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Figure 1: T4DL based HuluFISH 1.0 labelling and purification. (a) Various
enzymes used for conjugating Gapdh oligo pool. Mth for Thermostable 5’
AppDNA/RNA Ligase (NEB, M0319S). T4RL for T4 RNA ligase 1 (NEB,
M0204S). QuickLigase (NEB, M2200S). The adaptor for T4DL was not 3’
end amine blocked, therefore there is a thick band below Gapdh-Atto550
band. (b) Quality control reaction for HuluFISH labelling. Single oligo
component or T4DL ligation reaction single component knockout condition.
TrackIt " 10 bp DNA Ladder (ThermoFisher, 10488019) was used as marker.
Gel were stained with 3xGelRed in water. (c¢) Urea-PAGE gel purification of
HuluFISH probe. The upper band is ligated HuluFISH probe, it runs slightly
faster after purification (2°¢ lane).
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Figure 2:  Multiple-way ligation for HuluFISH probe. (a) Quality con-
trol reaction for multiple piece ligation. Gapdh oligo pool, adaptor, and 3
singly labelled common label oligos were ligated together with various com-
ponent knockout conditions. Gel was imaged with GelDoc (Bio-Rad) before
and after GelRed staining. Only Atto488/550 can be properly excited in
the unstained gel, Atto647N is weakly excited. (b) Condition scouting for
multiple way ligation. Various times, temperatures and T4DL concentra-
tions, or addition of PEG were tested for ligation efficiency. The top band
is the triple labeled Gapdh probe. Scale bar 10 ym. (c¢) Control staining for
multiple-way ligation probes. Triple fluorophore probe alone (L1+2+3) and
Gapdh-conjugated L1+2+3 were pre-annealed with adaptor and compared
with non-stained control in Hepa 1-6 cells. (d) 4 different colour combinations
for Gapdh individual staining. Scale bar 5 pm.



» Supplementary Tables

Table 1: Oligo sequences for HuluFISH

Name Sequences Notes
Label Attob50 z, Amino-C6-dT with
(Hulu 1.0) CTAAATCCOATZA Att0550
Adaptor for
Label Atto550 ATGGATTTAGNNNN
Adaptor for ACCGTGTCCTGGGCGATAC-

L14243 (Hulu | CGATTAGGGTGAGTT-
2.0) TAGTCGAGC
z, Amino-C6-dT with
L1 AAACzCACCCTAATC Atto/Alexa dyes
z, Amino-C6-dT with
L2 GGTAzCGCCC Atto/Alexa dyes
3’ end modified with
L3 AGGACACGGT Atto/Alexa dyes
Table 2: HuluFISH probe sequences
