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Abstract	
The	origin	of	life	occurred	by	a	series	of	prebiotic	reaction	pathways	(collectively	a	system)	hosted	in	

one	 or	more	 geochemical	 environments	 (together	 forming	 an	 origin	 of	 life	 scenario).	 State-of-the-art	
prebiotic	chemistry	links	together	reactions	to	create	systems,	intended	to	be	more	representative	of	the	
diverse	 chemical	pathways	 that	may	have	proceeded	on	early	Earth.	By	practical	necessity,	prebiotic	
systems	 chemistry	must	 be	 investigated	 under	 simplified	 conditions	 in	 comparison	 to	 likely	 natural	
environments.	The	mismatch	in	complexity	between	lab	and	environment	poses	a	challenge:	how	to	build	
systems	chemistry	that	is	robust	not	only	in	the	idealised	conditions	of	a	lab,	but	also	under	natural	levels	
of	 environmental	 stress?	 Here,	 we	 propose	 and	 formalise	 a	 conceptual	 framework	 for	 such	 work:	
interference	chemistry.	We	define	interference	chemistry	as	the	interaction	between	prebiotic	systems	
chemistry	and	the	environmental	scenarios	proposed	to	host	it.	Natural	environments	in	which	prebiotic	
chemistry	could	have	occurred	are	messy,	containing	many	spectator	ions,	mineral	phases,	and	spatially	
and	temporally	variable	physical	processes,	e.g.,	wet/dry	cycles.	Each	of	these	environmental	variables	
may	 interfere	 either	 constructively	 or	 destructively	 with	 prebiotic	 pathways,	 respectively	 aiding	 or	
inhibiting	 their	 efficacy.	 Exploring	 interference	 chemistry	 for	 a	 reaction	 system	 will	 point	 towards	
favoured	or	disfavoured	regions	of	environmental	parameter	space.	To	do	so,	 innovation	is	needed	in	
both	the	investigation	of	early	planetary	environmental	conditions,	and	the	continued	incorporation	of	
these	constraints	into	experimental	systems	chemistry.	We	argue	that	interference	chemistry	provides	a	
compelling	way	 to	 assess	 combinations	 of	 system	 and	 environment,	 leading	 the	way	 to	 increasingly	
prebiotically	plausible	scenarios	for	the	origin	of	life	on	Earth.	

1 Prebiotic	chemistry:	a	parameter	space	problem	
The	origin	of	life	occurred	by	a	series	of	prebiotic	reaction	pathways	(collectively	a	system)	hosted	in	

one	or	more	geochemical	environments	(together	forming	an	origin	of	life	scenario).	Potentially	prebiotic	
reaction	 pathways	 have	 now	 been	 published	 for	 membranes,	 information-storing	 polymers,	 and	
compounds	 that	 appear	 universally	 in	 extant	 metabolism	 [1–17].	 New	 constraints	 on	 early	 Earth	
geochemistry	offer	constraints	on	possible	environmental	settings	for	the	origin	of	life	(see	Section	3,	Table	
1).	Despite	this	progress,	substantial	challenges	remain	with	linking	these	promising	chemical	pathways	
into	a	coherent	and	prebiotically	plausible	scenario	for	the	origin	of	life.		

Successful	syntheses	demand	a	high	level	of	chemical	selectivity.	In	the	quest	to	achieve	such	syntheses,	
reactions	are	necessarily	run	under	controlled	conditions	that	are	generally	absent	in	naturally	occurring	
environmental	 scenarios.	 The	 unavoidable	 complexity	 of	 geochemical	 environments	 is	 challenging	 to	
incorporate	into	experimental	reaction	schemes.	It	remains	to	be	fully	demonstrated	whether	and	how	such	
prebiotic	 syntheses	would	 proceed	 in	 environments	with	 increased	 geochemical	 complexity,	 or	 indeed	
what	constraints	prebiotic	chemistry	can	place	on	the	wider	environmental	chemistry	of	terrestrial-type	
planets.	These	long-noted	challenges	[18,19]	are	compounded	by	an	ongoing	proliferation	in	the	number	of	
proposed	origin	systems	and	scenarios,	which	create	a	continually	expanding	physical-chemical	parameter	
space	in	which	the	efficacy	of	prebiotic	pathways	should	be	tested.	(Figure	1).	As	a	consequence	of	these	
problems,	the	question	of	how	to	measure	progress	in	prebiotic	chemistry	remains	unclear	[7,20–23].	
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Defining	plausibility	for	prebiotic	chemistry	

