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Abstract

Salinity is one of the major abiotic stresses that severely limit barley production worldwide. In the current research, for
mapping the QTLs of agronomic and physiological traits, 149 double haploid (DH) lines from a cross between an
Australian cultivar, Clipper (salt susceptible), and an Algerian landrace, Sahara3771 (salt tolerant), were evaluated under
natural saline (YYazd Station, ECsy=10-12.8 ds/m and ECwater= 9-10 ds/m) and normal (Karaj Station, ECseit and ECuwater
~2-2.5 ds/m) environments. There were remarkable differences between parents and among the lines for studied traits,
including days to heading, relative water content, chlorophyll content, plant height, spike length, days to maturity,
biomass, grain yield, harvest index, grain number per spike, 1000 grain weight, Na* and K* contents and K*/Na* ratio.
QTL analysis was performed using the genetic linkage map consisted of 517 molecular markers distributed evenly on all
seven barley chromosomes spanning 1502 cM of barley genome based on composite interval mapping method. A total of
72 QTLs for the measured traits were determined, from which 40 QTLs were under normal and 32 QTLs were under
salinity stress conditions. The phenotypic variation explained by individual QTLs ranged from 2.7 to 61.8%. A major
QTL related to biomass, grain number per spike, grain yield, plant height and 1000 grain weight was identified on
chromosome 2H in the vicinity of Vrs1 marker locus. In addition, for plant height, biomass, grain number per spike and
1000 grain weight, some stable QTL(s) under both salinity and normal conditions were identified on that locus which
considered as salinity related QTLs. These QTLs can be useful in breeding programs for improving salt tolerance using
marker-assisted selection.

Keywords: Agronomic traits; Barley; QTLs; Salinity

Introduction

Salinity is a significant problem that affects
agriculture worldwide, resulting in substantial
losses in crop yield. More than 800 million hectares
of land throughout the world are salt affected (FAO
2008). Despite the improvement in the plant
productivity and resistance to a number of pests
and diseases, advancement in the salt tolerant crop
plants remains elusive, because of the fact that salt
tolerance, genetically and physiologically, is a

complex inherited trait and it is likely that several

QTLs but also several different mechanisms are
involved (Eleuch et al. 2008).

Many researchers believe that barley is the
most salinity tolerant among the cereals (Ceccarelli
et al. 1987; Munns and Tester, 2008). However, its
growth and production is greatly affected by salt
stress. Salinity often affects barley during the
vegetative growing stage and at flowering stage
(Nguyen et al. 2013). Identifying the genes or
guantitative trait loci whose expression enables

plants to tolerate salt stress is essential for breeding
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programs, but there is not enough information
about the location and inheritance of genes or
QTLs that are responsible for salt tolerance (Eleuch
et al. 2008). Salinity tolerance is regarded as a
complex character that is governed by quantitative
trait loci (QTLs). QTL analysis is a methodology
that combines DNA marker and traits phenotypic
data to locate and characterize genes that influence
guantitative traits and has been utilized for
dissection of different traits in barley (Kleinhof et
al. 1993; Mohammadi et al. 2005; Shahinnia et al.
2006; Hearnden et al. 2007; Nguyen et al. 2013).
Many QTLs have been reported for salinity
tolerance in barley (Jana et al. 1980; Shavrukov et
al. 2010; Rivandi et al. 2011; Zhou et al. 2012).
Mano and Takeda (1997) found QTLs for salt
tolerance at germination stage on chromosomes
1H, 4H, 5H and 6H and at seedling stage on
chromosomes 1H, 2H, 5H and 6H. Zhou et al
(2012) used 172 doubled-haploid lines from cross
between YYXT (salinity-tolerant genotype) and
Franklin  (salinity-sensitive  genotype) and
identified five QTLs for salinity tolerance on
chromosomes 1H, 2H, 5H, 6H and 7H. Shahraki et
al. (2013) evaluated 72 F1-derived doubled haploid
lines from the cross between StetoexMorex for
some phonological traits under normal and salinity
stress conditions and identified 53 QTLs
controlling different traits. Thomas et al. (1998)
identified QTLs for physiological traits associated
with salinity tolerance on chromosomes 1H, 4H,
5H and 6H. Nguyen et al. (2013) used the
SteptoexMorex barley doubled haploid population
to screen for genetic variation in response to
salinity stress at early development stage, focusing

