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Fig. S1. Barcoded mRNA (b-mRNA) optimization and quality control. (A) bEnd.3 cells were treated with
LNPs encapsulating different b-mRNA (modified with either pseudouridine (ψ) or 5-methylcytosine (m5C)) or
commercially available Trilink-mRNA at different concentration. Luciferase activity was assessed at 48 hours
after treatment. (B) Representative Bioanalyzer trace of b-mRNA from different batches.
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Fig. S2

Fig. S2. F2, F14, F15, and F16 are more efficient than other LNP formulations to deliver barcoded
mRNA (b-mRNA) to the brain, lung, heart, kidney, pancreas, and muscle. 16 b-mRNA LNP
formulations were pooled and injected into C57BL/6 mice intravenously (0.25 µg of each b-mRNA was
included in a single injection). 4 hours post injection, b-mRNA delivery to the lung, kidney, heart,
pancreas, brain, and muscle were quantified. N = 4 mice per group. Data were plotted as mean ± SD.
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Fig. S3

Fig. S3. Encapsulation of barcoded DNA (b-DNA) versus b-mRNA in LNPs alters LNP physical
properties. Hydrodynamic diameter and PDI of LNPs encapsulating b-mRNA or b-DNA were analyzed

by dynamic light scattering and were shown in (A) and (B) respectively.



Fig. S4

Fig. S4. Ionizable lipid chemical characterization. High-performance liquid chromatography (HPLC)
photo diode array detection and mass spectrometry analysis were shown in (A) and (B) respectively.
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Table. S1 Library of primer sequences 

