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ABSTRACT

Introduction: Barley (Hordeum vulgare L.) ranks as the fifth most important crop globally in terms of cultivated area, following wheat, maize, rice,
and soybean. This diploid plant with seven chromosomes serves as a vital resource for animal feed, human consumption, and the malting industry.
Despite previous studies, limited information exists regarding the genetic diversity of Iranian barley cultivars. The main objective of this research was
to map genes affecting key agronomic traits in 99 homozygous recombinant inbred lines (RILs) of the Fo generation derived from a cross between
two local cultivars, Badia and Comino, to provide a foundation for marker-assisted breeding in barley improvement programs.

Materials and methods: This research was conducted during the 2022-2023 cropping season at the research farm of Gonbad Kavous University
(Golestan Province, Iran). The plant materials consisted of 99 recombinant inbred lines (RILs) from the Fs generation derived from a cross between
two local cultivars, Badia and Comino. The experiment was carried out using an alpha-lattice design with three replications. Thirteen agronomic traits
were measured, including plant height (PH), total number of spikes per plant (TNS), total weight of spikes per plant (TWS), single spike weight
(SPW), spike length (SL), awn length (AL), awn weight (AW), total weight of awns (TWA), grain number per spike (GNS), grain length (GL), grain
width (GW), grain weight per spike (GSW), and grain yield (YLD). For linkage map construction, 155 SSR markers, 20 ISSR markers, 7 IRAP
markers, 30 CAAT markers, 26 SCoT markers, 90 RAPD markers, 73 1JS markers, and 90 iPBS markers were utilized. The linkage map was
constructed using Map Manager QTX17 software with the Kosambi mapping function and a LOD threshold of 2.5. QTL mapping was performed
using QTL.gCIMapping.GUI v2.0 software with the Composite Interval Mapping (CIM) method and a LOD threshold of 2.5.

Results: Analysis of variance for the measured traits revealed significant differences among the lines for all traits. Strong positive correlations were
observed between plant height and total weight of spikes per plant (0.714), single spike weight (0.712), spike length (0.793), grain weight per spike
(0.711), grain number per spike (0.806), and grain yield (0.697). The linkage map spanned a total length of 999.2 cM, distributed across seven barley
chromosomes ranging from 163.2 to 191.3 cM. The inter-marker distance ranged from 1.84 to 2.85 cM. A total of 10 significant QTLs were
identified on chromosomes 3, 4, 6, and 7. Among these regions, qTNS-4 with a LOD of 2.66 and R? = 8.86% exhibited a negative additive effect
originating from the Badia parent. Additionally, qGNS-6 showed positive additive effects with a LOD of 3.63 and R2 = 21.58%. The qGL-3 region
was identified with a LOD of 4.40 and R2 = 25.04%, displaying a negative effect derived from the Comino parent. The QTLs qTWS-3 with a LOD of
3.74 and R2 = 28.28%, and qYIELD-3 with a LOD of 3.68 and R2 = 28.05%, both exhibited positive additive effects from the Comino parent and
explained more than 28% of the phenotypic variation. Furthermore, qPH-4 with a LOD of 3.47 and R2 = 21.76%, and gAL-6 with a LOD of 2.74 and
R2 = 21.55% demonstrated positive additive effects.

Conclusion: The present study identified significant genomic loci for important agronomic traits in barley. The markers EBmacc0009, D10-A, 1JS25-
A, HVM27, ET15-32-B, CAAT7-A, and MGB371, which are associated with these important QTLs, possess high potential for application in future
barley breeding programs. Additionally, the superior Lines 80, 95, and 96 were introduced as promising germplasm resources for developing high-
yielding barley cultivars. These findings provide a preliminary and efficient genetic framework for improving yield components in barley through
targeted breeding approaches.

Keywords: Marker-assisted selection, Barley (Hordeum vulgare L.), Agronomic traits, QTL mapping.

Article Type: Research Article

Article history: Received: 23 May 2025, Revised: 17 Jul 2025, Accepted: 02 Sep 2025, Published online: 25 Sep 2025

Cite this article: Vahedi, N., Sabouri, H., Taliei, F., Asri, M., Pezeshkian, Z. & Ghorbani Vaghei, H. (2025). Genetic stracture of agronomical traits
in barley lines (Hordeum vulgare L.) caused Badia and Komino crosses. Cereal Biotechnology and Biochemistry, 4(3),
295-316. DOI: 10.22126/cbb.2026.13498.1131

® @ © The Author(s). Publisher: Razi University
@ d-} 10.22126/cbb.2026.13498.1131

