
Transcript	Func-onal	Annota-on	
GGAGCTGGAGGCCCCCAGGCAACTACACCGTCCACGTACCCAGAGGGGCTGGGCCCTCCC 
ACCAGAGACCACGCCCTGGTGTGCCTTAGGGGCCCTGGTTTGTTAGTCTCTGAGTGTGCA 
GTTGCTGCACATGGGGCCCTGGCGCTTGCTGCACCAACTTCCTGTTGGGCCCGTGGTCCT 
TGGAGGCATGCAGTTCAGCAGACAGTGACTCAGCCATCCACCCAACATGCGGAACGTGTC 
TCTTCTGCAGGTCCCGGTCCACAGCAGGATTCCCCCTCTGTGAAAAGGCACGCTGATCTG 
TCTGGATAAGTGTGGCCGGCCCCATGTATCCGGAATCAACCACGGGGTCCCCAGCTCGAC 
TCTCCCTGCGGCAGACAGGCTCCCCCGGGATGATCTACAGTACTCGTTATGGGAGTCCCA 
AAAGACAGCTCCAGTTTTACAGGAATCTGGGCAAATCTGGCCTTCGGGTCTCCTGCCTGG 
GGCTTGGAACATGGGTGACCTTCGGGGGCCAGATCACGGATGAGATGGCAGAGCACCTAA 
TGACCTTGGCCTACGATAATGGCATCAACCTGTTCGATACGGCGGAGGTCTACGCTGCTG 
GAAAAGCTGAAGTGGTATTAGGGAACATCATTAAGAAGAAGGGATGGAGACGGTCCAGCC 
TTGTCATCACCACCAAGATCTTCTGGGGTGGAAAAGCGGAGACTGAGAGAGGCCTTTCCA 
GGAAGCACATAATTGAAGGACTGAAAGCGTCCCTGGAGCGGCTGCAGCTGGAGTACGTGG 
ATGTGGTTTTTGCCAACCGCCCAGACCCCAACACGCCCATGGAAGAGACCGTGCGGGCCA 
TGACCCATGTCATCAACCAGGGGATGGCCATGTACTGGGGCACATCACGCTGGAGCTCCA 
TGGAGATCATGGAGGCCTACTCGGTGGCTCGGCAGTTCAACCTGATCCCGCCCATCTGCG 
AGCAAGCGGAATATCACATGTTCCAGAGGGAGAAGGTGGAGGTCCAGCTGCCAGAGCTGT 
TCCACAAGATAGGAGTAGGTGCCATGACCTGGTCCCCTCTGGCGTGCGGCATCGTCTCAG 
GGAAGTATGACAGCGGGATCCCACCCTACTCCAGAGCCTCCCTGAAGGGCTACCAGTGGT 
TGAAGGACAAGATCCTGAGTGAGGAGGGTCGCCGCCAGCAGGCCAAGCTGAAGGAACTGC 
AGGCCATTGCCGAACGCCTGGGCTGCACCCTACCCCAGCTGGCCATAGCCTGGTGCCTGA 
GGAATGAGGGTGTCAGCTCCGTGCTTCTGGGTGCTTCCAATGCAGAACAACTTATGGAGA 
ACATTGGAGCAATACAGGTCCTTCCAAAATTGTCGTCTTCCATCGTCCACGAGATCGACA 
GCATTCTGGGCAATAAACCCTACAGCAAAAAGGACTATAGATCCTAAGTCTACTCCCCAC 
CCCTCGTGCCCCACCCGGACAGTTCCCGGTTCCCTCCTCGTCTCTGTTCGCTCGCTTCTG 
CTGTTCCAAAGCCAAATGCAGAGTGTGGTTCACATCCAAAGGGAAATCACTATGCCCAGA 
CGTGACAGGGAATCGACCTCCAAAGTCACCGCCAGATGCCGCCTGCCGCTTCTTCACTGG 
ATACTGTCCGACAACGGATGCCAGGGGATGGCATCAGTTAGGGGGACATCCAGAGGCTCC 
CGCCCAAGCCCACCACCTCTGCTTATCCTTCAAGAAGAAACACTTGCCCCCAGCCATGGC 
CCTTCACGGAAATTCTAGAAGCCATGGCCGGGTGGAGGTCTCATCCTTAGAGCAGGAGGG 

	
Can	we	gather	hints	of	biological	func-on	

	from	sequence?	
	



