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Fig. S1 (a) Phenotypic distribution for SCC. (b) Correlation analysis
between SOC and SCC trait.



a

Phenylalanine ammonia-lyase activity - 10.0

Cinnamic acid biosynthetic process
L-phenylalanine catabolic process - ()
Chalcone isomerase activity
Flavonoid biosynthetic process - o
3-hydroxyisobutyryl-CoA hydrolase activity -
Glycolipid binding
Glycolipid transporter activity -
Glycolipid transport -
Coenzyme binding o

NAD+ ADP-ribosyltransferase activity 1 0.0
Response to chitin - .
Respfonse t%jasmtnlnic acid 1
Transferring hexosyl groups
Copper ion binding - Count

Metabolic process e 5
Cytoplasm A
Monooxygenase activity - ® 10
Catalytic activity -
Oxidoreductase activity -
Heme binding
[ron ion binding 1

[ X )
ol ~
o Ul
-log1o(P value)

N
o

05 10 15 20 25
log;0(Odds Ratio)

Alternative oxidase activity )
Prolyl-tRNA aminoacylation 1 °
Proline-tRNA ligase activity o

Chalcone isomerase activity 1 °
Flavonoid biosynthetic process ®
Respiratory chain 1 ()
Response to UV-B ®
Response to jasmonic acid
Substrate-specific transmembrane
Transmembrane movement of substances
Transferring hexosyl groups o
Drug transmembrane transport -
Antiporter activity
Response to oxidative stress - o Count
Metabolic process - ‘ ® 10

L X
N ES
-logo(P value)

Transmembrane transport - ® 20
Extracellular region 1
Catalytic activity - ‘ 30
Metal ion binding '
Transcription factor activity

05 1.0 15 2.0
log10(Odds Ratio)

Fig. S2 (a) GO enrichment of TWAS significant genes for SCC at 20DAF.
(b) GO enrichment of TWAS significant genes for SCC at 40DAF.
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Fig. S3 The density plot and histogram of eQTL location for TWAS-SOC
significant genes at 40 DAF.
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Fig. S4 Histogram of gene expression distribution and correlation coefficient
between BnaTT8s and the expression of PAL, C4H and CCRL in 257 accessions
at 20 DAF. R’ is the square of Pearson correlation coefficient and the P-value is

used for testing non-correlation.
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between BnaTT8s and the expression of PAL, C4H and CCRL in 257 accessions
at 40 DAF. R’ is the square of Pearson correlation coefficient and the P-value is
used for testing non-correlation.



Bna.A9-sgRNA1

L14:ATGGACATGATGAATCTAA-TGGAGGAAGGCGGA (WT)
L17:ATGGACATGATGAATCTAA-TGGAGGAAGGCGGA (WT)
L21:ATGGACATGATGAATCTAA-TGGAGGAAGGCGGA (WT)
L18:ATGGACATGATGAATCTAAATGGAGGAAGGCGGA (insertion)

L24 :ATGGACATGATGAATCTAA--—-—-AGGAAGG-GGA (deletion)
L30:ATGGACATGATGAATCTAA--G-AGGAAGGCGGA (deletion)
Ref:ATGGACATGATGAATCTAA-TGGAGGAAGGCGGA

Bna.A9-sgRNA2

L14:TTGGTTCCATTTGTGA-———— GATGGATAAAGTC (deletion)
L17:TTGGTTCCATTTGTGA-———~ GATGGATAAAGTC (deletion)
L21:TTGGTTCCATTTGTGA-———~— GATGGATAAAGTC (deletion)
L18:TTGGTTCCATTTG—~-——————~— ATGGATAAAGTC (deletion)

L24 : TTGGTTCCATTTGTGACC---GATGGATAAAGTC (deletion)

L30: TTGGTTCCATTTGTGAC-AAAGA-—-GATAAAGTC (deletion and insertion)
Ref : TTGGTTCCATTTGTGACCAA-GATGGATAAAGTC

