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Figure. 1. Phenotypic distribution of plant characteristics in barley double haploid lines derived from the Clipper
and Sahara 3771 cross
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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
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(plant) at maturity stage



O 5 3o s gy O RS

Y 6‘}'.’.7;«_3;% Bl suS d)::S d‘fj u"‘.}’ @L.eu

3H 5H
Sukkula-390 —— 0.0 HVMO06 —— 0.0
GBM3907 —_— 2.8
GMS002 /7§ 32
GMS001 /4N 3.7
scssroo4l \ 6.3
cdo506 /N 7.5
cdo484 /=N 11.1
HVIRIP4 12.4
awbma32 12.8
HVIRIPS 13.3
HVIRIP3 13.6
cdo678b | [\2311
HVCESA2 28.9
HVJIAS ~| | -33.6
GBM1420 —[ [~ 34.0
wg222b < [ 35.7
GBM1238 ——— 45.4
HVCESA3 | .0
XYL3 1
Xyl 7
Bmago853 ——— 53.8 awbmas — ‘s
EBmMag0705 ——— 55.8 GMS027 -] 3
EBmac0708(b) ——— 58.6
HVM62 ——— 62.0
EBmac0541 ~| |- 66.0 bcd221b ~| | - 66.2
17G1-1-3b ~ |- 67.8 GBM1436 bcd265b ——(— 67.2
HV13GE -] [>-68.2 bcd808b GBMS141 67
Bmago877 ——— 76.8
GBM1363 88.0
N I abg702~| |- 95.9
wg110 95.3 KoprekD4 ~J [~ 97.7
HVUDPGPP ——— 98.7
cdo400 | [ 99.8
Bmag0363 ——— 105.7
ISSR42/LTR6150-460 ——— 114.7
Bmag0010 ——— 119.9
Bmagos12 121.9
GB?\EI’?%%? - igg'g bcd351a 127.3
= - KSUAL 127.5
Bmag0606 — [~ 127.9 Bmag0223 ]| 1276
040 11— HVZFP1 /*k 130.4
wo 1331 Bmag0022 //—\\ 131.2
Bmag0113 133.6
GBMS047 ———137.6 GBM1483 —— 138.5
GBM1426 < [ 139.6
wg181 ——— 143.0
val I taes EBMac0854 — =~ 144.8
HVMBO ——— 1485 wg564 145.5
LTR6149/Sukkula-180 153.9
GBM1253 ——— 156.1
GBM1163 163.2
HVM33 164.6 GBM1399
Bmag0112 Sf 164.8 gz:iég
wg1l78 HVGSL8 [ | — 164.9 L F
EBmac0874(b) 175.6 5LTR2/Nikita-150
HVES1A 176.3 Bm;;(%gg
Bmag0006
Bmag0138 ] HvVCESAS8
EBmac0839 2
GBM1094 Bmac0209 :
wg405 Bmag0603 & wg530 180.3
EBmMaco871 ~ bcd21 abc164 183.9
HVPEPDIPR HVGSL7 17‘31-1-32 § 184.0
GBM1285 GBM1213 Bmaggggs 184.3
EBmMac0848 EBmac0672 Bmac! —N\\"- 184.8
GBMS185 ksuA3a 187.1
Bmag0361 Bmag0387 188.4
GBM1413 EBmac0518 ////| | 189.4
awbmals Bmac0163 190.6
EBmMac0760 EBmac0761 i cdo749 J//—\' 191.7
Bmac0067 Bmac0273 ///\\- 193.9
Bmag0122 Bmac0306 ‘| | 197.2
Bmag0828 Bmag0509 200.4
GBM1444 MGB384 202.1
Bmag0131 Bmac0303 - 203.1
S N>7 EBmMac0783 \ 206.3
- Bmago751 7 —\\ 212.3
ISSRAZé?nu:ggﬁ;;ﬁg ISSR42/Sukkula-750 | |\ 216.2
KoprekB8 awwm1-5 - [ 219.7
HVITR1 Bmac0047(a) 223.3
scssr7106 226.3
GBM1159 ~| | - 232.0
cdo395 —| | —-234.1
HvVCW21 — 1 — 235.8
HVLTPPB —| | 236.4
bed1s <[ [ 238.7
EBmMac0705 —| [~ 241.4
awwmld ——— 246.9
GBM1123 ——— 251.7