Methods	used	to	predict	func0on	from	sequence	

•  Sequence	homology	

Query	
Database	Match	

Searching	protein	database	for	sequence	similarity	

Predict	func-ons	of	sequence	
using	machine	learning	methods	
for	paBern	recogni-on.		
•  Neural	Networks	
•  Hidden	Markov	Models	

•  Sequence	composi-on	



Use	BLAST	to	search	for	sequence	similarity	to	known	proteins	



The	Swiss-Prot	database	is	a	valuable	source	of	proteins	with	known	func0ons		

(as	of	April,	2017)	



Example	of	a	Swiss-Prot	Record	

Gene	Ontology	(GO):	
Structured	vocabulary	for	
defining	molecular	func-ons,	
biological	processes,	and	
cellular	components.	



Gene	Ontology:	a	structured	rela0onal	vocabulary	for	describing	biological	func0ons	

Gene	Ontology	terms	are	organized	into	
a	directed	acyclic	graph.		Terms	are	
organized	from	general	(top)	to	more	
specific	(boBom).	
	
The	GO	structure	enables	computa-ons	
such	as	exploring	func-on	enrichment	
among	sets	of	transcripts.	
	



No	significant	sequence	similarity…		What	else?	
GGAGCTGGAGGCCCCCAGGCAACTACACCGTCCACGTACCCAGAGGGGCTGGGCCCTCCC 
ACCAGAGACCACGCCCTGGTGTGCCTTAGGGGCCCTGGTTTGTTAGTCTCTGAGTGTGCA 
GTTGCTGCACATGGGGCCCTGGCGCTTGCTGCACCAACTTCCTGTTGGGCCCGTGGTCCT 
TGGAGGCATGCAGTTCAGCAGACAGTGACTCAGCCATCCACCCAACATGCGGAACGTGTC 
TCTTCTGCAGGTCCCGGTCCACAGCAGGATTCCCCCTCTGTGAAAAGGCACGCTGATCTG 
TCTGGATAAGTGTGGCCGGCCCCATGTATCCGGAATCAACCACGGGGTCCCCAGCTCGAC 
TCTCCCTGCGGCAGACAGGCTCCCCCGGGATGATCTACAGTACTCGTTATGGGAGTCCCA 
AAAGACAGCTCCAGTTTTACAGGAATCTGGGCAAATCTGGCCTTCGGGTCTCCTGCCTGG 
GGCTTGGAACATGGGTGACCTTCGGGGGCCAGATCACGGATGAGATGGCAGAGCACCTAA 
TGACCTTGGCCTACGATAATGGCATCAACCTGTTCGATACGGCGGAGGTCTACGCTGCTG 
GAAAAGCTGAAGTGGTATTAGGGAACATCATTAAGAAGAAGGGATGGAGACGGTCCAGCC 
TTGTCATCACCACCAAGATCTTCTGGGGTGGAAAAGCGGAGACTGAGAGAGGCCTTTCCA 
GGAAGCACATAATTGAAGGACTGAAAGCGTCCCTGGAGCGGCTGCAGCTGGAGTACGTGG 
ATGTGGTTTTTGCCAACCGCCCAGACCCCAACACGCCCATGGAAGAGACCGTGCGGGCCA 
TGACCCATGTCATCAACCAGGGGATGGCCATGTACTGGGGCACATCACGCTGGAGCTCCA 
TGGAGATCATGGAGGCCTACTCGGTGGCTCGGCAGTTCAACCTGATCCCGCCCATCTGCG 
AGCAAGCGGAATATCACATGTTCCAGAGGGAGAAGGTGGAGGTCCAGCTGCCAGAGCTGT 
TCCACAAGATAGGAGTAGGTGCCATGACCTGGTCCCCTCTGGCGTGCGGCATCGTCTCAG 
GGAAGTATGACAGCGGGATCCCACCCTACTCCAGAGCCTCCCTGAAGGGCTACCAGTGGT 
TGAAGGACAAGATCCTGAGTGAGGAGGGTCGCCGCCAGCAGGCCAAGCTGAAGGAACTGC 
AGGCCATTGCCGAACGCCTGGGCTGCACCCTACCCCAGCTGGCCATAGCCTGGTGCCTGA 
GGAATGAGGGTGTCAGCTCCGTGCTTCTGGGTGCTTCCAATGCAGAACAACTTATGGAGA 
ACATTGGAGCAATACAGGTCCTTCCAAAATTGTCGTCTTCCATCGTCCACGAGATCGACA 
GCATTCTGGGCAATAAACCCTACAGCAAAAAGGACTATAGATCCTAAGTCTACTCCCCAC 
CCCTCGTGCCCCACCCGGACAGTTCCCGGTTCCCTCCTCGTCTCTGTTCGCTCGCTTCTG 
CTGTTCCAAAGCCAAATGCAGAGTGTGGTTCACATCCAAAGGGAAATCACTATGCCCAGA 
CGTGACAGGGAATCGACCTCCAAAGTCACCGCCAGATGCCGCCTGCCGCTTCTTCACTGG 
ATACTGTCCGACAACGGATGCCAGGGGATGGCATCAGTTAGGGGGACATCCAGAGGCTCC 
CGCCCAAGCCCACCACCTCTGCTTATCCTTCAAGAAGAAACACTTGCCCCCAGCCATGGC 
CCTTCACGGAAATTCTAGAAGCCATGGCCGGGTGGAGGTCTCATCCTTAGAGCAGGAGGG 