Oligo_Name Sequence
Gapdh.old ATGAACCTAAGCTGGGA
Gapdh.old AGGAAACACTCTCCTGA
Gapdhold TCACCATTTTGTCTACG
Gapdh_old CCAAATCCGTTCACACC
Gapdh.old TCTCCACTTTGCCACTG
Gapdh_old AAGGGGTCGTTGATGGCAA
Gapdh.old GACCATGTAGTTGAGGT
Gapdh.old TGGAGTCATACTGGAAC
Gapdh.old GTGCCGTTGAATTTGCC
Gapdhold CTTCCCATTCTCGGCCTTGA
Gapdh.old AAGATGGTGATGGGCTT
Gapdh.old ATGTTAGTGGGGTCTCG
Gapdh_old ACGACATACTCAGCACC
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CCATGGTGGTGAAGACA
AGATGATGACCCTTTTG
ACAAACATGGGGGCATC
GACAATCTTGAGTGAGT
AGTTGGTGGTGCAGGAT
CCAAAGTTGTCATGGAT
GGTCATGAGCCCTTCCACAA
TCTTCTGGGTGGCAGTGAT
ATGATGTTCTGGGCAGC
AGTGAGCTTCCCGTTCA
TAGGAACACGGAAGGCCAT
ACTTGGCAGGTTTCTCC
ACCACCTTCTTGATGTC
AAGATGCCCTTCAGTGG
GTTGAAGTCGCAGGAGA
AGGTGGAAGAGTGGGAGTT
TTGAGAGCAATGCCAGC
GGAAATGAGCTTGACAA
AGCCGTATTCATTGTCA
AATGCGGCTTGTTGATC
TAGACCCCGTAGTGCTT
TTGAAGAATCCGGAGCA
GGTCCTATTCCTTCGAA
GGTTTCCAGACTTGCAG
TGTCTTGTCTACGGGGCAT
ACGCCCTGCATTGGTTT
TCCAAACACTTCTTCAG
GGCATCTTTGTTCATGT
TGTTTGCGGATGGTGGA
TGTGAAGAAAGCAGGGG
TTCAGGAGTGGCAGACA
TTCATGGGGATACTTGG
AGATACATTGGGGTCCC
TTCACACACGGACTCAG
TAAAGAGAAGCCTGGCA
CTCTTTGCCCACTTGAT
CAAAGTGGAAAAGGCTG
TGGCCCATTGTGCTATT
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AGAGTGTTAGCATCAAC
ATTCATGCCAGATACAG
TCTGGGAGTCTGTGTTG
GCAAAGCCTGTATTTCA
CTAATCGGAGCTGTCTG
AGACAGGCAAATTCAGT
GGAACAGCTTTGAAAGT
CTCAGTTCAGAACCACT
ATCTTGGAGAGCGGCAA
TGTTGAGAGTTAGCTGA
GGGTATCTGGTATGAAT
CTAATTGACCGTAAAGC
GTCACTGGATTTGTACA
AACCTAAGCTGGGACCCC
GGACGAGGAAACACTCTCCTG
CGACCTTCACCATTTTGTCT
TGACCAGGCGCCCAATAC
CAATCTCCACTTTGCCACTG
ATGAAGGGGTCGTTGATGGCA
CCGTGAGTGGAGTCATACTGG
CCTTGACTGTGCCGTTGAATT
ATGACAAGCTTCCCATTCTCG
CTGGAAGATGGTGATGGGCTT
TGATGTTAGTGGGGTCTCGCT
CACGACATACTCAGCACCGG
GGCTCCACCCTTCAAGTG
GGGCGGAGATGATGACCCTTT
TCACAAACATGGGGGCATCGG
GGCTAAGCAGTTGGTGGTGC
CCTTCCACAATGCCAAAGTTG
GTGATGGCATGGACTGTGGT
GGCCATCCACAGTCTTCT
TCACGCCACAGCTTTCCAGAG
GATGATGTTCTGGGCAGCC
GGATGACCTTGCCCACAG
GTGAGCTTCCCGTTCAGC
AGGAACACGGAAGGCCATGC
CATACTTGGCAGGTTTCTCC
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CTTCACCACCTTCTTGATGTC
TCAGTGGGCCCTCAGATGCCT
TCAGTGTAGCCCAAGATGCCC
TGCTGTTGAAGTCGCAGGAGA
TTGAGAGCAATGCCAGCCCCG
GCTGTAGCCGTATTCATTGTC
AGTGTCCTTGCTGGGGTGGGT
TTGGTTGTGCGCTGCCCTGCT
TGATCCGGCGGGCTTGCTCAT
CCACACACTTTGCAAGGGATA
TAGTGCTTCCCGGAGCTG
TTGAAGAATCCGGAGCAGCC