The	unique	challenge	of	prebiotic	chemistry	can	be	summarized	by	noting	that	no	individual	experiment	
or	environment	is	itself	necessarily	related	to	the	origin	of	life.	As	a	consequence,	any	given	synthesis	is	
always	 an	 exploration	 of	 fundamental	 chemical	 parameter	 space,	 but	 not	 necessarily	 the	 prebiotic	
parameter	space	that	gave	rise	to	extant	life.	However,	the	intractably	large	scope	of	the	experimental	and	
prebiotic	parameter	spaces	can	in	principle	be	bounded	by	some	basic	assumptions:	

Assumption	1:	origin	of	life	took	place	on	Earth.	
Assumption	2:	the	broad	molecular	architecture	of	modern	life	is	essentially	conserved	from	
the	prebiotic	Earth.	
Assumption	 3:	 central	 chemical	 reactions	 that	 universally	 characterize	 extant	 biology	were	
proto-typed	 in	 the	 Prebiotic	 Era,	 e.g.,	 at	 a	minimum,	 RNA	 polymerisation,	 phosphate-based	
metabolism,	and	amphiphile-based	compartmentalisation.	

Carrying	assumptions	1-3	forward,	a	plausible	model	for	the	origin	of	life	should	identify	the	overlap	
between	plausible	environmental	parameter	space	on	the	early	Earth	and	favourable	conditions	for	linked	
prebiotic	reactions	that	were	relevant,	either	directly	or	as	an	intermediate	step,	for	the	emergence	of	extant	
biochemistry.	Difficulties	in	this	approach	centrally	arise	from:	

		
Challenge	1:	identifying	reactions	that	could	have	formed	a	bridge	from	prebiotic	chemistry	to	the	
first	life.	
Challenge	2:	uncertainty	in	the	environmental	conditions	prevailing	on	prebiotic	Earth.	
Challenge	3:	a	lack	of	preserved	rock	record	from	the	prebiotic	Era.	

Owing	to	these	challenges,	the	environmental	context	of	plausibly	prebiotic	chemistry	remains	highly	
uncertain.	 This	 point	 complicates	 a	 critical	 issue:	 that	 ‘prebiotic	 plausibility’	 is	 a	 poorly	 defined	 term	
without	constraints	on	the	prebiotic	systems	and	environments	relevant	to	early	Earth.	Despite	thoughtful	
discussion	over	many	years	in	the	literature	[19,23],	a	consensus	on	how	to	define	prebiotic	plausibility	in	
a	self-consistent	manner	has	yet	to	be	reached.	Such	a	framework	for	prebiotic	plausibility	would	allow	for	
comparison	 of	 system	 and	 environment	 combinations,	 thus	 providing	 a	 measure	 by	 which	 to	 assess	
progress	in	the	field	at	large.	

The	need	to	tackle	these	issues	has	recently	given	rise	to	the	concept	of	prebiotic	systems	chemistry:	the	
idea	of	performing	multiple	reactions	in	sequence,	as	part	of	a	prebiotic	chemical	network,	with	some	of	the	
same	reactants	and	spectators	present	throughout	[7,24–26].	Systems	chemistry	posits	that	increasingly	
complex	experiments,	wherein	multiple	steps	are	explicitly	and	successfully	linked,	are	more	analogous	to	
the	 prebiotic	 chemistry	 that	 must	 have	 taken	 place	 in	 naturally	 occurring	 environments.	 From	 this	
perspective,	systems	chemistry	experiments	inherently	have	more	explanatory	power	than	single	reaction	
pathways,	 with	 the	 potential	 to	 produce	more	 plausible	 reaction	 pathways,	 networks,	 and,	 ultimately,	
scenarios	for	the	origin	of	life.	However,	prebiotic	systems	chemistry	must	also	explore	a	vast	and	multi-
faceted	chemical	parameter	space.	

