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ABSTRACT
In order to identify genomic regions with main, epistatic, and QTLxenvironment interaction effects for some of
the phenological and morphological traits in bread wheat, an experiment with 167 recombinant inbred lines and
their parents (‘SeriM82’ and ‘Babax’) was conducted at Research Farm of the Agricultural Research Station of
Sistan in 2015-16 cropping season. The experiment was carried out using two alpha lattice designs with two
replications under non-stress and terminal heat stress conditions. Seven traits including days to maturity (DM),
grain filling duration (GFD), maximum quantum efficiency of photosystemll (Fv/Fm), cytoplasmic membrane
stability (CMS), grains per spike (GPS), grain yield (GY) and thousand grain weight (TGW) were measured.
There were significant differences among the genotypes for all studied traits and maximum correlation was
observed between GY and Fm/Fv (r = 0.86™). QTL analysis was conducted by Mixed-Model based composite

interval mapping (MCIM) method. A total of 33 main-effect QTLs for studied traits were detected. Phenotypic

variances explained by these QTLs varied from 7.04% for GFD to 19.41% for TGW. The major Qtgw7D (R? =
19/41) was identified near the marker of acc/cat-10 and after validation can be used in marker-assisted selection
(MAS) in order to produce heat tolerant wheat varieties.
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1. Mixed-Model based Composite Interval Mapping
2. Transgressive Segregation
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Table 1. Combined analysis of variance for 7 physiological and morphological traits in 167 ‘SeriM82/Babax’
recombinant inbred lines of wheat and their parents

Mean Squares

SOV DF .

GY (gm°) TGW (g) GPS GFD (days) DM (days) Fv/Fm  CMS
Environment 1 44617 5191.75" 1315457  9877.3" 517293" 0.123" 1745092
Replication 2 0.015™ 44,827 303.94™ 23.48" 19.31™ 0.011™ 1326.74™
Block 48 0.00024" 0.243™ 91.79™ 1.9™ 7.76"™  0.0006™ 1.08™
GxEnv 168 0.051™ 15.89™ 95.6™ 3.6™ 7.42™  0.0063™ 2161.4"
Genotype 168 0.065™ 35917 103.35 3.49" 13.98™ 0.0077" 1746.88"
Error 288 0.00027 0.304 83.86 3.03 8.06  0.00082 1.07
CcV 3.73 1.40 18.59 5.59 2.18 455 0.31
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* and **, significant at 0.05 and 0.01 probability level, respectively; ns, non-significant. GY: grain yield; TGW: thousand grain
weight; GPS: grains per spike; DM: days to maturity; GFD: grain filling duration; Fv/Fm: maximum efficiency of photosystem

I1; CMS: cytoplasmic membrane stability 1746.88"
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Table 2. Simple statistics of 7 physiological and morphological traits in 167 ‘SeriM82/Babax’ recombinant
inbred lines of wheat and their parents.

Item GY (gm?) TGW (g) GPS GFD (days) DM (days) Fv/Fm CMS
Babax (P,) 292.25 46.3 40 35 161 0.694 263.8
SeriM82(P,) 3385 44.4 60.5 34 158 0.696 291.6
P1-P, 46.25" 1.9 -205" 1 3™ -0.001™ 278"

X 315.4 45.35 50.25 345 159.5 0.695 2717
Worst RILs 58.25 30.5 24 33 152 0.598 218.15
Best RILs 416.25 54.9 68 36 164 0.716 382.9
Ak 2185 41.98 47.54 34.94 157.28 0.666 282.02
RIL-Hp -96.9" -3.36" 2.7 0.44™ -2.21™ -0.029" 432"
tGGN=Wri-Wp -234" -13.97 -16"™ -1 6™- -0.09” -45.65
1tGGp=Bri-Bp 77757 8.6~ 7.5™ 1m 3m 0.02™ 91.3"

t1th? 39 56 75 31 47 37 24
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*and **, significant at 0.05 and 0.01 probability level, respectively; ns, non-significant. GY: grain yield; TGW: thousand grain
weight; GPS: grains per spike; DM: days to maturity; GFD: grain filling duration; Fv/Fm: maximum efficiency of photosystem

I1; CMS: cytoplasmic membrane stability TNegative Genetic Gain: GGy= Worst RIL - Worst Parent; t1Positive Genetic Gain:
GGp = Best RIL - Best Parent; TttHeritability
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Table 3. Simple correlations of 7 physiological and morphological traits in a population of 167
‘SeriM82/Babax’ recombinant inbred lines of wheat and their parents

Trait GY (gm?) TGW (g) GPS GFD (days) DM (days) Fv/Fm
TGW (g) 0.24~
GPS 0.28™ 0.13™
GFD (days) 0.10™ 017" 0.04™
DM (days) 0.12™ -0.27" 0.13™ 0.15™
Fv/Fm 0.86™ -0.10™ 0.29™ 0.07"™ -0.10™
CMS 0.11"™ 0.10™ 0.06"™ -0.02" 0.07™ 0.12"

5o &l jles GPS sails a5 TGW sails 5 Sloe = GY Ll ixe 2™ 5 o000V 50 Jlais! zolaw o o sme i 4™ g
w%w sloe 6)‘;).:L) :CMS ¢l 6)9" ‘aUa.: ‘505.».4‘55 @|)L§ QJW :Fv/Fm “;M) 5 39) DM a5l u.)w: 2 5)5.5 :GFD Edl.m
*and **, significant at 0.05 and 0.01 probability level, respectively; ns, non-significant. GY: grain yield; TGW: thousand grain

weight; GPS: grains per spike; DM: days to maturity; GFD: grain filling duration; Fv/Fm: maximum efficiency of photosystem
Il; CMS: cytoplasmic membrane stability
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Table 4. Estimated additive and additivexenvironment interaction effects of QTLs for evaluated traits in
recombinant inbred lines of wheat population

