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Figure S1. Long treatment with intercalators affects all transcription activity in cells.
HCT116 p537 cells were treated with drug for 4 hours or left untreated as indicated. Following
concentrations were used: Actinomycin D (ActD): 3 uM; ethidium bromide (EB): 40 uM;
Proflavine (Pro): 2 uM; CX5461: 5 yM 1 mM 5EU was added to cells and incubation was
continued for another hour. Cells were fixed and then permeabilized. Nascent RNA (red,
middle panel) was detected using Click-IT® Cell Reaction Buffer Kit (ThermoFisher)
supplemented with Cy5 Azide (Sigma). Nucleolar DNA (blue, left panel) was stained with
Hoechst 33342. Merged images are shown (right panel). Images were acquired with a Leica
TCS SP5 confocal microscope equipped with an x63 oil-filled objective.
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Figure S2. Intercalators have moderate negative effect on Pol-ll transcription in the
presence of wt p53. HCT116 p53*"* cells grown to 70% confluence and were incubated with
the drugs as indicated for 30 minutes prior to lysis (AD1 — 3 nM Actinomycin D; AD2 — 3 uM
Actinomycin D; CPT — 8 yM Camptothecin; EB —40 uM ethidium bromide; CV — 20 uM crystal
violet; Pro - 2 uM Proflavine; CX5461 - 5 yM CX-5461). Total RNA was isolated, reverse
transcribed and analysed by gPCR. The levels of mMRNA of 18 genes (as indicated) were
analysed in treated and untreated cells using the Human Housekeeper reference gene plate
(Roche). The signals were normalised to 18S rRNA and plotted as log2 of treated/untreated
ratio. The data represents an average from three independent experiments (n=3); standard
deviations are shown.



Supplementary Table S1

. Antibody used in this work

Antibody Origin | Company | Cat.number | WB ChIP/IP
RPA135 (N-17) | Goat | Santa Cruz | §¢c-17913 12.5ug
TAF 63 Rabbit | JZ lab N/A 10 pl
UBF (H300) Rabbit | Santa Cruz | Sc-9131 12.5ug
Topo | (H-300) | Rabbit | Santa Cruz | 5¢-10783 | 1:1000

Rabbit IgG Rabbit | Sigma 15006 12.5ug
Sheep IgG Sheep | Sigma 15131 12.5ug

Supplementary Table S2

. Sequences of all primers and probes used in this work

Template Primer/oligo Sequence 5-3’ Modification | Amplicon/probe
plasmid template Pol II F | GAAAAATAAACAAATAGGGGTTCC | 5’ biotin PCR product; 5°-
pcfTAF110 | template Pol II R | TGCTCAGTCACATCCAGCAC - biotynilated
CMV FR, 1354 bp
CMV_FR Pol IITr R CAGTCACATCCAGCACGACT - PCR product 412 bp
Pol IITr F GGAGACCCAAGCTGGCTAGT -
Pol IITr2 F CCCCTTCACCATGGATTACA - PCR product 127 bp
Pol IITr2 R CCAGCTGCACATGAAAGAGA -
Pol-II_Pr ACGACGATAAGGACTTCCCC 5'-HEX, 3'- qPCR dual labelled
BHQ2 probe
Reference genes panel
Posi | Transcript | Ass | Forward Sequenz For Reverse Sequenz Rev | Kont | Refe | Design Info.
tion | Identifier ay war erse | rolle | renz
1D d Seq Gen
Seq uen
uen z
z
Al NR_00328 | 104 | GACGGACCAGAG 18 CGTCTTCGAACCT 19 0 1 NR_003286//EntrezG
6 092 | CGAAAG CCGACT ene//RN18S1
B1 ENST000 102 | CCGTGTGAACCAT | 21 CCTCCATGATGCT 20 0 1 ENST00000349264//
00349264 065 | GTGACTTT GCTTACA Ensembl//B2M
Cl1 ENST000 143 | TGGTATCGTGGA 20 GCAGGGATGATGT | 20 0 1 ENST00000229239//
00229239 641 | AGGACTCA TCTGGAG Ensembl//GAPDH
D1 ENSTO000 102 | GTGTACACACTG 21 GCCTCCCTGTTGTT | 20 0 1 ENST00000256079//
00256079 132 | GCAGAGCAC CAATCT Ensembl//IPOS8
El ENST000 102 | TTCATCTGCACTG | 20 CACTTTGCCAAAC 20 0 1 ENST00000355968//
00355968 088 | CCAAGAC ACCACAT Ensembl//PPIA
F1 ENST000 145 | TCCACTACATGAC | 20 CCATCTTCAGTTCT | 22 0 1 ENST00000264932//
00264932 170 | GGAGCAG GCTAAACG Ensembl//SDHA
Gl ENSTO000 102 | GATCCCCAATGCT | 20 TGCTTGTTGTGAC 21 0 1 ENST00000353245//
00353245 125 | TCACAAG TGATCGAC Ensembl//'YWHAZ
H1 ENST000 102 | TCCGTATTCGCAT | 20 TCATCCATCTTGTC | 20 1 0 ENST00000322644//
00322644 977 | CATGAAC CACCAC Ensembl//POLR2A
A2 ENST000 101 | GGCCAGGTCATC 18 GGATGCCACAGGA | 19 0 1 ENST00000331789//
00331789 125 | ACCATT CTCCAT Ensembl//ACTB




