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Table 1- Chemical and physical properties of the studied soil

Sand (%) Silt (%) Clay(%) K (ppm) P (ppm) N (%) TNV (%) Organic matter (%) (ds/m)
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Table 2- Polymorphic ISSR markers used for constructing a linkage map of an F3 barley population derived
from the Badiya x Kavir.

marker m Sequence Polymorphic
ISSR131 50-55 GAGAGAGAGAGAGAGAA 6
ISSR16 50-554 CTCTCTCTCTCTCTCTG 8
ISSR20 54-59 CTCTCTCTCTCTCTCT 4
ISSR22 50-55 CTCTCTCTCTCTCTCTT 7
ISSR29 54-59 TCTCTCTCTCTCTCTCA 7
ISSR30 59-64 GAGGAGAGAGAGAGAG 7
ISSR31 50-55 GAGAGAGAGAGAGAGA 5
ISSR38 52-57 GGAAGGAAGGAAGGAAGGAAT 7
ISSR47 55-60 CTCCTCCTCCTCCTCCTCG 8
ISSR48 50-55 ACACACACACACACACACACTA 6
A
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Table 3- Polymorphic SSR markers used for constructing a linkage map of an F3 barley population derived

from the Badiya x Kavir.

marker Cho:;])(renoso Sequence PoI)h/?gorp
HVM20 1 CTCCACGAATCTCTGCACAA/CACCGCCTCCTCTTTCAC poly
HVM36 2 TCCAGCCGAACAATTTCTTG/AGTACTCCCACACCACGTCC poly
HVM27 3 GGTCGGTTCCCGGTAGTG/TCCTGATCCAGAGCCACC poly
HVM67 4 GTCGGGCTCCATTGCTCT/CCGGTACCCAGTGACGAC poly
HVM30 5 AGTGGGGAATGAGAGAATGG/TGCTTGTGGGGCATCACAC poly
HVM65 6 AGACATCCAAAAAATGAACCA/TGGTAACTTGTCCCCCAAAG poly
HVMA ; AGAGCAACTACCAGTCCAATGGCA/GTCGAAGGAGAAGCGGC o
CCTGGTA poly
CTCTATAGGCACGAAAAATTCC/TTGCACATATCTCTCTGTCA
HVMA49 7 A poly
HVM33 3 ATATTAAAAAAGGTGGAAAGCC/CACGCCCTCTCCCTAGAT mono
HVBKA ) ATTGGCGTGACCGATATTTATGTTCAICAAAACTGCAGCTAAG
SI CAGGGGAACA
HVM68 4 AGGACCGGATGTTCATAACG/CAAATCTTCCAGCGAGGCT mono
H\,(I?H 5 TTAGGGCTATGGTTCAGATGTT/ACGTTGTTCTTCGCTGCTG mono
AACGACGTCGCCACACAC/AGGAACGAAGGGAGTATTAAGCA
HVMS5 7 G mono
HVM60 3 CAATGATGCGGTGAACTTTG/CCTCGGATCTATGGGTCCTT mono
HVM70 1 CCGCCGATGACCTTCTC/ACCCACACGACCTATGGCAC mono
HVM74 6 AGGAAGTCATTGCGTGAG/TGATCAAGAATGATAACATGG mono
HVLEL 5 TTGGAAGTGTACAGCAATGGAGG/TGAAAGGCCCCACAAGATA ono
HVMSL . TCTAAATTACCTTCCCAGCCA/:AAGCAGACATGTAGGAGGTC ono
HVM43 1 GGATTTTCTCAAGAACACTT/GCGTGAGTGCATAACATT mono
HVM31 6 CGGTTTCTGGTTGCTTGG/CGAAGGTCTCAGGCTTCATG mono
HVMO 3 CTTCGACACCATCTCCCAG/ACCAAAATCGCATCGAACAT mono
HVDH CATGGACAAGATCAAGGAGAAG/CCCATTATTTATCTGTAGGA
N9 5 ACGC mono
CATGAATGAATGATTGGTTTTG/CGCATCCGTATGTATGAGTA
HVM6 5 by mono
HVM13 6 AGTAGCTATGTGTTTGGATCGC/CATCAAGGGCATCCTCATG mono
ATGTAGCGGAAAAAATACCATCAT/CCTAGCTAGTTCGTGAGC
HVM7 7 TACCTC mono
HVM63 1 CGCGCAAGCATGAATACTC/ACTCACAAGTGGCGCGTAC mono
HVM64 1 GATGTGAAGGCTGCCCTG/ACACGCCCTATTACCCAGTG mono
CGATCAAGGACATTTGGGTAAT/AACTCTTCGGGTTCAACCAA
HVM14 6 A mono
HVM54 2 AACCCAGTAACACCGTCCTG/AGTTCCCTGACCCGATGTC mono
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Figure 1- Linkage map of 29 SSR and 10 ISSR markers in an F3 barley population derived from the Badia x
Kavir cross (Marker names are shown on the right, while linkage groups and genetic distances between
markers—calculated using the Kosambi (1944)—are indicated on the left. The numbers above the groups
denote the linkage group numbers, which correspond to barley chromosomes)
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oyl loe ,0 ai0gei Lol V g 7 B F Y lopgiges,S g9, 2 QTL can slows o5y ()5 Co sl (2022
by 5o s MY+ sgum B ag5009,8 55, 5 S5 QTL G g oy YN 090> ¥ pg59e9,5 59, QTL S
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lolid e GGl i JoH Y 555055 69, Slul QTL 90 (izean oS 4z gi |) G (oisid (il |
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il g os e il SFAXFVE bl 5 cusls 5 HVMBT,HVMBT sl Silis alols s 5 LOD=2.8836
QTL S, il Jgbo o (glyy i s St a5 Ll o 1, ol glis ) &l peis 51,3V VYA il QTL
slo Sl alols o 3 LOD=2.6561 5 1l 90 ko YVFTF Coao 1o ¥ o)led pojpes,S g9y » (GSHLD-4)
Jsbo a5 §l 0o,V OB Censls QTL 1l 5 009 yie oloo ¥EF-Y8  _sldl 51 cusls 1,3 Cit7,HVM67
RIL conox G (59, p gy ,o (Sayed etal., 2024) ) ISoa 5 o oS 4z Sid 25 Lyl d o, adla
sged plolids Jlo aw (b Sidans g S slalaze )0 Sujslsndsdige 5 o)) Slao sl QTL VP o
QTL 45 (s 5b 405 5) b V.5 sgu T LOD 5 sions s, 55H YV 5 H 8 HO HY s, obQTL w550 o5 | 1,y
Sged g |y gy gl (gisid Guilly 5l )s AN 290 VYl LOD jlaiie LH Y 955055 55, 2 &8s