on ion homeostasis. They identified 11

chromosomal regions involved in the control of the
variation observed for salt tolerance and various
salt-stress response traits, including Na*, CL" and
K* contents in shoots. They found two specific
regions on chromosomes 2H and 3H, related to ion
content and salt tolerance.

The aim of this program was to identify QTLs
in relation to several agronomic and physiological
characters and their effects and location under
normal and natural salt stress environments in a

barley DH population.

Materials and Methods

In this study a barley population consisted of 149
doubled haploid lines together with their parents
were evaluated by conducting an a-lattice design
with two replications in two growing seasons
(2012-2013 and 2013-2014) at two locations, Yazd
Agricultural Research Station (salinity stress
environment: EcCsi= 10-12.8ds/m, ECwaer= 9-
10ds/m) and research station of Cereal Department,
SPII, Karaj (normal environment: soil and water
EC: ~2-2.5 ds/m), Iran. To obtain the doubled
haploid lines a cross was made between
Sahara3771 (Algerian salt tolerant winter landrace)
and Clipper (Australian salt sensitive spring
cultivar) in the University of Adelaide, Australia.
During the growing season, following characters
were measured: grain yield (GY), spike length
(SL), plant height (PH), biomass (BY), grain
number per spike (GS), 1000 kernel weight
(TKW), harvest index (HI), days to heading
(DHA), days to maturity (DMA), relative water
content (RWC), chlorophyll content (SPAD), Na*

and K* contents and K*/Na* ratio. The following
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formula was used to determine the relative water
content:

fw_dw

RWC =
o= (o

)><100

where, f,,, d,, and t,, are leaf fresh, dry weight and
turgid weight, respectively (Fitter and Hay 1987).
Chlorophyll content was measured by a SPAD-502
chlorophyll-photometer on three fresh leaves, on
three points(first, middle, end) (Munns and James
2003). Due to large number of experimental units,
Na* and K* were only measured in one replication
in each year using a flame photometer. Separate
combined analyses of variance were used for each
environment. Linear correlation coefficients
between the characters under study were also
calculated separately.

The genetic linkage map of 1502.4cM was
constructed by517 markers (265 SSRs, 217 RFLPs,
18 retrotransposons, 10 ISSRs, 4 IRAPs and 3
morphological markers) with the average distance
of 2.9 cM between two markers. These markers
were distributed evenly on the barley
chromosomes. The description about the
development of SSR markers and construction of
genetic linkage can be seen inEbadi-Segherloo
(2013). The numbers of markers on each
chromosome were as: 57(1H), 90(2H), 71(3H),
80(4H), 73(5H), 69(6H) and 77(7H). The length of
chromosome linkage were 213(1H), 245(2H),
231(3H), 169(4H), 229(5H), 128(6H) and 287(7H)
cM. The composite interval mapping was used to
map QTLs byWinQTL cartographer 2.5 (Wang et
al. 2007) with LOD=>3, window size of 10 cM and
walk speed of 0.5 cM. Graphical linkage groups
were generated through the help of Map chart 2.2

(Voorrips 2002). Coefficient of determination was
calculated to measure the percentage of phenotypic
variance explained by each QTL.

