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Content	
	

1. Overview	of	PECAAN	
PECAAN	is	an	annotation	workflow	that	functions	between	DNA	Master	and	the	
final	Phagesdb	annotation	submittal	portal	for	SEA	PHAGES	(Figure	1).	

	

	
Figure	1.	PECAAN	and	the	SEA	PHAGES	workflow.	

	
PECAAN	stores	all	evidence	in	a	database	so	that	annotation	choices	and	
evidence	can	be	viewed	and	quality	checked	by	others.	All	changes	are	recorded	
in	a	viewable	change	log.		

	
PECAAN	displays	gene	start	information	from	Glimmer,	GeneMark,	Starterator,	
and	host-trained	GeneMark.	The	Shine-Dalgarno	ribosomal	binding	sites	
predicted	by	Karlin6	with	spacing	from	Keibler	Medium	are	selectable	as	
checkboxes.		

	
PECAAN	also	generates	a	protein	for	the	start-defined	gene	and	searches	the	
Phagesdb,	NCBI,	HHPred	and	Conserved	Domain	databases	for	matches	to	the	
protein.	The	top	100	hits	from	each	database	are	available	for	display	and	the	



PECAAN	Dec.	3,	2016.	

	 3	

matches	can	be	selected	as	functional	support	by	checking	the	box	next	to	
evidence.		
	
The	function	is	entered	by	typing	into	the	function	name	into	the	Function	box.	If	
standard	function	names	are	available	they	will	be	displayed	in	a	drop-down	
window	under	the	Function	field	as	you	type	and	you	can	select	the	standard	
function	or	continue	typing	if	a	function	not	listed.	If	a	function	is	unknown,	then		
type	NKF	(No	Known	Function)	into	the	Function	field.		
	
Notes	explaining	choices	for	the	gene	can	also	be	recorded	in	the	NOTES	field.	All	
changes	can	be	saved	by	clicking	the	SAVE	button.	Saved	gene	changes	will	be	
recorded	in	the	Change	Log	along	with	the	name	of	the	annotator	and	a	
time/date	stamp.	
	
The	tRNA	and	tmRNA	evidence	from	Aragorn	and	tRNA	Scan	SE	is	also	available	
for	review	and	modification.	The	tRNA	5’	and	3’	end	locations	can	be	modified	to	
bring	the	annotation	into	alignment	with	best	evidence.	Changes	will	be	
recorded	following	a	click	on	the	“Change	tRNA	Data”	button.	If	following	your	
review	requires	no	changes	you	can	enter	your	name	in	the	review	log	by	
clicking	on	the	“Checked	with	no	change”	button.	

	
Function	files	and	annotation	files	can	be	exported	and	integrated	into	DNA	
Master	under	the	Export	menu.	Export	of	just	the	functions	or	the	whole	
annotation	evidence	into	DNA	Master	is	helpful	in	the	generation	of	submission	
files	to	the	Phagesdb/annotations	portal.	The	author	and	notes	files	can	also	be	
exported	from	PECAAN	and	submitted	to	the	Phagesdb/annotation	portal.	

	
	

2. User	types	and	permissions.	
When	a	new	university	site	is	established,	a	faculty	member	will	be	set	up	as	an	
administrator	(Admin)	for	their	site.	They	will	be	able	to	set	up	User	and	other	
Admin	level	log-ins	for	their	site.	Admin	level	users	will	also	be	able	to	load	new	
genomes	into	PECAAN	for	annotation.	There	are	three	types	of	PECAAN	users:	
User	and	Admin	level	users,	which	are	limited	in	scope	to	their	own	site,	and	
SuperAdmin	users.	The	SuperAdmin	team	will	be	able	to	edit	all	sites	and	give	
quality	control	feedback	on	all	genomes.	

	
3. Files	needed	to	input	a	genome	into	PECAAN.	

Phage.Fasta	file	
A	fasta	formatted	file	containing	the	gene	sequence	for	your	phage	should	be	
available	from	Phagesdb.org.	Put	the	phage	name	into	the	upper	left	search	box	
(for	example	barrelroll)	and	click	on	the	green	arrow:	
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Select	the	phage	link:	

	
	

And	then	scroll	down	to	and	click	on	the	fasta	download	link:	

	
	

This	will	download	a	phagename.fasta	file	to	your	computer.	
	

Host-trained	GeneMark	file	
Go	to	the	GeneMark.hmm	prokaryotic	website	to	generate	a	map	of	your	
phages	coding	capacity.	
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Click	on	the	Choose	File	button	(1	above)	and	locate	your	phagename.fasta	
file.	
Select	a	host	species	(2	above)	to	train	the	prediction	model.	For	
mycobacteria	this	will	usually	be	the	tuberculosis	or	smegmatis	hosts.	
Select	the	PDF	output	option	(3	above)	and	then	click	on	the	“Start	GeneMark	
hmm”	button	(4	above).		This	will	generate	the	window	below.	
	

	
Click	on	the	PDF	link	(1	above)	and	then	save	the	file	as	
Phagename_GM_host.pdf	so	that	you	will	recognize	it.	
	

4. Setting	up	a	new	genome	
Open	PECAAN	and	log	in.	
You	will	need	Admin	privileges.	If	you	have	Admin	privileges	you	will	be	able	to	see	
and	open	the	Admin	menu	(1	below).	
	

	
Click	on	the	Phages	line	(2	above).	
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On	the	Phages	form	(shown	above),	do	the	following:	
	 Enter	the	Phage	Name	(1	above).	
	 Enter	the	Phage	Cluster	(2	above).	
	 Choose	the	fasta	formatted	sequence	file	for	the	phage	(3	above).		
	 Select	the	host-trained	Genemark	PDF	file	that	you	saved	as:			
	 	 Phagename_GM_host.pdf		(4	above).	
	 Click	the	Add	Phage	button	to	generate	the	new	phage	(5	above).	
	
When	you	click	the	Add	Phage	button	PECAAN	will	set	up	the	phage	genome	for	
editing	by	the	all	Users	and	Admins	from	your	institution.	Users	from	other	
institutions	will	not	be	able	to	edit	your	genome.	If	you	enter	a	phage	for	someone	
from	another	institution	you	will	need	to	refresh	the	page	and	scroll	down	to	the	
bottom	the	phage	list	and	change	the	Owner	(4	below)	to	someone	from	the	
annotating	institution.		
	
It	takes	time	for	PECAAN	to	generate	the	NCBI	and	HHPred	matches	to	the	gene	
products	and	the	time	is	dependent	on	the	number	of	phages	in	the	que.	Give	it	30	-	
90	minutes.	If	you	view	a	gene	and	find	that	NCBI	or	HHPred	searches	have	not	
completed,	return	later	or	refresh	the	page	every	few	minutes	until	the	data	
appears.	
	
If	you	scroll	down	the	Phages	page	you	will	see	a	list	of	phages	(3	below),	their	
length	(5	below)	and	their	cluster	(6	below).	If	the	eye	symbol	at	the	left	of	the	
phage	line	(1	below)	does	not	have	a	/	through	it	then	the	phage	can	be	edited	by	
everyone	in	your	university	work	group.	If	you	click	on	this	symbol	it	will	put	a	/	
through	the	symbol	indicating	that	the	phage	is	locked	for	those	with	User	
privileges.	Admin	users	can	continue	to	edit	and	modify	the	genome.	This	allows	
Admins	to	lock	phages	and	prevent	student	users	from	changing	files	while	they	are	
doing	the	Quality	Check	in	preparation	for	submission	of	the	finished	genome	to	the	
Phagesdb/annotation	portal.	SuperAdmin	users	will	also	be	able	to	edit	the	
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annotations	and	communicate	through	the	notes	to	Admins	during	the	final	Quality	
Checks.	

	
Within	each	phage	line,	PECAAN	can	be	prompted	to	“Update	All	Data”	for	that	
phage	(7	above).	Beware!	This	will	reset	all	of	the	functional	evidence	check	marks	
for	all	genes	as	it	searches	for	the	latest	data.	Updates	can	be	performed	separately	
for	each	gene	and	database	in	annotation	page	under	the	Genes	menu	and	this	is	
usually	a	better	way	to	get	an	update	for	a	few	genes.	
	
The	“GeneMark	PDF”	button	(8	above)	allows	alternative	host-trained	GeneMark	
files	to	be	added	after	the	phage	has	been	set	up.		
	
The	“Update	Existing	CDS	Data”	button	(9	above)	will	regenerate	the	gene	calls	and	
update	the	Glimmer	and	GeneMark	headers	this	is	not	recommended	and	is	
available	as	we	continue	to	change	PECAAN	and	need	to	update	the	database.		
	
The	Update	tRNA	button	(10	above)	can	be	used	on	older	phages	that	were	entered	
into	PECAAN	before	the	tRNA	and	tmRNA	searches	were	implemented.		New	phage	
entries	should	not	use	this	because	it	is	done	automatically	when	the	phage	is	
loaded.	
	
The	Update	Starterator	(11	above)	is	another	old	link	that	should	not	be	used	and	
is	temporarily	available	for	maintenance	purposes.	We	now	have	direct	links	to	the	
Starterator	outputs	for	the	Pham	associated	with	each	gene	in	the	annotation	
window	and	updates	will	be	made	automatically.	
	
Since	there	are	a	large	number	of	phages,	use	the	Search	box	(12	above)	to	find	your	
phage	name	quickly.	Just	start	typing	and	the	list	of	displayed	phages	will	
automatically	be	reduced	to	reflect	the	search	parameters.	This	also	works	if	you	
want	to	limit	display	of	phages	by	cluster.	It	doesn’t	seem	to	work	to	search	for	
owners.	
	

