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Figure S1A. The nucleotide sequence and deduced amino acid sequences of CmPSY. An asterisk (*) 
represents a stop codon. 
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Figure S1B. The nucleotide sequence and deduced amino acid sequences of CmPDS. An asterisk (*) 
represents a stop codon. 
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Figure S1C. The nucleotide sequence and deduced amino acid sequences of CmZ-ISO. An asterisk (*) 
represents a stop codon. 
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Figure S1D. The nucleotide sequence and deduced amino acid sequences of CmZDS. An asterisk (*) 
represents a stop codon. 
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Figure S1E. The nucleotide sequence and deduced amino acid sequences of CmCrtISO. An asterisk (*) 
represents a stop codon. 
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Figure S1F. The nucleotide sequence and deduced amino acid sequences of CmLCYB. An asterisk (*) 
represents a stop codon. 
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Figure S1G. The nucleotide sequence and deduced amino acid sequences of CmLCYE. An asterisk (*) 
represents a stop codon. 
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Figure S1H. The nucleotide sequence and deduced amino acid sequences of CmCHXB. An asterisk (*) 
represents a stop codon. 
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Figure S1I. The nucleotide sequence and deduced amino acid sequences of CmCHXE. An asterisk (*) 
represents a stop codon. 
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Figure S1J. The nucleotide sequence and deduced amino acid sequences of CmZEP. An asterisk (*) represents 
a stop codon. 
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Figure S1K. The nucleotide sequence and deduced amino acid sequences of CmVDE. An asterisk (*) 
represents a stop codon. 



12 

 

 

