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Abstract
Objective

Due to its sterility, saffron reproduces only asexually and for this reason, except for some
spontaneous mutations, other genetic changes do not occur naturally in it. Therefore, induced
mutations can act as a suitable method to create diversity in the genetic structure of the plant and
improve its growth, performance and quality characteristics. The present study was conducted to
investigate the genetic diversity of irradiated saffron plants compared to control samples (without

irradiation) using the SCoT markers.

Materials and methods

Healthy saffron corms were grown in the greenhouse along with control corms at two levels of
15 and 18 Gy gamma rays’ radiation and immediately after irradiation. In order to investigate the
created genetic diversity, after extracting DNA from the leaf sample and determining the quality
and quantity of the extracted DNA using the nanodrop device, out of the 30 SCoT primers used,

9 primers were finally analyzed for this study.

Results

A total of 46 strips were scored, 31 strips had polymorphism, so that the highest number of
polymorphic strips was related to SCoT05 (6 strips) and the lowest number was related to
SCoT04, SCoT11 and SCoT12 (2 strips). The average percentage and Polymorphic Information
Content (PIC) were 67.13 and 0.35, respectively, and the highest polymorphic content was related
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to SCoT11 and SCoT17 (0.45) and the lowest was related to SCoT13 (0.13). SCoT17 (0.33) had
the highest Marker Index (MI). Based on the results of the Jaccard’s similarity coefficient matrix,
the range of changes varied from 0.45 to 0.88 and its average was reported as 0.70. The results of
cluster analysis also showed that two control samples in the first cluster, 3 out of 4 irradiated with
15 Gy dose in the second cluster, and except for 18G105 irradiated which was placed in a separate
cluster, the other 18 Gy radiation along with 15G132 irradiated from the 15 Gy level were grouped
in a cluster. The most observed alleles (Na) were estimated in the 15 Gy treatment (1.55) and the
lowest in the control (1.2767). The amount of diversity in the population of 15 Gy based on
Shannon and Ni indices (1=0.2061 and He=0.3064) was more than control and 18 Gy.

Conclusions

The results showed the high efficiency of SCoT17 in the incidence of polymorphism among
irradiated and control samples of saffron. Molecular variance analysis (AMOVA) evaluated the
diversity within groups more than between groups. In addition, the difference in the band pattern
of SCoT markers, the clustering pattern and the genetic distance showed the usefulness of gamma
irradiation and the efficiency of mutagenesis to create diversity in the saffron plant.
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clo Sl b haes slaggls (Si oplub b)) yekie 4 &5 gladllas > (Darvasi & soller 1997) us' Joe QTL
A glo Sl b dulio ) SCOT wslo 55 dtebin (gln Sl &S ol s gl b plosl IRAPY 4 SCOT DAMD
» {Gautam & Bhattacharya 2021) cul e3g: (5 5Yb oL (gl 5 yowlio oyae) 3 (S5 £95 )y (6l < Jgome
O xSoko g yusio /M B /¥ adllan oyl 38l S5 Al oy s el drotsdgi S5 s ol p Ly ilo Jgio oluol
Calis (p 58 9o /M alis o5 L CII06 5 CHIOL sl glacisos o (S5 cald cpyidis o g & (7 Jpz) 352 < IV- b
Sloodg o 08d b So59198y90 Cogld Cpis vy e &S 3903 4555 e b odmliie +/¥0 aliS o s 1 18GL05 4 CHrI0L
cals= D) gl o Wkl (slacisos (gl o3ig &) o500 (5655 slocglss AFLP J5Sge (oS3l ( ol 5 ) 2l e
Al ias w9l yinn (slaiaig) ohosd 5 Ji¥ge luoguas &5 wyp (b owimen (TOrTICENT €T AL 2019) W5ls (s (K5
IS 1) (3o YYA-MY) JSie wlgdy Sl cin aw b b pbol RAPD Silis Ve ) ool b liwwyo ) oas cusS o) joe;
[(Sharaf-Eldin et al. 2019) s, yizo V b «/M 15,51 calus ol 9 0y s lacasgs oyl 3l obd &l el 0955 DNA

oobol ol g0 pll 5,8 lis cops g UPGMA 1,631 5l sl b addllas 590 (sladiges (glades & 500
000355 ¥ jlondgin ¥ g Jgl adigs 5 dals digal 93y o8 (5yob & (¥ JSU5) 08,5 )18 adigs A )3 aalllas 350 diged V-
ol plo )5 J1)8 I adgd Gy S 18G10S ongs p 1> 4 pudomed LBl )8 pgd adgd )3 (6,5 VD 93

LD (6a0g,S Adgd 5,0 L ¢y (6,5 V0 gaw 31 15G132 o135y ol et 4y (6,5 VA jod

5 Minimum useful marker spacing
18 Inter-retrotransposon amplified polymorphism
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Figure 1. The bands pattern of SCoT13 primer in 15 and 18 Gy irradiated saffron compared
to control samples. In this figure, Numbers 01 to 10 are related to Ctrl01 and Ctrl06 (no

radiation) 15G21, 15G36, 15G89 and 15G132 (15 Gy radiation) and 18G22, 18G49, 18G105
and 18G138 (18 Gy radiation) respectively. “M” is related to ladder marker per bp.

