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/usr/bin/whoami	





Firstly,	what	is	a	Brain	Backup,	and	what	is	it	
good	for?	

•  Brain	Backups®	is	a	trademarked	name	for	the	connectome,	or	the	network	of	
neural	connec*ons	in	your	brain,	and	some	metadata	about	those	neurons.	

•  We	see	that	the	connectome	has	many	parallels	to	the	human	genome,	which	has	
revolu*onized	science	and	medicine	down	to	the	$1000	genome,	and	the	$150	
gene	chip	(23andMe).		Genomic	tech	is	a	trillion	USD	business.	

•  Why	would	anyone	want	such	a	thing,	really?	
–  Health:	Alzheimer’s,	Parkinson’s,	demen*a,	psychological	disorders	can	be	

be\er	understood	and	treated.		“Digital	immortality”/”Singularity”?	
–  Educa*on:	Image	someone’s	brain	before	university	and	a`er	university,	use	

that	info	to	transfer	the	knowledge	to	another	brain,	or	selected	pieces	of	
that	knowledge.		

–  Technology:	Use	the	brain	image	“Brain	Backup”	to	inform	a	machine,	minion,	
AI,	robot,	other	person,	whatever	of	a	task	that	needs	doing.		Copy	these	
minions,	do	more	stuff,	spend	less	*me	training/teaching/programming.	

–  Entertainment?		Pre\y	limitless.	
–  Business:	Truly	limitless.		The	neural	modem	described	below,	if	successful	

will	enable	telepathic-like	interac*ons	and	communica*ons.		A	mul*-billion	
dollar	business	right	there.	



I	don’t	believe	you,	this	sounds	like	science	fic*on.	

3600	seconds/hour	*	40/60	hours	=	
2400	the	factor	from	real-*me	human	
brain	emula*on,	let’s	call	it	2,000X	(ca.	2014).	
	
	
Time	to	increase	compu*ng	power	2,000X?	
Introduced	by	Intel	on	April	1,	1974,	the		
8080	had	an	8-bit	architecture,	6,000		
transistors,	clock	speeds	of	2-MHz.	
	
In	1985,	Intel	386	80386SX	was	available	in		
clock	speeds	of	16MHz,	20MHz,	25MHz,		
and	33MHz.	
	
On	November	20,	2000,	Intel	released	the		
Willame\e-based	Pen*um	4	clocked	at	1.4	
	and	1.5	GHz.	
	
	



Show	me	a	connectome	
•  ‘Kay.	

h\ps://github.com/openworm/CElegansNeuroML/blob/master/CElegansNeuronTables.xls	

Origin Target Type Number of Connections Neurotransmitter 
ADAL ADAR GapJunction 1 Generic_GJ 
ADAL ADFL GapJunction 1 Generic_GJ 
ADAL AIBL Send 1 Glutamate 
ADAL AIBR Send 2 Glutamate 
ADAL ASHL GapJunction 1 Generic_GJ 
ADAL AVAR Send 2 Glutamate 
ADAL AVBL Send 4 Glutamate 
ADAL AVBR Send 7 Glutamate 
ADAL AVDL Send 1 Glutamate 
ADAL AVDR GapJunction 2 Generic_GJ 
ADAL AVEL Send 1 Glutamate 
ADAL AVJR Send 5 Glutamate 
ADAL FLPR Send 1 Glutamate 
ADAL PVQL GapJunction 1 Generic_GJ 
ADAL RICL Send 1 Glutamate 
ADAL RICR Send 1 Glutamate 
ADAL RIML Send 3 Glutamate 
ADAL RIPL Send 1 Glutamate 
ADAL SMDVR Send 2 Glutamate 
ADAR ADAL GapJunction 1 Generic_GJ 
ADAR ADFR GapJunction 1 Generic_GJ 
… … … … … 



What	do	I	do	with	a	connectome?		Simulate	it.	





You	are	your	connectome	

Without	a	brain,	no	non-plant	organism	larger	than	a	single	cell	would	be	able	to	respond	to	
its	environment	in	any	way	other	than	that	dictated	by	physics	and	simple,	binary	responses.	
The	en*re	sum	of	who	you	are	resides	in	the	ac*vity	of	your	brain.		
	
