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Abstract
Objective

Fig (Ficus carica) is a deciduous tree that is grown in arid and semi-arid regions. Figs, as an
important crop, have undergone genetic erosion in recent decades due to living and non-living

stresses. This study aimed to determine the genetic diversity of genotypes in Estahban using

morphological traits and Start Codon Targeted (SCoT) molecular markers.


https://orcid.org/0000-0001-5625-3275
https://orcid.org/0000-0003-4552-5305
https://orcid.org/0000-0003-0314-1354

Materials and methods

In this study, 16 fig genotypes were evaluated in a completely randomized design with three
replications based on their morphological traits. Also, their genomic DNA was extracted from
leaves and the genotypic diversity of genotypes based on 10 SCoT primers was examined.
Results

Variance analysis showed a significant difference between traits, and cluster analysis based on
morphological traits placed the genotypes in five groups. Eight primers amplified a total of 50
polymorphic bands, and SCoT12 and SCoT11 produced the most bands with 13 and 9
polymorphic bands, respectively. The polymorphic information content (PIC) for the SCoT
primers varied between 0.3423 and 0.3791 with an average of 0.3595. Cluster analysis by
UPGMA and Gower similarity criterion based on SCoT data, 16 fig genotypes were placed in
four groups. The grouping based on the Bayesian method placed the genotypes in nine groups,
although the genotypes were not differentiated and were a mixture of all nine groups.
Conclusions

The results indicate that the use of the SCoT marker has a high advantage and plays an important
role in the differentiation of fig genotypes. In general, it can be said that SCoT molecular markers
and morphological traits have shown high diversity among genotypes. In general, the results
obtained from this study indicate the existence of high genetic diversity in the germplasm of
Estahban fig cultivars, which can be used in breeding programs by protecting this rich germplasm
source.
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Structure ,lzale i 5 addllas 3,50yl clacwis] 3 Cumes HSle olold sly .03 o, (Hammer et al. 2001)
Verro ol Jo a9 )1,S5 Ve e e Ll Ky (gl oK aigy e Ol ¢l o ookl (Pritchard et al. 2000)

Ot o 90 el ST 4w LK =10 6K =2 51 bbes Jao (ol o (MCMC) gl cige 55 3le 0255 1,55
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AK s, ol » 5 (Earl & vonHoldt 2012) HARVESTER STRUCTURE i3l 55 5l eslaz_ul |y K

A olwls (Evanno et al. 2005)

@ b oo S g0 SlE (ine ol il i) dmlie (455 slacures adlas 5l Ban aSul s 4t omighd
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ol o ol > 5 0351 o Cmen 53 £ 25l slaas s 3550 b 5 e S S Sl s el o
aialy las g0 ;50 slaslime I ka5 cpl 5l g 3,8 sl JLE )] Ol dield b g Cho (6 pSo0jll anly il cox Jhae
GVl Ol oy & Slas Mol sy 1y Callas sl iy 55 (g yuiin dloiel b lo5 0 9 3 (g b Cuonl &l
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Table 3. Descriptive statistic of studied traits in fig genotypes

hrog ool
olas Discriptive statistic
Traits PO wosSlo Aiald oSl shxo 3lyo] () &y >
Min Max Range Mean Stand. dev  Coeff. Var (%)
=2 0.354 0.791 0.437 0.573 0.155 26.961
suger
o v low |
8 0TS 0.345 6.377 6.031 2.068 1.765 85.340
Anthocyanin
Sy sk
19.500 35.933 16.433 28.157 4591 16.305
Leaf lenght
o ’Jﬁ . 19.733 34.800 15.067 28.881 4,906 16.987
Fruit diameter
).\Du] f
. . 4,033 16.167 12.133 8.367 3.689 44,092
Fig tail
sgre (5 3L
. . 3.600 14.300 10.700 6.653 3.159 47477
Fruit opening
Fok o 4433 29663 25230  15.793 6.708 42.476
Fresh weight
I ol
Jplome ol olys 1.667 6.333 4.667 3.406 1.260 37.004
TSS
Ziaﬁ 0.007 0.139 0.132 0.076 0.043 56.737
léf,,lf 0.005 0.327 0.321 0.100 0.117 117.569
o 0.068 0.357 0.288 0.176 0.091 51.893
Total CI
o L{
S 0.001 0.011 0.010 0.004 0.003 68.625
Carotenoid

