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Fig. 1. Banding pattern of Clipper and Sahara3771 barley varieties and some doubled haploid lines in
scssr07759 microsatellite locus. S: Sahara3771; Cl: Clipper
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Fig. 1. Phenotypic distribution of plant characteristics in barley double haploid lines derived from the Clipper and
Sahara3771 cultivars cross at five-leaf and maturity stages. M: population mean, S: Sahara3771 and CL: Clipper means
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Table 1. Locus, distance from the left marker, chromosome, LOD, additive effect and percentage of phenotypic variance determination of QTLs related to plant

characteristics in barley double haploid lines population

ol sla SSLS €M) o Sl 1 dols p235035 Sl QTL
Trait i Flanking markers Distance from the left marker =~ Chromosome LOD Additive effect ~ QTL effect (%)
jz@ A e 3 e g Y G5 oSS oSt 055 GBM1363-GBMS141 2.55 5 11.54 -0.015 28
Plant dry weight (plant™") of barley lines at five-leaf stage

Bmac0125-Bmag0378 0.03 2 12.72 -0.13 22

S hey do oy g glacpY 6 oSG St 055 Bmag0347-EBmac0695 0.56 1 3.95 0.06 5

Plant dry weight (plant™) of barley lines at maturity stage EBmac0695-Bmag0345 0.60 1 4.67 0.06 7
Bmac0096-Bmac0163 0.81 5 4.30 -0.5 8

Bmac0163-Bmac0306 0.91 5 3.14 -0.47 7

Bmag0812-GBM1363 2.31 5 7.55 0.7 15

jﬁ@ do oy gy Joble GBMS180-Bmag0496 0.58 6 4.67 -0.54 8

Boron concentration of barley lines at five-leaf stage EBmac0874(c)-EBmac0874(a) 0.70 6 4.87 -0.55 8
EBmac0679-TacMAD 1.24 4 8.03 -0.72 15

HVM60-Bmag0603 0.60 3 3.60 -0.67 11

Bmac0125-Bmag0378 0.02 2 5.36 0.73 12

Sy oy s o sty s Bmac0096-Bmac0163 0.82 5 3.77 -0.61 9

Boron concentration of barley line;s at maturit)'/ stagé ' Bmac0306-MGB384 Lot > 449 0.7 1
TacMAD-Bmag0419 1.41 4 3.66 -0.6 8

Bmac0125-Bmag0378 0.01 2 3.20 0.12 5

Bmac0096-Bmac0163 0.834 5 4.30 -0.16 9

jx@ Ao 53 e Y 65 &S gl EBmac0874(c)-EBmac0874(a) 0.70 6 6.35 -0.20 12
Boron content (plant™) of barley lines at five-leaf stage TacMAD-Bmag0419 1.33 4 5.71 -0.20 14
Bmac0125-Bmag0378 0.02 2 4.87 -1.13 10

B o3 oY 6 55 Bmag0140-Bmag0813 0.48 2 3.48 -0.92 7

Boron content (plant™) of‘barley lines.at ma:[urit}./ stagé Bmag0347-EBmac0695 0.57 ! 4.48 0.88 8
HVMO03-GBM1509 0.63 4 3.88 1.60 11

A%


www.SID.ir

SLEIALY pa55m5 S 5 08 550 5L WA U b
Y psismsS 53 35m OLS Hsn Sl Y44/ Uyl s
LW 5 YY s 5 (Kgm 03,5 33)
S VEW/E S YYD Sy b 4 glasd g ddls Sl 3
0 ps)sm—rs S Aein S ol
L SO el (s 05,5 53)
AVIY Jsb 1 # ps55ms,S 5 08 ) se (SLa YWFIA b
LoV passms S 5330 SL Y Jals O ) 5e L
D5 eslenle sy Kl YY OB po il YAO/S U 5o

