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Table 1. Name and pedigree of bread wheat varieties used in this study
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No.  Year Variety name Pedigree
1 1951 4820
2 1976 ADL TK/SHAHPASSAND
3 2010 AFLAK HD160/5/Tob/Cno/23854/3/Nai60//Tit/Son64/4/LR/Son64
4 2006 AKBARI 1-63-31/3/12300/TOB//CNO67/SX
5 1978 ALBORZ FN/MD//K117A/3/2*CLLF/4/SON64/KLRE/3/CNO//LR64*2/SON64
6 2006 ARTA HD2206/Hork//Bul/6/CMHB80A.253/2/M2A/CML//Ald*4/5/BH1146/H56.71//
BH1146/3/CMH78.390/4/Seri 82/7/Hel/3*Cno79/7/2*Seri 82
7 1979 AZADI 4820/1.32.15409//8156
8 1957 AZAR AZAR,LV
9 1976 BAYAT PUNJAB-76/CHENAB-70
10 1980 BISTON 9-36/592/PIEVE or 9-36-562/PIAVE
11 1997 CHAMRAN ND/VG9144//KAL/BB/3/Y ACO/A/IVEE#5
12 2013 CHAMRAN2 Attila 50Y//Attila/Bacanora
13 1980 DARAB1 RSH/IRN 149(60-61)//C271
14 1995 DARAB2 MAYA'S/NAC
15 1960 DASTJERDI DASTJERDI
16 1968 DAYHIM DIADEM/ITALIAI
17 DN11
18 1990 FALAT KVZ/BUHO//KAL/BB
19 FONG
20 FRONTANA
21 1996 GAHAR ND/VG9144//KAL/BB/3/Y ACO'S'/4/VEE#5
22 1988 GHODS RHS/5/WT/4/NOR10/K54*2//FN/3/PTR/6/OMID//KAL/BB
23 1986 GOLESTAN D6301/NAI60//WRM/3/CNO*2/CHR
24 2009 HOMA A pure Line of Sardari
25 1974 KARAJL 200H/VFN/RSH
26 1974 KARAJ2 FA//TH/MTA/3/OMI or FA/ITH/MT/3/OMID
27 1974 KARAJ3 DRC/MXP//ISWRN-297/3/NAI60
28 2011 KARIM Triticum aestivum/Sprw “s”//CA8055/3/Baconora88
29 1994 GASCOGEN
30 1980 KAVEH FTA/PL
31 1974 KHAZAR1 P4160//SN64/LR64
32 2002 KOOHDASHT BB/RON//CNO67/TOTA/3/JAR
33 1995 MAHDAVI TI/PCH/5/MT48/3/WTE*3/NAR59/TOTA63/4/MUS
34 1991 MAROON AVD/PCHU/5/N10/BR21.1C//KT54B/3/NAR59/1093/4/7C
35 2010 MIHAN Barkat/90Zhong87
36 1974 MOGHAN1 LR/N10B//3*ANE
37 2006 MOGHANS3 Luan/3/V763.23/V879.c8//Pvn/4/Picus/5/Opata
38 2009 MORVARID MILAN/SHANGHAI-7
39 1993 MV17
40 1990 NAVID HYS/7C
41 1978 NAZ 1112300//LR64A/8156/3/NOR
42 2006 NEISHABOUR 1-63-31/3/12300/TOB//ICNO67/SX
43 1995 NICKNEJAD F134-71/CROW'S'
44 2012 OFOG GF-gy54/Attila
45 1968 PANJAMO62
46 2008 PISHGAM Bkt/90Zhong87
47 2014 QABOOS Dryland Agricultural Research Institute
48 1942 REYHANI RAYHANI
49 2011  RNAW PATOICAL/3/7CI/BB/ICNO/S/ICAL/ICNO/SNE4/4/CNO/BADICHR/3/KL./6/SABALAN
50 1994  SISON
51 1967 SHAHI SHAHI
52 1942 SHAHPASSAND SHAHPASSAND
53 2012  SIRVAN PRL/2*PASTOR
54 2006  SISTAN Bank"s"/Veery"s"
55 2013 TAKAB Manning/Sdv1//Dogu88
56 2002 TOUS SPN/MCD//CAM/3/NZR or SPN/MCD//CAMA/3/NZT
57 1969 TOUBARI
58 2009 UROUM Alvand//Ns732/Her
59 1997 VEE/NAC Veery/Nacozari or Veery#5/NacozariF76
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Table 1. (Continued)
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No. Year Variety name Pedigree