B2 102 | TGCAGGCTGCCTA | 19 | GCGAGCTTAGTGA | 22 ENST00000335295//
141 | TCAGAA TACTTGTGG Ensembl//HBB

C2 | ENST000 | 102 | CGCCCTGCCTATC | 20 | TCCCCACAGGGAG | 20 ENST00000304895//
00304895 | 074 | TGTATTC TGTGTAG Ensembl//GUSB

D2 | ENST000 | 102 | TGCCCTGGAGAA | 20 | CAGCATCATGAGG | 20 ENST00000278715//
00278715 | 110 | GAATGAAG GTTTTCC Ensembl/HMBS

E2 | ENST000 | 102 | CTGGACCGTCTCA | 20 | GCCCCAGATAGGC | 19 ENST00000391857//
00391857 | 119 | AGGTGTT AAACTT Ensembl/RPL13A

F2 | ENST000 | 101 | GAACATCATGGA | 23 | ATAGGGATTCCGG | 20 ENST00000392092//
00392092 | 145 | TCAGAACAACA GAGTCAT Ensembl//TBP

G2 | ENST000 | 102 | CCTGAGTCCGGAT | 19 | GCCTCCCTCAGTC | 19 ENST00000322644//
00322644 | 978 | GAACTG GTCTCT Ensembl/POLR2A

H2 | ENST000 | 102 | TGGGTTTTTGTITA | 24 | GGAGGTAACATGC | 24 ENST00000360110//
00360110 | 422 | CCTTTATGGTT AAATAATGTGA Ensembl/TFRC

A3 | ENST000 | 102 | GAAATGAATGCC | 20 | CCTCCATCGGTTTT | 20 ENST00000394965//
00394965 | 108 | GTGAGGAA CACACT Ensembl//ALAS

B3 | ENST000 | 102 | TCCATCAGTCGGA | 21 | CACCAGATGGTGG | 20 ENST00000393564//
00393564 | 098 | TACACACA GGTAGAT Ensembl/G6PD

C3 | ENST000 | 102 | TGACCTTGATTTA | 24 | CGAGCAAGACGTT | 20 ENST00000370796//
00370796 | 079 | TTTTGCATACC CAGTCCT Ensembl/HPRT1

D3 | ENST000 | 102 | GGAGAACCTCCG | 19 | GCTGGCTCGGCTT | 18 ENST00000373316//
00373316 | 083 | CTTTCAT TAACC Ensembl//PGK |

E3 | ENST000 | 101 | TCGACAATGGCA | 20 | GCCAATCTGCAGA | 20 ENST00000228306//
00228306 | 144 | GCATCTAC CAGACAC Ensembl//RPLPO

F3 | ENST000 | 102 | TTGAGAAAACAA | 23 | CCCAGTTGCTGTC | 23 ENST00000392396//
00392396 | 095 | TGCAAAATGTG CTGATATAGA Ensembl/TFRC

G3 | ENST000 | 102 | GCAAATTCACCA | 21 | CACGTCGACAGGA | 20 ENST00000322644//
00322644 | 127 | AGAGAGACG ACATCAG Ensembl/POLR2A

H3 | ENST000 | 107 | TGGGTTTTIGTTA | 24 | GGAGGTAACATGC | 24 ENST00000360110//
00360110 | 847 | CCTTTATGGTT AAATAATGTGA Ensembl//TFRC

A4 | NR 00328 | 104 | GACGGACCAGAG | 18 | CGTCTTCGAACCT | 19 NR_003286//EntrezG
6 092 | CGAAAG CCGACT ene/RN18S1

B4 | ENST000 | 102 | CCGTGTGAACCAT | 21 | CCTCCATGATGCT | 20 ENST00000349264//
00349264 | 065 | GTGACTTT GCTTACA Ensembl/B2M

C4 | ENST000 | 143 | TGGTATCGTGGA | 20 | GCAGGGATGATGT | 20 ENST00000229239//
00229239 | 641 | AGGACTCA TCTGGAG Ensembl//GAPDH

D4 | ENST000 | 102 | GTGTACACACTG | 21 | GCCTCCCTGTTGTT | 20 ENST00000256079//
00256079 | 132 | GCAGAGCAC CAATCT Ensembl/IPO8

E4 | ENST000 | 102 | TTCATCTGCACTG | 20 | CACTTTGCCAAAC | 20 ENST00000355968//
00355968 | 088 | CCAAGAC ACCACAT Ensembl//PPIA