Figure S1L. The nucleotide sequence and deduced amino acid sequences of CmCCS. An asterisk (*) 
represents a stop codon. 
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Figure S1M. The nucleotide sequence and deduced amino acid sequences of CmCCD. An asterisk 
(*) represents a stop codon. 
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Figure S1N. The nucleotide sequence and deduced amino acid sequences of CmNCED. An asterisk (*) 
represents a stop codon. 
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Figure S1O. The nucleotide sequence and deduced amino acid sequences of CmAO. An asterisk (*) 
represents a stop codon. 
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Figure S2A: Phylogeny of deduced CmPSY amino acid sequences along with other PSY sequences. The tree 
was constructed using MEGA 7 [116] on the basis of the Neighbor–Joining method [117]. Bootstrap values 
on the nodes indicate the number of times each group occurred within 1000 replicates [118]. On the right 
side, the analysis of conserved protein motifs using MEME software is presented, showing motifs and are 
ordered in colored boxes corresponding to PSY sequence in the phylogenetic tree. Other protein sequence 
obtained from NCBI database as well as their accession numbers are provided in the bracket. (B) Conserved 
protein motif 1-5 present in the variable region of CmPSY gene. The height of the letters denotes the degree 
of conservation. 
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Figure S2B: Phylogeny of deduced CmPDS amino acid sequences along with other PDS sequences. The tree 
was constructed using MEGA 7 [116] on the basis of the Neighbor–Joining method [117]. Bootstrap values 
on the nodes indicate the number of times each group occurred within 1000 replicates [118]. On the right 
side, the analysis of conserved protein motifs using MEME software is presented, showing motifs and are 
ordered in colored boxes corresponding to PDS sequence in the phylogenetic tree. Other protein sequence 
obtained from NCBI database as well as their accession numbers are provided in the bracket. (B) Conserved 
protein motif 1-5 present in the variable region of CmPDS gene. The height of the letters denotes the degree 
of conservation. 
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Figure S2C: Phylogeny of deduced CmZ-ISO amino acid sequences along with other Z-ISO sequences. The 
tree was constructed using MEGA 7 [116] on the basis of the Neighbor–Joining method [117]. Bootstrap 
values on the nodes indicate the number of times each group occurred within 1000 replicates [118]. On the 
right side, the analysis of conserved protein motifs using MEME software is presented, showing motifs and 
are ordered in colored boxes corresponding to Z-ISO sequence in the phylogenetic tree. Other protein 
sequence obtained from NCBI database as well as their accession numbers are provided in the bracket. (B) 
Conserved protein motif 1-5 present in the variable region of CmZ-ISO gene. The height of the letters denotes 
the degree of conservation. 
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Figure S2D: Phylogeny of deduced CmZDS amino acid sequences along with other ZDS sequences. The tree 
was constructed using MEGA 7 [116] on the basis of the Neighbor–Joining method [117]. Bootstrap values 
on the nodes indicate the number of times each group occurred within 1000 replicates [118]. On the right 
side, the analysis of conserved protein motifs using MEME software is presented, showing motifs and are 
ordered in colored boxes corresponding to ZDS sequence in the phylogenetic tree. Other protein sequence 
obtained from NCBI database as well as their accession numbers are provided in the bracket. (B) Conserved 
protein motif 1-5 present in the variable region of CmZDS gene. The height of the letters denotes the degree 
of conservation. 
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Figure S2E: Phylogeny of deduced CmCrtISO amino acid sequences along with other CrtISO sequences. The 
tree was constructed using MEGA 7 [116] on the basis of the Neighbor–Joining method [117]. Bootstrap 
values on the nodes indicate the number of times each group occurred within 1000 replicates [118]. On the 
right side, the analysis of conserved protein motifs using MEME software is presented, showing motifs and 
are ordered in colored boxes corresponding to CrtISO sequence in the phylogenetic tree. Other protein 
sequence obtained from NCBI database as well as their accession numbers are provided in the bracket. (B) 
Conserved protein motif 1-5 present in the variable region of CmCrtISO gene. The height of the letters 
denotes the degree of conservation. 
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Figure S2F: Phylogeny of deduced CmLCYB amino acid sequences along with other LCYB sequences. The 
tree was constructed using MEGA 7 [116] on the basis of the Neighbor–Joining method [117]. Bootstrap 
values on the nodes indicate the number of times each group occurred within 1000 replicates [118]. On the 
right side, the analysis of conserved protein motifs using MEME software is presented, showing motifs and 
are ordered in colored boxes corresponding to LCYB sequence in the phylogenetic tree. Other protein 
sequence obtained from NCBI database as well as their accession numbers are provided in the bracket. (B) 
Conserved protein motif 1-5 present in the variable region of CmLCYB gene. The height of the letters denotes 
the degree of conservation. 
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Figure S2G: Phylogeny of deduced CmLCYE amino acid sequences along with other LCYE sequences. The 
tree was constructed using MEGA 7 [116] on the basis of the Neighbor–Joining method [117]. Bootstrap 
values on the nodes indicate the number of times each group occurred within 1000 replicates [118]. On the 
right side, the analysis of conserved protein motifs using MEME software is presented, showing motifs and 
are ordered in colored boxes corresponding to LCYE sequence in the phylogenetic tree. Other protein 
sequence obtained from NCBI database as well as their accession numbers are provided in the bracket. (B) 
Conserved protein motif 1-5 present in the variable region of CmLCYE gene. The height of the letters denotes 
the degree of conservation. 
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Figure S2H: Phylogeny of deduced CmCHXB amino acid sequences along with other CHXB sequences. The 
tree was constructed using MEGA 7 [116] on the basis of the Neighbor–Joining method [117]. Bootstrap 
values on the nodes indicate the number of times each group occurred within 1000 replicates [118]. On the 
right side, the analysis of conserved protein motifs using MEME software is presented, showing motifs and 
are ordered in colored boxes corresponding to CHXB sequence in the phylogenetic tree. Other protein 
sequence obtained from NCBI database as well as their accession numbers are provided in the bracket. (B) 
Conserved protein motif 1-5 present in the variable region of CmCHXB gene. The height of the letters denotes 
the degree of conservation. 
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Figure S2I: Phylogeny of deduced CmCHXE amino acid sequences along with other CHXE sequences. The 
tree was constructed using MEGA 7 [116] on the basis of the Neighbor–Joining method [117]. Bootstrap 
values on the nodes indicate the number of times each group occurred within 1000 replicates [118]. On the 
right side, the analysis of conserved protein motifs using MEME software is presented, showing motifs and 
are ordered in colored boxes corresponding to CHXE sequence in the phylogenetic tree. Other protein 
sequence obtained from NCBI database as well as their accession numbers are provided in the bracket. (B) 
Conserved protein motif 1-5 present in the variable region of CmCHXE gene. The height of the letters denotes 
the degree of conservation. 



