
Giant	viruses	(Megavirales)	:	derived	
from	mitochondrial	spores?

Hervé Seligmann
Previously at:

Unité	de	Recherche	sur	les	Maladies	Infectieuses	et	Tropicales	Emergentes,	UMR	
MEPHI,	Aix-Marseille	Université,	13005	Marseille,	France.

The	National	Natural	History	Collections,	The	Hebrew	University	of	Jerusalem,	91904	
Jerusalem,	Israel

E-mail:	varanuseremius@gmail.com



• Mitochondria,	bacterial spores	and	giant viruses
have	double	membranes

• Spores	are	protein-coated,	as	are	viruses
• Linear mitogenome-encoded DNA	pol clusters	with
giant virus	DNA	pol

• Post-transcriptional RNA	editing punctuated by	
secondary structure

• Numts:	nuclear mitochondrial	inserts	like viruses?

How	the	idea came	up:	
To	study megaviral candidate	homologues	of	mitochondrial	rRNAs,	
candidate	homologues	mt	CDs	were examined as	controls.	BLASTn
results indicated similar gene orders for	mito- &	giant virus	genomes



Similar morphological organizations

From:	Mutsafi et	al	2014.	Virology 466-467,	3-14

Mimivirus:	3+4,	membranes;	5+6,	capsids



Bacterial endospore	structure



Ancestral	synteny:
On	average,	alignments of	amoeban mitogenes with giant
virus	genomes map across the	giant virus	genome in	an	
order similar to	their order on	the	amoeban mitogenome.	

->	mitogenome turned into viral	genome?	Opposite?	
Convergence?	Chance?

The	effect is strongest for:
conserved mitogenes,	and	short	giant virus	genomes.

Seligmann 2018	Virus	Research 253,	77-88.



3	scenarios:																													random recent inserts																	ancestral	synteny across the	whole genome



Mt	gene order similar to	order of	mt	alignments on	giant virus	genomes



Gene	order most conserved short	giant
virus	genomes



The	longer	the	alignment,	the	closer it is in	the	viral	genome to	
its predicted position	according to	the	mt	gene order,	and	this
more	for	conserved mt	genes



From mitochondria to	giant viruses or	from giant
viruses to	mitochondria?

A	different approach using tRNA secondary structure	and	the	order of	integration of	
amino acids in	the	genetic code

Numerous hypotheses suggest AA	integration order:	AA	chemical inertness,	AA
structural	complexity,	Miller‘s experiment,	meteorite AAs,	Juke‘s neutral evolution,	
Wong‘s metabolic coevolution,	etc.

Trifonov‘s reviews (2000,	2004)	list 41	hypotheses,	show	that they overall converge,	
justifying a	consensus	order of	inclusion	of	amino acids in	the	genetic code:

1		2		3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20
G		A	V	D	P	S	E		L	T			R		N			K			Q			I				C			H		F				M		Y		W
Simple--------------------------------------------àcomplex

Interestingly,	this order is on	average recovered when averaging the	positions	of	
each AA	species in	a	random sample of	proteins (Seligmann 2014	Protein sequences
recapitulate the	genetic code‘s evolution.	Comput	Struct Biotechnol J	16,	177-180)



The	tRNA->rRNA axis	of	RNA	evolution
Classifying diverse	RNAs by	secondary structure	produces 2	main	RNA	groups:	
presumed primitive	tRNA-like,	and	presumed derived rRNA-like (Seligmann &	Raoult	2016)

Among others,	theoretical 22-nucleotide	RNA	rings	designed to	mimick ancestral	RNAs
(Demongeot 1978,	Demongeot &	Moreira	2007)	are	mainly tRNA-like (Seligmann &	Raoult	2018)

Presumably,	tRNA accretion produced rRNAs (Bloch	et	al	1983;	Agmon 2009;	Root-Bernstein	&	
Root-Bernstein	2015;	Barthélémy	&	Seligmann 2016),	tRNA primitive->rRNA derived

ancestral	tRNA-like derived rRNA-like (retroviruses included)

Each tRNA from the	human mitogenome,	Tupanvirus (Abrahão et	al	2018),	chloroplast,	
Rickettsia monacensis,	E.	coli and	Yeast was scored alon the	tRNA->rRNA axis:	
Its highest similarity to	a	tRNA-like RNA	subtracted from its highest similarity to	a	rRNA-like RNA

Presumably,	tRNAs with 'recent' cognate AAs should be more	rRNA-like
Especially so for	genetic code	evolution hypotheses derived from other tRNA properties



eLoops

Length:	71	nucleotides.	20	complementary	nucleotide	pairs,	%loop	=100x(71-2x20)/71=	43.66

%eloop (boxes)	=	100x23/31=74.2

There	are	7	G-C	pairs	in	stems,	hence	%stem	GC	=	2x7/40=35	and	10	unpaired	GCs,	%loop	GC=10/31=32.26

Unpaired,	not	eLoop
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Inclusion	order	of	AA	in	genetic	code	according	to	distance	between	
isoacceptor	tRNAs

Mitochondrial	tRNAs Tupanvirus tRNAs

Correlations between tRNA-rRNA axis	and	AA	inclusion	order strongest for	tRNA-derived
hypotheses for	Tupanvirus,	mitochondria,	Nanoarchaeum



Theoretical RNA	rings	as	proto-tRNAs
25	rings	of	22	nucleotides,	designed in	silico,	to	form stem-loop hairpin,	one	codon	per	amino
acid and	a	stop,	presumed minimal	ancestral	gene.	They have	several realistic coding/structural	
properties. RNA	ring	consensus	resembles tRNA consensus.	

After Demongeot and	Moreira	2007
Genome +/42 P<0.05 Iso-t Best Best	hypothesis
Chloroplast 31* 0 -0.18 0.37 Cavalier-Smith	hypothesis
E.	coli 25 2 -0.24 0.45** Fox's	proteinoid	composition
Mitochondrion 33** 3 0.51** 0.51** Evolutionary	distance	among	isoacceptor tRNAs
Nanoarchaeum 18 1 0.55** 0.55** Evolutionary	distance	among	isoacceptor	tRNAs
Rickettsia 22 1 -0.18 0.44** Juke's	neutral	evolution	theory
Tupanvirus 33** 15 0.53** 0.56** Amino	acid	chemical	inertness
Yeast 14- 3 -0.03 0.49** Algebraic	model	of	Hornos	&	Hornos
RNA	rings 37** 10 -0.26 0.47** Wong's	metabolic	coevolution	theory



General	remarks
Synteny between order of	megaviral candidate	homologues	of	mitochondrial	genes and	
mitogene order suggests common ancestry/ies of	mitogenomes and	giant viruses

Association	between tRNA-rRNA axis	score	of	tRNAs and	their cognate amino acid inclusion	
order in	the	genetic code	confirms RNA	evolution from tRNA-like to	rRNA-like

Analysis of	tRNA secondary structures	according to	the	tRNA-rRNA axis	are	compatible	with
common ancestry/ies of	mitogenomes and	giant viruses

Theoretical RNA	rings	as	a	group	seem realistic origin of	life	RNA	population/network

Thanks to	Jacques	Demongeot,	Eric Faure	and	Christian	Michel	for	constructive	discussions
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