F4 | ENST000 | 145 | TCCACTACATGAC | 20 | CCATCTTCAGTTCT | 22 ENST00000264932//
00264932 | 170 | GGAGCAG GCTAAACG Ensembl//SDHA
G4 | ENST000 | 102 | GATCCCCAATGCT | 20 | TGCTTGTTGTGAC | 21 ENST00000353245//
00353245 | 125 | TCACAAG TGATCGAC Ensembl/YWHAZ
H4 | ENST000 | 102 | TCCGTATTCGCAT | 20 | TCATCCATCTTGTC | 20 ENST00000322644//
00322644 | 977 | CATGAAC CACCAC Ensembl/POLR2A
A5 | ENST000 | 101 | GGCCAGGTCATC | 18 | GGATGCCACAGGA | 19 ENST00000331789//
00331789 | 125 | ACCATT CTCCAT Ensembl//ACTB
BS 102 | TGCAGGCTGCCTA | 19 | GCGAGCTTAGTGA | 22 ENST00000335295//

141 | TCAGAA TACTTGTGG Ensembl//HBB
C5 | ENST000 | 102 | CGCCCTGCCTATC | 20 | TCCCCACAGGGAG | 20 ENST00000304895//
00304895 | 074 | TGTATTC TGTGTAG Ensembl/GUSB
D5 | ENST000 | 102 | TGCCCTGGAGAA | 20 | CAGCATCATGAGG | 20 ENST00000278715//
00278715 | 110 | GAATGAAG GTTTTCC Ensembl/HMBS
E5 | ENST000 | 102 | CTGGACCGTCTCA | 20 | GCCCCAGATAGGC | 19 ENST00000391857//
00391857 | 119 | AGGTGTT AAACTT Ensembl//RPL13A
FS | ENST000 | 101 | GAACATCATGGA | 23 | ATAGGGATTCCGG | 20 ENST00000392092//
00392092 | 145 | TCAGAACAACA GAGTCAT Ensembl//TBP
G5 | ENST000 | 102 | CCTGAGTCCGGAT | 19 | GCCTCCCTCAGTC | 19 ENST00000322644//
00322644 | 978 | GAACTG GTCTCT Ensembl/POLR2A
H5 | ENST000 | 102 | TGGGTTTTTGTTA | 24 | GGAGGTAACATGC | 24 ENST00000360110//
00360110 | 422 | CCTTTATGGTT AAATAATGTGA Ensembl//TFRC
A6 | ENST000 | 102 | GAAATGAATGCC | 20 | CCTCCATCGGTTTT | 20 ENST00000394965//
00394965 | 108 | GTGAGGAA CACACT Ensembl//ALAS1
B6 | ENST000 | 102 | TCCATCAGTCGGA | 21 | CACCAGATGGTGG | 20 ENST00000393564//
00393564 | 098 | TACACACA GGTAGAT Ensembl//G6PD
C6 | ENST000 | 102 | TGACCTTGATTTA | 24 | CGAGCAAGACGTT | 20 ENST00000370796//
00370796 | 079 | TTTTGCATACC CAGTCCT Ensembl//HPRT1
D6 | ENST000 | 102 | GGAGAACCTCCG | 19 | GCTGGCTCGGCTT | 18 ENST00000373316//
00373316 | 083 | CTTTCAT TAACC Ensembl//PGK |
E6 | ENST000 | 101 | TCGACAATGGCA | 20 | GCCAATCTGCAGA | 20 ENST00000228306//
00228306 | 144 | GCATCTAC CAGACAC Ensembl/RPLPO
F6 | ENST000 | 102 | TTGAGAAAACAA | 23 | CCCAGTTGCTGTC | 23 ENST00000392396//
00392396 | 095 | TGCAAAATGTG CTGATATAGA Ensembl/TFRC
G6 | ENST000 | 102 | GCAAATTCACCA |21 | CACGTCGACAGGA | 20 ENST00000322644//
00322644 | 127 | AGAGAGACG ACATCAG Ensembl//POLR2A
H6 | ENST000 | 107 | TGGGTTTTIGTTA | 24 | GGAGGTAACATGC | 24 ENST00000360110//
00360110 | 847 | CCTTTATGGTT AAATAATGTGA Ensembl//TFRC
A7 | NR 00328 | 104 | GACGGACCAGAG | 18 | CGTCTTCGAACCT | 19 NR_003286//EntrezG
6 092 | CGAAAG CCGACT ene/RN18S1




