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Abstract

Seed germination is a manifest characteristic of the standard germination test of a cultivated variety. In order to identify
genomic regions associated with seed germination, 103 Fs families of barley and their parents Badia and Kavir were
cultivated in 2015-2016, under normal and drought stress conditions. Different traits including Plumule length, Radicle
number, Cleoptile length, Radicle dry weight, Plumule dry weight and germination rate were measured. In this study, 28
pairs of microsatellite primers were used to determine the parental polymorphism. QTL analysis using composite interval
mapping (CIM) for each trait in each environment for all studied traits. Twenty-seven QTLs were detected for all traits.
Total phenotypic variance explained by these QTLs varied from 8.6 to 37.3 percent. The highest LOD value for QTL
controlling Radicle number (LOD=10.45) was obtained on chromosome 4 gNR-4a -15 in drought stress. The results
revealed that QTLs of Radicle number had desirable performance in all two environments. However, detected stable and
cluster QTLs may be used in marker assisted selection (MAS) programs.
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Table 1- SSR and ISSR Polymorphism markers used to map for Fs; populations of barley caused

Badia x kavir cross.

ety 555055 pois N5 1 o San N5 S
Marker Chromoso m Forward Sequence/Reverse Sequence Polymorphism
HVM20 1 CTCCACGAATCTCTGCACAA/CACCGCCTCCTCTTTCAC (U )

Polymorph
(s a)
HVM36 2 TCCAGCCGAACAATTTCTTG/AGTACTCCCACACCACGTCC
Polymorph
(s )
HVM27 3 GGTCGGTTCCCGGTAGTG/TCCTGATCCAGAGCCACC
Polymorph
(s )
HVM67 4 GTCGGGCTCCATTGCTCT/CCGGTACCCAGTGACGAC
Polymorph
(U )
HVM30 5 AGTGGGGAATGAGAGAATGG/TGCTTGTGGGGCATCACAC
Polymorph
HVM65 6 AGACATCCAAAAAATGAACCA/TGGTAACTTGTCCCCCAAAG (U5 )
Polymorph
HVM4 7 AGAGCAACTACCAGTCCAATGGCA/GTCGAAGGAGAAGCGGCCCTGGTA P(f:" J;T)h
olymorp
(JSe )
HVM49 7 CTCTATAGGCACGAAAAATTCC/ITTGCACATATCTCTCTGTCACA
Monomorph
(JSe )
HVM33 3 ATATTAAAAAAGGTGGAAAGCC/CACGCCCTCTCCCTAGAT
Monomorph
(U )
HVBKASI 2 ATTGGCGTGACCGATATTTATGTTCA/CAAAACTGCAGCTAAGCAGGGGAACA
Monomorph
(IS e0)
HVM68 4 AGGACCGGATGTTCATAACG/CAAATCTTCCAGCGAGGCT
Monomorph
(IS e0)
HVDHN7 5 TTAGGGCTACGGTTCAGATGTT/ACGTTGTTCTTCGCTGCTG
Monomorph
(IS e0)
HVM5 7 AACGACGTCGCCACACAC/AGGAACGAAGGGAGTATTAAGCAG
Monomorph
(IS )
HVM60 3 CAATGATGCGGTGAACTTTG/CCTCGGATCTATGGGTCCTT
Monomorph
(IS )
HVM70 1 CCGCCGATGACCTTCTC/ACCCACGACCTATGGCAC
Monomorph
(IS )
HVM74 6 AGGAAGTCATTGCGTGAG/TGATCAAGAATGATAACATGG
Monomorph
(IS )
HVLEU 5 TTGGAAGTGTACAGCAATGGAG/TGAAAGGCCCCACAAGATAG
Monomorph
(IS e0)
HVM51 7 TCTAAATTACCTTCCCAGCCA/AAAGCAGACATGTAGGAGGTCA
Monomorph
(JSe e0)
HVM43 1 GGATTTTCTCAAGAACACTT/GCGTGAGTGCATAACATT
Monomorph
(JSe e0)
HVM31 6 CGGTTTCTGGTTGCTTGG/CGAAGGTCTCAGGCTTCATG
Monomorph
(IS )
HVM9 3 CTTCGACACCATCACCCAG/ACCAAAATCGCATCGAACAT
Monomorph
(U8 &)
HVDHN9 5 CATGGACAAGATCAAGGAGAAG/CCCATTATTTATCTGTAGGAACGC
Monomorph
(IS )
HVM6 5 CATGAATGAATGATTGGTTTTG/CGCATCCGTATGTATGAGTAA
Monomorph
HVM13 6 AGTAGCTATGTGTTTGGATCGC/ CATCAAGGGCATCCTCATG (5 o)
Monomorph
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e 555055 pois N5 | o San N5 S
Marker Chromoso m Forward Sequence/Reverse Sequence Polymorphism
HVM7 7 ATGTAGCGGAAAAAATACCATCAT/CCTAGCTAGTTCGTGAGCTACCTC (U5 )
Monomorph
(JSs )
HVM63 1 CGCGCAAGCATGAATACTC/ACTCACAAGTGGCGCGTAC
Monomorph
(JSs )
HVM64 1 GATGTGAAGGCTGCCCTG/ACACGCCCTATTACCCAGTG
Monomorph
(S a)
ISSR131 - GAGAGAGAGAGAGAGAA
Polymorph
(U )
ISSR16 - CTCTCTCTCTCTCTCTG
Polymorph
ISSR20 - CTCTCTCTCTCTCTCT (U5 )
Polymorph
(U )
ISSR22 - CTCTCTCTCTCTCTCTT
Polymorph
(U )
ISSR29 - TCTCTCTCTCTCTCTCA
Polymorph
(S a)
ISSR30 - GAGGAGAGAGAGAGAG
Polymorph
(S a5
ISSR31 - GAGAGAGAGAGAGAGA
Polymorph
(S x5
ISSR38 - GGAAGGAAGGAAGGAAGGAAT
Polymorph
(U )
ISSR47 - CTCCTCCTCCTCCTCCTCG
Polymorph
(U )
ISSR48 - ACACACACACACACACACACTA
Polymorph
ISSR (staello 25 (51 031 6 (S5l asli =Y sl
Table 2- Touchdown thermal program for amplification of ISSR marker
d (O s (&38) 5 (aids) Ol sl
Phase Temperature Time (min) Number of cycles
DNA sl g3l azs uly
e 95 5' 1
Primary denaturation
DNA ol ai uls 95 45" Y
Denaturation
b 55T Juesl
A3 _ - 45" ¢ 10
Annealing
- 72 45"
Extension -
DNA (5l axs puls 95 45"
55T Jlwsl
A _ _ 45" ’5
Annealing
- 72 45"
Extension
Ls'LG—‘ f‘g‘ 72 5 1

