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Supplementary Figures
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Supplementary Figure S1, Half-lives of WT and MS2-integrated Nanog mRNA.
Nanog mRNAs in NM and wild-type (WT) C57BL6 mESCs were counted by smFISH
using Nanog exonic probes over 6 hours after transcription inhibition with actinomycin D
(averages and 95% confidence intervals are shown). Half-lives and degradation rates are
shown at the right side of the Figure. n > 100 sample points. 95% confidence limits are in

parentheses.
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Supplementary Figure S2, Multidmodal distributions of transcription frequency.
Probability density functions of transcription frequency over 4 hours in NM-G cells
cultured in serum and 21 conditions (Figure 3c) are shown. Continuous probability density

functions were generated using a kernel smoothed density estimate (ksdensity, Matlab).
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Supplementary Figure S3, Simultaneous visualization of individual mRNA
molecules and transcription site. (a, b) The images are the same snapshot of live
imaging of an NM-G cell with (b) or without (a) annotations (Supplementary Video S3).
Solid and dashed lines indicate the edges of cell and nuclear membranes, respectively.
Filled and unfilled arrowheads point to a transcription site and individual mRNA spots,

respectively. Scale bar, 5 um.
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RNA Polll elogation rate (bp/min)
(Jonker et al., eLife, 2014). Red line and light red rectangle represent the mean (1.99
kb/min) and standard deviation (+0.39 kb/min) of RNA Pol II elongation rate estimated in

Supplementary Figure S4, Distribution of RNA Pol II elongation rate. Histogram
shows distribution of RNA Pol II elongation rate in mESCs determined by Jonker et al.

this study.
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Supplementary Figure S5, Allele-specific single-molecule fluorescence in situ
hybridization (sSmFISH) in a reporter mESC line. (a, b) smFISH was performed in
NMP cells cultured in serum (a) or 2i conditions (b) using Nanog exonic probes (CAL
Fluor 590 conjugated) and MS2 probes (Cy5 conjugated). The fluorescence intensities of
CAL Fluor 590 above the threshold and Cy5 of individual mRNA spots were plotted.
Among the Nanog probe-positive spots, those with an MS2 probe signal intensity above a
given threshold (blue line) were assumed to be mRNAs expressed from an
MS2-integrated allele (green dots); otherwise, mRNAs were assumed to be expressed
from PP7 alleles (magenta dots). The threshold lines were manually determined to
equally separate all dots. (c) Scatter plot of Nanog-MS2 and -PP7 transcripts determined
by smFISH using MS2 and PP7 probes.
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Supplementary Figure S6, ON and OFF time for Nanog transcription is not
significantly affected by differences in state. (a) Probability density functions of
transcription frequency over 4 hours in NM-G cells cultured in serum and 2i conditions
(Figure 3c) are shown (see also Supplementary Figure S2). The functions are divided into
two groups with higher or lower transcription frequencies relative to threshold values
(3.75% and 30% for serum and 21 conditions, respectively). (b) Distributions of ON and
OFF time for Nanog transcription in cells with higher or lower transcription frequencies.
Mean values are displayed in each graph. Differences between the two groups within the
same culture conditions were not significant (P > 0.05, two-sample Kolmogorov—

Smirnov test).



mNanog-TALEN-L

MDYKDHDGDYKDHDIDYKDDDDKMAPKKKRKVGITHGVPAAVDLRTLGYSQQQQEKI KPKVRS TVAQHHEALVGHGFTHAH T VALSQHPAALGTVAV
KYQDMIAALPEATHEATVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGGVTAVEAVHAWRNAL TGAPLNLTPDQVVATASHDGGK
QALETVQRLLPVLCQDHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPDQVVAIASNNGGKQALETVORLLPVLCQAHGLTPAQVVATA
SNGGGKQALETVQORLLPVLCQDHGLTPDQVVAIASNNGGKQALETVQRLLPVLCODHGLTPEQVVAIASN I GGKQALETVQRLLPVLCQAHGLTPD
QVVATASHDGGKQALETVQRLLPVLCQAHGLTPAQVVATASNGGGKQALETVQRLLPVLCQDHGLTPDQVVA I ASHDGGKQALETVQRLLPVLCQD
HGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPDQVVAIASN I GGKQALETVQRLLPVLCQAHGLTPAQVVAT ASHDGGKQALETVQRLL
PVLCQDHGLTPDQVVAIASHDGGKQALETVQRLLPVLCQDHGLTPEQVVAIASN IGGKQALETVQRLLPVLCQAHGLTPDQVVAIASNNGGKQALE
TVQRLLPVLCQAHGLTPAQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGRPALES IVAQLSRPDPALAALTNDHLVALACLG
GRPALDAVKKGLPHAPALIKRTNRRIPERTSHRVAGSQLVKSELEEKKSELRHKLKYVPHEY IELTEIARNSTQDR I LEMKVMEFFMKVYGYRGKH
LGGSRKPDGAIYTVGSPIDYGVIVDTKAYSGGYNLPIGQADEMERYVEENQTRDKHLNPNEWNKVY PSSVTEFKFLFVSGHFKGNYKAQLTRLNHT
TNCNGAVLSVEELLIGGEMIKAGTLTLEEVRRKFNNGEINFRS *