SCOT sk )51 JSSia (glgime g 4lg (5w ENI o a0 (SUSET €18 ¢ IS (S ,ad LS .Y Joua

Table 2. The polymorphism indices, Resolving power, band informativeness and polymorphic
content in the studied SCoT primers

JS dlasi . . . .

et L SBylg alass .. Slgme padls  adls  O,u8 adle . .

SIS S gy T Mdweaen BT T T A DR
LXW
Polymorphic
Primer Total Number Of Polymorphism Information  Marker Resolving .
number of polymorphic o Band Size
name b %o Content Index (MI) power (Rp)
ands bands (PIC)

SCoT 02 6 4 66.67 0.31 0.21 10.20 310-930
SCoT03 5 4 80.00 0.33 0.26 7.30 310-970
SCoT 04 3 2 66.67 0.43 0.28 6.00 740-950
SCoT 05 7 6 83.33 0.37 0.30 6.67 630-960
SCoT 11 5 2 40.00 0.45 0.18 9.60 140-860
SCoT 12 3 2 66.67 0.41 0.27 10.00 540-1100
SCoT 13 8 5 62.50 0.23 0.15 12.50 310-1900
SCoT 17 4 3 75.00 0.45 0.33 11.00 380-750
SCoT 30 6 5 83.33 0.25 0.21 15.67 90-780

JS olaws 33

Total

Ol 5.22 3.67 69.35 0.36 0.24 8.77

Mean

BB
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Table 3. Jaccard’s similarity coefficient matrix based on SCoT markers for 15 and 18 Gy

irradiated saffron compared to control samples
Ctrl01 Ctrl06 15G21 15G36 15G89 15G132 18G22 18G49 18G105 18G138

Ctrlo1

Ctrl06 0.88

15G21 0.69 0.73

15G36 0.65 0.67 0.76

15G89 0.67 0.74 0.85 0.81

15G132 0.61 0.63 075 082 0.78

18G22 0.55 0.59 065 0.72 0.69 0.78
18G49 0.57 0.61 0.70 0.78 0.75 0.81 0.81

18G105 045 048 059 067 062 0.71 081 0.75
18G138 050 053 0.64 069 0.66 0.75 085 0.79 0.83

plsl IPBS™ o SSR (sl Silis J5SUse (slaodls (ol 2 s (slacesisST gaiiog,S pslito 4y &5 gy 5

ol odd (gaeg,S abgd ¥ 5 walllae 3y50 lyie; LuieST S aS dgy ol 5 (Sl SLis j Jols (glabed 4500 gl o
oS! (S5 g8 o ly VL L sl SSR Sl b avglis )3 IPBS Slis oyl o 2 ST Ll
Lld 5l (5B g )d> Co b sbeadsS] uiomen 9 3L iz o e sST o (Ui gols Ll il (Byne ol jiej adlllas 390
ol slmodly (glasgd (cas 555 imen (Bayat et al. 2015) sl (SKouasG b (gl dxe BB ¢ lasgs 355 93 4o
E¥hampns 455 ¥ oy adllas 350 (cloodgs a5 ol L 3 SRAP™ il sl oozl b lyde 5 0395 YA (S5 €95 gy |
939 ol Caliseo blie 5l olyic; 0395 VY Jolis adgs cpl &5 (co50 4 i3S )15 Lol asgs )0 Ll w81 a8 s
Ldiine (piiee j| 2g)S ¢ olul oyl o (Babaei et al. 2014) x5 ol ol 5l 0355 53 Jolis Ladd plaS a5 slaades
(Rubio-Moraga et al. 2009; Alavi-Kia et al. 2008) 5,155 3955 )l yic j Caliseo (slacaisS] o 5D (£95 4565 gud
O skaie 4 olyis) gay 3 ISSR s RAPD (la SiLis 1 oslizwl b o) Ko o (bl Jlsles 45 (sladllas 5 L

2 Loy alie WolS aslllas ol 0 seld sladiges 45" Ldged )15 ol plsl LS g5y 5l eolatwl b s W canlio joo
o ol L plie (gl cnl W8S 5 laaald Sl olite gleeg)S ) > gy cladiges ple o5 b
SRS 3 glite (ployu slasi b (6)5 Ve o395 oy 4 il (ploju slass b LS 950 (6)5 Y0 90 59> (slaodgi
bl ) wwdly QW e (olie) adllas 5)50 (slady )3 e &0l (LI gy cnl gl WB)S )8 0g)S 4 50

Jahandar ) ssg abe da ias ololis ¢ JSGas sy olels ;3 ISSR 3 RAPD (gla Silss aSl sl g g4

