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Abstract 
A	growing	community	of	software	developers	and	designers	is	becoming	increasingly	
inspired	by	and	eager	to	get	involved	in	biology.	Though	participating	in	the	“next	digital	
revolution”	is	attractive,	lateral	entrants	to	the	field	face	a	steep	learning	curve	before	they	
can	effectively	discuss	many	core	concepts	of	biological	engineering	with	professional	
synthetic	biologists.		
	
We	propose	a	project	that	builds	and	makes	freely	available	a	body	of	knowledge	to	
encourage	bioliteracy	among	emerging	biocoders,	biodesigners,	and	other	professionals,	
alongside	a	longer-term	effort	to	create	an	institute	that	trains	lateral	entrants	on	
synthetic	biology,	its	many	technical	disciplines,	and	related	socioeconomic	ethics	and	
policy	issues.	We	believe	that	this	initiative	will	help	bring	more	stakeholders	into	the	
emerging	bioeconomy,	encourage	effective	autonomous	learning,	foster	new	commercial	
and	social	collaborations,	and	ultimately	shape	the	development	of	the	synthetic	biology	
field	in	a	fair	and	open	manner.	

	
Vision	
 
Our	short-term	mission	is	to	cross-train	lateral	entrants	to	the	synbio	field,	fill	the	skills	gap,	and	create	a	
workforce	that	can	bridge	tech	and	biotech	and	rapidly	create	high-quality	software	tools	to	help	
biologists	expedite	their	work	inside	and	outside	of	the	lab.	The	long-term	mission	is	to	cross-pollinate	all	
fields	and	drive	a	continued	renaissance	in	biotech	awareness	and	literacy.	The	project	will	create	indirect	
value	for	individual	companies,	laboratories,	and	governments	who	recruit	these	professionals;	benefit	
the	greater	biotechnology	field	by	fostering	the	development	of	tools	that	expedite	the	design–build–test	
cycle;	and	help	people	in	the	tech	industry	achieve	a	fulfilling	career	in	biotechnology.		
	
The	current	situation	in	software	
 
The	UK	synbio	roadmap	projected	that	by	2015	there	would	be	a	wealth	of	academic	groups	and	
companies	creating	software	tools	to	facilitate	the	biotech	revolution.	This	has	not	yet	happened	as	many	
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in	synbio	would	like,	largely	because	the	two	disciplines	are	quite	removed	from	one	another,	and	cross-
training	is	difficult	due	to	a	lack	of	common	language	and	few	opportunities	for	interactions.		
		
1)	Academic	biologists	have	trouble	creating	modern	software	tools	
		
Though	biologists	have	numerous	software	tools	available	to	them,	many	have	been	developed	by	
academics	with	little	professional	development	experience.	Historically,	scientists	developing	these	tools	
have	been	motivated	by,	and	recognized	for,	the	powerful	algorithms	and	predictive	models	(back-end	
power)	they	develop.	Little	attention	is	paid	to	design,	workflow	optimisation,	or	making	tools	user-
friendly	(front-end	design).	This	has	resulted	in	the	creation	of	tools	that	are	hard	for	biologists	to	use,	and	
practically	impossible	for	people	who	are	just	entering	the	field	of	synbio.	Further,	when	scientists	leave	
the	labs	where	they	wrote	the	software	(or	otherwise	fail	to	provide	appropriate	documentation),	many	
tools	become	outdated.	This	has	led	to	a	saturation	of	poorly	thought-out,	ageing,	generalist	tools	that	
prioritise	functionality	over	form	and	in	many	cases	impede	a	scientist’s	work	rather	than	facilitate	it.	
		
2)	Developers	have	a	steep	learning	curve	in	biology	and	on-the-job	training	is	prohibitively	
expensive	
		
Developers	must	surmount	high	barriers	in	order	to	understand	and	participate	in	the	domain	of	biology.	
At	Desktop	Genetics,	a	company	operating	at	the	intersection	of	CRISPR	gene	editing	and	software	
development,	we	have	found	that	developers—while	eager	to	work	in	the	synthetic	biology	field—have	
trouble	understanding	even	the	basics	of	the	field.	As	such,	most	developers	rarely	gain	the	knowledge	
necessary	to	rapidly	translate	a	biologist’s	requirements	into	working	code.	For	academics	and	small	
biology	companies,	it	is	economically	unfeasible	to	bring	in	these	professionals	for	one-off	projects	
because	the	amount	of	work	necessary	to	train	them	may	exceed	the	value	of	the	work	they	ultimately	
produce.	
		