GBM1280 ——~

— 260.5

Y JS,L a3

Figure 2 Continued

T'84°0U09



Voled /) M/ alS K sla tash

7H

ISSR3/LTR6149-960 ——— 0.0

GBM1126 —]
Bmag0007 | |
Bmag0206 —

bcd129 scssr7970(b) 7

HvGSsL4 7| |
EBmMag0794 —|

bcd135 —

abcl52c —

wg789c

WWRNONW®

GBM5060

a
N
()

EBmMac0603 ~|
ISSR3/Sukkula-480
S5LTR1/Sukkula-150

o
~N
IN

awbmasg

GBM1464

scssr7970(a)

abcl152d
Bmag0516 102.6
EBmatc0016 104.2
ISSR2/Nikita-575 106.5
BmagO0110 111.4
awbmail2a 115.8
KkSUA3c 116.5
EBmac0401 118.0
bcd340a 120.3
Bmac0162 121.7
scssrl5864 122.4
HVZFP2 122.9
Bmag0746 2
Bmac0192(b) .6
awbma24 7
Bmag0321 .9
Bmac0031 1
GBM1492 \{ .4
cdo673 x 7
bcd147 —= 7.2
Bmag0507 0
EBmMac0762 5
bcd340b .6
EBmac0780 9
GMmso46 7 | | 3
Bmac0040(b) ~|_| 2
EBmac0827 | 6
Bmag0571 ——— 145.0
Ebmac0764 | ™ 146.2
Bmag0120 178.0
psri17 | 188.2
awbms22 —] [~ 188.4
awbmall ——~ 190.5
awbma9 /%\ 191.6
abc310 wg686 ™ 104.1
psri29 202.0
abc305b ~J—- 203.2
psridlb 206.2
GBM1362 Q*? 209.4
KSUE18b ~—{/- 210.6
Mnelc 213.1
EBmMag0757 >’f< 213.4
EBmMac0755 2123
wg420 226.7
HVM49 Q%/ 229.5
Scald \N—{ 231.7
GBMS183 \N 237.4
EBmac0655 239.7
cdo347 241.0
HvGSL6 *Z 241.2
HVCHIT /- 241.4
cdol395 — N~ 242.1
M501 <[\ 242.2
Scssr4056 /» 244.3
Bmag0135 N\ 2475
HVPRP1B 254.2
HvID —_}— 280.7

IO

T'94°9U09

L]

794109

=

7947109

-

784009

294109

Figure 2 Continued

6H

Bmac0040(a) —f
ISSR42/LTR6150-210
scssr5599

psri54
scssri03(a)
awbmalé
bcd269
cdo989
bcd276
Sukkula/Nikita-580
bcdl

Amyl

ksuF37
Bmac0047(b)
EBmMac0708(a)

GBM1389
cmwg684a
HvGSL2
awbma20
Xylo
EBmac0681
mwg820
EBmMac0806
Bmag0613
GBM1400
abcl63
GBMS180
Bmac0218(b)

EBmac0787
Bmag0344
Bmag0003
Bmag0009

HVM74

psré61l EBmac0874(c)
d1-650-2 17G1-1-3c
Bmag0210

taml10

EBmac0874(a)

EBmac0674
Bmac0144

scssr2093
Bmag0867
Bmag0500(b)
Bmac0251
ISSR42/Sukkula-890
psr627
S5LTR2/Nikita-370
ksuA3b
Bmag0500(a)
Bmac0208
bcd342

psril9o
SCcssro398
Bmac0316
awbma36

ISSR3/LTR6149-720 —

wwNHOQ\I:bNO\IHOlO(O\ICDHi»'O

gb#bbbwwwwwNNNHHHHHmo
COWORONOODDRWONRROBNNNNNOMOMOROMDANNGNI®

QABBADD
RPOOVOWONSN

165.5




Q‘)&M}&M}ﬁg}‘# ---‘5‘}:;;0_3&1&0.&}5;])256&}:3@‘}&@&3

5 ome a8l ol S L GLaQTL slulid sy s adlas 390 Sliw gl p S 2ie sLQTL
Ll ol 55 oy lae sla T Uil Sl o b adlles 5550 Dlio gl QTL sde TV g sama o
LQTL cpl 5l &2 pusssS O &S A gl
Lo S5 (S s Yo ! ol ol 3 S e
Scald- (sla SLis o a-b .ol S5 S el S