25 

 

 

Figure S2J: Phylogeny of deduced CmZEP amino acid sequences along with other ZEP sequences. The tree 
was constructed using MEGA 7 [116] on the basis of the Neighbor–Joining method [117]. Bootstrap values 
on the nodes indicate the number of times each group occurred within 1000 replicates [118]. On the right 
side, the analysis of conserved protein motifs using MEME software is presented, showing motifs and are 
ordered in colored boxes corresponding to ZEP sequence in the phylogenetic tree. Other protein sequence 
obtained from NCBI database as well as their accession numbers are provided in the bracket. (B) Conserved 
protein motif 1-5 present in the variable region of CmZEP gene. The height of the letters denotes the degree 
of conservation. 



26 

 

 

Figure S2K: Phylogeny of deduced CmVDE amino acid sequences along with other VDE sequences. The tree 
was constructed using MEGA 7 [116] on the basis of the Neighbor–Joining method [117]. Bootstrap values 
on the nodes indicate the number of times each group occurred within 1000 replicates [118]. On the right 
side, the analysis of conserved protein motifs using MEME software is presented, showing motifs and are 
ordered in colored boxes corresponding to VDE sequence in the phylogenetic tree. Other protein sequence 
obtained from NCBI database as well as their accession numbers are provided in the bracket. (B) Conserved 
protein motif 1-5 present in the variable region of CmVDE gene. The height of the letters denotes the degree 
of conservation. 
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Figure S2L: Phylogeny of deduced CmCCS amino acid sequences along with other CCS sequences. The tree 
was constructed using MEGA 7 [116] on the basis of the Neighbor–Joining method [117]. Bootstrap values 
on the nodes indicate the number of times each group occurred within 1000 replicates [118]. On the right 
side, the analysis of conserved protein motifs using MEME software is presented, showing motifs and are 
ordered in colored boxes corresponding to CCS sequence in the phylogenetic tree. Other protein sequence 
obtained from NCBI database as well as their accession numbers are provided in the bracket. (B) Conserved 
protein motif 1-5 present in the variable region of CmCCS gene. The height of the letters denotes the degree 
of conservation. 
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Figure S2M: Phylogeny of deduced CmCCD amino acid sequences along with other CCD sequences. The 
tree was constructed using MEGA 7 [116] on the basis of the Neighbor–Joining method [117]. Bootstrap 
values on the nodes indicate the number of times each group occurred within 1000 replicates [118]. On the 
right side, the analysis of conserved protein motifs using MEME software is presented, showing motifs and 
are ordered in colored boxes corresponding to CCD sequence in the phylogenetic tree. Other protein 
sequence obtained from NCBI database as well as their accession numbers are provided in the bracket. (B) 
Conserved protein motif 1-5 present in the variable region of CmCCD gene. The height of the letters denotes 
the degree of conservation. 



29 

 

 

Figure S2N: Phylogeny of deduced CmNCED amino acid sequences along with other NCED sequences. The 
tree was constructed using MEGA 7 [116] on the basis of the Neighbor–Joining method [117]. Bootstrap 
values on the nodes indicate the number of times each group occurred within 1000 replicates [118]. On the 
right side, the analysis of conserved protein motifs using MEME software is presented, showing motifs and 
are ordered in colored boxes corresponding to NCED sequence in the phylogenetic tree. Other protein 
sequence obtained from NCBI database as well as their accession numbers are provided in the bracket. (B) 
Conserved protein motif 1-5 present in the variable region of CmNCED gene. The height of the letters denotes 
the degree of conservation. 



