DERZIVZYSED! o aeimiosiisiomsiaiass sis si: ansiersiasoiosainsatis, sna, sxosaiioirsiosatiatn sis sisashaiosaiasaraioio ata sseidssisssla istaiste ate ayoauaioxaiapainiatn o 0
DFR2 (V4) .SEQ  GCTCTTTCAACTGGTGCTCCATCTCAAAGGCCCACTTACCCATCCTTTGAGACTAAGTTGTGTGAAGTACAGCTTGTTTG 880

DERGIVINSEE0l » sommsvion o8 0 s es s o s RS 3 rceTcACRTTTRCCTGTRTEAEC R RG 39
DFR2 (V4) .SEQ  TGGATTTCTTCARATGGATATTGTCAGTGCTCAGAGGGAAGIATTATGCIAAGATGARGRETEGCH T RG] 960
DFR2 (V2) . SEQ cd8 TEER T T Tl ks .. .FRTEATGC TA. ... SEATETARCTEATTTERCCRECEEAAATACCHREAA 112
DFR2 (V4) .SEQ A [elele le TC T TCLYev. IGACTT] GGGRAAMEGCCTETAR TCCARNATCINE CTGGTAZYRETT 1040
DFR2 (V2) .SEQ TXRE T ECTRAEARCTAARAATATCRTIRCCTTCCART AN TIE . BT TATRAGAA R I AAGETRAA 191
DFR2 (V4) .SEQ  CfiG CTeACH T TACCTGTRTGAGCARCCIARAGTAGACINICGE TIAC AR TIRECTCI TC TR GIMIGCCABCARTT 1120

DFR2 (V2) .SEQ  [RBATG TTRAG CTRATEETRTGCTS. . . .RACEEAERE. . . . . 262
DFR2 (V4) .SEQ  RcergiciidcoficaTiginlccpcodecpanTrgcTerTTiNecleTCcCc 1200
DFR2 (V2) .SEQ AGGTT( T U STA : T 342
)2 PRAZ Wil 7. 7. ;T TGTCTCTTTCTC AAGTTGACAGACTTG TCCAATTCAAGTATGGAG! ( AGCCA 1280
DFR2 (V2) . SEQ 422
DFR2 (V4) .SEQ 1360
DFR2 (V2) .SEQ 502
DFR2 (V4) .SEQ 1410
DFR2 (V2) . SEQ 582
DFR2 (V4) .SEQ 1410
DFR2 (V2) .SEQ 632
DFR2 (V4) .SEQ 1410

Fig. S1 Sequence alignment of the coding sequence of the DFR2 gene in different
genome annotations. The gene sequences from commonly used version 2 (V2) and
newly annotated version 4 (V4) grape genomes were used for alignment.
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Fig. S2 PCR identification of transgenic plants regenerated from 41B embryogenic
grape cells transformed with LbCas12a-TMT1 without (a) or with (b) heat treatment.
The constructed plasmid and genomic DNA from wile-type plant were used as positive
(P) and negative (N) controls, respectively. Lanes 1-25 in (a) and Lanes 1-29 in (b)
represent independent regenerated plants.
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-6/-4 bp 318
-5/-3bp 6
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516 bp 206
87 bp 216
4bpWT 4B
-3 bp/WT 206
514 bp 206
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-3/-5bp 56
-4/-14.+1bp 16
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-11/-4 bp 16
510 bp 26
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Fig. S3 Sequencing results of TMT1 editing in LbCas12a-TMT]1 grapevine plants. The
results obtained with transgenic plants after HT are shown as examples. (a) Schematic
illustration of primers design for amplification of target sequences of TMT1 gene. (b)
Sanger sequencing results of the two targets in grapevine plants. Representative
sequencing chromatograms as well as identified sequences are shown. The PAM
sequences are underlined and the targets are shown in red box in chromatograms. For
each plant, 6 clones of amplicons were randomly selected and analyzed by Sanger
sequencing. Mutation types and corresponding number of clones are shown on the right.
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TMT1-crRNA1 TMT2-crRNA1
ACTTTCTGCAAGGATGGGATA-———-— ACTATTGC -5bp  TATTTTGTCAGTGGCCTTGTGATGCTG---TCTC -3bp
ACTTTCTGCAAGGATGGGATA--——-—-- TATTGC -7bp TATTTTGTCAGTGGCCT———————=— TGTGGTCTC -8bp