mNanog-TALEN-R

MDYKDHDGDYKDHDIDYKDDDDKMAPKKKRKVGIHGVPAAVDLRTLGYSQQQQEKIKPKVRS TVAQHHEALVGHGFTHAHI VALSQHPAALGTVAV
KYQDMIAALPEATHEATVGVGKQWSGARALEALLTVAGELRGPPLQLDTGQLLKIAKRGGVTAVEAVHAWRNALTGAPLNLTPDQVVATASNGGGK
QALETVQRLLPVLCQDHGLTPEQVVAIASNGGGKQALETVQRLLPVLCQAHGLTPDQVVAIASN I GGKQALETVQRLLPVLCQAHGLTPAQVVATA
SNIGGKQALETVQRLLPVLCQDHGLTPDQVVAIASNNGGKQALETVQRLLPVLCODHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPD
QVVAIASHDGGKQALETVQRLLPVLCQAHGLTPAQVVAIASHDGGKQALETVQRLLPVLCQDHGLTPDQVVAIASNIGGKQALETVQRLLPVLCQD
HGLTPEQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPDQVVAIASN I GGKQALETVQRLLPVLCQAHGLTPAQVVAIASNGGGKQALETVQRLL
PVLCQDHGLTPDQVVAIASNNGGKQALETVQRLLPVLCQDHGLTPEQVVAT ASNGGGKQALETVQRLLPVLCQAHGLTPDQVVAT ASNGGGKQALE
TVQRLLPVLCQAHGLTPAQVVAIASNNGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGRPALES IVAQLSRPDPALAALTNDHLVALACLG
GRPALDAVKKGLPHAPALTKRTNRRIPERTSHRVAGSQLVKSELEEKKSELRHKLKYVPHEY IELTEIARNSTQDR I LEMKVMEFFMKVYGYRGKH
LGGSRKPDGAIYTVGSPIDYGVIVDTKAYSGGYNLPIGQADEMQRYVKENQTRNKHINPNEWWKVY PSSVTEFKFLFVSGHFKGNYKAQLTRLNRK
TNCNGAVLSVEELLIGGEMIKAGTLTLEEVRRKFNNGEINFRS *

Supplementary Figure S6, Amino acid sequences of TALENS.
The amino acid sequences of TALENs (mNanog-TALEN-L and mNanog-TALEN-R)

used in this study are shown. Repeat variable diresidues (RVDs) are shown in red.



Supplementary Fig. S7, Nucleotide sequence of pTV-mNanog-PMS used in this study.

Restriction map of pTV-mNanog-PMS

PsiI
AanI
CTAAATTGTAAGCGTTA. AAATTCGCGTTAA. AATCAGCTC ACCAATAGGCCGAAATCGGCAAAATCCCLTAT < 100
>AloI <Rpal
AAATCAAAAGAATAGACC TGTTCC ACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAA < 200
>F1 ori

CCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCA.

ACTAAATCGGAACCCTAARAGGGAG < 300

cececc TTGAC CGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGC. G < 400
<LacZz alpha
GTCACGCTGCGCGTAACCACCACACCCGCCGCGC! GCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAAC A GAT < 500
CGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGC A, 'GTGCTGCAAGGCGATTAAGT ACGCC: TTTCCCAGTCACGACGTTG < 600
Asull
Bpul4dI
Bspll9I
BstBI
Acc651 NspV
KpnI Sful
>M13-fwd >T7 Asp7181 BspT104I
TAAAACGACGGCC. GCGC GACTCAC! GAATT CGGGCCCCCCCTCGACATTC TTAGCTTGTTCGAAT < 700
GTCCTGTCACTCTGC. C AAAACC: AGTGCAAGCGGTGGC C "TAGCA TGAT < 800
TCAGGTAACA CCCCTCCATCTTACCATC < 900
GGCTGA cc; AGTCA AGTGTC. < 1000
ATTA ATCCCTCTTCCTCCACGCAC AGGCTCTCTC GTCAG < 1100
Sfil >Nanog-5' homology arm
AGATCTGCCT TC, ACGGCC 'GCTAATCTT TGC ATC CCCTT < 1200
EspI
BpullO2I
CellIl
BlpI
Bspl7201I
TTCACTCATTGCATTAATCACCTCTTTC TCAGCACC. CCAGCATCCATTGCAGCTATCCCCAGGGCTATC AT < 1300
CTGGAAGCCTTTCC CAACCCAAC! AGCCAGACCTGGACCAACCCA AACCAGACCTGGACCAA < 1400
CCCAAC A GCTC ACGGCCAGCC ATAAC < 1500
FspAI
TACGTACA ARACTTCTCTGCC AGCCA CATGCGC CAA < 1600
>FactorXa site >2A peptide
ACTACTCTGTGACTCCACCAGGTGAA ‘CTGCTAACTTGCGGGGAC AAATCCTGGTCCCATAAC < 1700
>LoxP
TTCH ATAC! GA. T TTCGTACCCC ACACGCGTCTGCGTTCGACCAGGCTGCGCGTTCTCGC GC < 1800
<RpaBI
AACCGACGTACGGCGTTGCGCCCTCGCCGGCAGCAAGAAGCCACGGAAGTCCGCCTGGAGCAGAAA CCACGCTACTGC GGTC < 1900
<AarI
CTCAC AAACCACCACCACGCAACTGC CC ‘GCGCGACGATATCGTCTACGTACCCGAGCCGATGACTTACTGGCAGGT < 2000
ac TTCCGAGACAATC ACATCTACACCACACAACACCGCCTCGACC, CGGGGACGCGRC ATGACAAGC < 2100
Pael <AQuIII
Sph1 <BseRI
GCCCAGATAACA CTTATGCCGTGACCGACGCCGTTC! TCAC: ‘CCCGCCH < 2200
>hsvTK
TCA CCATCCCATCGCCGCCCTCCTGTGCTA CC AGCATGACCCCCCAGGC < 2300
Bspl3I
AccIII
BSpMII
MroI
BseAl
Kpn2I
Aorl3HI