TCCAGACTTGCAGACATAGGT
TTGTCTACGGGGCATCCTCC
CCTGCATTGGTTTCTGTGTGT
GCACGGCATCTTTGTTCATGT
GTTTGCGGATGGTGGACGTC
GTCTTCCTTGTGTCCACGG
CCGCTGTGAAGAAAGCAGGGG
ACACAGCGGCCAACTCCAGAC
ATGGGGATACTTGGGCGTGGG
GTAGAGATACATTGGGGTCCC
TCACACACGGACTCAGTGGC
TGCCCACTTGATGCTCATAA
TGGAAAAGGCTGGCACACTCT
CGCGTCTTCCAAAAGCATCAG
CCCATTGTGCTATTCCTAGA
AGAGTGTTAGCATCAACCGGA
ATTCATGCCAGATACAGCCAG
TCTGGGAGTCTGTGTTGTCAG
CCTCTTGCAAAGCCTGTATT
AGCTGTCTGAACCGAGCCACC
CCACTGTGTGTAGGAACAGCT
GCATTCCGGAAACTTCTCAGT
CATCTTGGAGAGCGGCAATGG
CTGTTGAGAGTTAGCTGAGCC
GGGTGGGGTATCTGGTATGAA
TCTAATACTGCCCCATCTTG
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TTGACCTGCATGTAGATGTCC
AACCTAAGCTGGGACCCCacgctegact
GGACGAGGAAACACTCTCCTGacgctegact
CGACCTTCACCATTTTGTCTacgctegact
TGACCAGGCGCCCAATACacgctcgact
CAATCTCCACTTTGCCACT Gacgctegact
ATGAAGGGGTCGTTGATGGCAacgctcgact
CCGTGAGTGGAGTCATACTGGacgctcgact
CCTTGACTGTGCCGTTGAAT Tacgcetegact
ATGACAAGCTTCCCATTCTCGacgctcgact
CTGGAAGATGGTGATGGGCTTacgctegact
TGATGTTAGTGGGGTCTCGCTacgctcgact
CACGACATACTCAGCACCGGacgctcgact
GGCTCCACCCTTCAAGTGacgctegact
GGGCGGAGATGATGACCCTTTacgctcgact
TCACAAACATGGGGGCATCGGacgctegact
GGCTAAGCAGTTGGTGGTGCacgctegact
CCTTCCACAATGCCAAAGTTGacgctcgact
GTGATGGCATGGACTGTGGTacgctcgact
GGCCATCCACAGTCTTCTacgctegact
TCACGCCACAGCTTTCCAGAGacgctcgact
GATGATGTTCTGGGCAGCCacgctcgact
GGATGACCTTGCCCACAGacgctcgact
GTGAGCTTCCCGTTCAGCacgctcgact
AGGAACACGGAAGGCCATGCacgctegact
CATACTTGGCAGGTTTCTCCacgctcgact
CTTCACCACCTTCTTGATGT Cacgctegact
TCAGTGGGCCCTCAGATGCCTacgctegact
TCAGTGTAGCCCAAGATGCCCacgctcgact
TGCTGTTGAAGTCGCAGGAGAacgctcgact
TTGAGAGCAATGCCAGCCCCGacgctegact
GCTGTAGCCGTATTCATTGT Cacgctegact
AGTGTCCTTGCTGGGGTGGGTacgcetegact
TTGGTTGTGCGCTGCCCTGCTacgctcgact
TGATCCGGCGGGCTTGCTCATacgctcgact
CCACACACTTTGCAAGGGATAacgctcgact
TAGTGCTTCCCGGAGCT Gacgctegact
TTGAAGAATCCGGAGCAGCCacgctcgact
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TCCAGACTTGCAGACATAGGTacgctcgact
TTGTCTACGGGGCATCCTCCacgctcgact
CCTGCATTGGTTTCTGTGTGTacgctegact
GCACGGCATCTTTGTTCATGTacgctegact
GTTTGCGGATGGTGGACGT Cacgctegact
GTCTTCCTTGTGTCCACGGacgctcgact
CCGCTGTGAAGAAAGCAGGGGacgctcgact
ACACAGCGGCCAACTCCAGACacgctcgact
ATGGGGATACTTGGGCGTGGGacgctcgact
GTAGAGATACATTGGGGTCCCacgctegact
TCACACACGGACTCAGTGGCacgctegact
TGCCCACTTGATGCTCATAAacgctegact
TGGAAAAGGCTGGCACACTCTacgctegact
