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Mapping of loci controlling phenological traits in durum wheat under drought
stress and non-stress conditions using microsatellite markers
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Table 1. SSR markers, annealing temperature, chromosomal location and fragment length in polymorphism markers on parents in durum wheat genotypes

oolsabes, Sl Jlaslgles (S5 Jg) Cas g i30S O ankas J b
SSR marker ~ Annealing temperature motif Chromosomal location ~ Fragment length
Xcfa2187 55 (ca17 S5A 151 bp
Xcfa2l14 55 (CA)32 6A 209 bp
Xcfa2076 55 (TG)18 3A 172 bp
Xcfa2l147 60 (CATC)4 IB 291 bp
Xcfd6 55 (GA)6 (GCTA)4 2A-3B-7A 236 bp
Xcfd22 55 (GA)28 1A- 4B- 7B 254 bp

(CA)21,133 to 174,
Xwmc405 58 (€915 t0132 5B -7A 218 bp
GA) 8, 347 to 362,

Xwme166 485 (GT)8, 297 to 312,(GT) 8 327 t0 342 7B-2D-7D 305 bp
Xgwm135 60 (GA)20 1A 210bp
Xwmc28 50 (GT)29 132 t0189 5B 188 bp
Xbarc124 50 (CDH19 2A-2B 190-197 bp
Xbarc45 50 TAA)10( 3A-2B 182bp
Xbarc101 55 (TAA)9 2B-3BS-6BS 123bp
Xgwm1l 50 (TA)6 CATA(CA)19 (TA)6 1B 202-213 bp
Xgwm120 60 (CDH11(CA)18 2B 136-162-174bp
Xgwm126 51 (CA)1S SA 336 bp
Xgwmb47 55 (CA)12 3B-2B 171 bp
Xgwm389 60 (CT14 (GT)16 3B 117-128 bp
Xgwm408 60 (CA)22 (TA)(CA)7 (TA)9 5B 148-182 bp
Xgwm299 55 (GA)31 (TAG)4 3B-2B 206-215 bp
Xgwm181 58 (GA)28 3B 150-168 bp
Xgwm251 58 (CA)28 4B 109-110bp
Xgwm148 58 (CA)22 2B 160-165-167 bp
Xgwm154 60 (GA)37 5A-3B -7A 120bp
Xgwm604 50 (GA)29 5B-1B 133bp
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Fig. 1. Production of polymorphism bands in some microsatellite markers in parents and F, progenies on

agarose and polyacrylamide gel. M: massara-1, O:oste-gata
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Fig. 2. Distribution frequency of penological traits under different environmental conditions in F; and F,4

families (nor: normal conditions; dro: drought stress conditions)
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Table 2. Mean comparison of days to heading, anthesis and maturity and grain filling period traits in parents of durum wheat and percentage of stress alteration under

drought stress and non-stress treatments

ECRIRe s G5 3 (2 s
Plant characteristics 2 Sl Non-stress Drought stress Change due to stress(%)
Oste-Gata Massara-1 Oste-Gata Massara-1 Oste-Gata Massara-1
Days to heading o3 alas b 5, sl 164.2a 154.8b 165.5a 156.5b 0.79 1.1
Days to anthesis SLles S6 5, sl 170:1a 164.1b 172.3a 164.7b 1.29 0.36
Days to maturity Sy b g, sl 204.2a 198.9b 198.5a 194.7b -2.8 -2.1
Grain filling period 413 Od 093 33.5a 33.8a 28.2b 31.9a -15.8 -2.6
F3 F4 F3 F4 F3 F4
Days to heading a3 abiw b gy slas 1577 £2.5 156:1 +1.6 158.6+£19  157.8+1.8 0.59 1.1
Days to anthesis SLdles S6 5, sl 167.7 £1.7 161.9+2.1 168.3 +1.6 162.9 £2.07 0.35 0.59
Days to maturity Sy biayslas 2015422 197.7£2.5 199.1 +1.8 192.7 £2.2 -1.2 -2.5
Grain filling period 415 s p 0,93 33.8+2.5 35.8+ 1.7 30.8 +2.1 29.8 +1.6 -8.9 -8.7
Oste-gata: Tolerant parent and Massara-1: Susceptible parent ol My :Massara-1 5 Jose A1y 0 Oste-gata