Only	recently	have	we	had	any	ability	to	understand	the	complexity	of	the	brain.	The	Human	
Connectome	Project	Consor*um	is	elucida*ng	neural	circuits	or	pathways	in	the	brain	and	
sub-organ	structure,	and	interconnec*vity	between	brain	regions,	to	understand	the	design	
and	func*on	of	the	connectome.	
	
Quan*fiably,	a	connectome	is	a	3	dimensional		
mapping	of	all	the	“wired”	neural	connec*ons		
within	a	brain.	Living	connectomes	are	highly		
dynamic	–	an	individual’s	varies	con*nuously		
throughout	their	life*me.	Your	connectome		
today	is	different	from	when	you	were	a	child	–		
and	its	structure	is	directly	related	to	your		
previous	connectomic	configura*ons.	



Ques*on:	How	big	is	a	connectome	(in	bytes)?	

The price of a Toyota Corolla! 

Connec*vity:	Assuming	avg.	500	inputs	per	neuron,	adjacency	list	is	avg.	
37•500=18,500	bits≈2kB	per	neuron.	Neuronal	type:	Assume	10^3	cell	types	=>	10	
bits.	Configura*on:	Assume	each	input	synapse	has	10^3	states	=>	addi*onal	
5,000	bits.	Total	3kB•2^37=384TB.	Assume	~50%	achievable	compression	ra*o.	
Es*mate:	200-300TB.	





This	is	just	the	
beginning!!		Oddly.	



EEG	headsets:	OpenBCI,	eMo*v,	etc.	





How	to	make	a	Wifi	connected	brain	–	seems	
useful,	right?	

Should	one	use	motor	cortex?		ECOG?		Nanodevices	like	our	nanopar*cles?			
	
Broadcom	BCM4329	chip		
that	powers	Wi-Fi,	bluetooth	on	iphone	4,	HTC	EVO	
	



Brain	Modem:	DARPA	NESD	$60M	–	read	from	
1,000,000	neurons	s*mulate	100,000	neurons	



MOTOR	CORTEX	and	sensory	cor*ces	



Fundamental	components	of	a	neural	network	
system	

•  Synap*c	weight	
•  Neurotransmi\ers	
•  Long	term	poten*a*on	(LTP)	
•  Long	term	depoten*aion	(LTD)	



Key	differences	between	classical	ML/AI/deep	
learning	and	biological	brain	

•  Specific	networks	for	specific	func*ons,	significance	of	
connec*vity	between	these	regions	

•  “Supervisor”/”teacher”	to	say	when	done,	to	move	on	to	next	
task	

•  Highly	op*mized	yet	op*miza*on	procedure	unknown	
•  Only	86	billion	neurons,	energy	consump*on	12	wa\s	
•  Highly	integrated	with	peripheral	nervous	system	(soma*c	

nervous	system	and	autonomic	nervous	system)	
•  Human	intelligence	while	a		
general	intelligence	also		
performs	many	dis*nctly		
human	func*ons	



Connectome	Mapping	Today	

The	current	methodology	of	mapping	the	connectome	today	relies	
on	imaging	of	the	neurons	in	a	brain,	in	one	way	or	another.	All	
current	methods	are:	

Highly	Destruc*ve	
Highly	Invasive	
or		
Very	Low	Resolu*on	

Don’t	destroy	
the	thing	you	want	

to	image!!	



Using	genome	sequencing	for	
connectome	sequencing	

It’s	s*ll	
destruc*ve!!	
LLLL		



Novel,	non	invasive,	in	vivo	Imaging	
Methodology	

	
	

	
	
	
	
	
	
	
	
	

	
Design:		
Ligand	+	Contrast-providing	agent		=	
Specific	targeted	contrast	parEcle/agent	
	

AptaMark:	
Targeted	RNA	aptamers	+	gold	nanoparEcles	=	
Specific	targeted	contrast	parEcle/agent	
	

Non-destruc/ve	non-invasive	imaging	of	neural	targets	to	map	*ssue	structure	and	
visualize	dynamic	biochemical	processes	at	sub-second	*mescales	from	1mm	to	
300nm.		Nanopar*cle	imaging-agents	may	be	“barcoded”	for	MRI	and	dual	mode/
spectral	CT.	