CGCGTCTTCCAAAAGCATCAGacgctcgact
CCCATTGTGCTATTCCTAGAacgctcgact
AGAGTGTTAGCATCAACCGGAacgctcgact
ATTCATGCCAGATACAGCCAGacgctcgact
TCTGGGAGTCTGTGTTGTCAGacgctcgact
CCTCTTGCAAAGCCTGTAT Tacgctegact
AGCTGTCTGAACCGAGCCACCacgctcgact
CCACTGTGTGTAGGAACAGCTacgctcgact
GCATTCCGGAAACTTCTCAGTacgctcgact
CATCTTGGAGAGCGGCAATGGacgctcgact
CTGTTGAGAGTTAGCTGAGCCacgctcgact
GGGTGGGGTATCTGGTATGA Aacgctegact
TCTAATACTGCCCCATCTTGacgctegact
TTGACCTGCATGTAGATGTCCacgctegact
ATCATCCCTGGGTCCGCCATacgctegact
CCCATCCTCGCCAAAAAGACTacgctcgact
ACATTCCCCGAGGCCTT Cacgctegact
TCACGGGGTTTTCGGGGTAGCacgctegact
CCTTGGTCTATGGGCATCT Gacgctegact
GGGATGGCTGTAAGGAGGGA Aacgctegact
TCATTCGGTTAGGCTGATCCacgctegact
GTGATACTGTGAGTGCGGAGAacgctcgact
ACTCCCATCTGACCGCCACCAacgctcgact
TTCGTTCTGGATGCCGGGATAacgctcgact
GCCGCCATCCACAAAAGAT Tacgctegact
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GCTCGTATCTGGTCTGGTACacgctcgact
GCCCATCTGCTGCATGTGacgctegact
AATCCCCACGTGCCAGATAGCacgctcgact
ACTGGCCCATCCTCTGCTGTGacgctegact
CCTGACTGAGGCCCTCTTacgctegact
GAGGTGGCAATGAAAGGGCTTacgctegact
GTGATGGTGGAACTGCTGCTGacgctegact
GAATCTGGGACTGTGGGCAACacgctcgact
CTTGTTGAGGAGGGTTGGGGGacgctcgact
AGGGTTTGTGGCCTGACAGCacgctcgact
GGACTGTCTGGTTCCGAGAAacgctcgact
CCCTGAGTTGTTTACAGTAGGacgctcgact
GGAGTACTGTTTGTAAGGCCTacgctcgact
GGTATCTTGGTACCGACTGATacgctcgact
CCACTGTTTGACGGGAATCCacgctegact
GAGTGGATAGGCTGCTGGTGacgctegact
GTTCATTTGGTTCAGTGAGCCacgctcgact
GCTGTGAAGGGTGCATAGT TTacgctegact
GGAGAGGCGTACGTTCCCTGAacgctcgact
GCTGGGTTACTCATTGCTTTCacgctegact
CCAACTTCCATGGGCATCCacgctegact
GCGCCTTCTCGGTTTTAAAAGacgctcgact
ATCGTCTTCCCTCTGCGCacgctegact
GCAGAGTTGTCAGGCTGCAGCacgctcgact
GGGGAAGAAACGCGCAGAAGGacgctcgact
AGGAGAGGGGAGAAACGAGCCacgctcgact
GCACGATCAAAGGGGGACGAAacgctegact
AACGAGTTGGGGACGCAGGGTacgctcgact
CACTCTCCATCTTGCCAGAGacgctcgact
CGGTCGCAAAGAAGCAGGCT Gacgctegact
TGACTTGTGACCGCCCCCTGAacgctcgact
TGGCGCTTGACCTGCTTGacgctegact
AGCGCATCAGTTCCGGAGAGacgctcgact
CTGAAGTTGAGCCGGCGTTTGacgctegact
AACTTGACCCGGTTGCGCTCGacgctcgact
TCTTCTTGTTGGCCGCGCacgctegact
TAGTTGGGGGAGATGGTGGGCacgctegact
CGCCATAGAGTTCAAGTCGT Tacgctcgact
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TCGGAGGAGTAGGACGAGACCacgctcgact
GGCTAAGAGGGTCGTAGGAT Cacgctegact
TCCAGCAGCTCTTGTTCCTCTacgctcgact
TCCATTCCCAGGAGAGCCacgctcgact
GGATCTGCTGCCATCCTGacgctegact