5. Setting	up	new	student	accounts	
Open	PECAAN	and	log	in.	
You	will	need	Admin	privileges.	If	you	have	Admin	privileges	you	will	be	able	to	see	
and	open	the	Admin	menu	(1	below).	
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Click	on	the	Users	line	(2	above).	
	
Users	can	be	added	individually	(3-9	below)	or	en	Mass	(1	&	2	below).	
	
To	add	an	individual	user	(3	below):	
	
In	the	Name	field	(4	below),	enter	their	complete	name:	LastName,	Firstname	MI	
(no	period).	This	will	allow	a	properly	formatted	Author	Report	to	be	generated	for	
each	phage	with	all	the	users	that	annotated	or	checked	the	phage.	
	
In	the	Institution	field	(5	below),	make	sure	that	you	use	same	institution	name	as	
the	owner	of	the	phage	that	user	will	be	annotating.	You	can	see	the	owner	in	the	
Admin/phage	menu	and	look	up	the	institution	name	for	the	owner	in	the	list	of	
users	below	the	“User	management”	(3	below)	section	of	this	page.		We	need	
consistency	because	the	scope	of	your	working	group	and	phage	editing	access	will	
be	determined	by	this	institution	name	of	the	owner	and	the	users.		
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For	the	Username	(6	above)	use	the	first	letter	of	the	firstname	and	middle	initial,	
followed	by	the	lastname.	For	example	if	the	Username	was:	Rinehart,	Claire	A,	then	
the	username	would	be	carinehart.	
	
***Passwords	(7	above)	must	be	sufficiently	long	and	complex	that	the	strength	
indicator	reaches	4/4.	Passwords	should	include	lower	and	uppercase	letters	as	
well	as	at	least	one	number	and	at	least	one	punctuation	(!@#$%&).	Try	to	make	the	
password	something	that	students	will	remember	but	that	is	not	obvious.	Do	not	
include	weak	words	like	phage,	dna	or	other	biologically	relevant	words.	You	may	
consider	making	a	few	different	passwords	for	your	class	and	then	randomly	
distribute	them.	Consider	using	the	Mass	User	Add	button	(1	&	2	above,	see	below	
for	instructions)	where	strong	passwords	will	be	generated	for	each	user.	
	
For	students,	the	Role	(8	above)	should	be	set	to	User.	If	other	faculty	need	to	load	
phages,	add	students	or	do	Quality	Checking	/	Editing	then	you	should	give	them	
Admin	privileges.	
	
After	entering	the	information	as	described	above,	press	the	Create	button	(9	above)	
to	add	a	new	user.	If	you	refresh	your	page	and	scroll	down	you	should	see	the	new	
user	(1	&	3	below).	If	at	any	time	they	need	a	new	password,	you	can	change	it	here	
(5	below).	Clicking	the	X	at	the	right	side	of	the	line	will	delete	the	user	(6	below.	
	

	
There	is	also	a	drop	down	to	change	the	Role	of	the	user	(4	above)	to	User	or	Admin.	
The	Search	box	(7	above)	lets	you	easily	filter	the	users	by	name	or	institution.	
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For	the	“Mass	User	Add”	(shown	above)	you	will	need	to	open	a	spreadsheet	and	
enter	your	class	data	into	three	columns	without	headers:	Lastname,	Firstname,	
Middle	Initial	(no	period)	in	the	first	column,	the	user	name	which	consists	of	the	
initials	of	the	first	and	middle	names	followed	by	the	lastname	in	the	second	
column,	and	finally	the	correct	Institution	name	as	described	above	in	the	third	
column.	Click	the	?	next	to	the	“Mass	User	Add”	line	to	see	an	example	(shown	
below).	
	

	
	

Save	the	file	as	a	xxx.csv	(comma	separated	file).	Click	the	Choose	File	button	(under	
the	“Mass	User	Add”	(1	above)	and	enter	the	xxx.csv	file	that	you	saved	above.	When	
you	press	the	“Add	Users”	button	(2	above),	a	new	filename	will	show	up	in	the	
bottom	left	panel	of	your	screen	that	will	contain	the	passwords	for	the	users	that	
you	just	entered.	You	may	need	to	move	the	mouse	to	the	bottom	left	of	the	window	
to	see	it.		Double-click	this	file	to	open	it.	You	can	use	this	output	file	to	distribute	
passwords	to	your	new	users.	
	
NOTE:	If	you	use	a	text	editor	to	create	the	xxx.csv	file	then	you	will	need	to	put	
quotes	around	all	of	the	text	in	the	first	column	as	illustrated	below:	
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6. Overview	of	buttons,	checkboxes	and	functions	
a. The	Summary	page	

	
1.	To	select	a	genome,	click	on	the	Phage	dropdown	box	and	start	typing	the	
name	and	a	list	box	below	the	entry	field	will	display	all	of	the	matching	
phage	names.	

2.	Clicking	on	the	Actinobacteriophage	Database	button	will	open	a	tab	in	the	
browser	that	is	connected	to	the	phagesdb.org.	

3.	Scrolling	the	mouse	button	when	the	cursor	is	over	the	Map	will	
compress/expand	the	map.	Drag	right	and	left	on	the	map	to	move	the	
map	within	the	viewing	window.	Blue	bands	are	forward	genes	and	red	
bands	are	reverse	genes.	Bright	blue	and	red	regions	show	areas	of	
overlap	between	two	genes.	Black	areas	are	intergenic.	

4.	The	Codon	Usage	map	shows	the	relative	frequency	of	each	codon.		
5.	When	you	are	finished,	press	the	Logout	button	to	exit	PECAAN.	
	

b. The	Genes	Page	
i. The	Header	

	
1.	Click	to	add	a	gene	
2.	Click	to	save	changes	
3.	Click	to	open	the	host-trained	GeneMark	pdf	file	associated	with	
this	phage.	
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4.	Click	to	select	the	genes.	The	current	start	site,	stop	site	and	
direction	of	the	genes	are	displayed	because	the	gene	numbers	
change	as	new	genes	are	inserted.	

5.,	6.,	7.,		&	8.,		display	the	Phage,	Cluster,	User	and	Institution	
information	respectively.	

	
ii. Gene	Candidates	

	
1. Glimmer	and	GeneMark	start	calls.	Also	Starterator	start	call	if	

available.	
2. If	you	click	on	the	Pham	number	the	Starterator	output	for	the	

pham	will	be	displayed	in	a	separate	window.	This	allows	you	to	
look	at	all	of	the	starts	in	all	of	the	phage	genes	in	the	pham.	

3. If	the	Gene	Included	is	unchecked	the	gene	will	not	be	included	in	
the	export	files	and	will	not	be	used	in	the	Gap	between	gene	
calculation.	

4. A.	shows	how	many	items	are	displayed	out	of	the	total	number	of	
entries.	
B.	Drop	down	allow	you	to	display	10,	25,	50	or	100	entries	at	
once.	
C.	Allow	you	to	move	between	pages.	

5. Each	of	the	headings	have	active	sort	functions	associated	with	
them.	Clicking	on	a	header	will	sort	the	table	based	on	the	
information	in	that	column.	An	upward	triangle	indicates	that	the	
table	is	sorted	in	ascending	order	with	the	smallest	value	at	the	
top	of	the	list.	A	downward	triangle	indicates	that	the	table	is	
sorted	in	descending	order	with	the	largest	value	at	the	top	of	the	
list.	

6. The	Search	box	allows	you	to	search	all	of	the	text	in	the	list	for	
corresponding	values.	Only	the	lines	that	contain	matches	will	be	
displayed.	
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7. After	viewing	the	Host-trained	GeneMark,	this	dropdown	box	
allows	you	to	select	either	Yes	or	No	to	indicate	if	the	start/stop	
limits	contain	all	of	the	coding	capacity	for	the	gene.	

8. The	checkbox	indicates	the	current	start	site	selection	for	the	
gene.	You	can	select	alternative	start	sites	by	clicking	on	a	box	next	
to	another	start	site.	Changing	the	start	site	will	not	automatically	
initiate	a	BLAST	search	in	Phagesdb.org,	HHPred,	the	Conserved	
Domain	Database	and	on	the	NCBI	site.	There	are	Rerun	buttons	
next	to	each	of	these	headers	that	will	allow	updating	the	entries	
from	these	databases.	It	may	take	2-8	minutes	for	these	searches	
to	complete.	You	may	refresh	the	page	to	see	if	these	databases	
have	completed	their	search.	
	

	
	

iii. Function	and	Notes	

	
1. The	Function	field	(1	above)	is	used	to	enter	the	function	of	the	

protein.	Just	start	typing	the	function	and	a	list	of	matching	
standard	function	values	will	be	displayed	below	the	entry	box.	
Select	a	value	from	the	displayed	values	or	continue	typing	to	
enter	a	new	function	not	found	in	the	dropdown	list.	

2. The	Notes	field	(2	above)	is	used	to	enter	notes	or	justifications	
that	you	feel	are	important	to	be	communicated	to	those	that	
review	your	annotations	for	the	gene	being	displayed.	When	the	
Save	button	(2	in	the	Header	figure)	at	the	top	of	the	Genes	page	is	
pressed,	these	notes	are	saved	in	the	change	log	at	the	bottom	of	
the	genes	page.	During	export,	which	is	initiated	from	the	Export	
menu	button,	the	currently	displayed	Function	and	Notes	are	
included	in	the	Export	files.	This	is	useful	in	the	final	submission	of	
an	annotated	genome	to	the	phagesdb.org/annotation/	portal.	
	

iv. Phagesdb	BLAST	
Phagesdb	BLAST	provides	matches	to	proteins	that	may	have	
functions	associated	with	them	which	may	provide	evidence	
supporting	a	function	choice.		
	