90 Do cul alplly 5 s Todgy Slio aidy | 208 000 Jlab o Jlid 4 9 Sp Jobo o 13 35290 55 (5

ool p umas Gl g g4 xBly da g7 3yg0 Lilgi o g 039 63 £95 ()b Do dudy Jg 05,8 05 )8 S0l da g
My p Sl Cae (658 il ol Gl cops LSy Clie Jyoad Slie (ol dgp 4 pexie Clae
ol odd 03l )l Bolal MolS # )b bl j adllas 5)50 Slio (gl uibyly slin! ls & Jodo )0 (F Jods) At
O iz Glaw gl adllas 5y50 pol clacuisg) o ) ddllas 350 Glas (glp Wibls (glin) do jo oS o i s
bl sl o 5 ol e 5 3)1 939 diaisss o (slamasMe bl g4 48 smd oo i ol g 3bl oo 3o )3 AV 5 £

L)‘”L)b d])>| Aoy C"L" )] oS )9».»&0 ol o )aJ wy) 09 &y) Slaws L;.a.:u d]ﬁ Oaredd .)94» odldw | )J)J u..}'y)
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Ve Vb sl pd g Jglome dal> dlge oSy Job Clio (sl il (909 E55 9 b Lioo oaaliin B Lt oS e

D2 5 I CBl g g9 Jis 4 55 320l @55 09p Ol BBl jl g Adle 2oy

2258 (Bigij 50 axdllan 390 Clhuo (Sbai Yol 5k il jlg 41509 .€ Jga
Table 4. Analysis of variance of completely randomized design of studied traits in fig

genotypes
Sl o oSl
Mean Squre ol az o i e
g0 b b sl pd ogs0 jlad Sy Job ogs0 u:;L.wyj A8 df S.0v
Fruit opening Fig tail  Fruit diameter  Leaf lenght Anthocyanin suger
L]
29.93** 40.83** 72.21%* 63.24** 9.34** 0.071** 15
genotype
Uas-
1.48 5.51 6.68 10.10 0.92 0.0049 32
Error
() Sl oy
18.29 28.01 8.94 11.29 26.46 13.65
Coeff. Var (%)
Sl e ke
Mean Squre 3T ez s gl
Suge)lS I Jbg ks b Js,ls A Jedg)ls ol 3lgo Fy)) df S0V
Carotenoid Total CI Clb Cla Jsl=sTSS  Fresh weight
95
0.000025** 0.0249** 0.041** 0.0056** 4.77*%* 135.01** 15
genotype
Uas
0.0000017 0.0021 0.0026 0.000049 0.81 13.59 32
Error
() S5 cuyo
31.29 25.77 51.26 9.21 26.37 23.34 o

Coeff. Var (%)

oy ) Jleisl w0 ls cee

**: significant at the 1% probability level.

Ol (V JS5) (o gul8l o B Jliro s UPGMA (39, L (0l 3550 Slao 4y bgsyo (sloodly (slads s 428 ol