B7 | ENST000 | 102 | CCGTGTGAACCAT | 21 | CCTCCATGATGCT | 20 ENST00000349264//
00349264 | 065 | GTGACTTT GCTTACA Ensembl//B2M
C7 | ENST000 | 143 | TGGTATCGTGGA | 20 | GCAGGGATGATGT | 20 ENST00000229239//
00229239 | 641 | AGGACTCA TCTGGAG Ensembl//GAPDH
D7 | ENST000 | 102 | GTGTACACACTG | 21 | GCCTCCCTGTTGTT | 20 ENST00000256079//
00256079 | 132 | GCAGAGCAC CAATCT Ensembl//IPO8
E7 | ENST000 | 102 | TTCATCTGCACTG | 20 | CACTTTGCCAAAC | 20 ENST00000355968//
00355968 | 088 | CCAAGAC ACCACAT Ensembl/PPIA
F7 | ENST000 | 145 | TCCACTACATGAC | 20 | CCATCTTCAGTTCT | 22 ENST00000264932//
00264932 | 170 | GGAGCAG GCTAAACG Ensembl//SDHA
G7 | ENST000 | 102 | GATCCCCAATGCT | 20 | TGCTTGTTGTGAC | 21 ENST00000353245//
00353245 | 125 | TCACAAG TGATCGAC Ensembl/YWHAZ
H7 | ENST000 | 102 | TCCGTATTCGCAT | 20 | TCATCCATCTTGTC | 20 ENST00000322644//
00322644 | 977 | CATGAAC CACCAC Ensembl/POLR2A
A8 | ENST000 | 101 | GGCCAGGTCATC | 18 | GGATGCCACAGGA | 19 ENST00000331789//
00331789 | 125 | ACCATT CTCCAT Ensembl//ACTB
BS 102 | TGCAGGCTGCCTA | 19 | GCGAGCTTAGTGA | 22 ENST00000335295//
141 | TCAGAA TACTTGTGG Ensembl//HBB
C8 | ENST000 | 102 | CGCCCTGCCTATC | 20 | TCCCCACAGGGAG | 20 ENST00000304895//
00304895 | 074 | TGTATTC TGTGTAG Ensembl/GUSB
D8 | ENST000 | 102 | TGCCCTGGAGAA | 20 | CAGCATCATGAGG | 20 ENST00000278715//
00278715 | 110 | GAATGAAG GTTTTCC Ensembl//HMBS
ES | ENST000 | 102 | CTGGACCGTCTCA | 20 | GCCCCAGATAGGC | 19 ENST00000391857//
00391857 | 119 | AGGTGTT AAACTT Ensembl/RPL13A
F8 | ENST000 | 101 | GAACATCATGGA | 23 | ATAGGGATTCCGG | 20 ENST00000392092//
00392092 | 145 | TCAGAACAACA GAGTCAT Ensembl//TBP
G8 | ENST000 | 102 | CCTGAGTCCGGAT | 19 | GCCTCCCTCAGTC | 19 ENST00000322644//
00322644 | 978 | GAACTG GTCTCT Ensembl/POLR2A
H8 | ENST000 | 102 | TGGGTTTTTGTTA | 24 | GGAGGTAACATGC | 24 ENST00000360110//
00360110 | 422 | CCTTTATGGTT AAATAATGTGA Ensembl//TFRC
A9 | ENST000 | 102 | GAAATGAATGCC | 20 | CCTCCATCGGTTTT | 20 ENST00000394965//
00394965 | 108 | GTGAGGAA CACACT Ensembl/ALAS1
B9 | ENST000 | 102 | TCCATCAGTCGGA | 21 | CACCAGATGGTGG | 20 ENST00000393564//
00393564 | 098 | TACACACA GGTAGAT Ensembl//G6PD
C9 | ENST000 | 102 | TGACCTTGATTTA | 24 | CGAGCAAGACGTT | 20 ENST00000370796//
00370796 | 079 | TTTTGCATACC CAGTCCT Ensembl//HPRT1
D9 | ENST000 | 102 | GGAGAACCTCCG | 19 | GCTGGCTCGGCTT | 18 ENST00000373316//
00373316 | 083 | CTTTCAT TAACC Ensembl/PGK 1
E9 | ENST000 | 101 | TCGACAATGGCA | 20 | GCCAATCTGCAGA | 20 ENST00000228306//
00228306 | 144 | GCATCTAC CAGACAC Ensembl/RPLPO




