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At	some	predicLon	threshold	[one]	Third	of	the	AlternaLve	Splicing	
Isoforms	predicted	to	produce	FuncLonal	Proteins….	







WHAT	IS	THE	FRACTION	OF	ENZYMES	IN	A	GENOME?	



WHAT	IS	THE	FRACTION	OF	ENZYMES	IN	A	GENOME?	

Charles	Dann,	Chemistry	 Yuzhen	Ye,	Computer	Science	Tuli	Mukhopadhyay,	Biology	



EXAMPLE	FROM	PSYCHOLOGY	

Greene	MR.	EsLmaLons	of	object	frequency	are	frequently	overesLmated.	Cogni&on	(2016)	149:	6-10.	



AND	SO	WE	GO…	

Hi	Pedja,	
You	pose	 interesLng	quesLons.	 I'd	expect	yeast	to	have	the	highest	enzyme	fracLon	as	 it	does	not	need	to	
have	conserved	genes	for	mulLcellular	development,	cogniLon,	etc.	(though	many	of	these	processes	requires	
signaling	pathways	with	enzymes).	So	here	are	my	esLmates	for	enzyme	fracLon,	based	enLrely	on	intuiLon.		
	

Yeast	~45	%;	E.	coli	~35	%;	Mouse	~25	%;	Human	~25	%;	Arabidopsis	~40	%	(no	idea	here)	
	

I	imagine	I	may	hit	low	on	all	of	these...	
	

CD3	



SUPERVISED	LEARNING	PROBLEM	



SUPERVISED	LEARNING	PROBLEM	



SUPERVISED	LEARNING	PROBLEM	



SUPERVISED	LEARNING	PROBLEM	



SEMI-SUPERVISED	LEARNING	PROBLEM	



UNSUPERVISED	LEARNING	PROBLEM	



POSITIVE-UNLABELED	LEARNING	PROBLEM	(PU)	



IDENTIFIABILITY	



ANTICIPATED	LIKELIHOOD	FUNCTION		



ENZYMES:	EXPERIMENTAL	PROTOCOL	

>sp|P04637|P53_HUMAN Cellular tumor antigen p53 
MEEPQSDPSVEPPLSQETFSDLWKLLPENNVLSPLPSQAMDDLMLSPDDIEQWFTEDPGP 
DEAPRMPEAAPPVAPAPAAPTPAAPAPAPSWPLSSSVPSQKTYQGSYGFRLGFLHSGTAK 
SVTCTYSPALNKMFCQLAKTCPVQLWVDSTPPPGTRVRAMAIYKQSQHMTEVVRRCPHHE 
RCSDSDGLAPPQHLIRVEGNLRVEYLDDRNTFRHSVVVPYEPPEVGSDCTTIHYNYMCNS 
SCMGGMNRRPILTIITLEDSSGNLLGRNSFEVRVCACPGRDRRTEEENLRKKGEPHHELP 
PGSTKRALPNNTSSSPQPKKKPLDGEYFTLQIRGRERFEMFRELNEALELKDAQAGKEPG 
GSRAHSSHLKSKKGQSTSRHKKLMFKTEGPDSD 

Develop	an	SVM	predictor	
	

-  Linear	kernel	
-  AUC	≈	75%	
-  Plam’s	correcLon	
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RESULTS:	ENZYMES	
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DISEASE	MUTATIONS	IN	HUMAN	EXOME	



PRECISION	MEDICINE	

“So	tonight,	I’m	launching	a	new	Precision	Medicine	IniLaLve	to	bring	us	closer	to	curing	
diseases	like	cancer	and	diabetes,	and	to	give	all	of	us	access	to	the	personalized	
informaLon	we	need	to	keep	ourselves	and	our	families	healthier.		We	can	do	this.“	–	
President	Barack	Obama.	

