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Figure S1. Comparison of the nucleotide sequences of three BrVRNI genes with target sites of
CRISPR/Cas9. The gene accession numbers for these sequences are as follows: Bra022376
(BrVRNla), Bra037544 (BrVRNIb), and Bra001729 (BrVRNIc). Dots indicate identical

sequences. Dashes represent gaps introduced to maximize the alignment.



gRNA1

vvt TAGCAGTTGCACTCACAGTACCTGATGGTCACGTTTGGCGTGTAGGACTAAGAAAATCCGACA Target sequence

Most frequent sequences Type Reads
# TAGCAGTTGCACTCACAGTACCTGATGGTCACGTTTGGCGTGTAGGACTAAGAAAATCCGACA  Wild-type 412113
TAGCAGTTGCACTCACAGTACCTGATGGTCACGTTTGGCGTGTAGGACTAAGAAAATCCGACA  Wild-type 325
#2 TAGCAGTTGCACTCACAGTACCTGATAGGTCACGTTTGGCGTGTAGGACTAAGAAAATCCGACA 1 bp insertion(Out of frame) 177752
TAGCAGTTGCACTCACAGTACCTGAT - - - -ACGTTTGGCGTGTAGGACTAAGAAAATCCGACA 4 bp deletion(Out of frame) 366916
47 TAGCAGTTGCACTCACAGTACCTGATGGTCACGTTTGGCGTGTAGGACTAAGAAAATCCGACA  Wild-type 681881
TAGCAGTTGCACTCACAGTACCTGATGGGTCACGTTTGGCGTGTAGGACTAAGAAAATCCGACA 1 bp insertion(Out of frame) 1229
Wt ATGGTTGGCAAGAGTTTGTCGACCGTTACTCAATCCGCATTGGCTATCTTCTCATCTTCAGAT — Target sequence
Most frequent sequences Type Reads
ATGGTTGGCAAGAGTTTGTCGACCGTTACTCAATCCGCATTGGCTATCTTCTCATCTTCAGAT — Wild-type 1468
# ATGGTTGGCAAGAGTTTGTCGACCGTTACTCAATCCGACATTGGCTATCTTCTCATCTTCAGAT 1 bp insertion(Out of frame) 144083
ATGGTTGGCAAGAGTTTGTCGACCGTTACTCAATCC-CATTGGCTATCTTCTCATCTTCAGAT 1 bp deletion(Out of frame) 165072
ATGGTTGGCAAGAGTTTGTCGACCGTTACTCAATCCGCATTGGCTATCTTCTCATCTTCAGAT — Wild-type 114957
ATGGTTGGCAAGAGTTTGTCGACCGTTACTCAATCCGACATTGGCTATCTTCTCATCTTCAGAT 1 bp insertion(Out of frame) 208846
#2 ATGGTTGGCAAGAGTTTGTCGACCGTTACTCAATCCGCCATTGGCTATCTTCTCATCTTCAGAT 1 bp insertion(Out of frame) 187989

ATGGTTGGCAAGAGTTTGTCGACCGTTACTCAATCCGTCATTGGCTATCTTCTCATCTTCAGAT 1 bp insertion(Out of frame) 42573
ATGGTTGGCAAGAGTTTGTCGACCGTTACTCAATCC-CATTGGCTATCTTCTCATCTTCAGAT 1 bp deletion(Out of frame) 6108

ATGGTTGGCAAGAGTTTGTCGACCGTTACTCAATCCGCATTGGCTATCTTCTCATCTTCAGAT Wild-type 297577
#7 ATGGTTGGCAAGAGTTTGTCGACCGTTACTCAATCCGTCATTGGCTATCTTCTCATCTTCAGAT 1 bp insertion(Out of frame) 270036
ATGGTTGGCAAGAGTTTGTCGACCGTTACTCAATCCGACATTGGCTATCTTCTCATCTTCAGAT 1 bp insertion(Out of frame) 4450
ATGGTTGGCAAGAGTTTGTCGACCGTTACTCAATCCGCCATTGGCTATCTTCTCATCTTCAGAT 1 bp insertion(Out of frame) 2380

Wt TCTTGAAGACGAAGACGCCGCCGAGGTTGTTTATCCTTCTTCTTCAGTGTATCCGTCATCACA  Target sequence
Most frequent sequences Type Reads

TCTTGAAGACGAAGACGCCGCCGAGGTTGTTTATCCTTCTTCTTCAGTGTATCCGTCATCACA  Wild-type 1,370
-------------------------- TTGTTTATCCTTCTTCTTCAGTGTATCCGTCATCACA 6 bp deletion(In frame) 263,973