5 Dy 5 (S 25 slaledsn pgy93 oS By 5 Fs (slaesl gl 53 5 55 O3 3iisby L5 b 5 oSS58 Dlie S e il sls 4 Y U

Table 3. Combined analysis of variance for phonological traits in F3 and F4 families under normal and drought stress conditions

@3l3T s LTS Sdles S 6 5, S s 6 335 W3 Ol 3 0593
S.0.V e pilie d.f Days to heading  Days to anthesis Days to maturity  Grain filling period

Location e 1 513.8" 182.3% 1405.5" 2600.5"
Year Ju 1 4197 9266.8" 9240.02" 01.0
Yearx Location OEax JL 1 40.6" 9.8 10.7 0.01
Block (Year x Location) (OKax JL)eS 4 547" 48.1" 316.4" 174.1"
Line oY 150 227" 18.4™ 2127 1147
LinexLocation Oax Y 150 1.7 2.3 113" 108"
Line xYear Jux Y 150 57" 43" 4.4 0.001"
Line xYear xLocation Ol Jlx oY 150 1.8 2.1 2.17 0.001"
Error s 599 2.7 2.9 6.8 4.1
C.V(%) s 1.04 1.04 1.32 6.31
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Table 4 — Results of single marker regression analysis in F,.; and F,.4 populations of durum wheat under

terminal drought stress and normal field conditions

S

e Lyl ool gl o
Plant characteristics ~ Family-Environment Marker R’ P>F
o> A B 5
Days to heading F;—NC Xgwm148-2B 13.1 0.00001
F;—-NC Xgwmb47-3B 5.1 0.008
F;-SC Xgwm148-2B 16.1 0.00001
F;-SC Xwmc405-7A 3.84 0.02
F,—NC Xgwm148-2B 9.47 0.00001
F4—NC Xwmc405-7A 3.5 0.03
F,-SC Xwmc405-7A 15.4 0.00001
F,-SC Xgwm148-2B 3.11 0.03
Mean F;, F,— NC Xgwm148-2B 144 0.00001
Mean F3, F, - NC Xwmc405-7A 4 0.02
Mean F;3, F, - SC Xwmc405-7A 18.8 0.00001
Mean F;3, F, - SC Xgwm148-2B 5.87 0.004
St es S 5,
Days to anthesis F;-NC Xwmc405-7A 16.1 0.00001
F;-SC Xgwm181-3B 13.1 0.00001
F;-SC Xwmc405-7A 3.25 0.04
F,-SC Xwmc405-7A 16.08 0.00001
F,-SC Xgwm251-4B 4.98 0.008
Mean F3, F, - NC Xwmc405-7A 9.05 0.001
Mean F;3, F, - SC Xwmc405-7A 17.76 0.00001
Mean F;, F4- SC Xgwm251-4B 7.06 0.001
Sy 6555
Days to maturity F; - NC Xcfa2114-6A 17.85 0.00001
F;-SC Xcfa2114-6A 6.69 0.005
F,-NC Xcfa2114-6A 11.35 0.00001
Mean F;, F, - NC Xcfa2114-6A 16.3 0.00001
Mean F;,F,- SC Xcfa2114-6A 4.79 0.01
41> Ods 3 093
Grain filling period F;-NC Xcfa2114-6A 11.24 0.00001
F;-NC Xcfa2187-5A 5.13 0.01
F;-SC Xcfa2114-6A 23.8 0.00001
F;-SC Xgwm181-3B 7.95 0.0001
F,-NC Xcfa2114-6A 10.14 0.00001
F,-NC Xcfa2187-5A 6.3 0.01
F,-SC Xcfa2114-6A 20.8 0.00001
F,-SC Xgwm181-3B 8.25 0.00001
F,-SC Xwmc405-7A 5.42 0.006
Mean F3, F, - NC Xcfa2114-6A 12.44 0.00001
Mean F3, F, - NC Xcfa2187-5A 6.23 0.01
Mean F;3, F, - SC Xcfa2114-6A 21.9 0.00001
Mean F3, F, - SC Xgwm181-3B 8.15 0.00001
Mean F;, F, - SC Xwmc405-7A 6.11 0.005