BY NC



https://www.orcid.org/0000-0000-0000-0001
mailto:hossein.sabouri@gonbad.ac.ir
https://www.orcid.org/0000-0003-4128-7952
https://www.orcid.org/0000-0000-0000-0002
https://www.orcid.org/0000-0000-0000-0003
https://www.orcid.org/0000-0000-0000-0004
https://www.orcid.org/0000-0000-0000-0005
mailto:hossein.sabouri@gonbad.ac.ir
mailto:hossein.sabouri@gonbad.ac.ir
https://doi.org/10.22126/cbb.2026.13498.1131
https://doi.org/10.22126/cbb.2026.13498.1131

O

SO 9 9 (5580 95T g J

Sk YYAY—1Ye 3 S I LLG

SR ooniignt 9 (539999

Homepage: https://cbb.razi.ac.ir

gu0gS g Lol AW 31 Leols> (Hordeumvulgare L.) g sy ¥ <) Olhe Sib) Ll

|l SlS s iy a0 T pas gage s ol S E g 900 s« \gualy danni
Ohnl i ogslS A5 ugglS A oSS s rl e 5 (55,545 0uStils (LS Sladsi 09,5 !
Olrl sl A ugslS 98 olSils casly psle Sty (S 5d 095 T
Ol e3laS sy s Slasis Glojls 388 (e psle Slihod dunsge (L3I Sl 5y9n il ouStagy T
hossein.sabouri@gonbad.ac.ir :asbLl, . Jstue OM,;E

oduS

Can b adgkos olS opl 0gd o aislid oz 10 i Jgame Crety Olgieds bgw g gy (0,8 Al 5l ey it 5 mhaw a5l (Hordeum vulgare L.) o> :aondie
)18 3579 57 (Slal pB)l (S g5 pogat 55 s3guome DIl ity Slalllas 0é ) e 35500 Jletiar siluidle uano g (Sl Brae pls 4085 1y (corn e ip3iges S
OOl (sl slaes; b o5t giasS 5 Lol sagr 085 59 (B 3l Jolr Fo i 0583550 oS i (¥ A )0 oS’ (oly5 Slio 1 S5e Slagys (haddl (Gedow ol Sl Bas
29,5 (ol oz ol slaaliy o Silas e

(RIL) S 555 05 (9 (Y 29 Jols 8LS slga . plorsl (ol (il lisl) ogl8 08 olRtsls liions g 50 50 VFNNFY el Juad 0 oo () bbby g o
Gty abiiw olasi (PH) w5 glis )l ol 215 o 000 s 2 1S5 s b oY WT 23 (B 5o (iales] iog: siasS 5 Lol (sost o3, 59 (B 5 Jool> Fo s 5
Al 5o il slass (TWA) biis, J5 559 (AW) Sy, o35 (AL) i, Jsb (SL) abis Jsb (SPW) ahis S 35 (TWS) w53 5 sl 35 (TNS)
Yo SSR il V00 5l o Simgm 4bd5 pumy slp i 5p5ojlail (YLD)als o Skee 5 (GSW) alcw S5 50 ails 559 {GW) wils o,e (GL) wils Jsb (GNS)
il 51 eolizal b (Srvgey a2 o oolical IPBS jSilzs 4+ 5 1S Siles vv RAPD Silss 4+ SCOT Sites Y8 CAAT Siles v+ JIRAP SiLsi v ISSR SiLes
SbolKe U3s, L QTL.gCIMapping.GUI v2.0 38l 5 5l eolizasl b LQTL b5 20005 i Y0 ol LOD ikl 5 ol & Map Manager QTX17
23,8 plxil YIO pl LOD wiben § (CIM) 5 e slalolé

0599 B el G 698 Cute sla Sicon 315 3525 (55 Sre Dolis (Dlio aan a5l lanY ol lis Slis (65 F el Lol slaosls (il g 4 5es i gy g Slge
asdi b oaalive (+/FAY) &ils o Shes g (+/A %) aliiw o ails olaws «(/VVY) aliw S 0 @ld (9 «(+IVAT) aliiw Jobo ((+/VVY) aliiws ST 039 (HIVVE) &gy o aliiw
YIAD BYIAY odgame ;o 55 Lo Silis (ym alols 0 piie 8,508l YAVY B APYIY (o 52 pgiges,S Cuin 0 a5 ab JSis o8 g0 il A99)Y Job 4 (Stge
R2 A7 15 V178 b 51, LOD b QTLATNS-4 2155 el ol 51 (loli V 5 F ¥ (slapgions S 59 2 jlosine (QTL) (55 olSlr V- gsazme 53 05 08 90 55k
L QGL-3 4l .05 RZ=YVOA % 5 ¥IFY L plpy LOD b cote (il il shls GGNS-6 QTL riman .05 Lol ally 5l axd,8 Lowe e (oial3dl i1 (slls =
A, LOD L qYIELD-3 ;RZ2=YMYA 7 4 YV L 1, LOD LQTWS-3 slo QTL .o slolid gicesS ol 5l o356 e 51 slls R2= Y0/ F 5 ¥/ L ,,LOD
LOD L gPH-4 laQTL ol pogdle 5905 cyunsi |y (canighd (6 s puais 5 9o yd YA 51 i 5 0092 ginagS Wy 5l ot ate il 3l gl 90,0 5.5 RZ=YAILQ L 5 YISA L
sl s cute L2l SIS RZ=YV00 1 g YIVE Ll LOD L gAL-6 5 RZ2=YV/VE g YITV L i,

