and NH3 reacted on rock surfaces 

often with other hydrocarbons

• Undersea hydrothermal vents  where many of these same 
constituents  could react under energetically favorable conditions

o T he emergence of animals , multicellular eukaroytes 
of the metazoan kingdom, generally marked to sea 
anemones, members  of the phylum cnidaria, class  
anthozoa 
• Appearance Ca. 600 Ma

• Over 6,000 living species  in phylum cnidaria

• Basal metazoan phylum along with Porifera (sponges)
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Anatomy of Phylum Cnidaria 
Class  Anthozoa
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o Common anatomical features:
• An oral groove constituting both mouth & anus

• A gastrovascular cavity where food is  
ingested, digested, and waste products  
excreted

• T entacles  to move food to oral groove and to 
provide defense; nemocysts

• A nerve net extending from oral groove to 
tentacles  and between polyps in communal 
ecosystems

• T wo differentiated tis sue types; gastrodermal 
inner and epidermal outer with a 
gastrovascular canal to share nutrients ; 
diploblastic, bilaterian precursor
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Nematostella vectens is  (Nv) 
Model Organism
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o S tarlet sea anemone, estuarine, native to the atlantic coast of north 
america (1)

• Native stresses  include:
• T emperature

• S alinity

• UV light

• Oxygen

• S ulfides

• Reactive oxygen species

o Phys iological tolerance is  a function of ability to upregulate s tress  
response genes

o Extens ively used for research in developmental biology, evolution, 
and genomic s tudies

• Regenerates  and cells  grow in culture
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GenomicsGenomics

o Human (homo sapiens; Hs) DNA cons is ts  of around 
23,000 genes, the same approximate number as  
Nematostella vectens is

o T here is  remarkable overlap of lower species  DNA 
with Hs  DNA
• Chimpanze differs  only 1.2% in sequence (98.8% overlap)

• Nv DNA has around 50% overlap of sequence

o It must therefore be concluded that the phenotypic 
divers ity of species  is  in large measure driven by 
gene express ion; transcription & trans lation
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o Chart A = human DNA chromosomes (24) 
segmented into 98 regions ; colored 
segments  represent s ignificant 
conservation of sequence between human 
and Nematostella, white segments  do not 
show s ignificant conservation of linkage

o Chart B = conserved linkages between 
human chromosomes 17, 12, 10, 7 & 2 
and Nematostella scaffolds  26, 61, 53, 46, 
3 & 5 with length proportional to the 
number of genes descended from the 
inferred ancestral set color coded from the 
Nematostella scaffold. Red lines  indicate 
the pos itions  of the four human Hox 
clusters
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Molecular BiologyMolecular Biology

o Human DNA has around 
3.2 billion base pairs ; 800 
mB of data divided into 
around 23,000 genes

o T his  information codes for 
around 20,000-30,000 
proteins  and RNA 
transcription nucleotides

o T he cnidarian genome is  
around the same 
complexity

 

o Human DNA has around 
3.2 billion base pairs ; 800 
mB of data divided into 
around 23,000 genes

o T his  information codes for 
around 20,000-30,000 
proteins  and RNA 
transcription nucleotides

o T he cnidarian genome is  
around the same 
complexity

 



Gene T ranscription (3)Gene T ranscription (3)

Intron



Evolutionary Conservation of 
Introns  (4)
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o Introns are the non-coding regions between genes 
and are an important component of eukaryotic 
genomes
• Represent 25% of the human genome

• Represent 95% of the human transcriptome (Venter et al., 
2001.)

o Respons ible for much of the inherent cis -regulatory 
elements  for DNA transcription

o Alternative transcripts  greatly magnify transcriptome 
complexity
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Pf At Sp Nv Ce Dm Ag Hs

Pf 159 3% 3% 3% 2% 2% 3% 2%

At 1076 5% 17% 7% 5% 5% 16%

Sp 173 6% 4% 7% 6% 7%

Nv 1459 14% 9% 10% 47%

Ce 560 11% 11% 15%

Dm 260 43% 13%

Ag 269 12%

Hs 1246

Percentage of Shared Introns (4)

