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Supplemental Figure  S1. Phenotypic distribution for SCC.
(A) Histograms  of  phenotypic  distribution  for  SCC. The  abscissa  represents  the  seed  coat  content  of
different  accessions, and the ordinate  represents  the number of  accessions in  the range. (B) Correlation
between SCC and OC. Each point represents an accession. The SCC corresponding to the accessions is
plotted on the X-axis and the OC corresponding to the accessions is plotted on the Y-axis.
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Supplemental Figure  S1. Phenotypic distribution for SCC.
(A) Histograms  of  phenotypic  distribution  for  SCC. The  abscissa  represents  the  seed  coat  content  of
different  accessions, and the ordinate  represents  the number of  accessions in  the range. (B) Correlation
between SCC and OC. Each point represents an accession. The SCC corresponding to the accessions is
plotted on the X-axis and the OC corresponding to the accessions is plotted on the Y-axis.
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Fig. S1 (a) Phenotypic distribution for SCC. (b) Correlation analysis
between SOC and SCC trait.
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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. R2 is the square of Pearson correlation coefficient and the P-value is 
used for testing non-correlation.
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Fig. S5 Histogram of gene expression distribution and correlation coefficient
between BnaTT8s and the expression of PAL, C4H and CCRL in 257 accessions
at 40 DAF. R2 is the square of Pearson correlation coefficient and the P-value is
used for testing non-correlation.



Bna.A9-sgRNA1 
L14:ATGGACATGATGAATCTAA-TGGAGG (WT)AAGGCGGA  
L17:ATGGACATGATGAATCTAA-TGGAGG (WT)AAGGCGGA  
L21:ATGGACATGATGAATCTAA-TGGAGG (WT)AAGGCGGA  
L18:ATGGACATGATGAATCTAAATGGAGGAAGGCGGA  
L24:ATGGACATGATGAATCTAA----AGGAAGG-GGA  
L30:ATGGACATGATGAATCTAA--G-AGGAAGGCGGA

(insertion)
(deletion)
(deletion) 

Ref:ATGGACATGATGAATCTAA-TGGAGGAAGGCGGA 
Bna.A9-sgRNA2 
L14:TTGGTTCCATTTGTGA-----GATGGATAAAGTC  
L17:TTGGTTCCATTTGTGA-----GATGGATAAAGTC  
L21:TTGGTTCCATTTGTGA-----GATGGATAAAGTC   
L18:TTGGTTCCATTTG---------ATGGATAAAGTC  
L24:TTGGTTCCATTTGTGACC---GATGGATAAAGT

(deletion)
(deletion)
(deletion)
(deletion)
(deletion)C  
 (deletion and insertion) 

 
 

 
 
 
 
 

(insertion)
(deletion)
(deletion)
(insertion)
(insertion)
(insertion) 

 

L30:TTGGTTCCATTTGTGAC-AAAGA--GATAAAGTC
Ref:TTGGTTCCATTTGTGACCAA-GATGGATAAAGTC
Bna.C9-sgRNA1
L14:ATGGACATGATGAATCTAATTGGAGGATAGCTAGCTA
L17:ATGGACATGATGAATCTAA--GGAGGATAGCTAGCTA
L21:ATGGACATGATGAATCTA-------GGTAGCTAGCTA
L18:ATGGACATGATGAATCTAATTGGAGGATAGCTAGCTA
L24:ATGGACATGATGAATCTAATTGGAGGATAGCTAGCTA
L30:ATGGACATGATGAATTCTAATGGAGGATAGCTAGCTA
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

Supplemental Figure S8. Genotype of Bna.TT8-sgRNA mutant lines in the T0 generation.
Nucleotides  are  shown  with  sgRNA  target  (red), PAM  sequence  (green) and  mutation  sites  (blue)
indicated.

Fig. S6 Genotype of BnaTT8-sgRNA mutant lines in the T0 generation.
Nucleotides are shown with sgRNA target (red), PAM sequence (green) and
mutation sites (blue) indicated.



BnaA09.TT8 
L14: FLHDNTKNKRLPREELNHVVAERRRREKLNERFITLRSLVPFVRWIKSRS 400 
L17: FLHDNTKNKRLPREELNHVVAERRRREKLNERFITLRSLVPFVRWIKSRS 400 
L21: FLHDNTKNKRLPREELNHVVAERRRREKLNERFITLRSLVPFVRWIKSRS 400 
Ref: FLHDNTKNKRLPREELNHVVAERRRREKLNERFITLRSLVPFVTKMDKVS 400 