e ()39 5 B2 B o 598 e (Sla Ko 315 3979 (5o Dol Dlao aes S5l Y G S (i Slio 5 pSosll Sl ol slaosls by ly 45 laasdly
g Al o odmline (+/FAY) wls 5 ,Shee 5 (+/A+F) aliw o ails slaws ((IVVY) Al 5o &l (e (IVAY) alis Jobo (IVIY) alis S5 59 (- IVAE) wgr j0
2 89 O ye sles YIAD BYIAF 0390me 10 5 b Kol s alold .ogs piite )8 50 8l VAVY B VPYIY (s 92 pgiges,S i ;0 a5 wd oSt )8 50 c6lo A29/Y Jobo
A ehls R2=A8 5003 ¥EF L o, LOD L QTLOTNS-4 o5 ol ol 5las ololis ¥ 5 £ 0F & Glapgises,S 5, » slsine (QTL) G5 ool Ve ggame
5 ¥/F- L, LOD L qGL-3 4>l oy RZZYVOA L 5 ¥IFY L ol LOD b ciie ctulidl I3l 6l,ls QGNS-6 QTL pioman a9 Lok ally 51 ass 3 Lae are o233l
YA -0/ 5 YISAL 41, LOD L QYIELD-3 3 R2=YAIYA 7 g Y/VE L 1, LOD L gTWS-3 sle QTL .o ololis siesS ally 51 56 Lite 5l gl s RZ= Y0/ f
2o YIFY Lyl LOD b gPH-4 sleQTL (ol pogdle ioged Crsi |y (omdgid (5 s i 51 0oy YA 51 o 5 039 ginsS g 5l e ate ol il glls g0 12 55 R2=
ols )l Cude ciulE SIHTRZZ YV 7 5 YIVE L 1, LOD L gAL-6 §RZ=Y\/vs

HVM27 1JS25-A D10-A . EBMAcc0009 sle Slis .cawl 03,5 ololis 92 ol 10 e o)) Slio slp 1) 6yloicime (55 slope pol> anlllae 15 S azus
S Gy cimen il sz eany] ol slaasli s 5 (5SS (sl Vb Uiy s b3 5 wge sle QTL ol b a5 MGB371 , CAAT7-A ET15-32-B
5% 955kos (slizl i)l sln 1y Ll 5 ads) (S5 szl o baasdly ol s )T (Byme sz Jsamey pl)f axosi (sln 0uiiS lgacel sedly £)5 wilie Olsiear 47 50 A
8551 s0 ol 8 atedan SlMol 5 b 5l 5>

QTL Lo5s (el); olao (Hordeum vulgar L) 5= Silas S8 4 Sl s gonls” glaoly

kg allis :allio g5

VECE/ VY ST HLESI N E B/ 80 ) 5 by VE B FIVE 5ol VE R/ Y el o allio £ g5

W 5l Jol> (Hordeum vulgare L) s> oY oly) Slao (Sass blo (VFF) iz o a8l SU,5 55 o bSid s ap ogpas o (ol oz 5 y3m0 w0y (ga=lg 0l

DOI: 10.22126/cbb.2026.13498.1131 .\ #3-1VOY (V) Me coniinw 5 (58T 5im0sS g Lol

@ OIL) Sty © &3, olSils « b

BY NC



https://www.orcid.org/0000-0000-0000-0001
mailto:hossein.sabouri@gonbad.ac.ir
https://www.orcid.org/0000-0003-4128-7952
https://www.orcid.org/0000-0000-0000-0002
https://www.orcid.org/0000-0000-0000-0003
https://www.orcid.org/0000-0000-0000-0004
https://www.orcid.org/0000-0000-0000-0005
mailto:hossein.sabouri@gonbad.ac.ir
mailto:hossein.sabouri@gonbad.ac.ir
https://doi.org/10.22126/cbb.2026.13498.1131

