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Table 1. Descriptive statistics, phenotypic and genotypic coefficient of variation, narrow sense heritability and genetic gain of physiological and biochemical traits in

72 DHs of barley and their two parents (Steptoe and Morex) for mean of non-stress and drought stress conditions

4ls éjgkoﬁ Shlda s S
o3l glao, LT Grain yield & Jbs JS (6l siome Bl s Sl ilpsh T e G S s T (sl T 55 U slons K s Sl
Simple statistics kg.m™) Chlorophyll content Fo Fm Fv/Fm RWC WSC Proline content
Steptoe (P)) 7.22 21.08 2979.83 3818.91 0.23 75.11 7.06 10.66
Morex (P,) 3.70 18.82 2792.45 3848.68 0.19 74.38 7.47 8.42
PP, 3.53" 2.26" 187.38™ -29.77"* 0.04"* 0.73"* -0.41™ 2.24"
Fp=(B+P)/2 5.46 19.95 2886.14 3833.80 0.21 74.74 7.26 9.54
W 3.16 11.34 3029.90 3658.00 0.15 57.63 6.63 3.13
B 29.39 24.67 3252.00 3894.00 0.34 87.73 7.56 20.37
% e 9.46 17.35 2924.00 3846.00 0.24 72.46 7.04 10.84
SDpps 3.81 3.26 158.62 38.22 0.04 6.32 0.89 3.40
C.Vpus 7.12 8.81 5.42 0.99 6.24 8.73 6.44 10.35
¥ppe - Xp 4.01" -2.60™ 37.86" 12.20" 0.03"* -2.28™ -0.22"° 1.29"*
Gy=WpiW, -0.54" -7.48" -237.45" -160.91" -0.04" -16.74" -0.43" -5.29™
G,=Bpi-Bp 21.67" 3.59" 272.16" 45.32°¢ 0.117 12.62" 0.09" 9.72"
GCV(%) 11.23 7.49 3.82 0.39 12.01 4.80 4.24 3.81
PCV(%) 40.56 44.68 10.94 2.20 29.91 16.43 45.36 62.50
GCso, 4.68 2.38 34.17 28.72 0.09 27.78 42.27 28.34
" (%) 22.28 40.92 51.90 62.35 62.50 63.56 72.63 56.91

Bpt Caslan dsghla o5V op s Wit Caelians wishls oV o e B tcte Cgr 53 (S5 2, (GGp ¢ e Cogr 53 (S5 i (GG o3 &S g dlazl s 53 13 (e 5 @ bk 5 % Gl e 2 118
o il 07 G E as 00 sl (S5 a3k (GCy, 1S5 55 s GOV ¢ 58 55 o POV el (5 Wit Ml 5 20

Ns: Not significant, * and **: significant at 5 and 1% probability levels, respectively and: GGy, downward genetic gain; GGp, upward genetic gain; Bpy,, DH with maximum trait value;

Wpus, DH with minimum trait value; B, parent with higher trait value; W, parent with higher trait value; PCV, phenotypic coefficient of variation; genotypic coefficient of variation;

GCsy,, genetic gain for 5% selection index; h?, narrow sense heritability
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Table 2. Simple phenotypic correlation of physiological and biochemical traits in 72 DHs of barley and their two parents (Steptoe and Morex) for mean of normal and

drought stress conditions

SR 4133 Shee 5 Jbs S o gis e L e Y P R | IPCIU pi g ¥ &y o T (g gien T 55 Jsbowe gl ydn S
Plant characteristic Grain yield Chlorophyll content Fy Fm Fv/Fm RWC WSC
5 Jds I sl s *
0.68
Chlorophyll content
| HIWRUNE Hk
Joliom il 8 0.48 021"
Fo
=< HIWGENE *% * )
A el 0.53 0.27 0.30

Fm

1I .- 5 1,5 x5 *k * ) Hok

Pt G S 4 -0.25 -0.38 -0.74
Fv/Fm
Q?jqud\}bu *% ) ns n.s ns
e 0.57 -0.41 -0.13%° -0.17"° 0.16™
RWC
uT BL) J}lﬂ ‘5‘.&@1}&:&};; sk sk sk sk s %
. 0.69 0.52 0.32 0.43 -0.52 -0.37
WSC
Q? ¥ | g2 ok ok * % % *k *k

: 2 Han Sl 0.54 0.42 0.22 0.32 -0.41 -0.50 0.36
Proline content
ns: Not significant Dl sae b 1S