bl

S W g

QTL & yxi
S ) 9 SlRLS ol 0 90 dg &5 S 039
o oS e kol L0 gy 3l eslizal L
&“_-.Lg\ugwl.“f LBf)bUﬁ&Qj}d‘ﬁQTL
D ps5s43,S > GBMI363 5 GBMS141 o Sl
) S o s wibyls o ps YA ST s Lol
odoas QLA QTL ) e il 31 51y S0 s
Sahara3771 2l 3 oSSl ol 55 wollas JT &)l
Qj)élﬂQTLuc;.\.ﬁwwf):.:ﬁC\:&q
2P e QL S 5 95 S s pluls 65 &S
BY) CSUQTL A ls 41, 82H 4 1H L;L.a(a})'}_s);
St 0js Dl )3 YY S L2H py50s S
Bmag0378 s Bmac0125 Lg\.ajfjl_{:d Y S
03 D4 e ) Bl S gl Iy g s 8
sl S5 ;o315 QTL dH p 5503 S
QTL 5 depy> o «Bmag0347 9 EBmac0695
EBmac0695 (sla KoLis Juolb o 5 o oL O

Iy Lo (o 50 Ol udd do s Can Bmag0345
dw L5 St il B 1 slyls 93 a9 L5 ST
033 s 358 S s 51 o3 TF ¢ 5o 13 QTL
153 8 e ) S by o o 53 45 5 ST St
Y Jgus)
&SC (efferies et al., 1999) OIHLSKan 5 o i
ol galie sy Sl L aS 4H p 355058 53, QTL

YA

----- @l e 53 e b las e GWQTL Lol "

et 935 e 0 8 5 Sa VM oS0k b e 85 S
ils 3 4 Df})g.:ﬂ’/\‘ sgd= 53 el Y
Sahara 3771 ;5 5 Y/AY Clipper dJlg ;5 5 (gl gimes
Wy 33 o Slr oy Vs 535 0 55 e Y
= Sl g=mee 05 guzee (LSDy 5=+ /VA) dis Hls s
O ez 1 5 Sy o a3 455 S5
3 e 05 5,8 W0 KSla LFV/FY B1Y/5)
:}_g-jpfbi:ﬂ“ sgd s Sl eV o s
L ol 45 9 &S5 5 (gl gma L Clipper iy .2l
Syl ¢J_?3J§\,a\o/\/\\~.3ahara3771 S YV/Ye
Cp dew g (6 (LSDyps=Y/YV) Ll Hls e
L odalie glnte SSSE (Camez )3 (o) 2 3050
Gla T S 5 a5 s adlmnialis 457 (Y i)
257 el el

«(Lonergan et al., 2009) O, an 5 OLS
o L s ade e 5o gl e Bl
caslze du shila la oY (gl o iy 55, YA
Sahara3771 (al_Sjl S 2o VOB Y/0 o5 gdwe o 4
53 CJ—?H?‘ /0 §¥/0 5 5« Clipper
OHLSan 5 5 i s S 515 55 1S
Cble (Coma an o ;0 (efferies et al., 1999)
).spf‘_;l,:a V=PV s gdmn j3 15 olgn Jiow 5
5 « Clipper s Sahara 3771 o,/ ;> Cfffl’;
M.J}JJJT@J@C;M‘)DC;&:AQ\' R
9Zn Calides C}.L.» 1345 5,5 Ol (Nasim, 2010)
s-ba Clipper VJ)L;\}_AJ_;UJAJ_?Q,_&L&B
.ol Sahara 3771 )1 éw (gl ae
S, 4 P

