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ISSR 5 IRAP JIPBS SSR o, sab 3 , 6\.%?3&1 S —VJgd
Table 1- Sequences of microsatellite, IPBS, IRAP and | SSR primers.

SSR . J‘ _QALOJ'.: B
Al i S Jlailgles e J 5 S Iy
Marker Chromoso Annealing Direct Sequence Rever se Sequence
mal temperatu
re
5- 5-CACCGCCTCCTCTTTCAC-3
HVM20 1 64-55 CTCCACGAATCTCTGCACAA-3
5- 5-
HVBKA ATTGGCGTGACCGATAATTTA CAAAACTGCAGCTAAGCAGGGGA
ST 2 60 TGTTC-3 GA-3
5- 5-CACGCCCTCTCCCTAGAT-3
ATATTAAAAAAGGTGGAAAGC
HVM33 3 64-55 C-3
HVM68 4 64-55 5-AGGACCGGATGTTCATAACG 5-CAAATCTTCCAGCGAGGCT-3
5- 5-ACGTTGTTTCTTCGCTGCTG-3
HVDHN TTAGGGCTACGGTTCAGATGT
7 5 60 T-3
5- 5-TGGTAACTTGTCCCCAAAG-3
AGACATCCAAAAAATGAACCA
HVM65 6 64-55 -3
5-AACGACGTCGCCACACAAC- 5-
HVMS 3 AGGAACGAACGAAGGGAGTATTA
7 55 AGCAG-3
IPBS, IRAP and I SSR
Z I$
KL s 4o Jlaslsles S5
. . uences
Marker Motif Annealing temperature Seq
2083 - 55-50 5-CTTCTAGCGCCA-3
2077 - 55-60 5-CTCACGATGCCA-3
2076 - 64-59 5-GCTCCGATGCCA-3
2238 - 60-55 5-ACCTAGCTCATGATGCCA-3
2085 - 64-59 5-ATGCCGATACCA-3
2240 - 60-55 5-AACCTGGCCTCAGATGCCA-3
2241 - 55-50 5-ACCTAGCTCATCATGCCA-3
2075 - 55-50 5-CTCATGATGCCA-3
GU929878 - 55-60 5-GCATCAGCCTGGACCAGTCCTCGTCC-3
38 (GGAA)sT 57-52 5-GGAAGGAAGGAAGGAAGGAAT-3
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Table 2- Descriptive statistics of gualuated traitsin Fzand F4 families of Becher x Kavir
Crossin barley.

F3
e e Sl
. | S o 5l Kl Slae
(/) <l i Std. Deviation o= ~ S ok =
- Variance Maximum Minimum Mean Trait
CV
- ."Lw .
9.83 0.64 0.41 8.89 491 6.88 (o ile) o b
Spike length
- LVJ S £
6.75 0.58 0.33 12.99 9.51 10.94 (el 2 b
Awn length
g . A
13.02 0.18 0.03 2.07 1.11 1.50 (r’s) e
Spike weight
adiew sldas
24.76 0.76 0.58 13.87 9.17 11.25 i
Spikelet number
- \
4.19 281 7.90 18.61 8.05 1370 (P el
Grain length
. Uy las
5.89 021 0.04 247 1.42 1.90 (nhe) ol 2
Grain diameter
F,
g2 Shre O 2l ol S o Bl ol
Y Std.Deviation Variance Maximum Minimum il Trait
VA Mean
CV
13.59 0.93 0.88 10.70 4.76 6.84 (o la) alis Jsb
Spike length
12.89 1.06 1.13 11.86 5.33 8.22 (o ile) Koy, Jsb
Awn length
17.03 0.46 0.21 431 1.72 2.70 (f;) e 03
Spike weight
13.96 1.49 2.24 15.33 6.66 10.67 i sl
Spikelet number
5.72 0.55 0.30 11.03 7.73 9.61 (nishee) ls b
Grain length
15.20 0.40 0.16 4.20 1.86 2.63 (o ko) il a3

Grain diameter
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Table 3- Correlation coefficients of agronomic traitsin the F3 and F4 families Becher x
Kavir cross.

Gy bl kb dielny Kb, d i b
Grain Grain Spikelet Spike Awn length Spike Trait olew
Diameter length number weight (cm) length
(mm) (mm) -~ (o). (cm)
0.13™ 0.31 0.73 0.49 -0.05™ Ao J b
Spike length
0.12™ -0.03™ 0.14™ 0.22° -0.11™ iy, Jsb
Awn length
0.06™ 0.10™ 0.65" 0.09™ 0.43" Ry
Spike weight
-0.08"™ 0.15™ 0.33" 0.11™ 0.60" i sl
Spikelet
number
0.07™ 0.17" 0.07™ 0.05™ 0.15™ s Jsb
Grain length
-0.001™ 0.01™ 0.23" ~0.03™ ~0.06™ ol a3
Grain
diameter

* % B8

o33V 5 Ao 0 Jleil e 53 s dme Gl pme b o FE 5 R
ns, * and ** : Not significant, significant at the 5% and 1% probability levels, respectively.
ol F3 CL:;L;\,_M%,,; Jstr k3 ol 5 Fy 2o Gl Stad o s as (VL slasl

Duta in upper diagonal represent correlation coefficients of F, familes and those in lower diagonal represent correlation

coefficients of F3 familes.