TMT1-crRNA2 TMT2-crRNA2
GATTTGGAAAGCACTGTAGAAGGG-—--TTGTGG 4bp TGTTTATGTGCTGCTGTTGG-———————— TGGAT -9 bp
GATTTGGAAAGCACTGTAGAA-—————- TTIGTGG -7bp  TGTTTATGTGCTGCTGTT-———- GGCTTCTGGAT -5bp

TMT1-crRNA1 TMT1-crRNA2
ACTTTCTGCAAGGATGGGAT-——-GCTACTAT/290bp/ATTTGGAAAGCACTGTAGAAGG————— TTGTG -3/-5bp
ACTTTCTGCAAGGATGGGAT--——-————- AT/290bp/ATTTGGARAGCACTGTAGAAGG-————— TTGTG -9/-5bp

Fig. S4 Knockout of TMT1 and TMT?2 genes in grape. (a) Schematic illustration of the
targets design for TMT2. (b) Representative mutated sequences detected at the four
targets in TMT1 and TMT2. (c¢) Sugar content in tmtltmt2 cells. The cells transformed
with empty vector were used as the control (CK). The significant differences are

determined by Student’s ¢-test. * P <0.05; ** P <0.01. Suc, sucrose; Glc, glucose, Fru,
fructose.
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[TAACTTTCT‘GCAAGGATGGC—AT ———————— TAT/290bp/ATTTGGAAARGCACTGTAGAAGGGCTTGTTGTG  -8/WT 4/6

Plant 10
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TAACTTTCTGCAAGGATGGCATA-—--———== T/290bp/ATTTGGARAGCACTCTAGRAGGGCTTGTTGTG -0 bp/WT 4/6
[TAACT'T‘TCTGCAAGGATGGGATA—TGCTACTAT/290bp/ATTTGGAF\AG(‘hCTGTAGAAGGG————TTGTG -1/-4 bp 36
i
Plant13 TAACTTTCTGCAAGGATGGGATA--~-CTACTAT/ 290bp/ATTTGGAARGCACTGTAGARGG-———— TTGTG  -3/5bp 316
(c)

TMT2 Target 1 TMT2 Target 2 Mutation No. of clones
Plant1 TTTATTTTGTCAGTGGCCTTGTGATGCTGTGGTCTCCCAATGTTTATCGTGCTGCTGTTGGCRAAGGCTTCTGGR  WTMWT B/6

Plant2 TTTATTTTGTCAGTGGCCTIGTGATGCTGTGGTCTCCCAATGTTTATGTGCTGCTGITGGCAAGGCTTCTGGA WT/IWT  6I6
Plant4 TTTATTTTGTCAGTGGCCTTGTGATGCTGTGGTCTCCCAATGTTTATGTGCTGCTGTTGGCAAGGCTTCTGGA WT/WT  6/6
Plant5 TTTATTTTGTCAGTGGCCTTGTGATGCTGTGGTCTCCCAATGTTTATGTGCTGCTGTTGGCAAGGCTTCTGGA  WTWT  6/6
Planté TTTATTTTGTCAGTCGCCCTTIGTGATCGCTGTGCTCTCCCARTGTTTATESTCCTCCTGTTGGCARGGCTTCTGGA WTWT  6/6
Plant8 TTTATTTTGTCAGTGGCCTTIGTGATGCTGTGGTCTCCCAATGTTTATGTGCTGCTGTTGGCAAGGCTTCTGGA WT/WT 616
Plant9 TTTATTTTGTCAGTGGCCTTGTGATGCTGTGGTCTCCCAATGTTTATGTGCTGCTGTTGGCAAGGCTTCTGGA wWTwT 66
Plant 10 TTTATTTTGTCAGTGGCCTTIGTGATCCTGTGGTCTCCCAATGTTTATCTCCTGCTCTITGGCAAGGCTTCTGGA WTMWT  6I6
Plant 11 TTTATTTTGTCAGTGGCCTTIGTGATGCTGTGGTCTCCCAATGTTTATGTGCTGCTGTITGGCAAGGCTTCTGGA  WTMWT  6I6
Plant 12 TTTATTTTGTCAGTGCCCTTGTCGATCCTGTGCTCTCCCAATGTTTATETCCTCCTCTTGGCAAGGCTTCTGGA  WTMWT 616

