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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

&ls :JQ‘.; SLolyla,s S
o5l (slao, LT Grain yield K ) Jd5 )8 (6l gioma Bl iy e S by Tl e G S S, S OT (e T 3 Jglos K s g (Sl gmn
Simple statistics (kg.m?) Chlorophyll content F, 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 7438 7.47 8.42
P;- P, 3.53" 226" 187.38™¢ -29.77° 0.04"* 0.73" -0.41™ 2.240%
Tp=(B+P)I2 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
Bous 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
SDpys 3.81 3.26 158.62 38.22 0.04 6.32 0.89 3.40
CVpus 7.12 8.81 5.42 0.99 6.24 8.73 6.44 10.35
Xnie —%p 4.01" -2.60" 37.86™ 12:20" 0.03" -2.28" -0.22" 1.29"
Gy=WpiW, -0.54"¢ -7.48" -237.45" -160.917* -0.04"* -16.74™ -0.43" -5.29"
G,=Bpy-Bp 21.67" 3.59" 272.16" 453208 0.11" 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
GCsy, 4.68 2.38 34.17 28.72 0.09 27.78 42.27 28.34
W (%) 22.28 40.92 51.90 62.35 62.50 63.56 72.63 56.91

«Bpﬁ Caslae A5 sbls Y oy 5 Wppet Caslias A8 5hle Y o 2o Bppg 6Cuze g s vg{.»j St (OGp ¢ e Cgr 5o é{a} St (GG o ys ¢S == Jlez| C}k.ﬂ 03,13 Gme OS5 ek g > Jae 81 1S
o sat Epdiylg h e 2 E as )30 gl S es ik (GCsy; ¢ S5 55 w2 GOV ¢ 5 58 ¢ 55 o o PCV ¢ Wiy o 5t Wt dlly 5 g0
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;
Wpps, 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;
GCse, 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

S Slis 6l s Slas 6 b5 S Gl ga Bl iy s Sl il TT e S S E o T Gl gin ST 55 Jslows s ydn S
Plant characteristic Grain yield Chlorophyll content Fo Fm Fv/Fm RWC WSC
o Js S gl s -
0.68
Chlorophyll content
| HIWRINE *k
Pl st 0.48 0.21™
Fo
=S HIWRIN T s * %
A sl 0.53 0.27 0.30
Fm
II .- o 1,5 xS sk * % PEs
s LS S 0.46 -0.25 -0.38 -0.74
Fv/Fm
G_fj.-&_..}uT‘sbbu s #x ns e ns
e 0.5 -0.41 -0.13™ -0.17% 0.16™
RWC 7 7
\.JT BE] J}lm 6\.&@‘).@){; *% sk *k sk ok sk
- 0.69 0.52 0.32 0.43 -0.52 -0.37
WSC
\if ¥ l W Kk ok * ok ok Kk ok
. 2 oan Sl 0.54 0.42 0.22 0.32 -0.41 -0.50 0.36
Proline content
ns: Not significant BIEYEEYS RS &
* and **: Significant at 5% and 1% probability levels, respectively Ao ys &S o Jlez>! C}kM 3l Sme i 4 g
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33 RS Oy 5 (Sis ji0 Layl b s s
0dS" J =S  QfoSH 5 Qfo2H QTL Al oL 1
$2H Glapssses,S S35 i f 4 il uila, b
WOLE ) go Bl PYY s FE/Y GLal b ge 55 5H
OLSs pmni ABCT06 5 ABG358 (sla Silis ¢s 3
Lo 3 YANY 5 YAIVD 33> § sazen 53 &S L S
«<LaQTL ..UJ,JMIJCMOJJSC}_S}\
5oy VY S W/BY s 5 s 55 Og Ll i
SIS 5 o S i bl 8 glaQTL
0303 gl e [y S o t}_ﬁj‘ Loy V4/0Y
ol hm (S 55 55 0ay Bl 9 oKl
5 OfoSH Qfo2H QTL dsl 3 oLl 4w S
»TH 35SH QH sL—spsj a3 S (53, Of07H
ABC308 5 ABC706 (ABG358 (sla SLts &y sl
OLE ) g0 SLw AF/¥ 5 SY/Y FF/Y sLac b gays
Ao )3 FOIYA § pama )3 45 s 8 oLass
A3 508 e |y b ) ST 58 s
o St 5 5 A5 0 Ll b o Kile SQTL
g5 3\ Ao 33 VWAY 5 VO/PF AVIAF 5 5
0 5 ol A3 e | Cio
&) = 4l sl 55 (Siahsar and Narouei, 2010)
Al oSSl e ol (Sl (558 25 Ll
Lyl 5 e sl 5 SH 355258 65, QTL
630 QTL Aty ol g (5555 i gl
QTL .45 sei olua i SH 42H k;l_ap,'}_a,;
Lyl 2 53 SH 35505 8 OLE ) go SLa PV/F oSSl
L sl oY oMl Slsss S
sl Calbe Gass pl