Primers Sequence
Miseq primer 1 CAAGCAGAAGACGGCATACGAGATCCTGGTAGGTGACTGGAGTTCAGACGTGTG
Miseq primer 2 CAAGCAGAAGACGGCATACGAGATTAAGCATGGTGACTGGAGTTCAGACGTGTG
Miseq primer 3 CAAGCAGAAGACGGCATACGAGATAGATGTGCGTGACTGGAGTTCAGACGTGTG
Miseq primer 4 CAAGCAGAAGACGGCATACGAGATGTCGAGCAGTGACTGGAGTTCAGACGTGTG
Miseq primer 5 CAAGCAGAAGACGGCATACGAGATGAATTGCTGTGACTGGAGTTCAGACGTGTG
Miseq primer 6 CAAGCAGAAGACGGCATACGAGATAAGCAACTGTGACTGGAGTTCAGACGTGTG
Miseq primer 7 CAAGCAGAAGACGGCATACGAGATCTAACTGGGTGACTGGAGTTCAGACGTGTG
Miseq primer 8 CAAGCAGAAGACGGCATACGAGATAGGCTCAAGTGACTGGAGTTCAGACGTGTG
Miseq primer 9 CAAGCAGAAGACGGCATACGAGATCAGTTGGTGTGACTGGAGTTCAGACGTGTG
Miseq primer 10 CAAGCAGAAGACGGCATACGAGATTCTGGACCGTGACTGGAGTTCAGACGTGTG
Miseq primer 11 CAAGCAGAAGACGGCATACGAGATTGTTATACGTGACTGGAGTTCAGACGTGTG
Miseq primer 12 CAAGCAGAAGACGGCATACGAGATTCAGCGAAGTGACTGGAGTTCAGACGTGTG
Miseq primer 13 CAAGCAGAAGACGGCATACGAGATGTCAAGTTGTGACTGGAGTTCAGACGTGTG
Miseq primer 14 CAAGCAGAAGACGGCATACGAGATAGGATGTGGTGACTGGAGTTCAGACGTGTG
Miseq primer 15 CAAGCAGAAGACGGCATACGAGATCATTCCGAGTGACTGGAGTTCAGACGTGTG
Miseq primer 16 CAAGCAGAAGACGGCATACGAGATACATCCTTGTGACTGGAGTTCAGACGTGTG
Miseq primer 17 CAAGCAGAAGACGGCATACGAGATTCGTGTGCGTGACTGGAGTTCAGACGTGTG
Miseq primer 18 CAAGCAGAAGACGGCATACGAGATTCGCCAGAGTGACTGGAGTTCAGACGTGTG
Miseq primer 19 CAAGCAGAAGACGGCATACGAGATTCGCTATGGTGACTGGAGTTCAGACGTGTG
Miseq primer 20 CAAGCAGAAGACGGCATACGAGATGGCTCCTGGTGACTGGAGTTCAGACGTGTG
Miseq primer 21 CAAGCAGAAGACGGCATACGAGATATCCGACAGTGACTGGAGTTCAGACGTGTG
Miseq primer 22 CAAGCAGAAGACGGCATACGAGATAACATAATGTGACTGGAGTTCAGACGTGTG
Miseq primer 23 CAAGCAGAAGACGGCATACGAGATATGGTAGGGTGACTGGAGTTCAGACGTGTG
Miseq primer 24 CAAGCAGAAGACGGCATACGAGATGCTAAGTAGTGACTGGAGTTCAGACGTGTG
Miseq primer 25 CAAGCAGAAGACGGCATACGAGATACTTCTTCGTGACTGGAGTTCAGACGTGTG
Miseq primer 26 CAAGCAGAAGACGGCATACGAGATTAGATCCTGTGACTGGAGTTCAGACGTGTG
Miseq primer 27 CAAGCAGAAGACGGCATACGAGATTTACTGTCGTGACTGGAGTTCAGACGTGTG
Miseq primer 28 CAAGCAGAAGACGGCATACGAGATGGCATAGGGTGACTGGAGTTCAGACGTGTG
Miseq primer 29 CAAGCAGAAGACGGCATACGAGATCAAGGCGAGTGACTGGAGTTCAGACGTGTG
Miseq primer 30 CAAGCAGAAGACGGCATACGAGATGACGCTATGTGACTGGAGTTCAGACGTGTG
Miseq primer 31 CAAGCAGAAGACGGCATACGAGATAAGGCGACGTGACTGGAGTTCAGACGTGTG
Miseq primer 32 CAAGCAGAAGACGGCATACGAGATCCTAGAATGTGACTGGAGTTCAGACGTGTG
Miseq primer 33 CAAGCAGAAGACGGCATACGAGATTGGTAACGGTGACTGGAGTTCAGACGTGTG
Miseq primer 34 CAAGCAGAAGACGGCATACGAGATCATCAGACGTGACTGGAGTTCAGACGTGTG
Miseq primer 35 CAAGCAGAAGACGGCATACGAGATGTGCGTAAGTGACTGGAGTTCAGACGTGTG
Miseq primer 36 CAAGCAGAAGACGGCATACGAGATCTATTCAAGTGACTGGAGTTCAGACGTGTG
Miseq primer 37 CAAGCAGAAGACGGCATACGAGATAGTGTCTTGTGACTGGAGTTCAGACGTGTG
Miseq primer 38 CAAGCAGAAGACGGCATACGAGATCCTTGCTGGTGACTGGAGTTCAGACGTGTG
Miseq primer 39 CAAGCAGAAGACGGCATACGAGATTTGCTGGAGTGACTGGAGTTCAGACGTGTG
Miseq primer 40 CAAGCAGAAGACGGCATACGAGATAGCTCTGGGTGACTGGAGTTCAGACGTGTG
Miseq primer 41 CAAGCAGAAGACGGCATACGAGATACCAAGGAGTGACTGGAGTTCAGACGTGTG
Miseq primer 42 CAAGCAGAAGACGGCATACGAGATGATAACCTGTGACTGGAGTTCAGACGTGTG
Miseq primer 43 CAAGCAGAAGACGGCATACGAGATTAGATGACGTGACTGGAGTTCAGACGTGTG
Miseq primer 44 CAAGCAGAAGACGGCATACGAGATTGCGAAGGGTGACTGGAGTTCAGACGTGTG
Miseq primer 45 CAAGCAGAAGACGGCATACGAGATGACCGAGAGTGACTGGAGTTCAGACGTGTG
Miseq primer 46 CAAGCAGAAGACGGCATACGAGATCAGACAATGTGACTGGAGTTCAGACGTGTG
Miseq primer 47 CAAGCAGAAGACGGCATACGAGATCTAGGTTCGTGACTGGAGTTCAGACGTGTG
Miseq primer 48 CAAGCAGAAGACGGCATACGAGATGTTCATTAGTGACTGGAGTTCAGACGTGTG