60 2010 ZARE 130L1.11//F35.70/MQO73/4/YMH/TOB//MCD/3/LIRA

61 1995 ZARRIN NAI60/HVI1//BUC/3/F59.71/GHK

62 ---  SHANGHAI

63 1969 INIA LR64/SN64

64 1974 ARVAND RSH/3/MTA//KY/MAYO58

65 1960 ROSHAN Landrace

66 1968 RASHID N.P.7881/AZAR 2/588

67 1980 SABALAN (908//FN/A12)1-32-4382

68 2006 DARYA Sha4/Chil

69 1995 ATRAK JUP/BJY'S//URES

70 2007 BAHAR HD2172/3/BB/2*7C//Y50E/3*KAL

71 2006 SEPAHAN AZADI/5/1.2453/1347/4/KAL//BB/KAL/3/Y50E/3*KAL

72 2006 BAM VEE#5/NAC//1-66-22 or VEERY/NACOZARI-76//1-66-22

73 2002 SHIRAZ GV/D6301//ALD/3/AZADI or GAVILAN,MEX/D-630//(SIB)ALONDRA/3/AZADI or
ALVAND//ALDAN/IAS-58

74 2002 PISHTAZ ALVAND//ALDAN/IAS 58

75 2002 HAMOON FALAT/RSH

76 2002 DEZ KAUZ*2/0PATA/IKAUZ

77 1997 SHIROODI

79 1996 ZAGROS
80 1995 TAJAN
81 1995 ALVAND
82 1997 KAVIR
83 2009 PARSI

84 2009 SIVAND

BOW/NKT

ND/VG9144//KAL/BB/3/Y ACO/4/VEE#5
78 1999 MARVDASHT HD2172/BLOUDAN//AZADI
TAN'S/VEE'S'//OPATA

1-27-6275/CF 1770 or CF17170 1-22-11

Stm/3/Kal//\/543/Jit716 or SHORTIM/3/KALYANSONA//N-534/J1T-716
Dove"S"/Buc"'S"//2*Darab1 or DOVE(SIB)/(SIB)BUCKBUCK(M-84-17)//2*DARAB
Kauz"S"/Azd or KAUZ(SIB)/(AZD)AZADI

85 1969 BEZOSTAYA LUTESCENS17/SKOROSPELKA?2

86 1958 AKOVA

KVZITIIIMAY A/26591-1T-7TM-OY-115Y-OM/3/1-44-21863/4/ANZA/3/PIINARSIHYS or

87 2002 SHAHRYAR
88 1997 AZAR2

62/NDR//HYSLOP

KAVKAZ/TANORI-71/3/IMAY A-74(SIB)//BLUEBIRD/INIA/A/KARAJ-2/5/ANZA/3PITIC-
KVZ/TI/IMAYA/26591-1T-7M-0Y-115Y-OM/3/SEFID

slss s 5,18 D 055 5> SNP o¥A+ 5 B 53
G55 SNP VYV Sl Lspsspns S 5 (555 LSNP
31 n 2B 05505 555 SNPYYO) 6D o5 ms
055 ;A0 D g s oS eSS amm B el
Slap s oS Cl il 5 o (.uf Slapss Ols 2
el 53 5 5 0 slae dad gl S e 3
(Naz et al.,, 2019) was ol g xiy ASans
OF 5 EAY sliad b i 54 4D 5 2B (glapsises S
Lols QLS 1y slaws op S 5 op mie SNP SSLES

(1B JS2)
2 LD S s o 023 (LD) Sy sl ke 4, 325
LD s ol ogline pssas S 5o 03 5 lapaises S dap )
53 ke Al LSNP o alols (Ll L S e
B A 55 sl WSNP e 5 S sy ol pte ¥ IS5

\V

SNP Lz 0AT4 sl g S 55 o3 e
SO TEA A 055 50 LS0LE VAT Sad wed gl
Oy SO oY slis 5D p i s LS AV B e gl 5o
S35 WSNP x5 o8 (YA JS8) Wk asels Cpndso
u;)l)f‘;,;QMMQFBMMAJJD}B‘AL;LWJ;
Akhunov et al., 2010; ) SNP sls SLis wlul 5 o