Yay FAFYAD (F)F O F oD o 5 5599 5m /], K0 5 (a1

(Bohar et al., 2020; Saradadevi et al., 2021 )
oS WS oo Joo (S5 Glapzn Ol b, Sl Gl
S oo S lalnex G o Slhe Sl oL 4
sl Jols Jseme psba QTL bl anls
w55 A sl Y Wil oS S8 Glaeaes
ol o 9 Sl olaie Slas b ually ) (RILS?)
sla,Slis 5 (oot Slio gilulaar Jlod g a5
e (Kosova et al., 2019) s o plxl J5SUse
5 Cute Sl atlg e wish e lolid LQTL as
S sla,Kilis wms se las a5 sl atsl e
Sy ol wep o)l 4 Glie pally 1wl e
o155 Mol (sladsl 5 (sl (i, slaylpl @ 1) o]

(Makhtoum et al., 2022) oS’ o Joous
JIo cp¥Y IYY 595 dalllas 1o (V-VY) S 5 Slg
s Huaai 11 s> 13, 95 o W 5 Jol> amsbils
e SSgher (5,kaS oKails 4o |, Huadamai 6
ol e (Wang et al., 2017) wols J18 o,y 5,90
5> cielae odshly Comax Sy )0 Cdo V) ¢asllhe
G Jole gl> &5 (SSmgyee Luld s &S
SS9 ey NOg 09,5 ady ailSee oud Lo
@blo gyl sy, Job 2Shae Sy w057 2l
o AY Glagg, joly ol aty ) slass g 056 ailg> (539
P W ES Ao, 6 5ol idle> 5l ax YF 4 VY

oS b Slio oyl 00 S GLQTL 55 slaplSe

2 Recombinant Inbred Lines

doddo

a5 Cowl soge DM <> (Hordeum vulgare L.) o>
5 Sl HiS 09> aLS o)l Cwad Jlu e Ve sgus
(Sato, 2020) s )ls pg5509,S i 5 dmghus o] pyss
ol pogdle 25 el go Slaay ojsliioniz a5 5>
—4 0,8 oo )8 soliiul 0)5e Ll g plo A dss o aS
S3se Syl f Gardy g e Cato o cdle e
(Arendt & Zannini, 2013)

QTLY oS o L basye 35 slaglSe ol
oS Cowl (0935 bl olulis gl o s Sass S
Slocare> Jdov g w3z b 1) 9> 50 odumy wlao
Jis slate slo Sy b oy BN 5 Jol>
&l o594 Lis, owl (Kosova et al., 2019) oS o
4 g Cawl Wi ;08 oduzmn Cio (paiz lojen dsllas
Slao 4 &5 (ogi) Gblie G a3 GGl plide
o digd JB nled S o0 SeS il Jlai 300
S Jeily e sl SlMLL cal Sl Gl e
5,5 oolitl Siles SaS & ol Mol 3,k 5l Jgame
(Billah et al., 2021)

Slr oS baiss o (S5 ge 5l il el
2l 0dg s b 6 55,00 0 calie pally bl
(Mohammadi & Prasanna, sl coesl cwlio
Gl Sl gl 5l oS by b ol 2003)
AFLP SSR RAPD RFLP a> ;I JsUse

aS oo oolzwl RAD-Seq 5 CAPS (VNTR

! Quantitative Trait Locus



YaA gin0sS 9 Lol AW I Jol> (Hordeum vulgare L) o> slacpY <) olaw S05 Ll

sg oy 5l S Syl 5l e b sjlann 5 b
sy 59,50l 5 oluls (Ghomi et al., 2021)
—oolitul sl cdo Gl gilwainge @ 92 55 L0 Slo>
8,5 dalyr S8 Cako 9 g,0leS o wllS sle
I, BC3F1 LS \Y (¥V:+%) e 4 Takeda
Seaesie 5o ) BC3F2) e Jui )3 5 plulis
Corex a5 ails Lolsyl oKusls wladss
0SS slanyg g oL 1OY 510 elsBC3F2
£93309,5 re9yile 4>l 5o QTL plpear 3 Sls>
b slebs LQTL 4& 5l e (Qsdl) SH
(Takeda, K et al.,2009)

95555 3 e Jyame o plsieds gz Coal 4y L
(Slpl 92 ladosez (55, dgue Dlllas yizen
slagny e (S5 95 (ouyp Saa b addllas ol
&5 slaglle plulid 5 Sl 9> pB)] 51 Jol> o>
=hy ole s, 2 S ,5b GQTL ens s
s b

by 9 lge

a0 50 AFNNTY el Jl o adlhas )
)| by bedS bl ogslS aiS olKiils  lighos
W5 00" (aldliz Jobo yo o3l sl gelam 51 520 FO
SJod 4883 Vg YV GLSLar oy g (B0 aids
adsl iluoslel 5 pedans caiS iy ) il alxl
s 92 Al (Y ARl G a0 285 O g0
Lol 5 (KOMINO) giess a8, Y5 51 Jol> ot