Bna.C9-sgRNA1

L14:ATGGACATGATGAATCTAATTGGAGGATAGCTAGCTA (insertion)
L17:ATGGACATGATGAATCTAA--GGAGGATAGCTAGCTA (deletion)
L21:ATGGACATGATGAATCTA--————~ GGTAGCTAGCTA (deletion)
L18:ATGGACATGATGAATCTAATTGGAGGATAGCTAGCTA (insertion)

L24 :ATGGACATGATGAATCTAATTGGAGGATAGCTAGCTA (insertion)
L30:ATGGACATGATGAATTCTAATGGAGGATAGCTAGCTA (insertion)

Ref :ATGGACATGATGAATCTAA-TGGAGGATAGCTAGCTA

Bna.C9-sgRNA2

L14:TTGGTTCCATTTGTGA-——-AGATGGATAAAGTCTCGA (deletion and insertion)
L17:TTGGTTCCATTTGTGA-———— GATGGATAAAGTCTCGA (deletion)

L21 : TTGGTTCCATTTGTGACCAAAGATGGATAAAGTCTCGA (insertion)
L18:TTGGTTCCATTTGTGACCAA-GATGGATAAAGTCTCGA (WT)

L24 :TTGGTACATGTAGAGAGC-—————————————— CTCGA (deletion and insertion)
L30:TTGGTAGATGGAGAG————————"—"—""""~""~"~"—"—"—————— A (deletion and insertion)
Ref:TTCAGTGCACGTGTGACCAA-GATGGGCATACGCTCGA

Fig. S6 Genotype of BnalT8-sgRNA mutant lines in the T, generation.
Nucleotides are shown with sgRNA target (red), PAM sequence (green) and
mutation sites (blue) indicated.



BnaAO09.TT8

L14: FLHDNTKNKRLPREELNHVVAERRRREKLNERFITLRSLVPEVRWIKSRS 400
L17: FLHDNTKNKRLPREELNHVVAERRRREKLNERFITLRSLVPEVRWIKSRS 400
L21: FLHDNTKNKRLPREELNHVVAERRRREKLNERFITLRSLVPEVRWIKSRS 400
Ref: FLHDNTKNKRLPREELNHVVAERRRREKLNERFITLRSLVPEVTKMDKVS 400

L14: LETPLNT* 407
L17: LETPLNT* 407
L21: LETPLNT* 407
Ref: ILGDTIEYVNHLSKRIHELESTHHEPNQKRMRIGKGRTWEEVEVSIIESD 450

L18: SNONLLSDFHIEATNSLDTHMDMMNLNGGRRKLESDSINTSHVTTHKSSE 300
L24: SNONLLSDFHIEATNSLDTHMDMMNLKEGEIILRQYQHFSCHNPQVFEQI 300
L30: SNONLLSDFHIEATNSLDTHMDMMNLRGRRKLESDSINTSHVTTHKSSFR 300
Ref: SNONLLSDFHIEATNSLDTHMDMMNLMEEGGNYSQTVSTLLMSQPTSLLS 300

L18: RESFHIFLRSIIVCLVES* 318

L24: QFPHLLTEFNHRLSRGELRMSKSISNISEWRKRRGHRRNGCSNT* 343

L30: FSFHIFLRSIIVCLVES* 317

Ref: DSVSTSSYVQSSEFVSWRVENVKEHQQYQRVEKAAWSSSQWMLKHIILKVP 350
Ref: FLHDNTKNKRLPREELNHVVAERRRREKLNERFITLRSLVPEVTKMDKVS 400
Ref: ILGDTIEYVNHLSKRIHELESTHHEPNQKRMRIGKGRTWEEVEVSIIESD 450