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

L18: SNQNLLSDFHIEATNSLDTHMDMMNLNGGRRKLFSDSINTSHVTTHKSSF 300 
L24: SNQNLLSDFHIEATNSLDTHMDMMNLKEGEIILRQYQHFSCHNPQVFFQI 300 
L30: SNQNLLSDFHIEATNSLDTHMDMMNLRGRRKLFSDSINTSHVTTHKSSFR 300 
Ref: SNQNLLSDFHIEATNSLDTHMDMMNLMEEGGNYSQTVSTLLMSQPTSLLS 300 
L18: RFSFHIFLRSIIVCLVES* 318 
L24: QFPHLLTFNHRLSRGELRMSKSISNISEWRKRRGHRRNGCSNT* 343 
L30: FSFHIFLRSIIVCLVES* 317 
Ref: DSVSTSSYVQSSFVSWRVENVKEHQQYQRVEKAAWSSSQWMLKHIILKVP 350 
Ref: FLHDNTKNKRLPREELNHVVAERRRREKLNERFITLRSLVPFVTKMDKVS 400 
Ref: ILGDTIEYVNHLSKRIHELESTHHEPNQKRMRIGKGRTWEEVEVSIIESD 450 

BnaC09.TT8 
L14: SNQNLLSDFHIEATNSLDTHMDMMNLIGGRRKLFSDSINTSHVTTHQSSF 300 
L17: SNQNLLSDFHIEATNSLDTHMDMMNLRRKAEIILRQYQHFSCHNPPVFFQ 300 
L21: SNQNLLSDFHIEATNSLDTHMDMMNLGRRKLFSDSINTSHVTTHQSSFRF 300 
L18: SNQNLLSDFHIEATNSLDTHMDMMNLIGGRRKLFSDSINTSHVTTHQSSF 300 
L24: SNQNLLSDFHIEATNSLDTHMDMMNLIGGRRKLFSDSINTSHVTTHQSSF 300 
L30: SNQNLLSDFHIEATNSLDTHMDMMNSNGGRRKLFSDSINTSHVTTHQSSF 300 
Ref: SNQNLLSDFHIEATNSLDTHMDMMNLMEEGGNYSQTVSTLLMSQPTSLLS 300 
L14: RFSFHIFLRSIIVYIVES* 318 
L17: IQFPHLLTFNHRLYRGELRMSKSISNISEWKKRRLRRRNGCSNT* 344 
L21: SFHIFLRSIIVYIVES* 316 
L18: RFSFHIFLRSIIVYIVES* 318 
L24: RFSFHIFLRSIIVYIVES* 318 
L30: RFSFHIFLRSIIVYIVES* 318 
Ref: DSVSTSSYVQSSFISWRVENVKEHQQYQRVEKAASSSSQWMLKHIILKVP 350 
Ref: FLHDNTKNKRLPREELNHVVAERRRREKLNERFITLRSLVPFVTKMDKVS 400 
Ref: ILGDTIEYVNHLSKRIHELESTHHEPNQKRMRIGKGRTWEEVEVSIIESD 450 

 
 

Supplemental Figure S9. Amino acid sequence alignment of the target sites derived from WT  and
Bna.TT8-sgRNA lines.
Amino  acids  in  red  represent  the  sequence  of  frameshift  mutation  and  the  bHLH  conserve  domain  is 
highlighted by blue. Asterisk indicates pretermination.

BnaA09.TT8

BnaC09.TT8

Fig. S7 Amino acid sequence alignment of the target sites derived from
WT and BnaTT8-sgRNA lines.



                                                            

BnaA07g20090D_CCR2 ............................................................

BnaC06g19540D_CCR2 ............................................................

BnaA02g36250D_CCR2          GK VCVTGAGGYIASWIVKLLLERGYTVRGTVR NP DPKNNHLREL GAK.....MPAD  L                              .  A          Q   

BnaC02g46610D_CCR2          GK VCVTGAGGYIASWIVKLLLERGYTVRGTVR NP DPKNNHLREL GAK.....MPAD  L                              .  A          Q   

BnaA07g35280D_CCR2          GK VCVTGAGGYIASWIVKLLLERGYTVRGTVR NP DPKNNHLREL GAK.....MPAD  L                              .  A          D   

BnaC06g40190D_CCR2          GK VCVTGAGGYIASWIVKLLLERGYTVRGTVR NP DPKNNHLREL GAK.....MPAD  L                              .  A          D   

BnaA09g56490D_CCR1          GK VCVTGAGGYIASWIVKLLLERGYTVKGTVR NP DPKNTHLREL GAKMPVDESTPV  T                              .  D          E   

BnaC08g38580D_CCR1          GK VCVTGAGGYIASWIVKLLLERGYTVKGTVR NP DPKNTHLREL GAKMPVDESTAV  T                              .  D          E   

BnaC05g12180D_CCR1          GK VCVTGAGGYIASWIVKLLLERGYTVKGTVR NP DPKNTHLREL GAKMPVDESSPA  T                              .  D          E   

BnaA06g10620D_CCR1          GK VCVTGAGGYIASWIVKLLLERGYTVKGTVR NP DPKNTHLREL GAKMPLAESSPA  T                              .  D          E   

BnaC07g42660D_CCRL              CV  A  YV  WILK LL RGYSVH  IR NG       IREM    ...MDQEKSHSCC  LD ST  GF    K  S      AA  K  DSEIEET    EATE

                                                            

BnaA07g20090D_CCR2 ............................................................

