Nonredundant Minimal Polymerase 111 Promoters for CRISPR Applications
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® Current toolkits for multiplex gene editing lack diversity, affecting their overall utility. Atv3d r176CCRBEEEE A ACCCRCTCARCARRTAACT CC R CCCTA- CRAACCACCATTOCTCA

L. . . AtU6.29 AAAACAK NRSETTCAGTTGAAAATAGAAGCT -CTGIMBNNWNWAT TGGTAGAGTCGACTAAGAGATTG

® Repetitive use of the same Polymerase I1I (Pol III) promoter or excessively long promoters in ~ cive.1  AreecT HEESIENIEECTCATT6GACCRACATCCCCATCC RIS CTCG CCTCCARCCATTTATCS
. . . . T . CiU6.4 TGGCTCpN UNole\ TGATCGGAACGGTTGTTTCGTGCINNWNWNWNGCTCGG-GTTCCAACCATTTATCG

CRISPR constructs can cause silencing, increased genetic load, and reduced editing efficiency.  cive.s cT66C T RESSNSRNEE T TCATCGAGACAACACCTCTCC GO IGCCTGG- CTTCCARACCTTTATCG

° . . MdU3.1 TTCTTGpN CCGTTTCCAGATTACTAAAGCTGCIMWNWNMNGCCTAAA-CAATGACCAACTGTTCA

Our goal was to develop a diverse set of short, nonredundant Pol III promoters for efficient and = wove.a GAGGTCH BE 7 GCARACGCAGTGGTATTAATTCCEMEMITCAATTA - GACTGCAARAAGTGTTG

. . . . . MtU6. 6 TTTTAGH FNTE TCTGAAACATAAAATATTTCAGCCIRRNANAC T TCAAGCGAACCAGTAG-GCTTG
stable multlplex CRISPR appllcatlons in dicot plants. PtU6.1 -AGATAHAHININNTE TC TGGTTAGAGAACACATGAAGT TN T GGCGAAGCTGAGACGTAAGAACCG
PtU6.2 —AGATAjel® NNSETCTGGTTAGAGAAAACATGACGT. Al GCGAAGCAGAGACCTGTTAGTTG
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A roach vvU6.1 —ACTCTN NRSE\CTGCTCATAGACGAAATTGAGC TIMBIWNWNWAT CAGGAGCAAACGCTTAGAGCTTG
pp PtU6.2c3 —AGATARK TCTGGTTAGAGAAAACATGACGTA@—AG@AGCGAAGCAGAGACCTGTTAGTTG
® Test Pol III promoter deletion series and diverse short promoters for their editing efficiency in ~ ¢ivs.3c8  recorcREASBEEEATGATCCGAACCCTTCTTTCGTC MMRNICGCTCGG GTTCCAACCATITATCG
. AtU6.1m2 CAAAAG)Ne W€ C T TAGGTAAAGAAAGCAGCT -GAGIMEWNWAWAT GGTTAGAGACGAAGTAGTGATTG
Nicotiana benthamiana and POpMZMS tremula *< alba reporter lines. AtU6.1m3 CAARAGH UISleC T TAGGTAAAGARAGCAGC T -GAGIMENNA T GG T TAGAGACGAAGTAGTGATTG

° . . . . . HbU6 . 2m1 -CTTAGH JelE T T TAGT TACATATAGTTGCAAGC CRINNNARNCAAAGAATAGGCAGTAGCAATTGG
Assess the impact of mutations in conserved promoter elements on functionality. AtU6.29c14  ARAACHEEESRENIRET TCAGT TGAAAATAGAAGCT-C'TC RN T TGO TAGAGTCGACTAAGAGATCG

° P . . . . . . CiU6.6cl6 CTGGCTpxele} TTCATGGAGACAACACGTCTGCGCCGCCTGG—CTTCCAAACCTTTACCG
Evaluate activity of synthetic Pol I1I variants with mutations outside conserved regions. PtU6.1cl ~AGAT TCTGGTTAGAGAAACCATGAAGT THRENNNAT GGCGAAGCTGAGACGTAAGAACCG

BTCCACATCG
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: Pol III prorpoters as short as 70 bp, derived from dlverse.taxa, were functional in both species. A collection of short Pol T promoters. Conserved elements are shaded in
Mutagenesis confirmed that specific nucleotide changes in the USE (upstream sequence black, mutations in yellow and 3 synthetic variants at the bottom.
element) or TATA box could abolish or restore promoter activity.

® Synthetic variants with mutations outside conserved regions retained functionality. A 186t 138t1 186t2y 13812 38t y
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® A 4-plex construct successfully edited all target MYB alleles in poplar, demonstrating similar 1863 138a v |
editing efficiency among Pol III promoters of varying lengths. 8a— — —_— D
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® Minimal Pol III promoters are sufficient for effective gRNA expression in dicots. ° 28

® Refined USE consensus is essential for promoter functionality. 3 20-

® Conceptual and experimental demonstration of synthetic Pol III promoters. * 0 %\,\ o0 ) D P00

® Cost-effective and scalable for construct assembly, applicable to monocots with adaptations. R>RERY RN 5
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>20 experimentally Pol IIT promoters validated to enhance CRISPR multiplexing capabilities. A 4-plex construct edited 8 MYB alleles (A-B) in poplar, yielding
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Deguchi et al. (2025) Plant Physiology 198: kiaf294. ichomeless leaves (C) and similar efficiency among promoters (D)
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