Table 1



Barcode Sequence
b-mRNA 1 GCCCAGTCATAGCCGAATAG NNNNNNNNNN AAGTACCCTCCCGCCCCGACTCTAGAATTA
b-mRNA 2 GCCCAGTCATAGCCGAATAG NNNNNNNNNN GGCAATTGTCCCGCCCCGACTCTAGAATTA
b-mRNA 3 GCCCAGTCATAGCCGAATAG NNNNNNNNNN AGGTGCGTTACCGCCCCGACTCTAGAATTA
b-mRNA 4 GCCCAGTCATAGCCGAATAG NNNNNNNNNN CGACGATCATCCGCCCCGACTCTAGAATTA
b-mRNA 5 GCCCAGTCATAGCCGAATAG NNNNNNNNNN ATGGGAGACACCGCCCCGACTCTAGAATTA
b-mRNA 6 GCCCAGTCATAGCCGAATAG NNNNNNNNNN CTGTTTCTCCCCGCCCCGACTCTAGAATTA
b-mRNA 7 GCCCAGTCATAGCCGAATAG NNNNNNNNNN CGTTTGTACGCCGCCCCGACTCTAGAATTA
b-mRNA 8 GCCCAGTCATAGCCGAATAG NNNNNNNNNN CCCACAAATCCCGCCCCGACTCTAGAATTA
b-mRNA 9 GCCCAGTCATAGCCGAATAG NNNNNNNNNN AAGGCTGCAACCGCCCCGACTCTAGAATTA
b-mRNA 10 GCCCAGTCATAGCCGAATAG NNNNNNNNNN GTCAGCATTCCCGCCCCGACTCTAGAATTA
b-mRNA 11 GCCCAGTCATAGCCGAATAG NNNNNNNNNN CCTCATGGATCCGCCCCGACTCTAGAATTA
b-mRNA 12 GCCCAGTCATAGCCGAATAG NNNNNNNNNN CATCGTGGAACCGCCCCGACTCTAGAATTA
b-mRNA 13 GCCCAGTCATAGCCGAATAG NNNNNNNNNN AATTCCCAGCCCGCCCCGACTCTAGAATTA
b-mRNA 14 GCCCAGTCATAGCCGAATAG NNNNNNNNNN CGTCGTTTTGCCGCCCCGACTCTAGAATTA
b-mRNA 15 GCCCAGTCATAGCCGAATAG NNNNNNNNNN AAAGGCGAGACCGCCCCGACTCTAGAATTA
b-mRNA 16 GCCCAGTCATAGCCGAATAG NNNNNNNNNN CTCTGATCTGCCGCCCCGACTCTAGAATTA
b-mRNA 17 GCCCAGTCATAGCCGAATAG NNNNNNNNNN AGAACGTGTCCCGCCCCGACTCTAGAATTA
b-mRNA 18 GCCCAGTCATAGCCGAATAG NNNNNNNNNN AGACCTTAGCCCGCCCCGACTCTAGAATTA
b-mRNA 19 GCCCAGTCATAGCCGAATAG NNNNNNNNNN AGGTCGAACACCGCCCCGACTCTAGAATTA
b-mRNA 20 GCCCAGTCATAGCCGAATAG NNNNNNNNNN TGTCTTTGGGCCGCCCCGACTCTAGAATTA
b-mRNA 21 GCCCAGTCATAGCCGAATAG NNNNNNNNNN TTCCTACCTGCCGCCCCGACTCTAGAATTA
b-mRNA 22 GCCCAGTCATAGCCGAATAG NNNNNNNNNN CGCGATAATGCCGCCCCGACTCTAGAATTA
b-mRNA 23 GCCCAGTCATAGCCGAATAG NNNNNNNNNN TCAGTCTCTGCCGCCCCGACTCTAGAATTA
b-mRNA 24 GCCCAGTCATAGCCGAATAG NNNNNNNNNN GTGCATGTCACCGCCCCGACTCTAGAATTA
b-mRNA 25 GCCCAGTCATAGCCGAATAG NNNNNNNNNN GGAACCAACACCGCCCCGACTCTAGAATTA