TTTATTTTGTCAGTGCCCTTGTCGATCCTCTGGTCTCCCAATGTTTATCTCCTGCTCTTGGCAAGGCTTCTGGA wTiwT 416
TTTATTTTGTCAGTGGCCT———————— TGTGGTCTCCCAATGTTTATCTGCTGCTCTTGGCAAGGCTTCTGGA g bp/WT  2/6

Fig. S5 Sequencing results of TMT1 and TMT?2 editing in LbCas12a-TMTs plants.
Representative sequencing chromatograms (a) and identified sequences for each plant
(b and c) are shown. The PAM sequences are underlined and the targets are shown in
red box in chromatograms. For each plant, 6 clones of amplicons were randomly
selected and analyzed by Sanger sequencing. Mutation types and corresponding
number of clones are shown on the right.
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Fig. S6 Schematic illustration of the targets design for PDS]/.
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Fig. S7 Predication of the secondary structures of PDSI and TMTs crRNAs. The RNA
secondary  structures  were  predicted using  RNAfold web  server
(http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi) with default
parameters.
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Fig. S8 Heatmap of the determined compounds in dfr/ and EV cells. The log2-
transformed values were visualized as the heatmap using R.
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VvU3. 1=7MT1 crRNAs:
AAGCTTAGTACTTTCATAGGAATAGGTTTCAAATGAACCTTTGTGATACACTTCGATCCTGACTCTCTCTAAAAGCAAA
AATCATTAATATTTTTTCAATTATATTTTAATTTTTACAAATACTAACAAATATTAATAATTCTAATATCTTTCTTGTT
TTGAAAAATAAAAGAAAAATAATAATGTTTGGTATATTCCGTATATATTATTTTAAATGAATCCAGAAGTTTCCAAGAA
TTTCACTGGCAATCAATCGTGCATCAGCTGTCAATCGTTGTTCCCAGGAAGGCTCATTGGAAGTCTATAACCAATGAGA
ACACGCGGTGACTAGCCGTCCCACATCGAAAATGCAGGAAACATTTAATAACTATATAACAAAGGATAGGAGATTCACA
TGCCAATTTCTACTAAGTGTAGATTGCAAGGATGGGATAATGCTACTAAATTTCTACTAAGTGTAGATGAAAGCACTGT
AGAAGGGCTTGTTTTTTTTAAGCTT

VvU3. 1=7TMTs crRNAs:
AAGCTTAGTACTTTCATAGGAATAGGTTTCAAATGAACCTTTGTGATACACTTCGATCCTGACTCTCTCTAAAAGCAAA
AATCATTAATATTTTTTCAATTATATTTTAATTTTTACAAATACTAACAAATATTAATAATTCTAATATCTTTCTTGTT
TTGAAAAATAAAAGAAAAATAATAATGTTTGGTATATTCCGTATATATTATTTTAAATGAATCCAGAAGTTTCCAAGAA
TTTCACTGGCAATCAATCGTGCATCAGCTGTCAATCGTTGTTCCCAGGAAGGCTCATTGGAAGTCTATAACCAATGAGA
ACACGCGGTGACTAGCCGTCCCACATCGAAAATGCAGGAAACATTTAATAACTATATAACAAAGGATAGGAGATTCACA
TGCCAATTTCTACTAAGTGTAGATTGCAAGGATGGGATAATGCTACTAAATTTCTACTAAGTGTAGATGAAAGCACTGT
AGAAGGGCTTGTTAATTTCTACTAAGTGTAGAT AATTTCTACTAAGTGTAGATTG
TGCTGCTGTTGGCAAGGCTTCTTTTTTTAAGCTT

