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Abstract

Objective

Durum wheat (Triticum turgidum) with an average annual production of 40 million tons, is the
tenth most important and common crop grown worldwide. The aim of this study was to analysis
the genetic diversity and population structure of durum wheat genotypes for knowledge and apply
in future genomic studies using SilicoDArT markers generated by DarTseq.

Materials and Methods

The DNA of 94 durum wheat genotypes were extracted by CTAB method from fresh leaves. The
quality and quantity of extracted DNA were measured using spectrophotometer and adjusted to
50 ng / ul. The DNA samples were processed at Diversity Array Technology Pty, Ltd, Australia
(https://www.diversityarrays.com) for DArTseq analyses using genotyping by sequencing
Platform. Genetic diversity and population structure analysis were performed on the remaining
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7882 markers using: Power Markery 325, DARWinNyers.0, STRUCTURE:.1., GenAlexy. 6.41 and Ryz 2.3
software.

Results

The amount of polymorphic information content (PIC) of SilicoDArT markers ranged from 0.023
to 0.499 with an average of 0.38. The mean reproducibility and call rate of sequences in all linkage
groups were above 0.98 and 0.92, respectively. The number of mapped SilicoDArT markers
varied from 300 markers in the linkage group (ChrlA) to 853 markers in the linkage group
(Chr7B). Chromosome size covered by SilicoDArT markers ranged from 829200 kbp in the
linkage group (Chr3B) to 589293.786 kbp in the linkage group (ChrlA). The results of cluster
analysis by Neighbor-Joining (NJ) method, population structure and discriminant analysis of
principal components were highly consistent with each other and clearly divided the studied
genotypes into four distinct groups. Genetic diversity among populations was primarily within
the population (76.36 vs. 23.64%).

Conclusions

The relatively high number of subpopulations and the presence of high genetic diversity among
and within populations were the characteristics of studied durum wheat genotypes in this study.
Therefore, considering the loss of 84% genetic diversity of durum wheat during the early
domestication processes, these populations can be used as a valuable resource in basic and applied
research in breeding projects.
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Table 1. Names and code of the studied durum wheat (Triticum turgidum L.) genotypes
in this research.

. . DAIT
Ent. No Variety / Line No. vial
1 Saji Al
2 Zahab B1
3 SRN-1/KILL//[2*FOLTA-1 Cl
4 Imren D1
5 Baniswaf4/Miki2 El
6 Ber/Lks4//Mrf1/Stj2/3/Mrf2/NormalHamari//Bcr/Lks4 F1
7 Bicrederaal//Ossl1/Stj5/3/Ammar8 Gl
8 CandocrossH25/3/Mrf2/NormalHamari//Bcr/Lks4/4/Berghouatal H1
9 Korifla(DS15/Geier) A2
10  CandocrossH25/BEZAIZAHF//Adnan2 B2
11  CandocrossH25/BEZAIZAHF/3/Sebatel2//\Wdz6/Gil4 C2
12 CandocrossH25/Bicrederaal/3/ICAMORTAQ0463//Lah/Ch12504/4/Bcrchl// D2
Ossl1/Stj5/5/Ysf1/0th6
13 CandocrossH25/Ouasbar2//Berghouatal E2
14 CandocrossH25/Ouasbar2//Miki2 F2
15  CMB829/CandocrossH25//Massine G2
16 EMNO093/Icarashal H2
17 Geruftel2/Ammar8 A3
18  IcalJihan39//Marsyr3/Murlagost2 B3
19  Icamilmusl/Waha/4/Icasyrl/3/Bcr/Sbl5//Turartu C3
20  Gidara2(Stojocri/Omrabi3) D3
21 lcamilmus3/Younesl/4/Marsyr3/3/Gen//Stj/Mrb3 E3
22 lcamilmus4/3/Bcrchl//Ossl1/Stj5/4/Adnan2 F3
23 lcamilmus4/Adnan2//Adnan2 G3
24 lcamilmus5/Miki2//Geromtell/Icasyrl H3
25  Icarashal/lcaKader2 A4
26  Icasyrl/3/Bcr/Sbl5//Turartu/4/13376/Bcrchl//Ossl1/Stj5 B4
27  lcasyrl/3/Bcr/Sbl5//Turartu/4/Icarashal C4
28  Maamouri3/Sebatel2 D4
29  Mrb5/Tdicds600545//Mrb5918/3/Wdz6/Gil4/4/Saadil989/Chan/5/Geruftel2  E4
30  Ossl1/Stj5/5/Bidral/4/BezaizSHF//SD19539/Waha/3/Stj/Mrb3/6/1cajihanl F4
31  Quarmal/Gbch2/3/Mrf2/NormalHamari//Bcr/Lks4/4/lcaKader2 G4
32  Sbh/4/D68193A1A/IRuff/Fg/3/MtlI5/5/Marsyr3//Saadil989/Chan H4
33 SwAlg/Gd112/4/Quarmal/Gbch2/3/Mrf2/NormalHamari//Bcr/Lks4 A5
34  CM829/CandocrossH25//Icajihan? B5
35  Mrfl/Stj2//Gdr2/Mgnl1/3/Bcrchl C5
36  Terl//Mrfl/Stj2/3/Icasyrl D5
37  Icarasha2 (Stj3//Bcr/Lks4/3/Ter3) E5
38  Adnanl//Mgnl3/Ainzenl F5
39  Geromtell/IRANYT053//Mgnl3/Ainzenl G5
40 IcamorTA0462/4/Gdr2//SwAlg/Gdrl- H5
43/3/IcamorTA0463/5/Terl//Mrfl/Stj2
41 lcamorTAQ0471//lcamorTA0459/Arislahn10/3/Mgni3/Ainzenl A6
42 lcamorTAQ041/4/lcamorTA0469/3/Bcr/Grol//Mgnl1/5/MIKI2 B6
43  Waha (Plc/Ruff//Gta/Rtte) C6
44 Mrb3/Mnal//Terl/3/lcamorTA0459/Ammar7/4/Beltagy2 D6
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55
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59
60
61
62
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65