Results and Discussion
Phenotypic variation and correlation
Investigation of o-lattice relative efficiency to
RCBD showed that RCBD design was more
efficient for the analysis of experiments.
Significant differences were observed among DH
lines at both normal and salt-stress environments
for the traits under study except HI and RWC in
both conditions and DMA in the salinity condition.
Year x Line interaction was significant for studied
traits except SPAD, PH and GS under normal
environment and for DHE, RWC, SPAD, DMA
and GY under salinity condition. The coefficient of
variation ranged from 0.9% (days to heading) to
17.6% (grain yield) under normal and 3.2%(days to
maturity) to 26.8%(grain vyield) under saline
environments, respectively. Salinity increased the
CV% of the traits except spike length (SL) and
biomass (Table 1). Means of parents and DH lines
with minimum and maximum of DHs lines for
investigated traits are presented in Table 2. The
differences of parents were remarkable for most of
the studied traits. Transgressive segregation in both
directions was observed for all the traits except
K*/Na® ratio. However, the transgressive
segregation for this trait was unidirectional (Table
2).

Table 3 represents linear correlations among
traits under study. Highest correlation was
obtained between GY and BY at both

environments (r=0.69""at normal condition and r=
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Table 1. Combined analysis of variance over years for barley DH population and their parents under normal
and salt stress conditions

sov  df  DHE RWC  SPAD PH sL DMA BY  GY HiI GS TKW
Normal
Year 1 20462°  5455%  10040°  21207.3" 401"  1085° 47227 gung 12932 per 16768"
(?(Ig;rk) 2 441 2601.7 51.8 51.7 0.2 1341 289 17 1619 582 8.6
Line PO F e 35 1176% 25 1257 1697  09*  35® 11559  1551"
veaxtine ' 30% 5457 239%  352% 04”77 70" 04 286"  9.3® 156
Error 300 22 39.3 19.7 28.2 0.2 46 5.0 03 128 24.9 7.2
C.V% 0.9 8.1 85 6.9 7.9 10 160 176 148 142 7.2
R? 89.9 65.0 62.7 839 885 708 847 600 854 95.8 926
Salt stress
Year 1 11020.0" 216629 68857  20251.2" 1263" 20393" (498 ggge 11822 igegan grgq-
(?(Ig;rk) 2 362 144 493" 154 08" 17657 260" 415" 863"  2497.7" 6.7
Line D a0 sear 3897 9007 147 328" 1267 0627 396" 44837 11317
YeaxLine 341" 753" 189" 499"  04” 266" 803" 04 345" 730" 11.3"
Error 300 28.3 728 204 390 0.1 27 27 038 174 56.7 6.9
C\V% 42 114 8.7 10.7 7.9 32 140 268 207 24.0 9.2
R? 724 65 58 81 89 58.3 9.0 69 705 84 90

", * and ** indicate non-significant and significant at 5 and 1% levels of probability, respectively
DHE: days to heading, RWC: relative water content, SPAD: chlorophyll content, PH: plant height, SL: spike length, DMA: days to
maturity, BY: biomass, GY: grain yield, HI: harvest index, GS: grain number per spike, TKW: 1000 kernel weight.

0.64™at salinity-stress environment). The sign and
magnitude of majority of correlation coefficients
were affected by the salinity stress. For example,
there was a positive and significant correlation
between days to heading and plant height under
0.337),

correlation was not significant (0.11") under

normal condition (r= whereas this
salinity condition (Table 3).

For assessing salt tolerance germplasm,
different methods and parameters have been used.
One of the methods involves the evaluation of
genetic materials under natural saline condition in
the field. This method effectively separate tolerant

and sensitive varieties/lines at all stages of growth.

Na* and K* contents, chlorophyll content and
biomass have been used for the evaluation of salt
tolerance (Shei et al. 2012; Nguyen et al. 2013). El-
Hendawy et al. (2009) used agronomic traits such
as leaf area, shoot dry weight and physiological
traits such as Na* and CI- exclusion, leaf water
relation and chlorophyll content for investigation
of salinity tolerance. In our study, Na* and K*
levels were enhanced at the salinity condition as
compared with the normal condition. However,
other traits were negatively affected by salt (Table
2). Based on Abid et al. (2001), Na" content
increased by the salinity stress, but there was

variation in the response of genotypes. Sahara3771
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Table 2. Phenotypic values of agronomic and physiological traits in the barley DH population and their parents