Y slewiss o (Y/PY) (S alold (o yidny 5 Cudld 3539 V0 9 WY slacudsss o (O/YY) (Sutj dlold (o eSS &S 3l
G095 Como 10> & G pn 09,5 iy 41 o] plesl Aol 5 (S oyt poluly sl slociss 002V g
N8 o log)S g o ol (Slacaiif 098 (o0 00 V JSb 3 & pslailen 39 a0 13 AF st s @l 420 b ey
Ve AN (oo Jold pow 095 ¥ 90 slace Jold pgd 09,5 VF oY o Jols Jgl 095 o4 w85

oS )9.‘0 uLo..m ..L.d)f )I)B p.’>w 09; 2 AR 9 Q5 dhw:y) wLQ‘) N9 &Y wsy) L}Al_.w f)LQ‘> 55; NO 9 AW AOY Y
o1
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Slgien g 48y 5158 b MalS” (sladind > (oo Jolge o b glite (S8 sladly s @ ponil sl A5 lgie
Sglis osimd Ui ol (slad b 4o | Jols ol Bpled ol s 4 B (So5lg8y00 Slio &5 AL oyl eaiSAn g
a5 > A Slge 09)5 o S5 Slacumex CulB g caal b g Sod (slaog )5 Slacumex plw bog)S o sy
Slallas j3 05 L Slino (gg) p Jame Jalge plo b b (S5 b lo 1> Solis el 4 Wiy e pal bhog)S (slacures
YL g5 5 WS (sain0g)S 1) ol sl Aialy (a9 4 (Slshyge lao &S AD asidiae 15 sl 69y 2 S
Fateh & Ali 2010; Benettayeb et al. 2017; Doolatian et al. 2017; Abdelsalam et ) xas o\Lis 1) g

(al. 2019

axllao 3,90 Wlho  Bdlai Yol &b Wl pusi aalie il yly (51521 5,919 .0 Joua
Table 5. Estimation of the components of variance of the sources of changes in the

completely random design of the studied traits

Mean Squre
s ] L
trait genotype Error
s ! s b ls ! .
. . )

Variance percentag Variance
percentage

component € component
suger .8 0.022033 81.80693 0.0049 18.19307
Anthocyanin oy cwlbwgs 2.806667 75.31306 0.92 24.68694
Leaf lenght <, Jsb 17.71333 63.68648 10.1 36.31352
Fruit diameter  og.0 ,las 21.84333 76.58058 6.68 23.41942
Fig tail ol p» 11.77333 68.11958 551 31.88042
Fruit opening  og.e o 5b 9.483333 86.50046 1.48 13.49954
Fresh weight ;5 ;6 40.47333 74.86282 13.59 25.13718
TSS  Jsloro sals 3o 1.32 61.97183 0.81 38.02817
Cla A Judg,ls 0.00185 97.42015 0.000049 2579853
Clb b Ls,ls 0.0128 83.11688 0.0026 16.88312
Total Cl  Js' Jsg,ls 0.0076 78.35052 0.0021 21.64948
Carotenoid a, g5, 7.77E-06 82.04225 0.0000017 17.95775

9 L3l QL:C;J IS > )f)'Lé] Cui mej O 5! PE™ oliws | SCoT )f)’l.‘ci 0 | LYy O?.‘ 5 5)55)90 axlae
sl S el ST o (ol 4SSty laplSe (S0l 5 209 JS Btz Jlgi B0 oS K608 S5 )15 BY ggacne )
5SCOT12 55l SCOT ,S5lsi ) exleiul 390 (cla,S5IET o 5 (5 Jodn) ol ool sty £/VD Jolee SCOT

Slg dw 3lus3 L SCOTA8 4 g5 93 L SCOTIT (el 55lel g ,lgs dlawi i Yl A 9 VY dlawi b s 5 0 SCOT11

ov
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Voo BESCOT3T sy do 2 SFIEY | ol (clacunes ) el Caw b (JSb din do 3 (5 Jgan) a3 1 olaws o a8

(5 J93a) 392 2o y3 AOIAY i oyl 5 odal Cauwddts (JSidin o> Lawgio g pmiie b S5LiS 4y (¢lp Aoy