Is	there	an	ORF	for	a	poten-al	Coding	Region?	
GGAGCTGGAGGCCCCCAGGCAACTACACCGTCCACGTACCCAGAGGGGCTGGGCCCTCCC 
ACCAGAGACCACGCCCTGGTGTGCCTTAGGGGCCCTGGTTTGTTAGTCTCTGAGTGTGCA 
GTTGCTGCACATGGGGCCCTGGCGCTTGCTGCACCAACTTCCTGTTGGGCCCGTGGTCCT 
TGGAGGCATGCAGTTCAGCAGACAGTGACTCAGCCATCCACCCAACATGCGGAACGTGTC 
TCTTCTGCAGGTCCCGGTCCACAGCAGGATTCCCCCTCTGTGAAAAGGCACGCTGATCTG 
TCTGGATAAGTGTGGCCGGCCCCATGTATCCGGAATCAACCACGGGGTCCCCAGCTCGAC 
TCTCCCTGCGGCAGACAGGCTCCCCCGGGATGATCTACAGTACTCGTTATGGGAGTCCCA 
AAAGACAGCTCCAGTTTTACAGGAATCTGGGCAAATCTGGCCTTCGGGTCTCCTGCCTGG 
GGCTTGGAACATGGGTGACCTTCGGGGGCCAGATCACGGATGAGATGGCAGAGCACCTAA 
TGACCTTGGCCTACGATAATGGCATCAACCTGTTCGATACGGCGGAGGTCTACGCTGCTG 
GAAAAGCTGAAGTGGTATTAGGGAACATCATTAAGAAGAAGGGATGGAGACGGTCCAGCC 
TTGTCATCACCACCAAGATCTTCTGGGGTGGAAAAGCGGAGACTGAGAGAGGCCTTTCCA 
GGAAGCACATAATTGAAGGACTGAAAGCGTCCCTGGAGCGGCTGCAGCTGGAGTACGTGG 
ATGTGGTTTTTGCCAACCGCCCAGACCCCAACACGCCCATGGAAGAGACCGTGCGGGCCA 
TGACCCATGTCATCAACCAGGGGATGGCCATGTACTGGGGCACATCACGCTGGAGCTCCA 
TGGAGATCATGGAGGCCTACTCGGTGGCTCGGCAGTTCAACCTGATCCCGCCCATCTGCG 
AGCAAGCGGAATATCACATGTTCCAGAGGGAGAAGGTGGAGGTCCAGCTGCCAGAGCTGT 
TCCACAAGATAGGAGTAGGTGCCATGACCTGGTCCCCTCTGGCGTGCGGCATCGTCTCAG 
GGAAGTATGACAGCGGGATCCCACCCTACTCCAGAGCCTCCCTGAAGGGCTACCAGTGGT 
TGAAGGACAAGATCCTGAGTGAGGAGGGTCGCCGCCAGCAGGCCAAGCTGAAGGAACTGC 
AGGCCATTGCCGAACGCCTGGGCTGCACCCTACCCCAGCTGGCCATAGCCTGGTGCCTGA 
GGAATGAGGGTGTCAGCTCCGTGCTTCTGGGTGCTTCCAATGCAGAACAACTTATGGAGA 
ACATTGGAGCAATACAGGTCCTTCCAAAATTGTCGTCTTCCATCGTCCACGAGATCGACA 
GCATTCTGGGCAATAAACCCTACAGCAAAAAGGACTATAGATCCTAAGTCTACTCCCCAC 
CCCTCGTGCCCCACCCGGACAGTTCCCGGTTCCCTCCTCGTCTCTGTTCGCTCGCTTCTG 
CTGTTCCAAAGCCAAATGCAGAGTGTGGTTCACATCCAAAGGGAAATCACTATGCCCAGA 
CGTGACAGGGAATCGACCTCCAAAGTCACCGCCAGATGCCGCCTGCCGCTTCTTCACTGG 
ATACTGTCCGACAACGGATGCCAGGGGATGGCATCAGTTAGGGGGACATCCAGAGGCTCC 
CGCCCAAGCCCACCACCTCTGCTTATCCTTCAAGAAGAAACACTTGCCCCCAGCCATGGC 
CCTTCACGGAAATTCTAGAAGCCATGGCCGGGTGGAGGTCTCATCCTTAGAGCAGGAGGG 