Here,	we	propose	 the	concept	of	 interference	chemistry:	a	 subset	of	 systems	chemistry,	 intended	 to	
identify	 the	 connections	 and	 feedbacks	 between	 prebiotic	 chemical	 systems	 and	 geochemical	
environments.	 In	 turn,	 common	 themes	 discovered	 in	 the	 chemistry	 can	 inform	 which	 geochemical	
scenarios	 are	most	 likely.	We	 explore	 how	 interference	 chemistry	may	 aid	 with	 identifying	 regions	 of	
prebiotically	plausible	parameter	space	for	specific	scenarios.	
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2 Systems	versus	interference	chemistry	
Systems	 chemistry	 broadly	 relies	 on	matching	 a	 set	 of	 reactions	 that	 occur	 in	 the	 lab	 to	 plausible	

conducive	 settings	 on	 the	 early	 Earth	 (Figure	 2).	 This	 approach	 often	 lacks	 systematic	 information	
regarding	the	broader	environmental	dependencies	of	the	reaction	pathway,	e.g.,	P,	T,	solution	chemistry,	
and	so	on.	It	is	therefore	often	challenging	to	identify	the	compatible	geological	environments	for	different	
experimental	reaction	schemes.	That	being	said,	the	relative	simplicity	of	the	single	reaction	and	systems	
approaches	have	so	far	constituted	the	only	reasonable	paths	for	prebiotic	chemistry	to	pursue.	This	is	so	
because	a	full	parameter	space	sweep	is	impractical	given	a	purely	experimental	approach.	

Including	 the	complete	 inorganic	and	organic	 complexity	 inherent	 to	a	naturally	occurring	prebiotic	
environment	 is	 neither	 (1)	 conducive	 to	 understanding	 the	 chemistry	 being	 explored	 in	 any	 given	
experiment,	nor	(2)	helpful	until	the	nature	of	the	competing	reactions	and	interfering	inorganic/organic	
species	 are	 understood	 [27,28].	 It	 is	 only	 now,	 with	 an	 emerging	 understanding	 of	 fundamental	 and	
potentially	 plausible	 prebiotic	 chemistry,	 that	 we	 can	 begin	 to	 consider	 an	 increasingly	 multi-faceted	
approach.	Here,	we	propose	one	such	approach:	interference	chemistry.	

We	define	interference	chemistry	as	the	interaction	between	an	environmental	scenario	and	prebiotic	
system	(Figure	2).	The	environmental	scenario	encompasses	the	pressure	and	temperature	conditions	at	
which	 reactions	 take	 place,	 and	 also	 the	 environmental	 context	 in	 terms	 of	 atmospheric,	 aqueous	 and	
substrate	composition,	environmental	geometry,	fluid	dynamics,	timescales,	etc.	Natural	environments	in	
which	prebiotic	chemistry	could	have	occurred	are	messy,	containing	many	spectator	ions,	mineral	phases,	
and	spatially	and	temporally	variable	physical	processes,	e.g.,	wet/dry	cycles.	Each	of	these	environmental	
variables	may	interfere	with	prebiotic	pathways.		This	interference	may	be	constructive,	e.g.,	the	warming	
of	 the	 environment	 to	 melt	 ice	 and	 allow	 aqueous	 reactions	 to	 occur;	 it	 may	 be	 destructive,	 e.g.,	 the	
continued	heating	of	the	environment	and	eventual	thermal	degradation	of	organic	products;	or	it	may	be	
neutral,	having	no	effect	on	the	pathway	at	hand.		

The	ultimate	goal	of	interference	chemistry	is	to	understand	the	resilience	of	prebiotic	reaction	systems	
under	environmental	stress.	Many	insights	have	already	been	gleaned	by	experiments	that	include	a	greater	
number	of	plausible	prebiotic	interferences,	e.g.,	the	unexpectedly	advantageous	inclusion	of	phosphate	in	
HCN-centric	systems	chemistry	[29],	and	indeed	from	the	flow	of	information	between	prebiotic	chemistry	
and	 early	 Earth	 geochemistry.	 Interference	 chemistry	 provides	 a	 framework	 for	 the	 systematising	 of	
constraints	on	both	constructive	and	destructive	interferences	in	prebiotic	chemistry.	

Combining	the	logic	of	systems	and	interference	chemistry	approaches,	we	propose	a	new	over-arching	
definition	of	prebiotic	plausibility:	

	
A	prebiotically	plausible	scenario	for	the	origin	of	 life	 is	one	in	which	the	proposed	prebiotic	

system	is	1)	efficacious	in	the	laboratory	setting,	2)	utilises	only	reactants	and	processes	that	likely	
co-occurred	in	geological	environments,	and	3)	that	remains	efficacious	given	the	local	conditions	
of	an	environment,	or	suite	of	connected	environments.	
	

		We	 suggest	 that	 iterative	 testing	 of	 this	 kind,	 between	 the	 laboratory	 and	 putative	 environmental	
settings	 for	 the	 origin	 of	 life,	 can	 identify	 the	 overlap	 between	 successful	 experimental	 conditions	 and	
reconstructions	 of	 ancient	 planetary	 environments,	 i.e.,	 prebiotically	 plausible	 parameter	 space	 [26].	
However,	this	type	of	research	is	limited	not	only	by	experimental	practicality,	but	also	by	our	knowledge	
of	which	specific	interferences	are	associated	with	prebiotic	environments,	uncertainty	in	which	makes	it	
difficult	to	bridge	lab	and	environment	(Figure	2).	