BnaC09.TT8

L14: SNQNLLSDFHIEATNSLDTHMDMMNLIGGRRKLESDSINTSHVTTHQSSE 300
L17: SNQONLLSDFHIEATNSLDTHMDMMNLRRKAEIILRQYQHESCHNPPVEEQ 300
L21: SNONLLSDFHIEATNSLDTHMDMMNLGRRKLESDSINTSHVTTHQSSERE 300
L18: SNQONLLSDFHIEATNSLDTHMDMMNLIGGRRKLESDSINTSHVTTHQSSE 300
L24: SNONLLSDFHIEATNSLDTHMDMMNLIGGRRKLESDSINTSHVTTHQSSE 300
L30: SNONLLSDFHIEATNSLDTHMDMMNSNGGRRKLESDSINTSHVTTHQSSE 300
Ref: SNONLLSDFHIEATNSLDTHMDMMNLMEEGGNYSQTVSTLLMSQPTSLLS 300

L14: REFSFHIFLRSIIVYIVES* 318

L17: IQFPHLLTFNHRLYRGELRMSKSISNISEWKKRRLRRRNGCSNT* 344

L21: SFHIFLRSIIVYIVES* 316

L18: RESFHIFLRSIIVYIVES* 318

L24: RFSFHIFLRSIIVYIVES* 318

L30: REFSFHIFLRSIIVYIVES* 318

Ref: DSVSTSSYVQSSFISWRVENVKEHQQYQRVEKAASSSSQWMLKHIILKVP 350
Ref: FLHDNTKNKRLPREELNHVVAERRRREKLNERFITLRSLVPFVTKMDKVS 400
Ref: ILGDTIEYVNHLSKRIHELESTHHEPNQKRMRIGKGRTWEEVEVSIIESD 450

Fig. S7 Amino acid sequence alignment of the target sites derived from
WT and BnaTT8-sgRNA lines.
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Fig. S8. Protein sequence alignment analysis between CCRL and CCR in B. napus.
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Fig. S9. Phylogenetic tree analysis of CCRL and CCR genes in B. napus.
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Fig. S10 The reductase activity of recombinant BnaCCRL.



BnaC07.CCRL-sgRNA1

L21:
L35:
L43
148
Ref:

BnaC07.CCRL-sgRNA2

L21
L35
L43
148
Ref:

:GTCTCCTTTGATACCTATGCCAACCG
:GTCTCCTTTGATACCTATGCCAACCG
:GTCTCCTTTGATACCTATGCCAACCG
:GTCTCCTTTGATACCTATGCCAACCG

GTCTCCTTTGATACCTATGCCACCG

BnaA03.CCRL-sgRNA1

L21
L35
L43

1.48:
Ref:

: GGTGAGAGGAGCTATCAATGTTGG
: GGTGAGAGGAGCTATCAATGTTGG
: GGTGAGAGGAGCTATCAATGTTGG
GGTGAGAGGAGCTATCAATGTTGG
GGTGAGAGGAGCTATCAATGTGG

BnaA03.CCRL-sgRNA2

L21
L35
L43
L48

Ref:

:GTCTCCTTTGATACCTATGCCAACCG
:GTCTCCTTTGATACCTATGCCCACCG
:GTCTCCTTTGATACCTATGCCAACCG
:GTCTCCTTTGATACCTATGTCCACCG
GTCTCCTTTGATACCTATGCCACCG

BnaC05.CCRL-sgRNA1

L21
L35
L43
L48

Ref:

: GGTGAGAGGAGCTATCAATGTTGG
: GGTGAGAGGAGCTATCAATGTGG
: GGTGAGAGGAGCTATCAATGTTGG
:GGTGAGAGGAGCTATCAATGTGG
GGTGAGAGGAGCTATCAATGTGG

GGTGAGAGGAGCTATCAATG--G AAGCATG
GGTGAGAGGAGCTATCAATGTGG AAGCATG
: GGTGAGAGGAGCTATCAATGGTGG AAGCATG
: GGTGAGAGGAGCTATCAATGGTGG AAGCATG
GGTGAGAGGAGCTATCAATGTGG AAGCATG

TACATT
TACATT
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TACATT

AAGCATG
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Fig. S11 Genotype of BnaCCRL-sgRNA mutant lines in the T, generation.
Nucleotides are shown with sgRNA target (red), PAM sequence (green) and

mutation sites (blue)

indicated.