Cundye 10 iy 4 a5 £ 5 ) b pgjses S (59, » (QSPLA-6 5 SPLA-1) QTL o ( JSilyy Jsb o ol
, BMag0718 sla,Silis 1 alols ;5 5 LOD=3.5053 5 LOD=3.6266 4 {5 jge sl F.¥- FY 5 S04V (sl
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Table 4- QTLs studied in the F3 population derived from the Badia x Kavir cross at the reproductive stage under normal conditions

. el Coxdye sl ol ey Mo
Cho Lre (slo S5l 3999,5 . . - L
Trait QTL FI;;kiné markers Ch:;:::some LOD  Position Additive  Coefficient of determination Allele
g (cM) effect (%) direction
aig glis)l gHELN-5  ISSR38-4 and Bmag0113 5 3.0535  29.69 96.926 18.436 Badia
Plant height gHELN-6 Bmac310 and IRAP50-3 6 2.5433 13.105 99.8478 19.5643 Badia
e J5b GSHLN-5  ISSR38-4 and Bmag0113 5 3864  29.69 75.6093 27.4356 Kavir
Stem length
JSsay Jsbo gPDLN-1 ISSR47-1 and ISSR47-1 1 2.6932 71.65 -14.8902 11.0131 Kavir
Peduncle length gPDLN-6 Bmac310 and RAP50-3 6 3.5502 13.105 24.0785 28.7985 Badia
Sty J5b GAWLN-5  ISSR38-4 and Bmag0113 5 25667  29.69 14.8931 19.6009 Kavir
Awn length
oz n Jsb GFLLN-5  ISSR38-4 and ISSR38-4 5 26296  27.69 7.9042 13.0151 Badia
Flag leaf length
o Silee Jsb
First internode gINON-5 GMSO001 and ISSR38-4 5 2.7159  26.795 6.6843 17.6547 Badia
length
JSSlay had .
i gTPDN-1 Bmag0718 and ISSR16-9 1 3.1905 66.835 -0.2685 13.3163 Kavir
Peduncle diameter
gTPDN-6 Bmac310 and IRAP50-3 6 4.1476 13.105 0.3767 26.2184 Badia
ISSR29-6 and .
o qTPDN-7 GBMS0111 7 3.3097 39.4433 0.2302 9.7932 Badia
_m ‘Jas gTGRN-1a HVM20 and IRAP50-1 1 3.0996 28.9312 -0.1992 15.661 Kavir
Grain diameter Bmag0718 and
qTGRN-1b magl/-o an 1 3.2605  65.97 -0.1373 7.4443 Kavir
Bmag0718
gTGRN-6 ISSR38-6 and Bmac310 6 7.5934  7.5267 0.2803 31.0053 Badia
FEN ] gTSHN-5 ISSR38-4 and Bmag0113 5 3.0863 28.69 0.3747 15.9089 Badia
Stem diameter gTSHN-7 HVM4 and HYM4 7 3.0963 84.26 0.3805 16.4058 Badia
olS JS 359 gPLWN-5 ISSR38-4 and Bmag0113 5 3.2958 29.69 0.5804 21.3617 Badia
Total plant weight gPLWN-7 HVM4 and HVM4 7 3.7751 84.26 0.4406 12.3132 Badia
gWSHN-5 ISSR38-4 and Bmag0113 5 2.56 29.69 0.2451 17.7068 Badia
AY
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Trait QTL FI;;kiné markers Ch:;:;:)jsome LOD  Pposition Additive  Coefficient of determination Allele
g (cM) effect (%) direction
e Oi9 qWSHN-7 HVM4 and HVM4 7 29684  84.26 0.187 10.3149 Badia