1. Click	on	the	box	next	to	the	BLAST	match	that	you	want	to	serve	as	

functional	evidence.		
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2. If	you	want	to	see	more	functions	of	this	type,	type	the	function	

into	the	search	box.	
3. You	can	sort	the	list	by	function	by	clicking	on	the	Function	

header.	When	there	is	a	“function	unknown”,	at	the	top	of	the	list,	
clicking	on	the	header	will	sort	and	then	show	you	the	bottom	of	
the	list.	If	the	function	is	still	“function	unknown”	then	click	again	
on	the	Function	header	to	look	at	the	top	of	the	list.	If	both	the	top	
and	bottom	are	“function	unknown”	then	you	can	easily	conclude	
that	there	are	no	other	functions.	This	is	also	a	great	way	to	group	
all	functions	together.	

4. Clicking	on	the	Score	header	sorts	the	list	by	the	score.	This	is	a	
great	way	to	bring	high	scores	to	the	top	after	you	have	sorted	by	
some	other	criteria,	like	function.	

5. Clicking	once	or	twice	on	the	Evidence	header	will	bring	the	
checked	evidence	to	the	top	of	the	list.	

6. If	you	have	changed	the	start	site	in	the	Gene	Candidates	section	
described	above,	make	sure	that	you	Rerun	the	analysis	to	get	the	
latest	data	before	you	select	your	evidence.		
	

v. HHPred	
	
1. The	functional	evidence	from	HHPred	can	also	be	check	marked	

(1).		
2. The	probability	column	(2a)	in	combination	with	the	E-value	(2b)	

provide	confidence	in	the	matching	evidence.	A	probability	above	
98%	will	often	be	related	to	a	function.		The	lower	the	E-value	the	
better.	Shorter	proteins	can	have	significant	E-values	as	high	as	
0.1.	For	longer	proteins,	expect	significant	matches	to	have	much	
lower	values.	
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3. HHPred	often	matches	proteins	with	conserved	domain,	therefore	

the	%	Coverage	can	help	in	deciding	whether	to	call	the	match	as	a	
domain	or	a	function.	

4. The	Target	From	and	Target	To		(4a)	shows	the	range	of	the	
protein	alignment	in	the	matching	protein	from	the	database.	The	
Query	From	and	Query	To	(4b)	shows	the	range	of	the	protein	
alignment	in	your	query	protein.	

5. Clicking	on	a	specific	Hit	link	will	take	you	to	the	NCBI	database	
hits.	You	can	then	choose	Conserved	Domains,	Protein	or	Protein	
Clusters.	

	
Clicking	on	the	Conserved	Domains	gives	you	additional	
information	about	the	domain.	

	
	

vi. NCBI	BLAST	
	
1. The	NCBI	BLAST	list	also	has	a	checkbox	that	can	be	marked	and	

saved	as	functional	support.	
2. The	%	Identity	(2a)	and	the	number	of	Positives	(2b)	measures	

the	similarity	of	the	query	protein	to	the	database	matches.	
3. The	lower	the	E-value	the	better.	Shorter	proteins	can	have	

significant	E-values	as	high	as	0.1.	For	longer	proteins,	expect	
significant	matches	to	have	much	lower	values.	

4. The	Target	From	and	Target	To		(4a)	shows	the	range	of	the	
protein	alignment	in	the	matching	protein	from	the	database.	The	
Query	From	and	Query	To	(4b)	shows	the	range	of	the	protein	
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alignment	in	your	query	protein.	Comparing	the	Target	From	and	
the	Query	From	values	to	see	if	they	are	1:1	is	further	evidence	
that	the	correct	start	site	was	selected.	

	
5. The	Gaps	column	shows	the	number	of	gaps	introduced	in	the	

BLAST	alignment.		
6. The	%	Aligned	and	%	Coverage	give	an	indication	of	how	much	of	

the	protein	is	aligned	to	the	target	protein.	
7. Clicking	on	the	specific	Accessions	will	take	you	to	the	NCBI	site	

for	that	protein	and	usually	inserts	the	link	as	a	new	tab	in	your	
browser	so	that	it	is	easy	to	navigate	between	PECAAN	and	the	
Accession	page.	

	
8. If	there	is	a	Region	or	Site	section	in	the	Accession’s	annotation	

there	will	be	a	Yes	in	the	Region	column.	This	is	useful	information	
that	links	to	HHPred	evidence	and	to	the	Conserved	Domain	
Database	evidence	to	the	NCBI	results.	Clicking	on	the	Yes	in	this	
column	will	bring	up	a	separate	window	that	contains	all	of	the	
Region	and	Site	annotations	for	the	accession.	

	
The	pfam,	TIGR,	COG,	and	PK	…	references	can	be	useful	in	
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selecting	significant	evidence	to	check	mark	in	the	HHPred	and	the	
Conserved	Domain	Database	lists.	For	example	in	the	figure	above	
pfam05133	is	associated	with	region	and	is	also	found	as	a	
significant	match	in	HHPred	and	in	the	Conserved	Domain	
Database	lists.	

9. The	CDS	Note,	like	the	region	description,	is	also	taken	from	the	
Features	of	the	Accession.	These	notes	often	contain	function	
descriptions	and	their	display	here	saves	opening	the	accession	
and	searching	for	these	values.	

10. The	creation	date	is	useful	in	identifying	newly	annotated	vs	old	
phage	annotations.		

11. The	Description	usually	contains	the	Phage	name.	If	you	want	the	
gene	number,	go	to	the	Phagesdb	display	to	find	the	associated	
gene	number.	
	

vii. Conserved	Domain	Database		
	

	
1. The	column	headers	for	the	CDD	have	the	same	functions	and	

meanings	as	those	in	the	NCBI	BLAST	display.	
2. Searches	filter	the	text	in	all	of	the	columns	and	accessions.	
3. Evidence	is	marked	by	clicking	on	the	evidence	box,	just	the	same	

as	in	the	other	analysis	sections	above.	
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viii. The	Change	Log	
The	Change	log	window	displays	all	of	the	changes	that	have	been	
made	and	saved	to	the	individual	gene.	

	

	
1. The	user	name	is	recorded	for	each	entry.	
2. A	brief	description	of	the	change	is	recorded.	
3. A	date	and	time	stamp	is	appended	to	each	change.	

	
	

c. The	tRNA	Page	

	
1. The	tRNA	menu	page	displays	the	Aragorn	(7)	and	tRNA	Scan	SE	

(8)	results.	
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2. If	the	tRNA	Include	check	box	is	marked	the	tRNA	is	used	as	
output.	To	exclude	the	called	tRNA,	uncheck	the	box.	

3. The	Start	and	Stop	positions	of	the	tRNA	gene	is	displayed	and	the	
position	of	the	5’	start	can	be	changed	by	dragging	the	red	divider	
(3)	right	or	left.		

4. The	Stop,	or	3’	end	of	the	tRNA	gene	can	be	changed	by	dragging	
the	red	divider	(4)	right	or	left.	

5. The	(	)	symbols	in	Aragorn	(7)	and	the	<	>	symbols	in	tRNA	Scan	
SE	(8)	represent	the	locations	in	the	sequence,	to	which	they	align,	
where	the	bases	are	hydrogen	bonded.	tRNAs	typically	have	a	7-9	
bp	stem	where	the	3’	and	5’	ends	hybridize	(5).	The	3’	end	then	
contains	an	additional	base	and	then	a	CCA	sequence.	The	amino	
acid	is	attached	to	the	3’	terminal	A.		

6. In	defining	the	3’	end	of	the	tRNA	we	typically	include	as	much	of	
the	–XCCA	sequence	that	is	encoded	by	the	gene.	For	this	example	
only	the	-GC	(6)	in	included.	

7. Aragorn	evidence.	
8. tRNA	Scan	SE	Cove	Score	evidence	should	be	greater	than	20.	

Therefore,	this	gene	would	not	be	included	and	the	tRNA	Include	
box	should	be	unchecked.	

9. Notes	section	where	notes	can	be	recorded.	Below	the	notes	
section	a	Change	Log	box	also	records	changes	with	a	similar	
format	to	the	Genes	Change	Log	described	above.	

10. Press	this	button	to	record	changes.	
11. Press	this	button	to	record	that	you	reviewed	the	tRNA	gene	and	

don’t	need	to	make	any	chages.	
12. Drop	down	box	used	to	view	and	select	other	tRNA	genes.	

	
	

d. The	tmRNA	Page	
tmRNA	combines	the	features	of	tRNA	and	mRNA.	It	recycles	stalled	
ribosomes	by	adding	a	proteolysis-inducing	tag	to	the	unfinished	
polypeptide,	and	then	facilitates	the	degradation	of	the	aberrant	mRNA.	
(Wikipedia)	
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1. Clicking	on	the	tmRNA	menu	displays	the	tmRNA	page.	
2. Individual	tmRNA	genes	are	selected	from	the	drop	down	box.	
3. If	the	tmRNA	Included	check	box	is	checked,	the	tmRNA	will	be	

included	in	the	function	and	full-annotation	outputs.	If	unchecked,	
it	will	not	be	included	in	these	reports.	

4. tmRNA	is	predicted	by	the	Aragorn	program.	
5. The	start	and	stop	positions	of	the	tmRNA	are	defined	and	not	

adjustable	like	the	tRNA	ends.	
6. The	sequence	tag	of	the	tmRNA	is	displayed.	
7. The	change	log	displays	changes	in	the	tmRNA	Included	checkbox	

which	is	the	only	change	allowed	on	this	page.	
	