Some	argue	that	developers	do	not	need	to	learn	biology	at	all—rather,	they	should	be	taught	and	
managed	by	a	biologist	or	someone	else	who	can	translate	biology	to	software.	However,	this	stifles	
developers’	professional	development	and	their	acquisition	of	biology	skills.	Further,	it	anchors	a	highly	
skilled	multidisciplinary	individual—who	might	be	better	placed	in	the	field	with	customers	and	end	
users—to	managing	a	dev	team.	Finally,	developers	remain	loyal	to	an	employer	and	industry	only	when	
certain	factors	are	present	in	a	company’s	culture.	With	few	developers	understanding	the	big	picture	of	
synthetic	biology,	only	the	larger	companies	can	keep	the	best	bioliterate	developers	around,	potentially	
stifling	innovation	by	smaller	companies.	
		
3)	The	culmination	of	the	problems		
		
There	is	a	dearth	of	useful,	intuitive	biology	software	tools	that	help	the	biologist	solve	problems	in	a	user-
friendly	and	timely	manner.	For	the	individual	scientist,	this	means	repeated	work,	wasted	time,	
frustration,	and	slower	research	outcomes.	It	leaves	the	entire	life	science	domain	trapped	in	
experimentation-optimisation	cycles,	with	resulting	slow	progress	at	both	the	academic	and	commercial	
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levels,	and	a	reliance	on	manual	work	which	hampers	reproducibility.	The	latter	may	be	costing	the	
economy	more	than	$28	billion,	a	figure	that	does	not	include	time	wasted	using	cumbersome	tools.	
Beyond	the	financial	issues,	we	can	expect	that	this	situation	has	additional	negative	impacts	on	important	
research	to	improve	human	and	environmental	health.		
	
Beyond	software:	opportunities	and	challenges	
 
The	issues	described	here	relate	specifically	to	developing	software	for	biotech.	However,	similar	
translational	issues	can	be	observed	at	the	intersections	of	biology	and	other	fields.	A	workforce	literate	in	
biology	and	another	primary	discipline	would	be	a	great	asset	to	all	segments	of	the	life	sciences,	and	to	
the	larger	community	as	well:	
	

• Software	engineers	bring	fresh	perspectives	to	the	tools	biologists	use.	They	think	
computationally—breaking	apart	problems—and	simplify	complex	workflows	in	a	unique	
way.	They	condense	the	knowledge	and	work	processes	of	experts	into	a	black	box	that	can	
be	used	by	a	non-expert	anywhere	in	the	world,	simplifying	efforts	to	“program	life”	by	
making	expertise	available	more	easily.		

• Designers	and	artists	play	an	important	role	in	creating	visual	and	narrative	elements	that	
can	support	the	work	of	biologists	and	promote	public	understanding.	Equally,	art	and	design	
can	serve	as	important	counterpoints	to	scientists’	often	tireless	drive	for	innovation,	and	can	
help	focus	productive	criticism	from	a	public	that	asks	“Why?”.	By	equipping	this	group	with	
the	necessary	tools	and	knowledge,	they	are	better	equipped	to	shape	new	outlooks	on	
biology	and	keep	science	in	check.	

• Historically,	there	has	at	times	been	a	lack	of	understanding	between	law	enforcement	and	
biology	that	has	led	to	mutual	suspicion	and	even	death.	As	biology	advances,	the	security	
field	must	have	resources	available	to	rapidly	train	officers	who	can	interact	with	the	
community	and	perceive	threats	from	standard	biology.		

• Politicians	hold	the	keys	to	funding	for	basic	research	and	major	initiatives	to	expand	the	
biotech	field.	Their	understanding	is	critical	to	safeguarding	the	productivity	(and	jobs)	of	
researchers.	

	
When	applied	to	the	challenges	of	synbio,	the	thinking	and	skills	of	these	disciplines—and	many	more—
are	likely	to	substantially	improve	biology	researchers’	ability	to	get	things	done.	More	importantly,	
bioliteracy	among	these	professionals	will	help	pass	that	knowledge	on	to	the	general	public.	
	
Bio-X	working	model	
 
Software	engineers	trained	in	biology	have	become	tremendously	useful	personnel	for	Desktop	Genetics	
and	its	customers.	Bioliterate	software	engineers	(we	call	them	biocoders,	based	on	O’Reilly’s	BioCoder	
journal)	can	move	through	the	problem	space	of	two	fields	fluidly	by	directly	interacting	with	a	biologist	
(no	need	for	“translation”	staff/time);	understanding	the	context	of	the	technical	problem(s);	empathising	
with	user	experience	issues;	working	quickly	to	design	a	solution;	testing	proposed	solutions	as	a	user;	
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coding	the	solution	itself;	and	ultimately	testing	and	delivering	a	useful	product.	Though	bioinformaticians	
and	computational	biologists	bridge	some	aspects	of	tech–biotech,	they	are	distinct	professions	that	focus	
on	data	analysis	and	virtualizing	experiments	rather	than	creating	products	and	services.	Typically,	
bioinformaticians	have	a	biology	background	and	pick	up	software	skills	as	a	secondary	discipline,	and	
thus	can	miss	out	on	key	professional	experiences	in	the	secondary	field.		
	