Stem weight
Al (339 qSPWN-5  ISSR38-4 and Bmag0113 5 34997  29.69 0.2076 22.7954 Badia
Spike weight gSPWN-7 HVM4 and HVM4 7 33614 8426 0.1433 10.863 Badia
e s ails 13 gWGSN-5  ISSR38-4 and Bmag0113 5 37205  29.69 0.1785 23.3523 Badia
Gra'”s"r‘)’ﬁlght e QWGSN-7 HVM4 and HVM4 7 4.1348  84.26 0.1334 13.0414 Badia
qTLAN-2a GBMS247 and 2 4738 5239 0.1012 13.9954 Badia
S GBMS247
Leaf weight GTLAN-2b  ISSR30-5 and ISSR30-5 2 32281 6281 -0.1148 17.9956 Kavir
gTLAN-7  ISSR29-6 and ISSR29-6 7 34231 3761 0.085 9.8624 Badia
Al s el ol GGNSN-5  ISSR38-4 and Bmag0113 5 39325  30.69 6.2762 25.8273 Badia
N“mpierrs%f”fga'”s GGNSN-7 HVM4 and HVM4 7 50306  84.26 4.8125 15.1855 Badia
0,5 olaws
55 Sl gNNON-1  ISSR47-1 and ISSR47-1 1 30142 7165 -0.4151 13.9058 Kavir
Number of nodes
s
S S GNLAN-1  ISSR47-1 and ISSRA47-1 1 3.4161 7165 -0.4115 15.804 Kavir
Number of leaves
S iPBS2221-1 and .
TFLN-7 ; 7 29759  60.23 0.4955 14.312 Badia
Flag leaf width iPBS2221-1
sy Sl qTTHN-5  ISSR38-4 and Bmag0113 5 50499  28.69 0.2981 22.6303 Badia
Total tiller number ~ qTTHN-7  ISSR48-2 and GMBS183 7 33715 67.0525 0.292 21.7198 Badia
s Slee qYIDN-5  ISSR38-4 and Bmag0113 5 4.8468  29.69 0.5043 29.0562 Badia
Gra'”p?’;ﬁid Per gYIDN-7 HVM4 and HVM4 7 40143  84.26 0.3207 11.7501 Badia
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Amani ) o Ses 5 5l Slel aiS agr Sas w5 bl il jo ) sl 0,50k Jsb Ol 5 as ) VOIYA Cadlys
o 6y QTL e ity olass b (sl QTLAS, bl Job o sl QTL 45 g, ;> «Daz etal., 2019
o5 8 4y, oS 1QTL cho 6l 6 oSy g cdo 6l QTLaw wdls (59 cto 1 QTLS, oS5 (20
dgad (lulid (Sis (55w dijs, o515 6l QTLS,

5 O 50 (il OYVF coadse )0 ¥ oojlad poi9e5,S (55, » (ATPDD-3)QTL Sy JSSly jlad cbo 6l
il 5 0091 yia gl —+ YOS il 5 cusls )3 ISSRAS-1 5 ISSRA5-1 (gla Silis aluslé s y LOD=3.9171
Makhtoum ) o (Sas ¢ psises iS5 dpzgs S a5 gl o 1) S0y e &l s 51 s yo¥ + [+ ¥ andls QTL
@lolis 750 0 lapgises,S g5y 2 ) Jboy ks o LQTL (i 92 olS 0 c2agyy 5o (Bt al, 2022
PR SR 0399 Sy G b Sl las ln | Lol QTL ke ((Sas (25 lalyd o a5 aisges
(Makhtoum et al., 2022) I,ISen 5 pgises disges ololls (QFLW-5 qFLW-4a QAWW-7 gPPT-7 Lels)
53,8 lellsH Y 2H lapgjses S 59, ISy (s3908 )90 Slao 6l QTL ol amban iz o c2aghy o
ceesls o] alatie b g JSShy (slacl culis » s lone SBH (5, (>l cnl 5l (S

