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Fig. 1. Electrophoresis gel of PCR reaction, 1641 bp fragment amplified from genomic DNA (line 2) and
cDNA (lines 1, 4)
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Fig. 6. 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 CsCCD1 and the constructed models. b: Global Model Quality Estimation and Z-score charts
for the CsCCD1
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Asparagus officinalis, AoCCD1 (XP_020276946.1). Brachypodium distachyon, BdiCCD : jol&

(XP_003577313.1). Camellia sinensis, CsiCCSD1 (AYKO03324.1). Citrus x paradise, CpCCD1
(AMAOQ07786.1). Coffea Arabica, CarCCD1 (ABA43904.1). Coffea canephora, CcCCD1 (ABA43900.1).
Crocus ancyrensis, CaCCD (AKN09908.1). Crocus sativus, CsCCD1 (MN540633). Herrania umbratica,
HuCCD1 (XP_021280006.1). Manihot esculenta, MeCCD1 (XP_021625990.1). Momordica charantia,
MchCCD1 (XP_022148582.1). Osmanthus fragrans, OfCCD1 (BAJ05401.1). Panicum hallii, PhCCD1
(XP_025808135.1). Persea americana, PaCCD1 (AAK00622.1). Petunia x hybrid, PhCCD1 (AAT68189.1).
Phoenix dactylifera, PhdCCD (XP_008801952.1). Quercus suber, QsCCD1 (XP_023927375.1). Rosa X
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damascene, RACCD1 (ABY47994.1). Rosa rugosa, RrCCD1 (AKT74334.1). Setaria italic, SiCCD
(XP_004963348.1). Theobroma cacao, TcCCD1 (XP_007052518.1). Triticum aestivum, TaCCD-A-1
(ANT73642.1), TaCCD-B1 (ANT73643.1), TaCCD-D1 (ANT73644.1). Vitis vinifera, VvCCD1

(AFJ94680.1). Zea mays, ZmCCD1 (ABF85668.1)
Fig. 8. Phylogenetic tree of the sequence of CsCCD1 with CCD1 in other plants. Accession number used
are: Asparagus officinalis, AoCCD1 (XP_020276946.1). Brachypodium distachyon, BdiCCD
(XP_003577313.1). Camellia sinensis, CsiCCSD1 (AYKO03324.1). Citrus x paradise, CpCCD1
(AMAO7786.1). Coffea Arabica, CarCCD1 (ABA43904.1). Coffea canephora, CcCCD1 (ABA43900.1).
Crocus ancyrensis, CaCCD (AKN09908.1). Crocus sativus, CsCCD1 (MN540633). Herrania umbratica,
HuCCD1 (XP_021280006.1). Manihot esculenta, MeCCD1 (XP_021625990.1). Momordica charantia,
MchCCD1 (XP_022148582.1). Osmanthus fragrans, OfCCD1 (BAJ05401.1). Panicum hallii, PhCCD1
(XP_025808135.1). Persea americana, PaCCD1 (AAKO00622.1). Petunia x hybrid, PhCCD1 (AAT68189.1).
Phoenix dactylifera, PhdCCD (XP_008801952.1). Quercus suber, QsCCD1 (XP_023927375.1). Rosa X
damascene, RACCD1 (ABY47994.1). Rosa rugosa, RrCCD1 (AKT74334.1). Setaria italic, SiCCD
(XP_004963348.1). Theobroma cacao, TcCCD1 (XP_007052518.1). Triticum aestivum, TaCCD-A-1

(ANT73642.1), TaCCD-B1 (ANT73643.1),
(AFJ94680.1). Zea mays, ZMCCD1 (ABF85668.1)
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Abstract

Nowadays, saffron is considered as a strategic medicinal plant in Iran. Apocarotenoids are also known as
economic compound in saffron stigmas. Therefore, isolation and functional analysis of genes involving in
carotenoid metabolism in saffron has a great importance. In this study, regarding the role of CsCCD1
gene in apocarotenoids biosynthesis of saffron was targeted for studying the genomic structure of CCD1
gene in lranian saffron. ProtParam, SOPMA, ProtScale, Pfam, ProtComp, SignalP, TMHMM, TargetP
and ChloroPwre software’s were used for studying the physical and chemical and physiological
characterizations of CCD1 protein. Swiss-Model server was used for investigate the 3D structure of CCD1
protein followed by Ramachandran plotting for structural validation of 3D model. The results of
phylogenetic analysis showed that amino acid structure of CsCCD1 protein had the most similarity to
CaCCD. It is also found that CsCCD1 protein has no signal sequence and transmembrane domains. In
addition, the results of this study demonstrated that CCD1 protein belongs to carotenoid oxidase family
and it is stable in vitro. These results can provide valuable information on the behavior and response of
the CCD1 enzyme in the pathway for the synthesis of apocarotenoids in saffron, and these results can be
useful in future protein engineering programs.
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