F9 | ENST000 | 102 | TTGAGAAAACAA | 23 | CCCAGTTGCTGTC | 23 ENST00000392396//
00392396 | 095 | TGCAAAATGTG CTGATATAGA Ensembl//TFRC
G9 | ENST000 | 102 | GCAAATTCACCA |21 | CACGTCGACAGGA | 20 ENST00000322644//
00322644 | 127 | AGAGAGACG ACATCAG Ensembl/POLR2A
H9 | ENST000 | 107 | TGGGTTTTTGTITA | 24 | GGAGGTAACATGC | 24 ENST00000360110//
00360110 | 847 | CCTTTATGGTT AAATAATGTGA Ensembl/TFRC
A10 | NR 00328 | 104 | GACGGACCAGAG | 18 | CGTCTTCGAACCT | 19 NR_003286//EntrezG
6 092 | CGAAAG CCGACT ene/RN18S1
BI0 | ENST000 | 102 | CCGTGTGAACCAT | 21 | CCTCCATGATGCT | 20 ENST00000349264//
00349264 | 065 | GTGACTTT GCTTACA Ensembl//B2M
C10 | ENST000 | 143 | TGGTATCGTGGA | 20 | GCAGGGATGATGT | 20 ENST00000229239//
00229239 | 641 | AGGACTCA TCTGGAG Ensembl/GAPDH
D10 | ENST000 | 102 | GTGTACACACTG | 21 | GCCTCCCTGTTGTT | 20 ENST00000256079//
00256079 | 132 | GCAGAGCAC CAATCT Ensembl//IPO8
E10 | ENST000 | 102 | TTCATCTGCACTG | 20 | CACTTTGCCAAAC | 20 ENST00000355968//
00355968 | 088 | CCAAGAC ACCACAT Ensembl/PPIA
F10 | ENST000 | 145 | TCCACTACATGAC | 20 | CCATCTTCAGTTCT | 22 ENST00000264932//
00264932 | 170 | GGAGCAG GCTAAACG Ensembl/SDHA
G10 | ENST000 | 102 | GATCCCCAATGCT | 20 | TGCTTGTTGTGAC | 21 ENST00000353245//
00353245 | 125 | TCACAAG TGATCGAC Ensembl/YWHAZ
H10 | ENST000 | 102 | TCCGTATTCGCAT | 20 | TCATCCATCTTGTC | 20 ENST00000322644//
00322644 | 977 | CATGAAC CACCAC Ensembl//POLR2A
All | ENST000 | 101 | GGCCAGGTCATC | 18 | GGATGCCACAGGA | 19 ENST00000331789//
00331789 | 125 | ACCATT CTCCAT Ensembl//ACTB
Bl1 102 | TGCAGGCTGCCTA | 19 | GCGAGCTTAGTGA | 22 ENST00000335295//
141 | TCAGAA TACTTGTGG Ensembl/HBB
Cl11 | ENST000 | 102 | CGCCCTGCCTATC | 20 | TCCCCACAGGGAG | 20 ENST00000304895//
00304895 | 074 | TGTATTC TGTGTAG Ensembl/GUSB
DIl | ENST000 | 102 | TGCCCTGGAGAA | 20 | CAGCATCATGAGG | 20 ENST00000278715//
00278715 | 110 | GAATGAAG GTTTTCC Ensembl//HMBS
E11 | ENST000 | 102 | CTGGACCGTCTCA | 20 | GCCCCAGATAGGC | 19 ENST00000391857//
00391857 | 119 | AGGTGTT AAACTT Ensembl/RPL13A
F11 | ENST000 | 101 | GAACATCATGGA | 23 | ATAGGGATTCCGG | 20 ENST00000392092//
00392092 | 145 | TCAGAACAACA GAGTCAT Ensembl//TBP
G11 | ENST000 | 102 | CCTGAGTCCGGAT | 19 | GCCTCCCTCAGTC | 19 ENST00000322644//
00322644 | 978 | GAACTG GTCTCT Ensembl//POLR2A
HI1 | ENST000 | 102 | TGGGTTTTTGTTA | 24 | GGAGGTAACATGC | 24 ENST00000360110//
00360110 | 422 | CCTTTATGGTT AAATAATGTGA Ensembl//TFRC
A12 | ENST000 | 102 | GAAATGAATGCC | 20 | CCTCCATCGGTTTT | 20 ENST00000394965//
00394965 | 108 | GTGAGGAA CACACT Ensembl/ALAS1




B12 | ENST000 102 | TCCATCAGTCGGA | 21 CACCAGATGGTGG | 20 0 1 ENST00000393564//
00393564 098 | TACACACA GGTAGAT Ensembl//G6PD

C12 | ENSTO000 102 | TGACCTTGATTTA | 24 CGAGCAAGACGTT | 20 0 1 ENST00000370796//
00370796 079 | TTTTGCATACC CAGTCCT Ensembl//HPRT1

D12 | ENST000 102 | GGAGAACCTCCG 19 GCTGGCTCGGCTT 18 0 1 ENST00000373316//
00373316 083 | CTTTCAT TAACC Ensembl//PGK1

E12 | ENST000 101 | TCGACAATGGCA 20 GCCAATCTGCAGA | 20 0 1 ENST00000228306//
00228306 144 | GCATCTAC CAGACAC Ensembl//RPLPO

F12 | ENST000 102 | TTGAGAAAACAA 23 CCCAGTTGCTGTC 23 0 1 ENST00000392396//
00392396 095 | TGCAAAATGTG CTGATATAGA Ensembl//TFRC

G12 | ENSTO000 102 | GCAAATTCACCA 21 CACGTCGACAGGA | 20 1 0 ENST00000322644//
00322644 127 | AGAGAGACG ACATCAG Ensembl//POLR2A

H12 | ENST000 107 | TGGGTTTTTGTTA 24 GGAGGTAACATGC | 24 1 0 ENST00000360110//
00360110 847 | CCTTTATGGTT AAATAATGTGA Ensembl//TFRC

Supplementary Table S3. In vitro ICs, concentrations for CX-5461 and CPT

Compound *Pol | ICs0, M +SD, M

CX-5461 1.21x107 0.22x10”7

CPT 1.10x10° 0.08x10°

* |Cso concentrations were determined in vitro, in reactions supplemented with 1 pl of HeLa nuclear
extract and 100 ng of plasmid DNA containing rRNA promoter. rRNA transcripts were detected by S1
nuclease protection assay in triplicates as described in Methods. IC50 and standard deviation was
calculated using GraphPad Prism (version 9.11) software.