66

67
68
69
70
71
72
73

74
75

76

77
78

79

Maamouril/5/IcamorTA0462/4/Stj3//Bcr/Lks4/3/Icamor"s"/6/Mgnl3/Ainze
nl
Azeghar2/5/lcamorTA0462/4/Stj3//Bcr/Lks4/3/Icamor"s"/6/Stj3//Bcr/Lks4/
3/Ter3

Mgnl3/Ainzen1/3/Bcr/Grol//Mgnll
Ossl1/Stj5/5/Bicrederaal/4/BEZAIZSHF//SD19539/Waha/3/Stj/Mrb3/6/Stk
/Hau//Hecal

Omrabi5 (Jori c69/Hau)
Azegharl/6/Znal/5/Awl1/4/Ruff//Jo/Cr/3/F9.3/7/Azegharl//Msbl1/Quarmal
Aghrass1/3/HFN94N8/Mrb5//Znal/4/lcamorTA0458
Ouasloukos1/5/Azn1/4/BEZAIZSHF//SD19539/Waha/3/Gdr2
Ter1/3/Stj3//Bcr/Lks4/4/Aghrass1l/3/Mrfl//Mrb16/Ru
Ter1/3/Stj3//Bcr/Lks4/4/Aghrass1/3/Mrfl//Mrb16/Ru
Korifla/AegSpeltoidesSyr//Amedakul

Korifla/AegSpeltoidesSyr//Mrb5

Korifla/AegSpeltoidesSyr//Loukos

MINIMUS/COMB
DUCK_2//CHAM_3/3/FICHE_6/4/MOJO/AIRON/5/SOMAT _3.1/6/CHEN
/ALTAR
84/3/HUI/POC//BUB/RUFO/4/FNFOOT/5/TILO_1/LOTUS_4/10/CBC
509
CHILE//SOOTY_9/RASCON_37/9/USDA595/3/D67.3/RABI//CRA/4/AL
O/5/HUI/YAV_1/6/ARDENTE/7/HUI/YAV79/8/POD_9/11/ALTAR 84/S
Younes/TdicoAlpCol//Korifla

Wabha (Plc/Ruff//Gta/Rtte)

Korifla/AegSpeltoidesSyr//Lahn
T.dic.Crosses61/4/Quarmal/Gbch2/3/Mrf2/NormalHamari//Bcr/Lks4
Younes1/6/Ouasloukos1/5/Azn1/4/BEZAIZSHF//SD19539/Waha/3/Gd2
Icarashal/T.Aeg.Crosses
Terbol975/Geruftel2/7/1casyr1l//Mrf2/T.dids20123/6/319ADDO/5/D68193A
1A//IRuff/Fg/3/MtI5/4/Lahn
Icamilmus1/3/Marsyr3//Saadil989/Chan/4/IcamorTA0471//IcamorTA0459/
Arislahn10/3/Mgnl3/Ainzenl
Icasyr1/3/Gen//Stj/Mrb3/4/Mgnl3/Ainzenl/3/Bcr/Grol//Mgnll
Marsyr3/Murlagost2//T.dicocconlG91683/Ammar9
Waha//Azeghar2/RedSeedTer112
Icasyrl1/3/Bcr/Sbl5//T.urartu/4/T.Aeg.Crosses