Sk 50 SSR 4 SNP sl Silis 5| i ais SO
s plosl w0 5l Calises al> e

L @LQTL (o5 slags bs, Glise slagis,
Ly amty ohiss b Sute jboay a5 wles S lulis
) ol Lo 5 ,Shas b Gl jsbay oS 2o s
.(Jabbari et al., 2018; Robertson et al., 2021
JrsS sl QTL Y (Y-V)) e 5 om0l
PLS Gbs e B @ e oS Slas oais
RIL) <5558 (Y VAD (owyp L) S9d00 (255D
Lo b 0 H94061120 4 Xen 3 5l Jol>
sy QTL ¥7 soameyn 5 oS Lo Jituw
slaw ws,d sleld b awl a4 by olio
lopgjses,S 4o ;3 e3gicemyy o Slas sln QTL Y
Glp IH G5, cQTL L byl 51 b go a5 azily
039 9 p9° 9 Jol Sp sk wsg (Bepa wls o Sles
als 0, Sloe g 005 o,Slos « 5y pogd Sz
UM [ P VAR S U0 RRCCEA RN PP PR VC 9N
5 23,5 oanlie dls 5,8les 5 wlogm (ym (5 0 S
L bope Sogped QTL G a5 ob lis @l
Loals o Slos g oogicuns) 0 ,Shes (p5d I Colis
£95903,5 S9, » DPD-9108 4 bPb-9280 sla Kilis
S8 b bl &b Sl plgise a5 e0s ey 1H
Capo-chichi et ) 5,5 solatwl 55lwyelS sl ,Silas
.@l., 2021

ok 5o )d SlsP 13l g, 48T D0 Oliniog o

a1, Sl wld Wlgs oo Ly Olss 0B ekt >



Y44 FAFYAD (V) F AT oM ordisn 5 &55)5iSTom [0S 5 sals

VIO 2STy 3L Vee Vo 55T Yse +/5Y DNA
Slasls 10 ANTP Voo Lo +/Y MGCly Yge Los
-yl Jols PCR (g4l 5 .09 o5l e Tag DNA
4o B mh Ddedy geede 420 AF 0 gle
axo AF o glecawly IS Yool s
ary OA o Jlail adds S s gl
T e S AN T e
g a2 33 VY 33 Sl S5 caids VO Sy
doe Alegey ey aids my Soe
7S5 Jgame ol bl (ICyclerBIORAD,USA)
2oy 8 sl SIh U5 5serSl g, » ead
A Cahy bB ooy el S, L g SSas (PAGE)
Kalendar ) iPBS (sla ,Silis 5l acss ol glsl sl
Boronnikova & Kalendar, ) IRAP (et al., 1999
«2010; Kalendar et al., 1999
«University of British Columbia _ UBC)ISSR
CAAT Collard & Mackill, 2009) ScoT
oy ysbaiedr ol eolaul «Singh et al., 2014)
55T aw dPBS 55T 1A 5 ceally o JSS s
CAAT 55kl cuza SCOT 55kl coia ARAP
RAPD [55TY¥ 1JS 55L1v0 JASSR 55kl can
aidi agd Colys o 5 ob colinul IPBS 55kT04
Sles Yo SSRKles 100 ) eoliiul b Siwss
v$ CAAT Silsi ¥+ JRAP Sl cas JISSR
5 IS Sl Vv RAPD Silis 4+ SCOT Siles

b plool IPBS Silas 4

020 Syge 4 LS5 dw po s Wz )b B o 5o
Lshs Job wiud coiS mpe e o alls For (S5
as S b o e ole Yo ool alols § e il 10+
losls  ail SlacSsly (5,15 cone pas 4 azxgi b 0l
wips ol LS glassl zyb eluly iales]
ez Osmed cuils Sldas o) Jlo Job o as
=y bad bl o b plmil oS (555 2 okl 005
TNS: Total Number ) a5 o alow slaws .Sl
Oy «PH: Plant Height) a4 ¢les )| (0f Spikes
o9 «(TWS: Total Weight of Spike) a5, ;0 alow
SL: ) alew Jsb «SPW: Spike Weight ) alo.,
AL: The Length of ) Sy, Jsb «Spike Length
JS o9 «(AW: Awn Weight) s, o9 «(AWN
(TWA: Total Weight of the Awns) <z,
GNS: Number of Grains per ) alc. o ails slows
als e «GL: Grain Length) «ls Job «(Spike
SW: ) alcw ;o ails 59 «(GW:  Grain Width)
G 0 als o Skee 9 (Weight of Grains per Spike

