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Abstract

Salinity is one of the main osmotic stresses that limit
plants growth and development through changes in
osmotic and ionic balances. In order to mapping of
genomic regions of controlling quantitative trait locus
(QTLs), related to salinity tolerance in grain barley and
assessment of associated indices, an experiment was
conducted during 2015 using 72 double haploid lines of
barley along with their parents (Stepto and Morex) in
randomized complete block design (RCBD) with two
replications, at three conditions including normal and
two salinity levels of NaCl (100 and 200 mM NaCl).
Investigated traits in this study were coefficient of
velocity of germination, final germination percentage,
mean germination time, germination rate index and
average germination speed. QTL analysis using
composite interval mapping (CIM) was performed
based on mean of three environments. Overall, for
different traits 47 QTL with LOD>2.5 was identified
and 7 additive-by-additive significant epistatic effects
were observed. Total phenotypic variance explained by
the QTLs varied from 29.97 to 77.15 percent, which the
lowest related to germination rate index under stress
conditions of 200 mM and the highest related to
coefficient of velocity of germination in normal
conditions. The highest LOD (8.27) was obtained for
coefficient of velocity of germination on chromosome
of 4Hb under 100 mM stress conditions. Stable QTLs
in three environments as well as linked markers could
be used in the marker assisted selection (MAS) to
improve germination characteristics under salinity
conditions at different trials replicated over years.
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Parameter ooyl CVG FGP MSG RGI MDG
Morex (P1) oS 90 Vg 0.38 70 2.73 29.19 10
Steptoe (P2) il Alg 0.38 64 2.62 26.92 9.14

(P1-P2) onlly CBMS 0™ 6™ 0.11m™ 2.27%* 0.86 **
Xp=(P1+P2)/2 cplly (S5l 0.38 67 2.68 28.06 9.57
B.DH oY e 0.43 95.67 3.44 39.30 13.67
W.DH oY ol 031 51.33 2.35 18.06 7.33
DHX bepY ke 0.37 69.84 2.84 28.12 9.98
R Ol i ol 0.12 4434 1.09 21.24 6.34
X.DH-XP oy 5l aepY Sk M 0.02* 2.84™  0.16™  -0.07™  -0.41%*
GGp=B.DH-Bp Cute joloxie S5 0.04%* 25.67%* 0.71™ 10.11%* 3.67%*
GGn=W.DH-Wp e jalomie S8 -0.08%*  -12.67*  -027™  -8.86** -1.81™
GCV(%) 5 T gy 10.55 25.01 31.05 25.01 10.64
PCV(%) S £ 11.23 26.31 32.32 26.30 11.21
hye oyl 5yl iy 0.44 0.45 0.46 0.45 0.45
GC5% APEES IS 0.04 17.23 0.29 8.73 2.46
LSD5% T s gme 33! 3las 0.02 9.44 4.18 1.34 0.16
LSD1% ARSI U N 0.03 13.46 5.97 1.92 0.23

(Solel 70 gV ans )3 )l gime S iy s g % (5 )I5 iz pic mS

P1: parent 1, P2: parent 2, (P1- P2): Difference between parents, XP: Mean parents, B.DH: Best double haploids, W.D.H: Worst of
double haploids, X.D.H: Mean of double haploids, V.R: Range of variation, S.D: Standard deviation, X.DH-XP:

Mean of double haploids minus mean of parents, TS: Transgrisive segregations'. GCV(%): Genetic coefficient of variations, PCV (%):
Phenotypic coffenetic of variations,hx,: narrow sense heritability. (GC5% genetic gain respectively. LSD: least significant difference.

5l Sy QTL apS wboe 5H 4 3H
LOD=0/fA | Jby Ly,s ,» QGRI3H

Cadly JS Glyuss as g )0 1) pw (o pldin

Jolse 51 (Sl Gialey lie (asli
balys )3 ¢ Siailer cutsS g CueS oy jd Lol
dH (slapgiges)S 59y » QTL aw buwg Jboy
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Alg 95 (BNl Jols g caclian adsbla (sla pY Cuzos ;3 addllas 3)50 Slaw (4l s ololis QTL LY Joix

S5 9 oy bl ks bl s (STEPTOE x MOREX)