# TCTTGAAGACGAAGACGCCGCCGAGG-TGTTTATCCTTCTTCTTCAGTGTATCCGTCATCACA 1 bp deletion(Out of frame) 143,821
-------------------------- TTGTTTATCCTTCTTCTTCAGTGTATCCGGCATCACA 6 bp deletion(In frame) 1,513
TCTTGAAGACGAAGCCGCCGCCGAGG-TGTTTATCCTTCTTCTTCAGTGTATCCGTCATCACA 1 bp deletion(Out of frame) 1,115
TCTTGAAGACGAAGACGCCGCCGAGGTTGTTTATCCTTCTTCTTCAGTGTATCCGTCATCACA  Wild-type 375,915
TCTTGAAGACGAAGACGCCGCCGAGTTT === - === === == o —mmmmmmmommemmeooe 15 bp deletion(In frame) 110,060

TCTTGAAGACGAAGACGCCGCCGAG--TGTTTATCCTTCTTCTTCAGTGTATCCGTCATCACA 2 bp deletion(Out of frame) 26,672
TCTTGAAGACGAAGACGCCGCCGA-GTTGTTTATCCTTCTTCTTCAGTGTATCCGTCATCACA 1 bp deletion(Out of frame) 13,226
TCTTGAAGACGAAGACGCCGCCGAGG-TGTTTATCCTTCTTCTTCAGTGTATCCGTCATCACA 1 bp deletion(Out of frame) 6,978
#2 -------------------------- TTGTTTATCCTTCTTCTTCAGTGTATCCGTCATCACA 6 bp deletion(In frame) 5,066
TCTTGAAGACGAAGACGCCGCCGAGGTTTGTTTATCCTTCTTCTTCAGTGTATCCGTCATCACA 1 bp insertion(Out of frame) 3,707
TCTTGAAGACGAAGACGCCGCCGAG---GTTTATCCTTCTTCTTCAGTGTATCCGTCATCACA 3 bp deletion(In frame) 1,236
TCTTGAAGACGAAGACGCCGCCGAGG----TTATCCTTCTTCTTCAGTGTATCCGTCATCACA 4 bp deletion(Out of frame) 1,062
TCTTGACGACGAAGACGCCGCCGAGTTT----=== === -----eeceececcccccccceann 15 bp deletion(In frame) 1,053
TCTTGAAGACGAAGACGCCGCCGAGGATTGTTTATCCTTCTTCTTCAGTGTATCCGTCATCACA 1 bp insertion(Out of frame) 561

TCTTGAAGACGAAGACGCCGCCGAGGTTGTTTATCCTTCTTCTTCAGTGTATCCGTCATCACA  Wild-type 18,202
TCTTGAAGACGA - - = = == == = = oo o e o oo oo oo mmmeme oo ACA 22 bp deletion(Out of frame) 290,381
#7  TCTTGAAGACGAAGACGCCGCCG--------- ATCCTTCTTCTTCAGTGTATCCGTCATCACA 9 bp deletion(In frame) 128,997
TCTTGAAGACGAAGACGCCGCCGAGG-TGTTTATCCTTCTTCTTCAGTGTATCCGTCATCACA 1 bp deletion(Out of frame) 12,103
Wt  ATCCGTCATCACAACAGCATCCTGAAGTTACTGTGGCCGCTATTAAAGGGTACGCTAGTCCAG  Target sequence
Most frequent sequences Type Leads
#1 ATCCGTCATCACAACAGCATCCTGAAGTTACTGTGGCCGCTATTAAAGGGTACGCTAGTCCAG  Wild-type 226,803
#2 ATCCGTCATCACAACAGCATCCTGAAGTTACTGTGGCCGCTATTAAAGGGTACGCTAGTCCAG — Wild-type 320,744
-------------------------- GTTACTGTGGCCGCTATTAAAGGGTACGCTAGTCCAG 6 bp deletion(In frame) 132,344
#7 ATCCGTCATCACAACAGCATCCTGAAGTTACTGTGGCCGCTATTAAAGGGTACGCTAGTCCAG — Wild-type 239,818
T o e CGCTATTAAAGGGTACGCTAGTCCAG 17 bp deletion(Out of frame) 12,039