Supplementary Data 1. Sequence of pcfTAF110.

cttgtacaaagtggttgatctagagggcccgeggttcgaaggtaagcctatccctaaccctctcctcggtetcgattctacgegtace
ggottagtaatgagtttaaacgggggaggctaactgaaacacggaaggagacaataccggaaggaacccgcgctatgacggce
aataaaaagacagaataaaacgcacgggtgttgggtcgtttgttcataaacgcggggttcggtcccagggcetggcactctgteg
ataccccaccgagaccccattggggccaatacgcccgcgtticttccttttccccaccccaccccccaagttcgggtgaaggecc
agggctcgcagccaacgtcggggcggcaggccctgccatagcagatctgcgcagetggggcetctagggggtatccccacgeg
ccctgtagcggcegceattaagecgecggegggtgtggtggttacgecgcagegtgaccgctacacttgccagcgecctagegeccgct
cctttcgctttctteecttectttctcgecacgttcgecggctttcceecgtcaagcetctaaatcggggceatcecectttagggttcecgatttagt
gctttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggccatcgcecctgatagacggtttticgecctt
tgacgttggagtccacgttctttaatagtggactcttgttccaaactggaacaacactcaaccctatctcggtctattcttttgatttataa
gggattttggggatticggcctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattaattctgtggaatgtgtgtcagt
tagggtgtggaaagtccccaggctccccagcaggcagaagtatgcaaagcatgcatctcaattagtcagcaaccaggtgtgga
aagtccccaggctccccagcaggcagaagtatgcaaagcatgcatctcaattagtcagcaaccatagtcccgeccctaactce
gcccatccegceccctaactccgeccagttccgeccattctccgecccatggcetgactaattttttttatttatgcagaggeccgaggec
gcctctgectctgagctattccagaagtagtgaggaggcttttttggaggcectaggcttttgcaaaaagctcccgggagcttgtatat
ccattttcggatctgatcaagagacaggatgaggatcgtttcgcatgattgaacaagatggattgcacgcaggttctccggcecgctt
gggtggagaggctattcggctatgactgggcacaacagacaatcggctgctctgatgccgecgtgttccggetgtcagegeagg
ggcgcccggttctttttgtcaagaccgacctgtccggtgecctgaatgaactgcaggacgaggcagegceggctatcgtggetgge
cacgacgggcgttccttgcgcagctgtgctcgacgttgtcactgaagcgggaagggactggctgctattgggcgaagtgecggg
gcaggatctcctgtcatctcaccttgctcctgccgagaaagtatccatcatggcetgatgcaatgecggeggcetgcatacgcettgatce
ggctacctgcccattcgaccaccaagcgaaacatcgcatcgagcgagcacgtactcggatggaagcecggtcttgtcgatcagg