under salinity stress and normal conditions

DH population

Trait Environment Sahara3771 Clipper
Mean Min. Max.
DHE Normal 157 154 156.3 151.9 162.5
Stress 134.2 124.2 125.7 118.9 134.9
RWC Normal 81.9 72.9 77.2 67.9 88.1
Stress 73.6 76.1 74.7 61 87.3
SPAD Normal 51.7 48.6 52.0 45.4 58.7
Stress 51.0 51.6 51.5 43 58.9
PH (cm) Normal 76.1 713 76.5 63.7 92.6
Stress 57.7 54.5 58.1 46 72.8
SL(cm) Normal 6.5 5.6 5.8 4.1 7.5
Stress 5.1 4.6 5 3.7 7.1
DMA Normal 205.0 204.0 206.5 202.7 212.0
Stress 160.0 1544 157.9 148.7 169.0
GY(t/h) Normal 2.8 4.2 3.2 2.0 4.9
Stress 2.141 1.850 2.3 1.4 3.3
BY Normal 10.6 15.1 14.0 8.8 19.7
(t/h) Stress 9.466 11.728 11.8 7.2 11.8
HI Normal 315 28.8 24.0 18.3 33.8
Stress 23.87 15.91 20.1 14.8 35.3
GS Normal 57.6 23.2 35.0 15.2 65.8
Stress 43.7 18.1 31.3 14.8 53.3
TKW(9g) Normal 42.7 30.0 36.8 24.6 48.7
Stress 31.8 245 28.7 18.3 40.8
Na* (mg g™ Normal 0.6 0.6 3.1 0.2 14.3
Stress 16.2 15.9 12.1 1.2 23.2
K* (mgg?) Normal 16.7 18.4 23.1 9.6 44.2
Stress 33.9 29.2 25.3 9.8 38.6
K*/ Na* Normal 75.4 28.1 15 0.5 2.7
Stress 2 1.8 2.3 0.9 8

DHE: days to heading, RWC: relative water content, SPAD: chlorophyll content, PH: plant height, SL: spike length,
DMA: days to maturity, BY: biomass, GN: grain yield, HI: harvest index, GS: grain number per plant, TKW: thousands
kernel weight, Na*: Na content, K*: K content. Min: minimum, Max: maximum.
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was more tolerant to salinity based on the percent
reduction in DHE, DMA, GY, BY and HI.

QTL Analysis

The results of QLT mapping are presented in Table
4. Results showed that a total of 72QTLs on seven
linkage groups representing seven barley
chromosomes were mapped for measured traits
under two environments, being 40 and 32 QTLs
under the normal and salinity stress conditions,
respectively. The percentage of total phenotypic
variation explained by individual QTLs ranged
from 2.7-61.8%. Of the 72 QTLs, 29 QTLs
explained more than 10% of the phenotypic
variation (Table 4). Figure 1 represents the position
of QTLs in the linkage map. We mapped four and
one QTLs on chromosomes 2H, 4H, 5H and 7H for
days to heading under normal and salinity
environments, respectively. Each QTL accounted
for 6.6-19.8% of the total DHE phenotypic
variation. Three QTLs received alleles from
Sahara3771 and two QTLs from Clipper (Table 4).
Peighambari et al. (2005) reported a QTL on
chromosome 2H at the position of 80 cM, which
was close to gDHEZ2n that identified in this study
at the position 83.1 cM on chromosome 2H. For
relative water content, two QTLs in the normal
condition on chromosomes 1H and 5H, and only
one QTL on chromosome 5H in the salinity
condition were detected. For all loci, DH lines
having alleles from Sahara3771showed decreased
RWC compared with DH lines receiving alleles
from Clipper (Table 4). For chlorophyll content,
two QTLs were mapped under both condition on
chromosomes 5H, 6H and 7H, accounting for 11.1,
13.9, 10.7 and 11.2% of the phenotypic variation,
respectively (Table 4). One QTL for RWC
(QRWC5N) in the vicinity of 5LTR2/Nikita-150