TspBI

CGTGGCCCTCATCCCGCCGACCTTGCCCGGCACAAACATC

TCC AGACACATCGACCGCCTGGCCAAACGCCAGCGCCCC < 2400

GGCGAGCGGCTTGACCTGGCTATGCTGGCCGCGATTCGCCGCGTTTACGGGCTGCTTGCCAATACGGTGCGGTATCTGCAGGGCGGCGGGTCGTGGCGGG < 2500

AGCTT CGGCCGTGCCGCCCC ‘CGAGCCCCAGAGCAA

ACGACCCC:

‘GGGGACAC

< 2600




Supplementary Fig. S7, continued
BStAUT
BsrGI
Tsp14071
'GGGCCCCC TGGCCCCCAACGGCGACCTGTACAAC CTGGGCCTTGGACGTCTTGGCCAAACGCC 'CCATGCAC < 2700
BoxI
PshAT
BStPAI
GTCTTTATCCT 'GACCAATCGCCCGCC \CGCCCTGCTGCAACTTACCTCC 'C nr‘*nrrrnr‘nmr‘nnnnm‘m‘r‘m‘r‘m < 2800
<BpulOI
TBvaI TZA peptide
CCATACCGACGATCTGCGACCTGGCGCGCACGTTTGCCC 'TAACTCTCGAGCT CTGCTAACTTGCGGGGA < 2900
AspI
PEIFI
Tth111ll
Tsyl
CGTAGAGGAAAATCCTGGTCCC. < 3000
BStEII
BStPI
PSpEI
Eco91I
Salr Tc00651
< 3100
< 3200
>
< 3300
>Esp31
>BsmBI
< 3400
<Eco31I
<Bsal
TBso!lI
< 3500
NcoI
Bspl91
CCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGG < 3600
TGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAA TGACCGCTTCCTCGTGCTTTACGGTATC < 3700
>LoxP
|
GCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCATAACTTC! ATACATTATACGA AGCGGGCGAA < 3800

>MS2 stem loop

TTCGCCCTTCGCGGGATCCTACGGTACTTATTGCCAAGAAAGCACGAGCATCAGCCGTGCCTCCAGGTCGAATCTTCAAACGACGACGATCACGCGTCGC < 3900

>MS2 stem loop

TCCAGTATTCCAGGGTTCATCAGATCCTACGGTACTTATTGCCAAGAAAGCACGAGCATCAGCCGTGCCTCCAGGTCGAATCTTCAAACGACGACGATCA < 4000

>MS2 stem loop

CGCGTCGCTCC C ATCAGATCCTACGGTACTTATTGCCAAGAAAGCACGAGCATCAGCCGTGCCTCCAGGTCGAATCTTCAAACGAC < 4100

>MS2 stem loop

GACGATCA C ATCAGATCCTACGGTA GAGCATCAGCCGTGCCTCCAGGTCGAATCTT < 4200

CAAACGA ACGCGTCGCTCC C GATCCTA 'CAAGAA GCATCA

A

4300

>MS2 stem loop

CGAATCTTCAAACGACGACGATCACGC GATCCTACGGTAC! CAAGAAAGCACGA < 4400
>MS2 stem loop
CTCCAGGTCGAATCTTCAAACGACGACGATC: 'CGCTCC C 'ATCAGATCCTACGGTAC ACGAGCATC < 4500
>MS2 stem loop
AGCCGTGCCTCCAGGTCGAATCTTCAAACGACGACGATCACGCGTCGCTCC C. ATCAGATCCTACGGTACTTATTGCCAAGAAAGCA < 4600
>MS2 stem loop
CGAGCATCAGCCGTGCCTCCAGGTCGAATCTTCAAACGACGACGATCACGCGTCGCTCC C ATCAGATCCTACH CA < 4700
>MS2 stem loop
AGAAAGCACGAGC. CTCCAGGTCGAATCTTCARACGACGACGATCA C - ATCAGATCCTACGGTACT < 4800
>MS2 stem loop
ACGAGCATC. rmnrrvrrnnrmrlnnvrm AR ACGC TCC C GATCCT < 4900
>MS2 stem loop
ACGGTA C AC ﬂFTFlAAMFMMannﬂﬂnﬂﬂlﬂﬁlTr AT < 5000
>MS2 stem loop
CAGATCCTACGGTAC CAAGAAA ﬂnﬂﬂmﬂlnnmﬂmmrnnnrrnrrnrrnmrn CA < 5100
SbfI
Sse83871
Sdar