* and **: Significant at 5% and 1% probability levels, respectively Aoy S s Jlaz! C,JM 3 I3 sme S 3 4 g
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Table 3. QTLs of physiological and biochemical traits in 72 DHs of barley for mean of non-stress and drought stress conditions
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A Slis p35503,5 Rl o Sn QTL s je QTL 740 slazel 550> LOD s, ST ot et S et e
Plant characteristics QTL Chromosome  Nearest marker QTL position ~ QTL interval (95%) LODscore  Allelic effect R? (%) Total R? (%)
QgyI2Ha 2H ABG358 443 41.2-47.6 4.2 -4.2539 18.85 76.63
415 3 Slas QOgyl2Hb 2H Adh8 62.0 59.6-66.7 5.34 -3.7675 23.78
Grain yield Qgyl2Hc 2H ABCI165 165.2 163.56-170.15 6.36 4.8561 17.65
QgyI5SHb SH ABC482 173.0 169.35-180.96 7.56 2.2543 16.35
Qchl2Ha 2H ABG358 443 42.52-49.45 6.6 -2.3625 25.18 82.32
_ Qchl2Hb 2H Adh8 62.0 52.75-63.35 4.37 -4.2575 18.35
S e QOchl2Hc 2H ABCI165 165.2 163.94-169.65 3.34 0.3542 11.39
Chlorophyll contents ' ’ ’ '
Qchl4Hm 4H ABR315 69.3 63.6-72.3 2.81 -1.4921 12.30
Qchl5Hm SH MWG877 158.5 153.9-171.5 3.29 -1.3317 15.10
Bl s Ofo2H 2H ABG358 443 41.3-46 4.17 -108.7363 17.84 45.29
‘1;"“ 2 Ofo5SH SH ABC706 62.3 59.25-64.62 4.06 2.3544 15.63
0 Ofo7Hm 7H ABC308 83.3 82.4-85.2 3.07 -62.3980 11.82
Ofm2Ha 2H ABG358 443 40.25-48.47 4.27 -5.4251 19.76 87.27
S il Ofm2Hb 2H ABCI165 165.2 171.64-165.34 9.35 6.3675 21.57
Fm Ofm5Ha SH Ubi2 50.2 47.37-54.23 5.64 12.8200 27.29
Ofin5SHb SH ABC482 173.0 167.85-178.35 3.35 6.3454 18.65
Ofv/fm2H 2H ABG358 443 45.5-47.1 3.59 0.0232 16.63 56.30
IL i 3 1S ST Ofv/fm3Hm 3H ABG654 176.2 176.2-178.8 2.97 0.0139 11.14
Fv/Fm Ofv/fim4Hm 4H ABA003 61.2 55.1-64.2 3.30 0.0141 12.46
Ofv/fmlSH SH ABC482 173.0 169.3-177.2 4.87 -0.9136 16.07
&K ) o T (6] e Orwc2H 2H ABC454 53.9 49.6-58.2 3.27 3.2536 23.17 44.51
RWC OrweSH SH ABC706 62.3 59.69-34.35 5.75 -4.9542 21.34
_ ) Owsc2Ha 2H ABG358 443 39.87-45.46 8.54 5.5215 26.45 56.16
=l J’L"\;ﬁ“’“"“’”’{ Owsc2Hb 2H CDO474B 70.3 69.24-73.65 4.45 0.9546 1536
5€ OwscSH SH ABG705 36.7 35.65-39.75 5.75 2.6542 14.35
Oprol2Ha 2H ABG358 433 39.52-44.45 4.96 4.6525 14.36 77.20
Oprol2Hb 2H Adh8 64.0 62.54-66.54 6.54 -2.5426 11.52
s &l s QOprol3Hm 3H ABG654 176.2 174.2-180.2 5.68 -1.5949 20.55
Proline content Oprol4Hm 4H Adh4 58.9 54.9-61.2 2.54 -1.43.4 8.28
Oprol5Ha SH Adh6 43.5 39.75-47.46 3.56 1.7029 11.26
QOprol5Hb SH ABC482 173.0 170.29-168.25 3.49 1.1774 11.23
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Table 4. QTLs of physiological and biochemical traits in 72 DHs of barley in normal and drought stress conditions
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LOD . . AT N
LOD score Allelic effect R? (%)
P Sl QTL ¢t p33s05S Sl o 255 QTL ey most 25 O O3 A5 SO A
Plant characteristics QTL Chromosome  Nearest marker ~ QTL position =~ Normal  Stress Normal Stress Normal  Stress
Qgyi2Ha 2H ABG358 443 3.84 4.25 -3.57 -2.65 15.67 18.35
QgyI2Hb 2H Adh8 62.0 5.34 5.65 -1.94 -2.97 12.63 13.94
gl s Shee Qgyl2Hc 2H ABC165 165.2 3.64 4.45 1.53 2.64 12.36 15.25
Grain yield Ogyl4Hs 4H WG114 122.4 - 3.11 - 2.15 - 11.97
QgylSH SH ABC482 173.0 6.85 5.64 2.37 3.64 16.12 15.96
Qgyi5Hn SH MWG514B 141.7 3.74 - 3.25 - 12.09 -
Qchi2Ha 2H ABG358 443 5.25 4.63 -2.78 -3.72 26.49 19.73
LS sl Qchi2Hb 2H Adh8 62.0 4.36 5.63 -2.36 -3.33 21.21 21.96
Chl(;;of)ﬁyll coil.::nt Qchl2Hc 2H ABC165 165.2 6.96 5.35 6.37 5.37 19.35 20.35
Qchl3Hn 3H Crg3B 120.7 2.79 - 1.38 - 13.27 -
Qchl5Hs SH WG908 155.5 - 4.29 - -2.50 - 21.04
Sl il 5l Ofo2H 2H ABG358 443 3.80 3.25 -79.77  -109.25 17.63 18.65
Fo Ofo5H SH ABC706 62.3 4.52 5.56 4.52 6.52 21.12 19.52
Ofm2Ha 2H ABG358 443 5.91 4.65 -5.70 -5.25 19.35 17.35
Y RE W Ofm2Hb 2H ABC165 165.2 4.52 3.68 2.52 5.65 14.52 16.12
Fm Ofm5Ha SH Ubi2 50.2 4.10 4.09 14.37 13.68 29.87 27.27
QOfml5Hb SH ABC482 173.0 6.58 5.62 2.21 3.52 18.12 17.25
I s S S Ofv/fm2H 2H ABG358 443 3.83 3.25 0.02 0.04 16.60 14.68
V'“‘"? /‘-;’ Ofv/fm3Hn 3H ABCI176 96.7 3.44 - -0.03 - 18.28 -
viEm Ofv/fmlSH SH ABC482 173.0 4.65 3.35 -2.25 -1.65 16.85 14.64
&£, s T (Gl g Orwc2H 2H ABC454 53.9 3.36 2.82 2.59 2.75 26.25 22.08
RWC OrweSH SH ABC706 62.3 4.32 3.85 -2.25 -3.98 19.21 26.54
- B Owsc2Ha 2H ABG358 44.3 4.62 5.27 -5.65 -4.33 21.52 24.65
<o J"’;V“s;é”"*"ﬁ; Owsc2Hb 2H CDO474B 70.3 425 4.56 0.89 0.97 1435 12.98
QOwscSH SH ABG705 36.7 4.36 3.27 1.25 2.98 14.35 13.54
QOprollHs 1H ABG702 131.6 - 3.30 - -1.82 - 12.25
. - Oprol2Ha 2H ABG358 43.3 4.65 3.31 -4.65 -3.31 15.36 11.90
Pr:iir{:ﬁoi - Oprol2Hb 2H Adh8 64.0 5.65 4.40 -3.65 291 1465 1937
Oprol5Ha S5H Adh6 43.0 3.02 3.75 2.36 2.25 12.68 12.65
Qprol5Hb 5H ABC482 173.0 2.60 2.98 1.61 1.85 11.11 12.45
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Fig. 1. QTLs of physiological and biochemical traits in normal, drought stress conditions and mean of them: QTLs that don’t have n and s in the ends of their name, in