A (6 5ol (Grain Yield)

yobas SSRSLis VOO ¢ Siilh aid o 5 jslaieas
55 Al adgl JlSle g2 pgige9 S Cuin o cnlis
Strussand ) wsls JSis (L8 Sladlas ululy 1)

Plieske, 1998; Ramsay et al., 2000; Thiel et
al., 2003; Li et al., 2003; Varshney et al.,

Slopzs; STy (2007, Marcel et al,, 2007

£S5k 8+ Jols SSR ,SiLis (ol (PCR) lyenls



Yo gsS 5 Lol W 5 Lol> (Hordeum vulgare L) 3> slacpY o5 Slao Sisy sl

6290 9 5y 2l 5o euls (6 5 ol Wlasine - Jguar

Table 1- Evaluated traits in male and female

Tarits Badia Komino
(ogils) @i glas | 80 68
PH (Cm)
(sae) asg ;o aliw dlass 28 36
TNS (No.)
(#5) ol J5 055 43.26 34.63
TWS (gr)
(p5) b 05 1,65 1.42
SPW (gr)
(e ) a5 13.21 11.23
SL(Cm)
(o (glw) Sty Jobo
6.5 5.2
AL (Cm)
($27) S22 039 3.56 3.21
AW (gr)
(P9 e 2 s 03 1.36 111
GSW (gr)
(dae) acws yo als slass 34 25
GNS (No.)
(o o) o 20 3.6 2.9
GW (mm)
(e o) s Job 11.21 9.87
GL (mm)
(p,5) alo o Sles 32 15
YLD (gr)
TWA (gr)
al., 2000; Li et al., 2003; Thiel et al., 2003; SCoT ISSR JIRAP iPBS (b Silis als

=l (Varshney et al., 2007; Marcel et al., 2007 ;
Pl y o905l b alBlas> & jg0a JSiai> SSR 3 CAAT

I G bl Nt L) A lod oL
og,S s Yio o Jl LOD alu!
lrog,S i sy g T ] * Bl ey sleoaly 51V cas 8B sl Silas

a5 BQTL s (sl s oolitl S
oo 5 QTL s sl b o0 S Manager QTX17 Map Jl3ble 5 b 4t ags wud

JIoeslizel L CIM 3g, 5l gl st
= e ’ R A —o5,5 _plazsl b sl (Manly & Olson, 1999)
R 3 =5 ,o QTL.gCIMapping.GUI v2.0

SR glie ol abgye Glapgjses,S 4 3 slo

v i b alads g (Zhang et al., 2020) o sola! .
Ry 5 ( g ) o e Strussand Plieske, 1998; Ramsay et ) Cilise



olylg 4 5o
E55 397y oaimslis ilyly 452 I ol b
slass Slae Ll 51 cw) 950 sy o o Sxe
5 alcw 39 «(PH) @gs glis )| (TNS) aigy o alss
«(SL) alws Jsb (SPW) aliws 55 (TWS) assy
I s (AW) S, bj9 (ALY Sy, sk
Jsb «GNS) alews o ails slaws (TWA) Sy,

SW) ales jo &ls 59 «(GW) ails 5, (GL) ails

QTL Jluxl (nyicien b glibis Jlyica LOD
sleosls (@8l slaSsh (slo gme pac 4 axgily
3leslainl b Bolas JolS Seb )b & js0 4 oinbes!
5 (Tukey) S o5l 5l eolial b Glas 1.5l
o 4550 Al A lie wo )0 iy Jleis] mlaw

roL?u‘ (SPSS 22) )|)5‘|a).’ )| salarwl b P o9y &

S g g ld
92 oS yiei o390 pY jo (2l Clho il Hlg 4 i Y Jguor
Table 2- Analysis of variance of agronomical traits
Slaye 5:Sle &l
Mean of Squares 6oyl az o S
S e 5 alw olass Source
Sy ORI ey e e Bt S
AW : - : SPW al : o PH variati
AL SL TWS TNS one
0.002** 4.16%* 1.51%* 0.23** 171.07** 491.42%*%  156.77** 98 C"”jy
Ine
Ssb
0.00025 " 1.47* 0.25™ 0.018" 5.36M 280.39* 26.13" 2
Block
las-
0.00032 0.632 0.262 0.037 17.95 127.03 27.93 196
Error
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=Sjgnificance at the 1% probablitiy level and *Significance at the 5% probablitiy level