BnaC06g19540D_CCR2 ............................................................

BnaA02g36250D_CCR2 ERL L  ADL DYEAL   IDGCDGVFHTASPMTDDPETMLEPAVNGAKFVI AAA A     T HS   L     CAT                                 D   K K.

BnaC02g46610D_CCR2 ERL L  ADL DYEAL   IDGCDGVFHTASPMTDDPETMLEPAVNGAKFVI AAA A     T HS   L     SAT                                 D   K K.

BnaA07g35280D_CCR2 ERL L  ADL DYEAL   IDGCDGVFHTASPMTDDPETMLEPAVNGAKFVI AAA A     T HS   L     CAA                                 D   K K.

BnaC06g40190D_CCR2 ERL L  ADL DYEAL   IDGCDGVFHTASPMTDDPETMLEPAVNGAKFVI AAA A     T HS   L     CAA                                 D   K E.

BnaA09g56490D_CCR1 ERL L  ADL DYDAL   IDGCDGVFHTASPVTDDPEQMVEPAVNGAKFVI AAA A     I CK   Q     KAA                                 N   E K.

BnaC08g38580D_CCR1 ERL L  ADL DYDAL   IDGCDGVFHTASPVTDDPEQMVEPAVNGAKFVI AAA A     I CK   Q     KSA                                 N   E K.

BnaC05g12180D_CCR1 ERL L  ADL DYEAL   IDGCDGVFHTASPVTDDPEQMVEPAVNGAKFVI AAA A     I CK   Q     KAA                                 N   E K.

BnaA06g10620D_CCR1 ERL L  ADL DYEAL   IDGCDGVFHTASPVTDDPEQMVEPAVNGAKFVI AAA A     I CK   Q     KTA                                 N   E K.

BnaC07g42660D_CCRL ERL V  VDV DY  I   L  C  VF  L       E  VD  V GA  VV A         V YD   L  QS LVS KT NA  CC DSPEGYD KE  LE R  IN  E CGRTES

                  1       10        20        30        40  

BnaA07g20090D_CCR2                              YTD DFCK TK WYCYG  VAE         ..................MRHCHSFVQFI   F    H  K     NT   WETQKVKGV

BnaC06g19540D_CCR2                                                          V  ......................................................MIG GS

BnaA02g36250D_CCR2 VKRVV TSSIGAVYM PNR    IV E CWSDLDFCKNTKNWYCYGKMVAEQ AWETA       F         N   DHQT  D N                        S     KV

BnaC02g46610D_CCR2 VKRVV TSSIGAVYM PNR    IV E CWSDLDFCKNTKNWYCYGKMVAEQ AWETA       F         N   DPQT  D S                        S     KA

BnaA07g35280D_CCR2 VKRVV TSSIGAVYM PNR    IV E CWSDLDFCKNTKNWYCYGKMVAEQ AWETA       F         N   DPQT  N D                        S     KA

BnaC06g40190D_CCR2 VKRVV TSSIGAVYM PNR    IV E CWSDLDFCKNTKNWYCYGKMVAEQ AWETA       F         N   HPQT  N D                        S     KA

BnaA09g56490D_CCR1 VKRVV TSSIGAVYM PNR    VV E CWSDLEFCKNTKNWYCYGKMVAEQ AWETA       I         D   DPEA  D S                        A     EE

BnaC08g38580D_CCR1 VKRVV TSSIGAVYM PSR    VV E CWSDLEFCKNTKNWYCYGKMVAEQ AWETA       I         D   DPEA  D S                        A     EE

BnaC05g12180D_CCR1 VKRVV TSSIGAVYM PNR    VV E CWSDLEFCKNTKNWYCYGKMVAEQ AWETA       I         D   DPEA  D S                        A     KE

BnaA06g10620D_CCR1 VKRVV TSSIGAVYM PNR    VV E CWSDLEFCKNTKNWYCYGKMVAEQ AWETA       I         D   DPEA  D S                        A     KE

BnaC07g42660D_CCRL I KIV SSSL A     N      V E CWSD DFCRN K W    KML E  AW  A   E   F    T SIWRD IGTQKD D K    Q     K L HALA   S KA  AL MD

      50        60        70        80        90       100  

BnaA07g20090D_CCR2                                  YL G A  Y N    YV V   A  H       A SG       P     VNASL HILK  T S KT A LTQV    R V L  VDCRLGG K  SSSWNTA VSDSA     V                     N  N   G  