The	Bio-X	model	seeks	to	turn	an	X	into	a	Bio-X	by	training	nonbiologists	in	biology.	This	forms	the	basis	
of	our	plan	to	put	the	tech	into	biotech,	which	is	our	initial	focus	before	expanding	to	other	professionals.	
	
A	plan	to	put	the	tech	in	biotech	
 
The	tech	community	is	inspired	by	biology	and	hungry	to	get	involved	in	the	next	digital	revolution,	but	
most	developers	simply	do	not	have	the	time	or	resources	to	do	a	post-baccalaureate	program	in	
biological	engineering.	Moreover,	training	developers	in	biology	and	expecting	them	to	hold	on	to	that	
information	for	the	long	term	is	unlikely	to	yield	the	results	we	are	after.		
	
Instead,	developers	learn	new	programming	languages	best	when	they:		
	

• Have	suitable	materials	and	documentation	to	foster	self-learning;	
• Can	practice	them	on	the	job	or	through	a	project;	and	
• Have	a	community	that	they	can	reach	out	to	when	they	get	stuck	(e.g.,	Stack	Overflow)	and	a	

framework	upon	which	to	base	their	work	(e.g.,	software	craftsmanship).	
	
We	propose	a	four-step	plan	aimed	at	fostering	stronger	ties,	mutual	understanding,	and	career	
translation	between	the	biology,	technology,	and	professional	design	communities:	
	

1) Generate	a	wealth	of	open	source	teaching	materials	and	make	them	available	at	SynBio.info	
to	provide	lateral	entrants	with	the	bare	minimum	needed	to	understand	concepts	and	issues	
in	biology.	Participants	learn	how	to	ask	biologists	the	"right	questions"	about	such	topics	as	
the	basics	of	genetics,	engineering	cells,	and	ethical/policy	issues.	This	is	currently	in	
progress.	

2) Arrange	local,	meetup-style	events	that	bring	biologists	together	with	lateral	entrants	to	build	
awareness	of	local	communities.	Events	encourage	the	exchange	of	ideas,	and	event	leaders	
encourage	the	development	of	open	source	software	tools/code	libraries,	as	well	as	find	ways	
to	tackle	UX	design	and	public	policy	issues	in	the	field.	This	is	currently	in	progress.	

3) Formally	settle	on	an	event	style	that	can	be	scaled	and	run	by	any	interested	party	(akin	to	
TEDx	or	a	hackathon)	in	order	to	grow	the	biocoder	programme	locally	and	globally.	As	
discussed	in	the	October	2015	issue	of	BioCoder,	this	is	undergoing	optimisation	after	
hackathons	were	found	to	be	suboptimal.	

4) Bring	together	teaching	materials,	biologists,	and	the	emerging	community	under	the	banner	
of	"BioCoder	Academy."	Formalise	this	with	large-scale	funding	from	a	
nonprofit/university/regional	initiative	and	run	more	formal	events	and	publications	with	a	
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wider	reach.	The	goal	is	to	transition	into	a	part	think-tank/part	business	incubator	for	
biology.	This	is	a	long-term	objective	that	is	about	five	years	out.	

	
Collaboration	and	knowledge	exchange	is	key	to	fostering	mutual	understanding	and	problem-solving	
among	the	different	disciplines,	which	will	eventually	lead	to	more	synbio	start-ups	and	other	initiatives,	
as	represented	in	the	following	image:	
	
	

	
	
 
We	are	working	closely	with	UnternehmerTUM,	the	leading	German	Entrepreneurship	Center	at	the	
Technical	University	of	Munich	to	bring	our	synbio	initiatives	into	all	of	their	education	and	collaboration	
formats.	Once	proven	successful,	we	will	scale	them	to	other	locations,	with	London’s	SynbiCite	being	the	
first.	In	addition	to	these	two	organisations,	many	other	future	partners	have	expressed	early	interest,	
including	O’Reilly	Media,	Hello	Tomorrow,	and	Google	X.		
	
Education	Initiatives	
	

• Glossary:	Browser	plugin	that	translates	biological	terms	as	they	are	encountered.	More	than	
3,000	words	have	been	explained	to	200	users	in	two	months.	