CCCATTTGACGTCGTTGGCacgctcgact
TTTCCCCTTGTTTTTCTGCCacgctegact
GGCTGTCTGGTTTGTTTGT Tacgctegact
ATCTTAGTGAAGGTGCCCCacgctegact
CCCTGTTTGCTGAGAACATTGacgctegact
TCACTCTTCTCGTGTCTGGAAacgctcgact
TCGGGCTTAGGTTCAGACACacgctcgact
CCAGGAAAGGAACCCATCTGTacgctegact
GTGTGTGTGTGACGCTCTTGCacgctegact
CCTGTTAGTGGTTGGGAGTTAacgctcgact
CCGCTGTGACTGTTCTGCATacgctcgact
GACACCACCAAGCTGATTCACacgctcgact
TACGATCTTCTGCCGGGTGacgctegact
TTCGGGAAATGTCGCACGGCCacgctegact
CAACCGTTGGATACCTGCAGAacgctcgact
CCTGCCCAGAATTTTACTCACacgctcgact
GGTCTGATGGAGCCAGTCTacgctegact
CTTACTCCCTCCGATTGCCCTacgctegact
CCCGTTTATACTGGGCTAT Tacgctegact
CCCAAGCAAAGATGGAAGGGCacgctegact
ACCCCCTCGGATAATAATC CTacgctegact
CCAGGTTGCGAAGAACTCTGTacgctegact
GCCCATCTGTTGCTTTTCGacgctegact
CCCGTTCAACATCCTTAGT Tacgctcgact
GTACTGAAGTCCCGGGATACacgctegact
AGCCATCTTGCGTGGGTTGCCacgctegact
TCCCCCTCCTTCCTGTTGCTGacgctegact
GAGCTTCATCCGAGTCTTCTacgctcgact
TATTTCTTTGCAGCTTCCGCacgctcgact
CCTCAATCTGCTCTTGGGTAAacgctegact
CCTCTCAAACTCTTTCTCCAGacgctcgact
CCGGGCAAACACATCTGGATAacgctcgact
CCTGTATTCTTGCTTCAGGTacgctcgact
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CATTTGGCCCTTCGATTAGAacgctcgact
GGTTCCTCAGTTTCTCTTCTCacgctegact
GTGTTGCTGGCCTGTCTTCT Cacgctegact
GCTGCTGCTGATAGGAATGT Gacgctegact
GCTGGTAGACACTGGTACTGAacgctcgact
GGTGTGGTGGGCTGTGGGAT Tacgctcgact
GTCTGTTCGGCCCAACATGacgctegact
TGTACGTGTTGGTGAGGGCGGacgctcgact
TGGTGAAGCTGGGCATGGGT Gacgcetegact
ACCCACCTCTCCTCAAGGacgctcgact
GCAACCGTCTAATGCCGCacgctcgact
CAACTACCAACCCTCTGCGCCacgctegact
CAAGGTCCCCCGATTCACacgctcgact
AAGAGGAACGAGGTCTGGCTGCacgctegact
GGCGACTAGATGAGAGCTACTacgctcgact
AGGATGGAGCCCTGGATCAGacgctcgact
CCAGCAGGCCTCATTGATGAacgctcgact
AGACGAGTCCATGCTCTGCacgctegact
GTAAGCTGTACCAAGGAGACGTacgctcgact
CGGTATGTGTCGAAGCCTTCacgctegact
CCATGGCTAGGTTGCGGTacgctcgact
GGACATGCTGGTGAGGTTCAacgctcgact
CTGCATTATCTTCAGCCCTTacgctegact
GGTGCTTCGAATACTAGTGCTAacgctcgact
GCTCCACATCTAAGTCCAT Tacgctcegact
ACTCCTGTTCTGGGATTCCacgctegact
CGGCATCTTTATTACACAGCTGacgctegact
CATATACGTGCAAATTCACCCGacgctcgact
GGATATCACAACAGCATCTCCAacgctegact
ACTTCACCCCATTCTTTGCACAacgctcgact
CCAAGCTCTCCACTTGCAGAAAacgctegact
GCCTCCTCTTCTTTATCCACATacgctcgact
CAGGCTCATTCATCTCTATGGTacgctegact
CCTCAGAGCAAACGTTAGGTGAacgctcgact
ACAGTGGAGTGGCTTTTGTGAAacgctegact
TCTACAACAAGGGGCACATCTGacgctegact
GTGTCCCATGTCAGCAATT Tacgctcgact