oY oY lo pyipe,S s, » (GTGRD-4 3 GTGRD-2b 3 GTGRD-28) QTL au 55 calls ,kab o 51,
5 LOD=2.7773 5 LOD= 3.2852 5 /S50 ilo YEF0 SFAND 5 TAAFD (slo oebon 1o cusiyj & 45
s HYM67 5 IRAP54-1 4 IRAP54-1 - GBMS160 4ISSR13-5 sl ,Silis opo alols ;o LOD=2.9192
QTL plgoog yio b=+ +F 42 V- PY 5=+ VY 55 & QTL aws ol aslidl Slos sluls HVM6E7
adlllas Sy 0 0,5 aurgi (Sdd i Lyl 4o 1, il b i 5l as,s AIFA s AIFY s YAIAY s 4 o
qGI2-1 o (gl sads (5,155 ails o3lail b ad pe Slas gl soaxie LQTL = &ls )55 5 o5lal (59, aal>
&', GTQW3-2 (LOD=3.22-5.45) , als Jsb (sl,» qGI3-2 (LOD=5.54-10.08) , (LOD=9.36-59.59)
s g wloglae L QTGRD-4 5 qTGRD-2b  (qTGRD-2a L s QTL ! .o Slulis als a5
(Wang et al., 2019) aiwe als 55 5 05lail 5l 00 S S5 J S 9929 oupaylid

LAY oY\ slo pgspes,S 55, 2 (GTSHD-3; GTSHD-2 5 qTSHD-1) QTL am cailes b o 51,
0 LOD=2.715 ;LOD=3.213 5 LOD=3.206 5 l5 )50 il O¥IYF GFYIVY 4 #B/AY (slo Capnbge 5 e
5 ISSR45-1 ,ISSR45-1 ; GBMS160 ,GBMS160 - Bmag0718 ; Bmag0718 sla Silis o alols
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]

Casbye 15 i 4 45 F oY lo pgip00,5 55, » (ANLAD-4 3 QNLAD-2) QTL 55 co,5 shass o (51,
5 IRAP54-1  sla Silis oy alols 5 g LOD=5.016 5 LOD=3.1859 5 55 )50 il FY.FTF 5 FANA (ol
o5 yia Sl = FAVR 5« F¥EY o5 0 QTL g0 ol oilsdl 51 sl 1,3 Cit7 y HVM67 4 — IRAP54-1
505 s S b layld 0 |, 0,5 olaws Sl s 5l s, YYIVE 5 V)8 g 4 le QTL ol

by 3 i 445 ¥ 5 ¥ (slo pgi05,5 53, 5 (ANLAD-4 5 QNLAD-2) QTL 50 525 o5 shass s 51,
5 IRAP54-1 gla Sl o alolé o 5 LOD=5.1057 5 LOD=3.1607 5 i5,5e slo FV.FYF 5 FANA (sl
o5 o o~ FEYY 5+ ¥ATF o5 4 QTL g0 ol otlsél 51 ol 1,3 Cit7 3 HVM67 4 — IRAP54-1
oS amg S i byl o 1) Sy olasd Olyess Jlas e YO VYV Co g QTL ol

Condge 0 cud S @ &SV 57 b psie09,5 59, 2 TTID-7 5 qTTID-6) QTL Y o axsy IS cuto (sl
SSR38-6 sla Silis oy alols o 5 LOD=2.6951 , LOD=3.7723 5 5,50 lo FAINY 5 O/FFisle
il - V¥R 5 NPV o QTL g ool oil33l 51 il I3 BmMag0135 4 ISSR30-4 . — Bmac310
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Table 5- QTLs studied in the F3 population derived from the Badia x Kavir cross at the reproductive stage under drought conditions