Often,	in	order	to	ensure	rigorous	understanding	of	a	reaction	or	system	of	reactions,	only	those	species	
and	variables	that	are	sufficient	to	synthesise	the	desired	products	are	included	in	a	experiment.	As	such,	
these	approaches	may	be	highly	sensitive	to	developments	in	our	understanding	of	early	Earth,	whereby	
new	 constraints	 on	 the	 availability/occurrence	 of	 specific	 species/processes	 can	 dramatically	 alter	 the	
apparent	plausibility	of	pathway.	From	the	perspective	of	planetary	science,	it	is	also	often	much	easier	to	
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(1)	say	what	interferences	were	not	present	than	to	establish	those	which	were,	and	to	(2)	establish	limited	
global	 constraints	 on	 environmental	 conditions,	 rather	 than	 to	 specify	 the	detailed	 local	 environmental	
conditions	 needed	 to	 constrain	 origin	 of	 life	 scenarios.	 Interference	 chemistry	 points	 towards	 a	 more	
systematic	exploration	of	prebiotic	pathways	and	the	scenarios	that	may	have	hosted	them.	In	this	context,	
prebiotic	systems	are	subjected	to	the	full	environmental	stresses	associated	with	proposed	scenarios.	

By	understanding	the	effect	of	individual	and	interacting	interferences	more	broadly,	we	hypothesize	
that	it	will	become	possible	to	identify	more	or	less	favoured	origin	of	life	scenarios	iteratively,	as	progress	
is	made	by	both	prebiotic	chemists,	on	the	feasibility	of	reaction	systems,	and	earth	scientists,	on	the	nature	
of	prebiotic	environments.	The	interference	chemistry	framework	has	at	its	core	an	efficient	two-way	flow	
of	information	between	prebiotic	chemistry	and	the	study	of	early	Earth	conditions:	whereby	the	reactions	
that	drove	the	origin	of	life	(as	well	as	those	that	did	not,	but	still	widely	occurred)	will	have	acted	to	shape	
both	 local	 environments	 and	 ultimately	 global	 planetary	 conditions.	 At	 the	 same	 time,	 prevailing	
environmental	conditions	will	have	determined	the	plausibility	and	feasibility	of	particular	origin	of	 life	
scenarios.	Interference	chemistry	may	therefore	be	leveraged	in	pursuit	of	dual	constraints	on	(1)	wider	
environmental	 conditions	at	 the	dawn	of	 life	 and	 (2)	 the	 specific	 environments	 in	which	 life	may	have	
emerged.	

Even	environmental	parameter	space	that	is	not	plausible	for	early	Earth	may	well	apply	to	other	worlds	
of	prebiotic	 interest.	 Integrating	planetary	and	environmental	geochemistry	with	prebiotic	chemistry	 is	
therefore	relevant	for	mapping	out	the	efficacy	of	origin	of	life	scenarios	on	the	cosmic	scale.	However,	at	
least	for	now,	constraints	on	early	Earth	global	and	local	environments	are	the	most	fully	developed	among	
worlds	of	prebiotic	interest,	e.g.,	Mars.	In	the	next	section,	we	present	a	compilation	of	constraints	on	the	
compositions	and	conditions	of	early	Earth	environments	and	their	associated	interferences.	

	
3 Environmental	parameter	space	of	prebiotic	Earth	

Much	 is	 uncertain	 about	 the	 nature	 of	 prebiotic	 Earth.	 The	 timeline,	 surface	 conditions,	 and	 basic	
geology	of	the	planet	in	this	state	are	all	difficult	to	ascertain,	owing	to	a	lack	of	a	rock	record	for	the	first	
half	 billion	 years	 of	 Earth	 history	 (4.45-4.0	 Ga	 –	 early	 Earth,	 from	 here-on-in).	 Via	 a	 combination	 of	
extrapolation	 and	 theoretical	 study,	 there	 is	 consensus	 that	 early	 Earth	 atmosphere	 was	 anoxic,	 with	
somewhat	clement	surface	temperatures,	and	that	there	were	surface	oceans	rich	in	dissolved	iron	[30–
40].	Much	more	uncertain	 is	 the	extent	of	emergent	 land	(of	any	rock	 type),	 the	composition	and	mere	
existence	 of	 continents,	 whether	 or	 not	 the	 atmosphere	 was	 highly	 reducing,	 and	 if	 those	 generically	
habitable	surface	conditions	leaned	towards	global	icehouse	or	hothouse	conditions	[36,37,40–51].	