Poland et al., 2012; Wirschum et al., 2013; Marcussen
 (etal., 2014; Shavrukov et al., 2014; Edae et al., 2015

addllas 53 .3 g daie (Haoetal., 2011) SSR gla L2
S sl o i 5o (Edae etal., 2015) Ol 5 13l
SNP SLts 314a5 1 S 52B 5 3B (slapsise,5 53 SNP
S 6,50 s 3 A3 sdalis 4D pgipes S o
(Chaurasia et al., 2020) O1,n 5 Luly gl lawys
R e s Gosd a Jed Shsl sk
WATY ¢ gazme 5l ol oS il L3 55 1Y0 (g,
53 SNP AV A 555 53 SNP OV el Ll SNP


http://dx.doi.org/10.52547/pgr.9.1.2
https://dorl.net/dor/20.1001.1.23831367.1401.9.1.2.3
https://journals.lu.ac.ir/pgr/article-1-254-en.html

[ Downloaded from journals.lu.ac.ir on 2024-04-28 ]

(A) B maremul Sl siress (B) B Normal Kl <l (C) B Sormal Sl slress
= p=<zaid ® 124 p=250-16
ks T L
.
2% 4 . T
z z =
= g =
= 24t L Rl
13 2 W Jh
W k]
a 3 i 5
‘@9 _}sg » & o & &
I s & . &
Condition Comlition Comalition
(D) ST Sall siress (E) = Nl Sall siress (F) EE Narnul Sl siress
026 = 5Te07 = 42605 0325 p=218-13
s e
[ . . *
e A3 -
005 i, =
LLRI=2Y R
= B T any = b=
o =, ;
55 o
* - .t
M -t L0250
i .. oz .
A %
& = & & & =
¥ & & & & &
e, A - e ol
(G) Clierli Lo & Cunelitiom Comlition
EE Narmul Sl siress (H) B3 Noremnl Sl sdruss (I) B Normal uld siress
0k £ = 0ooss p=<2e-15 2= 2018
- L -
tna -
W
[ “
E F3
] 3 w L S
= = L] -
E E Z o
-
[ b I =
. k1
A
] ol
s
& 2 & 2 A -
& » & o« & &
= . L A = &
Candition Comdition Crmalitinn
(J) B wrmal il siress (K) = Mormal all siress (L) B3 taremnl Hul siress
MM AL
p=<25-16 p=045 g = 2e-13
LiHibg - 15 )
.
..
£ e - ..
o -
T = 1 =
7 T Z S AR
Sa%e. [ g res |
“ oo ERAN
2440 . . . s x L
o . - '... -
i - . -
B
.
T 000 -
& 2
5 # & e & =
& & s & = =
= s E il i
+ Comdlition Condition
Comditinm :

[ DOR: 20.1001.1.23831367.1401.9.1.2.3 ]

[ DOI: 10.52547/pgr.9.1.2]

(D tazealS b (C tazealS izt 055 (B tazealS 5 055 (A Jold glazealS Slio glanxr ol el =) S

( eﬁwcdélb(\] ffﬂgTstbbw(l ods e (H s, 8 (G eI Joy SF b Joy S (Ea fbs s

Figure 1. Box plots of seedling characteristics including A) Plantlet fresh weight; B) Plantlet dry weight; C)
Plantlet length; D) Chlorophyll a; E) Chlorophyll b; F) Total chlorophyll; G) Carotenoids; H) proline; I)
Relative water content; J) Na* concentration; K) K* concentration; L) K*/Na* ratio in bread wheat cultivars
under normal and salt stress conditions.
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Figure 2. The number of identified SNP markers on wheat (A) genomes and (B) chromosomes
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Table 2. Location and number of marker-traits associations in bread wheat cultivars under normal conditions
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Figure 4. Manhattan plot for the marker-traits associations in bread wheat cultivars under normal conditions.
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outmost circle and thin dotted blue lines indicate signifcant level at p value <0.001. Green dots indicate genome-
wide signifcantly associated SNPs at p-value <0.001 probability level.
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Table 3. Location and number of marker-traits associations in bread wheat cultivars under salt stress conditions

i S IS JS slass SNP s\ ST R dogP- i AF
Traits Chromosomal location Total SNP Position value

s20173 79672 2894 427 0125

& s o s26711 47831 2425 344 0284
Ecaal S B E)