30 

 

 

Figure S2O: Phylogeny of deduced CmAO amino acid sequences along with other AO sequences. The tree 
was constructed using MEGA 7 [116] on the basis of the Neighbor–Joining method [117]. Bootstrap values 
on the nodes indicate the number of times each group occurred within 1000 replicates [118]. On the right 
side, the analysis of conserved protein motifs using MEME software is presented, showing motifs and are 
ordered in colored boxes corresponding to AO sequence in the phylogenetic tree. Other protein sequence 
obtained from NCBI database as well as their accession numbers are provided in the bracket. (B) Conserved 
protein motif 1-5 present in the variable region of CmAO gene. The height of the letters denotes the degree 
of conservation. 
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Figure S3A. Amino acid alignment of CmPSY with selected corresponding genes was performed with the 
BioEdit program of ClustalW. The yellow highlighted box represents the substrate-binding pocket. Asterisks 
indicate catalytic residues, and those with a blue underline represent the conserved trans-isoprenyl 
diphosphate synthase domain. M. cordata (Macleaya cordata, OVA08062), T. orientale (Trema orientale, 
PON92947), H. impetiginosus (Handroanthus impetiginosus, PIN12720), P. andersonii (Parasponia andersonii, 
PON53814), L. albus (Lupinus albus, KAE9613159), and N. officinale (Nasturtium officinale, MT547989) were 
involved in amino acid alignment of CmPSY. A dash (–) represents an aligned gap. 
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Figure S3B. Amino acid alignment of CmPDS with selected corresponding genes was performed with the 
BioEdit program of ClustalW. The red, pink, green, and orange boxes represent the signal peptide, 
dinucleotide-binding motif, putative substrate carrier motif, and carotenoid binding motif, respectively. A 
highly conserved region of the PDS protein was highlighted in an ash color. The blue underline represents 
the FAD/NAD(P)-binding domain. T. thalictroides (Thalictrum thalictroides, KAF5198369), C. sinensis (Camellia 
sinensis, XP028107084), V. riparia (Vitis riparia, XP034695872), V. vinifera (Vitis vinifera, AFP28796), A. chinensis 
(Actinidia chinensis, PSR96231), and N. officinale (Nasturtium officinale, MT547988) were involved in amino acid 
alignment of CmPDS. A dash (–) represents an aligned gap. 
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Figure S3C. Amino acid alignment of CmZ-ISO with selected corresponding genes was performed with the 
BioEdit program of ClustalW. Green and brown boxes represent the cytoplasmic domain and predicted trans 
membrane (TM) helix, respectively. P. somniferum (Papaver somniferum, XP026389168), T. thalictroides 
(Thalictrum thalictroides, KAF5176887), P. alba (Prosopis alba, XP028759619), C. melo (Cucumis melo, TYK16983), 
and A. comosus (Ananas comosus, XP020111958) were involved in amino acid alignment of CmZ-ISO. A dash 
(–) represents an aligned gap. 
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Figure S3D. Amino acid alignment of CmZDS with selected corresponding genes was performed with the 
BioEdit program of ClustalW.  The red, pink, and orange boxes represent the signal peptide, dinucleotide-
binding motif, and carotenoid binding motif, respectively. P. somniferum (Papaver somniferum, XP026435023), 
T. thalictroides (Thalictrum thalictroides, KAF5193496), Q. lobate, XP030958095 (Quercus lobate), N. nucifera 
(Nelumbo nucifera, XP010256022), Q. suber (Quercus suber, XP23871372), and N. officinale (Nasturtium officinale, 
MT547991) were involved in amino acid alignment of CmZDS. A dash (–) represents an aligned gap. 
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Figure S3E. Amino acid alignment of NoCrtISO with selected corresponding genes was performed with the 
BioEdit program of ClustalW. The red box represents the signal peptide. M. cordata (Macleaya cordata, 
OVA16223), P. somniferum (Papaver somniferum, XP026426554), T. thalictroides (Thalictrum thalictroides, 
KAF5180293), A. chinensis (Actinidia chinensis, PSS15835), Q. lobate (Quercus lobate, XP030927457), and N. 
