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Abstract: In order to explore the role of CCD gene on the carotenoid regulation in non-heading Chinese cabbage leaf

blades, the BrCCD4a gene was cloned from experimental
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by subcellular localization technology. In addition, three varieties, HB02, SX04 and NN2108, were used to determine the
carotenoid content and the relative expression level of the BrCCD4a gene. The results showed that BrCCD4a gene contained
an open reading frame (ORF) with a length of 1 797 bp, encoding 598 amino acids. The relative molecular mass of the pro-
tein encoded by BrCCD4a was 65 860, and the isoelectric point was 6.42. BrCCD4a belonged to the CCD protein family,
and had the highest similarity with the amino acid sequence of CCD4 protein in Brassica oleracea. Phylogenetic analysis also
displayed that BrCCD4a had the closest evolutionary relationship with Brassica oleracea. BrCCD4a protein was mainly com-
posed of random coils and extended chains, and there was no signal peptide. Subcellular localization analysis revealed that
BrCCD4a was localized on chloroplasts. The lutein contents and B-carotene contents in leaf blades of non-heading Chinese
cabbage with different colors varied greatly. The content of lutein in the leaf blades of HB02 was the lowest (1.14 mg/g)
and the content in the leaf blades of SX04 was the highest (2.34 mg/g). The content of B-carotene in the leaf blades of
NN2108 was the highest, reaching 2.31 mg/g, which was 1. 94 times higher than that of HB02. The results of relative ex-
pression analysis manifested that the trend of relative expression levels of BrCCD4a in leaf blades of the three cultivars was
consistent with the trend of B-carotene content. The expression level of BrCCD4a was the highest in the leaf blades of

NN2108, followed by SX04, and the lowest in HBO2. The results of this study provide a basis for exploring the role of BrC-

CD4a in the degradation of carotenoids in non-heading Chinese cabbage leaf blades.
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Fig.2 The prediction of the conserved domain of BrCCD4a in non-heading Chinese cabbage and multiple alignment in amino acid

quences encoded by CCD4 gene from non-heading Chinese cabbage and other species
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Fig.3 Phylogenetic tree of non-heading Chinese cabbage and other species
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Table 1 The analysis of amino acid composition and physicochemical properties of CCD4 proteins in non-heading Chinese cabbage and other

plants
HHER  HEXST FIERR LI (%) Bk
=Y B3 BRI [t R EYi9c
(™) (x10%) [iz3¢a B feWige D5k S
REEBR F 2 ( Brassica rapa ssp. chinensis) 598 65.86 6.42 13 11 21 9 -0.225
BT (Arabidopsis thaliana) 595 65.60 6.42 14 11 22 9 -0.218
IKFE (Oryza sativa) 582 65.95 6.21 14 13 21 7 -0.233
WK (Scutellaria baicalensis) 597 65.37 6.07 13 11 22 9 -0.168
K155 (Lycoris longituba) 604 66.20 6.43 13 10 22 9 -0.143
H ¥ ( Brassica oleracea) 596 65.80 6.58 13 11 21 9 -0.211
Bk ( Prunus persica) 597 65.52 6.10 12 11 20 10 -0.222
i 2% ( Chelidonium majus) 611 66.99 6.23 12 11 21 9 -0.183
3¢ (Apium graveolens) 592 65.07 6.03 12 11 19 10 -0.269
M ( Camellia sinensis) 613 66.75 5.99 11 10 20 9 -0.186
KA ( Narcissus pseudonarcissus ) 601 66.24 6.70 13 10 22 8 -0.186
#22 (Ipomoea nil) 591 64.13 5.64 11 11 21 9 -0.146
JREL ( Nicotiana tabacum) 601 65.94 6.58 12 11 20 10 -0.212
B (Rosa rugosa) 583 63.75 5.79 12 11 19 9 -0.266
MR ( Lycium ruthenicum,) 599 65.70 6.21 13 11 20 9 -0.232
35 I\ ( Momordica charantia) 596 64.98 6.25 12 11 21 9 -0.172
HEAE ( Osmanthus fragrans) 609 66.68 7.19 12 10 20 9 -0.275
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Fig.6 Carotenoids contents in leaf blades of non-heading Chinese cabbage with different colors
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