atgatctggacgaagagcatcaggggctcgcgccagccgaactgticgccaggctcaaggcgegcatgcccgacggcgagg
atctcgtcgtgacccatggcgatgcctgcttgccgaatatcatggtggaaaatggccgcttttctggattcatcgactgtggccggcet
gggtgtggcggaccgctatcaggacatagegttggctacccgtgatattgctgaagagcettggecggcgaatgggcetgaccgcttc
ctcgtgctttacggtatcgccgcetcccgaticgcagegceategccttctatcgecttcttgacgagttctictgagcgggactctggggt
tcgcgaaatgaccgaccaagcgacgcccaacctgccatcacgagatttcgattccaccgcecgcecttctatgaaaggttgggcttc
ggaatcgttttccgggacgccggcetggatgatcctccagecgeggggatcetcatgetggagticticgcccaccccaacttgtttattg
cagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtcca
aactcatcaatgtatcttatcatgtctgtataccgtcgacctctagctagagcttggcgtaatcatggtcatagctgtttcctgtgtgaaa
ttgttatccgctcacaattccacacaacatacgagccggaagcataaagtgtaaagcctggggtgcectaatgagtgagctaactc
acattaattgcgttgcgctcactgcccgctttccagtcgggaaacctgtcgtgccagcetgcattaatgaatcggccaacgegeggg
gagaggcggtttgcgtattgggcgctcttccgcettcctcgctcactgactcgetgegcetecggtegttcggetgcggegageggtatca
gctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcea
aaaggccaggaaccgtaaaaaggccgcgttgetggcegtttttccataggctccgeccccctgacgagcatcacaaaaatcgac
gctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcgtttcccecctggaagcetcectegtgegcetetectgt
tccgaccctgcecgcttaccggatacctgtccgcctttctcecttcgggaagegtggcegctttctcaatgctcacgetgtaggtatctca
gttcggtgtaggtcgttcgctccaagetgggcetgtgtgcacgaaccccccegttcagcccgaccgcetgegcecttatccggtaactate
gtcttgagtccaacccggtaagacacgacttatcgccactggcagcagcecactggtaacaggattagcagagcgaggtatgta
ggcggtgctacagagttcttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgcetctgctgaagec
agttaccttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggttitittgtttgcaagcagcea
gattacgcgcagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgtt
aagggattttggtcatgagattatcaaaaaggatcttcacctagatccttitaaattaaaaatgaagttttaaatcaatctaaagtatat
atgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatccatagttgect
gactccccgtcgtgtagataactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcgagacccacgct
caccggctccagatttatcagcaataaaccagccagccggaagggccgagcgcagaagtggtectgcaactttatccgectce
atccagtctattaattgttgccgggaagctagagtaagtagttcgccagttaatagttigcgcaacgttgttgccattgctacaggcat
cgtggtgtcacgctcgtcgtttggtatggcttcatticagcetccggticccaacgatcaaggcgagttacatgatcccccatgttgtgea
aaaaagcggttagctccttcggtectcecgatcgttgtcagaagtaagttggccgcagtgttatcactcatggttatggcagcactge
ataattctcttactgtcatgccatccgtaagatgctttictgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggce
gaccgagttgctcttgcccggcegtcaatacgggataataccgcgccacatagcagaactttaaaagtgctcatcattggaaaac
gttcttcggggcgaaaactctcaaggatcttaccgcetgttgagatccagttcgatgtaacccactcgtgcacccaactgatcticag
catcttttactttcaccagcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacg
gaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtattt
agaaaaataaacaaataggggttccgcgcacatttccccgaaaagtgccacctgacgtcgacggatcgggagatctccecgate
ccctatggtcgactctcagtacaatctgctctgatgccgcatagttaagccagtatctgcteccctgcttgtgtgttggaggtcgetgagt
agtgcgcgagcaaaatttaagctacaacaaggcaaggcttgaccgacaattgcatgaagaatctgcttagggttaggcegttttge
gctgcttcgcgatgtacgggccagatatacgcegttgacattgattattgactagttattaatagtaatcaattacggggtcattagttca
tagcccatatatggagttccgcgttacataacttacggtaaatggcccgectggctgaccgecccaacgacccccgeccattgacg
tcaataatgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggactatttacggtaaactgcccact
tggcagtacatcaagtgtatcatatgccaagtacgccccctattgacgtcaatgacggtaaatggcccgcectggceattatgcccag
tacatgaccttatgggactttcctacttggcagtacatctacgtattagtcatcgctattaccatggtgatgcggttttggcagtacatca
atgggcgtggatagcggtttgactcacggggatttccaagtctccaccccattgacgtcaatgggagtttgttttggcaccaaaatc
aacgggactttccaaaatgtcgtaacaactccgccccattgacgcaaatgggcggtaggcgtgtacggtgggaggtctatataa
gcagagctctctggctaactagagaacccactgcttactggcttatcgaaattaatacgactcactatagggagacccaagctgg
ctagttaagctatcaacaagtttgtacaaaaaagcaggctccgcggccgcecccctticaccatggattacaaggatgacgacgat
aaggacttccccagctccctcecgecctgegttgttictgaccggceccccttggtctgagcgacgtcectgacctctctttcatgtgcag
ctggcgagacgcactgactctgccagaggcccagccccagaactcagagaatggggcactgcatgtgaccaaggacctgct
gtgggagccggcaacccctgggcctctccccatgcetgectceectcatcgatcecctgggaccectggectgactgecccgggacctg
cttttccgcggagggtaccggtatcggaagcggcecccgagtcgtgetggatgtgactgagcagatcagecggttectcttggatca