In	Table	1,	we	summarise	the	geochemical	characteristics	of	a	number	of	commonly	invoked	prebiotic	
environmental	 scenarios	 for	 early	 Earth.	 Our	 compendium	 provides	 an	 overview	 of	 environmental	
parameters	that	can	be	used	as	a	starting	point	for	interference	chemistry	research,	e.g.,	by	the	exposure	of	
two	proposed	prebiotic	systems	to	same	set	of	environmental	interferences.	By	considering	which	system	
is	more	robust	 to	 the	 interferences	 thought	 to	be	present	 in	naturally	occurring	environments	on	early	
Earth,	 information	 will	 be	 gleaned	 on	 which	 system-environment	 combination	 is	 most	 plausible	 as	 a	
scenario	for	the	origin	of	life.	

We	 rely	 on	 modern	 analogues	 that	 have	 been	 studied	 in	 detail	 as	 the	 basis	 of	 our	 compendium,	
supplemented	where	possible	with	what	is	known	about	each	specific	environmental	interference	on	early	
Earth.	Some	species	found	in	in	key	environments	for	prebiotic	chemistry	are	highly	sensitive	to	surface	
conditions,	 yet	 have	 not	 received	 detailed	 modelling	 or	 experimental	 studies	 relevant	 to	 early	 Earth	
conditions.	 In	Table	1,	 such	especially	uncertain	 estimates	 are	 shaded	 in	orange.	Conversely,	 estimates	
derived	from	studies	designed	to	investigate	prebiotic	and/or	early	Earth	(Archean)	conditions	are	shaded	
in	green.	

As	a	key	example	of	these	uncertainties,	we	highlight	alkaline	lakes.	Restricted	subaerial	environments	
are	 increasingly	 proposed	 in	 scenarios	 for	 the	 origin	 of	 life	 [14,52,53].	However,	 there	 are	many	 open	
questions	 about	 the	 interference	 chemistry	 of	 such	 basins	 on	 early	 Earth.	 	 Sulphate	 concentrations	 in	
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alkaline	 lakes	are	very	high	 in	 the	modern,	approaching	molal	concentrations	(Table	1).	However,	such	
systems	are	unlikely	to	have	generated	the	same	sulphate	concentrations	under	an	anoxic	atmosphere	and	
in	 the	 absence	 of	 sulphide-oxidising	 bacteria	 [54].	 Similarly,	 dissolved	 iron	 concentrations	 are	 directly	
linked	 to	oxidising	power	 in	 the	environment.	With	soluble	 ferrous	 iron	(Fe2+)	being	dominant	 in	early	
Earth	surface	environments,	it	is	likely	that	prebiotic	analogues	of	modern	surficial	aqueous	environments	
may	have	been	fed	by	iron-rich	inflow	–	although,	iron	carbonate	mineral	precipitation	may	have	acted	to	
limit	final	concentrations	[52].		
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Table	1:	A	geochemical	roadmap	of	prebiotic	Earth	

	

Interferences	
[References	given	in	
square	brackets]	

Alkaline	lake	
	
	
	
	

	
	

	

Acid	lake	
	
	
	
	

	
	

	

Glacial	brine	 Alkaline	vent	 Acid	vent	 Shallow	fresh-water		
	
	
	
	

	

Seawater	
	

	
	
	

pH	(log	units)	 >	10	[52]	 <	5	[55]	 ~	5		[56]	 ~	9		[57]	 ~	3		[57]	 ~	6	[58]	 <	7		[59]	

PO4	(mM)	 1000		[52]	 <	1		[60]	 <	10-3		
[56]	

<	10-3	[61]	 <	10-3		[61]	 0.05	[58]	 <	0.1		[62]	

SO4	 1000		[52]	 1	[55]	 50f	[56]	 0		[57]	 0	[57]	 	 10-3	[63]	

HS-	 0.1	[54]	 10-4	[55]	 	 0.05		[57]	 1	[57]	 10-3		[64]	 10-6	[63]	

HSO3-	 	 	 	 	 	 <	1	[64]	 	

SO32-	 	 	 	 	 	 <	1	[64]	 	

Li	 10	[52]	 1		[55]	 1		[56]	 0.05		[57]	 0.5		[65]	 10	[66]	 0.05	[57]	