Figure S2. Genome-editing analysis of To plants by deep-sequencing. Wt, untransformed wild-

type plants; #1, #2, and #7, selected transgenic lines, respectively.
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Figure S3. The confirmation of the presence of hygromycin resistant gene (hph) and Cas9
transgenes using genomic PCR analysis in Ti transgenic lines. Wt, untransformed wild-type

plants; lane numbers, selected #1, #2, and #7 T transgenic lines, respectively.
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Figure S4. The confirmation of the presence of Cas9 transgenes using genomic PCR analysis
in ‘transgene-free’ BrVRNI mutant GE2 lines. Wt, untransformed wild-type plants; lanes 1 to

10, selected #2-2 and #2-8 GE2 lines, respectively.



gRNA1

Wt TAGCAGTTGCACTCACAGTACCTGATGGTCACGTTTGGCGTGTAGGACTAAGAAAATCCGACA  Target sequence

Most frequent sequences Type Leads
TAGCAGTTGCACTCACAGTACCTGATAGTCACGTTTGGCGTGTAGGACTAAGAAAATCCGACA  Wild-type(mismatch) 10

TAGCAGTTGCACTCACAGTACCTGATAGGTCACGTTTGGCGTGTAGGACTAAGAAAATCCGACA 1 bp insertion(Out of frame) 720,101
#2'2 TAGCAGTTGCACTCACAGTACCTGATAGGTCACG-TTGGCGTGTAGGACTAAGAAAATCCGACA 1 bp ins/1bp del(Out of frame) 167
TAGCAGTTGCACTCACAGTACCTGAT-GTCACGTTTGGCGTGTAGGACTAAGAAAATCCGACA 1 bp deletion(Out of frame) 2

TAGCAGTTGCACTCACAGTACCTGATGGTCACGTTTGGCGTGTAGGACTAAGAAAATCCGACA  Wild-type(mismatch) 15
TAGCAGTTGCACTCACAGTACCTGATAGGTCACGTTTGGCGTGTAGGACTAAGAAAATCCGACA 1 bp insertion(Out of frame) 726,623
#2-8 TAGCAGTTGCACTCACAGTACCTGATAGGTCGCGTTTGGCGTGTAGGACTAAGAAAATCCGACA 1 bp insertion(Out of frame) 3,284
TAGCAGTTGCACTCACAGTACCTGATAGGTCACG-TTGGCGTGTAGGACTAAGAAAATCCGACA 1 bp ins/1bp del(Out of frame) 132