marker, was co-located with the QTL for spike
length (Figure 1). For plant height, six QTLs on
chromosomes 2H, 4H, 5H and 7H in the normal
condition and three QTLs on chromosomes 2H, 4H
and 5H in the saline environment were identified.
These QTLs explained 5.3-26.0% of PH
phenotypic variation under the normal condition
and 7.1-18.3% in the stress condition (Table 4).
Two QTLs on chromosome 4H (gPH4.1n, qPH4s)
in the vicinity ofawbma30 marker, and another
QTL (gPH2.1n, gPH2s) near Vrsl marker were
simultaneously detected under both conditions and
are considered as stable (QTLs) which are not
influenced by environment and are useful in
marker-assisted selection (MAS). Thirteen QTLs
were detected for spike length under two
environments. There were eight QTLs on
chromosomes 1H, 2H, 3H, 4H, 5H and 7H in the
normal condition accounting for 4.3 to 24.1% of
the total SL phenotypic variation. Under salt stress
condition, five QTLs were detected on
chromosomes 2H, 3H, 6H and 7H accounting for
5.7-21.9% of the total SL variation. Two QTLs on
chromosome 7H (qSL7.2n, gSL7.2s) in the vicinity
of Bmag0110 marker were located in the similar
region under salinity and normal conditions (Table
4). Ren at al. (2013) reported QTLs for spike
length on chromosomes 1H, 2H, 3H, 4H, 5H, 6H
and 7H. Four and three QTLs on chromosomes 1H,
2H, 5H, 6H and 7H were detected for days to
maturity in the normal and salinity conditions,
respectively. QTLs under the normal condition,
accounted for 6.4 to 8.8% of the total DMA
phenotypic variation, but accounted for 7.3 to
13.5% of the total variation in the salinity
condition. In six out of seven identified QTLs, the
alleles from Clipper increased days to maturity
(Table 4). No similar QTLs were detected for
DMA and DHE. Three and four QTLs were
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mapped for biomass on chromosomes 2H and 5H
under the normal and stress environments,
respectively (Table 4).The gBY2.1n and qBY2.1s
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Figure 1. Chromosomal location of the QTLs identified for studied traits in barley
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Table 4. QTLs for the traits identified in the barley DH population derived from a cross between Clipper x
Sahara3771.

Trait Environment QTL Chr Nearest marker Position LOD A:f::;\t/e Var (%)
DHE N gDHE2n 2H mwg892 83.1 35 0.5 6.7
gDHE4n 4H EBmag07 123.1 3.4 -0.5 6.6
gDHES5N 5H wg530 187.1 104 -0.9 19.8
gDHET7n 7H EBmac0603 725 6.8 0.7 14.6
S qDHES5s 5H Bmac0306 204.3 45 -1.0 9.9
RWC N gRWC1n 1H abc257 76.7 3.1 -1.0 7.6
gRWC5n 5H 5LTR2/Nikita-150 174.3 3.0 -1.0 8.7
S gRWC5s 5H Bmac0303 209.7 3.9 -1.22 9.6
SPAD N qSPAD5N 5H EBmac0854 150.0 4.9 -1.0 111
qSPAD6N 6H Bmac0218(b) 56.9 3.7 1.1 13.9
S qSPADG6s 6H EBmac0708(a) 42.8 4.3 -0.9 10.7
qSPAD7s 7H ISSR2/Nikita-575 1105 4.0 1 11.2
PH N gPH2.1n 2H Vrsl 95.6 12.4 2.8 26.0
gPH2.2n 2H Bmac0134 215.9 3.1 -1.2 5.3
gPH4.1n 4H awbma30 37.6 4.1 15 7.3
gPH4.2n 4H bcd808c 50.0 3 13 55
gPH5n 5H GBM1399 169.5 3.4 -1.4 6.4
gPH7n 7H 5LTR1/Sukkula-150 79.4 4.2 17 10.3
S gPH2s 2H Vrsl 96.1 7.4 2.0 18.3
qPH4s 4H awbma30 37.6 3.0 1.29 7.1
gPH5s 5H Bmag0751 166.3 3.1 -1.32 7.4
SL N gSL1n 1H Bmag0345 144.0 8.7 0.2 13.1
gSL2n 2H Bmag03 1111 4.0 0.1 55
gSL3n 3H Bmac0209 84.2 14.7 0.4 24.1
gsSL4.1n 4H HVMO03 60.7 3.1 0.1 4.3
qsSL4.2n 4H GBM1220 127.9 5.4 -0.2 7.7
gSL5n 5H 5LTR2/Nikita-150 173.8 4.0 -0.2 7.5
gsSL7.1n 7H abc152d 103.1 5.2 0.2 8.3
gsL7.2n 7H Bmag0110 1175 4.3 0.2 6.5
S qSL2s 2H Bmag0125 88.4 6.5 0.14 5.7
qSL3s 3H Bmag0138 85.0 8.2 0.29 21.9
qSL6s 6H Amyl 39.0 3.4 -0.16 7.2
gSL7.1s 7H Bmag0110 1175 5.2 0.19 9.9
qSL7.2s 7H Bmag0516 105.5 45 0.22 13.9
DMA N gDMAL.1n 1H Bmag0350(a) 142.2 3.1 0.45 6.4
gDMAS.1n 5H GMS027 57.2 3.1 0.47 7.2
gDMAb5.2n 5H GBM1399 166.5 4.2 -0.5 8.7
gDMAGN 6H psri67 76.4 35 0.54 8.8
S gDMAZ2s 2H bcd339 8.6 3.2 0.805 7.3
gDMAT7.1s 7H awbma8 88.5 3.9 1.08 105