	

e. The	Sequence	Page	
i. The	Sequence	page	is	accessed	from	the	top	menu	(1).	If	you	have	not	
selected	a	phage	it	will	send	you	to	the	Summary	page.	If	you		have	not	
selected	a	gene,	it	will	send	you	to	the	Genes	page	first.	If	you	have	
selected	a	gene	in	the	Genes	page	and	click	the	Sequence	menu	it	will	
display	both	the	DNA	Sequence	(2)	and	the	Protein	Sequence	(3).	The	
Phage	(4a),	Gene	Start	(4b)	and	Orientation	(4c)	are	also	shown.	
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ii. The	bottom	of	the	sequence	page	shows	the	six-frame	map	with	the	
position	of	the	left	end	of	the	visible	sequence	or	the	position	of	the	
cursor	displayed	in	the	upper	left	corner	(1).	Clicking	on	the	Move	To	
Sequence	button	(2)	will	scroll	the	six	frames	to	the	current	gene	
shown	at	the	top	of	the	Sequence	page.	(Still	fixing	alignment	of	the	frames.)	

	
	

f. The	Export	Page	
i. The	Export	page	is	used	to	export	five	different	files.	

	
1. Clicking	on	the	Export	menu	displays	the	Export	page.	
2. The	Export	CDS	Function	creates	a	file	from	the	PECAAN	Function	

fields	that	has	all	of	the	function	information	needed	to	create	the	
DNA	Master	file	that	only	displays	the	annotated	functions	in	the	
Notes	field.	
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Select	all	of	the	text	in	this	file	and	copy	it	to	your	clipboard.	
	
Open	the	DNA	Master	file	for	the	phage	corresponding	to	the	
PECAAN	phage	used	to	make	the	export.	
	
Go	to	DNA	Master	and	display	the	Documentation	page.	

	
Right-click	on	the	body	of	the	text	(1)	and	click	on	the	Select	All	
option	in	the	pop-up	box.	Right-click	on	the	body	of	the	selected	
text	(1)	and	then	click	on	the	Paste	option	in	the	pop-up	box.	The	
selected	text	should	have	been	replaced	with	the	text	from	the	
Phagename_CDSfunction.txt	file.	Verify	the	replacement.	
Next	click	on	the	Parse	button	(2)	and	approve	the	over-writing		of	
the	database.	You	should	now	be	able	to	select	the	Features	menu	
option	and	see	the	functions	displayed	in	the	notes	field	of	the	
DNA	Master	file.	Save	the	DNA	Master	file.	

3. The	Export	CDS	Full	Annotation	button	creates	a	file	from	the	
PECAAN	fields	and	checkboxes	that	contains	a	fully	formatted	and	
annotated	genome.	This	file	can	be	used	to	create	the	DNA	Master	
file	that	contains	the	full	annotations	in	the	Notes	field.	The	
process	of	transferring	the	full	annotations	to	DNA	master	is	the	
same	as	in	1	above:	Click	on	the	Export	CDS	Full	Annotation	button	
in	PECAAN	and	open	the	file.	Select	all	of	the	text	and	copy	it	to	
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your	clipboard.	Open	the	corresponding	DNA	Master	genome	file	
and	navigate	to	the	Documentation	menu	page.	Right-click	on	the	
body	of	the	text	and	click	on	the	Select	All	option.	Right-click	on	
the	body	of	the	selected	text	and	click	on	the	Paste	option.	Click	on	
the	Parse	button	to	rewrite	the	new	data	to	the	DNA	Master	
database.	Navigate	to	the	Features	menu	page	and	verify	that	the	
full	annotations	are	displayed	in	the	Notes	field.	

4. The	Export	Gene	Changelog	file	displays	all	of	the	changes	made	to	
each	gene	along	with	the	name	and	time/date	stamp	for	when	the	
change	was	made.	This	log	keeps	track	of	who	touched	the	genome	
and	what	changes	were	made.	This	can	be	useful	in	reviewing	
student	participation	and	the	quality	of	their	annotations	and	
checking.	

5. The	Export	CDS	Notes	file	captures	all	of	the	currently	visible	text	
from	the	PECAAN	Notes	field.	This	is	useful	because	it	allows	one	
to	quickly	scan	all	of	the	Notes	in	a	genome.	If	students	put	
questions	into	their	notes	section	when	they	have	questions	or	
problems,	it	allows	an	instructor	to	quickly	scan	all	of	the	genes	
and	focus	on	specific	problem	genes.	When	an	instructor	is	doing	a	
quality	check	before	submission	of	the	annotated	genome,	it	is	a	
nice	place	to	put	notes	that	need	to	come	to	the	attention	of	the	
SMART	team.	These	notes	can	easily	be	copied	from	the	exported	
file	and	inserted	into	the	bottom	field	of	the	submission	form.	

6. The	tRNA	Changelog	Export	file	displays	all	of	the	changes	made	
for	each	tRNA	along	with	the	name	and	time/date	stamp	for	when	
the	change	was	made.	This	log	keeps	track	of	who	touched	the	
tRNAs	and	the	changes	that	were	made.	This	can	be	useful	in	
reviewing	student	participation	and	the	quality	of	their	
annotations	and	checking.	

7. The	tmRNA	Changelog	Export	file	displays	all	of	the	changes	made	
for	each	tmRNA	along	with	the	name	and	time/date	stamp	for	
when	the	change	was	made.		

8. The	Author	Export	file	will	output	a	phagename_authors.csv	file	
containing	all	of	the	names	of	students	that	have	annotated	or	
check	the	phage	genome	annotations	(assuming	that	they	have	
made	changes	and	clicked	the	Save	button	in	the	Genes,	tRNA	or	
tmRNA	pages).	This	page	can	be	further	edited	and	used	to	submit	
the	authors	during	the	Genome	submission	process.	The	exported	
author.csv	file	will	be	in	the	correct	format	for	submission	if	
student	account	names	are	set	up	correctly	in	the	beginning	as	
Lastname,	Firstname	MI.	
	

g. The	Admin	Page	
A	detailed	description	of	the	Admin	pages	and	their	use	is	given	in	sections:	
4.	Setting	up	a	New	Genome	
5.	Setting	up	a	New	User	Account	
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7. Annotation	workflow	
There	are	only	three	basic	questions	that	need	to	be	answered	for	each	gene	during	
annotation:	1)	should	we	include	the	gene	or	add	a	gene?								2)	what	is	the	best	
start	site?,	and				3)	what	function,	if	any,	can	we	assign	to	this	gene?	If	there	is	an	
assignable	function,	then	the	task	becomes	choosing	the	best	evidence	that	supports	
that	function.	
	

a. Should	the	Gene	Be	Included?	
Use	the	Host-Trained	GeneMark	plot	to	determine	if	there	is	good	coding	
capacity	for	the	gene	of	interest.	If	a	gene	has	not	been	called	then	consider	
adding	a	gene.	The	GeneMark	plot	can	also	be	used	to	determine	if	the	gene	
of	interest	greatly	overlaps	another	valid	gene,	if	it	does	then	it	maybe	it	
should	not	be	included.	Checking	other	evidence,	such	as	Phamerator	
alignments	and	function	alignments,	can	help	in	making	decisions	to	add	or	
eliminate	genes.	Check	the	Gene	Included	box	(10	in	figure	below)	to	include	
the	gene	and	uncheck	to	not	include	the	gene	in	the	Export	reports.	
	
	

b. Choosing	a	start	site.	
Look	for	the	start	site	with	the	greatest	weight	of	supporting	evidence.	This	
does	not	just	mean	the	number	of	supporting	elements	(1	below)	but	also	
their	relative	weight:	(Starterator	=	3,	A	-4	Gap	=	4,	Glimmer	=	2,	GeneMark	=	
1,	All	GeneMark	Coding	Capacity	=	3,	1:1	Target:Query	=	2).	
The	current	start	site	is	marked	with	a	blue	check	box	on	the	right	of	the	
Gene	Candidates	list	(4	below).	Alternate	start	sites	can	be	selected	by	
checking	a	box	on	another	line	and	confirming	your	choice.	
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i. The	goal	of	start	site	selection	is	to	encompass	all	of	the	coding	capacity	
defined	by	the	Host-Trained	GeneMark.	Selecting	site	“a”	below	would	
contain	all	of	the	coding	capacity	where	selection	of	site	“b”	would	not.	