01/20/2015		

Precision	Medicine	
	

the	science	and	pracLce	of	matching	the	
best	diagnosLc,	therapeuLc	and	

prevenLon	strategies	to	promote	health	
that	are	tailored	to	an	individual’s	
geneLc,	biological,	behavioral	and	

psychosocial	characterisLcs	



PRECISION	MEDICINE	

www.nih.gov/AllofUs-Research-Program

nih.gov	



hmp://bgiamericas.com	

GENOME	SEQUENCING	

The	AtlanLc	



… AGCATACCGA … 

HUMAN	GENOME	AND	ITS	IMPACT	ON	PHENOTYPE	
WHAT	IS	THE	MOLECULAR	BASIS	OF	IT?	

GENOME		PHENOME	

… TTTACCGAGC … 

… AGCATAGCGA … 



Adapted	from:	hmp://snp.ims.u-tokyo.ac.jp/samplesMethods.html#SNP		

Gene	

Exon	
DNA	

						
				
						

			 		

>40	million	known	unique	sites	of	varia5on!	

Yue	et	al.	J	Mol	Biol,	353:	459	(2005).	

G38D	in	1tag	

Another	gene…	

regulatory	 non-synonymous	 intronic	genomic	synonymous	

BASE	CHANGES	RESULTING	IN	DIFFERENT	PROTEINS	



When	applied	to	43	nsSNPs	of	18	drug	related	genes	from	the	Thai	SNP	resequencing	project	
there	were	strong	correlaLons	 Slide	from	Sean	Mooney’s	group.	

CURRENT	TOOLS	PREDICT	EFFECTS	OF	VARIANTS	



GROWTH	OF	DATA	

HapMap Phase I 

1000 Genomes project Phase I 







TUMOR	BOARD	

hmp://www.med.umich.edu/cancer/images/urologic-oncology-tumor-board.jpg	

Person:	68	year	old	woman	
Cancer	type:	colon	cancer,	metastaLc	
Muta7ons:		
										KRAS,	C27F	
										BRCA1,	H57R	
										TP53,	T98*	

Treatment	op7ons:		
																-	clinical	trial	at	MD	Anderson	
										-	conLnue	with	chemotherapy	
										-	treat	with	new	drug	for	breast	cancer	



MOLECULAR	CONSEQUENCES	ON	P53	

R175H: Metal-binding 

V143A: Stability 

K120R: Acetylation 

R273H: DNA-binding 

G245S: Protein-binding 

p53	–	tumor	suppressor	protein	

PDB	structures:	2ybg,	2j1w,	1ycs	and	1tup	



MUTPRED	2.0	

Vikas	Pejaver,	Indiana	University	

Conservation Funct. Prop. Sequence Struct. Prop. 

Neural networks 

>sp|P04637|P53_HUMAN 
MEEPQSDPSVEPPLSQETFSDLWKLLPENNVLSPLPSQAMDDLMLSPDDIEQWFTEDPGP 
DEAPRMPEAAPRVAPAPAAPTPAAPAPAPSWPLSSSVPSQKTYQGSYGFRLGFLHSGTAK 
SVTCTYSPALNKMFCQLAKTCPVQLWVDSTPPPGTRVRAMAIYKQSQHMTEVVRRCPHHE 
RCSDSDGLAPPQHLIRVEGNLRVEYLDDRNTFRHSVVVPYEPPEVGSDCTTIHYNYMCNS .	.	.	

.	.	.	

Physicochemical Substitution 
matrices 

Neural network ensemble: 
 

•  Z-score normalized and PCA’d 
•  30 feed-forward networks 
•  bootstrap aggregating, balanced training 
•  trained using resilient propagation 



Cataly7c	residues	of	PCSK9	(2qtw)	

n  a	member	of	the	proteinase	K	sub-
family	of	subLlases	that	reduces	the	
number	of	LDL	receptors	in	liver	
through	a	posmranscripLonal	
mechanism.	

n  D374Y		leads	to	a	10-fold	increase	in	
catalyLc	acLvity	that	causes	
hypercholesterolemia.	

Lagace	et	al.	J	Clin	Invest,	116:	2995	(2006).	 Xin	et	al.	Bioinforma&cs	26:	1975-1982	(2010).	

GAIN	OF	CATALYTIC	ACTIVITY	CAUSES	DISEASE	