PH: Plant Height, TNS: Total Number of Spikes, TWS: Total Weight of Spike, SPW: The Weight of Spike, SL: The Length
of Spike, AL: The Length of Awn, AW: Awn Weight, SW: Weight of Grains per Spike, GNS: Number of Grains per Spike,
GW: Grain Width, GL: Grain Length, YLD: Total Weight of Grains, TWA: Total Weight of the Awns
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Continue Table 2- Analysis of variance of agronomical traits in barley Recombinant Inbred

Lines
Slaye 5:Sle
Mean squares _
4o &ils o Sloe " w @l azyo S 2ol
S &ls olaxs saly oy
i, S o oy s Job s e p) 09 Degree of Source_s of
: : e S freedom Variation
TWA YLD GL GW ) ) ;
GNS GSW
Y
1.114** 125.15** 0.587** 0.107** 112.09** 0.21** 98 o
Line
Sk
0.059m 8.059m 0.107m 0.012m 30.003* 0.020" 2
Block
Uas
0.133 16.030 0.119 0.027 17.629 0.0357 196
Error
17.586 20.67 2.866 5.331 19.914 24.896 () Syects a2

Coefficient of variation

aoys mhy Jleisl a5 gl pxe® sy S Jleisl mha jo ()l gae ¥
#*Sjgnificance at the 1% probablitiy level and "Significance at the 5% probablitiy level
PH: Plant Height, TNS: Total Number of Spikes, TWS: Total Weight of Spike, SPW: The Weight of Spike, SL: The Length

of Spike, AL: The Length of Awn, AW: Awn Weight, SW: Weight of Grains per Spike, GNS: Number of Grains per Spike,
GW: Grain Width, GL: Grain Length, YLD: Total Weight of Grains, TWA: Total Weight of the Awns
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Table 3 - Correlation matrix between evaliuated agronomic traits in barley inbred lines
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PH: Plant Height, TNS: Total Number of Spikes, TWS: Total Weight of Spike, SPW: The Weight of Spike, SL: The Length
of Spike, AL: The Length of Awn, AW: Awn Weight, SW: Weight of Grains per Spike, GNS: Number of Grains per Spike,
GW: Grain Width, GL: Grain Length, YLD: Total Weight of Grains, TWA: Total Weight of the Awns
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Figure 1 - Histogram for agronomic traits
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Ch.1H Ch.2H Ch.3H Ch.4H
0.0 iPBS2221-2 0.0 iPBS2083-4 0.0 iPBS2076-3
1.2 Bmac0213 0.9 1JS17-B 2.4 1JS9-B
1.4 iPBS2239-3 1.1 ET15-36-B 3.94 [ Scots-A
2.0 Scot4-B 1.2 iPBS2221-4 4.0 I GBM1525
2.9 CAAT1-A 3.3 6-B 6.0 | ISSR16-4
3.2 OPD-05-A 3.7 1JS18-A 6.2 fr HVKNOX3
3.7 D1o-C 3.9 EBmac0783 6.9 \‘w‘ “\‘ scssr20569
4.3 1JS12-B 4.9 GBM1121 71 f19s24-B
5.0 iPBS2239-5 5.0 E19-D 0.0 iPBS2077-8 83\l [lirET15-31-C
5.9 HVALAAT 5.7 iPBS2240-7 1.1 CAAT5-B 114\l M- iPBS2240-1
6.8 13S6-B 5.9 SCssSr08447 2.4 Scotl-A 12.4 CAAT1-B
8.7 iPBS2232-5 7.3 OPD-05-C 3.0 ET12-29-A OPB-02-D 149 OPB-04-B
11.0\\H 7.7 IRAP56-2 5.4 1JS13-B 15.3 1JS11-B
12.8 \[}// 19S8-D 8.0 HVM36 8.0 Scot5-A 16.0 EBmac0701
14.0 /- GBM1272 9.6 Scssr07759 8.1 CAAT2-D 16.1 ISSR20-1
15.4 —1— ISSR16-1 10.4 HvXan 8.7 1JS22-B 16.4 GMS089
19.3 —| |- scssr02748 10.6 OPB-02-C 9.2 1JS3-C 17.3 CAAT8-A
22.7~|_|-iPBS2221-8 13.3 D03-B 1JS1-A GBM1364
23.6 | ™ OPB-01-A 15.4 EBmac624 1JS6-C ISSR13-1
29.6 ~| |- WMC1E8 15.7 1JS523-B OPD-05-D 1JS13-A
32.6 ~] |- Bmago782 16.1 ISSR16-1 OPB-17-C 1JS18-E
33.9 — |~ GBM1461 16.9 iPBS2077-6 I GBM1450 iPBS2074-3
36.2 /K- Bmag0113h 17.1 ET15-36-B {i- EBmac0705 iPBS2240-4
37.6 7\ 9S24-D 18.4 Scot3-D | iPBS2077-3 ET18-1-D
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49.3 — ™~ ISSR16-3 23.0 HVKASI CAAT6-B ET15-32-C
53.3 ——— EBmac0659 23.3 13S524-C OPB-17-B EBmacc0009
— D13-B 24.0 sCssr07759 OPB-04-C iPBS2081-3
— Bmag0718 25.6 ET12-28-A Bmac0209 CAAT5-C
{— OPD-07-E 27.6 13S3-A EBmac0565b iPBS2076-4
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OPB-20-E 52.4 D13-A HVM44 | ET15-32-A
scssr10477 52.9 iPBS2240-3 iPBS2232-2 1JS15-B
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Scot8-B CAAT5-D 106.3 scssr08447 OPD-07-B iPBS2239-2
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1JS18-B 126.3 13S14-A 1JS14-B iPBS2241-6
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Figure 2 - Barley chromosomes linkage map in Fy of Badia and Komino crosses
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Ch.5H