Quo*ng	Randal	Koene…	



Decoding	the	visual	cortex	



Decoding	the	auditory	cortex	







EM	resolu*on	vs.	nanoCT			

GlyR-a1	subunits	imaged	using	primary	
an*body	(mAb2b),	bio*nylated	an*-mouse	
Fab	fragments,	and	streptavidin-coated	
quantum	dots.	



Neurological	Imaging	Targets	

For	memory	encoding:	
	
AMPA-R	
Exclusive	glutamate,	excitatory,	
Na+	influx	ONLY,	hetero	OR	
homo-tetramer,	FAST	
	
NMDA-R	
Glutamate	and	glycine	receptor,	
inhibitory,	Ca2+	and	Na+	influx,	
GluN1	GluN2		heterotetramer	--	
always	2	GluN1	+	either	GluN2	or	
GluN3.	Has	Mg+	in	core.	SLOW	
		



Imaging	
method	
(size/Eme)	

Contrast	
agent	

Ligand	 Delivery	 IndicaEon/
applicaEon	

Shortcoming	

X-ray	CT	
(200-400nm/
10	mins)	

15	nm	Au	
NP	

GluR1	
aptamer	

Insulin,	
aptamer	

Synap*c	weights,	
GluR1	densi*es,	brain	
mapping	

Radia*on,	
expense	of	
machine	

“	 KI	 None	 None	 Tissue	stain	 Non-specific	

NIR	(400nm/
ms)	

Upconver*
ng	NP	

Aptamer/
an*body	

Aptamer	 Surface	receptor	
densi*es	

Toxicity	of	NPs	
(?),	slower	
response	*me	

“	 Au	
nanorod	

Aptamer/
an*body	

Aptamer	 Voltage	sensi*ve	 Orienta*on	

MR	 Paramagne
*c	NP	

Aptamer/
an*body	

Aptamer	 Region	ac*vity,	blood	
flow,	tau,	synuclein	

1-5mm	voxel	

Fluorescence	
microscopy	
(400nm/ms)	

15	nm	Au	
NP	
	

GluR1	
aptamer	
	

None,	
surface	
accessible	

Targe*ng	quality	
control	

Serial	sec*oning,	
shallow	depth,	
destruc*ve	

Electron	
microscopy	
(EM)(10	
-40nm/∞)	

Osmium	
tetroxide	

None	 Histological	
stain	

High-res	imaging	 No	biological	
metabolites,	no	
protein	density	
info	





1mm x 200 υm x 200um
0.6 um voxel 
~ 6 min scan





Nanorobots	



Ex	vivo	EM	imaging:	synapses	





Ethical	implica*ons	of	brain	imaging?	

“My personal view about the ‘ethical implications’ is that 
it is unethical to NOT permit tetraplegic patients or other 
injured  parties  to  receive  next-generation  neural 
interfaces.  And regarding connectome imaging -- again 
my personal  view is  that  it  is  unethical  to NOT permit 
patients  or  other  interested  parties  to  image  their 
connectome,  just  like  withholding  genetic/genomic  data 
from  an  oncologist/cancer  patient  is  presently 
unconscionable.  If one is afraid of knowledge, one's head 
is truly in the sand.”



Outstanding	problems,	areas	for	outstanding	
contribu*ons!	

•  Implanted	CPU	with	database	of	neural	codes	
•  Deep	learning	to	improve	interfaces	using	ephys	
spikes	to	sensorimotor	cortex	

•  AI/ML	to	trace	neurons/axons	in	image	stack	data	
•  Neural	Modem:	In	the	next	3-4	years	DARPA	wants	a	
device	that	reads	from	1,000,000	neurons	s*mulates	
100,000	neurons.		Cochlear	implant	uses	only	4	
electrodes.	



THE	END	

russellhanson@brainbackups.com	
russell.hanson@mssm.edu 	
h5p://www.linkedin.com/in/russellhanson	
h5p://twi5er.com/russell_hanson	
h5p://www.russellhanson.com/	

Thanks	to	the	Locard	team!			
And	the	kind	people	of	Turkey!	B)		