TAGCAGTTGCACTCACAGTACCTGAT - - - -ACGTTTGGCGTGTAGGACTAAGAAAATCCGACA 4 bp deletion(Out of frame) 92
Wt ATGGTTGGCAAGAGTTTGTCGACCGTTACTCAATCCGCATTGGCTATCTTCTCATCTTCAGAT — Target sequence
Most frequent sequences Type Leads
ATGGTTGGCAAGAGTTTGTCGACCGTTACTCAATCCGCATTGGCTATCTTCTCATCTTCAGAT Wild-type 24
#2-2  ATGGTTGGCAAGAGTTTGTCGACCGTTACTCAATCCGCCATTGGCTATCTTCTCATCTTCAGAT 1 bp insertion(Out of frame) 596,480
ATGGTTGGCAAGAGTTTGTCGACCGTTACTCAATCC-CATTGGCTATCTTCTCATCTTCAGAT 1 bp deletion(Out of frame) 2
ATGGTTGGCAAGAGTTTGTCGACCGTTACTCAATCCGCATTGGCTATCTTCTCATCTTCAGAT Wild-type 2
ATGGTTGGCAAGAGTTTGTCGACCGTTACTCAATCCGCCATGGCTATCTTCTCATCTTCAGAT 2 bp deletion(Out of frame) 34
#2'8 ATGGTTGGCAAGAGTTTGTCGACCGTTACTCAATCCGCCATTGGCTATCTTCTCATCTTCAGAT 1 bp insertion(Out of frame) 613,710
ATGGTTGGCAAGAGTTTGTCGACCGTTACTCAATCC-CATTGGCTATCTTCTCATCTTCAGAT 1 bp deletion(Out of frame) 4
Wt TCTTGAAGACGAAGACGCCGCCGAGGTTGTTTATCCTTCTTCTTCAGTGTATCCGTCATCACA  Target sequence
Most frequent sequences Type Leads
TCTTGAAGACGAAGACGCCGCCGAGGTTGTTTATCCTTCTTCTTCAGTGTATCCGTCATCACA  Wild-type 559,014
TCTTGAAGACGAAGACGCCGCCGAGGGTGTTTATCCTTCTTCTTCAGTGTATCCGTCATCACA  Wild-type(mismatch) 3,444
#2-2 TCTTGAAGACGAAGACGCCGCCGAGGTTGTTTATC---CTTCTTCAGTGTATCCGTCATCACA 1,095
TCTTGAAGACGAAGACGCCGCCGAGGTTG-TTATCCTTCTTCTTCAGTGTATCCGTCATCACA 1 bp deletion(Out of frame) 162
TCTTGAAGACGAAGACGCCGCCGAGGTTGTTTATCCTTCTTCTTCTTCAGTGTATCCGTCATCACA 52
TCTTGAAGACGAAGACGCCGCCGAGGTTGTTTATCCTTCTTCTTCAGTGTATCCGTCATCACA  Wild-type 597,019
TCTTGAAGACGAAGACGCCGCCGAGGGTGTTTATCCTTCTTCTTCAGTGTATCCGTCATCACA  Wild-type(mismatch) 3,600
#2-8 TCTTGAAGACGAAGACGCCGCCGAGGTTGTTTATC---CTTCTTCAGTGTATCCGTCATCACA 1,211
TCTTGAAGACGAAGACGCCGCCGAGGTTG-TTATCCTTCTTCTTCAGTGTATCCGTCATCACA 1 bp deletion(Out of frame) 101
TCTTGAAGACGAAGACGCCGCCGAGGTTGTTTATCCTTCTTCTTCTTCAGTGTATCCGTCATCACA 49
Wt ATCCGTCATCACAACAGCATCCTGAAGTTACTGTGGCCGCTATTAAAGGGTACGCTAGTCCAG — Target sequence
Most frequent sequences Type Leads
#2.2 ATCCGTCATCACAACAGCATCCTGAAGTTACTGTGGCCGCTATTAAAGGGTACGCTAGTCCAG — Wild-type 423,517
= ATCCGTCATCACAACAGCATCCTGAAGTTACTGTGGCCGCTA-TAAAGGGTACGCTAGTCCAG 1 bp deletion(Out of frame) 14
ATCCGTCATCACAACAGCATCCTGAAGTTACTGTGGCCGCTATTAAAGGGTACGCTAGTCCAG  Wild-type 461,600
#2-8 ATCCGTCATCACAACAGCATCCTGAAGTTACTGTGGCC-CTATTAAAGGGTACGCTAGTCCAG 1 bp deletion(Out of frame) 15
ATCCGTCATCACAACAGCATCCTGAAGTTACTGTGGCCGCTATTTAAAGGGTACGCTAGTCCAG 1 bp insertion(Out of frame) 3

Figure S5. Genome-editing analysis of” transgene-free” BrVRNI mutant GE1 lines by deep-
sequencing. Wt, untransformed wild-type plants; Lanes #2-2 and #2-8, selected ‘transgene-free’

GEl1 lines, respectively.
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Figure S6. Flowering-time phenotype in BrVRNI mutant GE1 plants. Pictures were taken 20

days at 25°C after a 40-day exposure to 4°C. Wt, untransformed wild-type plants; GE1, gene-

editing 1 mutant plants.
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Figure S7. Target gene mutations by the multiplex CRISPR/Cas9 system in the GE2
generation. The mutated DNA sequences of target regions are provided. Gene mutations are in
red. Wt, untransformed wild-type plants; lanes 1 to 10, selected #2-2 and #2-8 GE2 mutant

lines, respectively.
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Figure S8. Expression patterns of BrVRNla in ‘transgene-free’ BrVRNI mutant GE2 lines.

0dV, 20 day-old plants before cold treatment (4°C); 20dV, 20-day exposure to 4°C; 40dV, 40-
day exposure to 4°C; 40dV10 and 40dV 15, 10 days and 15 days at 25°C after a 40-day exposure

to 4°C, respectively. Wt, untransformed wild-type plants; lanes #2-2-1 to #2-8-10, selected

‘transgene-free’ GE2 mutant lines, respectively.



Table S1. Features of BrVRNI genes used in this study.

. ; o= ;
Arabidopsis B. rapa B. rapa Genomic sequence ~ Lxow/intron structure ¢ 4o Protein C(?dmg.sequ.e nee o ‘a01d.
ene Gene ID aralogs length (bp) region (bp)  size (aa) identity with Sequence identity
£ para‘og gt op Exons  Introns 8101 (P AtVRNI (%) with AtVRN1 (%)
Bra022376 BrVRNla 2865 4 3 1041 346 87.1 90.9
AGgl8990  Bra037544  BrVRNIb 3110 4 3 1029 342 90.1 93.8
Bra001729 BrVRNIc 2706 4 3 990 329 86.2 91.9




Table S2. Summary of Brassica rapa L. (v3.0) reference genome.