9553 Slas il b Of i 4 5 (6l o
e LT oS0k 5 (S 25 5 25 0k lul 3
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W ged e |y Cee ol Ol puad e o
§ ez )2 g J=255 (6l e sLAQTL
=l ST Sl 51 d s AY/FY gAY A A /XY
oS 5 (S 5 i Opky Jaul 5 55 1y ko
&)= QTL dear s oL b g s 503 s LT
S S s 55 88 b IS (sl e
s> (Qchi5Hs 3 Qchl2He (Qchi2Hb «QchlHa)
D O g Loyl 3 53 QTL Aoy oL S
=i (Qchl3Hn s Qchl2Hc Qchi2Hb «QchlHa)
Lyl 55 S @ QTL d oy oL Sl
9 Qchl4Hm «Qchl2Hc
o) (S i Ll s Sus sl (QchiSHm
$2H QH QHslap 3555 5 555 <5 4 LQTL
VOB/D 5 \FO/Y BY/ FEN L_asl s s 5H

«Ochl2Hb  «QchlHa)

Adh8 (ABG358 sLs SiLts S0 5 08 g il
DAV 5 5 4 g Lils |, 3 WG908 9 ABC165
R RN I VWP L VIR P8 2 /- WA AVAYZ
Ol R O ol s s sed e 1) s
$2H QH QH slapsjsss S 55 o5 4 LQTL
VoIV g VPO/Y $Y/0 FENF sl ac b 4e ,33H
ABG358 sl KLt &) slmen 45 0L ) 0 lw
s S sl 23 Crg3B 5 ABCI65 (Adh8
ol Ol i 3 A3 \YIYY 5 VA/FD (YA/YY (Y9/F]
s 93 5 Kile (gl s g e | s
QH QH slapsises,S G55 ohdr gbaidi GLQTL
SV PN LAl 53 o5 5 4 SH 4H 2H
G K25 oy sl e 55 VOA/D 5 94/ N 5O/Y
MWG877 s ABR315 (ABC165 (Adh8 ABG358
VO/N+ 5 VY/Fr V¥R OAND YO/NA 5 ki sls Ll 3
9 ol U3 sad e ) S (] 855 Sl Ao s
assl> cw) » »> (Siahsar and Narouei, 2010) g 9,U
Sl o Bl W1 ol Caeliae glads shls
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O i Ol Jal 5 51 eSS a 53 ABCT06
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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

P ol 355255 Al 0 005 QTL =i e QTL 748 slazsl 350> LOD i ST R e N R
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
613 3 Shee QgyI2Hb 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
QgyI5Hb SH ABC482 173.0 169.35-180.96 756 2.2543 16.35

Qchl2Ha 2H ABG358 443 42.52-49.45 6.6 -2.3625 25.18 82.32
E oy oS sl Qchl2Hb 2H Adh8 62.0 52.75-63.35 4.37 -4.2575 18.35
Chlojr.ol;hyll contents Qchi2Hc 2H ABCI165 165.2 163.94-169.65 3.34 0.3542 11.39
Qchl4Hm 4H ABR315 69.3 63.6-723 2.81 -1.4921 12.30
Qchl5Hm SH MWG877 158.5 153.9-171.5 3.29 -1.3317 15.10

e b Ofo2H 2H ABG358 443 41.3-46 4.17 -108.7363 17.84 45.29
;“ 7 OfoSH 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