GGGTTCATCAGATCTCGCGAAGGGCGAATTCGTTTAAACCTGCAGGACTAGTGACTTACGCAACATCTGGGCTTAAAGTCAGGGCAAAGCCAGGTTCCTT < 5200

CCTTCTTCC. A ACTGTAGCTGTCTTCAGACACTCCAGAAGAGGGCGTCAG < 5300

>AlfI

ATC CACC: ACTCCTGACCTTC AGTCGGGTGCTCTTATCCACTGAGCCATCTC < 5400




Supplementary Fig. S7, continued

ACCAGCCCC AAGAC! TAGCTCTGCAGA < 5500
CCAGC A CCACTTATCTTTGC CCAAA ATACCACCACACC < 5600
AspA2I
AvrII
XmaJI
BlnI
ATTTC! TTC! 'CAGAGCAAACCTAGGACTTAGAACATGCTGGGCACCAACTCAACTTCTGAGCTC! AAC’ < 5700
>Nanog-3' homology arm
TGAATTTGTCC ACTC! ATATACTCTCTCCTTCCC: < 5800
Bstzl17I
BssNAI
Bst11071
GCTTGAACACCCTTACCCACGCCCACCCACCCAT AR AC TC < 5900
an - AGAAGGACC, TC; AAGGC < 6000
HindIII
|
CAACCTGTA AATAGTAAGACAGCATCTCGATAAAATAATAAAACTAAAGTCTCAACAAA ITTCACCTATTAA TTGCTT < 6100
AGAGTAACTGC TGTAGAA TGTACC CGATGCCAGCTGGACTAGTTT < 6200
AAACAAAATAAAACACTAATTTTACC TTATC AATATAC! TTAAC < 6300
Alel
Olir <T3 <Ml3-rev
CGAGGCCGCCACCGC 'GGAGCTCCAGCTTTTGTTCCC ATTGCGCGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGARA < 6400
<LacO <lac

TTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTG < 6500

CGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGC TTTGCGTATT GCTCTT < 6600

CCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGG < 6700

PciI
BspLU11I
PscI

GGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAARAA! 'CGCGTTGCTGGC! CATAGGCTCCGCCCCCCT < 6800

GACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCT < 6900

CTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTC AGCGTGGCGCTTTCTCATAGCTCACGCT TCAGTTC < 7000

<ColEl origin

GTTCGCTCCAAGCTGGGC ACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTC CAACCCG < 7100
GTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGAT! AGAGC! GGTGCTAC: CTA < 7200
ACTACGGCTACACTAGAAGGAC. TGCGCTCTGCTGAAGCCAGTTACCTTC AAA TCTTGATCCGGCAAACAAAC < 7300
CACCGC! 'GGTTTTTTT AAGCAGC. GCGCAGAAAAAAA 'TCAAGAAGATCC ITTTCTACGGGGTCTGAC < 7400

GCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAAT < 7500

CAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGT < 7600
AsSpEI
BmeRI
Eam1105I
AhdI

Dril

|
TGCCTGACTCCCCGTCGTH ACTACGATAC TTACCATCTGGCCCCAGTGCTGCAATGATACCGCGGCTGCCACGCTCACCGGCTCCA < 7700
GATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAG < 7800
CTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAG < 7900

CTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTG < 8000

Scal
ZrmI
AssI
BmcAI

GCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCA < 8100

AGTCATTCTGAGA! 'GTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCAT < 8200

CATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCA < 8300



Supplementary Fig. S7, continued

TCTTTTACTTTCACCAGCGTTTCTGGGT AAAAACAGGAAGGCAAAATGCCGCAARAAAGGGAATAAGGGCGACACGGARATGTTGAATACTCATAC < 8400
<Amp prom
TCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTT TCATGAGCGGATAC TTGAATGTATT AAAATAAACAAATAGGGGTTCC < 8500

GCGCACATTTCCCCGAARAGTGCCAC < 8526

Features :

T3 : [6355 : 6336 - CCW]
M13-fwd : [599 : 616 - CW]
M13-rev : [6393 : 6373 - CCW]
T7 : [626 : 645 — CW]
ColEl origin : [7389 : 6761 - CCW]
F1 ori : [13 : 453 - CW]
Lacz alpha : [528 : 460 - CCW]
Laco : [6421 : 9

