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Pol II initiation proceeds by promoter scanning in yeast and is controlled by promoter architectural features

Promoter	scanning	model:	
Pol	II	pre-ini,a,on	complex	
(PIC),	comprising	Pol	II	and	
ini,a,on	factors,	assembles	
upstream	of	the	ini,a,on	region	
and	then	scans	downstream	to	
select	appropriate	transcrip,on	
start	sites	(TSSs)	to	ini,ate	
transcrip,on.

Introduc3on:	
• Eukaryo,c	protein-coding	genes	are	transcribed	by	RNA	polymerase	II	(Pol	II),	which	is	highly	
conserved	in	structure.	

• As	the	first	step	of	transcrip,on,	ini,a,on	determines	where	and	how	efficiently	transcrip,on	
ini,ates	and	therefore	is	a	key	component	of	gene	expression.		

• Pol	II	ini,a,on	in	yeast	proceeds	by	a	proposed	promoter	scanning	mechanism.	(Panel	1)	
• To	understand	why	any	individual	transcrip,on	start	site	(TSS)	is	used,	we	are	determining	how	
scanning	is	affected	by	or	interacts	with	different	promoter	“architectures”.	(Panel	1	&	2)	

Method:	Designed	promoter	variant	libraries	where	promoter	aRributes	are	systema,cally	varied	
in	a	controlled	fashion	(Panel	2)	

Main	Results:	
• Pol	II	shows	dis,nct	sequence	preference	at	posi,ons	around	TSS.	(Panel	5)	
• Pol	II	mutants	change	overall	efficiency	for	A-8Y-1R+1	and	B-8Y-1R+1	mo,fs	but	at	different	levels.	
(Panel	6)	

Goal:	By	combining	data	from	these	libraries,	our	aim	is	to	quan,ta,vely	model	and	predict	Pol	II	
ini,a,on	distribu,ons	for	any	par,cular	promoter.
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Systematic analysis of promoter architectural effects 
on Pol II initiation

I.	Pol	II	“TSS”	libraries	contain	
promoter	variants	with	
randomized	posi,ons	in	a	
specific	TSS	region.	

II.	Pol	II	“Flux"	library	contains	
promoter	variants	with	different	
expression	levels	and	TATA-TSS	
distance,	driven	by	UASs	with	
differing	TATA	classes	and	
strengths.	

III.	Core	promoter-TSS	distance	
libraries	contain	ADH1	(TATA-
containing)	and	RPS5	(TATA-less)	
promoter	variants	with	
shortened	or	lengthened	
distances	between	the	core	
promoters	and	TSS.	

IV.	Scanning	region	sequence	
composi3on	library	contains	
ADH1	promoter	variants	with	
differing	T	base	composi,on.
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As expected, Pol II shows a strong preference for 
A-8 and C-1A+1 motif
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A.	TSS	rela3ve	efficiency	is	used	
to	indicate	Pol	II	TSS	
preference.		
TSS	Rela,ve	Efficiency	is	defined	
by	dividing	the	yield	of	a	given	
posi,on	by	the	sum	of	yield	at	
this	posi,on	with	the	yield	at	all	
downstream	posi,on(s).	

B.	Pol	II	shows	a	strong	
preference	for	A-8	and	C-1A+1	
mo3f	
Each	dot	represents	a	TSS	
variant	in	Pol	II	TSS	libraries.	
Black	lines	indicate	median	
value.	

C.	Most	and	least	efficient	
N-8Y-1R+1	TSS	variants	are	
differen3ally	enriched	for	bases	
at	other	posi3ons.	
Rela,ve	efficiency	ranges	of	top	
5%	and	boRom	5%	efficient	
N-8Y-1R+1	TSS	variants	are	
86-95%	and	0-7%,	respec,vely.

Top 5% efficient
N-8Y-1R+1 TSS variants 

-8 -7 -6 -5 -4 -3 -2 -1 +1

Bottom 5% efficient
N-8Y-1R+1 TSS variants

-8 -7 -6 -5 -4 -3 -2 -1 +1
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Pol II mutants change overall efficiency for A-8Y-1R+1 and B-8Y-1R+1 
motifs but apparently at different levels
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Pol II shows distinct sequence preference at positions 
around TSS

A

A C G T A C G T A C G T A C G T

AYR CYR GYR TYR

-7 position

A.	Pol	II	shows	dis3nct	sequence	
preference	at	posi3ons	around	TSS	
Rela,ve	efficiency	distribu,ons	of	designed	
+1	TSS	for	different	bases	at	each	posi,on.	

B.	-8	posi3on	may	interact	with	-7	posi3on.	
Pol	II	shows	different	base	preference	for	-7	
posi,on	when	different	bases	are	at	-8	
posi,on,	which	may	be	related	to	the	direct	
contact	between	TFIIB	B-reader	residues	
R64	and	D69	and	template	strand	bases	at	
posi,ons	-7/-8.
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A.	Pol	II	mutants	change	overall	efficiency	for	A-8Y-1R+1	and	B-8Y-1R+1	mo3fs	but	apparently	at	different	levels.	
B.	E1103G	shows	similar	effects	on	A-8Y-1R+1	and	B-8Y-1R+1	variants	at	same	WT	efficiency	level.	
C.	F1086S	shows	reduced	effects	on	A-8Y-1R+1	rela3ve	to	B-8Y-1R+1	mo3fs.	One	poten,al	explana,on	is	-8A	compensates	for	Pol	II	ac,ve	site	
defect,	considering	that	the	direct	contact	between	TFIIB	and	-8	posi,on	is	proposed	to	hold	TSSs	in	the	ac,ve	site	longer	during	scanning.

The causality between Pol II TSS motif preference 
changes and TSS distribution shifts is uncertain
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A.	Pol	II	ac3vity	mutants	show	
altered	preference	for	A-8Y-1R+1	

mo3f.	
Y	=	pYrimidine	(C	or	T);	
R	=	puRine	(A	or	G).	

B.	Pol	II	ac3vity	mutants	show	
polar	effects	on	TSS	distribu3on.	

C.	Two	poten3al	models	of	the	
causality	between	TSS	shiZs	and	
TSS	mo3f	preference	changes	in	
Pol	II	ac3vity	mutants.
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