Icarasha2 (Stj3//Bcr/Lks4/3/Ter3)
Marsyr3/3/Gen//Stj/Mrb3/4/T.Aeg.Crosses
Marsyr3//Saadi1989/Chan/3/T.Aeg.Crosses
ICAMORTAO0469/4/ICAMORTA0463/3/CandocrossH25//Msbl1/Quarmal0
4182/5/1casyr2/6/Geromtell/lcasyrl

Jk/Ch1613//TpolonicumIG97746

PLATA_7/ILBOR_1//SOMAT _3/3/CABECA 2/PATKA 4//BEHRANG/5
/ARMENT//SRN_3/NIGRIS_4/3/CANELO_9.1/4/VITROMAX/6/SOOTY
_9/RASCON_37//[GUAYACAN INIA
Jk/Ch1523//Atlas2/3/Mrb5/Lahaucan
Jk/Ch1604//Ysf1/Oth6/3/Adnan2/Berghouatal
Icamilmus1/3/Marsyr3//Saadi1989/Chan/4/IcamorTA0471//IcamorTA0459/
Arislahn10/3/Mgnl3/Ainzenl

oY

E6

F6
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Mgnl3/Aghrass2/4/lcamorTA0462/3/Arislahn7//C1115/Bcrch1/5/Beltagy1/6

80 /Azegharl//Blrn/Mrf2/3/Bicrederaal/Azeghar2 H10

81 Icasyrl//Mrf2/T.dids20123/6/319ADDO/5/D68193A1A//Ruff/Fg/3/MtI5/4/ ALl
Lahn/7/Ouasloukos1/5/Azn1/4/BEZAIZSHF//SD19539/Waha/3/Gd2

82 Icasyrl//Mrf2/T.dids20123/6/319ADDO/5/D68193A1A//Ruff/Fg/3/MtI5/4/ B11
Lahn/7/Ouasloukos1/5/Azn1/4/BEZAIZSHF//SD19539/Waha/3/Gd2

83  Stj3//Bcr/Lks4/3/Ter3/4/Marsyrb/5/Sebatel2//\Wdz6/Gil4 Cl1

84  Icarashal//Quabrach3/RedSeedTer109 D11

85  Miki3 (Stj3//Bcr/Lks4) Ell

86 Mrb3/Tboeoticum500648/3/ICAMORTA0462//Hau/Ch13323/4/Bcr/Grol// F11
Mgnl1/5/Aghrass1/3/Mrfl//Mrb16/Ru

87 Mrb3/Thoeoticum500648/3/ICAMORTA0462//Hau/Ch13323/4/Bcr/Grol// G11
Mgnl1/5/Aghrass1/3/Mrfl//Mrb16/Ru

88  SwAlgia/Gd181//Ch158/3/Marsyr3/Murlagost2/4/EMN0917/Adnan2 H1l

89 ALTARS84 Al12

90 SORA/2*PLATA _12/3/SORA/2*PLATA_12//SOMAT _3/4/AJAIA_13/YA B12
ZI//IDIPPER_2/BUSHEN_3
ALTARB84/STINT//SILVER_45/3/GUANAY/4/GREEN_14//YAV_10/AU

91 K/5/SOMAT_4/INTER_8/6/BCRIS/BICUM//LLARETA C12
INIA/3/DUKEM_12/2*RASCON_21
CAMAYO//HYDRANASSAB3O0/SILVER_5/3/SOOTY_9/RASCON_37/5/D

92 UKEM_15/3/BISU_1/PLATA 16//RISSA/4/SOOTY_9/RASCON_37/6/S D12
OOTY_9/RASCON_37/ITILO_1/LOTUS_4/7/BCRIS/BICUM//LLARETA
INIA/3/DUKEM_12/2*RASCON_21
ALTAR 84/BINTEPE 85/3/STOT//ALTAR
84/ALD/4/POD_11/YAZI 1/5/VANRRIKSE 12/SNITAN/6/SOOTY_9/R