gDMAT7.2s H abcl52d 101.1 5.6 1.13 135
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Table 4 continued
. . . Additive
Trait Environment QTL Chr Nearest marker Position LOD effect Var (%)
BY N gBY2.1n 2H mwg892 84.6 5.5 0.7 12.6
gBY2.2n 2H Vrsl 96.6 5.3 0.7 13.0
gBY5n 5H awwm1-5 22.1 3.0 -0.5 6.5
S gBY2.1s 2H mwg892 86.1 5.8 0.71 155
gBY2.2s 2H Vrsl 96.6 6.9 0.8 21.2
gBY5.1s 5H EBmac0518 196.6 13.2 -0.5 6.8
gBY5.2s 5H Bmac0306 207.3 141 -0.57 8
GY N qGY5n 5H awwmi-5 221.3 35 -0.1 7.8
S qGY1l.1ls 1H abcl152e 138.4 3.2 0.11 7.7
qGY2.1s 2H ksuF2 86.5 3.9 0.12 9.1
qGY2.2s 2H Vrsl 97.6 6.5 0.16 16.7
qGY5s 5H bcd808b 69.1 35 -0.15 7.7
HI N gHI1.1n 1H abc261 67.2 5.6 1.1 15.6
gHI1.2n 1H abc257 79.7 7.6 1.2 18.8
gHI4.1n 4H ABCT 93.0 4.1 -1.2 9.1
qHI4.2n 4H cdo669c 114.3 5.8 14 13.1
S gHI5s 5H GMS027 56.7 3.9 -0.93 8.5
GS N qGS2n 2H Vrsl 96.6 53.7 -16.2 46.1
S qGS2s 2H Vrsl 96.1 6.9 -8.55 60.2
TKW N gTKW2.1n 2H ISSR2/Sukkula-540 49.7 5.2 14 4.7
gTKW2.2n 2H Vrsl 96.1 435 5.0 61.8
gTKWS5n 5H Bmag0357 174.5 5.2 -1.4 4.1
S qTKW2.1s 2H ISSR2/Sukkula-540 48.3 3.9 1.08 3.6
qTKW2.2s 2H Vrsl 96.1 41.3 4.34 60.1
qTKW4.1s 4H GERMIN 26.9 4.1 1.03 3.6
qTKW4.2s 4H ISSR8-800 37.6 6.2 1.29 5.5
qTKW5s 5H Bmag0357 1745 3.3 -0.89 2.7
Na* N g Na*én 6H scssr5599 15.9 3.4 -0.8 9.6
(mgg™)
K* g K*2n 2H Bmag0125 88.4 4.0 -1.6 16.7
(mgg™) s q K*4s 4H Bmag0740 58 4.8 2.26 121
q K*6s 6H mwg820 49.9 3.6 -1.65 9.1