s olee sl S Conbye sl ol 3l Oy L
Trait QTL Flankiﬁ arkers LOD Position Additive Coefficient of Allele
g (cM) effect determination (%) direction
Gy glis)| i HVM67 and ) i
Pl height qHELD-4 v MeT 2.8836 36.45 48.3614 12.2873 Kavir
Gl Jsb . ,
Stom length qSHLD-4 HVMB67 and Cit7 2.6561 37.324 -36.4026 15.5353 Kavir
e 4SPLd-1 Bmagr?%%?fg 3.6266 65.97 8.9144 11.0615 Badia
Spike length qSPLd-6 'SSF;?;?:;{'S 3.5953 4.7042 -13.2078 24.2824 Badia
ISSR45-1 and .
L U gPDLD-3 SoRdo 3.4920 53.26 -11.1207 14.6774 Kavir
Peduncle length — \opy) g 'Ssﬁﬁ;‘i;{‘g 35093 4.7042 -12.6991 19.1396 Kavir
S,y Jgb i HVM67 and } i
A ength GAWLD-4 VMG 2.5059 36.45 6.8709 10.7697 Badia
oSl Job
First internode qINOD-4 HVMB67 and Cit7 2.6110 37.324 -4.0193 15.2985 Kavir
length
JSlay e :
Peduncle qTPDD-3 'SST;‘g’RlAlgr_‘f 3.9171 53.26 -0.1756 20.0711 Kavir
diameter
qTGRD-2a '852183,’\’/'535‘;%% 3.2852 39.845 -0.1970 28.8236 Kavir
&l s IRAP54-1 and i
Grain dianeter  ATGRD-2 AP 2.7773 48.19 0.1062 8.3732 Badia
qTGRD-4 Hvﬁfjl\;gg 2.9192 36.45 -0.1069 8.4810 Kavir
il s qTSHD-1 Bmagg;;%?fg 3.2061 65.97 0.1845 10.6919 Badia
q)
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. i Csbye 58l ol e QO
o Lro sl S5l £93999,5
Trait QTL Flan)lzin arkers Chrorri()):ca)me LOD Position Additive Coefficient of Allele
g (cM) effect determination (%) direction
Stem diameter GBMS160 and .
GTSHD-2 GBMS160 2 3.2138 4371 -0.1835 10.5750 Kavir
ISSR45-1 and .
GTSHD-3 ISoRam1 3 2.7156 53.26 -0.1934 11.7396 Kavir
olS S 339
TOtﬁ\‘,'v Eulgar?tt qPLWD-4 HVM67 and Cit7 4 2.7375 37.324 -0.2905 15.9605 Badia
Bmag0718 and .
. gTLAD-1 Bmag0718 1 2.7287 65.97 0.0400 8.6225 Badia
Leaf weight ISSR38-6 and .
qTLAD-6 Bmac3l0 6 4.5070 5.645 -0.0694 25.8807 Kavir
o F slast IRAP54-1 and .
GNNOD-2 2 3.1859 48.19 0.3361 11.4678 Badia
Number of IRAP54-1
nodes gNNOD-4 HVM67 and Cit7 4 5.0160 37.324 -0.4839 23.7631 Kavir
o shass IRAP54-1 and .
gNLAD-2 2 3.1607 48.19 0.3136 11.2742 Badia
Number of IRAP54-1
leaves gNLAD-4 HVM67 and Cit7 4 5.1957 37.324 -0.4623 24,5074 Kavir
qTTID-6 ISSR38-6 and 6 3.7733 5.645 -0.1616 20.8845 Kavir
Aoy slass Bmac310
Total tillers qTTID-7 ISSR30-4 and 7 2.6951 48.338 -0.1390 15.4451 Kavir
Bmag0135
>, Sles
Plant yield qYIDD-4 HVM67 and Cit7 4 2.5550 37.324 -0.1406 15.0036 Kavir
ay
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LDY 5 DY Bb slopgjses,S 53, 52 i 4 GSL-1D 5 GNTS-2D GNT-5B (slaolSiler 55 VoYY Jlo 5o
e 5o (Narjesi et al., 2015) ) SKee § (w5 00u3,5 Slols Y5A 5 F\Y F50 L ol LOD Lolis
P Cdas Ve sl !y »a1 S5 QTL v Attila/Kauz x Karchia 8 5l Jol> oS ig 2B oY VYA Jels
DO 2B slapsises,S 59, 5 (GY) ails o ,Shos sl 0y LS5 QTL iy in 8 lolid 6,55 (15 5 Jloyi Ll
$12/4 554 B F BD lapsises,S 59, alo o Shae GQTL g5 5 Ll ;0 ad QLLIAY B £
B Y slopgigas,S g3, 4l 3,8hoe SLQTL (izmon w5 S a2y | als 5 Shoe (odgid (il g 5l o0 O/Y -
PS5 S e (0935 (g8 G Sl a5 W e aliw 53 4l (59 9 alls Slass ouisS ] 1S sl QTLLB #
sl 5 Lyl cow ] elyz 5 0 Slas