93 ASCON_37//WODUCK/CHAM_3/7/YAVT79/4/ARMENT//SRN_3/NIGRI  E12
S_4/3/CANELO_9.1/5/MINIMUS/COMB
DUCK_2//[CHAM_3/3/GREEN_19
PLATA_7/ILBOR_1//SOMAT _3/3/CABECA_2/PATKA 4//BEHRANG/1
0/1A.1D 5+1-06/2*WB881//1A.1D 5+1-

94  06/3*MOJO/3/SOOTY_9/RASCON_37/9/USDA595/3/D67.3/RABI//ICRA/  F12
4/ALO/5/HUI/YAV_1/6/ARDENTE/7/HUI/YAV79/8/POD_9/11/CIRNO
C 2008

Pl pgy9d puS Cuigij AY g9y » DAITSEQ 555 425 SIlICODAIT (6la S5lis £33 g (A5 (595

S5y (5095909,5 Cusbge b 4 5 Ldgy 0 B3 M Sl I 5 o @) SIICODAIT ,Silis SYYSA 5 45,5
Sl osile Bl ola Slis wud 48,5 00500 kool 4320 10 ) Solis cpl ooplpls i ooy olaid] 50 slaog )5
Sl MED e 5l geme 3 005 1l Ve (Gglue g 55 )5 4ty G I slaodly g /) 1 S s T Sl
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oxile (B HSOLE QY S5 b o3litl (g2 3)90 p9y93 pAS SCi] 0 Cume LB Lu 5 (S5 £95 4 jo5 ol p dg
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(Chr7B) (¢35 09,5 )3 ,S5Lis AdY b (Chr1A) (o556 09,5 ;5 ,Slis Yoo 5l oas obadiss SIlICODAIT (oo ,Silis
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SleMbl g (V Jgan) 3 i 1) (s i (sl ,S5Lis sl MDD a3 STlICODAIT S5l VY (ke L Chr7B
i |y PIC i SICODAIT (sl il 70+ 51 i Luyis 45 Jls )3 gy peiio +/¥22 b +/+¥Y 5| (PIC) Ko i
s il £ s iS5 e bawgio SIHCODAIT (ol Silis plas 5 () JSs) w3l oL (+/¥A) Lawgie 3 51
(Y Jsds) 54 +/AY g +/AA 3l i s 5 4 (Call rate)

P99 PS5 Saisi) (ne UL o 109593 S (Scigif (SWj 94 9 Cumen jLELw 4y jod
Ol SMie 88 5005 s 1y 2Vl Ko (S5 £95 camno o slaz (Y JS8) 315 oLt 1y Iima 095 slaz e Jo ol 2
Net Nucleotide ) sl Lallb alols g yite (POP3) cuxen i j3 «/AF L (POP4) comas s o /Y
G d ]y (S alol (58 g 0Vl deumer o )3 (S5 95 65 ol sl el o i 4 (Distance
S8 4o 3l L (¥ i) (+/+V) POP2 3 POPL clacuses j s (+/YV+) POP4 5 POP2 (clacuses ij oo
Sag 01y poygd paS slacuig; SIICODAIT (sla,Silis el (Neighbour-Joining)  Kolues — Juas! 5, 4
(¥ US) 3903 (sai09)5 oo S

T bglse ylin (¥ Join) 391 picie (POP4)-/20 b (POP3) +/YV 5l bacumas o (FSt) conts [adls (5:Ske
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e gt @b 4 ol 0l odliil b g8 pl 4y Blaie pg)53 PSS slacuis) opoed 3 45 Wil Sy (il
JHde a8 . 3,5 edlatwl SHICODAIT (sla Silis ol p Coumes sl oy Sewlite (53l sl 306 (DAPC) Lol
25 o Slpss 3o )3 YVEY g YA VN (i 4 o8 0 00> jawseis 1ome ol dw ¢ oplplis el cwts K=4 5 BIC
3 Jols @t b (DAPC) (it b 4575 5 Cmer ks 138 1 ool gl (F JS5) dloi o 455 | Laog
(K=¥) bwmar 093 9 0 3 S99 €55 el sl (AMOVA) J5SUso (puilyly 425 il cllae S 0
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(/VYISE) 31 08 L (1o y2dS) bacagmos (y B3] 88 Jbs )3 03 oanlin

o¢

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



RN,
wamsml,

YEoo cdb&o&gw@'x‘

5 (PIC) J56 wia OleVb! saix0 09,9d oS 0835 (5a, 2 SHICODAIT sl SO 29595 .Y Joua
(Average of Reproducibility) (g yds,1 55 bawgie o (Call Rate) il ,3

Table 2. SilicoDArT Markers Distribution on Durum Wheat Genome, Polymorphism
Information Content (PIC), Call Rate and Average of Reproducibility