b-mRNA 26 GCCCAGTCATAGCCGAATAG NNNNNNNNNN GTTCAGAGAGCCGCCCCGACTCTAGAATTA
b-mRNA 27 GCCCAGTCATAGCCGAATAG NNNNNNNNNN TTGGCTAGTGCCGCCCCGACTCTAGAATTA
b-mRNA 28 GCCCAGTCATAGCCGAATAG NNNNNNNNNN GGCAAAGTCACCGCCCCGACTCTAGAATTA
b-mRNA 29 GCCCAGTCATAGCCGAATAG NNNNNNNNNN CTTCGCTGAACCGCCCCGACTCTAGAATTA
b-mRNA 30 GCCCAGTCATAGCCGAATAG NNNNNNNNNN GTATGCCTGTCCGCCCCGACTCTAGAATTA
b-mRNA 31 GCCCAGTCATAGCCGAATAG NNNNNNNNNN TTAGGAGTCGCCGCCCCGACTCTAGAATTA
b-mRNA 32 GCCCAGTCATAGCCGAATAG NNNNNNNNNN AGATAGCGTGCCGCCCCGACTCTAGAATTA
b-mRNA 33 GCCCAGTCATAGCCGAATAG NNNNNNNNNN AAGCGGACTTCCGCCCCGACTCTAGAATTA
b-mRNA 34 GCCCAGTCATAGCCGAATAG NNNNNNNNNN CGGTCTAGATCCGCCCCGACTCTAGAATTA
b-mRNA 35 GCCCAGTCATAGCCGAATAG NNNNNNNNNN AAGGGGGATTCCGCCCCGACTCTAGAATTA
b-mRNA 36 GCCCAGTCATAGCCGAATAG NNNNNNNNNN CAGATGCGAACCGCCCCGACTCTAGAATTA
b-mRNA 37 GCCCAGTCATAGCCGAATAG NNNNNNNNNN GGAACTCCAACCGCCCCGACTCTAGAATTA
b-mRNA 38 GCCCAGTCATAGCCGAATAG NNNNNNNNNN GATTGGCCAACCGCCCCGACTCTAGAATTA
b-mRNA 39 GCCCAGTCATAGCCGAATAG NNNNNNNNNN TGTCGCCTTTCCGCCCCGACTCTAGAATTA
b-mRNA 40 GCCCAGTCATAGCCGAATAG NNNNNNNNNN CAGCGACATTCCGCCCCGACTCTAGAATTA
b-mRNA 41 GCCCAGTCATAGCCGAATAG NNNNNNNNNN CCATACGTTGCCGCCCCGACTCTAGAATTA
b-mRNA 42 GCCCAGTCATAGCCGAATAG NNNNNNNNNN GGTTAGGTAGCCGCCCCGACTCTAGAATTA
b-mRNA 43 GCCCAGTCATAGCCGAATAG NNNNNNNNNN TACACCGTGACCGCCCCGACTCTAGAATTA
b-mRNA 44 GCCCAGTCATAGCCGAATAG NNNNNNNNNN TACTTCTGGGCCGCCCCGACTCTAGAATTA
b-mRNA 45 GCCCAGTCATAGCCGAATAG NNNNNNNNNN AAGCGCTTGTCCGCCCCGACTCTAGAATTA
b-mRNA 46 GCCCAGTCATAGCCGAATAG NNNNNNNNNN CGGTTAATCCCCGCCCCGACTCTAGAATTA
b-mRNA 47 GCCCAGTCATAGCCGAATAG NNNNNNNNNN TATCACGAGGCCGCCCCGACTCTAGAATTA
b-mRNA 48 GCCCAGTCATAGCCGAATAG NNNNNNNNNN CCGAATAGTCCCGCCCCGACTCTAGAATTA
Luc_T7_F2 TAATACGACTCACTATAggg CATTCCGGTACTGTTGG
Luc_Seq_US1 AGACGTGTGCTCTTCCGATCT GGACGAGGTGCCTAAAGGAC
NeoR_Seq_US2 ACACGACGCTCTTCCGATCT GCCCAGTCATAGCCGAATAG