SOlao (o g 55
Clio s slasis) Sl mis
Coson Fu 5 Fy glaesl gl 5o aslllas 5 50
Jl i v ol jon (61,5 52u) gt o 500
P Bl PUR | WA PR E IS B
JS0) 35 wsy Dosen e 2o Dlio
Jlo 53 55 iy sl Sl S35l gy 0 ()
Job Slic B 5l 8 Wy &S sl ol
SFom ol &l sk aew 055 (S
Slao b5l 50 s My 52500 2 4 S
ool als by el sl e Jsb

(8 Jsd) 55l sS4 Cod 65 o

wFy 5 Fs JWJJQ-Q*M%J” R
Jsb 5 aon slas Dlio 4 by 5 S
U T AT T DAY W
o 035 5wzl sl Sl Seen
oo F3 Jus 53 g 1=010"" Fy LS o
a= /8 alos Jsb bl O35 o (S
als s o= /MY i 05 b asbin slaw
Fa Jod 53 e 2 120N i 055 L
(=788 ko 035 5 Ao Jsb Slis
Jsb 5 (=) aiw 035 L Ky, b

sdalie Siomen (1= /M) ali Jsb L wls

(F ddr) Al
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L3 S
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o35 5o QTL aw s> aow Jsb ol
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S
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Ll e bald ple b ocsline plly L 350
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Figure 1. Histogram of evaluated traits for F3 and F4 families derived from Becher x
Kavir Cross.
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Table 4- Descriptive statistics in both F3; and F4 generations.

(p: JW) Fs (Jol JW) F3 Generation  jus
5 P 25 P Trait ol
Kavir Becher Kavir Becher
6.17 7.10 6.29 7.26 (o 5l) aows J5b

Spike length (cm)
8.67 7.57 12.98 9.51 (e l) Sy b
Awn length (cm)
2.94 2.55 1.40 1.35 <f4'§) NRWIREY
Spike weight (gr)
10 10.67 10.86 11.70 L sl
Spikelet no./spike
10.27 8.57 9.97 9.50 (o) ls J s
Grain length (mm)
2.33 2.60 1.67 1.95 (o o) als a3

Grain diameter (mm)

Aased axs ) Shyy sk cde Gl
Sl o Wiy b PT 5 3 p YUY 25l
A Ll ol el
MF}&)J&)J%W&‘)J
SYE XY Casdse 53 Y psiesS s QTL
Y oesissS s GAL-3 el LUK QTL
iPBS2241-2-iPBS2077- ¢ Silis (sakwls s
5 V44 QTL 4w LOD w5 Lols 7
RO (N PRpevcip ot RO Vi P V- S VA S R v

e Isb Sdo gl S Rl o
Gabole 5 N esises S s 2 QTL S
s sls 1iPBS2083-1- iPBS2241-5 ngi.sb:d
(2014) Wang etal. 2010) s L « 13 5
al. 2014) Ren et al. (2014) . Wang et al.
Baghizadeh . 2007) s Ahmadi Ochtapeh et
Ll Slsen et al
QTL & Fu Jus 5o Siyy sk ¢l
SO QTL s Ll 0 ps5505 S (S35
Aol 55 0 psises S sy QAL-S eud
s iPBS2077-1-PBS2075-2 o Silis
Lo S Lol O 5 mle YA Cuxd s

59 bl o3 Ve luds Y/0) LOD
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Figure 2- Linkage map F3; and F4 generations barley derived from the cross Becher x
Kavir using SSR, iPBS, ISSR, IRAP markers.
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Table 5- QTL controlling for traitsin F3; and F4 families derived Becher x Kavir cross
in barley.

Y \ - N N -
LOD DT 29bes op 35 QTL s —io
Chromosomal Closest marker Population Trait
2.59 6 iPBS2083-1-iPBS2241-5 qSL-6 F, o Jsb
Spike length
2.51 5 1PBS2077-1-iPBS2075-2 qAL-5 F,4 Sius Jsb
Awn length
2.49 3 iPBS2241-2-iPBS2077-7 qAL-3 Fs e, dsb
Awn length
2.49 3 iPBS2241-2-iPBS2077-7 qAL-3 F; iws Jsb
Awn length
2.49 3 iPBS2241-2-iPBS2077-7 qAL-3 F; iwy Jsb
Awn length
2.47 6 iPBS2083-1-iPBS2241-5 qSW-6 Fy4 e O3
Spike weight
2.9 5 —1PBS2077-1-iPBS2075-2 qSS-5 Fy4 Lo sl
Spikelet number
PP S 5 QTL ol " g0 o
B LR ek (O 5o L) Trait
Directio  (R"2)  Addativ  (,¢ ) Position (cM)
nallele e effect g
(cM)
KAV 11 -185.37 1.5 54 Spike length 4l J ,b
BCH 106 -39.20 2.5 38 Awn length K2 5 J4b
KAV 1.06 3.14 0.4 32 Awn length K2 5 J4b
KAV 1.06 0.69 2.4 34 Awn length X2 J4b
KAV 1.06 0.39 1.6 36 Awn length 25 b
BCH 105  -22838 3.5 56 Spike weight Al 5.
BCH 122 3454 2.5 38 Spikelet number 4k sl