tggagacgtagcctttgcgcccctggggaagcetgatgctggagaatticaagctggagggagcggggagecgcactaagaag
aagacagtggtcagtgtgaagaagctgctccaggacctcggtggacaccagecctgggggtgtcectgggcttacctcagcaa
ccgacagcgccgcttctctatcctcgggggecccatecctgggcacgtcggtggecgagccacttggcagagcetgcetgcacgagg
agctggtgctgcggtgggagcagcetgcttctggatgaggectgcactgggggegcegetggectgggttcctggaaggacaccce
agttcgggcagctggtctaccctgctggaggcgcccaggacaggcetgcatttccaagaggtcgtictgaccccaggtgacaatc
cccaattccttgggaaacctggacgcatccagctccagggacctgtccggcaagtggtgacatgcaccgtccagggagaaagt
aaggcccttatatacactttcctccctcactggcetgacctgctacctgaccectggcecctttccatcectectcagetctgetggecgte
cgctctgactaccactgtgccgtgtggaagtttggtaaacagtggcagccaacccttctgcaggcgatgcaggtggagaaaggg
gccacggggatcagcctcagecctcacctgcccggggagcetggcecatctgcagecgcetcgggagcecgtetgectgtggagecce
tgaggatgggctgcggcaaatctacagggaccctgagaccctcgtgttccgggactcctcttcgtggegttgggcagacttcactg
cgcaccctcgggtgctgaccgtgggtgaccgcaccggagtgaagatgctggacactcagggcccgecgggctgtggtetgttg
ctttttcgtttgggggcagaggcttcgtgccagaaaggggaacgtgtcctgcettacccagtacctggggcactccagccccaaatg
cctcecccectactcttcatctegtcetgtacccagttctetetctacctagtggacgagcegcecttccectggtgeccgatgetgaagtgga
accatggcctcccctcecccgcetectgetggeccgactgetgectcecgecceggeccagcetgegtgcageccctgetectcggagg
ccagggtgggcagctgcagctgctgcacctggcaggagaaggggcegtcggtgecccgectggcaggcecccccccagtctett
ccttccaggatcgactccctcectgcatttcctetgectggagectaagatccagtggeggetgcaggagcegectgaaagcaccga
ccataggtctggctgccgtcgtcecgceccttgeccctcagecgecccacaccaggcectggtgctcttccagetctcggecggegggaga
tgtcttctaccagcagctccgeccccaggtggactccagectccgcagagatgetgggectcctggcgacacccaacctgactg
ccatgcccccacagcttcctggacctcccaggacactgeccggcetgcagcecagtggctgaaggcecctgctaaaagtgeccctgg
ctcctectgtgtggacagcacccacctticacccaccgccagatgctgggcagcacagagcetgcggagggaggaagaggaag
ggcagcggcetgggtgtgctccgcaaggecatggcccgagggcagcetcectgetgcagagagacctgggctcectecctgegge
agagccaccccctgcacccgagtcaggcctagaggacaagctcagtgagcgectgggggaagcectgggcaggecgaggg
gctgcctggtgggagaggcagcagggcaggacctcggagcccgggagacagaccaggcggcccaagcgecggacccag
ctgtccagcagcttttcgctcagtggccatgtggatccgtcagaggacaccagctcccctcatagccctgagtggecacctgetga
tgctctgcecctgeccecccacgaccccgecctcccaggagttgactccggatgecatgegeccagggcegtecccatcagagcage
ggcagatgctccgtgactacatggccaagctaccaccccagagggacaccccaggctgtgccaccacacctcecccactccca
ggcctccagcegtcecgggcecactcgctcccagcagcacacacccegtcctctectagctctcageccctccggaagaagcectcgaat
gggcttctgaaagggtgggcgecgccgacccagcttt

Supplementary Data 2. Sequence of CMV_Fr.

gaaaaataaacaaataggggttccgcgcacatttccccgaaaagtgccacctgacgtcgacggatcgggagatctccecgatee
cctatggtcgactctcagtacaatctgctctgatgccgcatagttaagccagtatctgctcectgcettgtgtgttggaggtegetgagta
gtgcgcgagcaaaatttaagctacaacaaggcaaggcttgaccgacaattgcatgaagaatctgcttagggttaggcegttttgeg
ctgcttcgcgatgtacgggccagatatacgcgttgacattgattattgactagttattaatagtaatcaattacggggtcattagttcat
agcccatatatggagttccgcgttacataacttacggtaaatggcccgcectggctgaccgcccaacgacccccgeccattgacgt
caataatgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggactatttacggtaaactgcccactt
ggcagtacatcaagtgtatcatatgccaagtacgccccctattgacgtcaatgacggtaaatggcccgcectggcattatgcccagt
acatgaccttatgggactttcctacttggcagtacatctacgtattagtcatcgctattaccatggtgatgcggttttggcagtacatca
atgggcgtggatagcggtttgactcacggggatticcaagtctccaccccattgacgtcaatgggagtttgttttggcaccaaaatc
aacgggactttccaaaatgtcgtaacaactccgccccattgacgcaaatgggcggtaggcgtgtacggtgggaggtctatataa
gcagagctctctggctaactagagaacccactgcttactggcttatcgaaattaatacgactcactatagggagacccaagctgg
ctagttaagctatcaacaagtttgtacaaaaaagcaggctccgcggccgcecccctticaccatggattacaaggatgacgacgat
aaggacttccccagctccctcegecctgcegttgtttctgaccggecccecttggtctgagcgacgtcectgacctctctttcatgtgcag
ctggcgagacgcactgactctgccagaggcccagccccagaactcagagaatggggcactgcatgtgaccaaggacctgcet
gtgggagccggcaacccctgggcctctccecatgcetgectccectcatcgatcecctgggaccectggectgactgeccecgggacctg
cttttccgcggagggtaccggtatcggaagcggccccgagtegtgetggatgtgactgagea