\ . ny ‘a\i:__.,:\" T .,\_7- \L—S
3 S, Ly des ol o= ol 7H pjy’jﬁ 33 8‘3 4>L .| EBmMac0655

N SAV Ao e L 0l Lulid LaQTL Ao 53 G5 S Al Glsme 5 okl SWLQTL
QTL Ulysas andllas 5550 Slis o555 Ol ks LE Lo el S,
ol b aa s sla SL2S &8 s aslis 31 S5 adlle 3550 Sliw S Gl sl KK 3425
o o3l gl s il e LAQTL gl 53 el sl gla 1T oS 5 edaslis
—aslanY i wf e LSS SO U ¥ WP - SR v U SISy

S eolind sl e sla JT Ui osliinl 5 slaci 55 S L
References

Balint, A.F., Roder, M.S., Hell, R., Galiba, G. and Borner, A. (2007). Mapping of QTLs affecting
copper tolerance and the Cu, Fe, Mn and Zn contents in the shoots of wheat seedlings, Biologia
Plantarum, 51; 129-134.

Becker, M. and Asch, F. (2005). Iron toxicity in rice condition and management concepts. Journal of
Plant Nutrition and Soil Science, 168: 558-573.

Cakmak, 1. (2002). Plant nutrition research: Priorities to meet human needs for food in sustaina
sustainable ways. Plant and Soil, 247: 3-24.

Ebadi, A. (2013). Construction of barley doubled haploid population microsatellite linkage map and
identification of genetic regions associated with agronomic traits and some micronutrients
accumulation. Ph.D. Thesis, Faculty of Agriculture, Tabriz University, Tabriz, Iran (In Persian).

Fageria, N.K., Baligar, V.C. and Clark, R.B. (2002). Micronutrients in crop production. Advances
in Agronomy, 77: 185-268.

FAO. (2012). FAO Statistical Database (FAOSTAT), Web site at URL: http://www.faostat.fao.org.
Accessed 09 June 2012.

Garciaoliveria, A.L., Tan, L., Yongcai, F.M. and Sun, C.H. (2009). Genetic identification of
quantitative trait loci for contents of mineral nutrients in rice grain. Journal of Integrative Plant
Biology, 51: 84-92.

Genc, Y., Verbyla, A.P., Torun, A.A., Cakmak, I., Willsmore, K., Wallwork, H. and McDonald,
G.K. (2009). Quantitative trait loci analysis of zinc efficiency and grain zinc concentration in
wheat using whole genome average interval mapping. Plant and Soil, 314: 49-66.

Lorieux, M. (2012). MapDisto: fast and efficiency computation of genetic linkage map. Molecular
Breeding, 30: 1231-1235.

Martin, J.H., Leonard, W.H. and Stamp, D.L. (1976). Principles of Field Crop Production, 3" edn,
Collier Macmillan, Toronto, Canada.

Norton, G.J., Deacan, C.M., Xiong, L., Huang, S.H., Meharg, A.A. and Price, A.H. (2010).
Genetic mapping of rice ionome in leaves and grain: Identification of QTLs 17 elements including
arsenic, Cadmium, iron and selenium. Plant and Soil, 329: 139-153.