03,5 Vo an |y SSLa VY (K s 4 s
Ll 428 J b b g paiges,SV 4 Glate (St s
93 o 3 b 5 OL T 540 SL_W VOYV/A
3,5 comitn O g SLa VP4 L sl S0l
A S5 a8 e s St mi s
L LY Jols (S sm 05 8 530 p3iges,S


www.SID.ir

WAY Sl o) eoled sl 01al 21y pske als

el 0l 0315

okl ¢l p o WQTL LuJil.s sl LT s
Jenkin, 1993; Jefferies et ) 2H L;Ln(a}j}_wjf S5
sl 4l (al., 1999; McDonald et al., 2010
Lonergan et al., 2009; McDonald ef al., ) Cewl ol
OHLSea 5 5 > (Sutton et al., 2007;2010
S a5 S i8S Qefferies et al., 1999)
Sl ww u) 4H c)}y};): Sahara T 5 4= 5
Sy 5 ble wp s 7Y alS Cel (WG4
554 g Clipper JIT Jool- 51 81 s Cod ol 50
2 ler b Bl alS s )3T ies
ITTT oSl 5> Sahara LIy JIT ) g 4t
> Sahara JIT (1,15 3l 31 .42 Ol sie (Amy-1(A)) 6H
Clle halS ds s V8 i 6H 5 4H O 55 58
0L 53, 53 Clipper JT (glyls sl 3l 4 S 1y
T otz olalis laolSlr S 55 .0sls Ol
ju‘)j;ucquaharajl;q&wakg\jg}b
St SI6H ol 4 o 4H 95505 S oKl
Ll poble J s s
& ) 9 GBS Ao g0 30 dg Ty (Slgixo

A Sl = QTL sl lamalS o a5
AH QH (slapgjsns S 5348 s glalis &5 &5
o QTL QH g5 503,853 il 1,5 6H 5 5H
Aoy iy L Bmag0378 5 Bmac0125 (sla LS
PRI 5 IS P P - SCH UL
« Clipper U1y 51 ol ol 55 wogllas JT ol ol
e A 3 QTL e ol o fite 215
«(Bmac0163 Bmac0096) 5LaJ§Il_:J
9 TacMAD) 4 (EBmac0874(a) s EBmac0874(c)»
4H 56H SH sL—ap355—a3,S ;> Bmag0419
Ol oy 1F 51 & aS s Lol
Ls g gite Sl Bl 31 lyls 5 L3 S e 1y (o s
Sahara 1l 3l LaolSSle ol 55 oogllae T cpl ol

NS & Cjw 33 LQTL U‘.’.‘ ) <)y 4;3771

va

9 Sahara3771 (al_S)\ =W 5> 35 w5 WG4
sl i S S 0y i gl Clipper
e |y S Ol i 5l Aoy YF &S s 57 S lulis
ol s osdlas L}JTJJ_?:;JI)U_?L&QT.:;
5wl odd Jite 15 4 Sahara3771 Al Kl
Sis (35 Ay ¥ goeze 53 JT plodils 215
T 6l o151 L alie )3 (g ity ol 0 i
.5 o Clipper
o M) § SlARALT Al 0 0§ cdalé

QTL &ch\wlﬁf&fﬁ;g_ﬁb sy
P 54 QTLY s Y M S b Ll
LaQTL (sl izils 13 4H 5 6H SH (slaps5sns S
B AL B LRI E ST AN S VI
O:_gc;\) SLaQTL L5 S i | (8 @Lfd:—,a
s 3 "GBM1363" 5 "Bmag0812" sls L5
0355055 2SS4 "TacMAD" 4 "EBmac0679"
Ot o 58 LNy e A3 V0 L4H 5 SH
ol oLalis QTL Lid i .dmils LQTL o I, il
odas Ol 4S5 W g e Ll 33l S slyls QTL =
el &lr ol 53 o il ednl 3l JIT &)l 5
(S Ay o 0 53 .3 4y L5 4y Sahara3 771 i
54 QTLY 5 ¥ ) ) JM&LALLSQTLGL;
ol s @l 4H 5 SH GH QH (slapsjsms S )3
5 9=5 s 3 Ao 53 0Y § sema 53 LaQTL
@beTL..u;m;bj.x?“w,U;;gw
3 Bmag0378 3 Bmac0125 Lg\.a,{ll_.':d O s
(25 33 il e o3 VY L 2H 55 505 S
QTL ol il 53l 1 .codls WQTL w1y 1 o 2
ol pl s e o 31 T ol b 03 ot
QTL zy 51 .ol 0wy L5 4y Clipper WPt
e il 3151 6yl QTL [l ol o lulis
):J_j'tq;?); Sahara3771 My i i aS Ly
3l ga5 () Jads) 3yls s Ol 1y Sy dl o
Ol ¥ S 53 ol L0 SWLQTL (LOD jowie