Var: Variance, DHE: days to heading, RWC: relative water content, SPAD: chlorophyll content, PH: plant height, SL:
spike length, DMA: days to maturity, BY: biomass, GY: grain yield, HI: harvest index, GS: grain number per plant,
TKW: 1000 kernel weight, Na*: Na content, K*: K content.

about 0.74 and 0.71, under the normal and salinity
Another QTL
simultaneously detected under
(gBY2.2n) and stress (gBY2.2s) conditions, was

conditions, respectively.

both normal

located on chromosome 2H in the vicinity of Vrsl
marker. Only one QTL for grain yield under
normal condition was detected on chromosome 5H
accounting for 7.8% of total GY phenotypic
variation. Under salinity condition four QTLs on
chromosomes 1H, 2H and 5Hwere identified.
Under salinity condition, the identified QTLs
explained 49.4% of the total GY phenotypic

variation. Some QTL(s) were common for grain

yield and other traits. For example, the QTL on
chromosome 5H in the vicinity of awwml-5
marker was common for biomass and grain yield
(gBY5n, gGY5n). Another example was a QTL on
chromosome 2H in the vicinity of vrsl marker
(gGY2.2s) that was co-located with QTLs of BY
(gBY2.2n, gBY2.2s), GS (gGS2n, qGS2s), PH
(gPH2.1n, gPH2s) and TKW (qTKW2.2n,
gTKW2s). Positive and significant correlations of
grain yield and SL, BY, HI and TKW (both
environments), SPAD (normal condition) PH and
K*/Na*

observed. Pleiotropic effect of major genes and

ratio (salinity condition) were also
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close linkage of genes are main factors in the
appearance of correlation between agronomic traits
(Paterson et al. 1991). According to Marquez-
Cedillo et al. (2001) the correlation between
guantitative traits might be due to the linkage
between their QTLs. For harvest index, five QTLs
were detected under the normal and salinity stress
conditions, four being located on chromosomes 1H
and 4H under normal condition and on 5H
chromosome in the salinity condition (Table 4).
One QTL in the normal and one QTL in the saline
environment on 2H were identified for grain
number per spike. Both of them were major QTLs
accounting for 46.1 and 60.2% of total GS
variation under the normal and stress conditions,
respectively. These QTLs located in the same
region near Vrsl marker. Negative additive effect
indicates that in this locus, allele from Sahara3771
tended to decrease grain number per plant by 16.28
and 8.55 in the normal and salt stress conditions,
respectively. Li et al. (2005) reported QTLs for
grain number in a spike on chromosome 2H.Three
genomic regions in chromosome 2H and 5H
associated with 1000 kernel weight in the normal
condition and five on chromosomes 2H, 4H and 5H
in the saline environment were detected. These
QTLs accounted 4.1 to 61.8% and 2.7 to 60.1% of
total TKW phenotypic variation in the normal and
salinity environment, respectively (Table 4). Two
QTLs (qTKW2.2n, gTKW2.2s) were
simultaneously detected on chromosome 2H in the
vicinity ofVrsl marker, accounting for 61.8 and
60.1% of the total TKW phenotypic variation in the
normal and stress environments, respectively. For
Na*, only one QTL was detected under the normal