Ofin2Ha 2H ABG358 443 40.25-48.47 4.27 -5.4251 19.76 87.27
S e il 4l Ofm2Hb 2H ABCI165 165.2 171.64-165.34 9.35 6.3675 21.57
Fm Ofin5Ha SH Ubi2 50.2 47.37-54.23 5.64 12.8200 27.29
Ofin5Hb 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
I s 8 1S SN Ofv/fm3Hm 3H ABG654 176.2 176.2-178.8 2.97 0.0139 11.14
Fv/Fm Ofv/fm4Hm 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 (sl g Orwe2H 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’;vgé“"*"’f; Owsc2Hb 2H CDO474B 70.3 69.24-73.65 4.45 09546 1536
Owsc5SH SH ABG705 36.7 35.65-39.75 5.75 2.6542 14.35

QOprol2Ha 2H ABG358 433 39.52-44.45 4.96 4.6525 14.36 77.20
QOprol2Hb 2H Adh8 64.0 62.54-66.54 6.54 -2.5426 11.52
A &g 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
QOprol5Ha SH Adh6 43.5 39.75-47.46 3.56 1.7029 11.26
Qprol5Hb 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

LOD .. ST el S
LOD score Allelic effect R* (%)
P s QTL (i £233055 Al 5005 QTL oy iwosy 0 S O S SB Ok A

Plant characteristics QTL Chromosome  Nearest marker ~ QTL position ~ Normal Stress Normal Stress Normal Stress
QOgyl2Ha 2H ABG358 443 3.84 425 3.57 2.65 15.67 18.35
Qgyl2Hb 2H Adh8 62.0 5.34 5.65 -1.94 2.97 12.63 13.94
als 5 Slas QOgyl2Hc 2H ABCI165 165.2 3.64 445 1.53 2.64 12.36 15.25
Grain yield QOgyl4Hs 4H WGl 14 122.4 - 3.11 - 2.15 - 11.97
Ogyl5H 5H ABC482 173.0 6.85 5.64 2.37 3.64 16.12 15.96

QOgyl5Hn 5H MWG514B 141.7 3.74 - 3.25 - 12.09 -
Ochl2Ha 2H ABG358 443 525 4.63 2.78 3.72 26.49 19.73
S oS iz Ochi2Hb 2H Adh8 62.0 436 5.63 236 -3.33 2121 21.96
Chl(;obﬁyu foﬁ';‘m Ochl2He 2H ABCI165 165.2 6.96 5.35 6.37 5.37 19.35 20.35

Ochl3Hn 3H Crg3B 120.7 279 - 1.38 - 13.27 -
Ochl5Hs 5H WG908 155.5 - 429 - -2.50 - 21.04
ol il 5l Ofo2H 2H ABG358 443 3.80 3.25 -79.77  -109.25 17.63 18.65
Fo Ofo5H 5H 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
SN il 5l Ofn2Hb 2H ABCI165 1652 4.52 3.68 2.52 5.65 14.52 16.12
Fm Ofin5Ha 5H Ubi2 50.2 4.10 4.09 14.37 13.68 2987 2727
Ofinl5Hb 5H ABC482 173.0 6.58 5.62 221 3.52 18.12 17.25
st LS ST Ofv/fm2H 2H ABG358 443 3.83 3.25 0.02 0.04 16.60 14.68

= ’; 7?’ Ofv/fm3Hn 3H ABC176 96.7 3.44 - -0.03 - 18.28 -
viEm Ofv/fmlSH 5H ABC482 173.0 4.65 3.35 225 -1.65 16.85 14.64
6y o T (S simn Orwe2H 2H ABC454 53.9 3.36 2.82 2.59 2.75 2625  22.08
RWC OrweSH 5H ABC706 62.3 432 3.85 225 -3.98 19.21 26.54
B ) Owsc2Ha 2H ABG358 443 4.62 5.27 -5.65 -4.33 2152 24.65
<l J’l"\if‘ég“"*‘”ﬁ; Owsc2Hb 2H CDO474B 70.3 425 4.56 0.89 0.97 1435 12,98
Owsc5H 5H ABG705 36.7 436 327 1.25 2.98 14.35 13.54
OprollHs 1H ABG702 131.6 - 3.30 - -1.82 - 12.25
e sls Oprol2Ha 2H ABG358 433 4.65 3.31 -4.65 -3.31 15.36 11.90
Prgiiﬁejﬁoi t’e';‘; Oprol2Hb 2H Adh8 64.0 5.65 4.40 -3.65 -2.91 14.65 19.37
Oprol5Ha 5H Adh6 43.0 3.02 3.75 2.36 2.25 12.68  12.65
Oprol5Hb 5H ABC482 173.0 2.60 2.98 1.61 1.85 11.11 1245
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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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