BnaC07.CCRL

L21
L35
L43
148

L21

L43
148

: LEVRGAINGGSMWKNREHREDCILFFFNSEFNLERQHWHSEGCEVLESRLLS 150
:LEVRGAINVVEACGRTESIEKIVFSSSLTASIWRDNIGTQKDVDEKCWSDQ 150
:LEVRGAINVVEACGRTESIEKIVFSSSLTASIWRDNIGTQKDVDEKCWSDQ 150
:LEVRGAINVVEACGRTESIEKIVFSSSLTASIWRDNIGTQKDVDEKCWSDQ 150
Ref:

LEVRGAINVVEACGRTESIEKIVFSSSLTASIWRDNIGTQKDVDEKCWSDQ 150

:QOKVVARIGKDVVRESSLGTSHGPAQHGLYQSWSYRWTIGCTIPAHHVLP 200
L35:

DFCRNKKLWHALAKMLSEKAAWALAMDRRLNMVSINPGLIVGPSVAQYNP 200

: DFCRNKKLWHALAKMLSEKAAWALAMDRRLNMVSINPGLIVGPSVAQYNP 200
: DFCRNKKLWHALAKMLSEKAAWALAMDRRLNMVSINPGLIVGPSVAQYNP 200
Ref:

DFCRNKKLWHALAKMLSEKAAWALAMDRRLNMVSINPGLIVGPSVAQYNP 200

L21:RSCTNVEWSVGVRRRIFSGCSYSIRGCFSLWSIFLLOPNRHRRRSSQACR 250
L35:RPTMSYLKGAAQMYENGVLAYVDVKFLADVHIRAYEDVSACGRYFCENQI 250
L43 :RPTMSYLKGAAQMYENGVLAYVDVKFLADVHIRAYEDVSACGRYFCENQI 250
148 : RPTMSYLKGAAQMYENGVLAYVDVKFLADVHIRAYEDVSACGRYFCENQI 250
Ref :RPTMSYLKGAAQMYENGVLAYVDVKFLADVHIRAYEDVSACGRYFCEFNQI 250
L21:EFVSFDTYANRGMRVCKEAKFTKKDGTINASWWKLALLV* 289
L35:VNTEEEALKLVESLSPLIPMPTEVECNARKRSLRRKTEEQIEQAGGSWLC 300
L43:VNTEEEALKLVESLSPLIPMPTEVECNARKRSLRRKTEEQIEQAGGSWLC 300
L48 :VNTEEEALKLVESLSPLIPMPTEVECNARKRSLRRKTEEQIEQAGGSWLC 300
Ref :VNTEEEALKLVESLSPLIPMPPRYESVMQGSEVYEERLRNNKLSKLVEAG 300
L35:LL* 302
L43:LL* 302
L48:LL* 302
Ref:SAC* 303

BnaA03.CCRL
L21:LEVRGAINVGGSMWKNREHREDCILFFENSEFNLERQHWNSEGCEVLESRLL

L35
L43
L48

L21

L21:
L35:

L43

L21
L35
L43
L48

Ref:

: LEVRGAINVGGSMWKNREHREDCILFEFENSENLERQHWNSEGCEVLESRLL
: LEVRGAINVGGSMWKNREHREDCILFFENSENLERQHWNSEGCEVLESRLL
: LEVRGAINVGGSMWKNREHREDCILFFEFNSENLERQHWNSEGCEVLESRLL
Ref:

LEVRGAINVVEACGRTESIEKIVEFSSSLTASIWRDNIGTQKDVDEKCWSDQ

: SQOKVVARIGKDVVRESSLGTSHGPAQHGLYQSWSYRWTIGCTIPAHHVL
L35:
L43:
L.48:
Ref:

SQOKVVARIGKDVVRESSLGTSHGPAQHGLYQSWSYRWTIGCTIPAHHVL
SQOQOKVVARIGKDVVRESSLGTSHGPAQHGLYQSWSYRWTIGCTIPAHHVL
SQOKVVARIGKDVVRESSLGTSHGPAQHGLYQSWSYRWTIGCTIPAHHVL
DFCRNKKLWHALAKMLSEKAAWALAMDRRLNMVSINPGLIVGPSVAQYNP