58,5 s o b g oglhe g,lol g (i 55 Ll b awslie L (Dhanagond et al., 2019) )l 1S 5 aiSUls
L5k g (i bl olaly le QTLay 1) azy slasd 5 005t b Lo SLQTL s aliee =15
g dbos RPN (S Ll pd 50 009t JSAS p 5eled Sl aS ol (las mls ws S gamainl bl al>
sHVPIP2;7  HVPIPLS wile olacys,slssT 3 DANG  .Dhn8 .Dhn7 Dhnd slayys L bade o5y (>lg
2 QTL 2ls bt 51 (o olsisaHVPPD-HL aml cpummen ai )l s Sz 4y 6,850 ,oHVTIP2;1
5ol olulls ple 5o 00gicun ) gl b mge QTL S lsicaHVDIM 45U 5 s0gicns ) gl b3l al> o
ars o lis lasl ol .cusls | 31-FEH 5 & jgle 1o 6HS amb o lasl QTL (s 5o o ais olass 950
slaxs (5,l0l 10 0dgi e ) gezs g Aig (5 lare yusd b aiilgl co (SKiS ozt g 0y al> e 4y atinly slo QTLaS
sl asls e Sas s byl s cod dils o Slae Colys (o g azey

ol 5o ool 550 (pally cgycmlil ailoads Jatie U 4 Wl 95 ,o 5l aslllas 050 Slao saiiS S Csllae sla 1
Wl b dad e Slas ogugn sliwl) 10 o5gas (92 (Dol sloael 5 jo wedsy )l (S5 mlie Glgieds ailgy o axlllas
o 4 455 boads ollid lo QTL ) 5 cpizman 35,5 )8 g5 0550 ¢ Sid 25 & Joou 9 0,5des 5l
Slosrg Caonl 5l 0llgr o oSl ol a8 3 18 515 )5 sl QTLos 5 j0 ilas wieid Olyss s o 5YL
50l Jby balis 0,058 )18 el 090 (S 25 4 Jewie g ollae sl dxngi g 5 o8l niy S
Y wdls Jsb ol QTL Y gy glas)l 6l p QTL Y Jolis b QTL ) ol ololiss cio Yo (61,36 QTL gooze
T o Silee sl Jsb sl QTL Y oz 0 S oo (sl QTL Y iy, s sl QTL Y oSy Jsb 1,QTL
09 8le QTLY g JS 55 sl QTL Y sl Jhad 6l s QTL Y il Jhad ol n QTL ¥ JSSloy ,hé 51 ,QTL
Sl slows glp QTLY doS s 55 sl QTL Y cals jo ails (59 6l QTL Y calccws o459 6l QTL Y sl
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QTL V. (PLWD)ass JS ¢35 sl QTL V¢ (TSHD)ble ks sl QTL Y « (TGRD)ails ,é (o1, QTL
Sass 61 QTL Y «(NLAD)S 5 slass (51, QTL 1 « (NNOD)s 5 slass 51, QTL V< (TLAD) S s 55 (51
Lulps 53 a5 susie sls QTL SLulids cggams ;3 .50 (YIDD) gy 5,Shee (51, QTL Y 5 (TTID) aass, JS
ol J5S Sy Sz g aalllae 9500 Slao slp azgi bl (S35 £55 3929 ounmmoplas (SaS 25y Jloy
2 285 =19 nl et S Sl Wl e iz Llyh yo el b S i slo QTL jpi ool 52 0 Slao
oy b ol oo wind plulis (Ses o Lulps cou g5 a5 ol QTLaS Jb> o il Slis b Jyus
Lulys 53 b QTLpkS e () sinlple il baiye 25 & )5l oS5l 5 O 3908 40 olS ool

i)l leMbl g oS oo @l 8 1) (25 4 il b el po (2led Sl (onges (o095 (Hlg SIS (el (25 g Jle
oS 4y Dbl o by, 5l S Sln sl dey Wlgice T Slizl 5 0 Shas 5 Slao ofga wilize
Ll s il e wsllae s Slio 5 e slo QTLL b yo sl SiLis 51 lojem asliial .55k pal,3 Slis
Ol s ol o aS mpd 1) (el slo il 4 gllas LSL“J” JEsl wigy g eols il 1) 5y slacaisess
5 bowrar 5 oadglolis sbb QTL riw,liel o b (LeaSs clallles (sl live lyicr wilgiise i

o).f )‘Jé oolazw! Sy90 93 O é@ J.m L: .‘a.u).o J.g.J.SLf gSL"‘QS ‘:L.;LM Oy g J.a..“..a 6[@.‘4.:24:

&L

Ahmadi-Ochtapeh, H., Soltanloo, H., Ramezanpour, S.S., Naghavi, M.R., Nikkhah, H.R., Yoosefi
Rad, S. 2015. QTL mapping for salt tolerance in barley at seedling growth stage. Biologia
Plantarum, 59(2): 283-290.