• SynBio.info:	Website	hosting	open	source	synbio	course	material	with	500	monthly	users,	
423	content	pages,	10	active	authors,	and	22,000	Facebook	followers.	

• Public	talks:	Three	talks	presenting	the	community	are	currently	in	preparation.	
	
Challenge	Initiatives	
	

• BioHackathon:	Our	plan	initially	advocated	for	hackathons	as	a	solution,	and	was	featured	in	
O'Reilly's	BioCoder	and	discussed	at	Hacker	News	London.	We	subsequently	found	that	
hackathons	are	not	an	ideal	first	step	in	supporting	new	entrants	to	biology	due	to	the	high	
cost,	lack	of	support	materials	for	nonbiologists,	and	low	staying-power	of	projects	once	they	
are	over.	We	feel	that	education	initiatives	will	change	this.		
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• BioHackSpace:	We	have	started	a	discussion	about	a	location	at	the	Chemistry	Faculty	of	the	
TU	Munich,	which	is	supporting	development	of	a	hackspace.		

	
Collaboration	Initiatives	
	

• SynBio	Meetup	Munich:	80	participants,	seventh	round,	20	regularly	attend	
• SynBio	Meetup	London:	50	participants,	second	round	
• SynBio.Jobs:	230	group	members	shared	40	job	posts	

	
Details	and	status	
 
1)	SynBio.info:	wiki	and	community	devoted	to	understanding	synbio	
		
Already	live	with	250	pages,	50+	active	users,	and	19,000+	Facebook	followers,	SynBio.info	provides	
accessible	and	easy-to-understand	descriptions	of	key	concepts	in	synthetic	biology	to	lateral	entrants	
with	non-biotech	backgrounds.	The	initial	focus	is	on	developers	and	makes	use	of	computer-science-
centric	explanations,	but	it	will	be	extended	to	mechanical	engineers,	designers,	businesspeople,	etc.		
	
SynBio.info	was	initially	started	by	Jérôme	Lutz,	a	software	and	mechanical	engineer	who	wanted	to	get	
involved	in	synthetic	biology	in	early	2015.	Edward	and	Jérôme	met	at	SynBioBeta	and	decided	to	gather	
their	knowledge	and	store	it	on	SynBio.info	so	others	could	easily	replicate	their	learning	processes.	They	
decided	that	a	collectively	created	wiki	would	be	the	best	way	to	stay	up-to-date	with	the	ever-
accelerating	progress	of	synbio	in	a	structured	way.		
	
SynBio.info	takes	the	following	approach	to	education:		
	

• New	entrants	to	biology	must	learn	the	language	of	biologists	quickly.	In	addition	to	wiki	
articles,	a	browser	extension	supports	constant	learning	by	highlighting	key	biological	terms	
on	every	website,	and	providing	definitions,	videos,	and	other	learning	tools.	

• The	basics	of	genetics	provides	a	general	introduction	to	core	molecular	biology	principles.	
• Additional	sections	(in	progress)	introduce	biotechnology,	cell	line	engineering,	and	

important	applications	of	the	technologies.	
	
Guided	tours	through	each	page	and	links	to	other	relevant	courseware	will	serve	as	mini-curricula.	
Donated	funds	are	being	used	to	recruit	content	writers	and	promote	the	site.	It	will	be	incorporated	as	a	
nonprofit	entity	and	will	serve	as	the	core	to	the	SynBio	Academy	and	hackathons.	This	is	currently	in	
progress	on	SynBio.info.	
		
2)	Hackathons	and	SynBio	events:	community-building	and	problem-solving	
		
We	have	defined	a	number	of	“bane-of-existence	software	problems"	that	biologists	face	in	the	lab.	
Biologists	will	be	brought	together	with	developers	(recruiting	is	ongoing	since	soft	launch	in	summer	



					 	
	

	
1 This paper is a working version. Please contact the author at edwardp@deskgen.com to provide feedback.  
For the most recent version of this strategic action plan, visit http://synbioleap.org. 

Page 7 

2016)	to	create	small	projects	focused	on	solving	these	specific	biology/software	problems.	These	events	
are	aimed	at	teaching	developers	enough	biology	to	communicate	effectively	with	scientists,	and	to	inspire	
them	to	continue	learning	about	biology.	Prior	to	each	event,	developers	will	be	sent	key	articles	from	
SynBio.info,	which	they	will	be	expected	to	review.	
		