PORSCTNVEWSVGVRRRIFSGCSYSIRGCESLWSIFLLOPNRHRRRSSQA
PORSCTNVEWSVGVRRRIFSGCSYSIRGCFSLWSIFLLOPNRHRRRSSQA

: PORSCTNVEWSVGVRRRIFSGCSYSIRGCFSLWSIFLLOPNRHRRRSSQA
L48:
Ref:

PORSCTNVEWSVGVRRRIFSGCSYSIRGCEFSLWSIFLLOPNRHRRRSSQA
RPTMSYLKGAAQMYENGVLAYVDVKEFLADVHIRAYEDVSACGRYFCENQT

:CREFVSFDTYATEVECNARKRSLRRKTEEQIEQAGGSWLCLL* 292
:CREFVSEFDTYATEVECNARKRSLRRKTEEQIEQAGGSWLCLL* 292
:CREFVSFDTYATEVECNARKRSLRRKTEEQIEQAGGSWLCLL* 292
:CREFVSEFDTYATEVECNARKRSLRRKTEEQIEQAGGSWLCLL* 292
Ref:

VNTEEEALKLVESLSPLIPMPPRYESVMQGSEVYEERLRNNKLSKLVEAG

SAC* 303

150
150
150
150
150

200
200
200
200
200

250
250
250
250
250

300



BnaC05.CCRL

L21 :RGAINVGGSMKNREHRDCVLFFFENSENFERQHWNSEGCEVLESRLLSQQ 100
L35:RGAINVVEACERTESIDKIVFSSSSLTASILRDNIGTQKDVDEKCWSDOD 100
L43:RGAINVVEACERTESIDKIVEFSSSSLTASILRDNIGTQKDVDEKCWSDQD 100
L48:RGAINVVEACERTESIDKIVEFSSSSLTASILRDNIGTQKDVDEKCWSDOD 100
Ref :RGAINVVEACERTESIDKIVFSSSSLTASILRDNIGTQKDVDEKCWSDOD 100

L21:KVCRRNGRVYWIAGGCERYLSYQRHDVKCLCCLESREASNYCSTSKNCCE 150
L35:FCRNKKFAEGMVEFIGLLEVAVKKGTNLAIRDMMSSDAYVALNLGKQVTI 150
L43:FCRNKKFAEGMVEFIGLLEVAVKKGTNLAIRDMMSSDAYVALNLGKQVTI 150
L48:FCRNKKFAEGMVEFIGLLEVAVKKGTNLAIRDMMSSDAYVALNLGKQVTI 150
Ref : FCRNKKFAEGMVEFIGLLEVAVKKGTNLATIRDMMSSDAYVALNLGKQVTI 150

L21:LFEPGMESRTHAVCSQLWSCKTASVLYILCWHNGRSSTYPASDNICDGVW 200
L35 :VHKLOQKTVVNCNLNPVWNQELMLSVPDSYGPVKLOVYDYDTFSAGDIMGE 200
L43:VHKLQKTVVNCNLNPVWNQELMLSVPDSYGPVKLQVYDYDTFSAGDIMGE 200
L48 :VHKLOQKTVVNCNLNPVWNQELMLSVPDSYGPVKLOVYDYDTFSAGDIMGE 200
Ref : VHKLOQKTVVNCNLNPVWNQELMLSVPDSYGPVKLQVYDYDTFSAGDIMGE 200

L21:GSRDVWGYADWEMAKVASANRQHHL* 225

L35:AQLDIQPLITSAMVFGDPEMFGDMQIGKWLKLHDNPPIDDSII* 243
L43:AQLDIQPLITSAMVFGDPEMFGDMQIGKWLKLHDNPPIDDSII* 243
L48:AQLDIQPLITSAMVFGDPEMFGDMQIGKWLKLHDNPPIDDSII* 243
Ref:AQLDIQPLITSAMVEFGDPEMEGDMQIGKWLKLHDNPPIDDSII* 243