BnaC06g19540D_CCR2                                  YL G A  Y N    YV V   A  H K L VM   P   VVLG PLQ  VNASL HILK  T S KT A LTQV  D R V L  V N M  TCE RFS    T   SA     V                        N   G  

BnaA02g36250D_CCR2                                  YL G A  Y N    YV V   A  H KGVDLVVLNP  VLVLGPPLQ  VNASL HILK  T S KT A LTQV  D RDV L  V          ..         SA     V                            G  

BnaC02g46610D_CCR2                                  YL G A  Y N    YV V   A  H KGVDLVVLNP  VLVLGPPLQ  VNASL HILK  T S KT A LTQV  D RDV L  V          ..         SA     V                            G  

BnaA07g35280D_CCR2                                  YL G A  Y N    YV V   A  H KGVDLVVLNP  VLVLGPPLQ  VNASL HILK  T S KT A LTQV  D RDV L  V          ..         SA     V                            G  

BnaC06g40190D_CCR2                                  YL G A  Y N    YV V   A  H KGVDLVVLNP  VLVLGPPLQ  VNASL HILK  T S KT A LTQV  D RDV L  V          ..         SA     V                            G  

BnaA09g56490D_CCR1                                  YL G A  Y N    YV V   A  H KGVDLVVLNP  VLVLGPPLQ  INASL HVLK  T S KT A LTQA  D RDV L  V          ..         PT     F                            A  

BnaC08g38580D_CCR1                                  YL G A  Y N    YV V   A  H KGVDLVVLNP  VLVLGPPLQ  INASL HVLK  T S KT A LTQA  D RDV L  V          ..         PT     F                            A  

BnaC05g12180D_CCR1                                  YL G A  Y N    YV V   A  H KGVDLVVLNP  VLVLGPPLQ  INASL HVLK  T S KT A LTQA  D RDV L  V          ..         PT     F                            A  

BnaA06g10620D_CCR1                                  YL G A  Y N    YV V   A  H KGVDLVVLNP  VLVLGPPLQ  INASL HVLK  T S KT A LTQA  D RDV L  V          ..         PT     F                            A  

BnaC07g42660D_CCRL                                  YL G A  Y N    YV V   A  H R L MV INP   LIVGP     AQ N    M               A  D K L    I R N  S   ..G     ...SV  Y PRPT S  K A QM E GVL      F  DV  

     110                                                    

BnaA07g20090D_CCR2   Y                                                         MV D   L P  L                                                   TQR R LH FQK............................................

BnaC06g19540D_CCR2   Y                                                         MV    N                                                        QGH .....................................................

BnaA02g36250D_CCR2   Y                                                         MV E  SASGRYILAETALHRGEVVEILAK FPEYPLP K  D        Y       K    SP                        F       T CS EKNPRAKP KFTTQKI 

BnaC02g46610D_CCR2   Y                                                         MV E  SASGRYILAETALHRGEVVEILAK FPEYPLP K  D        Y       K    SP                        F       I CS EKNPRAKP KFTTQKI 

BnaA07g35280D_CCR2   Y                                                         MV E  SASGRYILAETALHRGEVVEILAK FPEYPLP K  D        Y       K    SS                        F       T CS DKNPRAKP KFTTQKI 

BnaC06g40190D_CCR2   Y                                                         MV E  SASGRYILAETALHRGEVVEILAK FPEYPLP K  D        Y       K    SS                        F       T CS DKNPRAKP KFTTQKI 

BnaA09g56490D_CCR1   Y                                                         LV E  SASGRYLLAESALHRGEVVEILAK FPEYPLP K  D        Y       K    AP                        L       T CK EKNPRAKP KFTNQKI 

BnaC08g38580D_CCR1   Y                                                         LV E  SASGRYLLAESALHRGEVVEILAK FPEYPIP K  D        Y       K    AP                        L       T CK EKNPRAKP KFTNQKI 

BnaC05g12180D_CCR1   Y                                                         LV E  SASGRYLLAESA HRGEVVEILAK FPEYPLP K  D        Y       K    AP            F           L       T CK EKNPRAKP KFTNQKI 

BnaA06g10620D_CCR1   Y                                                         LV E  TASGRYLLAESALHRGEVVEILAK FPEYPLP K                        AP                        L       T ....................

BnaC07g42660D_CCRL   Y                                                          A E  SA GRY    QIV   E A  LV             E        Y       KR   DV  C   FCFN   NTE E LK  ESLSPLIPMPPRY SVMQGSEV EERLRNN 

                                                            

BnaA07g20090D_CCR2 ...............................................             

BnaC06g19540D_CCR2 ...............................................             

