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Table 1- Physical and chemical properties of the soil of the area before the experiment
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Table 2- Combined analysis of variance of barley double haploid lines and their parents (NurexTremois) for the agronomic traits

- : b= s [} -
3 E £ 3 5 3 = 5
2 252 = £ .8 g = o > & s A3 %g k)
3> §_ e 3z 38 32 1§ 2% 38 5% i
5 O 25 $2 WE S E 3% £ 28 L= 45 A
2 un ‘,? n e X E “’l‘ O N 8 % ’2\ S, < c R T Py T
: 9 ~N 5 2 8 o O "l = 2 e e H 2 9 2 5
kS S o z ° 3 xR O Q. O < 3 g o
R = £ 3 S [=} S
P4 z —
Lo - 10681 - - - - . 116892
. 1 2.7 - 1.6 374 2.7 475 0.71ns 9.38 N
Environment
2 0.03"s 5.04 ns 0.005 s 0.17ns 0.035 s 15.7" 65.66 ™ 3.44 s 3544 s
Rep (ENV)
x )1,S5) Sels
(e
44 0.035" 5.24 1 0.07 s 0.25m 0.035 6.05 1.004 ns 1.381s 2218
Block (Rep x
ENV)
D) - - - - - - - - 74421
137 0.18 139 1.45 7.79 0.18 21.93 7.21 24.33 -
Genotype
Lo x i) N N = = N N 12285
137 0.05 34.2 0.33 1.63 0.05 6.45 0.71s 0.8ns -
Genotype x ENV
Uas
230 0.029 45 0.06 0.31 0.028 4.49 1.06 1.53 1967
Error
5.56 2.26 4.03 3.76 7.37 8.59 7.26 3.31 2.17
CV (%)
O 2
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s, *and ™: Non-significant and significant at the 5% and 1% probability levels, respectively.
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Table 3- Phenotypic correlations of the studied traits in barley double haploid lines and their parents (NurexTremois) for normal

(above diagonal) and salt stress conditions (below diagonal)
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. 1 -0.21" -0.06 -0.09 1.00™ -0.77™ -0.06 -0.24™ 0.19"
No. of tiller/plant
Gos glas )|
. -0.017 1 0.47™ 0.25™ -0.21" 0.3 0.24™ -0.09 0.05
Height of plant
o;éL.\:.T
-0.014 0.33™ 1 -0.72™ -0.06 0.18" 0.16" -0.23™ -0.02
No. of node
o Sike Jsbo . - .
. -0.011 0.36 -0.75 1 -0.09 0.04 0.01 0.17 0.06
Length of internode
gy o dlw olass
. 1.00™ -0.017 -0.014 -0.012 1 -0.77 -0.06 -0.24™ 0.19"
No. of spike/plant
Al [ als slass
. i -0.57™ 0.2" 0.12 0.03 -0.57™ 1 0.16" -0.06 0.29™
No. of grains/spike
S,y Jsb .
0.048 0.16 0.05 0.07 0.05 0.04 1 -0.02 0.16
Awn length
A BUCIT) . . . . X .
. . -0.29 -0.23 -0.25 0.09 -0.29 -0.17 -0.04 1 0.25
1000-grain weight
ails o Slee
L 0.54™ 0.007 -0.08 0.08 0.54™ 0.11 0.09 0.16" 1
Grain yield

*and ™ Significant at the 5% and 1% probability levels, respectively.
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Table 4- Descriptive statistics of agronomic traits in barley double haploid lines and their parents (NurexTremois) for normal

condition
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Nure (P1) 3.23 101.17 6.16 16.4 2.48 245 11.7 36.8 2194.68
Tremois (P2) 3.08 103.25 5.74 18.02 2.3 275 14.01 38.68 2385.28
P:-P, 0.14 2.07 0.41 1.6 0.14 3" 2.25 1.88 190.59
=(P1+P2)/2%, 3.15 102.2 5.95 17.2 24 26 12.9 37.74 2289.98
Wors 2.36 785 4.88 11.87 1.6 20 10.8 31.2 1653.78
Bors 3.47 116.3 8.7 20.45 2.7 33 18.2 455 2526.9
Range 1.11 37.87 38 8.57 1.1 13 73 14.3 873.14
Epus 2.97 98.45 6.3 15.7 2.2 25.6 14.25 375 2055.1
SDoks 0.24 7.12 0.67 1.66 0.24 2.4 1.4 2.7 164.1
CVors 8.05 7.23 10.65 10.56 10.7 9.5 9.7 7.2 7.98
—XpXpps -0.18 -3.75 0.35 -1.5 0.2 0.4 1.35 -0.24 -234.88
GGN=Wpi-W5 -0.72 -22.67 -0.86 -4.53 0.7 -4.5 0.9 5.6 -540.9
GGp=Bou-Br 0.24 13.05 2.54 2.43 0.22 55 4.19 6.82 141.62
GCV(%) 7.28 7.01 10.2 10.23 9.73 7.79 8.57 6.8 7.91
PCV(%) 8.68 7.3 10.97 10.83 116 9.34 10.9 7.54 8.18
GC (5%) 0.37 13.56 1.23 3.13 0.37 3.44 1.98 476 325.06
h2 70.4 90.6 86.19 88.8 70.4 69.7 62.1 81.6 93.4

