Contribution of promoter architecture to Pol Il initiation by scanning in Saccharomyces cerevisiae
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Introduction: Pol Il initiation proceeds by promoter scanning in yeast and is controlled by promoter architectural features
e Eukaryotic protein-coding genes are transcribed by RNA polymerase Il (Pol 1), which is highly

conserved in structure. Pol Il Flux
As the first step of transcription, initiation determines where and how efficiently transcription T - _
initiates and therefore is a key component of gene expression. ’ 5‘ Scannlng
Pol Il initiation in yeast proceeds by a proposed promoter scanning mechanism. (Panel 1) Observed distance ¢ : processivity
To understand why any individual transcription start site (TSS) is used, we are determining how th .

/ r factor
scanning is affected by or interacts with different promoter “architectures”. (Panel 1 & 2) Other factors constraint
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Promoter scanning model:

Pol Il pre-initiation complex
(PIC), comprising Pol Il and
initiation factors, assembles
upstream of the initiation region
and then scans downstream to
select appropriate transcription
start sites (TSSs) to initiate
transcription.
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Method: Designed promoter variant libraries where promoter attributes are systematically varied
in a controlled fashion (Panel 2)

Main Results:
e Pol Il shows distinct sequence preference at positions around TSS. (Panel 5)
e Pol Il mutants change overall efficiency for AsY.1R+1 and B_gY.1R:1 motifs but at different levels.
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Goal: By combining data from these libraries, our aim is to quantitatively model and predict Pol Il
initiation distributions for any particular promoter.
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Direction of scanning

Systematic analysis of promoter architectural effects The causality between Pol Il TSS motif preference As expected, Pol Il shows a strong preference for
on Pol Il initiation changes and TSS distribution shifts is uncertain A.s and C.1A.1 motif

@ UAS with different strengths B
M, WT

Lengthened / shortened E1103G Fast . . .
@ core ﬂromoter-TSS region B H1085Y Slow A. TSS relative efficiency is used

Pol Il flux 100U == 50U = I“> 30U —>|'> 15u—>|" to indicate Pol Il TSS

X preference
_ Relative 50/100 20/50 15/30 TSS Relative Efficiency is defined
I _ Efficlency (50%) (40%) (50%) by dividing the yield of a given

I_ upstream r position by the sum of yield at
| this position with the yield at all

Fast Usage 20U 15U 15U

I. Pol Il “TSS” libraries contain

@ ADH1 TATA-TSS region with promoter variants with
different T base composition Randomized TSS Region randomized positions in a

@ A-sNNNNNNY-1R.1 specific TSS region.
B-sNNNNNNY-1R+1

: l l AsNNNNNNR-1Y 41 I1. Pol Il “Flux" library contains

Total Reads (%)

expression levels and TATA-TSS mutant

_ GFPORFlcYc1 Terml— promotfer variants with different éQ* éQ“ & Slow ﬂ JX; downstream position(s).
. o O JLJE L . . .

distance, driven by UASs with
differing TATA classes and
strengths.

B. Pol Il shows a strong
preference for As and C.1A:1
motif

Fast

* mutants
lll. Core promoter-TSS distance A. Pol Il activity mutants show

libraries contain ADH1 (TATA- Z_Sts,gs,?ge altered preference for A.gY.1R:1
* Wild Type / Mutant containing) and RPS5 (TATA-less) iStribution motif.

Plasmids library |[—> | Yeast library RNA library promoter variants with Y = pYrimidine (C or T);
\ ONA Template / | shortened or lengthened N-gY-1R+1 BYR AYR BYR AYR BYR BYR AYR AYR R = puRine (A or G). C. Most and least efficient

distances between the core Motif N_sY.1R:1 TSS variants are
TSS_8TSS_1TSS+1 motif

Each dot represents a TSS
variant in Pol Il TSS libraries.
Black lines indicate median
value.

E. coli library

+1 TSS efficiency

Amplicon pools ——— promoters and TSS. Increased/Decreased B. Pol Il activity mutants show

) ) Pol Il catalytic efficiency polar effects on TSS distribution. o
l DNA-seq TSS-seq IV. Scanning region sequence p . ' Top 5% efficient 2.0 Bottom 5% efficient Relative efficiency ranges of top
PESRE : Model 1 . *w Model 2 N.sY.1R.1 TSS variants N.sY.1R+1 TSS variants
Link barcodes Link RNA products composition I|brarY contains &« = C. Two potential models of the 8Tt 155 Varian I 5% and bottom 5% efficient
to library variants to barcodes ADH1 promoter variants with Upstream/Downstream | _ . Decreased/Increased causality between TSS shifts and 2 a 2 T

\ / differing T base composition. shifted TSS Specificity for -8 A
4

differentially enriched for bases
at other positions.

N_-gY.1R+1 TSS variants are
86-95% and 0-7%, respectively.

TSS motif preference changes in

‘ v - TIa
corresponding template TSS motifs -8 -7 -6 -5 978 7 65432141

Pol Il shows distinct sequence preference at positions Pol Il mutants change overall efficiency for AsY.1R:1 and B.sY-1R.1 References
around TSS motifs but apparently at different levels
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+1 TSS efficiency change (%)

A. Pol Il shows distinct sequence

preference at positions around TSS
Relative efficiency distributions of designed -8 position
+1 TSS for different bases at each position.
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e Sainsbury S, Niesser J, Cramer P: Structure and function of the initially transcribing
RNA polymerase II-TFIIB complex. Nature 2013, 493(7432):437-440.

+1 TSS efficiency change (%)

B. -8 position may interact with -7 position. T T 1 T T
Pol Il shows different base preference for -7 AC G T A C G T
position when different bases are at -8 E1103G -WT F1086S - WT
: r v 3 position, which may be related to the direct

G T ACG contact between TFIIB B-reader residues
R64 and D69 and template strand bases at A. Pol Il mutants change overall efficiency for A.gY.1R:1 and B_.sY-1R:1 motifs but apparently at different levels.

-7 position positions -7/-8. B. E1103G shows similar effects on A.gY.1R.1 and B_gY-1R.1 variants at same WT efficiency level.
C. F1086S shows reduced effects on A.gY.1R.1 relative to B_sY-1R:1 motifs. One potential explanation is -8 A compensates for Pol Il active site
defect, considering that the direct contact between TFIIB and -8 position is proposed to hold TSSs in the active site longer during scanning.

+1 TSS efficiency change (%)
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