Table 2
Table S2. Library of IVT templates



Barcode Sequences
b-DNA 1 A*G*A*CGTGTGCTCTTCCGATCT GAGGGTACTT NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 2 A*G*A*CGTGTGCTCTTCCGATCT GACAATTGCC NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 3 A*G*A*CGTGTGCTCTTCCGATCT TAACGCACCT NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 4 A*G*A*CGTGTGCTCTTCCGATCT ATGATCGTCG NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 5 A*G*A*CGTGTGCTCTTCCGATCT TGTCTCCCAT NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 6 A*G*A*CGTGTGCTCTTCCGATCT GGAGAAACAG NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 7 A*G*A*CGTGTGCTCTTCCGATCT CGTACAAACG NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 8 A*G*A*CGTGTGCTCTTCCGATCT GATTTGTGGG NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 9 A*G*A*CGTGTGCTCTTCCGATCT TTGCAGCCTT NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 10 A*G*A*CGTGTGCTCTTCCGATCT GAATGCTGAC NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 11 A*G*A*CGTGTGCTCTTCCGATCT ATCCATGAGG NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 12 A*G*A*CGTGTGCTCTTCCGATCT TTCCACGATG NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 13 A*G*A*CGTGTGCTCTTCCGATCT GCTGGGAATT NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 14 A*G*A*CGTGTGCTCTTCCGATCT CAAAACGACG NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 15 A*G*A*CGTGTGCTCTTCCGATCT TCTCGCCTTT NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 16 A*G*A*CGTGTGCTCTTCCGATCT CAGATCAGAG NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 17 A*G*A*CGTGTGCTCTTCCGATCT GACACGTTCT NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 18 A*G*A*CGTGTGCTCTTCCGATCT GCTAAGGTCT NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 19 A*G*A*CGTGTGCTCTTCCGATCT TGTTCGACCT NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 20 A*G*A*CGTGTGCTCTTCCGATCT CCCAAAGACA NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 21 A*G*A*CGTGTGCTCTTCCGATCT CAGGTAGGAA NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 22 A*G*A*CGTGTGCTCTTCCGATCT CATTATCGCG NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 23 A*G*A*CGTGTGCTCTTCCGATCT CAGAGACTGA NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 24 A*G*A*CGTGTGCTCTTCCGATCT TGACATGCAC NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 25 A*G*A*CGTGTGCTCTTCCGATCT TGTTGGTTCC NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 26 A*G*A*CGTGTGCTCTTCCGATCT CTCTCTGAAC NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 27 A*G*A*CGTGTGCTCTTCCGATCT CACTAGCCAA NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 28 A*G*A*CGTGTGCTCTTCCGATCT TGACTTTGCC NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 29 A*G*A*CGTGTGCTCTTCCGATCT TTCAGCGAAG NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 30 A*G*A*CGTGTGCTCTTCCGATCT ACAGGCATAC NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 31 A*G*A*CGTGTGCTCTTCCGATCT CGACTCCTAA NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 32 A*G*A*CGTGTGCTCTTCCGATCT CACGCTATCT NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 33 A*G*A*CGTGTGCTCTTCCGATCT AAGTCCGCTT NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 34 A*G*A*CGTGTGCTCTTCCGATCT ATCTAGACCG NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 35 A*G*A*CGTGTGCTCTTCCGATCT AATCCCCCTT NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 36 A*G*A*CGTGTGCTCTTCCGATCT TTCGCATCTG NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 37 A*G*A*CGTGTGCTCTTCCGATCT TTGGAGTTCC NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 38 A*G*A*CGTGTGCTCTTCCGATCT TTGGCCAATC NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 39 A*G*A*CGTGTGCTCTTCCGATCT AAAGGCGACA NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 40 A*G*A*CGTGTGCTCTTCCGATCT AATGTCGCTG NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 41 A*G*A*CGTGTGCTCTTCCGATCT CAACGTATGG NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 42 A*G*A*CGTGTGCTCTTCCGATCT CTACCTAACC NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 43 A*G*A*CGTGTGCTCTTCCGATCT TCACGGTGTA NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 44 A*G*A*CGTGTGCTCTTCCGATCT CCCAGAAGTA NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 45 A*G*A*CGTGTGCTCTTCCGATCT ACAAGCGCTT NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 46 A*G*A*CGTGTGCTCTTCCGATCT GGATTAACCG NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 47 A*G*A*CGTGTGCTCTTCCGATCT CCTCGTGATA NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T
b-DNA 48 A*G*A*CGTGTGCTCTTCCGATCT GACTATTCGG NNNNNNNNNN AGATCGGAAGAGCGTCG*T*G*T

Table 3
Table S3. Library of b-DNA sequences