#*
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*and ™: Significant at the 5% and 1% probability levels, respectively. Wpns, DH with minimum trait value; Bpps, DH with maximum trait
value; W,, parent with lower trait value; By, parent with higher trait value; GGy, downward genetic gain; GGp, upward genetic gain; GCV,
genotypic coefficient of variation; PCV, phenotypic coefficient of variation; GC5%, genetic gain for 5% selection index; h2, narrow sense
heritability.
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Table 5- Descriptive statistics of agronomic traits in barley double haploid lines and their parents (NurexTremois) for salt stress

condition
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- 3% 3% 3% 33 2: 3% 5: %
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= = W ] 2 3 2 2k g = - £ 2 =
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. S = z @ 2 N < 2 g 0

2 2 E 3 8 -8 =

4 4 —
Nure (P1) 3.022 88.4 6.2 14.27 2.27 25 12 36.16 2048.02
Tremois (P2) 3.056 95.3 6.4 14.9 2.3 26 12.38 37.95 2203.85
Pi-P, 0.034 6.87 0.2 0.65 0.034 1.0" 0.39 1.78 155.8
=(P1+P2)/2%, 3.04 91.88 6.3 14.6 229 25.5 12.19 37.06 2125.94
Wors 25 67.12 4.47 10.3 1.7 16 9.6 317 1694.6
Bows 3.9 104.7 8.67 19.4 3.2 32 17.8 45,5 2391.7
Range 1.45 376 4.2 9.05 1.45 16 8.2 13.7 697.1
Epus 3.13 89.2 6.4 14.05 2.38 23.65 14.1 37.2 2025.5
SDos 0.29 7.2 0.7 1.5 0.29 33 1.53 26 157.8
CVors 9.4 8.13 11.4 11 12.3 13.97 10.8 7.08 7.8
—XpXpps 0.09 -2.68 0.1 -0.55 0.09 -1.85 1.91 0.14 -100.44
GGN=Wop-W5p -0.52 -21.28 -1.73 -3.97 -0.57 -9 2.4 -4.46 -353.42
GGp=Bou-Bp 0.84 9.4 2.27 45 0.9 6 5.42 7.55 187.85
GCV/(%) 8.14 7.9 10.99 10.6 10.71 11.9 9.3 6.62 7.59
PCV(%) 10.35 8.26 11.7 11.25 13.6 15.6 12.08 7.42 79
GC (5%) 0.414 14.01 1.36 2.89 0.41 4.43 2.1 454 304.39
h2 61.9 92.09 88.2 88.7 61.9 58 59.6 79.7 91.7
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and **: Significant at the 5% and 1% probability levels, respectively. Wpns, DH with minimum trait value; Bpns, DH with maximum trait

value; W,, parent with lower trait value; B, parent with higher trait value; GGy, downward genetic gain; GGp, upward genetic gain; GCV,
genotypic coefficient of variation; PCV, phenotypic coefficient of variation; GC5%, genetic gain for 5% selection index; h?, narrow sense

heritability.
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Table 6- QTLs of the studied traits in double haploid lines of barley and their parents (NurexTremois) under normal and salt stress