Amani Daz, P., Hosseini Moghaddam, H., Sabouri, H., Gholamalipour Alamdari, E., Hosseini, S.M.,
Sanchouli, S. 2019. Mapping of QTLs related to morphophysiological traits in rice seedling
(Oryza sativa L.) under drought condition. Journal of Crop Science and Biotechnology, 9: 21-35.

Amarawathi, Y., Singh, R., Singh, A.K., Singh, V.P., Mohapatra, T., Sharma, T.R., Singh, N.K.
2008. Mapping of quantitative trait loci for basmati quality traits in rice (Oryza sativa L.).
Molecular Breeding, 21: 49-65.

Baidyussen, A., Khassanova, G., Utebayev, M., Jatayev, S., Kushanova, R., Khalbayeva, Sh.,
Amangeldiyeva, A., Yerzhebayeva, R., Bulatova, K., Schramm, C., Anderson, P., Jenkins, L.D.,
Soole, K.L., Shavrukov, Y. 2024. Assessment of molecular markers and marker-assisted selection
for drought tolerance in barley (Hordeum vulgare L.). Journal of Integrative Agriculture, 23(1):
20-38.

Dai, F., Zhang, G. 2016. Domestication and improvement of cultivated barley. In: Exploration,
Identification and Utilization of Barley Germplasm. 1-26.

Dhanagond, S., Liu, G., Zhao, Y., Chen, D., Grieco, M., Reif, J., Kilian, B., Graner, A., Neumann,
K. 2019. Non-invasive phenotyping reveals genomic regions involved in pre-anthesis drought
tolerance and recovery in spring barley. Frontiers in Plant Science, 10: 1307.

a¥


http://arpe.gonbad.ac.ir/article-1-466-fa.html

[ Downloaded from arpe.gonbad.ac.ir on 2026-09-14 ]

VEL € lanl g 4kt VA 0ol (o3 0,93 | (B (55092 3351 (63 2,18 oligig 4y pub

Fakheri, B., Khalegh Babaki, A. 2014. Mapping of genomic areas controlling the physiological and
morphological traits associated with germination of bread wheat in normal condition and osmotic
stress. Iranian Journal of Crop Science, 45(1): 119-133.

George, A., Murali, R., Jolly, G.E., Jincy, M. 2025. Drought stress on barley crop: A review.
Agricultural Reviews, 46(6): 858-867.

Guo, P., Baum, M., Grando, S., Ceccarelli, S., Bai, G., Li, R., Valkoun, J. 2009. Differentially
expressed genes between drought-tolerant and drought-sensitive barley genotypes in response to
drought stress during the reproductive stage. Journal of Experimental Botany, 60: 3531-3544.

Hu, WJ., Li, D.S,, Yi, X., Zhang, C.M., Zhang, Y. 2022. Molecular mapping and validation of
quantitative trait loci for spike-related traits and plant height in wheat. Acta Agronomica Sinica,
48(6): 1346-1356.

Kaviani Charati, A., Sabouri, H., Fallahi, H.A., Jorjani, E. 2019. QTL mapping of agronomical traits
in barley. Breeding of Agronomic and Horticultural Crops, 4: 227-237.

Khalili, M., Mohammadian, R. 2016. Identifying QTLs associated with salinity tolerance in early
stages of barley germination. Crop Biotechnology, 13: 41-55.

Kosambi, D.D. 1943. The estimation of map distances from recombination values. Annals of
Eugenics, 12(1): 172-175.

Liller, C.B., Walla, A., Boer, M.P., Hedley, P., Macaulay, M., Effgen, S., von Korff, M., van Esse,
G.W., Koornneef, M. 2017. Fine mapping of a major QTL for awn length in barley using a
multiparent mapping population. Theoretical and Applied Genetics, 130(2): 269-281.

Loresto, G.C., Chang, T.T. 1981. Decimal scoring system for drought reactions and recovery ability
in screening nurseries of rice. International Rice Research Newsletter, 6(2): 9-10.

Makhtoum, S., Sabouri, H., Gholizadeh, A., Ahangar, L., Katouzi, M. 2022. QTLs controlling
physiological and morphological traits of barley (Hordeum vulgare L.) seedlings under salinity,
drought, and normal conditions. BioTech, 11(3): 26.

Makhtoum, S., Sabouri, H., Gholizadeh, A., Ahangar, L., Katouzi, M., Mastinu, A. 2022. Mapping
of QTLs controlling barley agronomic traits (Hordeum vulgare L.) under normal conditions and
drought and salinity stress at reproductive stage. Plant Gene, 31: 100375.