officinale (Nasturtium officinale, MT547983) were involved in amino acid alignment of CmCrtISO. A dash (–) 
represents an aligned gap. 
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Figure S3F. Amino acid alignment of CmLCYB with selected corresponding genes was performed with the 
BioEdit program of ClustalW. The green, pink, light blue, brown, and purple boxes represent plant β 
conserved region, dinucleotide-binding motif, βLCY catalytic domain (CAD), predicted trans membrane 
(TM) helix, and charged region, respectively. The red underlined indicates LCY specific motif, whereas the 
blue underlined indicates cyclase motif 1 and 2. The highlighted arrowheads indicate the regulatory motif 
conserved in all β-bicyclase. V. riparia (Vitis riparia, XP034694605), A. aestivalis (Adonis aestivalis, AAK07430), 
C. sinensis (Camellia sinensis, AJB84622), J. curcas (Jatropha curcas, XP012085981), R. japonicum (Rhododendron 
japonicum, BAS69435), and N. officinale (Nasturtium officinale, MT547985) were involved in amino acid 
alignment of CmLCYB. A dash (–) represents an aligned gap. 
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Figure S3G. Amino acid alignment of CmLCYE with selected corresponding genes was performed with the 
BioEdit program of ClustalW. Pink, brown, and purple boxes represent the dinucleotide-binding motif, 
predicted trans membrane (TM) helix, and charged region, respectively, and those with a blue underline 
represent cyclase motif 1 and 2. Yellow highlighted box indicate the conserved motif. C. sinensis (Camellia 
sinensis, XP028074216), D. zibethinus (Durio zibethinus, XP022751743), A. chinensis (Actinidia chinensis, 
PSS20792), J. curcas (Jatropha curcas, XP012076949), M. esculenta (Manihot esculenta, XP021596942), and N. 
officinale (Nasturtium officinale, MT547986) were involved in amino acid alignment of CmLCYE. A dash (–) 
represents an aligned gap. 
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Figure S3H. Amino acid alignment of CmCHXB with selected corresponding genes was performed with the 
BioEdit program of ClustalW.  The brown boxes indicate the transmembrane region. The histidine domain 
of the CHXB protein was highlighted in pink color. Blue and red underlined indicate the fatty acid 
hydroxylase domain and highly conserved region (motif 1). A. aestivalis (Adonis aestivalis, ABL67481), V. 
vinifera (Vitis vinifera, AAM77007), T. wilfordii (Tripterygium wilfordii, KAF5731165), A. chinensis (Actinidia 
chinensis, PSS04390), I. nil (Ipomoea nil, BAI47580), and N. officinale (Nasturtium officinale, MT547981) were 
involved in amino acid alignment of CmCHXB. A dash (–) represents an aligned gap. 
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Figure S3I. Amino acid alignment of CmCHXE with selected corresponding genes was performed with the 
BioEdit program of ClustalW. The red boxes represent the signal peptide. The blue, yellow, and pink color 
highlighted denotes signal peptide C, N, and H regions of the CHXE protein, respectively. P. somniferum 
(Papaver somniferum, XP026417943), Q. suber (Quercus suber, XP023872296), C. arietinum (Cicer arietinum, 
XP004516959), S. pennellii (Solanum pennellii, XP015056054), Z. jujuba (Ziziphus jujuba, XP015898578), and N. 
officinale (Nasturtium officinale, MT547982) were involved in amino acid alignment of CmCHXE. A dash (–) 
represents an aligned gap. 
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Figure S3J. Amino acid alignment of CmZEP with selected corresponding genes was performed with the 
BioEdit program of ClustalW. The yellow and red boxes represent the short motifs of lipocalin family 
proteins and forkhead-associated (FHA) domains, respectively. The phosphopeptide binding site of the ZEP 
protein was highlighted in green color. The blue underline represents the FAD-binding domain. P. 
somniferum (Papaver somniferum, XP_026445919), A. chinensis (Actinidia chinensis, PSS21278), V. vinifera (Vitis 
vinifera, NP_001268202), C. sinensis (Camellia sinensis, AJB84624), J. curcas (Jatropha curcas, XP_012079233), and 
N. officinale (Nasturtium officinale, MT547990) were involved in amino acid alignment of CmZEP. A dash (–) 
represents an aligned gap. 