Is	there	an	ORF	for	a	poten-al	Coding	Region?	
GGAGCTGGAGGCCCCCAGGCAACTACACCGTCCACGTACCCAGAGGGGCTGGGCCCTCCC 
ACCAGAGACCACGCCCTGGTGTGCCTTAGGGGCCCTGGTTTGTTAGTCTCTGAGTGTGCA 
GTTGCTGCACATGGGGCCCTGGCGCTTGCTGCACCAACTTCCTGTTGGGCCCGTGGTCCT 
TGGAGGCATGCAGTTCAGCAGACAGTGACTCAGCCATCCACCCAACATGCGGAACGTGTC 
TCTTCTGCAGGTCCCGGTCCACAGCAGGATTCCCCCTCTGTGAAAAGGCACGCTGATCTG 
TCTGGATAAGTGTGGCCGGCCCCATGTATCCGGAATCAACCACGGGGTCCCCAGCTCGAC 
TCTCCCTGCGGCAGACAGGCTCCCCCGGGATGATCTACAGTACTCGTTATGGGAGTCCCA 
AAAGACAGCTCCAGTTTTACAGGAATCTGGGCAAATCTGGCCTTCGGGTCTCCTGCCTGG 
GGCTTGGAACATGGGTGACCTTCGGGGGCCAGATCACGGATGAGATGGCAGAGCACCTAA 
TGACCTTGGCCTACGATAATGGCATCAACCTGTTCGATACGGCGGAGGTCTACGCTGCTG 
GAAAAGCTGAAGTGGTATTAGGGAACATCATTAAGAAGAAGGGATGGAGACGGTCCAGCC 
TTGTCATCACCACCAAGATCTTCTGGGGTGGAAAAGCGGAGACTGAGAGAGGCCTTTCCA 
GGAAGCACATAATTGAAGGACTGAAAGCGTCCCTGGAGCGGCTGCAGCTGGAGTACGTGG 
ATGTGGTTTTTGCCAACCGCCCAGACCCCAACACGCCCATGGAAGAGACCGTGCGGGCCA 
TGACCCATGTCATCAACCAGGGGATGGCCATGTACTGGGGCACATCACGCTGGAGCTCCA 
TGGAGATCATGGAGGCCTACTCGGTGGCTCGGCAGTTCAACCTGATCCCGCCCATCTGCG 
AGCAAGCGGAATATCACATGTTCCAGAGGGAGAAGGTGGAGGTCCAGCTGCCAGAGCTGT 
TCCACAAGATAGGAGTAGGTGCCATGACCTGGTCCCCTCTGGCGTGCGGCATCGTCTCAG 
GGAAGTATGACAGCGGGATCCCACCCTACTCCAGAGCCTCCCTGAAGGGCTACCAGTGGT 
TGAAGGACAAGATCCTGAGTGAGGAGGGTCGCCGCCAGCAGGCCAAGCTGAAGGAACTGC 
AGGCCATTGCCGAACGCCTGGGCTGCACCCTACCCCAGCTGGCCATAGCCTGGTGCCTGA 
GGAATGAGGGTGTCAGCTCCGTGCTTCTGGGTGCTTCCAATGCAGAACAACTTATGGAGA 
ACATTGGAGCAATACAGGTCCTTCCAAAATTGTCGTCTTCCATCGTCCACGAGATCGACA 
GCATTCTGGGCAATAAACCCTACAGCAAAAAGGACTATAGATCCTAAGTCTACTCCCCAC 
CCCTCGTGCCCCACCCGGACAGTTCCCGGTTCCCTCCTCGTCTCTGTTCGCTCGCTTCTG 
CTGTTCCAAAGCCAAATGCAGAGTGTGGTTCACATCCAAAGGGAAATCACTATGCCCAGA 
CGTGACAGGGAATCGACCTCCAAAGTCACCGCCAGATGCCGCCTGCCGCTTCTTCACTGG 
ATACTGTCCGACAACGGATGCCAGGGGATGGCATCAGTTAGGGGGACATCCAGAGGCTCC 
CGCCCAAGCCCACCACCTCTGCTTATCCTTCAAGAAGAAACACTTGCCCCCAGCCATGGC 
CCTTCACGGAAATTCTAGAAGCCATGGCCGGGTGGAGGTCTCATCCTTAGAGCAGGAGGG 