B	 1000		[52]	 1	[55]	 1		[56]	 0.05		[67]	 0.5		[65]	 5	x	10-3		[68]	 0.5	[69]	

Cl	 1000	[52]	 10		[55] 1000		
[56]	

500		[57]	 1000		[57]	 0.1	[58]	 500		[57]	

Ca	 10		[52]	 0.1	[55]	 100	[56]	 50		[57]	 50	[57]	 0.5		[58]	 50	[70]	

Mg	 10		[52]	 0.01		[55]	 100	[56]	 1	[57]	 0	[57]	 0.1	[58]	 10	[70]	

K	 1000		[52]	 1		[55]	 10		[56]	 10		[57]	 10	[57]	 0.01	[58]	 10		[57]	

Na	 104	[52]	 10		[55]	 1000		
[56]	

50		[57]	 500	[57]	 0.1	[58]	 500		[57]	

Br	 100	[52]	 0.01		[55]	 1	[56]	 1		[71]	 0.5		[71]	 0.01		[72]	 1		[57]	

DIC	 1000		[52]	 5	[73]	 100		[56]	 0		[74]	 10		[67]	 1		[59]	 <	1		[59]	

Fe(II)	 5	x	10-4		[52]	 0.1		[55]	 0.5	[56]	 <	10-3		[57]	 50	[57]	 0.1		[58]	 0.1	[70]	

Si	 1		[75]	 10		[55]	 0.5		[56]	 0.1	[76]	 10	[65]	 0.1	[58]	 1	

Wet/dry	cycles	 	 	 	 Mineral		
surfaces?	

Mineral	
	surfaces?	

	 Aerosols?	Evaporites?	

UV	irradiation	 	 	 	 Shallow	variants	only	 Shallow	variants	only	 	 Near-surface	only	

Serpentinization	 Hydrothermal		
end-members?	

Hydrothermal	end-
members?	

Hydrothermal	
	interface?	

	 	 Low	temperature	
serpentinization?	

Deep	sea?	

Exogenous	material	 	 	 	 Shallow	variants	only	 Shallow	variants	only	 	 Tidal	variants?	

Temperature	(°C)	 1-100	[51]	 1-100	[60]	 0-10	[56]	 10-100	[57]	 10-100	[57]	 10	[58]	 10	[59]	

	
Notes:	Maximum	estimated	concentrations	in	mM	for	each	environment	are	rounded	to	nearest	gradation	(1	ß	5	à	10).	Colour	shading	indicates	where	available	constraints	on	a	given	environment	are	
either	especially	uncertain	(orange),	or	conversely	based	on	dedicated	experimental/theoretical	studies	of	prebiotic	conditions	(green).	DIC	–	Dissolved	Inorganic	Carbon,	Fe(II)	–	dissolved	ferrous	iron.	
Additional	references	for	acid	and	alkaline	vent	fluids	in	end-member	compositions	of	Hodgkinson	et	al	(2015)	are	as	follows:	[77–79].	This	compilation	is	not	intended	to	be	exhaustive.	
	
					Strength	of												

constraint	
Based	on	dedicated	experimental/theoretical	studies	of	prebiotic	conditions	 Uncertain	
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Finally,	atmospheric	pCO2	of	early	Earth	is	poorly	constrained,	rendering	Dissolved	Inorganic	Carbon	
(DIC)	estimates	uncertain	for	all	environments	[80,81].	This	uncertainty	 is	especially	problematic,	as	
pCO2	and	DIC	are	a	major	control	on	the	pH	and	overall	chemistry	of	restricted	subaerial	solutions	in	
equilibrium	 with	 the	 atmosphere,	 e.g.,	 phosphate	 content	 of	 soda	 lakes	 [52].	 Available	 DIC	 is	 also	
required	for	abiotic	production	of	organic	carbon	in	many	proposed	prebiotic	environments	[67].	

On	the	other	hand,	dedicated	studies	on	ancient	weathering	processes	and	ocean	chemistry	more	
tightly	constrain	several	key	interferences	in	early	river	and	ocean	water	(see	Table	1).	However,	for	
most	environments	in	Table	1,	we	do	not	highlight	interferences	as	especially	likely	or	unlikely	to	be	
reflective	of	plausibly	prebiotic	environments:	for	now,	we	simply	do	not	know	either	way.	