the non-stress, drought stress and mean of two conditions were stable
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QTLs mapping of physiological and biochemical traits of barley under drought
stress condition

Fakheri, B. Al. and L. Mehravaran®

ABSTRACT

Fakheri, B. A. and L. Mehravaran. 2014. QTLs mapping of physiological and biochemical traits of barley under drought

stress condition. Iranian Journal of Crop Sciences.15(4): 367-386. (In Persian).

To map genomic locations controlling physiological and biochemical characteristics of barley under normal
and drought stress conditions and to determine their relationships with grain yield an experiment was conducted
at Research Farm, College of Agriculture, University of Zabol in 2011.The experiment was carried out using two
randomized complete block designs with three replications under non-stress and drought stress conditions. Plant
materials were 72 doubled haploid lines andtheir parents (Steptoe and Morex). Physiological and biochemical
traits such as grain yield, chlorophyll content, Fy, Fm, Fv/Fm, RWC, WSC and proline content were measured.
QTL analysis was separately conducted by composite interval mapping (CIM) method for each trait, experiment,
and for mean of two experiments. Barley molecular marker linkage map comprised of 327 RFLP markers with
1226.3 cM length and 3.75 ¢cM mean distance. There were significant diffrences among genotypes for all traits
and transgressive segregations were also observed in both directions (positive and negative). Eighty five QTLs
controlling different traits were identified from which 72 were stable. Phenotypic variances explained by these
QTLs varied from 8.28% for proline content to 25.66% for Fm. The highest LOD scores were obtained for Fm
on chromosome 2H. Stable QTLs can be used by Marker Assisted Selection (MAS).

Key words: Barley, Biochemical traits, Drought stress, Mapping, Physiological traits and QTL.
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