BnaA02g36250D_CCR2    L                                                        DLG EFKPIKQSLYESVKSLQEKGHLPLPQDSNQNVIIES.......             

BnaC02g46610D_CCR2    L                                                        DLG EFKPIKQSLYESVKSLQEKGHLPLPQDSNQNVIIES.......             

BnaA07g35280D_CCR2    L                                                        DLG EFTPIKQSLYDSVKSLQEKGHLPLPQYSNQDNVTIES......             

BnaC06g40190D_CCR2    L                                                        DLG EFTPIKQSLYDSVKSLQEKGHLRLPQYSNQDNVTIES......             

BnaA09g56490D_CCR1    L                                                        DLG EFTSTKQSLYDTVKSLQEKGHLPPPPPPSTSEGSSQNGIRIES             

BnaC08g38580D_CCR1    L                                                        DLG EFTSTKQSLYDTVKSLQEKGHLP...PPSTSQESSQNGIKIES             

BnaC05g12180D_CCR1    L                                                        DLG EFTSTKQSLYDTVKSLQEKGHLPPPPPPSTSQESSQNGIKIES             

BnaA06g10620D_CCR1 ...............................................             

BnaC07g42660D_CCRL    L                                                        LSK VEAGSAC....................................             

 
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. 



Fig. S10 The reductase activity of recombinant BnaCCRL.



BnaC07.CCRL-sgRNA1

L21:GGTGAGAGGAGCTATCAATG--GTGGAAGCATG (deletion)
L35:GGTGAGAGGAGCTATCAATGTGGTGGAAGCATG (WT)
L43:GGTGAGAGGAGCTATCAATGGTGGTGGAAGCATG (insertion)
L48:GGTGAGAGGAGCTATCAATGGTGGTGGAAGCATG (insertion)
Ref:GGTGAGAGGAGCTATCAATGTGGTGGAAGCATG

BnaC07.CCRL-sgRNA2

L21:GTCTCCTTTGATACCTATGCCAACCGAGGTACATT (insertion)
L35:GTCTCCTTTGATACCTATGCCAACCGAGGTACATT (insertion)
L43:GTCTCCTTTGATACCTATGCCAACCGAGGTACATT (insertion)
L48:GTCTCCTTTGATACCTATGCCAACCGAGGTACATT (insertion)
Ref:GTCTCCTTTGATACCTATGCCACCGAGGTACATT

BnaA03.CCRL-sgRNA1

L21:GGTGAGAGGAGCTATCAATGTTGGTGGAAGCATG (insertion)
L35:GGTGAGAGGAGCTATCAATGTTGGTGGAAGCATG (insertion)
L43:GGTGAGAGGAGCTATCAATGTTGGTGGAAGCATG (insertion)
L48:GGTGAGAGGAGCTATCAATGTTGGTGGAAGCATG (insertion)
Ref:GGTGAGAGGAGCTATCAATGTGGTGGAAGCATG

BnaA03.CCRL-sgRNA2

L21:GTCTCCTTTGATACCTATGCCAACCGAGGTACATT (insertion)
L35:GTCTCCTTTGATACCTATGCCCACCGAGGTACATT (insertion)
L43:GTCTCCTTTGATACCTATGCCAACCGAGGTACATT (insertion)
L48:GTCTCCTTTGATACCTATGTCCACCGAGGTACATT (insertion)
Ref:GTCTCCTTTGATACCTATGCCACCGAGGTACATT

BnaC05.CCRL-sgRNA1

L21:GGTGAGAGGAGCTATCAATGTTGGTGGAAGCATG (insertion)
L35:GGTGAGAGGAGCTATCAATGTGGTGGAAGCATG (WT)
L43:GGTGAGAGGAGCTATCAATGTTGGTGGAAGCATG  (insertion)
L48:GGTGAGAGGAGCTATCAATGTGGTGGAAGCATG (WT)
Ref:GGTGAGAGGAGCTATCAATGTGGTGGAAGCATG

Fig. S11 Genotype of BnaCCRL-sgRNA mutant lines in the T0 generation.
Nucleotides are shown with sgRNA target (red), PAM sequence (green) and
mutation sites (blue) indicated.



