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Figure S3. Use of site-specific protein-DNA photocrosslinking to define position of sR2 at 
lPR’: results. 
Top, lPR’ promoter. Observed sR2 crosslinking sites are in orange. Other colors as in Figure 1A. 
Bottom, positions of  sR2 in RNAP-promoter complexes or RNAP-SDPE complexes at lPR’. 
Figure shows sequence ladder generated using lPR’ (lanes 1-4) and primer-extension mapping 
of crosslinking sites for each experimental condition in vitro and in vivo, identified at top (lanes 5-
10).  
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Figure S4. Use of site-specific protein-DNA photocrosslinking to define position of the 
RNAP leading edge at lPR’. 
Top, lPR’ promoter. Observed leading-edge crosslinking sites are in forest green. Other colors 
as in Figure 1A. Bottom, positions of RNAP leading edge in RNAP-promoter complexes or RNAP-
SDPE complexes at lPR’. Figure shows sequence ladder generated using lPR’ (lanes 1-4) and 
primer-extension mapping of crosslinking sites for each experimental condition in vitro and in 
vivo, identified at top (lanes 5-10). 
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Figure S5. Sequence determinants for scrunching in σ-dependent pausing.  
(A) DNA templates containing wild-type lPR’ or +14-20 library. NNNNNNN, randomized 
nucleotides of +14-20 library. Other colors as in Figure 1A.  
(B) Full sequence logo (positions +14 to +20) quantifying the formation and/or stability of major 
scrunched σ-dependent paused complex (RNAP-active-center A-site at position +16).  
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Figure S6. Structural basis for scrunching in σ-dependent pausing: cryo-EM structure 
determination. 
(A) Data processing scheme. 
(B) Representative electron micrograph (left; 100 nm scale bar) and representative class 
averages (right). 
(C) Orientational distribution. 
(D) Gold-standard Fourier shell correlation (GSFSC) resolution plot. 
(E) EM density maps colored by local resolution. Left, overall structure (two views; orientations as 
in Figure 6B). Right, DNA and RNA in structure (view orientation as in Figure 6B, left). 
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Figure S7. Structural basis for scrunching in σ-dependent pausing: scrunched 
nontemplate-strand and template-strand DNA nucleotides in pTEC.  
(A) Superimposition of DNA (black), RNA (red), and RNAP-active-center Mg2+ (violet sphere) in 
structure of pTEC (3 bp of scrunching; Figure 6) on DNA (cyan) in structure of RPo (no 
scrunching; (29); PDB 5I2D) nontemplate-strand (left) and template-strand (right) DNA 
nucleotides in pTEC (view orientations as in Figure 6C). Blue boxes, DNA nucleotides disordered 
or repositioned due to DNA scrunching; black dots, DNA nucleotides disordered due to DNA 
scrunching. Nucleotides numbered as in lPR’.  
(B) Comparison of relative positions of sR2 R448 and template strand of -10 element in RPo (left; 
(29); PDB 5I2D) to relative positions of sR2 R448 and template strand of SDPE in pTEC (right; 
Figure 6). Green, sR2 R448; orange, template-strand nucleotide at third position of -10 element 
(left, lPR’ position -10) or template-strand nucleotide at third position of SDPE (right, lPR’ 
position +3). View orientation and other colors as in panel A, left. 
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Table S1. Oligonucleotides. 
 

name  sequence (5’ to 3’) description 
JW77 CTGTTCGATTGGGATGGCTATTCGG oligo for primer-extension mapping of 

leading-edge crosslinks 
JW119 GGGGATCCTCTAGATCCCAATCGAACAGG

CC 
forward primer for amplifying pBAD24 

JW154 GGCCTGGAAGTTCTGTTCCAGGGGCCCCA
TATGGAGCAAAACCCGC 

forward primer for amplifying pET28-rpoD 
for cloning rpoD 

JW155 GATTGGGATCTAGAGGATCCCCGGGTACC
TTAATCGTCCAGGAAGCTACG 

reverse primer for amplifying pET28-rpoD 
for cloning rpoD 

JW270 ATGGGGCCCCTGGAACAGAACTTCCAGGC
CGCTGCTATGGTGATGGTGATGGTGATGG
TGATGGTGGCTGCTGCCCATTGAATTCCTC
CTGCTAGCCC 

reverse primer for amplifying pBAD24 

JW521 GGATCCGCCGCTGGGGCCTGTTCGATTGG
GATGGCTATTCGG 

PCR primer for production of linear DNA 
templates containing lPR’ promoter  

JW544 GTACCCTAGAGCCTGACCGGC PCR primer for production of linear DNA 
templates containing lPR’ promoter and 
oligo for primer-extension mapping of 
trailing-edge and sR2 crosslinks 

JW615 GTTCAGAGTTCTACAGTCCGACGATCATGG
CAACATATTAACGGCATGATATTGACTTATT
GAATAAAATTGGGTAAATTTGACTCAACGA
TGGGTTAANNNNNNNGTTGTGGTAGTGAG
ATGAAAAGAGGCGGCGCCTGCAGGNNNNN
NNNNNNNNNNTGGAATTCTCGGGTGCCAA
GG 

template oligo containing lPR’ 
sequence, a 7-nt randomized region (+14 
to +20), and a 15-nt randomized region 
(promoter -35 and -10 elements are in 
bold)  

JW679 CACGGATGGCAACATATTAACGGCATGATA
TTGACTTATTGAATAAAATTGGGTAAATTTG
ACTCAACGATGGGTTAAtTCGCTCGTTG 

wild-type lPR’ non-template strand 

JW680 CTGTTCGATTGGGATGGCTATTCGGATCCC
GCCGCCTCTTTTCATCTCACTACCACAACG
AGCGAaTTAACCCATC 

wild-type lPR’ template strand 

JW683 CACGGATGGCAACATATTAACGGCATGATA
TTGACTTATTGAATAAAATTGGGTAAATTTG
ACTCAACGATGGGTTAAgTCGCTCGTTG 

T+14G lPR’ non-template strand 
 

JW687 CACGGATGGCAACATATTAACGGCATGATA
TTGACTTATTGAATAAAATTGGGTAAATTTG
ACTCAACGATGGGTTAA/idSp/TCGCTCGTT
G 

T+14X lPR’ non-template strand 
 

HV75 GCGGATCAGGCGTAGACCATCCGTATTC Primer to incorporate TAG stop codon 
into plasmid ps70 

s1219 TATAATGCCTGACCGGCGTTCAGAGTTCTA
CAGTCCGACGATC 

oligo for amplifying and cloning pCDF-
lPR¢-N7 library 

s1220 AATTAAGCCGCTGGGGCCCTTGGCACCCG
AGAATTCC 

oligo for amplifying and cloning pCDF-
lPR¢-N7 library 

s128a CCTTGGCACCCGAGAATTCCA oligo for primer extension on +14-20 
library templates 

s1248 /5′Phos/NNNNNNNNNNGATCGTCGGACTGT
AGAACTCTGAAC/3ddC/ 

3′ adapter with N10 at 5′ end (HPLC 
purified) 
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s1115 CTACACGTTCAGAGTTCTACAGTCCGACGA
TC 

custom Illumina sequencing primer 

LNA8 cgAatTaaCccAtcGtt hybridization probe for detection of RNA 
transcripts in vivo (LNA bases are 
capitalized) 
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