Sadeghzadeh, B. (2008). Mapping of chromosome regions associated with seed Zn accumulation in
barley. Ph.D. Thesis, Faculty of Natural and Agricultural Sciences, University of Western

Australia, Perth, Australia.


http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1522-2624
http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1522-2624
http://link.springer.com/journal/11104
http://www.sciencedirect.com/science/bookseries/00652113
http://www.sciencedirect.com/science/bookseries/00652113
http://www.faostat.fao.org/
http://www.jipb.net/
http://www.jipb.net/
http://www.springer.com/life+sciences/plant+sciences/journal/11032
http://www.springer.com/life+sciences/plant+sciences/journal/11032
https://openlibrary.org/search?publisher_facet=Collier+Macmillan+Canada&author=(Heyne%2C+Paul+T.)&title=(The+economic+way+of+thinking)

Voled /) M/ alS K sla tash

Saghai-Maroof, M.A., Soliman, K., Tpregensen, R.A. and Allard, R.W. (1984). Ribosomal DNA
spacer-lenth polymorphism in barley: Mendelian inheritance chromosomal location and population
dynamics. Proceeding of the National Academy of Sciences of the United States of America. 81:
8014-8018.

Shimizu, A., Guerta, C.Q., Gregorio, G.B., Kawasaki, S. and lkehashi, H. (2005). QTLs for
nutritional contents of rice seedlings (Oryza sativa L.) in solution cultures and its implication to
tolerance to iron-toxicity. Plant and Soil, 275: 57-66.

Van-Ooijen, J.W. (2006). JoinMap4: Software for the calculation of genetic linkage map in
experimental population. Kyazma B.V., Wageningen, Netherlands.

Wang, S., Basten, C.J. and Zeng, Z.B. (2005). Windows QTL Cartographer V2.5 011. Raleigh, NC:
Department of Statistics, North Carolina State University, USA.

Yu, Q. and Rengel, Z. (1991). Micronutrient deficiency influences plant growth and activities of
superoxide dismutase in narrow-leafed lupines. Annals of Botany, 83: 175-182.

N


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCgQFjAB&url=http%3A%2F%2Faob.oxfordjournals.org%2F&ei=C5CdU_SgFc-S0QWeo4GgAw&usg=AFQjCNET31EnjpN7_PJm6dXsX_KPAM3UIw&sig2=PF4_iEG7UsvAVIE0wqtoFw&bvm=bv.68911936,d.d2k

Qb&@}&;@—.«)ﬁdﬂa_ﬁ ---‘5‘}.@‘9&30.&}5;])2256&}:367‘}&@&3

Identification of Genomic Oregions Controlling Iron Concentration and Content
in Shoot of Barley in A x B Doubled Hoploid Mapping Population

Shiva Gheitaran Poorsahrigh?', Seyed Abolghasem Mohammadi?* and
Behzad Sadeghzadeh?®

1- Former M.Sc. Student, Department of Plant Breeding and Biotechnology, Faculty of
Agriculture, Tabriz University, Tabriz, Iran

2- Professor, Department of Plant Breeding and Biotechnology, Faculty of Agriculture,
Tabriz University, Tabriz, Iran

3- Assistant Professor, Dry land Agricultural Research Institute, Maragheh, Iran

(Received: December 29, 2013 — Accepted: March 15, 2014)

Abstract

Iron is one of the essential micronutrient, which has an important role in nitrogen fixation and
activity of some enzymes such as catalase, peroxidase and cytochrome oxidase. To map QTLs
related to accumulation of iron in shoot of barley at five leaves and maturity stages, 148 doubled
haploid lines derived from a cross between Clipper and Sahara3771 varieties were evaluated under
greenhouse condition and single plant iron concentration and content were measured. For QTL
analysis by linkage map including, 26 retrotransposone markers IRAP and REMAP, 246 SSR and
EST-SSR, 238 RFLP and one morphological markers was used. Analysis of variance revealed
significant difference between lines for all the studies traits and presence of trangreesive segregation
for all the traits and indicated presence of desirable parental allele combinations in the progenies. In
total, 511 markers in 7 linkage covered 1099.09 cM of barley genome with an average distance of
2.37 cM between two adjacent markers. For single plant iron concentration, eight and four, iron
content in single plant, six and three QTLs were identified at vegetative and maturity stages,
respectively. Negative additive effects of the most QTLs indicate the role of Sahara3771 alleles in
increased iron accumulation in offspring. One common genomics regions was detected for QTLs of
single plant iron concentration and content at maturity which could be due to linkage between the
QTLs or the pleiotropic effect of a single QTL.
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