Moursi, Y., Thabet, S., Amro, A., Dawood, M. 2020. Detailed genetic analysis for identifying QTLs
associated with drought tolerance at seed germination and seedling stages in barley. Plants, 9(11):
10-24.

Narjesi, V., Mardi, M., Afzali, E., Hervan, M., Azadi, A., Bihamta, M., Naghavi, M.R., Ebrahimi,
M., Abbas, Z., Zali, A. 2015. Analysis of quantitative trait loci (QTL) for grain yield and
agronomic traits in wheat (Triticum aestivum L.) under normal and salt-stress conditions. Plant
Molecular Biology Reporter, 33.

Naseri, R., Cheghamirza, K., Zarei, L., Mohammadi, R., Beheshti Aleagha, A. 2023. Localization
genes controlling traits related to flag-leaf and peduncle in durum wheat. Cereal Biotechnology
and Biochemistry, 1: 42-63.

Patade, V.Y., Maya, K., Zakwan, A. 2011. Seed priming mediated germination improvement and
tolerance to subsequent exposure to cold and salt stress in capsicum. Research Journal of Seed
Science, 4: 125-136.

Rahimi, M., Abrahimpour, F., Eshghi, R. 2013. Inheritance and QTL mapping of agronomic traits in
barley. Crop Biotechnology, 2: 35-48.

Ren, X., Jiang, H., Yan, W., Chen, Y., Zhou, Y., Dai, S., Huang, W., Lei, Y., Yan, S., Zhang, X.,
Jiang, Y. 2016. QTL underlying some agronomic traits in barley detected by SNP markers. BMC
Genetics, 17: 107.

a0


http://arpe.gonbad.ac.ir/article-1-466-fa.html

[ Downloaded from arpe.gonbad.ac.ir on 2026-09-14 ]

g i Jood b b o (Jog0 (518,50 (bl

Sabouri, H., Alegh, S.M., Sahranavard, N., Sanchouli, S. 2022. SSR linkage maps and identification
of QTL controlling morpho-phenological traits in two Iranian wheat RIL populations. BioTech,
11: 32.

Saghai-Maroof, M.A., Zhang, Q., Allard, R.W. 1990. Genetic diversity and ecogeographical
differentiation among ribosomal DNA alleles in wild and cultivated barley. Proceedings of the
National Academy of Sciences, 87(21): 8486-8490.

Sameri, M., Takeda, K., Komatsuda, T. 2006. Quantitative trait loci controlling agronomic traits in
recombinant inbred lines from a cross of Oriental- and Occidental-type barley cultivars. Breeding
Science, 56(3): 243-252.

Sayed, M.A., Al-Yassin, A., Ceccarelli, S., Grando, S., Stotz, U., Fitt, B.D.L., Baum, M. 2024.
Mapping of quantitative trait loci for agronomic and morpho-physiological traits under drought
environments in spring barley (Hordeum vulgare L.). Plant Breeding, 143(5): 608-628.

Sharifi, S., Mohammadi Ghaleni, M. 2022. Impact of drought on rainfed wheat and barley yields
across different climates in Iran. Irrigation and Drainage, 16(5): 1010-1025.

Taghizadeh, M., Sabouri, H., Hosseini Moghaddam, H., Fallahi, H.A., Katouzi, M. 2018. Mapping
QTLs associated with barley seed germination traits under normal and drought stress conditions.
Iranian Journal of Seed Science and Technology, 8: 227-232.

Wang, G., Schmalenbach, I., von Korff, M., Léon, J., Kilian, B., Rode, J., Pillen, K. 2010.
Association of barley photoperiod and vernalization genes with QTLs for flowering time and
agronomic traits in a BC, DH population and a set of wild barley introgression lines. Theoretical
and Applied Genetics, 120: 1559-1574.

Wang, J., Yang, J., McNeil, D., Zhou, M. 2010. Identification and molecular mapping of a dwarfing
gene in barley (Hordeum vulgare L.) and its correlation with other agronomic traits. Euphytica,
175: 331-342.

Wang, Q., Sun, G., Ren, X,, Du, B., Cheng, Y., Wang, Y., Li, C., Sun, D. 2019. Dissecting the genetic
basis of grain size and weight in barley (Hordeum vulgare L.) by QTL and comparative genetic
analyses. Frontiers in Plant Science, 10: 469.

Xue, D.W., Chen, M.C., Zhou, M.X., Chen, S., Mao, Y., Zhang, G.P. 2008. QTL analysis of flag
leaf in barley (Hordeum vulgare L.) for morphological traits and chlorophyll content. Journal of
Zhejiang University Science B, 9(11): 938-944.

15


http://arpe.gonbad.ac.ir/article-1-466-fa.html
http://www.tcpdf.org