	
If	the	selected	start	site	contains	all	of	the	coding	capacity,	use	the	drop	
down	box	under	the	All	GM	Coding	Capacity	(9	in	top	figure)	to	select	the	
Yes	option.	If	it	does	not	contain	all	of	the	coding	capacity,	use	the	drop	
down	box	to	mark	the	No	option.	If	you	change	start	sites	the	Yes	or	No	
choices	previously	made	are	erased	and	the	Select	prompt	is	displayed.	You	
will	need	to	re-mark	this	response.	

ii. 	Begin	by	comparing	the	start	sites	suggested	by	Glimmer,	GeneMark	and	
Starterator	(1,	2,	&	3	in	top	figure).	If	they	all	agree	then	there	is	a	good	
chance	that	the	start	site	that	they	suggest	is	correct.	The	relative	weight	
for	the	three	is	Starterator	>	Glimmer	>	GeneMark.		Look	for	suggest	start	
sites	that	contain	all	the	coding	capacity	defined	by	the	Host-Trained	
GeneMark.	

iii. Good	start	sites	usually	have	a	Z-score	(6	in	top	figure)	around	2	or	greater.	
The	exception	is	when	there	is	a	-4	Gap,	here	the	ribosome	terminates	
translation	and	then	can	reinitiate	translation	without	disassembling	and	
reassembling.	Z-scores	as	low	as	1-	1.6	can	be	found	at	these	types	of	valid	
start	sites.		You	can	use	the	Spacer	information	as	a	tie	breaker,	given	that	
all	else	is	equal,	between	two	start	sites.	Extremely	large	spacers,	=>	17	
tend	to	have	lower	translation	initiation	frequencies	than	those	sites	with	
spacers	8-14.	

iv. The	Gap	(7	above)	indicates	the	number	of	bases	from	the	5’	end	of	a	gene	
to	the	gene	that	lies	directly	upstream.	A	0	base	Gap	would	end	at	one	base	
and	begin	the	next	gene	at	the	next	base,	for	example	--TGA	ATG—where	
TGA	ends	the	upstream	gene	and	ATG	begins	the	next	gene.	A	one	base	
overlap	(Gap	=	-1)	might	look	like	this:	TG	A	TG—where	the	A	is	used	both	
in	the	stop	(TGA)	and	the	start	(ATG)	codons.	A	Gap	of			-4	might	look	like:	-
-A	TG	A—where	the	TG	is	used	by	the	stop	codon	TGA	and	is	also	used	in	
the	start	codon,	ATG	for	the	next	rightward	gene.	Gaps	of	0,	-1	or	-4	give	the	
ribosomes	the	opportunity	to	terminate	translation	of	one	gene	and	then	
slide	either	forward	or	back	a	few	bases	and	then	reinitiate	translation	of	
the	next	adjacent	gene.	The	abundance	of	this	type	of	overlap/	adjacency	is	
probably	not	random,	but	has	been	selected	as	an	efficient	mechanism	for	
expressing	protein	from	a	polycistronic	transcript.	Therefore,	more	weight	
is	given	to	starts	sites	with	a	Gap	of	-4,	-1,	or	0.	
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v. Two	good	ways	to	view	the	relative	positions	of	the	start	sites	called	in	
other	similar	genes,	is	to	look	at	the	Starterator	alignments	for	the	Pham	to	
which	your	gene	belongs.	Display	the	Starterator	map	for	the	pham	
associated	with	your	gene	by	clicking	on	the	blue	Pham	text	(5	above).	As	
illustrated	in	the	alignment	for	pham	7828,	below,	all	of	the	genes	in	in	
pham	7828	fall	into	four	tracks.	Each	track	has	a	unique	pattern	of	start	
sites	shown	by	the	colored	vertical	lines	(1	&	3	below).	The	blank	regions	at	
positions	2	represent	gaps.	All	of	the	tracks	have	a	start	at	position	1.		

	
The	Pham	Report	for	7828	is	shown	below	(1	below).	It	shows	the	
Phage_genes	associated	with	each	of	the	four	tracks	(2	below).	Notice	that	
the	position	of	the	Most	Called	Start	(3	below)	is	at	start	4	(counted	left	to	
right)	which	corresponds	to	label	1	on	the	map	above.	There	are	lists	for	
Genes	that	have	the	most	called	site	but	did	not	call	it	(4	below).	There	is	
also	a	list	for	genes	that	do	not	have	the	most	called	start	site	(5	below).	
Finally,	there	is	a	list	of	suggested	starts	for	each	gene	(6	below).	Notice	
that	Baehexic_1	has	a	suggested	start	at	position	4	that	corresponds	to	base	
331	which	is	what	is	shown	under	the	Starterator	Start	column	in	PECAAN.	
Note	that	the	suggested	start	for	Kalpine_1	is	start	4	but	it	was	called	at	
start	4.	This	may	be	a	gene	in	which	the	start	site	needs	to	be	revised.	
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vi. Another	similar	source	of	evidence	can	seen	by	looking	at	the	NCBI	BLAST	
results	displayed	lower	in	the	gene	page.	If	you	scan	to	the	right	of	the	
BLAST	list	you	will	see	the	columns	labeled	Target	From,	Target	To,	Query	
From,	and	Query	To	(see	figure	below).	By	comparing	the	Target	From	to	
the	Query	From	columns	you	can	see	if	the	start	site	in	the	Target	gene	that	
was	aligned	to	your	Query	gene	is	the	same.		If	you	see	1:1	matches	then	
the	two	start	sites	are	in	the	same	relative	position.	If	you	see	a	match	of	
1:32	or	64:1	in	a	BLAST	match	with	a	good	e-value	(<	10-20)	then	you	may	
want	to	reconsider	your	start	site	or	the	Target	start	site	may	need	to	be	re-
evaluated.		Again,	the	Starterator	map	and	report	probably	gives	a	better	
analysis.	
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c. Changing	a	start	site	
As	noted	in	point	7a	above,	start	sites	can	be	selected	by	clicking	on	the	box	
at	the	right	end	of	a	line	in	the	Gene	Candidates	list.	When	a	new	gene	start	
site	is	selected	the	All	GM	Coding	Capacity	box	is	reset	to	Select.	The	function	
support	checkboxes	in	Phagesdb	BLAST,	HHPred,	NCBI	BLAST	and	the	
Conserved	Domain	are	not	unchecked	until	new	queries	are	sent	to	each	of	
these	databases	by	clicking	on	the	Rerun	button.	When	start	sites	are	
changed	and	the	function	support	queries	are	Rerun,	it	may	take	up	to	five	
minutes	for	the	HHPred	and	NCBI	BLAST	results	to	be	returned.	Refresh	the	
page	occasionally	to	see	if	these	results	have	been	returned	or	go	to	another	
gene	and	work	on	it	while	waiting.	If	you	select	the	start	site	that	had	been	
previously	selected,	the	information	for	the	four	databases	is	instantly	
available	because	these	results	not	changed	until	they	are	Rerun,	therefore,	
don’t	hesitate	to	explore	alternative	start	sites	if	there	is	a	reason	to	do	so,	
because	returning	to	the	original	start	is	quite	simple.	
	

d. Choosing	support	for	a	function	
Before	choosing	a	function,	explore	the	matches	to	your	protein	query	from	
the	four	databases,	Phagesdb	BLAST,	NCBI	BLAST,	HHPred	and	the	
Conserved	Domain	Database,	to	determine	if	there	is	sufficient	support	for	a	
function.	The	narratives	for	each	database	below	will	help	you	weigh	the	
evidence	supporting	a	function.	

i. Phagesdb	BLAST	
The	Phagesdb	protein	BLAST	is	found	at	http://phagesdb.org/blastp/.	
This	an	excellent	place	to	start	the	function	search	since	it	readily	
displays	the	annotated	functions	of	matching	phage	genes.		If	you	only	
see	“function	unknown”	click	on	the	Function	column	header,	once	or	
twice,	to	sort	the	matches	by	function	(1).		

	
	
This	is	a	quick	way	to	look	above	and	below	the	“function	unknown”	
to	see	if	there	are	other	functions.	Look	at	the	relative	score	(3)	and	e-
values	to	determine	significance	of	matches	with	functions.	To	see	all	
phages	with	one	particular	function,	type	part	or	all	of	the	function	
description	into	the	upper	right	Search	box	(2)	and	only	those	
matches	that	correspond	to	the	search	text	will	be	displayed.	Once	
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you	have	identified	a	potential	function,	click	on	the	Score	header,	
once	or	twice,	to	bring	the	top	scores,	with	the	correct	function,	to	the	
top	if	the	list.	Mark	the	Evidence	box	for	the	phage	that	best	supports	
the	function.	Finally,	in	order	to	display	your	selected	phage	in	the	
context	of	the	other	top	matches,	delete	any	text	in	the	Search	box	(2),	
click	on	the	Score	header	(3)	to	bring	the	top	score	matches	to	the	top	
and	then	click	the	Evidence	column	header	(4)	to	bring	the	selected	
phage	evidence	to	the	top.	
	

ii. NCBI	BLAST	
Once	a	match	has	been	identified	in	Phagesdb	you	can	jump	down	to	
NCBI		BLAST	and	view	additional	information	such	as	%	Identity	(1),	
%	Coverage	(2),	the	range	of	BLAST	alignment	(3),	and	Region	(4)	
/annotation	information	for	each	matching	Accession	(5).	If	the	
matching	phage	from	Phagesdb	is	not	visible	in	the	NCBI	BLAST	
results,	type	the	phage	name	into	the	Search	field	(6)	and	then	
checkmark	it’s	Evidence	box	(7).		
(	NOTE:	If	you	still	do	not	see	the	Phagesdb	phage	match	in	the	NCBI	
BLAST	list	then	click	on	the	accession	number	of	some	of	your	top	
NCBI	matches	and	click	on	the	“Identical	Proteins”	button	at	the	top	
left	of	the	accession	screen.	NCBI	BLAST	lists	only	return	one	example	
of	identical	proteins	and	therefore	you	may	only	be	able	to	find	a	
Phagesdb	match	in	the	NCBI	BLAS	Identical	Proteins	list.)	
To	reset	the	display	of	your	evidence	relative	to	the	%	Identity,	delete	
any	text	in	the	Search	box	(6)	and	click	on	the	%	Identity	column	
header	(1)	to	bring	the	highest	identities	to	the	top	of	the	list	and	then	
click	the	Evidence	column	(7)	header	to	bring	the	checked	evidence	to	
the	top	so	that	you	can	see	it	relative	to	the	top	identity	hits.	

