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Abstract

Apocarotenoid compounds cause various communication functions in plants. Apocarotenoids result from the
enzymatic cleavage of carotenoids catalyzed by carotenoid dioxygenases (CCD). The CCD4 family is the largest
family of plant CCDs. In this research, genomic DNA was extracted from fresh leaves of wild saffron Crocus
haussknechtii BOISS and used as a template for amplifying CCD4a and CCD4b genes in PCR reaction. PCR
products were sequenced after purification. Then, the gene sequence was compared with the saffron gene available
in the gene bank and a phylogenetic tree related to their sequence was drawn. In addition, the amino acids of
proteins were compared, and the spatial structure of the protein of these two genes was drawn. The results showed
that the number of nucleotides in CCD4a gene is equal to 2402 and in CCD4b gene is 2373 kb. The dendrogram
related to the sequence of the CCD4a gene showed that the species were divided into five separate groups based
on the similarity in the sequence of nucleic acids, and the highest similarity was related to the CCD4a gene of
Iranian agricultural saffron with a rate of 99.82. In addition, the dendrogram diagram for the CCD4b gene was
divided into three groups, with the lowest distance between this gene and the genes of saffron species. By defining
the exon regions, the protein sequence of CCD4a and CCD4b genes was determined, and their number of amino
acids was equal to 577 and 567, respectively. The findings of this research can provide valuable information
regarding the behavior and reaction of CCD4a and CCD4b enzymes in the synthesis of C. haussknechtii
apocarotenoids. They can be used in gene transfer programs from wild saffron to saffron be a useful crop.
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Figure 1- Photos of cultivated and wild saffron.
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Table 2- The primers used in the amplification of CCD4b and CCD4a genes

P
Primer name

e

Sequence

F CCD4al
R CCD4al
F CCD4a2
R CCD4a2
F CCD4a3
R CCD4a3

5’-ATGGATTATCGGTTGTCATCCTCCT-3’
5’-CTACCCTTCAGTACAATGAC-3’
5’-CTCGTCTTCTTCTTCCGGGTC-3’
5’-AGACGGCATAGTGTTCGGTGAT-3’
5’-GTACTCCCGTTACGACTG-3’
5’-CTACTGCTGTGACAGCAGCTCAG-3’

F CCD4b1
R CCD4b1
F CCD4b2
R CCD4bh2
F CCD4b3
R CCD4b3

5’-ATGGAGTATCGGTTGTCATCCTCCC-3’
5’-AGCCTACCAGTTGTCCGT-3’
5’-GTCTTCTTCTTCCGGTTCTTG-3’
5’-CGGTGATCGCAAAGTCGTG-3’
5’-ACGTACTCCCATTACGACC-3’
5’-CTACTGCTGTGACAGCAGCTCAG-3’
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Figure 4- The results of alignment of sequenced CCD4a and CCD4b genes with Iranian saffron sequences available on NCBI
website 1: CCD4a gene available on NCBI website 2: CCD4a gene sequenced 3: CCD4b gene available on NCBI website 2:
CCD4b gene sequenced.



AN w005 99 o o 9 Gilwloz ()] )02 g (o b

EUB523663.1 s s 5 s1odS' L 1, alis 1 1205 ek
MK618660.1  MK618659.1  [EU523662.1
calis b g cu SOMI36972.1  AJ489276.1

oo L Slpl (ol olie; CCDAA () an by e
Ot rdi 30 AL JAY e 4 3 EU523663.1 i
Setaria Elaeis guineensis (sladisS & by yo 55 alold
>4 Phalaenopsis equestris Setaria italica viridis
{6 Js)
olis; 5> CCDAD (f (sl plS5)85 5 sl908 (izmen
05 ol 03 4ol (oS AD i Ljome 09 A 4 (>
559 s caiss L. CCDAb s CCD4a cboyj b
Phalaenopsis « o5 0 4 bayye 55 o b b (o yieS
—wy—wd XS 4w L Elaeis guineensis 4equestris

XM020737004.1 3 XM010912320.3 AJ489277.1

74

Ly olyae pB) 51 ool j olaes DNA - Jlgs o cgs 4
olS ;I 1, CCD4b 4 CCD4a 5 95 situslys g 135,5 ow yp
S (g5lwlix PCR e (sl Sl oalitl L g ol jie
|, CCD4 ;| akizo (cla JT o8 b aS sl lobs) b )]
o aw CCD4a 5 o a5 (gysb & .ilod ) Slwls
D5 M b S egns) Ko ool (o Jold gline
owxed Ll ol (o) 1y gyl 8B LS g oab oS
o9yl G CCDAb 5 sla (oS olos jd &S 15,8 pMel
(Ahrazem et al., 2016) cuwl oas o1y>
s sl s Jg cal—d Glie adlas ol
2ol aliie o JIg jobsie ol 40005 awlie ol cla
A5 ey o (Susield e g as cél s NCBI el
as ob L CCD4a (5 Jlg & bgyye pl,55,000 ,loges
25,50 4 SlSg glasewl i > calud by ladisS

ol > CCD4a oa_ilis 1 g 45 50 oy |50

{EUEZSGGSJ Crocus sativus (CCD4b)
EU523662.1 Crocus sativus (CCD4a)

27

{ MKE18660.1 Crocus sativus (CCD4b)
=1 OM836972 1 Crocus sativus zeaxanthin

I— MKE18659.1 Crocus sativus (CCD4a)

87

7 I— AJ489276 1 Crocus sativus (zco gene)

93

CCD4AW

KP792757.1 Crocus ancyrensis

AJ489277 1 Bixa orellana (lco gene)}

- HQ668179 1 Bixa orellana

XM 020737004.1 Phalaenopsis equestris

XM 010912320.3 Elaeis guineensis

84

XM 034714206.1 Setaria viridis

00 XM 004953541 .4 Setaria italica

o Sl sl JIgi sl g axllae 5,90 CCD4a (45 Jgi &y bgapo 059,050 Jlogei —0 JSi
Figure 5- Dendrogram diagram related to the studied CCD4a gene sequence and other selected sequences.