L21:LEVRGAINGGSMWKNREHREDCILFFFNSFNLERQHWHSEGCEVLESRLLS 150
L35:LEVRGAINVVEACGRTESIEKIVFSSSLTASIWRDNIGTQKDVDEKCWSDQ 150
L43:LEVRGAINVVEACGRTESIEKIVFSSSLTASIWRDNIGTQKDVDEKCWSDQ 150
L48:LEVRGAINVVEACGRTESIEKIVFSSSLTASIWRDNIGTQKDVDEKCWSDQ 150
Ref:LEVRGAINVVEACGRTESIEKIVFSSSLTASIWRDNIGTQKDVDEKCWSDQ 150  

L21:QQKVVARIGKDVVRESSLGTSHGPAQHGLYQSWSYRWTIGCTIPAHHVLP  200
L35:DFCRNKKLWHALAKMLSEKAAWALAMDRRLNMVSINPGLIVGPSVAQYNP 200
L43:DFCRNKKLWHALAKMLSEKAAWALAMDRRLNMVSINPGLIVGPSVAQYNP 200
L48:DFCRNKKLWHALAKMLSEKAAWALAMDRRLNMVSINPGLIVGPSVAQYNP 200
Ref:DFCRNKKLWHALAKMLSEKAAWALAMDRRLNMVSINPGLIVGPSVAQYNP 200

L21:RSCTNVEWSVGVRRRIFSGCSYSIRGCFSLWSIFLLQPNRHRRRSSQACR 250
L35:RPTMSYLKGAAQMYENGVLAYVDVKFLADVHIRAYEDVSACGRYFCFNQI  250
L43:RPTMSYLKGAAQMYENGVLAYVDVKFLADVHIRAYEDVSACGRYFCFNQI  250
L48:RPTMSYLKGAAQMYENGVLAYVDVKFLADVHIRAYEDVSACGRYFCFNQI  250
Ref:RPTMSYLKGAAQMYENGVLAYVDVKFLADVHIRAYEDVSACGRYFCFNQI 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

BnaC07.CCRL

L21:LEVRGAINVGGSMWKNREHREDCILFFFNSFNLERQHWNSEGCEVLESRLL 150
L35:LEVRGAINVGGSMWKNREHREDCILFFFNSFNLERQHWNSEGCEVLESRLL 150
L43:LEVRGAINVGGSMWKNREHREDCILFFFNSFNLERQHWNSEGCEVLESRLL 150
L48:LEVRGAINVGGSMWKNREHREDCILFFFNSFNLERQHWNSEGCEVLESRLL 150
Ref:LEVRGAINVVEACGRTESIEKIVFSSSLTASIWRDNIGTQKDVDEKCWSDQ 150

L21:SQQKVVARIGKDVVRESSLGTSHGPAQHGLYQSWSYRWTIGCTIPAHHVL 200
L35:SQQKVVARIGKDVVRESSLGTSHGPAQHGLYQSWSYRWTIGCTIPAHHVL 200
L43:SQQKVVARIGKDVVRESSLGTSHGPAQHGLYQSWSYRWTIGCTIPAHHVL 200
L48:SQQKVVARIGKDVVRESSLGTSHGPAQHGLYQSWSYRWTIGCTIPAHHVL 200
Ref:DFCRNKKLWHALAKMLSEKAAWALAMDRRLNMVSINPGLIVGPSVAQYNP 200

L21:PQRSCTNVEWSVGVRRRIFSGCSYSIRGCFSLWSIFLLQPNRHRRRSSQA 250
L35:PQRSCTNVEWSVGVRRRIFSGCSYSIRGCFSLWSIFLLQPNRHRRRSSQA 250
L43:PQRSCTNVEWSVGVRRRIFSGCSYSIRGCFSLWSIFLLQPNRHRRRSSQA 250
L48:PQRSCTNVEWSVGVRRRIFSGCSYSIRGCFSLWSIFLLQPNRHRRRSSQA 250
Ref:RPTMSYLKGAAQMYENGVLAYVDVKFLADVHIRAYEDVSACGRYFCFNQI 250

L21:CREFVSFDTYATEVECNARKRSLRRKTEEQIEQAGGSWLCLL* 292
L35:CREFVSFDTYATEVECNARKRSLRRKTEEQIEQAGGSWLCLL* 292
L43:CREFVSFDTYATEVECNARKRSLRRKTEEQIEQAGGSWLCLL* 292
L48:CREFVSFDTYATEVECNARKRSLRRKTEEQIEQAGGSWLCLL* 292
Ref:VNTEEEALKLVESLSPLIPMPPRYESVMQGSEVYEERLRNNKLSKLVEAG 300

Ref:SAC* 303

BnaA03.CCRL



L21:RGAINVGGSMKNREHRDCVLFFFFNSFNFERQHWNSEGCEVLESRLLSQQ 100
L35:RGAINVVEACERTESIDKIVFSSSSLTASILRDNIGTQKDVDEKCWSDQD 100
L43:RGAINVVEACERTESIDKIVFSSSSLTASILRDNIGTQKDVDEKCWSDQD 100
L48:RGAINVVEACERTESIDKIVFSSSSLTASILRDNIGTQKDVDEKCWSDQD 100
Ref:RGAINVVEACERTESIDKIVFSSSSLTASILRDNIGTQKDVDEKCWSDQD 100