	
	
Functional	evidence	(5a	below)	and	conserved	domain	information	
labeled	as	Region	(5b	below)	and	Site	(5c	below)	can	been	seen	for	
each	match	by	clicking	on	the	highlighted	Accession	link	(5	above)	
and	scanning	the	FEATURES	section,	shown	below.	
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The	Region	column	(4	top)	displays	a	Yes	for	those	Accession	matches	
that	contain	Region	or	Site	notes	(5b,	5c).	The	Region	and	Site	notes	
(5b,	5c)	can	be	useful	in	selecting	HHPred	and	Conserved	Domain	
Database	evidence	that	may	be	relevant	to	function,	for	example	in	the	
example	above,	cd00085	(4a)	is	also	found	as	a	matching	reference	in	
both	HHPred	and	the	Conserved	Domain	Database.	Clicking	on	the	Yes	
link	(4)	for	an	Accession	will	display	the	Region/Site	information	in	a	
separate	floating	window	for	easy	viewing	and	reference.	Reference	
number	header	types	that	are	found	in	the	Conserved	Domain	
Database	include:	COG,	pfam,	smart,		and	cd.	HHPred	reference	types	
include	PRK,	PHA,	pfam,	cd,	and	TIGR.	Search	for	these	reference	
number	header	types	in	the	Region	and	Site	notes	before	looking	for	
evidence	in	HHPred	and	the	Conserved	Domain	Database.	
	

iii. HHPred	
HHPred	predicts	the	secondary	structure	of	the	query	protein	and	
then	selects	matches	with	known	structures	that	correspond	to	the	
predicted	structure.		
	
The	probability	column	(1)	in	combination	with	the	E-value	(2)	
provide	confidence	in	the	matching	evidence.	A	probability	above	
98%	will	often	be	related	to	a	function.	Significant	functions	can	be	
found	with	probabilities	as	low	as	90%.		For	E-values,	the	lower	the	E-
value	the	better,	with	a	value	of	0	being	optimal.	Look	for	E-values	
that	are	less	than	1E-5.	However,	shorter	proteins	can	have	significant	
E-values	as	high	as	0.1.		
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If	you	have	previously	identified	a	function	from	Phagesdb	or	a	
conserved	domain	from	the	NCBI	BLAST	Regions	(such	as	the	
cd00085	domain	discussed	in	the	NCBI	BLAST	section)	you	can	easily	
search	for	it	using	the	Search	box	(3).	Domain	reference	numbers	may	
be	found	in	the	Hit	column	(5).	Searching	for	functions	in	the	
Description	column	(4)	can	be	tricky	and	sometime	mislead	you	to	
think	that	there	is	no	supporting	HHPred	evidence.	This	is	because	the	
Description	field	is	truncated	and	the	functional	descriptors	are	not	
always	consistent	or	fully	representative	between	the	target	entries.	
To	find	the	best	evidence	you	may	need	to	click	on	several	Hit	links	
(5)	and	read	the	fuller	descriptions	found	in	the	Conserved	Domains	
(1	below)	or	Protein	(2	below)	links	at	the	right,	under	the	Proteins	
header,	of	the	NCBI	search	results	page	(shown	below).		

	
	
The	%	Coverage	(6)	and	the	Target/Query	ranges	(7)	are	helpful	in	
deciding	if	this	evidence	points	toward	a	local	conserved	domain	or	
the	actual	protein	function.	Strong	matches	to	short	regions,	5-30%	
coverage,	may	be	more	indicative	of	a	conserved	domain.	Coverages	
greater	than	50%	may	support	whole	protein	functions.	Note	that	
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HHPred	may	have	much	longer	(or	shorter)	coverage	for	the	same	
domains	reported	in	the	Conserved	Domain	Database	because	it	is	
matching	by	predicted	structure	where	the	Conserved	Domain	
Database	is	matching	by	amino	acid	homology.	
	

iv. Conserved	Domain	Database	
The	Conserved	Domain	Database	has	a	list	of	Accessions	that	match	
the	Query	protein	sequence.			
1. First	look	for	Accession	(1)	matches	to	Region	domains	found	in	

the	NCBI	BLAST	Region	or	in	HHPred	hits.	
2. Next	look	for	matches	with	the	highest	%	Identity	(2a)	and	the	

highest	%	Coverage	(2b)	that	have	acceptable	E-values	(2c).	The	%	
Identity	will	be	a	fraction	of	the	%	Coverage.		

3. Look	to	see	if	there	is	more	than	one	distinct	Query	range	(3)	in	
the	list	of	Accessions,	if	so,	then	mark	the	best	representative	
Accession	within	each	range	that	have	acceptable	e-values.	

4. The	Descriptions	(4)	are	usually	verbose	enough	that	you	should	
not	need	to	click	on	the	Accession	link,	never	the	less,	the	link	in	
available	if	you	would	like	to	view	more	detail	on	the	Accession.	

	
	

e. Entering	a	function	
i. Enter	NKF	for	No	Known	Function.	Proper	entry	for	no	function	is	
important	because	during	export	of	this	field	PECAAN	excludes	NKF	
tagged	fields	when	building	certain	reports.	

ii. When	entering	functions,	you	need	to	use	standard	gene	notation	that	
is	found	in	the	Function	Assignments	table.	When	you	start	typing	text	
into	the	Function	field	a	drop	down	box	will	appear	under	the	
Function	field	with	a	list	of	standard	gene	notations	that	match	your	
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text.	Select	the	appropriate	function	or	continue	typing	if	no	matches	
are	found.	If	you	find	a	function	that	is	not	shown	in	the	standard	gene	
notation	list,	first	look	at	the	function	field	in	Phagesdb	BLAST	to	see	
what	is	the	most	common	function	notation	for	strong	matches,	and	
use	that	notation.		Clicking	on	the	Function	header	in	Phagesdb	BLAST	
will	sort	and	display	the	functions	as	groups.	You	can	also	check	the	
Creation	Date	in	the	NCBI	BLAST	to	see	which	Accessions	have	the	
latest	creation	date.	Usually	the	Accessions	with	the	most	recent	date	
will	have	the	most	standard	notation.	

f. Entering	comments	into	the	Notes	section	
i. Student	and	faculty	comments	
During	the	annotation	process,	students	and	faculty	should	enter	
comments	into	the	Notes	field	so	people	that	check	the	annotations	
will	be	able	to	identify	areas	that	the	annotator	is	not	confident	in	or	
that	required	extended	investigation	to	derive	the	function	or	start	
site	location.		

ii. Faculty	QC	comments		
When	faculty	do	a	final	review	of	the	genome	before	submission	to	the	
Phagesdb	Annotation	portal,	they	need	to	generate	a	notes	file	to	
attach	to	the	submission	form.	Text	in	the	Notes	field	can	be	exported	
at	any	time	using	the	Export	CDS	Notes	option	under	the	Export	menu.	
It	is	therefore	very	useful	to	erase	all	student	notes	from	the	Notes	
field	and	enter	only	those	notes	that	you	want	to	submit	to	the	SMART	
QC	reviewers.	Remember,	you	will	need	to	press	the	Save	button	after	
entry	of	new	notes.	

iii. SMART	QC	Reviewer	comments.	
When	the	SMART	QC	reviewers	do	a	final	review	of	the	genome,	
before	sending	your	results	back	to	the	submitter	for	a	final	look,	the	
Notes	field	can	be	used	to	easily	gather	comments	and	attach	them	to	
their	associated	CDS	ranges.	Since	gene	numbers	sometimes	can	be	
shifted	during	the	final	file	preparation,	attaching	the	notes	to	a	CDS	
range	will	avoid	confusion.	These	notes	can	be	exported	using	the	
Export	CDS	Notes	option	under	the	Export	menu.	

iv. Exporting	the	Notes	
A	text	file	containing	only	the	notes,	and	their	associated	CDS	region,	
can	be	exported	at	any	time	using	the	Export	CDS	Notes	option	under	
the	Export	menu.		

v. Saving	Changes	
All	changes	in	Functions,	Notes	and	check-marked	evidence	is	
recorded	in	the	Change	Log	whenever	the	Save	button	is	pushed.	If	
you	go	to	another	gene	before	saving	your	changes	they	will	be	lost.	If	
the	save	button	is	pushed	and	no	changes	were	made,	then	nothing	
new	will	be	added	to	the	Change	Log.	If	you	have	reviewed	a	gene	and	
find	that	no	changes	are	necessary,	make	a	statement,	in	the	Notes	
field,	that	no	changes	are	necessary	and	press	the	Save	button.	Your	
name	and	the	note	comment	will	be	recorded	in	the	Change	Log.	This	
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will	allow	other	checkers	know	that	you	have	reviewed	the	
information.		

	
g. The	Change	Log	

Whenever	the	Save	button	is	pushed	in	a	gene	record,	all	fields	and	
checkboxes,	that	are	changed,	will	be	recorded	in	the	Change	Log	field	along	
with	the	Name	of	the	User	that	made	the	change(s)	and	a	date	/	time	stamp.	

i. Viewing	the	Change	Log	
The	Change	Log	for	each	gene	is	located	at	the	bottom	of	the	Genes	
window.		The	Change	Log	field	is	a	scrolling	field,	therefore	all	
changes	may	not	be	visible	in	the	initial	view.	Place	your	cursor	over	
the	field	and	scroll	down	and	up	to	review	all	of	the	recorded	changes.	

ii. Exporting	the	Change	Log	
All	changes	recorded	in	the	Change	Logs	for	all	of	the	genes	can	be	
exported	into	a	composite	text	file	by	clicking	on	the	Export	
Changelog	button	on	the	Export	menu	page.	This	is	useful	for	
instructors	that	would	like	to	review	changes	and	comments	left	by	
students.	This	complete	text	file	can	be	easily	searched	in	most	text	
viewers	and	is	a	fast	way	to	find	a	gene	with	a	particular	function	or	
note	that	you	are	looking	for	(much	easier	than	scrolling	through	each	
gene’s	changelog).	

h. Adding	a	gene	
i. Reasons	for	adding	a	gene																																																																																																																																																																																																																																				
1. If	coding	capacity	is	detected	in	the	Host-Trained	GeneMark	for	a	

region	that	is	not	encompassed	by	a	gene	(brackets	below	in	left	
figure)	you	may	want	to	add	a	gene	and	use	the	PECAAN	evidence	
tools	to	determine	it’s	efficacy.		