PUroR : [2923 : 3522

LoxP : [1696 : 1729 - CW]
LoxP : [3755 : 3788 - CW]
Amp prom : [8468 : 8440 - CCW]
lac : [6455 : 6426 - CCW]
MS2 stem loop : [3820 : 3921 - CW]
MS2 stem loop : [3928 : 4029 - CW]
MS2 stem loop : [4036 : 4137 - CW]
MS2 stem loop s [4144 : 4245 - CW]
MS2 stem loop 1 [4252 : 4353 - CW]
MS2 stem loop : [4360 : 4461 - CW]
MS2 stem loop : [4468 : 4569 - CW]
MS2 stem loop : [4576 : 4677 - CW]
MS2 stem loop : [4684 : 4785 - CW]
MS2 stem loop 1 [4792 : 4893 - CW]
MS2 stem loop : [4900 : 5001 - CW]
MS2 stem loop : [5008 : 5109 - CW]
2A peptide : [1642 : 1695 - CW]
2A peptide : [2869 : 2922 - CW]
hsvTK : [1732 : 2868 -
FactorXa site : [1639 : 1650 - CW]
Nanog-5' homology arm 1 [673 1641 - CW]

7
Nanog-3' homology arm [5153 : 6305 - CW]



Supplementary Fig. S8 Nucleotide sequence of pTV-mNanog-HPP used in this study.

Restriction map of pTV-mNanog-HPP

PsiI
AanI
CTAAATTGTAAGCGTTA. AAATTCGCGTTAA. AATCAGCTC; ACCAATAGGCCGAAATCGGCAAAATCCCLTAT < 100
>AloIl
AAATCAAAAGAATAGACC C ACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAA < 200

>F1 ori

CCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAG < 300

CCCCCGATT! TTGACGGGGAAAGCCGGCGAACGTGGCGAGARAGGA AAGCGAAAGGAGCGGGCGCTAGGGCGCTGGC G < 400

<LacZ alpha

GTCACGCTGCGCGTAACCACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTT AGGGCGAT < 500
CGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGC G TGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTG < 600

Sful

Bspll191

BpuldI

Asull

BstBI

BspT104I

>M13-fwd >17 NspV

|
TAAAACGACGGCCAGTGAGCGCGCGTAATACGACTCAC! 'GAATT CGGGCCCCCCCTCGAC 'GAAT < 700
GTCCTGTCACTC AGACC AAAACC AGTGCAAGCGGTGGC! Ci TAGC! < 800
TC; A C CTCCATCTTACCATC < 900
GGCTGACC! C C: AGTCAGTGGCTCTGCCTTTGCTTCCCAGTGTCATCCTGATCCATCTATGTCC < 1000

CTTTCC T TCCACGCACTC AGTCAG < 1100
Sfil >Nanog-5' homology arm
AGATCTGCCTGCCTAGTCTC GGCC TTTTC TGC ATC CTT < 1200
EspI
Bspl17201
BlpI
CellIl
BpullO2I1
TTCACTCATTGC ACCTCT TCAGCACC AGCATCC TATCCCCAGGGCTATC GCAT < 1300
CTGGA C CAGACTTGGACCAACCCA. AGCC] CAACCCAAC! AACCAGACCTGGACCAA < 1400
SseBI
Pcel
Stul
Ecol47I
ccea C; CGC ACGGCCA TCCATAA AGCCT < 1500
FspAI
TACGTACAGTTGCAGCAAAACTTCTCTGCC. CAC! CATGC ACCCCACAAGCCTTGG < 1600
>FactorXa site >2A peptide
ACTAC' CTCCACCAGGTGAA CTGCTAACTTGCGGGGAC! AAATCCTGGTCCCATAAC < 1700
>LoxP MluIl
TTCH ATAC. 'GA. T TTCGTACCCCTGCCATCAACACGCGTCTGCGTTCGACCAGGCTGCGCGTTCTCGCGGCCATAGC < 1800
BSiWI
PspLI
P£123I1
SplIl
AACCGACGTACGGCGTTGCGCCCTCGCCGGCAGCAAGAAGCCACGGAAGTCCGCCTGGAGCAGAAA CCACGCTACTGC GGTC < 1900
<RarI
CTCAC AAACCACCACCACGCAA C GC TACGTACCCGAGCCGATGACTTACTGGCAGGT < 2000
el CGAGACAATCGCGAACATCTACACCACACAACACCGCCTCGACC: GGCCGGGGACGCGGC ATGACAAGC < 2100
SphI <AQuIII
Pael <BseRI
GCCCAGATAACA CGTGACCGAC TC TCAC. cceeeee < 2200
>hsvTK