www.SID.ir

----- @l e 53 e b las e GWQTL Lol "

o ALaoo
Bl
164 \
5 \
3 II
37 30 L,
| |
16 - |
‘ __ - |
y L
ot — — — L o .,_&‘.
a7 5 £ 0 13 13 188 M5 M 268
@ = °w 5 2 £z @ s §
% i % ) g H ££% £ 3
g - = & 242 H# =
g hLow
40+ AN
1
f'l
\
apd 20 !
204 | T LT
Lo+ |
o TT— J - e
’q, . e PN . A
0 27 54 &1 18 35 11 188 5 242 xs
i i i iiE g g R g g 3
z E . B 3% i IR
2
5 Ao
0= ]
] 4y
\ | II
PPy 1 '.! '.I
1
I|
20t
104
0 — — L — - e
+ s} + ; 4 8
¢ 7 MooE oW m o w 2 o 238
3 3 3 T i 5 T iR z i i
: : i §Eb 8 I 1 5 i R

035503,5) A &lgoms (0 5 GH pyjge3 S) Jobale (Callods SLOKs SLQTL s, LOD ot -¥ S0
ﬁ&@{g_ﬂ:uéudyCM)JGHCJ;}A};);MJbJA)J;C%(Cjks\wl:f al> 0 55 (6H
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Mapping QTLs related to boron uptake and accumulation in shoots of barley at

seedling and maturity stages using microsatellite markers
Abasszadeh. M.,' S. A. Mohammadi.> M. Moghadam3 and B. Sadeghzadeh4

ABSTRACT
Abasszadeh, M., S. A. Mohammadi., M. Moghadam and B. Sadeghzadeh. 2013. Mapping QTLs for boron accumulation
in shoots of barley at seedling and maturity stages using microsatellite markers. Iranian Journal of Crop Sciences. 15(1):

71-88. (In Persian).

Boron is an essential micronutrient for plant growth and development and its role in cell wall, maintenance of
plasma membrane function and several metabolite pathways is well documented. In this experiment, 150 barley
doubled haploid lines derived from the cross between Clipper and Sahara3771 varieties were evaluated to
identify genomic regions involved in boron uptake efficiency. The studied traits were boron concentration and
content as well as dry weight per plant at seedling and maturity stages under greenhouse conditions. Linkage
analysis was performed using 125 polymorphic SSR markers based on minimum LOD of 3 and maximum
distance of 50 cM between two adjacent markers. The resulted linkage map spanned 1521.8 cM of barley
genome with 14.09 cM distance between two markers. Based on composite interval mapping, 23 QTLs were
identified for the traits under study. For dry weight per plant, one and three, boron concentration, six and five
and boron content per plant, four and four QTLs were identified at seedling and maturity stages, respectively.
The detected QTLs for dry weight per plant, boron concentration and content determined about 28, 61 and 40%
of total phenotypic variation of the traits at seedling stage and 34, 51 and 36% at maturity stage, respectively.
Transgressive segregation was observed for all traits indicating the presence of desirable parental allele
combinations in the progenies. Negative and positive additive effects for identified QTLs showed the inheritance
of favorable alleles from both parental lines to progenies in the detected loci. For the studied traits, four QTLs
were common that could be due to genetic linkage or plieotropic effects. The markers showed tight linkage with
major QTLs, could be used in marker assisted selection breeding programs for selection of superior lines and

incorporating of favorable alleles into commercial barley varieties.

Keywords: Barley, Composite interval mapping, Micronutrients, Plieotropic effect and SSR markers.
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