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

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

L21:GSRDVWGYADWEMAKVASANRQHHL* 225
L35:AQLDIQPLITSAMVFGDPEMFGDMQIGKWLKLHDNPPIDDSII* 243
L43:AQLDIQPLITSAMVFGDPEMFGDMQIGKWLKLHDNPPIDDSII* 243
L48:AQLDIQPLITSAMVFGDPEMFGDMQIGKWLKLHDNPPIDDSII* 243
Ref:AQLDIQPLITSAMVFGDPEMFGDMQIGKWLKLHDNPPIDDSII* 243

BnaC05.CCRL

Fig. S12 Amino acid sequence alignment of the target sites derived from
WT and BnaCCRL-sgRNA lines.
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Supplemental  Figure  S10. Chemical  staining  of  procyanidin  in  seed  coats  and  embryos  of 
theBna.TT8 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).
(A) Vanillin staining of seed coat (left) and DMACA staining of embryo (right). 2, 2 WAF; 3, 3 WAF; 4, 
4 WAF; 5, 5 WAF; 6, 6 WAF; 7, 7 WAF; M, mature seed. (B) PCs extracted after oxidative cleavage in 
hot  acidic  butanol. (C) Estimation  of  insoluble  PCs  by  recording  absorbance  of  the  released  pink-red 
cyanidin at 550 nm.

A

B C

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).

a

b c
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最后这个模式图可以改一下，改成碳源分配到种皮和胚的过程，
对应皮壳率以及含油量（或者胚重/种子重）的TWAS显著特
有基因以及共有基因，TT8和CCR还是我们要突出的重点

qSCC.A09

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. TT8,
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.



� �

R2: 0.20
P= 2.51×10-14

Expression pattern

Se
ed

 c
oa

t c
on

te
nt

 (%
)

R2: 0.23
P= 2.39×10-15

Expression pattern

Se
ed

 c
oa

t c
on

te
nt

 (%
)

LC4 3

BAN

3 TA 1

4C H

TT 1

F3H

GSTF12

AB N

PAL2
STF1G 2

TT8

C4H

MYB63

BAN

LDOX

TT12

F3H

TT4

TT8

TT4

SK12

TT4

PC C

CPC

C4H

B

A C
M65

M139

M97

M79

D

E

BnaC07.CCR
后面会在模块里看看CCR这个基因
要不要换成胚重/种子重的TWAS结果替代含油量

R2: 0.20
P= 2.51×10-14

Expression pattern

Se
ed

 c
oa

t c
on

te
nt

 (%
)

R2: 0.23
P= 2.39×10-15

Expression pattern

Se
ed

 c
oa

t c
on

te
nt

 (%
)

LC4 3

BAN

3 TA 1

4C H

TT 1

F3H

GSTF12

AB N

PAL2
STF1G 2

TT8

C4H

MYB63

BAN

LDOX

TT12

F3H

TT4

TT8

TT4

SK12

TT4

PC C

CPC

C4H

B

A C
M65

M139

M97

M79

D

E

BnaC07.CCR
后面会在模块里看看CCR这个基因
要不要换成胚重/种子重的TWAS结果替代含油量

BnaC09.TT8 (40 DAF)
Gene normalized count

BnaC09.TT8 (40 DAF)
Gene normalized count

BnaC07.CCR (40 DAF)
Gene normalized count

BnaC07.CCR (40 DAF)
Gene normalized count

O
il 

co
nt

en
t (

%
)

Se
ed

 o
il 

co
nt

en
t (

%
)

O
il 

co
nt

en
t (

%
)

Se
ed

co
at

co
nt

en
t (

%
)

Se
ed

co
at

co
nt

en
t (

%
)

TWAS significant 
genes of SOC

TWAS-SCC-sig

A

C

D

E G

TWAS-overlap-significant
TWAS-SOC-significant
TWAS-SCC-significant

Se
ed

 o
il 

co
nt

en
t (

%
)

F

TWAS significant 
genes of SCC

TWAS significant 
genes of SCC

TWAS significant 
genes of SOC

B

� �

R2: 0.20
P= 2.51×10-14

Expression pattern

Se
ed

 c
oa

t c
on

te
nt

 (%
)

R2: 0.23
P= 2.39×10-15

Expression pattern

Se
ed

 c
oa

t c
on

te
nt

 (%
)

LC4 3

BAN

3 TA 1

4C H

TT 1

F3H

GSTF12

AB N

PAL2
STF1G 2

TT8

C4H

MYB63

BAN

LDOX

TT12

F3H

TT4

TT8

TT4

SK12

TT4

PC C

CPC

C4H

B

A C
M65

M139

M97

M79

D

E

BnaC07.CCR
后面会在模块里看看CCR这个基因
要不要换成胚重/种子重的TWAS结果替代含油量

R2: 0.20
P= 2.51×10-14

Expression pattern

Se
ed

 c
oa

t c
on

te
nt

 (%
)