VPe¥ ol F oylod IY ale oyl yie) 55908 g cclyy as s FAY

78 EUS523663.1 Crocus sativus (CCD4b)

21 _|:EU523652,1 Crocus sativus (CCD4a)
27 —0M893B6972 1 Crocus sativus zeaxanthin

e MKE18659.1 Crocus sativus (CCD4a)
{AJ489276.1 Crocus sativus (zco gene)

MKE18660.1 Crocus sativus (CCD4b)

I_ CCD4BW
39 I— KP792757.1 Crocus ancyrensis

AJ489277 1 Bixa orellana

I—XM 010912320.3 Elaeis guineensis

100 I—XM 020737004.1 Phalaenopsis equestris zeaxanthin

84

a5l s JIgi plus g axdllas 3,90 CCDAD (y 5 a1 bgspo @5 g,050 Hldges — 1 S
Figure 6- Dendrogram diagram related to the studied CCD4b gene and other selected sequences.

Name MDYRLSSSSLFHFPSPGNRIFLKQSQVLAFQNQGQP SHOQDHPTTKKKSIRINKGGSI SRNRSLAAVFCDAL

1. Gene CCD4A(T)
2, Gene CCD4AR)
3.Gene CCD4B (1) | .
4, Gene CCD4B (2)
Name

1. Gene CCD4A(T)

GNFAPVSELPPTPCRVVRGTIPSALAGGAY I RNGPNPNHLPSGAHHLFEGDGMLHSLLLPSSEGGHAP.

2. Gene CCDAA(Z) 9% L LG . . 160 163
2GeneCEDIB(T) D . . o . o e e e 119 ................ 138 . . . . ..
LGNeCTDIB R D . . o o R
Name KVLVERRAGRP\FLSVFSGLCGFTGIARALVFFFRVLTMQVDPTKG\GLANTSLQFSNGRLHALCEVD
TEENECEDAAI]L |« o . o e e
2Gene CEDAAR) | . . . . . e e e e e e 208 . . . e
seemeccomey) 1730 0 0 L F o
4Gene CCDAB(2) R .« .« . o e e B
Name YVVRLSPEDGDI STVGRIENNYSTKSTTAHPKTDPVTGETFSFSYGPIQPYVTYSRYDCDGKKSGPDUVYH
1. Gene CCD4A(T) | . . . . L 208 - - - - - - - 308
2.Gene CCDAAR) . . o T s
3. Gene CCD4E (1) 243 293 w30
4, Gene CCD4B (2) R
Name EHVAVFPD\Q\VMKPAE\VRGRRM\GPDLEKVPRLGLLPRVATSDSEMRWFDVFGFNMVHVVNAWEEEG
TEENECCDAMT) |+ . o o e e e 385 . - - - ..
P L I [ 360 . . Voo
3, Gene CCD4B (1) 328 . . . .. 346. . . . . . .. 35T
LGene CCDBE) B . . . Foo e Yo e e Voo
Name I ELKSGSVSRTLLSAENLDFGY |IHRGY SGRKSRYAYLGVGDPMPKIRGVYKVDFELAGRGECUYVARRE
1.GeneccDoA() 429 .432 . . . . . .. .. 443 . . e 475 - - -
2.Gene CCD4AR) V DygpR « « « « .« . . . . B oo e e C
3. Gene CCD4B (1) | . D430R 473
4.GeneCCD4B(2) ¥ D . R . . . . . ... .. < <
Name G CFGGEPFFVPASSKKSGGEEDDGYVVSYLHDEGEKGESSFVYMDARSPELEILAEVVLPRRVPYGEFHGL
1. Gene CCD4A(T) ﬁOO “““““““““““““““““““ 533 .. 538 ... .. .. s47 S50 - e
2GeneCCD4AR (E . . . . . . . . ... P T DA N Vomm
36eneCCIB() - . . . 5S40 524 527‘ o532 0. 539 AL 552 0 0L
4GeneCCDABR@ E . . . . . . . .. [ H G DR T VOV oo e e

Name EVVLPRRVPYGFHGLFVTEAEL-VTAV

LGneCCDIAN | . o v o e e e 576 . 580

26ene CCDAAZ) | . . . e A I

36eneCCOAB () |+ . o o o .59

4.6ene CCOSB(2) . . . . L |

35 Y NCBI Gyl 15 59390 (J ! (31 pd 5 sdine] apw! L CCD4b g CCD4a s 3 ‘_gl.aml Sl (a3 gpod 3 ol gl -V IS0
o b Jlsf CCDAD (45 :Y NCBI Colw 13 39390 CCDAL (5 ¥ s b Jlsf CCD4a (5 :Y NCBI cyluw 43 39090 CCD4a

Figure 7- The results of the alignment of the amino acids of CCD4a and CCD4b genes with amino acids of Iranian saffron
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