17, Inter-primer binding site
18 Sequence-related amplified polymorphism; SRAP
Y'Y
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Ctrl06

15G21
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15G132

18G49

18G22

18G138
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T T T T T T T T T T T T T T T T T T 1
0.20 0.40 0.60 0.80 1.00

&l 2,8 wlis Cu o (wlw! g UPGMA 1 a3kl b glakied 4350 51 Jeols 01,579,055 .Y S

bl sladiged olpon d yl58e5 5,5 VA 910 (sboaydgi
Figure 2. Dendrogram obtained from cluster analysis using UPGMA and based on

Jaccard’s similarity coefficient for 15 and 18 Gy irradiated saffron along with

control samples

2525 1) Mol claie 4 425 anl 5 Wokdgiy om (Seb5 Sl Gogad 2 yite it Gl gt 4

J iz odlatl & poxie cslades 4jo5 b oS b9y S i 4 (ol Gl 4 435 40 el (lie (sloadlge 4
Jges S o nl > @Bly o ol ol i s )3 KU (S 8 ol Sole oy g 00d JgS)se (slaedly
J8las b Wl o (K55 Jeolos oS uSaio 13905 50 Wndiges (pw alold 45 3945 0 3ol Wndiges | gdm dwr b ¢ SuiSTy,
& Jol adlio dw &S 2> L ol ¢ plsl 0yl alis o pile wlel p ol Glaise 4 4550 wallls (p) 5o (] Bl
Slaiie 4 4355 (gdn dw O a7 00505 dxn o5 |y IS Sl 1 o )3 (OABY gm0 ;0) YF/AD 5 VA/VA FF/VA sy

A ) Jald gladigel g odydgry oDy pl )3 ST (£950 4 Dged WL (4L dgde U Iy laded o0 gl ¥ JSB) Lol

1 Principal Coordinates Analysis; PCoA
YYY
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wwig Vo Jold Jgl 09,5 a8 (gy0bo s sl 0dly L |y Lol 09,5 93 ¢ Jolxiio (slanadlgn 4y o0 48" A 4155 dlavodydes s
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bl diged b dwglis 4
Figure 3. 3D scatter diagram using principal coordinate Analysis for 15 and 18 Gy

irradiated saffron compared to control samples
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FF 09)5 (193 38l o 3 Lol ad (05 003 ¥ laog )5 (s )3 (ST 55 &S (5990 1 392 oog)S (49,3 9 Whog)S (g d2g5 B
(KinNow) 48" (clavasl jias Jog0 b)) polaie 4 (6,505 adlllas diwly e p3 (TU EL AL 2018) cusly 3939 45 Sy
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(Mallick et al. 2017) 54 (/¥ ) o055y ds Commas (A+72)

4320 3l 0ol b (aUgip g LS 9 (655 VA 9 10 02395 32 09,5 93 (193 9 o gl £ Jg>
F:NVge byl
Table 4. Differentiation Between and within two groups of 15 and 18 Gy irradiated and

control genotypes by AMOVA

. ol Lo yd
Ol gate (g3lilar 0 Olaye fgorne obsly
Oley o alyly
Sum of M ; Percentage  PNIPT
SOV df um o €anot variance  of total
Squares Squares .
variance
Between 2 41.9 20.95 3.132 722 0.002
Populations
e (9)°
Within 7 76.5 10.92 10.929 %78
Populations
& 9 118.4 31.87 14.06 7100
Total

sanlie sl Yl (it caolllas 3,90 aals cloaisad 5 laodydgin ) (S5 €95 Glaoadls (copy @S ool 2
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Table 5. The results of examining the genetic diversity indices in the irradiated and control
samples studied. Na: number of observed alleles; Ne: number of effective alleles; I: Shannon

information index; He: genetic diversity

Cyron ol &5 15 o GF 18 ks ke

Population Control 15 Gy treatment 18 Gy Mean
treatment

Na 1.2545 1.5500 1.3036 1.3693

Ne 1.1800 1.3507 1.2087 1.2464

| 0.1054 0.2061 0.1206 0.1440

He 0.1539 0.3046 0.1770 0.2124

V0 glodsdgsyy @ 3 1) wlie (JSbin wiusly SCOT (sla Sl imgs opl ol 4 4o g5 b 36 g5 Al
5 ISB ey slgme ()it L SCOTLT & (gysbo 4y aimd W)} gy (g a0l (sladiged & Cod liiej 5,5 VA 4
o 3 mnlin 511, sl e Conilgs SCOTL3  SCOT30 51 oy oS5 )38 Yl 3 5 ;S5 sl
O alis colyd (e ol pman 25 (L5 Wl ple (ASS0 G930 g by} lod 3 1, VL S sl
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e sregS 3 1) (g 9k caiged 5 oy i il SCOT (sl i g 00 plosil (5 59,
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Log)S (1503 55 5 pLSl 395 09,5 dw ol | (J5se by arjos cald sladigel 55 9 (605 VA 510 laondgiy
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