Our	survey	is	far	from	all-encompassing.		Mapping	out	environmental	chemistry	on	Earth	prior	to	
the	 rise	 of	 life	 is	 a	 huge	 undertaking,	 and	 one	 which	 deserves	 greater	 attention	 in	 its	 own	 right,	
independent	 of	 the	 specific	 question	 of	 where	 life	 first	 began.	 The	 critical	 next	 step	 would	 be	 to	
understand	more	deeply	the	feedbacks	between	inorganic	planetary	chemistry	and	prebiotic	organic	
chemistry,	i.e.,	the	defining	features	of	prebiotic	Earth.	It	is	this	broad	base	of	knowledge	that	we	argue	
to	be	critical	to	solving	the	origin	of	life	–	at	least	in	part	by	its	experimental	and	theoretical	application	
in	the	form	of	 interference	chemistry.	 Just	as	 life	 itself	provides	some	of	the	best	constraints	on	past	
terrestrial	environments,	the	origins	of	life	may	provide	the	clearest	insight	into	local	environments	on	
the	prebiotic	Earth.	

	

4 Implementing	interference	chemistry	
	
Implementing	interference	chemistry	in	a	laboratory	context	requires	overcoming	two	main	challenges:	
1)	that	mapping	destructive	interferences	necessarily	means	running	experiments	that	‘fail’	in	the	sense	
of	producing	high	yields	of	a	desired	product	–	this	is	a	challenge	to	a	culture	where	we	may	prefer	to	
run	and	report	on	successful	experiments;	and,	2)	the	large	volume	of	environmental	parameter	space,	
both	physical	and	chemical	(Table	1	and	2),	that	exploration	of	interference	chemistry	represents.	It	is	
therefore	useful	 for	us	 to	overview	 the	 feasibility	of	 interference	 chemistry	by	 considering	previous	
similar	approaches	in	the	study	of	prebiotic	systems.		We	consider	two	such	cases	here	that	have	been	
published	 in	 the	 literature:	 the	 environmental	 sensitivity	 of	 prebiotic	 compartmentalisation	 and	 the	
transmission	of	ultraviolent	(UV)	light	in	complex	aqueous	solutions.	
	
Prebiotic	 membrane-bound	 compartments	 have	 previously	 been	 subjected	 to	 a	 diverse	 range	 of	
environmental	analogue	conditions	–	both	in	the	lab,	and	in	the	field.	An	outcome	of	these	studies	is	that	
certain	simple	prebiotically	plausible	amphiphiles	will	spontaneously	assemble	into	compartments	in	
freshwater	and	modern	hot	spring	systems	but	will	not	do	so	in	seawater	[12].	Meanwhile,	other	classes	
of	amphiphiles	are	quite	robust	to	the	interferences	present	in	seawater	[82].	Much	is	also	known	about	
the	 response	 of	 these	 structures	 to	 pH,	 ionic	 strength,	 and	 temperature	 [2,12,82–87],	 from	which	 a	
picture	is	emerging	of	which	compartments	may	plausibly	have	been	present	in	end-member	prebiotic	
environments.	
	
Ultra-violet	light	is	a	crucial	component	of	several	recently	proposed	reaction	schemes,	acting	to	drive	
otherwise	 challenging	 steps	 in	a	high	yielding	and	stereoselective	manner	 [3,6].	However,	many	by-
stander	species	may	attenuate	the	transmission	of	UV	light	in	geochemically	realistic	complex	aqueous	
solutions.	Ranjan	et	al	[88]	found	that	Fe-containing	species	in	e.g.,	ferrocyanide	lakes	are	efficient	at	
attenuating	UV	transmission,	diminishing	the	potential	for	UV-driven	constructive	organic	synthesis,	but	
similarly	 slowing	 UV-driven	 degradation	 of	 other	 molecules	 that	 may	 go	 on	 to	 accumulate	 and	
constructively	interact	along	different	paths,	e.g.,	meteoritic	nucleobases	[89].	
	