CATCTTCAATCTTGGGAGCCAacgctcgact
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GCATCTCAGGAGCAATCTTCAAacgctcgact
GAAAAGACCTCAGGACACGCTGacgctegact
GGCACTGCTCTATGACTTTTCAacgctcgact
CTCCGTCTCCATCATGTTATacgctegact
TTCTTCTGGTTGCCGCCGGT Cacgcetegact
TCATGGGCCTCTTGACGCGGTacgctcgact
CCCGGGACCATACCATGAAGacgctcgact
TCCTGGGCCATCTTACGCacgctcgact
CGAGTTGTGCATCTTGGGGT Tacgctegact
AAGTTTCCACTCCGCGCCCAGacgctcgact
GCTTGGCCTCGTCGATGAACacgctcgact
CTCCTTCATGTGCAGAGCGacgctcgact
CGGCCGGTATTTATAATCCGacgctcgact
CTTCTTCATGAGCGTCTTGGTacgctcgact
CTCCGGGAAGCGTGTACTTATacgctegact
AACCCCGCTCGCCATGCTGT Tacgctcgact
GTAGCTGTCCATGCGCTGacgctegact
TGACGTCGTAGCGGTGCATCGacgctegact
GCTGGTCATGGAGTTGTACTGacgctegact
AGCCGTTCATGTAGGTCTGCGacgctcgact
TAGGACATGCTGTAGGTGGGCacgctegact
TGACCACAGAGCCCATGGAGCacgctcgact
CTGGAGTGGGAGGAAGAGGTAacgctcgact
TGCTGATCATGTCCCGGAGacgctcgact
TGGTAGTGCTGGGCCATGTGacgctegact
TCACATGTGCGACAGGGGCAacgctcgact
TCTCCAGTTCGCAGTCCAGCCacgctegact
CCCAATTCCCTTGTATCTCTacgctcgact
ACTCTCCTCTTTTTGCACCCCacgctcgact
CGTTTCGCTGCGGAGATTTT Tacgctcgact
GGCATCACGGTTTTTGCGTTAacgctcgact
CCCCAAAAAGAAGTCCCAAGAacgctcgact
CCCTCAGGTTTTCTCTGTACAacgctcgact
TACATGGTCCGATTCCCCCGCacgctegact
GCCTAACGTACCACTAGAACTacgctcgact
GGAGCTCTGGAGGCGATTAGacgctcgact
CACGGTACTTGGGGCCATacgctcgact
TGGGACTGAGCATCTCCACCGacgctcgact
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TCTTCTCCACCACCGGCTTCCacgctcgact
TGCTGTTGATGCGGTCCCacgctcgact
AGCTTGGAGTTGGGCTGGTGCacgctegact
CTCCAGGATGTCGGCCTTCT Cacgctegact
TGTGTTTCAGGTAGCTGACGGacgctcgact
TCGCTGTAGTCCTGGTGCAGacgctcgact
AACTGTACCGCCTCCTGCacgctegact
CAGCTTCATCTGCGTGTCGacgctegact
ATCCTCTGGTCCGCTCCAacgctcgact
CCACATCCAGAGGAACGAGCT Cacgctegact
ACTGCGGCTGGGGAATGTCTTCacgctegact
AGAAGGTAGCGGCCAACCTGacgctegact
AATGACCCTCCTGCTGGCCAacgctcgact
CAACTCTGCACACACATTCTCTacgctegact
GGCCCTGATTATCCCCAAATGAacgctcgact
GCAAACACAAAACAACCCCACGacgctegact
GTGACCAGGAACTTCGCAGAacgctegact
AAATATCATAGAACCCCCGGTGacgctegact
GTGAGCCAACCCCCGACTCTAacgctcgact
CCCTGAAGAAAGTCCTCTACGGacgctcgact
GCAGTTCCGCCTTCACAAAAGacgctcgact
AGCGCGCATCAGACAGCCAAGacgctcgact
AGGATCATCGTGGAGACCCCacgctcgact
CCACCCATACAAAGGAATCCTacgctegact
TACAAAATCGTGCCCACATGCacgctegact
CCCACATGACCAAGAGTTCAAAacgctcgact
GCCTTCAGAACAGCCTGTGacgctegact
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