The reverse 7MTs—crRNAs:
AAGCTTAGTACTTTCATAGGAATAGGTTTCAAATGAACCTTTGTGATACACTTCGATCCTGACTCTCTCTAAAAGCAAA
AATCATTAATATTTTTTCAATTATATTTTAATTTTTACAAATACTAACAAATATTAATAATTCTAATATCTTTCTTGTT
TTGAAAAATAAAAGAAAAATAATAATGTTTGGTATATTCCGTATATATTATTTTAAATGAATCCAGAAGTTTCCAAGAA
TTTCACTGGCAATCAATCGTGCATCAGCTGTCAATCGTTGTTCCCAGGAAGGCTCATTGGAAGTCTATAACCAATGAGA
ACACGCGGTGACTAGCCGTCCCACATCGAAAATGCAGGAAACATTTAATAACTATATAACAAAGGATAGGAGATTCACA
TGCCAATTTCTACTAAGTGTAGATTGTGCTGCTGTTGGCAAGGCTTCTAATTTCTACTAAGTGTAGAT
AATTTCTACTAAGTGTAGATGAAAGCACTGTAGAAGGGCTTGTTAATTTCTACTAAGTGTAGATTG
CAAGGATGGGATAATGCTACTA
TTTTTTAAGCTT

The reverse PDSI-TMTs—crRNAs:
AAGCTTAGTACTTTCATAGGAATAGGTTTCAAATGAACCTTTGTGATACACTTCGATCCTGACTCTCTCTAAAAGCAAA
AATCATTAATATTTTTTCAATTATATTTTAATTTTTACAAATACTAACAAATATTAATAATTCTAATATCTTTCTTGTT
TTGAAAAATAAAAGAAAAATAATAATGTTTGGTATATTCCGTATATATTATTTTAAATGAATCCAGAAGTTTCCAAGAA
TTTCACTGGCAATCAATCGTGCATCAGCTGTCAATCGTTGTTCCCAGGAAGGCTCATTGGAAGTCTATAACCAATGAGA
ACACGCGGTGACTAGCCGTCCCACATCGAAAATGCAGGAAACATTTAATAACTATATAACAAAGGATAGGAGATTCACA
TGCCAATTTCTACTAAGTGTAGATTGCGGTGAACTTGAGCTGCCAAAGAATTTCTACTAAGTGTAGATAGAACTCCCAA
TGTACCTGGAGACAATTTCTACTAAGTGTAGATTGTGCTGCTGTTGGCAAGGCTTCTAATTTCTACTAAGTGTAGAT
AATTTCTACTAAGTGTAGATGAAAGCACTGTAGAAGGGCTTGTTAATTTCTACTAAG
TGTAGATTGCAAGGATGGGATAATGCTACTATTTTTTAAGCTT
Fig. S9 Sequences of TMT1, TMTs (TMT1 and TMT?2), reverse TMTs and reverse PDS1-
TMTs crRNAs expression cassettes. The VvU3.1 promoter is indicated in blue and DR
sequences are denoted in red. The two designed TMT1 crRNA targets are indicated in
green and purple, and the two crRNA targets for TMT?2 are indicated in orange and light



blue, respectively. The two crRNA targets for PDS/ are indicated in black and pink,
respectively. The HindlIll recognition sites are highlighted in yellow.

VvU3. 1-DFRI crRNAs:
AAGCTTAGTACTTTCATAGGAATAGGTTTCAAATGAACCTTTGTGATACACTTCGATCCTGACTCTCTCTAAAAGCAAA
AATCATTAATATTTTTTCAATTATATTTTAATTTTTACAAATACTAACAAATATTAATAATTCTAATATCTTTCTTGTT
TTGAAAAATAAAAGAAAAATAATAATGTTTGGTATATTCCGTATATATTATTTTAAATGAATCCAGAAGTTTCCAAGAA
TTTCACTGGCAATCAATCGTGCATCAGCTGTCAATCGTTGTTCCCAGGAAGGCTCATTGGAAGTCTATAACCAATGAGA
ACACGCGGTGACTAGCCGTCCCACATCGAAAATGCAGGAAACATTTAATAACTATATAACAAAGGATAGGAGATTCACA
TGCCAATTTCTACTAAGTGTAGATTTGCTTCCTCGCCGATTCCAGGATAATTTCTACTAAGTGTAGATATCGGTTCATG
GCTGGTCATGAGGTTTTTTAAGCTT

Fig. S10 Sequence of DFRI crRNAs expression cassette. The VvU3.1 promoter is
indicated in blue and DR sequences are denoted in red. The two designed crRNA targets
for DFR1 are underlined. The HindlIIl recognition sites are highlighted in yellow.