R2: 0.23
P= 2.39×10-15

Expression pattern

Se
ed

 c
oa

t c
on

te
nt

 (%
)

LC4 3

BAN

3 TA 1

4C H

TT 1

F3H

GSTF12

AB N

PAL2
STF1G 2

TT8

C4H

MYB63

BAN

LDOX

TT12

F3H

TT4

TT8

TT4

SK12

TT4

PC C

CPC

C4H

B

A C
M65

M139

M97

M79

D

E

BnaC07.CCR
后面会在模块里看看CCR这个基因
要不要换成胚重/种子重的TWAS结果替代含油量

BnaC09.TT8 (40 DAF)
Gene normalized count

BnaC09.TT8 (40 DAF)
Gene normalized count

BnaC07.CCR (40 DAF)
Gene normalized count

BnaC07.CCR (40 DAF)
Gene normalized count

O
il 

co
nt

en
t (

%
)

Se
ed

 o
il 

co
nt

en
t (

%
)

O
il 

co
nt

en
t (

%
)

Se
ed

co
at

co
nt

en
t (

%
)

Se
ed

co
at

co
nt

en
t (

%
)

TWAS significant 
genes of SOC

TWAS-SCC-sig

A

C

D

E G

TWAS-overlap-significant
TWAS-SOC-significant
TWAS-SCC-significant

Se
ed

 o
il 

co
nt

en
t (

%
)

F

TWAS significant 
genes of SCC

TWAS significant 
genes of SCC

TWAS significant 
genes of SOC

B

10

B

C

Positive association

Negative association

D

Positive association

Negative association

Chromosome

TT5
CCR/

CCR

已经新标注了CCR基因进来

A

B

C

Positive association

Negative association

D

Positive association

Negative association

Chromosome

TT5
CCR

CCR/

已经新标注了CCR基因进来

A

B

C

Positive association

Negative association

D

Positive association

Negative association

Chromosome

TT5
CCR

CCR

已经新标注了CCR基因进来

A

B

C

Positive association

Negative association

D

Positive association

Negative association

Chromosome

TT5
CCR

CCR

已经新标注了CCR基因进来

$

%

&
'

� �

R2: 0.20
P= 2.51×10-14

Expression pattern

Se
ed

 c
oa

t c
on

te
nt

 (%
)

R2: 0.23
P= 2.39×10-15

Expression pattern

Se
ed

 c
oa

t c
on

te
nt

 (%
)

LC4 3

BAN

3 TA 1

4C H

TT 1

F3H

GSTF12

AB N

PAL2
STF1G 2

TT8

C4H

MYB63

BAN

LDOX

TT12

F3H

TT4

TT8

TT4

SK12

TT4

PC C

CPC

C4H

B

A C
M65

M139

M97

M79

D

E

BnaC07.CCR
后面会在模块里看看CCR这个基因
要不要换成胚重/种子重的TWAS结果替代含油量

R2: 0.20
P= 2.51×10-14

Expression pattern

Se
ed

 c
oa

t c
on

te
nt

 (%
)

R2: 0.23
P= 2.39×10-15

Expression pattern

Se
ed

 c
oa

t c
on

te
nt

 (%
)

LC4 3

BAN

3 TA 1

4C H

TT 1

F3H

GSTF12

AB N

PAL2
STF1G 2

TT8

C4H

MYB63

BAN

LDOX

TT12

F3H

TT4

TT8

TT4

SK12

TT4

PC C

CPC

C4H

B

A C
M65

M139

M97

M79

D

E

BnaC07.CCR
后面会在模块里看看CCR这个基因
要不要换成胚重/种子重的TWAS结果替代含油量

BnaC09.TT8 (40 DAF)
Gene normalized count

BnaC09.TT8 (40 DAF)
Gene normalized count

BnaC07.CCR (40 DAF)
Gene normalized count

BnaC07.CCR (40 DAF)
Gene normalized count

O
il 

co
nt

en
t (

%
)

Se
ed

 o
il 

co
nt

en
t (

%
)

O
il 

co
nt

en
t (

%
)

Se
ed

co
at

co
nt

en
t (

%
)

Se
ed

co
at

co
nt

en
t (

%
)

TWAS significant 
genes of SOC

TWAS-SCC-sig

A

C

D

E G

TWAS-overlap-significant
TWAS-SOC-significant
TWAS-SCC-significant

Se
ed

 o
il 

co
nt

en
t (

%
)

F

TWAS significant 
genes of SCC

TWAS significant 
genes of SCC

TWAS significant 
genes of SOC

B

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.
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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.TT8 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
corresponding to the accessions is plotted on the Y-axis.
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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.PAL2
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).
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