Chr. # Chr. length (bp) No. of Gene Genelength (bp) CDS length (bp)
SL4.0ch01 29,595,527 4,498 8,460,173 5,162,019
SL4.0ch02 31,442,979 4,586 8,509,646 4,957,257
SL4.0ch03 38,154,160 6,553 12,097,777 7,371,687
SL4.0ch04 21,928,416 3,258 5,872,957 3,543,990
SL4.0ch05 28,493,056 4,265 7,919,791 4,852,659
SL4.0ch06 29,167,992 4,499 8,726,395 5,354,649
SL4.0ch07 28,928,902 4,329 8,032,747 4,887,840
SL4.0ch08 22,981,702 3,578 6,621,748 3,960,462
SL4.0ch09 45,156,810 6,648 12,317,263 7,477,641
SL4.0ch10 20,725,698 3,381 6,477,353 3,948,051
Un-anchored” 56,564,952 655 962,088 551,304
Total 353,140,194 46,250 85,997,938 52,067,559

* Un-anchored: Total length of 1,103 scaffolds.



Table S3. Statistics of target four-gRNA position on the reference v3 genome.

VRN gene Reference gene ID and position(version 3.0) gRNA position in reference V3 genome
family
(version 1.5) VRN gene family ~ Chr. Start End Strand Target Start End Sequence
2RNA1 21,1503% 21,150418 CCTGATGGTCACGTTTGGCGTGT
Bra022376
BrA 1 gRNA2 21,150480 21,150,502 GACCGTTACTCAATCCGCATTGG
(BrVRNla- (BeBIC os 21,149208  21,151462 +
target) (target) gRNA3 21,150,667 21,150,689 CCGAGGTTGTITTATCCTTCTTICT
gRNA4 21,150,717 21,150,739 CCTGAAGTTACTGTGGCCGCTAT
2RNA1 23267342 23267364 CCTGATGGTCATGTTTGGCGTGT
Bra037544 2RNA2 23267426 23267448 GACCGTTACTCAATCCGCATTGG
BraA01g0339703C A0l 23266355 21,151462 +
(BrVRN1bD) gRNA3 - R -
2RNA4 - - -
gRNALI 19,119053 19,119075 ACACGCCAAACGTGACCATCAGG
Bra001729 gRNA2 19,118966 19118988 ~ CCAATGOGGATGGAGTAACGGTC
BraA03g0386103C A03 19118034 19,120,080 -
(BI" VRN1 C) gRN A3 _ _ _
gRNA4 - - -

* Nucleotides in red represent PAM sequence



Table S4. CRISPR/Cas9-mediated targeted mutagenesis of BrVRNI in the T, generation.

Line (T0) Mutagenesis Harvested seed Deep seq. result
#1 O e) Figure S1
# e) e) Figure S1
#3 O nh” -

#4 X - -
#5 X - ;
#6 X - ;
#7 e) @) Figure S1
#8 X - }
#9 O nh -
#10 O nh -
#11 X - -
#12 X - )
#13 O nh -
#14 X - )
#15 X - )
#16 O nh -
#17 O nh -
#18 X - }
#19 O nh -
19 lines 10 lines 3 lines

*nh, not harvested seed.



Table SS. Statistics of final trimmed whole genome resequencing data from ‘transgene-free’ B¥VRNI mutant GE2 lines.

Samples No. of Reads Avg. read length Total read length (bp) Trimmed/Raw (%)"! Coverage™
o,

WT e A
o,

s s e e
72,203,769 133.25 9,621,293,493 66.299

#2-2-2 72:203:769 100.79 7:277:522:731 50.14"2 34.84X
4 2 1324 2,441,61 .869

#2-2-3 2422322; 1(3)8.3(7) 3:(5)?6:449221; gi?é a2lex
o,

s n amans e
0

223 0125015 10629 5390623.762 9% =20.09%
231 120.2 44,11 .959

#2-8-1 222;2;; 102.1(5) 3351523222 gg.?g‘g ~3071X
2 119.91 230,265,11 .879

#2-8-2 ;232222 103.30 224(3)2233042 gg.ggéﬂ 36.36X
0,

F I
4 1 117. 4 2 319

meen s o e
21 130. 2 2 1.549

#2-8-5 ggzlggg: 1?2.25 332222?20 23.28"2 22X

Total 1,532,540,224 176,988,625,347

*1) Trimmed/Raw(%): (Total length of trimmed reads / Total length of raw reads)*100
*2) Coverage: Total read length of each sample/estimated genome size (485Mb)