TCACCCTCATCTTCGACCGCCATCCCATCGCCGCCCTCCTGTGCTACCCGGCCGCGCGATACCTTATGGGCAGCATGACCCCCCAGGCCGTGCTGGCGTT < 2300

c CCGCCGACCTTGCCCGGCACAAACATC TTCC AGACACATCGACCGCCTGGCCAAACGCCAGCGCCCC < 2400

GGCGAGCGGCTTGACCTGGCTATGCTGGCCGCGATTCGCCGCGTTTACGGGCTGCTTGCCAATACGGTGCGGTATCTGCAGGGCGGCGGGTCGTGGCGGG < 2500

AGC ceeee GCCCCAGAGCAACGCGGGCCCACGA GGGGACA < 2600




Supplementary Fig. S8, continued Bspl4071
BSrGI

BstAUI
CCTGTTTCGGGCCCCCGAGTTGCTGGCCCCCMCGGCGACCJ‘GTACML CTGGGCCTTGGACGTCTTGGCCAAACGCCTCCGTCCCATGCAC < 2700
C GACCAATCGCCCGCC TGC GCCCTGC ACTTACCTCC CAGACCCACGTCACCAC T < 2800
<BpulOI
<BbvCI >2A peptide
CCATACCGACGATCTGCGACCTGGCGCGCACGTTTGCCC TAACTCTCG. Lr CTGCTAACTTGCGGGGA < 2900
>Esp3I
>BsmBI
c AAATCCTGGTCCC: AAAAGCCTGAACTCACCGCGAC GTCTCCGA < 3000
c TCGTGC! CTGC TGC TACAAAG < 3100
ATC AC CcGC C ATTCAGCGAGAGCCTGACC CCG < 3200
AsiSI
Rgal
Bspl9I SgfI
NcoI SfaAl
CCGTGC GTTGCAAGACCTGCCTGAAACCGAACTGC l ‘ GAT < 3300
Cpol
CspI
RsrIIl
Rsr2I
CTTAGCCAGACGA ‘ AGGA. 'GGTCAATACACTAC; < 3400
>HygR
ATCACTGGC; GACACCGTC. GTCGCGCAGGCTCTC TGATGC TGCCCCGAAGTCCGGCA < 3500
>MaqI
ACA. CGGACA ACAGC ‘ AR < 3600
<Ajul
TACGAGGTCGCCAACATCTTC C AGACGCGCTACT C 'CGGAGC GC < 3700
CGCGGC TTGACCAA < 3800
CGACGCAATCGTCCGATCC TGTC ACAAATCGCCCGCAGAAGCGC TGGACCGATGGC TCGCC < 3900
>LoxP
‘CGACGCCCCAGCACTCGTCC A TTTAAACGAATCCTGCA < 4000
>PP7 stem loop
GGTTTAAACGAATTCGCCCTTCGCGGGATCC CTAATTGCCTAGAAAGGAGCAGAC GTCGCTCCCTGCAGGTCGACTC! < 4100
CAGC: TCGC CC CTAAGGTACCTA ARGGAGCAGA C < 4200
>PP7 stem loop
CTGCAGGTCGACTC Ci TCGC ,CTGC C GGTTC CTAAGGTACCTAATTGCCTAGAAAGGAG < 4300
>PP7 stem loop
CAGACH 'rr‘r{"r(:(‘nr‘r‘mr‘rl‘nr‘mrmnl‘nnnl‘r‘nr‘r‘n{‘n TC C 'CCTAAGGT < 4400
>PP7 stem loop
ACCTAATTGCCTAGAAAGGAGCAGAC GTCGCTCCCTGCAGGTCGACTCTAGAAACCAGCAGAGC: TCGCTGGCTGCAGTATTCCC < 4500
>PP7 stem loop
GEETTC c CTA C AAAGGAGCAGAC GCTCCC! l "TCTAGAAACCAGCAGA < 4600

>PP7 stem loop

TGGC CCGGGTTC C: CTAATTGCC AGAC GTCGCTCCCTGCAGGTCGACTCTA < 4700

GAAACCAGCAGA TC TGC CTAAGGTACCTA CTAGAAAGGAGCAGAC < 4800

>PP7 stem loop

GCTCCCTGCAGGTCGACTCTAGAAACCAGCAGAGC TCGCTGGCTGC CCGGGTTC CTAAGGTACCTAATTGCCTAGAA < 4900

>PP7 stem loop

AGGAGCAGA GTCGCTC 'GAC AACCAGCAGA TGC CC CT < 5000

>PP7 stem loop

AAGGTACCTAATTGCC! AAGGAGCAGAC GTCGCTCCCTGCAGGTCGACTCTAGAAACCAGCAGAGC TCGCTGGCTGCAGTA < 5100

>PP7 stem loop

TTCCCGGGTTCATTAGATCCTARGGTACC! CTAGAAAGGAGCAGA Ge AACCAGCAGAGCAT < 5200

>PP7 stem loop

TCGCTGGCTGC ‘CCGGGTTC CTAAGGTACC C AAAGGAGCAGAC ‘GTCGCTCCC! GA < 5300
CTCTAGAAACCAGCAGAGC. TGC Cc ATCCTAAGGTACCTA CTAGAA GA < 5400
CciNI
>PP7 stem loop NotI
GCGTCGCTCCCTGCAGGTCGACTCTAGARACCAGCAGAGC TCGC T GGTTC TCGCGAAGGGCGAATTCG < 5500