It	has	been	noted	that	hackathons	are	useful	for	producing	proof-of-concept	products	and	little	more.	As	
such,	the	focus	may	instead	be	on	creating	open	source	code	libraries,	which	are	more	useful.	New	event	
formats	will	be	tested	to	see	what	produces	the	most	favourable	results	for	all	involved.	The	overall	vision	
is	to	create	a	TEDx-style	programme,	where	biologists	and	developers	get	together,	solve	problems,	learn	
new	skills,	and	build	out	their	professional	networks	in	fields	that	each	party	is	rarely	exposed	to.	The	
primary	focus	is	on	community-building,	which	will	assist	in	cross-pollinating	the	two	fields	and	seeding	
more	biocoding	hubs.	
		
3)	SynBio	Academy:	nonprofit	institution	providing	bioliteracy	courses	for	natives	of	different	fields	
		
The	emerging	bioeconomy	needs	more	than	just	developers-turned-biocoders.	Biocoders	are	simply	the	
group	that	we	need	first	so	we	can	speed	up	our	progress	in	the	lab.	In	the	same	way	that	new	professions	
have	emerged	to	meet	the	fusion	of	“tech”	with	“everything	else,”	we	predict	that	a	similar	situation	will	
evolve	vis-à-vis	biotech	within	the	next	few	decades.	Mechanical	engineers,	data	scientists,	investors,	
politicians,	and	others	will	all	have	reason	to	gain	a	deep	understanding	of	synthetic	biology,	a	technology	
predicted	to	dominate	our	society.	Each	professional	requires	unique	course	materials,	training	sessions,	
and	other	resources.		
	
The	SynBio	Academy	will	be	a	brick-and-mortar	institute	that	brings	together	all	of	the	lessons	learned	
from	SynBio.info	and	the	events	described	in	this	plan.	It	will	be	devoted	to	creating	these	materials	and	
communities,	and	will	support	these	professionals	in	acquiring	domain	knowledge	that	can	help	humanity	
take	advantage	of	their	expertise	within	a	new	biological	paradigm.		
		
SynBio	Academy	is	about	10	years	out.	Let’s	get	started!	
	
Funding,	operations,	and	timeline	
 
We	have	demonstrated	early	traction	with	users	and	major	organisations,	but	recognize	that	full-time	help	
is	needed	to	sustain	progress.	One	near-term	goal	is	to	establish	an	organization	with	charitable	status	to	
accept	financial	and	product	donations.	This	funding	can	help	create	a	platform	to	build	the	content-
writing	community	that	is	essential	to	advancing	our	mission.	Funding	could	cover	stipends	for	interns	to	
work	on	the	initiative,	including	promoting	its	activities	at	key	conferences	and	building	local	
communities.	
		
Once	we	establish	this	foundation	of	an	initial,	professional	setup	of	our	community	activities,	we	will	seek	
more	concerted	funding	from	key	industry	and	government	partners	to	support	our	long-term	mission,	
which	includes	a	BioCoder	Academy.		
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Interested	parties	and	partners	
 
The	authors	wish	to	convey	their	thanks	to	the	following	organizations	and	companies	for	their	interest	
and	support	in	helping	these	ideas	come	together:	
	

• Imperial	College	London:	academic	interest	in	proposing	problems	for	hackathons	
• University	College	London:	academic	interest	in	proposing	problems	for	hackathons	
• SynbiCite:	interest	in	funding	hackathons	and	funneling	promising	teams	into	startup	funding	
• Google	X:	have	been	supportive	in	advertising	this	project	internally	and	making	connects	
• Desktop	Genetics:	for	validating	the	commercial	need	for	this	plan	
• Synthace:	for	validating	the	commercial	need	for	this	plan	
• O’Reilly	Media:	interest	in	the	“bio-for-devs”	curricula	and	publishing	the	plan	in	BioCoder	journal	
• iGEM:	put	their	faith	in	us	to	steer	the	iGEM	software	track	to	align	with	this	plan	
• Singularity	University:	for	connecting	us	with	people	who	can	help	make	this	happen	
• HM	Government,	Department	of	Business	Innovation	&	Skills:	ongoing	discussions	for	making	the	

development	of	biocoders	a	six-month	“grand	challenge”	programme	with	political	support	
• SynBio.info:	huge	thanks	to	everyone	who	has	helped	build	this,	especially	Jérôme	Lutz	and	

Tobias	Nendel	
• Unternehmertum.de:	organizational	support	in	constructing	nonprofits	and	free	office	space	
• Seakademie.de:	providing	a	fantastic	social	entrepreneurship	education	and	network		
• SynBio	LEAP:	an	incredible	team	executing	an	awesome	mission;	this	would	not	have	happened	

without	them!	
	
	
	