Trait QTL name Marker interval Position (CM) Range Add. effect (A)* RZ%? AE, AE,? R%e
QoylB agc/cta-3-wPt-0944 2 0.0-11.2 21" 7.95 0.01" -0.01"™ 1.22
Qgyl1B agg/ctg-3-aac/ctc-6 82.6 78.6-84.6 -05™ 8.11 -0.03" 0.03" 1.51
GY (gm?) Quoy2B aac/cta-1-wPt-0615 14.8 9.1-23.6 40™ 9.09 0.02" -0.02™ 1.43
Qoy28B agg/cac-7-gwm301 91.1 89.7-98.9 22" 7.95 0.001"™ -0.001™ 0.81
Qgy2D WPt-6657-gdm035 1 0.0-6.0 027 7.99 -0.001™ 0.001"™ 0.71
Qtgw1B gwm301b-agg/cat-4 61.9 50.4-64.2 0.55™ 12.33 -0.14™ 0.14™ 1.86
Qtgw2B aag/ctc-13-acc/ctc-9 89.2 86.9-89.7 -0.617 18.33 -0.08™ 0.08"™ 127
TGW (g) Qtgw3B aac/cta-6-wPt-7186 84.7 84.4-85.4 0677 9.33 0.00™ -0.00™ 2.31
Qtgw6B agg/cac-4-aac/cac-2 79.3 77.4-83.0 0.54 11.33 0.00™ -0.00™ 1.10
Qtgw7A WPt-4748-aca/cag-8 21.7 19.0-33.7 -0.48" 10.11 0.21™ -0.21™ 2.53
Qtgw7D acc/cat-10-cfd0014 18.7 0.0-32.7 1.457 19.41 0.00™ -0.00™ 1.11
Qgps1B aca/caa-3-gwm413 56.1 49.4-58.4 0.82 16.6 0.52" -0.51" 3.76
GPS Qgps3A WPt-7341-aag/ctc-2 7.4 0.0-12.3 -1557 9.75 -0.00™ 0.00™ 1.06
Qgps3B WPt-1804-aca/cag-9 72.1 64.0-75.1 -1.15 17.52 0.25™ -0.25™ 3.66
Qgps6B aac/cta-2-aac/ctc-3 80.4 77.7-82.4 1™ 10.54 0.63™ -0.64"™ 1.26
QgfdaA gA/Bad4-gwm397 15.2 13.1-19.2 -0.31" 7.04 0.20" -0.20" 3.28
GFD Qgfd4A barc0236-wPt-1357 36.6 35.7-50.6 0.22™ 711 -0.21" 0.21" 2.69
(days) Qgfd6A aag/ctg-8-aac/ctg-1 755 715-75.5 -0.18" 7.32 0.13™ -0.13™ 1.26
Qgfd7A cfa2123-aca/caa-1 83.9 81.6-85.9 -0.15" 12.08 0.20" -0.20" 1.3
Qdm7D acc/cat-10-cfd0014 14.7 6.7-21.7 -1.577 16.64 -0.00™ 0.00"™ 2.15
DM Qdm1D agc/cag-1-wPt-7953 0.0 0.0-17.6 0.34” 11.38 -0.00™ 0.00™ 214
(days) Qdm3A WPt-2478-gwm369 235 22.6-25.5 048™ 11.17 0.11™ -0.11" 1.79
Qdm4A acg/cta-3-aac/caa-6 59.2 51.0-71.6 0.43 13.50 -0.00™ 0.00™ 2.15
Qdm7A WPt-6931-gwm282 63.9 59.5-64.9 0.56™ 14.51 0.47" -0.47" 1.79
5.0-19.4 - - .
QFv/Fm1D WPt-7953-agg/cta 14.6 0.0-13.2 -0.08” 11.2 0.07 -0.07 3.37
QFV/Fm3A act/cag-6-wPt-9268 0.0 134.0-142.2 -0.05” 7.45 -0.01™ 0.01™ 0.12
Fv/Fm QFv/Fm3B aag/ctc-9-wPt-8238 141.2 105-13.9 005" 8.9 -0.02™ 0.02" 0.21
QFv/Fm5B WPt-0103-gwm371 13.9 184671 -0.04" 7.63 0.03™ -0.03™ 0.23
QFv/Fm6B WPt-8412-agg/cat-8 62.2 B 0.06 9.14 -0.02™ 0.02" 0.21
CMS Qcms4B WPt-0391-act/ctc-6 438 37.3-46.8 6.66" 8.49 -2.43" 0.39™ 1.96
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* and **, significant at 0.05 and 0.01 probability level, respectively; ns, non-significant. a: additive effect of the QTL, where a
positive value indicates that the SeriM82 allele was favorable, and a negative value that the Babax allele was favorable. b:
percentage of phenotypic variation explained by additive effect of the QTL.c: additive and environment interaction in E1. d:
additive and environment interaction in E2. e: percentage of phenotypic variation explained by additive and environment

interaction.
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Table 5- Estimated epitasis (AA) and epitasisxenvironment interaction (AAE) effects of QTLs for evaluated traits
in recombinant inbred lines of wheat population.
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* and **, significant at 0.05 and 0.01 probability level, respectively; ns, non-significant. a: additive by additive epitasis effect

of the pairs QTLs. b: percentage ofphenotypic variation explained by epitasis effect. c: epitasis effect and environment
interaction in E1. d: epitasis effect and environment interaction in E2. e: percentage of phenotypic variation explained by

epitasis and environments interaction
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