Find	all	ORFs	using	ORFfinder	



ORFfinder	finds	all	open	reading	frames	and	provides	transla0ons	

ORFs	can	appear	in	random	sequence	–	so	further	analysis	is	required	

Predict	coding	vs.	non-coding	ORFs:		hBp://TransDecoder.github.io	



Can	we	recognize	func-onal	domains	
in	puta-ve	coding	regions?	

Hints	at	substrate	binding	or	cataly-c	ac-vity	

DNA,	RNA,	calcium,	
phoshate,	etc.	

Glycoslase,	methylase,	kinase,	nuclease,	
lipase,	protease,	etc.	



Search	the	Pfam	library	of	HMMs	to	iden0fy	poten0al	func0onal	domains	



Example	Pfam	report	illustra0ng	modular	domain	architecture	



Transmembrane	Proteins	

From:	hBps://en.wikipedia.org/wiki/Transmembrane_protein	

Single	transmembrane	α-helix	
(bitopic	membrane	protein)		

Polytopic	
transmembrane	
α-helical	protein	

Polytopic	
transmembrane	β-
sheet	protein	

Membrane	



Using	TMHMM	to	iden0fy	puta0ve	transmembrane	proteins	



hBp://www.cbs.dtu.dk/services/TMHMM/	

Topology=i36-55o59-81i93-110o125-147i174-196o206-228i241-260o280-302i309-328o338-360i373-395o448-467i	
	

Trans-membrane	Domains	via	TmHMM	



Predic0ng	Secreted	Proteins	

(from:	hBps://courses.washington.edu/conj/cell/secre-on.htm)	

(from:	Vaccine	23(15):1770-8)	



SignalP:		Predic0on	of	N-terminal	signal	pep0des	
(predict	secreted	proteins)	



Example	SignalP	predicted	signal	pep0de	

Signal	pep-de	score	

Cleavage	site	score	

Combined	score	



Transcriptome-scale	func0onal	annota0on	using	Trinotate		



Gene	ontology	func0onal	enrichment	

(+)	
Differen0ally	
Expressed	

(-)	Not	
Differen0ally	
Expressed	

Totals	

+	Gene	Ontology	 50	 200	 250	

-		Gene	Ontology	 1950	 17800	 19750	

Totals	 2000	 18000	 20000	



There’s	no	subs-tute	for	experimentally	
valida-ng	protein	func-ons	



Prac-cals	
•  Trinotate	
•  TrinotateWeb	
•  Func-onal	Enrichment	Analysis	