VY)Y

TNC and SC: Non-stress and drought stress environments, respectively S A5 5 A5 O s bl 5 5 5 4 :SC AR\
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Table 5. Putative QTL affecting phonological traits in F,.; and F,4 populations of durum wheat under terminal drought stress and normal conditions

S e o Lyt = ool s £330 S 5 S5 oS 3 5
Phenological traits ~ Family-Environment* ~ Chromosome  Closest marker ~ Position (¢M)  LOD'  Additive effect ~ R*/T

B B 5,
Days to heading F;—NC 3B Xbarc101 118.1 2.5 1.22 10.35
F; =NC 2B Xbarc124 33.1 2.05 1.2 9.59
F;-SC 2B Xbarc124 37.1 2.71 0.81 9.11
F;-SC 3B Xgwm299 137.1 2.12 0.81 9.21
F,—NC 2B Xbarc124 41.1 2.11 0.45 6.95
Sl o3 SG 55,
Days to anthesis F; —-NC 2B Xbarc45 0.1 2.25 0.44 6.95
F;-NC 3B X gwm389 18.1 2.01 -0.81 11.1
Sy B 5,
Days to maturity F;-SC 5A Xcfa2187 2.1 2.14 0.54 7.2
F,—NC 3B X.gwm389 12.1 2.13 -1.47 15.7
T LOD: Log-likelihood value calculated by QTL cartographer QTL cartographer ;b jl ods amlos ¢ S5l dbsls ;3 LOD o I3 gws laze :LOD 1
T R?: Variation explained by each QTL ok Az 5 oo 55 il sy S R? T
INC: normal environment, SC: stress environment S AT 5 A5 O ees Ll h edias Ol i 41 Sy NCH
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Mapping of loci controlling phenological traits in durum wheat under drought
stress and non-stress conditions using SSR markers

Golabadi, M.}, A. Arzani?, S. A. M. Mirmohammadi Maibody®

ABSTRACT

Golabadi, M., A. Arzani, S. A. M. Mirmohammadi Maibody. 2012. Mapping of loci controlling phenological traits in
durum wheat under drought stress and non-stress conditions using SSR markers. Iranian Journal of Crop Sciences. 13(4):
712-729. (In Persian).

In this experiment, markers linked to the gene(s) controlling days to heading, days to anthesis and days to
maturity were identified in a segregating population of 151 F; and F, families derived from the cross between
Oste-Gata as drought tolerance and Massara-1 as susceptible durum wheat genotypes. The traits were assessed in
field trails in two environmental conditions in 2003 and 2004 cropping cycles. From 200 markers screened in
this study, 30 markers which were polymorphic distributed on different wheat chromosomes, except 2A, 4A and
6B. . Based on single marker analysis, Xgwm148-2B and Xwmc45-7A showed association with days to heading
under two environmental conditions and explained 19% of the total phenotypic variation. For days to maturity,
Xcfa2114-6A closely associated with other traits under stress and non-stress conditions. The presence of markers
that were exactly located at the same regions of chromosomes reflected high correlation between traits.
Composite interval mapping identified 3, 2 and 2 QTLs for days to heading, days to anthesis and days to
maturity, respectively. These QTLs were located on chromosome 2B and 3B for days to heading and days to
antheisis and 3B and 5A for days to maturity, respectively. These QTLs could explain about 10% of phenotypic

variation of phenological traits.

Keywords: Durum wheat, Moisture stress, Phenological traits, QTL and SSR Marker.
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