Salinity . Chr. . Position .. ,, Total L
Level Trait QTL name name Markers interval (cM)* LOD Additive** R°b R? Epistatic Efeect A*A
2H*4Ha, AA=0.21, LOD=2.
0 CVG QCVG2H 2H CDOS588-Adhlintc 822 3.14 -0.033 13.45 & sz(i]O’Z 0 08,
QVCG4Ha 4Ha BCD453B-ABG472 92.7 3.55 -0.22  15.19
QCVG4Hb 4Hb  ABG319A-iAco2 105 5.58  -0.39 24.53
cMWG652B-
QCVG4Hc 4Hc ABGO54 124 331 -0.26  13.87 77.15
SG QSG2H 2H Rm5s1-KSUF15 96.90 3.37 0.24 14.29
QSG3H 3H ABG319B-ABC172 1982 548 -0.34 22.75
QSG4H 4H ABG319A--iAco2 107 3.82 033 16.98 54.02
MDF QMDF2H 2H KSUFI15-MWG503 100.8 4.09 0.97 16.75 2H*7H, AA=-0.75, LOD=1.54, R*=7.2
QMDF5H S5H CDO057B-KSUAIB 922 5.38 1.53 21.85
QMDF7H 7H ABC310B-RiSP103 120.8 5.52 -2.29 2212 67.92
GRI QGRIIH 1H cab2-Aga7 1409 4.66 -0.74 16.48
QGRI3H 3H ABG315-ABG453 1074 5.48 -0.79  19.83
QGRISH S5H ABC302-CDO57B 842 3.62 -0.62 12.52 48.83
MWG920-1A-
FGP QFGP5H 5H BG316B 74 516 098 21.27
QFGP7TH 7H  ABC305-ABG461 132 3.73 1.73 15.01 36.28
100 CVG QCVG2H 2H ABGO008-Rbcs 24 481 0.35 17.8 2H*4Hb,AA=.11,LOD=1.12,R?>=4.11
QVCG4Ha 4Ha  Dhnb-ABGO003 527 354 024 1112
QCVG4Hb 4Hb ABG319A-ABG472 93.7 827 -049 32.11 65.14
SG QSG2Ha 2H ABGO008- Rbcs 21.5 554 -042 2234
QSG2Hb 2H CDO64-ABG459 44 477 0.27 18.17
MWG680-
QSG3H 3H ABGTO3A 80.5 4.21 0.24 17.53
QSG4H 4H ABG319A-ABG472 955 4.11 0.24 17.45 75.58
MDF QMDF2H 2H CDOS588-Adhlntc 822 3.63 -0.69 13.81
QMDF5H 5H WG644-ABG712 1458 3.14 0.72 12.19 2H*5H,AA=1.19,LOD=2.31,R*=14.3
QMDF7H 7H ABC310B-RiSP103 1242 4.35 -2.25  20.71 61.01
GRI QGRIIH 1H Cab2-Aga7 142.5 3.17 0.58 11.87
QGRI3H 3H ABG377-MWGS555B 102.25 4.73 -0.45  17.89 IH*3H,AA=0.36,LOD=1.16, R>=6.81
QGRISH 5H  WG541-WG530 745 3.65 -0.68 14.84 51.41
FGP QFGP3H 3H MWG902-ABG654 173 3.64 =75 14.31
MWG920-1A-
QFGP5H SH ABG316B 155 3.12 0.71 11.13
QFGP6H 6H NArl-ABG376 8.6 339 0.3l 14.13
QFGP7TH 7H ABG461-ABG562 1422 7.81 1.95 23.65 63.22
200 CVG QCVG2H 2H BCD351F- ABG318 29.6 5.62 0.54 20.77 4Hb*7H, AA=0.17 LOD=1.18 R’=4.2
QVCG4Ha 4H Dhnb-ABG003 51.5 323 032 1255
QCVG4Hb 4H BCD453B-ABG472 934 6.12 -0.48 2497
QCVG7H 7H ABCI156D-ABG701 61.5 3.53 033  14.58 77.07
SG QSG2H 2H ABGO008- Rbcs 225 596 -0.54 23.61 2H*4H,AA=-0.21 LOD=1.43,R’=6.3
QSG3H 3H PSRI56-ABC176 913 3.18 0.13 1221
QSG4H 4H ABG319A-ABG472 955 5091 039  21.39 63.51
PSR156 —
MDF QMDF3H 3H 82.6 3.88 -1.37  16.12
MWG571B
QMDF5H 5H ABC302-CDOS578 87.5 5.71 1.81 19.82
QMDF7H 7H ABC310B-RiSP103 122.5 3.54 -1.43 14.78 50.72
GRI QGRIIH 1H Cab2-Aga7 141.1 276  -0.54 12.81
QGRI3BH 3H MWGS555B-ABG315 1014 4.57 1.67 17.16 29.97
FGP QFGPIH 1H  ABA004-CDO99 225 493  -122 209
QFGP2H 2H ABGOO8 -RbcS 215 372 -0.31 11.96
MWG920-1A-
QFGP5H 5H ABG316B 145 436 054 16.87 49.73

* Canti Mrgan

**Additive effect of QTLs
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SYIDY 2H XAH (gl S 5 o0 ololSo
oasld S g |) IS wisd g8 Jl Lo
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2 295 Lipgk > (2004) l,Ken 9 Dadshani
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(TH p35909)5 595 2 S 9 SH pyjeg)S 59y
@ boye slogasld obj)l b o ) Ly )
Olie cpl (pimen Cull (Siaven (5)9d
by SLQTL &l Jlnl b o5 25,5 (3155
pofile 42l 6oy p )b 4 Cueglie 4
cdale ll L asl ausl seg SH pgjgeqS
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2H (slapgjsessS 59y » 1) QTL aw (Sialy
5 QTL aw oyl 4 33,8 boiSe TH 4 SH
o BOTL ol x otulsl lie 1 2L
ol ool ylde ZHXTH (slapgsges S
Sly Qe o) bS8 aag | gt
or BQTL ok il e
» G5 ol @l b ZHXTH (clpgigesys
sasls GLQTL cuil Jlgien Jlog Lulys
& » QGRIBH,QGRITH) _jule o5
s Cab2 sl Slis Cjglre 0 laswe aw
bl > QTL g5 oyl 50 b oKe ABG315
OlFie 9 5 o b (S35 bl (Jaoes cilisee
NI 8l G5l CuhS g CuaS 3y o
(V) ohSer 5 Khalili ) s
2k dieg g 5h (Bl od Ol SLQTL
We/A g W CadBge > TH pgjges)S )

» (2013) Zaare and Jafary Ll cuen )
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55,8 5,155 ABCIS4A
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