Final extension

¥y
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Table 3- Touchdown thermal program for amplification of SSR marker

(HVM20, HVm36, HVYm27, HYm67 and HVYm65)

do (C) s (456) 5 (aids) Ole o sldes
Phase Temperature Time (min) Number of cycles
DNA sl g5l azs
o Eeom 94 5 1
Primary denaturation
DNA ;L 4;..:,“‘, Y 4" N
Denaturation
55T Jlesl
A3 ‘j 64 30" & 18
Annealing
- 72 1"
Extension J
DNA ¢l as ,uls 94 1"
b 55T Juesl
# 3T 55 1"
Annealing 30
~ 72 1"
Extension
el 72 5 1
Final extension
HVM30 o1, s, SSR bl 25 (6l 5l 40l —F ot
Table 4- Touchdown thermal program for amplification of SSR marker (HVm30)
do o (C) s (456) 5 (4id3) Ole PRSP
Phase Temperature Time (min) Number of cycles
DNA 4l g3le 4zl
S EreTm 94 5 1
Primary denaturation
DNA (5l azi il 1
&S 4-_*;*3 94
Denaturation
b 5T Jlas!
» _ 69 30 18
Annealing
- 72 1
Extension
DNA il i iy 94 1
55T Jlas!
» _ 60 1
Annealing 20
- 72 1
Extension
e A 72 5 1

Final extension

Yy
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Table 5- Touchdown thermal program for amplification of SSR marker (HVm4)

(GC) Les

a0 (a56) 5 (aads) Ol 4 o sl
Phase Temperature Time (min) Number of cycles
DNA ol g5le as
S e 95 5 1
Primary denaturation
DNA ;L 4;.;,“\, o4 3"
Denaturation
b 55T Jlas!
> J 55 2" - 18
Annealing
- 72 15"
Extension -
DNA il i iy 94 1"
b 556 Jlas!
- J 55 2"
Annealing - 20
f“” 72 1.5"
Extension B
S 72 5 1
Final extension
o ilate b SSLES m dhools 5 ok ABL oo Ll
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Table 6- Associated markers to QTL controlling traits in normal and drought stress conditions in F,
population caused Badia and Kavir cross.

Normal by
oyled
S QTL 3 slons la Sl 25395 LoD j’:”y e i JTer
(OF 30 5L0) i " irecti
Trait Flanking marker Chromoso o Addative o= Direction
mal Position (cM) effect (R allele
number
ardile b qPL-1 ISSR16-9- ISSR47-1 1 2.1 72 0.006 9 1>, Badia
Pl'e”nrgt’r:e gPL-4 ISSR131-1- ISSR16-4 4 2.723 100 0.008 11.5 LsL, Badia
qCL-3 ISSR29-7- ISSR31-5 3 3.675 66 2.531 15.2 1>, Badia
qCL-4a ISSR36-1- ISSR16-8 4 3.158 2 2.136 13.2 L>L Badia
qCL-4b ISSR20-1 4 2.299 68 -1.473 9.8 255 Kavir
A d qCL-4c  ISSR131-1- ISSR16-4 4 28 136 2.284 11.8 L. Badia
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Figure 2- Linkage map F3 generations barley derived from the cross Badia x Kavir using ISSR and ISSR markers.
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