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Table 1. Primers characteristics used in this study
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Name Primer sequence (5'-3") Annealing temperature (°C) Product size (bp)
Actin-F 5-GCCATCTTTGTTTTCCAGGTC-3' 573 1210
Actin-R 5-GGCTCAACACAATACTTGGG-3' '
EF1-F 5-AGGAGAAGGTTCACATTAGCATAG-3' 58 1450
EF1-R 5-AACACAGACAACAGAGCAGAC-3'
GAPDH-F 5- GGCAAGAAGATCAAGATCGGAATC-3' 578 1130
GAPDH-R 5- AAAGGAAAGTTGGACAATCCTGTC-3' '
H3-F 5-GCACGAGGTTTCTTGGAG-3' 572 460
H3-R 5S-AGGTATCATTATTCTAGTTAAGCC-3' '
MDH-F S-TCTCAATTTCTCTCCGTGTCG-3' 559 1079
MDH-R S-TTGTGACCTCAAACTTAACTTCC-3' '
TBP-F S-TTGGTGGAGAAGAATGGCAGATG-3' 563 812
TBP-R 5-CCTCACACAAGACCGAACAGC-3' '
UBC-F 5'-TGCGAAGAAGAGGCTAATG-3' 541 704
UBC-R 5'-TAAATCTGCTTATATCTACCATCC-3' '
UBQ-F 5'-TTGCGAACGAGGAAAGTTTTGAGG-3' 60.6 1417
UBQ-R 5'-GCCACCACGGAGACGAAGC-3'
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Table 2. Basic statistics of saffron transcriptome dataset
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Table 3: Quantitative and qualitative features of created saffron transcriptome assembly

Feature Values
ey Al 80245.00
Number of read
<.,\:.7)ils‘y> Cd-\;’f‘j‘) a)‘_b‘ u._:']‘;oujs 206.00
The shortest size of transcript (nt)
The longest size of transcript (nt)
5 S 53 olda 84496115.00
Number of nucleotl/des
(U555 ) dgb (L 1052.98
Average length (nt)
45 1S 5200 1 zaS Jub b cidgis,y slaw 0.00
Number of transcripts with the length of less than 200 nt
A5 ls 8 ShS Ll min Jsb b s sl 30128.00
Number of transcripts with the length of more than 1 Knt
A5 5 5hS 10 5l 2y Jsb b s, sl 23.00
Number of transcripts with the length of more than 10 Knt
3 Bl Ul gl sl 30433.00
Transcripts containing ORF
2,7 d:”‘;'ﬁ Sk J:"‘}" ‘.)L; Las uc”:’)‘.ﬁ) J}b s g)’..‘;\)l"«" 56.01
The average of transcript lengths (%) covered by the ORF
N90 (nt) 450.00
N70 (nt) 942.00
N50 (nt) 1452.00
N30 (nt) 2137.00
N10 (nt) 3582.00
%GC 43.46
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Figure 1. The electrophoresis pattern of the RNA extraction (A) and PCR products (B) on a 1% agarose gel.

H3 GAPDH EF1 Actin slao; PCR Jyams 1o 54 \D-AD tlacsl 51 ens ¢~ RNA va ;a AKbp J505 Sl M
UBQ , UBC TBP MDH

M: 1kb DNA Ladder; Column 1a and 2a: RNA extracted from saffron tissues; 1b-8b: Actin, EF1, GAPDH, H3,
MDH, TBP, UBC and UBQ PCR gene products, respectively.
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Table 4. BLASTn results of saffron reference genes (nucleotide sequence) against nucleotide database of
monocotyledonous and dicotyledonous plants

o Q;ij olls 4t ol

é)e r:: Monocotyledons plants Dicotyledonous plants

name St A2y oy Ao E-value et A3 oS E e

Identity% Coverage% Identity% Coverage%

Actin 83-94 73-96 0.00 83-85 80-83 00.0

EF1 85-86 75 0.00 85-87 74-75 0.00
GAPDH 80-84 44-89 0.00 80-82 81-87 0.00

H3 81-89 26-65 146-e5 81-89 52-65 146-e3

MDH 78-89 17-74 0.00 77-95 56-74 0.00

TBP 83-93 30-58 0.00 80-88 17-58 163-e9

UBC 81-92 13-51 142-e2 81-85 50-53 129-e7

UBQ 83-88 76-94 0.00 82-88 76-94 0.00

adss 5 J S OLLS L Ol Las e S5 S I BLASTD sl -0 s
Table 5. BLASTDp results of saffron reference genes (protein sequence) against protein database of
monocotyledonous and dicotyledonous plants

e IS LS 3 0LlS
“c’; £ t Monocotyledons plants Dicotyledonous plants
ene ; - - -~
name et A2y o o2 E-value (et 22 A 2
Identity% Coverage% Identity% Coverage%
Actin 96-98 100 0.00 97-98 100 0.00
EF1 92-96 100 0.00 94-96 100 0.00
GAPDH 85-92 93-100 0.00 87-92 97-100 0.00
H3 93-100 98-100 95-e3 93-100 97-100 94-el
MDH 90-95 53-100 0.00 89-93 99-100 0.00
TBP 89-98 81-100 142-el 94-98 97-100 143-e2
UBC 80-96 72-100 107-€7 92-96 100 107-e2
UBQ 84-100 100 0.00 99-100 100 0.00
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Table 6. Characteristics of saffron reference genes