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Figure S3K. Amino acid alignment of CmVDE with selected corresponding genes was performed with the 
BioEdit program of ClustalW. Blue, ash, and red underlined represent the VDE cys-rich, lipocalins, and Glu-
rich domains, respectively. Asterisks indicate the important residues for pH switch, and those with black 
boxes represent the putative active site. M. cordata (Macleaya cordata, OVA03356), P. somniferum (Papaver 
somniferum, XP026400851), V. riparia (Vitis riparia, XP034683443), H. umbratica (Herrania umbratica, 
XP021282368), and M. esculenta (Manihot esculenta, XP021623227) were involved in amino acid alignment of 
CmVDE. A dash (–) represents an aligned gap. 
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Figure S3L. Amino acid alignment of CmCCS with selected corresponding genes was performed with the 
BioEdit program of ClustalW.  The brown boxes indicate the conserved FLEET motif essential for β and κ-
cyclase activity. P. somniferum (Papaver somniferum, XP_026413514), S. suberectus (Spatholobus suberectus, 
TKY48659), A. precatorius (Abrus precatorius, XP_027344227), T. pretense (Trifolium pretense, PNY15080), G. max 
(Glycine max, XP_003541965), and C. clementina (Citrus clementina, XP_006424195) were involved in amino 
acid alignment of CmCCS. A dash (–) represents an aligned gap. 
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Figure S3M. Amino acid alignment of CmCCD with selected corresponding genes was performed with the 
BioEdit program of ClustalW. Asterisks indicate histidine residues involved in the coordination of the 
catalytic Fe2+. The yellow highlighted boxes represent aspartate or glutamate residues which are predicted to 
be fixing the iron atom. The conserved amino acids present in the hydrophobic patches are shown in black 
boxes. P. somniferum (Papaver somniferum, XP_026380876), N.o nucifera (Nelumbo nucifera, XP_010275132), M. 
rubra (Morella rubra, KAB1215613), P. alba (Prosopis alba, XP_028782945), P. hybrid (Petunia x hybrid, 
QBC36243), and N. officinale (Nasturtium officinale, MT547984) were involved in amino acid alignment of 
CmCCS. A dash (–) represents an aligned gap. 
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Figure S3N. Amino acid alignment of CmNCED with selected corresponding genes was performed with the 
BioEdit program of ClustalW. P. somniferum (Papaver somniferum, XP026405668), R. chinensis (Rosa chinensis, 
XP024161283), H. brasiliensis (Hevea brasiliensis, XP021644826), M. esculenta (Manihot esculenta, XP021593487), 
J. curcas (Jatropha curcas, XP012084339), and N. officinale (Nasturtium officinale, MT547987) were involved in 
amino acid alignment of CmNCED. A dash (–) represents an aligned gap. 
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Figure S3O. Amino acid alignment of CmAO with selected corresponding genes was performed with the 
BioEdit program of ClustalW. The yellow, ash, orange, and green highlighted box represents the 2Fe-2S redox 
center-containing domain, 2Fe-2S ferredoxin-type iron-sulfur binding region, FAD-binding domain, and 
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hammer-head domain, respectively. Asterisks indicate the eight conserved cysteine residues of [2Fe-2S] 
centers, and those with a red and pink rectangle box represent 2Fe-2S ferredoxin-type iron-sulfur binding 
domain and FAD-binding domain. The dotted blue and red underlined indicates that motif corresponding 
two non-identical [2Fe-2S] redox centers and molybdenum cofactor and substrate-binding domain. The 
putative motifs involved in Moco and substrate binding (MocoI-MocoV) are underlined in black continuous 
line. M. cordata (Macleaya cordata, OVA00877), V. riparia (Vitis riparia, XP_034688017), Q. lobate (Quercus lobate, 
XP_030960280), T. thalictroides (Thalictrum thalictroides, KAF5184240), and C. sinensis (Camellia sinensis, 
AVZ45846) were involved in amino acid alignment of CmAO. A dash (-) represents an aligned gap. 
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Table S1 List of primers designed and used in the qRT-PCR analysis to determine mRNA expression levels 
of C. majus CBP, XBP, and ABP genes 