CGGCCGCTAGACTTACGCAAC AAGTCAGGGCAAAGCC C A A < 5600




Supplementary Fig. S8, continued

TTC TGTAGCTGTCTTCAGACACTCC GTCAGATC CcA TC
>ALfI

TTTGAACTCCTGACCTTCGGAAGAGCAGTCGGGTGC CAC TCACCAGC

TTATCAAGAC. TCTGCATAGCTC! TCTGCAGA CTGGCCTTGAACTC: TGCCCACTTATCTTTGC
AspA2I
XmaJI
AvrIl

<TstI BlnI
cTCeC TGGGACC: ATACCACCACACCTGGC TATTTC CAGAGCAAACCTAGGAC

<

<

<

<

5700

5800

5900

6000

>Nanog-3' homology arm

TTAGAAC; ACCAACTCAACTTCTGAGC AAC C
AACTCTAGGC' ATATACTCTCTCCTTCCCAAGAATAA TTGAACACCCTTACCCACGCCCACCCACCCATGCTAGTCTT
BssNAI
Bst1107I
Bstz17I
TTTTC! AC TACTCTCGAGG
AGGA TC; AAGGCCAACC ATC! AR
HindIII
ACTAAAGTCTCAACAAAATAAAAGCTTTCA TGCTTGTCC CCCCAAGAGTAACTGC TGT
Beul
Spel
AhlI
|
AGA TGTA AGCTGGAC! AAAATAAAACACTAATTTTACC T
Olir
Alel
TTGTCC TTAACCGAGGCCGCCACCGCGGTGGAGCTCCAGCTTTTGTTCCCTTTA
<13 <M13-rev <LacO <lac
GT ATTGCGCGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGC
ARGCCT TGCCTAATGAGT TAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGARACCTGTCGTGCCAGC
TGCATTAATGAATCGGCCAACGCGC! TTGCGTATT 'GCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCT
BspLU11lI
Pcil
PscI

GCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAG

GCCAGGAACCGTAAAAA: CGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAA

ACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTT

TCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCT! TCAGTTCGGT! 'GTTCGCTCCAAGCTGGGCTGTGTGCACGAACCC

<ColEl origin

CCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATC GTCCAACCC GACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACA
AGAGC! GGTGCTACAGAGTTCTTGAAGT! CTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCT
GCTGAAGCCAGTTACCTTCGGAAAA TCTTGATCCGGCAAACAAACCACCGC TT 'AAGCAGCAGATT

ACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGA

GATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGA TTTAAATCAATCT. CTTGGTCTGACAGTTACCA

BmeRI
Eaml1105I
Dril
ASpEI
AhdI

ATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGT ACTACGATACGGGAGGGC

TTACCATCTGGCCCCAGTGCTGCAATGATACCGCGGCTGCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCA

GAA( 'CCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCC AGC' GCCAGTT: TTGCGCAACGTTGT

TGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATG

TTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAC TTATCACTCATGGT AGCACTGCATAATT

CTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGA. TATGCGGCGACCH TGCTCTTG
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Supplementary Fig. S8, continued

CCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGARAACTCTCAAGGATCTTA < 8600

CCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGT "AAAAACAGGAA < 8700

GGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTG < 8800
<Amp prom

TCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCAC < 8883

Features :

T3 : [6712 : 6693 - CCW]
M13-fwd : [599 : 616 - CW]
Ml3-rev : [6750 : 6730 - CCW]
77 : [626 : 645 - CW]
ColEl origin : [7746 : 7118 - CCW]
Fl ori : [13 : 453 - CW]
Lacz alpha : [528 : 460 - CCW]
Laco : [6778 : 6756 - CCW]
LoxP : [1696 : 1729 - CW]
LoxP : [3946 : 3979 - CW]
Amp prom : [8825 : 8797 - CCW]
lac : [6812 : 6783 - CCW]
PP7 stem loop : [4032 4146 - CW]
PP7 stem loop : [4153 4267 - CW]

PP7 stem loop : [4274

Nanog-5' homology arm
Nanog-3' homology arm

[673 : 1641 - CW]
[5509 : 6662 - CW]

: 4388 - CW]
PP7 stem loop : [4395 : 4509 - CW]
PP7 stem loop : [4516 : 4630 - CW]
PP7 stem loop 1 [4637 : 4751 - CW]
PP7 stem loop : [4758 : 4872 - CW]
PP7 stem loop : [4879 : 4993 - CW]
PP7 stem loop : [5000 : 5114 - CW]
PP7 stem loop : [5121 : 5235 - CW]
PP7 stem loop : [5242 : 5356 - CW]
PP7 stem loop : [5363 : 5477 - CW]
2A peptide : [1642 : 1695 - CW]
2A peptide : (2869 : 2922 - CW]
hsvTK : [1732 : 2868 - CW]
HygR : [2923 : 3978 - CW]
FactorXa site : [1639 : 1650 - CW]



Supplementary Table S1, Concentrations of chemical inhibitors.

Concentrations of
inhibitors (uM)

PD0325901 CHIRggo21 ~ mean#of lntrinsic o o 0
mRNA noise
Serum 0 0 35.915 0.606 0.350
condition
0.2 06 146.620 0316 0.079
" 05 15 217.626 0.218 0.060
075 225 151.372 0.246 0.059
1 3 238511 0.128 0.020
0.2 0 93.616 0.337 0.145
05 0 211.453 0.196 0.050
PD0325901
075 0 308.127 0.112 0.025
1 0 319.824 0.126 0.026




Supplementary Table S2, Nucleotide sequences of smFISH probes used in this

study.