9 UPGMA (g, byl glacadndy 53 (8155 Glo (bl sladigd 4 jo0 ol 59,000 ) JSui

Figure 1. Dendrogram of cluster analysis based on agronomic traits in fig genotypes by
UPGMA method and Euclidean distance

JSonis o Il slaw aawly 4 1y ,Slis G SSé5 @508 5 0390 (S5 95 Jolre (PIC) S wis cleMbl )l jeo

& JS by oleMbl glyo (Botstein et al. 1980) aas o s asllas cos cumes p3 b 1 ol us Slgls
(PIC) JSbiz oMbl slyine 15 1315 Jyin 5 ey ol 5 doloe alllan 3y90 (sla ST | S, (sl S
(£ Jgin) 250 /Y00 JS—sain cleMbl glgme (Sl 9 +/YVAY B «/YFYY 40 SCOT S5 glp oo ol o
sles 5 ST ol @Y bl samd L5 45 A5 e +/FYAY Sl b SCOTLL ST 15 PIC sso oYL
s, S (sl el > (H) HUasl 390 (g jo i eizmed Ailge o ol 5 o3l 5)50 slacisi

(F i) 59 +IFEYE Jlanil 3 )90 (w5 je s (xSke o +/FARY b +/FVAX 4 SCOT
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Table 6. Characteristics and study indices of SCoT primers used in the study of genetic

diversity of fig genotypes

e N G e A gl az g sl Slass .
s 8 5,50 S s Jpgs S la 531 o
Discriminating Polymorphism . Polymorphism .
Expected - Polymorphism  Total Primers
power - Information percentage
heterozygosity band band
Content
0.8528 0.4747 0.3542 5 5 100.00 SCoT1
0.9123 0.4189 0.3791 9 9 100.00 SCoT11
0.8605 0.4688 0.3570 13 13 100.00 SCoT12
0.8842 0.4512 0.3651 6 6 100.00 SCoT16
0.8335 0.4841 0.3497 7 7 100.00 SCoT21
0.8528 0.4747 0.3542 5 5 100.00 SCoT35
0.9093 0.4297 0.3745 2 3 66.67 SCoT37
0.7340 0.4991 0.3423 3 3 100.00 SCoT48
0.8549 0.4626 0.3595 6.25 6.38 95.83 Average .Sl
G asls den U olss oSl bgww ]
o 5 EsS b oelh e Sl e - oSl ESINE
S Shanon Effective Effective i
Nei diversity . Mean : Marker Primers
index allel het it Multiplex Ind
eterozygosity Ratio ndex
0.32 0.49 1.53 0.0059 1.9375 0.0115 SCoT1
0.26 0.41 1.39 0.0029 2.6875 0.0078 SCoT11
0.30 0.47 1.47 0.0023 4.8750 0.0110 SCoT12
0.30 0.47 1.46 0.0047 2.0625 0.0097 SCoT16
0.32 0.49 1.53 0.0043 2.8750 0.0124 SCoT21
0.32 0.48 1.53 0.0059 1.9375 0.0115 SCoT35
0.28 0.46 1.40 0.0134 0.6250 0.0084 SCoT37
0.36 0.53 1.67 0.0104 1.5625 0.0162 SCoT48
0.31 0.47 1.50 0.0062 2.3203 0.0111 Average .Sl