conditions
) (!5 MT 51 .
S 0 oF Cardge LoD ) (1) oy o 8
" SIS 095 SILES oy S0 OTL Allellc‘ efffect R
Trait QTL Linkage N ¢ mark OTL (additive)
raits earest marker pe . i . .
Group . o Jloy o Jloy o Jloy
position
Stress Normal Stress Normal Stress Normal
Wg ,o Aoty olaws
) QntlHna 1H bPb-4813-1H 31 - 2.8 - -0.09 - 9
No. of tiller/plant
QntlHnb 1H E41M38_206-1H 46.2 - 2.7 - 0.1 - 8
Gos glas )|
_ Qpht2Hs 2H bPb-1154-2H 147.2 2.9 - 2.72 - 9.8 -
Plant height
o; slass
Qnn7Hs H bPb-1209-7H 46.5 25 - -0.22 - 8 -
No. of node
gy o dlw olass
. QnslHna 1H bPb-4813-1H 31 - 2.84 - -0.09 - 9
No. of spikes/plant
Qns1Hnb 1H E41M38_206-1H 46.2 - 2.77 - 0.1 - 8
Al o als slass
. . Qng2H 2H bPb-8737-2H 110.8 5.04 4.02 -1.32 -0.92 15 12
No. of grains/spike
Qng5HN 5H bPb-9147-5H 168.7 - 357 - 0.89 - 10
QallHs 1H bPb-1541-1H 55.1 2.8 - -0.48 - 9 -
Awn length
ails s Slee
o Qgy2Hsa 2H bPb-5942-2H 142.8 2.79 - -50.3 - 9 -
Grain yield
Qgy2Hsh 2H HvCSG-2H 152.3 3.75 - -54.88 - 11 -
Qgy2Hsc 2H bPb-4092-2H 154.6 2.75 - -49.48 - 9 -
Qgy3Hn 3H bPb-2324-3H 52.1 - 2.87 - -49.2 - 9
ELBUZINIT
. . Qtgwl1H 1H WMC1ES8-1H 112.6 4.02 4.18 1.01 1.02 12 13
1000-grain weight
Qtgw3Hn 3H bPb-9207-3H 179.5 - 2.9 - 1.1 - 8

a5 QTL ;o lawgi a5 o558 il lg doyo = R2(/) sl ools (2ol381 1) cio Jlade Nure JTaS amo po lis Coutte oialjdl e slesiw s Jlx>! LOD

9050

LOD: The likelihood of odds; Positive value indicate that the” Nure” allele increases the trait value; R? (%)= Percentage of phenotypic variance

explained by the QTLs.
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Table 7- QTLs of the studied traits in double haploid lines of barley and their parents (NurexTremois) for the mean of two

conditions
s': ’0 e _ . . _ RZ
o OIS Sy QUL e (hal53h) ST 51 s
. QTL Linkage . LOD . . R’% Total R?
Traits Nearest marker QTL position Allelic effect (additive)
Group %
Gy gl )|
. Qpht2Hm 2H bPb-1154-2H 147.2 3.378 -2.66 11 11
Plant height
o Silea Jobo
Internode QillHm 1H E39M61_247-1H 73.2 2.8 -0.43 9 9
length
e)f slass
QnnéHmM 6H bPb-unk3-6H 57.8 3.2 0.29 9 9
No. of node
5o als slass
aw
Qng2Hma 2H E42M38_235-2H 109.6 4.9 -1.06 16 25
No. of
grains/spike
Qng2Hmb 2H E42M38_210-2H 118.3 2.7 -0.7 9
als e o3
1000-grain ~ QtgwlHm 1H WMC1E8-1H 112.6 412 0.98 12 21
weight
Qtgw3Hm 3H bPb-5864-3H 180.5 2.9 1.09 9
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LOD: The likelihood of odds; Positive value indicate that the” Nure” allele increases the trait value; R? (%)= Percentage of phenotypic variance

explained by the QTLs.
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2 3H 5 TH Glapsises S 55, o e LQTL (ol Jlo
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S9y 0a—5 @LLA—M'“ LQLQQTL chu‘)_..u 9& U,SL..A (5‘/“

oo oLl QTL (s Lyl o axals )3 9147-5H
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5V U5 sl lSe 13 o San g 2H po39eg,S (35, o0
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oS azals ,150/-% 5 ¥/-Y 1, LOD L bPb-8737-2H
heze Ll 34 QTL (ol g (el o onima s
ol Sglae
Sh—o (slp 92 S Coxex 59y 2 laddlls o
$9y 2 2QTL Jloy byl & o als v o ails slass
2 @LQTL ((Sis 25 Ll 3 )3 5 SH (slapgiges S
Jabbari ) was olwls 6H 5 5H 3H slapg;ges,S 5,
Jams cLQTL LS cgm —tmgyy o (et al., 2018
5 ClIPPEr 3% 31 Jol> sihls bls Cune 53 15,5 &
&l 5o 159 9 aliaw yo als olaw s 1, Sahara 3771
Slti @jglae )3 2H pg5909,5 53, S e QTL S
> &b (Barati et al., 2017) s_s oLl Vrsl
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Kue e) el 5,53 4 Joii 53 92 Glotune oioi
.al., 2009b
P Sy Jsb cio 6l QTL waly oSlr S s
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S wily Jsa 59 Cho (gl 5 E42M38_235-2H Sl
‘WMCI1E8-1H L5 & jglome 4o (QtgwlHmM) QTL
A5 QTL G jedly wog ¢ 315,55 658 sLQTL
QNGZHMA) 459y ;0 al s dloss 4 bgy o caalllas ol jo
AL Sglme 19 2H 555095 59, Ll 3 55 (eSilis o
V25l Gt a5 09 /2 Ll LOD L E42M38_235-2H