Linkage No. Chromosome  Call Rate One PIC Average of
Groups  Markers Size(kbp) (mean) Ratio(mean) (mean)  Reproducibility

ChrlA 300 589293.786  0.926811 0.53253 0.392783 0.987783
Chr2A 574 779665.301  0.928376 0.531615 0.378022 0.987819

Chr3A 454 750610.4 0.926852 0.528354 0.371944 0.987748
ChrdA 489 742808.8 0.929105 0.507459 0.382376 0.986216
Chr5A 436 708977 0.928146 0.520776 0.375594 0.98842
Chr6A 456 616320.1 0.928312 0.510363 0.392759 0.987314
Chr7A 789 735262.1 0.929175 0.510735 0.384203 0.986959
ChlB 681 688589.5 0.92758 0.533268 0.385003 0.987277
Chr2B 759 800769.3 0.927394 0.531767 0.393895 0.987843
Chr3B 582 829200.1 0.922085 0.564573 0.369268 0.9861

Chr4B 333 671754.7 0.924849 0.538444 0.37495 0.987985
Chr5B 586 708929.4 0.923233 0.566275 0.382289 0.986366
Chr6B 590 720840 0.926843 0.534025 0.382743 0.986644
Chr7B 853 749946.8 0.92991 0.515027 0.392338 0.987082
Mean 563 720926.2 0.927048 0.530372 0.382726 0.987254

Group A 499.72 703276.78  0.928111 0.520261 0.382525 0.987465
Group B 626.3 738575.7 0.925985 0.540483 0.382927 0.987042
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Figure 1. Frequency distribution of PIC values (the X axis) of DArTseq markers (the Y axis)
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Lg 9,9 ,a..ﬁg %394) Y (RO )Uﬁw axlao )" oo daalie Fst &.’S-’Lf’ )‘.\juo 9 U.l,n&c Comnnd 5

SilicoDArT sl ,S5LiS 51 aalau!

Table 3. Genetic divergence among (Net Nucleotide Distance) and within (expected

heterozygosity) population, proportion of membership and mean value of Fst observed

from the study of population structure of 92 durum wheat genotypes using SilicoDArT

markers
Populatio ) ) Expected % Of Mean fixation
Net Nucleotide Distance
n Heterozygosity — membership index (Fst)
POP2  POP3 POP4
POP1 0.070  0.084 0.247 0.20 46 0.41
POP2 0.085 0.270 0.20 26 0.46
POP3 0.249 0.34 19.5 0.21
POP4 0.02 8.5 0.95
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Figure 2. Distribution of the 92 durum wheat genotypes using SilicoDArT markers in

groups according to the structure analysis (k= 4). The individuals were represented in
vertical bars, each color associated with a different group
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Table 4. Analysis of molecular variance (AMOVA) based on DArTseq-generated

SilicoDArT markers data for within and between populations (K=4) of 92 durum genotypes.

Source of variation Variance component % total variance Probability
Among populations 63.24 23.64 0.001
Within populations 191.77 76.36 0.001

ST LS alyl slye 445 sl i GBLS (55 bl > s (K655 £33 5 ALS (S5 e (loli

s ,S5lis (Nadeem et al. 2018) 5,3 1,3 ooliul 3590 (ool5ap calise (cladoliy j> Wlg5 o a5 Canl (gygp0 k>
o2litl pg> piiS 55 sl 1 Su5 55 syt sy o 5 SSR RAPD USSR AFLP wile iliseo _JgSga
ol (ol S5l 5l enlal b (S5 £955 390 (Jl> ol b (Edwards et al. 2013; Altintas et al. 2008) coul ou
(BSSR 1le) (b sagis ansbgo olesl 52 ol SiLis L (ISSR 5 RAPD AFLP 1lo) wslish agipnss s b
oot (Varshney et al. 2019) sy o o5, o555 oo ol iy J Fyass oy (535 (5315 (sl i,
SN bls 3,505 55 LT J) odlizal o 53 oliio 15 SIICODAITS (sla Silis wisle JIsi 1 sitvo (sl Sl oo Lizs]
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Figure 3. Neighbor-joining cluster analysis using SilicoDArT markers for grouping 92

durum wheat genotypes
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Figure 4. Discriminant analysis of principal components (DAPC) for 92 durum wheat
genotypes. Axes represent the first two linear discriminants. Each circle represents a
cluster, and each dot represents an individual. Numbers represent different clusters
identified by DAPC analysis
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