selad 53 55T ol YU bl sias g Lis 45 W5 e +/¥RQY Hlaie L SCOTA8 S5l p H e oYL

9 SRAP dl.m)f)l,o dl)-.‘ PIC )g.bl.&o u,.islm )ip OL&:LS &9y 2 axllas 5 .ubgo d""’"“ O'.’.l 5 odlaiw | 90 dl.b:wy)
5,5 0LS g9y g axlln b axlllas oyl @lis (Golkar & Mokhtari 2018) »g « /¥ 4 +/Yd s 4 SCOT
o) SCOT [Silis a8 aly L5 g 0 4w slie (Talebi et al. 2018) 5,15 o5 4 (Golkar & Mokhtari 2018)
Jor 3 Sl oS e polate dy cCl 03g Clalllan ] o lacinar jlos 5 (3] g5 anlllas 4 36 aslas
5 (+/+VFY) SCoT48 )f)’LéT sy SCoT Solas (M|) Olise op i b duo b (M') SSlis adls (IS s
o SCOT S ) s jgyin (Sl Cpimen (§ oo ) 390 (+/++YA) SCOTLL S5leT (cly lpao o yieS
Sibe i gl 4ty /o F 5 WY L (55 4 SCOTA8 3 SCOTI7 (ol Siil 3y puiio o/ WWE b o/« oYY
o Pge Sy s (5 Join) 300 b3 ASS Wi oy 50 1) b STl YU oS 4 65g (Havp) (st 95059y

&lp ¥IAVO 5 SCOT37 (Sl (sl +/8V0 o Al o pasMip )5 5 j0 29350 JSiblin 55 sloolKls slaws (Sl

o9
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yab oS 6 S0l g e i g |y 3,8 93 pled Wil e 4 L5 (D) Lasuis 8 iomen g yuite SCOT12
SCOTLL dlyy +/AYY b SCOTA8 ,SLis (sl IMY¥+ s | Lo |y oo a3l 0 b 425 15 (62 i
D92yl

023l 0yl0 B e 5 55 98 Lalh dacumer 5 pB)l i )3 55 E55 )] sl aSlE pstere Sl (S
Pl adllas 590 Cumen 3 ] (1Sibe g 390 yuite SCOT (gla S5IET o )3 </YE B /Y8 5 55 955 o)ljwe a5 b pliis 5
e 08 SCOTLL [Sjlel ols olis |y (5 (35 £95 opyiiin +/V Jlade LSCOTA8 S5leT (5 Jgio) 59 +/TV L
upd 0s0be 3a85 (pl 3wl g om > ISbai ol )by pld adld b oy b Gl ]y (5 (S5 Esl
SCOTA8 (cla,55le] .ol ayp 3590 (sloodgs )d lawgio g4 odims L a5 540 +/¥V L 1 SCOT Silis (¢l ygilis
X5 0 0,L51 )90 (sla S 3el 45 amd o LS oyl gy il Ladls Jlade oy ¢l sy 4 SCOT21 4 SCOT1
e {8 Jyi2) il o 9 et g e (sl SCOTLL ST 5 05 angs g |y me (300 Se5 59
(5 J932) 390 M0+ b plp anlllas 390 Cuxen 55 o] (1S5ke 9 39 puiiio VEY B VYA 5 Sga T slaws

oo b (GOWEr) (o5 alis jlxo g UPGMA g, il edlawl L SCOT (sla ,Slis ol (sla_ses 450
loyoss o (il g SutideS oy olly () 090 Sy O 1 3R09)S gy ket IV StideS
o) o i polie 4 a2 g5 b gy yusite VE BN 51508 oo bl pB)) (g i Gliee 9 392 159050
@ bt 3 3 1) @ cnyite OV 5 )Y @igil) )1 ) Al (eSS placuieil m S 45 3)5 g pSen Jlyie
ohges oy g UPGMA g, ol wlpy a5 aalgd F1jl o o s 0 SS& oSls 4 ol b g oy
935 V& QL2 LR 9V e (slaceiphf o anlid il (¥ JSB) 4,5 )15 09,5 Jlaz 3 adlla 250 (sladsis
F ooy pgd 09)5 ) A 9V sy Jgl 0,5 53 g <N alis jlade LAY 9 V) (lacains] (m o i (g yieS
29° SLe$) O 63655590 el b ecnlpl W8S )15 p)lee 09)5 13 ealsi] il 5 10 sl pgw 095 1 A 95 O
hlSen 5 Ly a8 (gladllan 3l e Ltals3l Collas gl 4y (e lSCel Wl s 3l dlols b cloadgs 1 45 qon ;|
ol (6yglaen K el Caliste 3blio 5l a8 poul Cumen i 515,38 VY g cilisee Cumes ciin (¢q, » (Piya et al. 2014)
addllae ;> 050l il ogd 9 g Ai8,S )8 Caliste 09,5 dw > SSR (gl ,Silis ol |y 1,81 ol a8 aisly ol cings
!l o0 &3l,) (Pritchard et al. 2000) 1S g 3l STl Jl380 o5 13 48" Jae wlol p Curer Jlidlo ol
Vo U g3 5l glavg)S olass (glps odal ciod 4 (slmodly | odliil b Cunen (gl cwlio 09,5 dlaxs ol cpl g dd s
JS5) 05)5 Cbul lacures (! (sly 09,5 5 4 slaws harvester structure website for best K sslazo | b ¢ Gl
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Figure 2. Dendrogram obtained from cluster analysis of fig genotypes with UPGMA and