environment, located on chromosome 6H and

accounted for 9.6% of the total Na* phenotypic
variation. The allele of this QTL came from
sahara3771 and decreased the Na* content. For
Na*, no QTL was identified under salinity
condition (Table 4). Three genomic regions related
to K* content, were detected. Of them, one QTL on
chromosome 2H was detected under the control
condition, whereas two other QTLs were found
under salinity stress environment on chromosomes
4H and 6H (Table 4). Each QTL accounted for 9.1
to 16.7% of the total K* phenotypic variation. No
QTL was detected for K*/Na* ratio in this study.
Based on Forster et al. (2000), chromosome 4H in
barley harbours several loci governing salt and
drought tolerance. We mapped a QTL on
chromosome 4H, in the vicinity of Bmag0740
marker for K* content. This QTL received its allele
from Clipper parent which increases K* content
and may be utilized to increase salt tolerance in
breeding programs. Nguyen et al. (2013) assessed
salt tolerance of a DH population based on K* and
Na* ions accumulation and biomass in a
hydroponic system for three weeks. They reported
two regions on chromosomes 2H and 3H that
controlled ion content and salt tolerance,
explaining 12% and 14.7% of variation for shoot
Na+/K+ ratio, respectively.

Many QTLs for salt tolerance in barley have
been reported in the literature (Taghipour and
Salehi 2008; Xue et al. 2009; Shavrukov et al.
2010; Aminfar et al. 2011; Zhou et al.2012). Most
studies for detecting QTLs involved in salt
tolerance were carried out in controlled
environments. However, under field condition the
research results are scarce. Our experiment was

conducted under natural salinity condition.
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Out of 72 QTLs 6, 20, 2, 11, 18, 6 and 9 were
located on chromosomes 1 to 7, respectively.
However, some QTLs were similar under both
environments (stable QTLs). Stable QTL(s) were
not greatly influenced by the environmental
conditions, including the QTL(s) for plant height
on chromosome 4H in the vicinity ofawbma30 and
Vrs1 markers, biomass on chromosome 2H in the
vicinity of mwg892 and Vrsl markers, grain
number per spike on chromosome 2H in the
vicinity of Vrs1 marker and 1000 kernel weight on
chromosome 2H in the vicinity of Vrs1 marker.

On the chromosome 2H, in the vicinity of
Vrsl marker a major QTL was identified,
controlling BY, GY, PH, GS and TKW. This
region contained qBY2.2n, gqBY2.2s, gPH2s,
gPH2.1n, gGS2n, qGS2s, qTKW2.2n, qTKW2.2s
andqGY2.2s (Figure 1). Moreover, these QTLs,
except qGY2.2s, were found under both the salinity
and normal conditions, and alleles came from both
parents (Table 4). Thus, this region of chromosome
2H in barley can be regarded as a useful target in
the improvement of salt tolerance. It is possible for
the existence of a QTL cluster for salt tolerance in
this chromosomal region (Figure 1). Kicherer et al.
(2000) reported that exclusive gathering of QTLs
in a region of chromosome 2H, controlling heading
date, plant height and grain weight is due to multi-
locus gene clusters in the barley genome.
Vrslaffects many characters related to grain yield
and quality (Turuspekov et al. 2008). This locus
which is located on chromosome 2H, governs row
type in barley (Robertson et al. 1965). Marquez-
Cedillo et al. (2001) reported the relationship of
Vrsl locus with some QTLs. Some important
QTLs related to 1000 kernel weight and number of

grains per plant, have been reported on
chromosome 2H between the Vrs1 and MWG503
markers (Shahinnia et al. 2014). Based on Lin etal.
(1995), the existence of linked genes on
chromosome 2H close to Vrsl marker is more
possible than the pleiotropic effect of a major gene.

The QTL(s) common for some traits were
also detected; for example a QTL on chromosome
2H in the vicinity of 5LTR2/Nikita-150 marker for
SL and RWC, or a QTL on the chromosome 2H in
the vicinity of Vrsl marker for biomass, plant
height, grain number per spike, 1000 kernel weight
(both environments) and grain yield (salinity
environment).

Our results showed the usefulness of several
markers for monitoring the agronomic characters,
especially grain yield, in barley breeding programs
conducted under salinity stress. Two methods have
been proposed for utilizing QTLs in marker-
assisted selection (Dudly 1993; Zhou et al. 1999):
1) Pyramiding alleles of useful QTLs in a single
line and 2) Transferring these QTLs to specific
genotypes by the backcross method. However, for
validation of the results obtained in this program,

the DH lines should be evaluated in several years.
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