							 	
2. Maps	that	align	and	compare	the	genome	of	interest	to	other	

published	genomes,	such	as	Phamerator	maps	(right	above)	or	
DNA	Master	alignments	can	be	helpful	in	identifying	regions	that	
contain	genes	in	other	genomes	that	have	not	been	initially	called	
in	the	genome	of	interest.	(A	PECAAN	genomic	alignment	and	six	
reading	frame	map	is	being	developed	under	the	Sequences	menu	
that	will	allow	you	to	compare	the	query	genome	with	the	top	
closely	related	genomes.)		
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ii. How	to	Add	a	Gene	
To	add	a	gene	into	PECAAN	click	on	the	Add	Gene	button	at	the	top	of	
the	Genes	screen.	A	pop-up	box	will	appear	where	you	can	enter	the	
coordinates	for	the	Start	and	Stop	sites.	A	new	gene	will	then	be	
generated.	PECAAN	will	then	generate	a	Gene	Candidate	table	and	
search	the	databases	for	matches	to	the	predicted	protein.	If	the	start	
and	stop	do	not	correlate	to	the	same	reading	frame	or	if	the	reading	
frame	is	not	completely	open	between	the	start	and	stop	sites	then	an	
error	message	will	be	generated	indicating	the	problem	with	your	
coordinates.	Start	site	coordinate	is	defined	as	the	first	base	of	the	
start	codon	(ATG,	GTG	or	TTG)	and	the	stop	site	coordinate	is	defined	
as	the	last	base	of	the	termination	codon	(TAA,	TGA,	of	TAG).	

i. Deleting	a	gene	
i. Reasons	for	deleting	a	gene.	
1. If	coding	regions	greatly	overlap	or	you	have	both	forward	and	

reverse	genes	covering	the	same	region,	you	may	choose	to	delete	
one	of	the	genes.	

2. If	the	gene	is	less	than	40	amino	acids	or	the	reading	frame	is	
significantly	less	than	120	bp	then	you	may	consider	deleting	the	
gene.	

ii. Deleting	a	gene.	
To	delete	a	gene	in	PECAAN,	simply	uncheck	the	Gene	Included	check	
box	under	the	Gene	Candidates	header	and	then	click	the	Save	button.	
The	gene	will	remain	visible	but	will	not	be	exported	by	any	of	the	
options	under	the	Export	menu.	

	
iii. Adding	a	gene	back	after	a	deletion.	

To	add	a	gene	back	after	it	has	been	deleted,	simply	recheck	the	Gene	
Included	checkbox	and	press	the	Save	button.	The	checked	gene	will	
then	be	included	in	all	exported	reports.	
	

j. Calling	tRNAs	
i. When	viewing	a	tRNA	window	(below)	look	for	the	tRNA	Scan	SE	
Cove	Score	(1	below).		In	HyRo,	which	contains	about	30	tRNAs,	I	
found	that	real	tRNAs	have	Cove	Scores	greater	than	30	and	non-real	
tRNA	calls	had	Cove	Scores	less	than	20.	Unmark	the	tRNA	Include	
box	if	the	Cove	Scores	are	less	than	20.	

ii. The	Aragorn	tRNA	calls	have	the	most	accurate	Start	and	Stop	
predictions.	If	you	need	to	adjust	the	5’	end,	move	the	vertical	marker,	
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at	label	5	below,	to	the	right	or	left	to	adjust	the	Start	site.	If	you	need	
to	adjust	the	3’	end,	move	the	vertical	marker,	at	label	6	below,	to	the	
right	or	left	to	adjust	the	Stop	site.	

	
iii. The	acceptor	arm	of	the	tRNA	is	a	double-stranded	stem	region	of	7-9	

bp	made	up	by	hydrogen	bonding	the	5’	end	of	the	tRNA	with	bases	
near	the	3’	end	of	the	tRNA.	In	the	figure	above	the	seven	bases,	
GGGTCTG,	at	the	5’	end	correlating	with	the	(((((((	bonding	
designators	(region	2	above)	are	bonded	to	the	CAGGCCT	
corresponding	to	the	)))))))	bonding	designators	(region	3	above)	at	
the	3’	end:	
	
5’-G	:	TGCCA-3’	
					G	:	C	
					G	:	C	
					T	:	G	
					C	:	G	
					T	:	A	
					G	:	C	
						.					.	
	
Yes,	G	can	base	pair	with	T	in	tRNAs.	Notice	that	the	3’	end	has	four	
unpaired	bases	GCCA	that	correspond	to	a	-XCCA	pattern	found	at	all	
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tRNA	3’	ends.	Not	all	tRNAs	have	the	CCA	portion	of	this	pattern	coded	
in	the	gene	and	these	bases	can	be	added	to	the	3’	end	of	the	tRNA	by	
cellular	enzymes.	When	calling	the	3’	end	of	a	potential	tRNA	gene,	
include	all	of	the	CCA	pattern	that	is	encoded	by	the	gene	sequence	
but	no	more.	

iv. When	you	have	finished	reviewing	or	editing	the	tRNA,	click	on	the	
Change	tRNA	Data	button	(7	above)	if	you	have	made	changes	to	the	
tRNA	Include	box	or	the	Start/Stop	positions.	Click	the	Checked	with	
no	change	button	if	you	are	satisfied	with	the	current	parameters	but	
want	to	indicate	that	you	have	done	a	thorough	review	(8	above).		

v. Click	the	drop	down	box	at	label	7	(above)	to	select	other	tRNA	genes.	
	

k. Frame	Shifts	
i. When	encountering	potential	frameshifts	two	adjacent	genes	will	
align	to	the	same	BLAST	target.	Usually	one	of	the	query	genes	will	
align	with	one	end	of	the	target	and	the	other	query	gene	will	align	
with	the	other	end	of	the	same	target.	This	may	indicate	that	a	
frameshift	is	taking	place	during	translation	or	it	may	indicate	that	the	
gene	has	recently	incurred	a	mutation	in	which	a	base	has	been	
inserted	or	deleted	from	the	coding	region.	Frameshifts	are	commonly	
found	in	the	Tail	Chaperone	Assembly	protein.		An	example	is	shown	
below.		

ii. Open,	in	GenBank,	the	Accession	link	for	phage	JHC117	gene	26,		and	
scroll	down	to	the	end	of	the	annotation	and	amino	acid	sequence	as	
shown	below.	

	
iii. Notice	that	this	gene	is	a	“tail	assembly	chaperone”	that	has	a	

frameshift	(1	above).	The	frameshift	is	a	result	of	
“ribosomal_slippage”	(2	above).	A	frameshift	occurs	when	the	
ribosome	moves	from	one	reading	frame	to	another	reading	frame	
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before	the	termination	codon	in	the	first	reading	frame	is	reached.	
The	protein	is	derived	from	the	translation	of	two	separate	nucleotide	
sequences	that	are	designated	by	the	“join”	annotation	(3	above).	The	
range	of	the	first	translated	nucleotide	range	is	shown	in	4a	above:	
15181..15555.	We	can	calculate	the	number	of	amino	acids	that	are	
coded	in	this	region	by	subtracting	15181	from	15555	(add	1	to	the	
difference)	and	divide	by	3	nucleotides/amino	acid	(shown	in	5	
above).	The	first	125	amino	acids	are	coded	for	by	the	first	nucleotide	
segment	(ends	at	“..atqpg”	shown	in	6	above).	Note	that	the	last	base	
of	the	first	coding	segment,	15555,	is	also	used	as	the	first	base	of	the	
next	coding	segment.	This	is	typical	of	a	-1	frameshift	(1	above).	

iv. In	the	Etude	phage	genes	19	and	20	both	have	matching	BLAST	hits	to	
the	Tail	Chaperone	Assembly	protein	and	gene	20	is	similar	to	JHC117	
gene	26	(above).	Gene	19	starts	at	base	14116	and	gene	20	at	base	
14628.	Open	Etude	and	go	to	gene	19.	Click	on	the	top	“Sequence”	
menu	in	PECAAN	and	scroll	down	the	page	until	the	six-frame	
translation	is	viewable	(or	open	Etude	in	another	six	frame	viewer	if	
PECAAN	does	not	display	properly	in	your	browser.	This	section	is	
under	construction).		Drag	the	location	bar	to	the	right	until	you	see	
the	gene	beginning	at	14116.	Notice	that	this	gene	is	in	the	bottom	
forward	reading	frame.	Scroll	to	the	right	to	the	beginning	of	gene	20,	
base	14628.	Notice	the	reading	frame	is	the	top	forward	reading	
frame.	Scroll	to	the	left	in	the	top	reading	frame	until	you	find	a	stop	
codon.	The	reading	frame	shift	must	occur	in	gene	19	between	this	
stop	location	and	the	end	of	gene	19.		Look	for	possible	slippery	
sequences	(CCCC	or	GGGG…)	in	this	region.	You	may	see	something	
like	the	figure	below.	The	last	five	amino	acids	before	the	frameshift	in	
phage	JHC117	are	..ATQPG	(6	above).	Look	along	the	green	line	below	
to	locate	this	sequence.	The	final	G	in	this	sequence	is	located	at	the	
end	of	arrow	1	below.	