WMCLES- slo St 355 1 5 5 o il VA0
VY o it LQTL oyl ocxsls 1,3 bPb-5864-3H 4 1H
SLQTL woges azgi |y U5 (oigid Oyt Slao 0 45
Jbey Ll yd )3 QUGWIH) TH pg5905,5 (55, 0 (olulits
oS widg HSe o2 WMCLES-1H ,Silis & slome ;o (25
ol eols Sglizte dae Ll 50 QTL cnl jollss 51 ol
095 Srollr (o p uz slaslllae jo oS > o
s o)l S92 ez 50 dild a9 d o 0uisS S
5 OB gesl VoAV alsld )3 2H pgj509 S 59, » QTL
OB 550, 8lo YO/ A alols j0 4H pg3509,5 (59, QTL
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Abstract

Introduction: Salinity is one of the main obstacles to increasing crop yield. The most severe problems
in soil salinity occur in arid and semiarid regions. Barley (Hordeum vulgare L.) is widely planting in
the arid and semiarid regions. It is the fourth most important cereal crop worldwide, and it has a long
history as a model for genetic studies. It is the most salt tolerant cereal. Salt tolerance in crop plants
is a genetic and physiological complex trait and is controlled by several quantitative trait loci. Both
genetic diversity and the adaptation to a broad spectrum of micro-ecological conditions including
water availability, temperature, soil type and altitude have strongly influenced the development of
salt tolerance in barley.

Materials and Methods: In order to identify genomic regions controlling the agro-morphological
characteristics and markers linked to them under normal and salinity stress conditions, an experiment
with 136 double haploid lines of barley and their parents (Nure and Tremois) was conducted based
on alpha lattice design with two replications at the Agricultural Research Center of Zabol, during
2020-2021 crop year. Agronomic traits were including tiller number per plant, spike number per plant,
grain number per spike, awn length, internode length, node number, plant height, 1000-grain weight
and grain yield. The combined analysis of variance, correlation coefficients between the traits and
descriptive statistics calculated for normal and salt stress conditions. The data were analyses by the
SAS (ver. 9.2) statistical software. QTL analysis was conducted by composite interval mapping (CIM)
method using QTL Cartographer v2.5 for each of the normal and stress conditions and their averages
separately (with threshold value (LOD) 2.5, minimum distance 2 cM between QTL).

Result and Discussion: The combined analysis of variance indicated significant differences among
the genotypes for all studied traits. This indicates high levels of genetic diversity in this population.
Since the population is double haploid lines, therefore, the diversity observed in this population is
often caused by additive effects. Maximum correlations were observed between grain yield with tiller
number, as well as spike number per plant. The high correlation between the traits may be due to the
similar loci controlling QTLs or due to their linkage. According to the table of descriptive statistics,
the studied double haploids are representative of all the possible double haploids resulting from the
crossing of Tremois and Nure, and the studied traits are controlled by the additive effects of genes. In
total, 24 QTL loci were identified for the studied traits: 9 QTLs were obtained under normal
conditions, 8 QTLs were identified under stress conditions, and 7 QTLs were identified in the average
of the two conditions. These QTLs explained 8 to 16% of the phenotypic variance (R2). The LOD
value ranged of 2.5 - 5.04. The highest and lowest LOD values were related to QTLs of number of
seeds per spike on chromosome 2H and number of nodes under stress conditions. Regarding marker-
assisted selection, the stability of QTLs across different environments and genetic backgrounds is of
utmost importance. Out of the 24 identified QTLs, only the QTL associated with the thousand seed
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weight trait (Qtgw1H) demonstrated stability, making it suitable for marker selection. The markers
identified for this trait not only exhibit close linkage with the gene responsible for the thousand seed
weight trait but also possess high heritability and are easily detectable. The markers associated with
stable QTLs can be utilized in future studies.

Conclusion: Based on the findings of this research, significant statistical differences were observed
among all genotypes. Transgressive segregation, both high and low, was evident across all traits. Two
traits, namely the number of tillers per plant and the number of spikes per plant, exhibited QTLs at
the same location, indicating a linkage and correlation between these traits. Among the 7 major QTLs
identified in this study, the most prominent one was associated with the number of spikes per plant
(Qng2Hma) on chromosome 2H, linked with marker E42M38_235-2H, which accounted for 16% of
the phenotypic variance. Only one QTL (QtgwlH) for 1000-grain weight, linked with marker
WMCI1ES, was identified as a stable QTL. These genomic regions, once validated across various
genetic backgrounds and environments for salinity tolerance in barley, can be utilized in marker-
assisted breeding.
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