	 9	

The	existing	body	of	work	on	compartment	stability	and	UV	light	transmission	in	the	presence	of	varying	
environmental	interferences	provides	a	model	for	future	work	on	more	complex	systems.	Designing	wet	
chemistry	experiments	from	an	interference	chemistry	perspective	is	evidently	feasible	at	some	level,	
although	 the	 challenge	of	understanding	 cause	and	effect	 in	 such	experiments	will	 scale	with	1)	 the	
complexity	of	the	reaction	system	at	hand,	2)	the	level	of	detail	in	which	an	analogue	environment	is	
constructed,	 and	 3)	 the	 difficulty	 of	 tracking	 the	 outcome	 variable	 of	 interest,	 e.g.,	 energy	 flow,	
information	transfer,	disequilibrium	behaviour,	and	the	time-resolved	speciation	of	products.	Computer	
models	that	tune	parameters	in	search	of	an	optimal	outcome	may	help	to	circumvent	these	problems,	
providing	a	way	to	efficiently	explore	prebiotically	plausible	parameter	space.	Standing	in	the	way	of	
such	an	approach	is	the	fact	that	many	of	the	parameters	needed	to	obtain	meaningful	results	with	any	
such	model,	e.g.,	reaction	rate	and	equilibrium	constants,	are	poorly	known.	A	general	shift	towards	the	
measurement	and	collation	of	fundamental	kinetic	and	thermodynamic	data	will	be	needed	to	properly	
formulate	computational	models	of	interference	chemistry.	Having	initially	reproduced	wet-chemistry	
benchmark	experiments,	 interference	chemistry	models	would	have	great	future	potential	to	explore	
parameter	 space	 that	 is	 less	 feasible	 to	 test	 in	 the	 lab,	 e.g.,	 regional-to-global	 scale	 environmental	
processes,	on	geological	timescales	(Table	2).	
	

5 Conclusions	
	

Systems	chemistry	aims	to	explore	a	synthetic	network	of	particular	 interacting	chemical	species	
using	reactants	that	may	have	co-occurred	on	early	Earth	(Figure	2).	This	approach	can	be	extended	by	
using	 interference	 chemistry	 to	 translate	 between	 laboratory	 and	 geochemical	 environmental	
constraints.	 In	 contrast,	 interference	 chemistry	 involves	 taking	 the	 pathways	 produced	 by	 systems	
chemistry	 research	 and	 subjecting	 them	 to	 the	 effects	 of	 environmental	 stress.	 In	 this	way,	 a	wider	
parameter	space	for	otherwise	plausible	pathways	can	be	explored.	By	adjusting	single	reactions	as	well	
as	systems	to	identify	sensitivity	to	individual	and	composite	environmental	interferences,	we	can	begin	
to	quantify	scenario	efficacy	within	that	plausible	parameter	space.	Such	information	will	then	provide	
insights	on	which	direction	to	go	next	 -	both	 in	our	search	 for	viable	prebiotic	pathways,	and	 in	our	
search	for	likely	geological	environments	in	the	prebiotic	era.	

An	 interference	 chemistry	 approach	 opens	 the	 door	 to	 a	 two-way	 flow	 of	 information	 between	
prebiotic	chemistry	and	the	study	of	early	planetary	environments:	whereby	the	reactions	that	drove	
the	 origin	 of	 life	 will	 have	 acted	 to	 shape	 both	 local	 environments	 and	 ultimately	 global	 planetary	
conditions	 [26].	 At	 the	 same	 time,	 prevailing	 environmental	 conditions	 will	 have	 determined	 the	
plausibility	and	feasibility	of	particular	origin	of	life	scenarios.	Interference	chemistry	may	therefore	be	
leveraged	in	pursuit	of	dual	constraints	on	(1)	wider	environmental	conditions	at	the	dawn	of	life	and	
(2)	the	efficacy	of	prebiotic	systems	taking	place	in	specific	environments.	By	systematising	these	two	
flows	 of	 information,	 interreference	 chemistry	 offers	 one	 possible	 way	 to	 quantify	 the	 prebiotic	
plausibility	of	scenarios	for	the	origin	of	life.	

It	 is	not	only	geochemistry	that	may	be	utilised	 in	an	 interference	chemistry	approach.	The	same	
concept	naturally	extends	to	origins	research	in	the	fields	of	synthetic	biology	and	exoplanetary	science,	
which	should	offer	other	unique	regions	of	parameter	space	with	which	to	estimate	the	plausibility	of	
competing	origin	scenarios.	Interference	chemistry	is	well	equipped	to	integrate	previous	data	and	new	
developments	 in	each	of	 these	 fields	 into	constraints	on	plausibly	prebiotic	environmental	boundary	
conditions.	Overall,	our	proposed	approach	would	take	full	advantage	of	the	vast	amount	of	work	that	
has	been	carried	out	across	decades	of	early	Earth	and	origin	of	life	science.	All	prebiotically	plausible	
reaction	 systems,	 both	 successful	 and	 ‘failed’,	 would	 be	 redefined	 in	 our	 proposed	 framework	 as	
indicative	of	either	constructive	or	destructive	interference	chemistry	taking	place	on	early	Earth.	
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