Gower coefficient based on SCoT markers
Deltak = mean(|L"(K)|) / sd(L(K))
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Figure 3. Determining subgroups using Structure Harvester
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Figure 4. Demographic structure of fig genotypes using Bayesian clustering approach by

STRUCTURE software

5 Bble | bicumen il a4 a2 b Casl (o) )90yl Slacipmon G 3 YU g5 3929 1 (Sb (p 2 (0l @S
s ol oS Aol S5 £55 dsmg 1 ki > iglis paly i Bloed jl g At il S sladyly puizman
5 o5y Jlite S cpiomen 5 (Suiif Jolge o o5 4y Lol (laes 5 dlaws Iy 40 Lo bacgmon BT &5 05 L o
SleMbl 5 035 (AMo T by 3 @y gy S Js¥ge oy SLis ol 1y Q! iomed S8 (o0 35 505 e
5 w395 Sl (gl il S o )y age (185 (Mol (gloaaliyy )3 JSUgo (cla Lt jl ol Cioy (S35
W pae o SCOT (sla Sl 5l oolistl oo p 0gMe it (63154 sladeliys 13 oYL 555 )b &7 5y Camen
$90 5o Blgioe ol pli 5 sl Sl 5 5200 SSR (ola SoLi b aglio > Ban sla JIgi 3,90 55 (L3 ledbl &
Lol e U JoSso (sloodls b yuoul slaciumes (gai0g,5 g oalar wl ol slaciumes (Sib5 o ddllas Cp>
M i gl @3 oMl g GAS—plebs slacumer a3l Slsben (5o gy (rmen 5 (£ Slimo b (gaineg S
2 S lp 8l 18 Mg Gl & oL b pe Clio (Vb lade 4 dog b pizman g bl |y ke oy i Sy
P9 b 1) Yy o) cilisee blie ) bilarer cul (yp b OlFe 9 Spdoo dpoy dilaio oy
3L 65 L 0g,S VY 3 Suiij Lalyy ol 2 sl (glaiss] i s RAPD (Sl 5l oslis | b glaallias 55
ol p UPGMA LI>s g 45555 9 SSR 55T YY1 oolisl b sl o)) ), . (Ali-Shtayeh et al. 2014) w55
L1y ol 45505 VY (K55 95 .(TEOMaN et al. 2017) 5,8 g &5 o 09,5 93 4 1) ol slacas} clias L yilo
A (o yp dy90 BLges g dal s NEi g LI/DICe cops jlodlitw | b pl 59,05 ¢ 650i L) ISSR [5jlel i
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1 (Ganopoulos et al. 2015) 5,5 ;1,5 aiej ol 35 Lo | 5556 S lpisy w55 pod ldlyin Jole a8 o | (las
—yp SSR S5l g RAPD 55l VA dSSR S5l WYl oolisl b 1 ool diged VA (S35 £95 500 (sladllas
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