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Table 1- Primers used in the investigation of CCD4a and CCD4b genes
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Table 2—- The physicochemical characteristics of the protein sequences resulted from CCD4a and CCD4b
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CCD4a  Coge6Hu436N7900533817 82.59 579 63832.56 6.48 42.63 -0.179
CCD4b  CogsoHu370N7800521S16 83.05 570 62969.52 6.41 41.80 -0.171
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Figure 1- a: Peptide signaling in CCD4a and CCD4b proteins. a: Results of SignalP software for peptide signaling

characterization include a C-score that identifies the cleavage site, an S-score that detects the position of the signal peptide.
The Y-score, which is a derivative of the C-score combined with the S-score resulting in a better cleavage site prediction that
the raw C-score alone, b: Hydrophobic-hydrophilic pattern of proteins.
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Table 3- Analysis of the secondary structure of the CCD4a protein (left side) and the CCD4b protein (right side) with the

SOPMA software
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Figure3- Modeling the 3D structure based on the selection of a pattern with high similarity to the target protein using the
Swiss model database. a: Ribbon diagrams showing the conserved secondary and tertiary of VP14 (left) used as template for

modelling of CsCCD4a (center) and CsCCD4b (right). b: Global Model Quality Estimation and Z-score charts for the
CCD4a and CCD4b.
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Figure 5. Phylogenetic tree of the sequence of CsCCD4a and CsCC4b with other CCD in Crocus sativus and CCD4 in other
plants.

Accession number used are: Arabidopsis thaliana, AANCED4 (NP_193652.1 ). Brassica rapa, BrCCD4 (XP_009132578.1).
Brassica oleracea var. alboglabra, BoCCD4 (AJP16417.1 ). Crocus ancyrensis, CaCCD4a/b (AKN09910.1). CaCCD4c
(AKNO09911.1). Crocus sativus, CsCCD1 (...... ). CsCCD2 (ACD62475.1). CsCCD2L (ALM23547.1). CsCCD4c (AEO50759.1).
Carica papaya, CpCCD4 (...... ). Glycine max, GmCCD4 (XP_003516508.1). [pomoea nil, InCCD4 (FAA01245.1). Lycium
barbarum, LbCCD4 (AIX87510.1), Lycium chinense, LcCCD4 (AIY62809.1). Lycium ruthenicum, LrCCD4 (AIX87534.1).
Momordica charantia, McCCD4 (AFU91490.1). Malus domestica, MdCCD4 (ABY47995.1). Manihot esculenta, MeCCD4
(XP_021595193.1). Nicotiana tabacum, NtCCD4 (NP_001313051.1). Osmanthus fragrans, OfCCD4 (ABY60887.1). Prunus avium,
PaCCD4 (XP_021809777.1). Prunus persica, PpCCD4 (AGL08676.1). Pisum sativum, PsSNCED4 (BAC10552.1). Ricinus
communis, ReCCD4 (XP_002519944.1). Rosa x damascene, RACCD4 (ABY60886.1). Rhododendron japonicum f. flavum, RjCCD4
(BAT32880.1). Rosa rugosa, RtCCD4 (AKT74335.1). Triticum aestivum, TaCCD-A4 (ANT73645.1). TaCCD-B4 (ANT73646.1).
TaCCD-D4 (ANT73647.1). Vitis vinifera, VvCCD4a (AFJ94675.1). VvCCD4b (AFJ94676.1).
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Abstract

Saffron is one of the most expensive spices and natural colors used in various food, pharmaceutical and
cosmetic industries. In recent years, a family of enzymes that digest carotenoid substrates into double bonds
are identified and introduced in plants. This family is of enzymes Carotenoid Cleavage Dioxygenase (CCD)
enzymes. In this study, two isoforms of this gene were cloned and sequenced due to the importance of CCD
genes in biosynthesis of apocarotenoids. Bioinformatics analyses including phylogenetic relationships and
protein structures were evaluated. 3D modeling of these proteins was done by homologous modeling and using
the Swiss Model database after selecting the appropriate pattern. The Ramachandran plot was drawn in order
to validate the structure of the 3D model. The results show that the two CCD4a and CCD4b isoforms have both
exons and one intron. In silico analysis, the physicochemical properties of CsCCD4a and CsCCD4b proteins
also show that the proteins derived from these two isoforms are similar in terms of molecular weight, amino
acids, isoelectric points, aliphatic index, instability index and solubility. The results of study of 3D structures
resulted in proposal of similar structures for two isoforms. The results of this study can provide valuable
information on the behavior and response of CCD4 enzyme in the pathway for synthesis of apricotines in
saffron, and these results can be useful in future protein engineering programs.
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