0.0 iPBS2239-4

1.34 f EBmac0970

3.9 fr 1s17-C

4.4 Bmac0047e

8.2 Ir GBMS0032

9.5 1JS18-C ET18-1-A
10.4 iPBS2239-6
13.9 EBmac0560d
16.5 B06-D

17.5 iPBS2231-4
18.1 ISSR38-4
18.2 Ir Scot6-C
18.7 GBM1508
19.3 EBmac0560b
21.3 ISSR29-3
25.2 OPB-17-D
26.4 Scot7-B
26.5 ISSR16-5
27.6 13S21-A
29.3 HVLEU
34.7 Scotl-C
35.0 HVM30
35.3 Bmac0282a
35.7 ET15-31-C
36.0 iPBS2400-4
39.1 GBM1398
39.9 13s7-C
40.4 iPBS2232-4
42.0 iPBS2231-3
44.9 GBM1426
45.1 Bmag0223
45.9 13S7-A
48.9 scssr15334
53.3 iPBS2222ISSR13-2
54.7 OPB-20-A
55.6 Bmag0812
58.0 i iPBS2221-5
63.3 il 19s17-A
65.37l W' HVDHNO9
66.0 i ' ISSR13-2
66.4 i ' ET15-31-B
69.9 | AFO43094A
71.4 - CAATA-A
73.0 iPBS2400-3
73.1 Scot3-C
73.7 B15-C
74.2 OPB-14-A
75.3 iPBS2221-1
79.4 IRAP54-2
81.2 GMSO001
82.8 ET15-33-A
83.6 1JS8-E
84.1 EBmatc0003
84.7 CAATS5-A
91.4 GBM1166
92.3  ET18-1-C
97.3 iPBS2077-4
98.2 Bmag0113i
99.1 13S22-A
108.4 4| [t iPBS2074-1
110.8 i i ISSR47-3
112.1 4 ff scssro9041
1119 DO03-D
113.7 GBM1164
119.3 OPB-19-C
125.4 iPBS2074-6
130.8 ET18-1-B
136.7 GBM1470
137.1 ISSR38-7
140.3 iPBS2274-3
142.8 iPBS2231-5

Ch.6H

0.0 AF166121A
3.2 GBM1355
4.3 ET15-35-C
53 CAAT2-C
9.8 iPBS2241-4
10.1 Scot3-A
10.9 13S12-A
11.7 iPBS2077-1
14.8 GBM1212
16.2 1JS11-A
17.7 B15-B
18.6 GBMS180
21.9 HVM31
23.7 iPBS22419I1SSR16
25.8 IRAP50-3
29.3 D10-A
32.2 EBmac0874
32.8 iPBS2076-2
34.1 IRAP56-1
39.1 OPB-18-D
46.3 HVM65
47.8 OPB-18-C
48.1 OPB-14-B
53.6 Bmag0210
54.1 MGB371
65.4 ET15-31-A
68.3 ISSR48-3
76.3 1JS4-D
78.3 Scot6-B
81.3 Bmag0867
83.7 Bmag0004a
84.1 OPB-19-B
96.3 |~ 1JS2-D
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Table 4- Location of QTLs of agronomic traits in the population of pure F9 recombinant lines
resulting from the crossing of Badia and Komino
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PH: Plant Height, TNS: Total Number of Spikes, TWS: Total Weight of Spike, SPW: The Weight of Spike, SL: The Length
of Spike, AL: The Length of Awn, AW: Awn Weight, SW: Weight of Grains per Spike, GNS: Number of Grains per Spike,
GW: Grain Width, GL: Grain Length, YLD: Total Weight of Grains, TWA: Total Weight of the Awns
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