¥ QTL spm5 pde  QTL 55 Jlazml =Y sl Cmdgn Bl 51 35 00 a4 [SOLES 0 50555 0 o 2S ot O 35 48 (5 0L -
i 3 Gl s S5 Sle lols Iy e 15 gl —t (Ko g 4l o S SLES I QTL s 5l i als

23905 el | Jﬂc"@’(’sgﬁf"lﬁ‘ shls Wi
1. The marker was underlined that nearest marker locus in position 2.Logarith of add 3. Distance the peak curve QTL the
left side of marker linkage map 4. To effect positive increase parent with an average larger and for additive effects of

negative parents who average less in that direction is the direction of alleles to determine.
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Table5 continued- QTL controlling for traitsin Fz and F4 families derived Becher x
Kavir crossin barley.

LOD o 55ms 8 sl o pSs 5 QTL o o
Chromosom Closest marker Populati Trait
al on

3.62 6 iPBS2083-1-iPBS2241-5 qGL-6 F, Grain length s J4b
2.19 1 IRAPGU929878-7-iPBS2240-1 qGL-1 F; Grain length «ls J4b
2.18 2 1iPBS2076-5 qGL-2 F; Grain length «ls J b
2.45 5 iPBS2077-1-iPBS2075-2 qGL-5 F; Grain length «ls> J 4b
2.53 4 iPBS2238-5-HVM63 qGD-4 Fy Grain diameter «ls k3
2.79 1 IRAPGU929878-7-iPBS2240-1 qGD-1 F; Grain diameter «ls L3
2.55 2 iPBS2076-5 qGD-2 F; Grain diameter <> k3
2.59 5 iPBS2077-1-iPBS2075-2 qGD-5 F; Grain diameter «ls a3

PP S SQTL abol  3l) "cudse e

] e el Kl (55, 40 Trait
?;(lalcetlig (R*2) e/?figt (05 30 5W) Position (cM)

(cM)

KAV 15 93.11 35 56 Grain length «ls J b

BCH 9.4 -1.87 1.7 32 Grain length 1> J,b

BCH 9.3 -1.72 0 54 Grain length 1> J,b

BCH 10.4 -2.07 0.5 36 Grain length 1> J b

KAV 10.7 -20.78 7.5 90 Grain diameter «ls a3

KAV 11.7 -2.08 1.7 32 Grain diameter <> k3

KAV 10.8 -1.84 0 54 Grain diameter «l> a3

KAV 11 -2.11 0.5 36 Grain diameter <> k3

-y QTL ;ﬁjf.,\.pﬁQTL ;ﬁjd&:&l =Yl Cundge .Ebdjlu_}j QK»A.;JKJU,J L,ﬂjj“ii’):' a.,\,ia.x.:.is.]a:'-;ﬂﬁjééji?l.i.i =\
e il 36l 385 Sl slls Wiy e il i gl -t ﬁwﬁ@%wﬁmanTL&mcjnwwu
3308 e ) W g oS S0k sl W1

1. The marker was underlined that nearest marker locus in position 2. Logarith of add. 3. Distance the peak curve QTL the
left side of marker linkage map 4. To effect positive increase parent with an average larger and for additive effects of
negative parents who average less in that direction is the direction of alleles to determine.
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Figure 3- The graphical display of theidentified QTL, LOD valuesfor the studied traits.
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Abstract

Barley is one of the world's grain is the most important corps after maize, wheat and rice.In
order to spike and grain mapping in F; and F4 families in Becher x Kavir cultivars cross in
barly population of 103 families with parents in a randomized complete block design with
three replications 2014-2016 during two growing seasons. Assessment transgressive
segregation was observed that the existence of different allele combinations in their parents.
Linkage map were prepared using SSR, iPBS, IRAP and ISSR marker that it covered 640 cM
of barley genome. The distance between two markers 9.69 ¢cM were estimated. Composite
interval mapping identified fifteen QTLs in F; and F4 families. QTLs for awn length, grain
diameter and grain length was located in both F3 and F4 families. For grain length and number
of spikelets in the F, families was identified the major effect QTL by R? 12.2 and 15, with the
percentage LOD 3.62 and 2.9 in 3.5 and 2.5 cM distance markers. Length grain and grain
diameter were linked and co-location iPBS2076-5 markers in the F3 generation. co-location
QTLs For awn length, number of spikelets, grain length and grain diameter identified. QTL
identification characteristics of the controller can be effective in improving performance. It is
expected to be followed by validation in various places and populations identified QTL in this
study programs used in marker-assisted selection and accurate positioning.

Key words: Barley, Mapping, Generation, Spike, QTL

* Corresponding Author Hossein Sabouri Tel:09111438917 Email: hos.sabouri@ gmail.com
Journal of Agricultural Biotechnology; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500

o7



