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Supplementary Information Table 1
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 TGGAAAGT = ACTTTCCA ~ CCTCCTAA  TTAGGAGG

2 ACGGAGCA  TGCTCCGT  AACCTCAA  TTGAGGTT

| AACTCCAA | AATCCCAT | ATGGGATT |

4 AAGGAGGT ~ ACCTCCTT  AACCCTAC  GTAGGGTT
| AGAAAGCA | TGCTTTCT  ATCCTCTC

6 ACAGAACT  AGTTCTGT CATTTCAA TTGAAATG

8 ATGGGAGT  ACTCCCAT  CGTTCCTG  CAGGAACG

10 TTGAGGAT  ATCCTCAA  TCCTCTTA  TAAGAGGA

12 AAAGGACA  TGTCCTTT  AACTCCCG  CGGGAGTT
[

14 AAGAAACC  GGTTTCTT  AATCCTCA  TGAGGATT
[ 15 [AAGAGGCA | TGCCTCTT

16 ACAAAGAC  GTCTTTGT  AATCTTGT  ACAAGATT
| A7 ACAAGAAA | TTTCTTGT | AATTCCGA

18 ACAAGGCT  AGCCTTGT  ACCCTCCT  AGGAGGGT
|19 [ACAGGGTA | TACCCTGT  ACCCTTGA

20 ACGAAAGA  TCTTTCGT  ACCTCCAA  TTGGAGGT
.

2 ACGAGGGC ~ GCCCTCGT  ACCTTCGC  GCGAAGGT
N

24 ACGGGAAG CTTCCCGT  ACTCCTTT  AAAGGAGT
|25 [AGMAGACC
2  AGGAAGGG CCCTTCCT  AGCCCTCT  AGAGGGCT
|27 [AGGGAAAT | ATTTCCCT
2 ATAAGGGA ~ TCCCTTAT  AGTCTCTA  TAGAGACT
30 CAAAGACT  AGTCTTTG  AGTTTCAT  ATGAAACT
| GTCCTTTG  ATCCCTTA
CAAGAAGA  TCTTCTTG  ATCTCCGT  ACGGAGAT
| GACTCTTG | ATCTTCCA

CAGAAGGA  TCCTTCTG  ATTCTCGG  CCGAGAAT
| CAGAGAAA

CCGAGGAG  CTCCTCGG CACCTTAT ATAAGGTG

32
Lo
3
s
36 CAGGGACG  CGTCCCTG CACCCTGA TCAGGGTG
| a7 CCGAMACT | AGTTTCGG  CACCTCGC
38
e
40

|CGAGGAGG | CCTCCTCG | CCCTCCGG

42 CGAGGGCA TGCCCTCG  CCCTTCTA  TAGAAGGG

CGGGAGCT  AGCTCCCG  CCTCTCAT  ATGAGAGG
| GGCTTCAG | cCTTTCCC

CTGGAAMAC ~ GTTTCCAG  CGCTCCCA  TGGGAGCG
| ACCCTCTC | CGTCCCAC

GAGGAACA  TGTTCCTC  CGTCCTGG  CCAGGACG

GCAAAGGG  CCCTTTGC CTCceTCG CGAGGGAG

| GCGGAAGT | ACTTCCGC  GCCCTCGG
GCGGGATA  TATCCCGC ~ GCCCTTCC  GGAAGGGC
| GGAAGAGA

GGAGAGGT  ACCTCTCC GCTCCCTG CAGGGAGC

3
e

50
T

52
.

54
s

56
|57 [GGAGGATT

58 GGAGGGAC GTCCCTCC  GGCTCTCG  CGAGAGCC
|59 [GGGAAACG | CGTTTCCC | GGCTTCCC | GGGAAGCC

60 GGGAAGAA  TTCTTCCC  GGTCCCGA  TCGGGACC
|81 GGGAGGTC

62 GTAAAGTC ~ GACTTTAC  GTTTCCCG  CGGGAAAC
e | GCTTCTAC | TACCTCTT

64 GTAGGAAA  TTTCCTAC  TACTTCGA  TCGAAGTA

| AGcccTAC | TCCCTCAC

6  GTGGAGGA TCCTCCAC  TCCTTTGT  ACAAAGGA
e

8 TCAMGTT  AACTTTGA  TCTTCCTC  GAGGAAGA
e

i TCGGGACT ~ AGTCCCGA  TGTCTTCT  AGAAGACA

72 TTGAGAGA TCTCTCAA TTCCCTAT ATAGGGAA
Supplementary Information Table 1. Sequences of Coding Oligonucleotides



Supplementary Information Table 2

] b |2 | 8 | 24 | 5o | 26xc
EEETE 57hosATGG (SPhosiTGA SPhos/GTT  /SPhosiCTA /SPhos/TTC  /5Phos/0GC
B cProaTGA SPhostAAC SPhos/TAG  /SPhosiGAA /SPhos/GCG  /SPhosiAGGE

Supplementary Information Table 2. Sequences of overhangs in oligonucleotide sequences by position