4A, 6B s26710 47831 2425 344 0284

Plant fresh weight rs58964 80808 2332 326  0.113

rs5445 136190 2321 324  0.255

ol Kix 03 1S7778 0 394 2013 0170

g Unknown, 1B, 5B 147853 92205 350 1748 0131

Plant dry weight rs23698 38769 309 1502  0.125

b 55 3A rs41063 119706 1542 348  0.125
Chlorophyll b

S s 1B 156613 47847 2073 323 0431

Total chlorophyll
Sl i dls
AT S 2B, 7B
Leaf relative water content

r}v\aﬂ
- 2A, 2B, 6B 7B
Sodium
Ly
IS 4A
Potassium

rs56489 33023 2442 344 0.465
rs58764 1185551 2370 331 0.147

rs40089 58062 1562 341 0.306
rs40677 65407 1427 318 0.227

rs4334 48975 1396 313 0.170

rs4335 48975 1396 313 0.170
rs44247 73937 1385 311 0.244
rs61514 73937 1332 302 0.397
rs61515 92739 1332  3.02 0.397
rs23848 122547 1501  3.02 0.346

rs23849 122547 1501  3.02 0.346

Yy


http://dx.doi.org/10.52547/pgr.9.1.2
https://dorl.net/dor/20.1001.1.23831367.1401.9.1.2.3
https://journals.lu.ac.ir/pgr/article-1-254-en.html

[ Downloaded from journals.lu.ac.ir on 2024-04-28 |

[ DOR: 20.1001.1.23831367.1401.9.1.2.3 ]

[ DOI: 10.52547/pgr.9.1.2]

VeV /) opled /8 s/ LS Ky sl g

Chigg

oneA

e
Toigy d

e

4 s S5l leuls glajls sl 550 25 Jal i s O f.k;f (a\fo)\); C,.M—Jf.‘l..;u Sl My el sei -0 K
b Jis k5@ s ls chle cmalS tub‘ wmalS i O35 wzalS 5 055 Sliw bl oLalid CL.; L @l?"

UA‘:_})'}A}JS.MDJ"C)L&br;».kw4.3r.:wl;’g:w_}mub:4[,..:.&«:%4;?]{giﬁd‘fmc&jﬁc&jﬂj}si}s‘}é}}s
e s o OLES [y 0/ 00 ) il a3 (515 gme bl o ol el b glast e o3l il 6 515 o 5 ol 3
S T 8| PEZ dady W—Jﬁ.u s sme BLI Sl easlis s gla
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outmost circle and thin dotted blue lines indicate signifcant level at p value <0.001. Green dots indicate genome-
wide signifcantly associated SNPs at p value <0.001 probability level.
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Abstract

In order to identify loci controlling seedling morpho-physiologic characteristics in 88 bread wheat
cultivars, a greenhouse experiment based on simple alpha lattice was conducted under both normal and
120 mM (12 ds/m) salt stress condition of the Faculty of Agriculture, Urmia University in 2020-2021
cropping season. Chlorophyll a, b and carotenoid content, proline, plant fresh and dry weight, plant
height and leaf relative water content (RWC), Na*, K* and K*/Na* concentrations were measured. After
genotyping by sequencing with lon Torrent technology and removal of SNPs with more than 20% of
missing data and minor allele frequency less than 5%, a total of 5869 SNP markers were identified.
Based on association mapping with the mixed linear model (MLM) method, a total of 25 marker-trait
associations were detected under normal conditions. The A and D genomes had the highest and lowest
number of significant marker-trait associations (MTAs). Among the studied traits under normal
conditions, chlorophyll a had the highest number of MTAs on 1A, 3B, 3D, 5B, 7A chromosomes with
eight MTAs. A total of 21 MTAs were identified under salt stress conditions which the genome B and
D had the highest and lowest number of MTAs, respectively. Five MTAs were identified for plant fresh
weight, which were located on chromosomes 4A and 6B. The results of this study provide valuable
information about the loci associated with the studied traits, which can be used in marker assisted
selection in wheat breeding programs after confirmation in biparental populations and additional
experiments.
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