Nanog intronic probes

Dye: CAL Fluor Red 590

Probe #

Probe (5'-> 3')

—_

© 0 N O O~ WDN

TTACTGGGTTCTTCGGGGAC
TTTTTTCTACTCTTACCCTA
AGAAGCAATAACCCTTCAGC
CCCGCTTATGTTAATGACTA
GGGTTTCCAGAAGAGTGATA
CAGACTAGAAGGCCAACGTA
TTATATTGCTCCGTCCTGTG
TAGGATGTTAGGTCTCCCTG
AAATGGGGTGCTCATTCCAA
CTAACTGTATAACCTCACCA
AAACGGCCATTTGGGCAAAT
AATGCTAACTGCTTCTGCTG
TAAGTGACATCCATATTCCC
TGAGCTCACAAACCCAGAAC
CTCCAGATGCTAGCTATAAG
AGACAATGAGCTTCAGACCT

Nanog exonic probes

Dye: CAL Fluor Red 590

Probe #

Probe (5'-> 3')

—_

© 0 N O 0o~ W DN

AGGTTTTAGGCAACAACCAA
ATGGCGAGGGAAGGGATTTC
AACTAGGCAAACTGTGGGGA
TTCCCAGAATTCGATGCTTC
AACTGCAGGCATTGATGAGG
AGCAAGAATAGTTCTCGGGA
AGAGCATCTCAGTAGCAGAC
TTCAGAGGAAGGGCGAGGAG
GAATCAGGGCTGCCTTGAAG
CTTTTGTTTGGGACTGGTAG
TGTCAGCCTCAGGACTTGAG
TGAGAGAACACAGTCCGCAT
CTGTCCTTGAGTGCACACAG
GAGGTACTTCTGCTTCTGAA
GAGAGTTCTTGCATCTGCTG
ATAGCTCAGGTTCAGAATGG
GAAACCAGGTCTTAACCTGC
TTGCACTTCATCCTTTGGTT
TCTTCAACCACTGGTTTTTC
TTCTGAATCAGACCATTGCT

10



21 GATACTCCACTGGTGCTGAG

22 GGGGATAGCTGCAATGGATG
23 ACATGGAAAGGCTTCCAGAT
24 AAGTTGGGTTGGTCCAAGTC
25 AGGTCTGGTTGTTCCAAGTT
26 GAAGTTATGGAGCGGAGCAG
27 CTGTACGTAAGGCTGCAGAA
28 CTGGCAGAGAAGTTTTGCTG
29 CTTCCAAATTCACCTCCAAA

30 TAAAATGCGCATGGCTTTCC
31 ATAATTCCAAGGCTTGTGGG
32 GTAAGTCTCATATTTCACCT

33 TGACTTTAAGCCCAGATGTT
34 CATGTTCTAAGTCCTAGGTT

35 AGCTCAGAAGTTGAGTTGGT
36 ACACTAACACACCAAGTTGT
37 TCTCCAAAGCCTAGAGTTAA
38 GAGAGAGTATATGCACCTCA
39 GGTGTTCAAGCACTTATTCT

40 AGACCCACGCTTCTAAGAAA
41 AAACCTCACCCCTCAAAATG
42 CCACCATATCGTTATACTTT

43 TTCTGTCTCATCCTCGAGAG

44 TATCTGAGCTACCCTCAAAC
45 CGAGATGCTGTCTTACTATT

46 GCAAGCACCTTAATAGGTGA
47 ACATAGCAGTTACTCTTGGG
48 ATCGGTTCATCATGGTACAG

MS2 probes* Dye: Cy5
Probe # Probe (5'-> 3')

1 TTTCTTGGCAATAAGTACCGTA
2 TTTGAAGATTCGACCTGGAG
3 GATGAACCCTGGAATACTGGAG

*each probe is labeled at both ends

PP7 probes* Dye: Cy3
Probe # Probe (5'-> 3')
1 TTCTAGGCAATTAGGTACCTTA
2 TTTCTAGAGTCGACCTGCAG
3 AATGAACCCGGGAATACTGCAG

*each probe is labeled at both ends



Supplementary Video S1, Live imaging of NM-G cells cultured in serum condition.
NM-G cells cultured in serum condition were subjected to live imaging with a
spinning-disc confocal microscope at 2-min intervals for 4 h. Z series of 41 focal planes
with a step size of 0.25 um were acquired. Maximum-intensity image projections are

shown. Scale bar, 10 um.

Supplementary Video S2, Live imaging of NM-G cells cultured in 2i condition.
NM-G cells cultured in 2i condition were subjected to live imaging with a spinning-disc
confocal microscope at 2-min intervals for 4 h. Z series of 41 focal planes with a step size
of 0.25 um were acquired. Maximum-intensity image projections are shown. Scale bar,

10 pm.

Supplementary Video S3, Simultaneous visualization of individual mRNA molecules
and transcription site in the NM-G cell line. NM-G cells cultured in 2i conditions were
subjected to live imaging with a spinning-disc confocal microscope using a 100x%
objective. Z series of 3 focal planes with a step size of 0.15 um were continuously
acquired at minimum intervals with 30-ms exposure time for about 2.5 s. The
approximated collection time is indicated. Maximum-intensity image projections are

shown. Scale bar, 5 um.
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