Supplementary Information Table 3

OS[+] (EPhos/ATACCATGGCATATGCCGCCGCCGOCTTCGTCCTTCTCAGCGAC

0S[-] (EPhos/CCATGTCGCTGAGAAGGACGAAGGCGGCOGLGGCATATGCCATGGTATGE

CS[+] [5Phos/GCCTCCCAAACHNNNNNNNNGTTTGCCCGCCAGTTGTTGTGCCAC

csH | aTTTGGG

Sanger FOX | CGCCAGGGTTTTCCCAGTCACGACCAACCACCCAAAACCACAAAC CCAAACCCCAA
primar ACCCAACACACAACAACAGCCGACGCCTTCGTCCTTCTCAGCGA

Entry primar | CGCCAGGGTTTTCCCAGTCACGAC

Supplementary Information Table 3. Sequences of non-coding oligonucleotides



Supplementary Information Table 4

Post-Cycle 200 um Tags % RSD 10 uym Tags % RSD

Ligation (MPB) (MPB)
CuAAC 6E7 71 6E5 28
0s 5E7 26 1E5 8
11xx 2E7 1.7 1E5 32
22xx-13xx > 7E8 N/A 1E6 9
24xx-15xx 5E8 23 1E6 21

Supplementary Information Table 4. Example DNA tag quantitation during DEL synthesis for a 3-cycle library.



Supplementary Information Table 5

Post-Cycle 200 um Tags % RSD 10 pm Tags % RSD

Ligation (MPB) (MPB)
CuAAC 6E7 64 9E4 11
0s 3E7 2 1E5 96
11xx 1E8 49 5E5 27
22xx 3E8 13 7E4 128
13xx 6E8 15 2E6 79
24xx-15xx > 7E8 N/A 5E6 43
26xx 6ES 27 2E5 43

Supplementary Information Table 5. Example DNA tag quantitation during DEL synthesis for a 2-cycle library.



Supplementary Information Table 6
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Supplementary Information Table 6. Examples of BB QC analysis.




Supplementary Information Figure 1
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Supplementary Information Figure 1. Examples of photocleavable acids for use in DEL synthesis. The Fmoc-
protected amine functional group supports reactions such as acylations and reductive animations (left, top).
Bromo-photolinkers are reactive in nucleophilic substitutions (right, top). Hydroxymethyl-linkers react in Steglich
esterifications*® (left, bottom). Photolinkers containing an aldehyde are reactive in reductive alkylations (right,
bottom).



Supplementary Information Figure 2
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Supplementary Information Figure 2. Schematic of a full solid-phase encoding tag. N3-HDNA is installed via
CuAAC. The OS[*] OP, shared between all library members, contains the forward primer binding site for PCR
amplification, and a 4-bp overhang for ligation to the first encoding position sequence 11xx. 11-bp coding positions
11xx, 22xx, 13xx, 24xx, 15xx, and 26xx follow; the sequences of these regions will vary depending on the
encoding scheme of the library. Each position has a unique 3-bp overhang for specificity in ligation (11xx contains
a 4-bp overhang for driving selective ligation to the OS[#]), followed by the 8-bp coding region. The final OP CS[#]
contains a 4-bp overhang for driving selective ligation to 26xx, a brief dsDNA region for enhancing T4 DNA ligase
activity, an 8-nt degenerate sequence unique molecular identifier (UMI), and a constant region (ssDNA)
containing the reverse primer binding site for PCR amplification.



Supplementary Information Figure 3

260-bp
standard

Supplementary Information Figure 3. Example PAGE analysis of 1500-bead 10-um screening bead amplicons
prepared for next- generation DNA sequencing. PAGE analysis of gPCR amplicons from screening beads
indicates the presence of the expected 260-bp product (lanes: 1 = Low MW Ladder, 2 = 260-bp standard
amplicon, 3-5 = 1500-bead amplicons).



Supplementary Information Figure 4
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Supplementary Information Figure 4. Example data from QC samples that did not pass inspection. (A) PAGE
analysis of gPCR amplicons after installing the FOX primer did not indicate the presence of the expected 221-bp
product (lane 1 = Low MW ladder, lane 2 = 221-bp standard, lane 3-10 = single-bead amplicons after Sanger
DNA sequencing adapter installation). Bands both smaller and larger than the standard can be observed,
indicating truncation and overligation products. (B) Examples of low- quality Sanger sequencing reads include
those with ambiguous base calls, which result from sequence contamination or low concentration of template.
Dye blobs may result from errors during sequencing sample preparation, and samples should be re-sequenced
for proper results. (C) An example of a library member that did not match the expected m/z is shown. This
compound contains a building block (cycle 3 carboxylic acid) which often appears in samples that did not pass
MALDI inspection.



Supplementary Information Figure 5
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Supplementary Information Figure 5. Raw gel image (unannotated) used in (A) Figure 6A and (B) Figure 6B.



Supplementary Information Figure 6

Supplementary Information Figure 6. Raw gel image (unannotated) used in Supplementary Information Figure 3



Supplementary Information Figure 7
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Supplementary Information Figure 7. Raw gel image (unannotated) used in Supplementary Information Figure 4