v. The	G	at	the	end	of	arrow	2	(below)	is	the	first	base	of	the	codon	
(GGG)	that	codes	for	the	Glycine	(arrow	1	below).	When	the	ribosome	
shifts	-1	the	anticodon	of	the	tRNA	now	occupies	the	GGG	codon	that	
begins	at	the	end	of	arrow	3	(below).	Note	that	the	next	amino	acid	
will	also	be	a	Glycine	(arrow	4	below)	that	begins	it’s	GGA	codon	at	
the	blue	shaded	G	in	the	figure	below.	Since	the	blue	shaded	G	is	the	
last	base	of	first	coding	region	and	it	is	also	the	first	base	of	the	second	
coding	region	it	is	called	the	slippery	base.	Note	that	the	first	five	
amino	acids	in	the	second	coding	region	beginning	at	4	below,	
GSRAL..,	are	also	the	same	sequence	of	amino	acids	found	at	the	
beginning	of	the	JGC117	sequence	shown	after	the	6	underline	in	the	
figure	above,	thus	verifying	the	proper	frameshift	location.	
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vi. The	position	of	the	blue	highlighted	slippery	base	is	14553	(upper	left	

above)	and	therefore	we	can	construct	an	annotation	note	to	go	into	
the	“Notes”	field:		
	 ribosomal	slippage					
	 CDS	join(14116.	.14553;14553.	.14975)	
by	looking	up	the	start	for	gene	19,	14116	and	then	putting	the	
slippery	base	location,	14553	at	the	end	of	the	first	coding	range	and	
at	the	beginning	of	the	second	coding	range	and	then	finally	putting	
the	stop	base	for	gene	20	at	the	end	of	the	second	range.	Since	none	of	
the	start	sites	listed	under	the	gene	candidates	is	correct	for	this	gene,	
just	leave	the	Selected	Gene	start	at	14628.	Set	the	“All	GM	Coding	
Capacity”	to	“Yes”.		(This	section	of	PECAAN	will	be	modified	to	allow	
the	proper	entry	and	export	of	the	joined	regions	representing	the	
frameshift.)	
	
	

8. Exporting	Reports	
A	description	for	each	of	the	Export	buttons	on	the	Export	page	is	found	above	in	
section	6d.		

a. Export	CDS	Function	
The	Export	CDS	Function	outputs	a	file	in	a	format	that	can	be	imported	into	
DNA	Master,	where	the	gene	function	is	displayed	in	the	Notes	field	on	the	
Features	page.	

i. Export	from	PECAAN	
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The	figure	above	shows	the	format	of	the	Export	CDS	Function	file	
output.	It	includes	the	sequence	range	for	each	CDS	as	well	as	gene,	
product	and	locus	tag	information.	If	there	is	no	/note	line	then	no	
function	will	be	displayed	for	the	associated	gene.	
	

ii. Searching	and	editing	notes	
This	output	is	a	good	format	for	quickly	scanning	the	functions	of	
genes	or	for	searching	for	specific	genes	associated	with	a	function.	It	
can	be	easily	searched	by	most	text	editing	programs.	
	

iii. Importing	the	CDS	Function	file	into	DNA	Master	
Open	the	CDS	Function	file	in	a	text	editor	and	copy	all	of	the	contents.	
Open	the	DNA	Master	file	for	the	phage	corresponding	to	PECAAN	
phage	used	to	make	the	export.	
	
Go	to	the	DNA	Master	Documentation	page.	

	
Right-click	on	the	body	of	the	text	(1)	and	click	on	the	Select	All	option	
in	the	pop-up	box.	Right-click	again	on	the	body	of	the	selected	text	
(1)	and	then	click	on	the	Paste	option	in	the	pop-up	box.	The	selected	
text	should	have	been	replaced	with	the	text	that	you	copied	from	the	
Phagename_CDSfunction.txt	file.	Verify	the	replacement.	
Next	click	on	the	Parse	button	(2)	and	approve	the	over-writing		of	the	
database.	You	should	now	be	able	to	select	the	Features	menu	option	
and	see	the	functions	displayed	in	the	notes	field	of	the	DNA	Master	
file.	Save	the	DNA	Master	file.	

b. Export	CDS	Full	Annotation	
i. Export	from	PECAAN		
The	Export	CDS	Full	Annotation	button	outputs	a	file	with	the	
following	gene	format:	
	
CDS	1645	-	2718	
		/gene="3"	
		/product="gp3"	
		/locus	tag="TinaFeyge_3"	
				/note=Original	Glimmer	call	@bp	1645	has	strength	1.44;	
Genemark	calls	start	at	1645	
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				/note=SSC:	Start	=	1645,	Stop	=	2718.	(Forward).	CP:	Does	contain	
all	GeneMarkSmeg	capacity.	SD:	ZScore	2.7792	is	the	highest	start	
score.	SCS:	Start	is	called	by	Glimmer	and	is	called	by	Genemark.	LO:	
1074	bp	is	not	the	longest	possible	ORF.	GAP:	4	bp.	ST:	SS=1645.	F:	
NKF.	FS:	PHDBLAST=	PhageName=	Sabertooth,	ProteinNumber=	4,	
Function=	collagen-like,	EValue=	0.0.	NCBIBLAST=	PhageName=	
Mycobacterium	phage	Peaches,	Coverage=	99.7199,	SubjectRange=	
1:357,	QueryRange=	1:357,	EValue=	0.0.	HHPRED=	Accession=	
3hqv_B,	Description=	Collagen	alpha-2(I)	cha	,	Probability=	99.6.	
Coverage=	73.3894,	SubjectRange=	544:802,	QueryRange=	544:328.	
CDD=	Accession=	pfam01391,	Coverage=	16.2465,	SubjectRange=	
1:59,	QueryRange=	1:250,	EValue=	3.47833E-4.	
				/note=Collagen-like	region	present.	
	

ii. Importing	into	DNA	Master	
The	format	shown	above	is	designed	for	input	into	DNA	Master	such	
that	the	extended	gene	annotation	is	displayed	in	the	Notes	field	on	
the	Features	page.	
	
Open	the	CDS	Full	Annotation	file	in	a	text	editor	and	copy	all	of	the	
contents.	
Open	the	DNA	Master	file	for	the	phage	corresponding	to	PECAAN	
phage	used	to	make	the	export.	
	
Go	to	the	DNA	Master	Documentation	page.	

	
Right-click	on	the	body	of	the	text	(1)	and	click	on	the	Select	All	option	
in	the	pop-up	box.	Right-click	again	on	the	body	of	the	selected	text	
(1)	and	then	click	on	the	Paste	option	in	the	pop-up	box.	The	selected	
text	should	have	been	replaced	with	the	text	from	the	
Phagename_CDSfunction.txt	file.	Verify	the	replacement.	
Next	click	on	the	Parse	button	(2)	and	approve	the	over-writing		of	the	
database.	You	should	now	be	able	to	select	the	Features	menu	option	
and	see	the	functions	displayed	in	the	notes	field	of	the	DNA	Master	
file.	Save	the	DNA	Master	file.	
	

c. Export	CDS	Notes	
The	Export	CDS	Notes	button	is	used	to	export	all	of	the	currently	displayed	
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text	from	the	Notes	field	into	a	text	file.	This	is	very	helpful	for	checkers	that	
are	preparing	a	genome	for	submission	to	the	Phagesdb.org	annotation	
portal.	As	a	checker	reviews	the	genome	they	can	erase	student	notes	and	
enter	notes	that	they	want	the	SMART	quality	control	team	to	view.	Potential	
problem	genes	or	the	rationale	for	gene/function	decisions	can	be	recorded	
in	the	Notes	field.	All	of	these	notes	are	output	together	with	the	Export	CDS	
Notes	button.	

i. Export	from	PECAAN	
The	format	of	the	CDS	Notes	is	shown	below:	
	
CDS	13769-	14571	
				/note=Ribosome	Slippage:	Join[13769..14125,	14125..14571]	
	
where	the	sequence	range	is	shown	and	the	text	from	the	Note	field	is	
attached	below	in	the	/note=	annotation.	
	

ii. Import	into	the	Cover	Page	
The	text	from	the	Notes	can	be	copied	and	pasted	into	field	9	of	the	
Genome	Annotation	Submission	Cover	Sheet:		
	

	
	

d. Export	Author.csv	file	
The	Author	Export	button	will	export	a	phagename_authors.csv	file	as	shown	
in	the	following	format:	

	
e. Export	Change	Log	

The	Export	Changelog	is	a	handy	output	that	contains	all	of	the	changes	for	
each	gene,	including:	the	names	of	those	who	made	the	changes	and	the	
time/date	stamp	of	when	the	changes	were	made.	This	text	file	is	searchable	
and	is	a	quick	way	to	follow	the	course	of	the	annotation	development.	An	
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example	of	the	output	is	shown	below:	

	
f. tRNA	Changelog	Export	

The	tRNA	annotations	are	exported	in	the	Export	CDS	Function	and	the	
Export	CDS	Full	Annotation	reports	above	but	the	tRNA	Changelog	Export	
button	allows	you	to	view	the	changes	and	the	annotators	that	have	checked	
the	tRNA	annotations.	

g. tmRNA	Changelog	Export	
The	tmRNA	annotations	are	exported	in	the	Export	CDS	Function	and	the	
Export	CDS	Full	Annotation	reports	above	but	the	tmRNA	Changelog	Export	
button	allows	you	to	view	the	changes	and	the	annotators	that	have	checked	
the	tmRNA	annotations.	
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