(Introns shared by A & B)
=

(Introns shared by A & B) (Introns unique to A) (Introns unique to B)+ +
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o Diagonal of previous  s lide 
represents  total intron count of 
selected taxa

o Percentages on previous  s lide 
represents  total intron overlap
• Nematostella vectens is  (Nv) intron 

overlap with homosapien (Hs) is  
47%

• Nv possesses 69% of all Hs  
introns (862/1246)

o Highest overlap for any lower 
metazoan comparison; Hs  and Nv 
grouped alone and together us ing 
pars imony analys is  of this  data
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o 30% of the Human 
DNA transcription 
uses  small RNA 
(micro 21-24 nt; 
Piwi 25-30 nt) 
binding

o Conservation of 
these transcription 
mechanisms 
throughout 
bilaterian evolution
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MetabolomeMetabolome

o T he metabolome of an organism is  comprised of all of the small 
molecules  (less  than around 2,000 Da) produced by all 
biochemical processes . Metabolites  are generally a result of the 
catalys is  properties  of proteins  within pathways

o T wo groups of metabolites

• Primary metabolites  produced as  a direct result of bas ic life 
sustaining processes ; energy production or s torage, 
reproduction, cell function maintenance, etc.

• S econdary metabolites  produced as  a direct result of 
external or endogenous s tresses  and are cons idered critical 
to the long term survival of the organism

• S econdary metabolites  of marine invertebrates  have been 
viewed as rich sources of bioactive chemical agents  useful 
in the treatment of a wide variety of disease s tates
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Defensome (6)Defensome (6)

o Gene families  that defend against chemical 
s tressors , and the transcription factors  that 
regulate these genes, have in total been 
termed the “chemical defensome”3

o For the s tarlet sea anemone Nematostella 
vectens is  Nv DNA this  ratio is  around 1% 
(266/27,200), about the same ratio as  
humans
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Gene Preservation & 
Express ion

Gene Preservation & 
Express ion

o Remarkably high degree of preserved and expressed 
genes comparing the human & cnidarian genomes
• Cell-Cell s ignaling; the four major bilaterian s ignaling pathways (7)

• Wnt genes: 11 of 12 subfamilies  (8)

• T GF-b: cytokine protein

• Notch: notch transmembrane receptors

• Hedgehog

• Defensome (6)

• CYP; cytochrome P-450 oxidation

• Various  conjugating enzymes
• Human: 13 S ULT , 13 UGT , 21 GS T

• S ea anemone: 22 S ULT , 9 UGT , 28 GS T

• AT P-dependent efflux transporters

• Oxidative detoxification genes
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Human Disease Genes (9)Human Disease Genes (9)

o Ns has more orthologous human disease genes than 
other nearer neighbors  to Hs

o Genbank gene reference count shown under disease 
state in parenthes is
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Marine & Human S ystemsMarine & Human S ystems

o Both ocean and human body fluids  are aqueous based

o Chemical exchange occurs  between cells  in the extracellular 
matrix (ECM) and in marine environment between organisms 
via both contact and diffus ion

o pH
• Ocean = 8.15-8.25

• Human serum = 7.3-7.4

• Pancreatic = 8.1

o S alinity
• Ocean = 34-36 ppt

• Human serum = 9 ppt

o T he diploblastic nature of cnidarians , and the access  to both 
tis sue types, may be advantageous due to a higher chemical 
exchange with the surrounding ecosystem than a triploblastic 
organism having a mesoderm
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Conclus ionsConclus ions

o T here has been substantial conservation of important gene families , 
and pathways, from the basal cnidarian phylum to the homo sapien 
species .

o T here has been substantial conservation of small RNA machinery and 
intron regions respons ible for gene transcription from the basal 
cnidarian phylum to the homo sapien species .

o Although many conserved & expressed genes may be used in the basal 
invertebrates for different functions, the pathway regulation agonis ts  & 
antagonis ts  maintain relevance for human bioactivity (assuming proper 
ADME and toxicity properties).

o T he process  of drug discovery within the marine secondary 
metabolome could be s ignificantly enhanced us ing experimental des ign 
incorporating biotic and abiotic s tress  factors .

o T he entire Cnidarian phylum is  now receiving renewed attention for 
marine natural product prospecting (10)
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