Fig. S12 Amino acid sequence alignment of the target sites derived from
WT and BnaCCRL-sgRNA lines.
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Fig. S13 Chemical staining of procyanidin in seed coats and embryos of the
BnaTT8 mutants (L18, L24 and L30) and the control at 2 weeks after
flowering (WAF), 3 WAF, 4 WAF, 5 WAF, 6 WAF, 7 WAF and mature seed
and estimation of insoluble procyanidin oligomers (PCs).
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Fig. S14 A proposed working model of BnaTT8 in the regulation of SCC. Expression
levels of procyanidin and lignin biosynthesis genes determined by qRT-PCR in the
phenylpropanoid pathway in the BnaTT8 double knockout mutant seeds. Values are
means = SE of three biological replicates (n = 3). Student’s t-test was used for
statistical analysis between the BnaTT8-sgRNA lines and WT (*, P <0.05; **, P <0.01).
Blue dashed lines represent indirect regulation, black line represents direct regulation or
known metabolic pathways. Black dashed line represents putative regulation. TTS8,
Transparent Testa 8; PAL, phenylalanine ammonia-lyase; C4H, cinnamate 4-
hydroxylase; 4CL, 4-coumarate-CoA ligase; C3H, coumarate 3-hydroxylase; HCT,
hydroxycinnamoyl-CoA shikimate/quinate hydroxycinnamoyl transferase; CCoAOMT,
caffeoyl-CoA O-methyltransferase; CCR, cinnamoyl-CoA reductase; F5H, ferulate 5-
hydroxylase; COMT, caffeic acid O-methyltransferase; CAD, cinnamyl alcohol
dehydrogenase; DFR, dihydroflavonol-4-reductase; BAN, BANYULS.
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Fig. S15 GO enrichment analysis of overlapped significant genes
identified by TWAS for SOC and SCC. The dot size and color indicate the
gene number and the range of FDR values, respectively.



@ TWAS-overlap-significant
@® TWAS-SOC-significant
® TWAS-SCC-significant

o
o
|

=0.1-
=0.2-
=0.31
-0.4-

Correlation of SOC and
gene expression at 20 DAF

-0.4 -0.2 0.0 0.2 0.4

Correlation of SCC and
gene expression at 20 DAF

Fig. S16 Correlation analysis between TWAS significant gene expression
and SOC trait or SCC trait at 20 DAF. Each dot represents a gene.
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Fig. S17 Correlation between SOC and expression levels of BnaC09.TTS at 40
DAF (a), SCC and expression levels of BnaC09.TT8 at 40 DAF (b), SOC and
expression levels of BnaC07.CCRL at 40 DAF (c) and SCC and expression levels
of BnaC07.CCRL at 40 DAF (d). Each point in a-d represents an accession. The
normalized gene expression values are plotted on the X-axis and the SOC or SCC
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Fig. S18 Correlation between SOC and expression levels of BnaC05.C4H at 20
DAF (a), SOC and expression levels of BnaC05.C4H at 40 DAF (b), SCC and
expression levels of BnaC05.C4H at 20 DAF (c) and SCC and expression
levels of BnaC05.C4H at 40 DAF (d). Each point in a-d represents an accession.
The normalized gene expression values are plotted on the X-axis and the SOC
or SCC corresponding to the accessions is plotted on the Y-axis.
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Fig. S19 Correlation between SOC and expression levels of BnaC06.PAL?2
at 20 DAF (a), SOC and expression levels of BnaC06.PAL2 at 40 DAF (b),
SCC and expression levels of BnaC06.PAL2 at 20 DAF (c) and SCC and
expression levels of BnaC06.PAL2 at 40 DAF (d).
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Fig. S20 Correlation between SOC and expression levels of BnaC06.4CL
at 20 DAF (a), SOC and expression levels of BnaC06.4CL at 40 DAF (b),
SCC and expression levels of BnaC06.4CL at 20 DAF (c¢) and SCC and
expression levels of BnaC06.4CL at 40 DAF (d).