Primer names Primer sequence (5’→3’) PCR product length 
(bp) 

CmPSY-F TGTTGAAGCTCGGATTATCGATG 
102 

CmPSY-R AATATGGTGGAAACAGTGGATTCG 

CmPDS-F AAGACCTGAACTTGACAATACCG 
130 

CmPDS-R AGATAGACCAGCCAAGCCTG 

Cm-Z-ISO-F GGTAATTGTAGGAGCATCGCTTG 
109 

Cm-Z-ISO-R ATCAAAGAAAGCTGAATCCTCACC 

CmZDS-F AGTGGGTTCCTTTGTCGATAAAC 
106 

CmZDS-R GCCCACCTTTCTCATCAAGC 

CmCrtISO-F TGACTTCGTCATGGAACTCATC 
117 

CmCrtISO-R AGTGACTTCAATTCCAGCGAG 

CmLCYB-F TGATCTGGCCTAACAATTACGG 
148 

CmLCYB-R TTAACCCTTCCATAAGGTCTGTC 

CmLCYE-F ATCTTGGGCTAGAAAGGTGTATTG 
106 

CmLCYE-R CGACTAACTCTTCCATAAGCACG 

CmCHXB-F GTACGAGTTGCAGAGAAATTAGCC 
115 

CmCHXB-R TGTAATAAACAGCAGCAACAGCC 

CmCHXE-F GTCAAGATGATTCAGGGATACCC 
131 

CmCHXE-R AGCTGCAAGACGATAAATGGG 

CmZEP-F TCACAAGGGTTATTAGCCGAATG 
150 

CmZEP-R CTTCATATCGCTGTCCGTTCTC 

CmVDE-F CTGTTGGGTGTTATGCAGCAG 
141 

CmVDE-R CCTGCACTCTTTCAATAAACAAGC 

CmCCS-F CATTCTTCCCAATCACTTCCAC 
104 

CmCCS-R TTTGATTCAGGCTTCAGATCTAGG 

CmCCD-F TCTAATGGCACTGCAACTTTCTG 
129 

CmCCD-R AGCAACAGAAGCAGTGAGGC 

CmNCED-F CACTCCAATCACTCTTCCCAAAG 
103 

CmNCED-R GTGTTGGATTGTCTTTGTTGTTGG 

CmAO-F TGAAATTGGAGCTGCTGTGAC 
128 

CmAO-R ACGCAACCTTGTTCATATGGTC 

Cmα-tubulin-F TCCATCCTGAACAACTCATAAGTG 
112 

Cmα-tubulin-R TTTCTGATCCGATCAAGACACAG 
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Table S2 Analysis of CBP gene sequences using the SignalP program 

Gene 
names 

Original 
shearing site 

(C score) 

Synthesized 
shearing site 

(Y score) 

Signal 
peptide 
(S score) 

CmPSY 0.278 0.190 0.218 

CmPDS 0.111 0.125 0.154 

CmZ-ISO 0.119 0.124 0.183 

CmZDS 0.250 0.265 0.515 

CmCrtISO 0.635 0.260 0.221 

CmLCYB 0.120 0.125 0.151 

CmLCYE 0.194 0.141 0.186 

CmCHXB 0.118 0.133 0.167 

CmCHXE 0.128 0.176 0.304 

CmZEP 0.116 0.118 0.135 

CmVDE 0.158 0.124 0.144 

CmCCS 0.116 0.158 0.400 

CmCCD 0.107 0.126 0.156 

CmNCED 0.107 0.106 0.126 

CmAO 0.108 0.112 0.122 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 