. ORF J b ; ; . n
o5 el (bein) (ool desl) (355 0 dsb (el dossl) LS Ay Cond 50 Sk gz e
Gene name ORl): " .(b ) Protein lengths (aa) Signal peptide position (aa) Protein localization
size (bp
Actin 1134 377 2l Dl e
Non Cytoplasm
EF1 1344 447 3l el s
Non Cytoplasm
GAPDH 1026 341 2l et
Non Cytoplasm
H3 411 136 3, o
Non Nucleus
MDH 999 332 >l Dl s S 5 Sl e
Non Cytoplasm and chloroplasts
TBP 615 204 3, N
Non Nucleus
UBC 459 152 3, .
Non Nucleus
UBQ 1374 457 2l P R
Non Nucleus and cytoplasm
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Table 7. Conserved functional domains of genes isolated from saffron

05 L CL» ORF&))@J)M S9) 839l
GJer:e §2 Sdas e Gloi) (sl A) 2555 I E-value
name Functional domain Position domain Position of domain in
name on ORF (bp) protein sequences (aa)
Actin NBD_sugar-kinase HSP70_actin 13-1131 5-377 0.00
EF1 Elongation factor 1- alpha 1-1308 1-436 0.00
Glyceraldehyde-3-phosphate _ _
GAPDH dehydrogenase 10-1020 4-340 0.00
H3 Histone H3 1-408 1-136 90-€5.05
MDH Malate dehydrogenase 70-993 24-331 0.00
TBP TATA-box-binding protein 76-612 26-204 141-e5.57
UBC Ubiquitin-conjugating enzyme E2 19-435 7-145 72-69.44
UBQ ubiquitin-like (Ubl) domain 1-1374 1-456 46-€1.76
2500 -
2000 A
= 1500 A
o
=
1000 A
500 - I
MDH EF1 uBQ UBC GAPDH Actin TBP H3

FPKM e O jis 3 oS s e G0 Ol Ol =Y IS
Figure 2. Expression level of reference genes in saffron based on FPKM
k:a.w‘ ol Mbw k_.ﬂ.lbw LSLA&;&L o g)j QL_«_J Q\J:d L)wLwl B J)Uut.w\ 6U£>

The error bar indicates standard error. Standard error (SE) is calculated based on the amount of gene expression in different tissues.
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Table 8. The calculated parameters and stability ranking values of saffron reference genes

¢t oSl Sl P Lk Uy St
O3 Js 3 ke s Si  Si@  Si®  Si® NPO NP@ NP NP@ SIG s sl ol
Gene Total Standard Coefficient of Stability values  Final ranking
name average deviation variation based on SIIG of stability
MDH  319.60 13.53 4.23 0.00 0.00 0.00 0.00 1.20 0.25 0.41 0.00 1.00 1
UBQ 1987.19 164.44 8.27 0.00 0.00 0.00 0.00 1.40 0.50 0.26 0.00 0.98 2
UBC 96.58 14.43 14.94 0.40 0.20 0.29 0.57 1.80 1.07 0.53 0.14 0.92 3
H3 82.50 23.47 28.45 0.80 0.50 1.00 1.00 1.20 2.00 0.86 0.40 0.84 4
EF1 864.85 49.74 5.75 0.60 0.30 0.19 0.38 3.00 0.09 0.46 0.09 0.76 5
GAPDH  415.92 76.43 18.38 0.00 0.00 0.00 0.00 3.20 0.40 0.56 0.00 0.72 6
Actin 881.39 176.92 20.07 0.60 0.30 0.18 0.36 3.60 0.20 0.48 0.09 0.67 7
TBP 44.49 12.32 27.68 0.40 0.20 0.67 1.33 1.60 4.80 1.43 0.33 0.31 8

45 rSils 4 e 45 o llao B ¢ gams SI® 4 Kils 4y oo 485 0 Slas o §sores SI® e ity SI@ s, vkl Sk SIO
(Thennarasu, 1995) ;5,5 s, s ot :NPI@ , NP® NP® NP®

Si®: mean rank difference; Si®: Variance of the ranks; Si®: The sum of the squares of ranks for each gene
relative to the mean of ranks; Si®: Total absolute value of ranks for each gene relative to the mean of ranks;

NP®W, NP@, NP® and NPi®: Non-parametric stability statistics of Thennarasu (Thennarasu, 1995) method.

A a:U;..«‘S”G aJ\LAIﬂ ‘d'll'é'; ‘5./\.4@} B ax)lae S50 \.4<i/,:ﬂ)l.i)c.° éLﬁj}) (:Lc;.? )‘ 6))5;@,3)}2.2.&4.3%
*In order to benefit from all non-parametric methods in the final ranking, SIIG statistics were used.
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Figure 3. The expression trend of reference genes in different saffron tissues
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Abstract

Saffron (Crocus sativus L.) is the most valuable and expensive spice in the world. The stigmas of
saffron are the source of valuable apocarotenoids such as crocin, picrocrocin, and safranal.
Transcriptomic and expression studies of genes are important steps in investigating of secondary
metabolites in plants. One of the important prerequisites for such studies is identification of reliable
and stable reference genes to normalize the expression of other genes. In the present study, eight
reference genes were identified and isolated using transcriptome of saffron and their expression
stability was evaluated by non-parametric statistic methods. The results of amplification and
sequencing showed accurate identification of eight reference genes Actin, EF1, GAPDH, H3, MDH,
TBP, UBC, and UBQ. The expression stability evaluation revealed that MDH and UBQ genes had the
highest stability among different saffron tissues and TBP had the lowest stability among them. In this
study, eight reference genes were isolated and their expression stability was evaluated from different
tissue types of saffron, for the first time. The reference genes identified in the present study can be
used as stable genes to normalize gene expression in transcriptomic and expression studies of saffron
plant.
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