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Table 1. Combined analysi$ variance for the studied traits in 167 recombtriabred lines and their parents
‘SeriM82/Babax’

T, e
S S 5y PRO = S\;qvl;a(lje ELHT —
Source of variation df (9.1 (ug.gY) (mg.g)  (SPAD value) Fv/iFm CMS
| e 1 4461 336.9" 0.6 5792.38 0.123° 1745092
Environment (E)
S 2 0.015°  1371.42 0.05" 1797.64  0.01T" 1326.74
Replication
sk 48  0.000245  4.19% 0. 0003s 57.60° 0.00065  1.08
Block
e 168  0.065  202.94° 0.012" 64.66 0.0077 2161.4"
Genotype (G)
1‘*’2 XE“") 168  0.05"  162.76" 0.011" 54.06°  0.0063 1746.88
J“"E}r'lrgr”" 288 0.00027  3.76 0. 0002 48.98 00027  1.07
(00,9) Slyeadd 2 ; 3.73 5.40 0.65 24.20 4.55 0.31

CV (%)

% NS
¢

TN 90 Jleiz] o ;o o g g o pme il oSS 4
M}J ‘sa.‘)lf )..SL.\> FV/Fm “_f).g J.Je)lf ‘_glj.';m CHL “T:T 5 J91.7m ‘_gl.mbb_x.:.:b?.}; WSC “_f).g U’“J5)" &5‘9':'7“ PRO.«ls s))ilA.c GY :T

ns " and™: Not-significant and significant at 5% and 1% pabliity levels, respectively.
. GY, grain yield; PRO, proline content; WSC, wasaluble carbohydrates; CHL, chlorophyll content/Fen,
maximum efficiency of photosystem II; CM&ytoplasmic membrane stability.
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Table 2. Physiological and biochemical traits icambinant inbred lines (RILs) compared to theirepds

i The studied traifs ~ Tadls 5,50 i
°)
o GY PRO WSC CHL
Statistic
(@M  (ug.g) (mg.g) (SPADvalue) VFM  CMS
T 20225 4384  0.066 27.95 161 0.694
Average R (Babax)
ATl ) ¥ Ay Sl 3385 2231  0.072 33.25 158 0.696
Average R (Seri M82)
olly Sl Cuglas
ol o ee o9 46.25" 21.52 -0.006 5.3 3ns -0.001s
Pl - Pz
Ay 55 5aSilen 315.4 33.07 0.069 30.6 159.5  0.695
Mid-parents )
st g 45, i 58.25 19.08 0.065 10.9 152 0.598
Worst RIL
o T . . e . .
sl o> o5 o e 416.25 62.07 0.076 40.1 164 0.716
Best RIL
WWW? seds, ke
- 218.5 35.22 0.069 25.93 157.28  0.666
Average RILs K, )
wolly gl bas, LS5l gl
Orsls 325y e 99 96.9" 2.14 ons -4.66" 2215 -0.029%
XRIL - XP
e S 3 el S5 XY 3225 -.0.00T°  -17.05" 6" -0.09"
Negative transgressive segregation
e Sz )3 ol S5 . 7775 18.2F 0.004 6.89' 3 0.02s
Positive transgressive segregation
(20,9) G piyilys 39 40 18 30 36 38

Heritability (%)

~./.\97.OJL¢;>‘C9JQM)Q)|Q ~,°5)|a . )-A-Cw).nmﬁ'ﬁrs

* NS
¢

s LS iSTa FVIFM S b 15 slsima CHL (0T 35 Jbome ol yamny,S WSC o5 s s slyis PROls s Shoe GY

olsiew dlid ok, CMS el

ns * and™: Not-significant and significant at 5% and 1% pabliity levels, respectively.
. GY, grain yield; PRO, proline content; WSC, wasaluble carbohydrates; CHL, chlorophyll content/Fen,
maximum efficiency of photosystem II; CM&ytoplasmic membrane stability.
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Table 3. Genetic correlations among the studiediplygical and biochemical traits in wheat reconalbininbred

lines and their parents for non-stress (below diajoand stress (above diagonal) conditions

Toas GY PRO WSC CHL
FVFm  CMS
Trait! (@M  (ug.gh  (mg.gh (SPADvalue)
ails & Sloe 1 0.26" 0.22 -0.18 0.78" -0.19
GY (g.m?)
ol d‘?": -0.17s 1 0.22 0.34" 0.22 0.24
PRO(ugg™)
i 0.16%  0.14° 1 0.27" 011s  0.31°
WSC (mgg?)
Jebs 5 slynae 0.305" 0.33" 0.40" 1 0145 029
CHL (SPAD value)
Il st 25 5 089  -014%  -0.54° 0.13 1 0.35"
Fv/IFm
o oL )l 032 01rs 029 0.37" 0.31° 1
CMS

~./.\97.OJL¢;>‘C9JQM)Q)|Q ~,°5)|a . )Jw)_“bssrasrs

* NS
¢

ansgis 5 2STas FVIFMLS g IS lgime CHL T 5 Jalne slaclyoungs S WSC L5 5y g sl PROls 3 Shoe GY
sy i (s lub CMS I
ns * and™: Not-significant and significant at 5% and 1% pabliity levels, respectively.
. GY, grain yield; PRO, proline content; WSC, wasaluble carbohydrates; CHL, chlorophyll conteng/Fen,
maximum efficiency of photosystem II; CM&toplasmic membrane stability.
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Table 4. Additive and additive x environment intgian effects of the identified QTLs for the studligaits in wheat recombinant inbred lines popalati

Teio QTL st R EEAPURE QTL coxdse Ol s dal sl 3 R2,2 AE® AE* R’

Trait’ QTL name Marker interval QTL position (CM) Range Addetive effect (A)
Qay1B age/cta-3-wPt-0944 2 0.0-11.2 2.1 7.95 0.0T* -0.01* 1.22
Quy1B agg/ctg-3-aac/ctc-6 82.6 78.6-84.6 -0.5" 8.11 -0.03 0.03 1.51
GY (g.m?) Qoy2B aac/cta-1-wPt-0615 14.8 9.1-23.6 4.0" 9.09 0.02s -0.02 1.43
Qgy2B agg/cac-7-gwm301 91.1 89.7-98.9 v 7.95 0.001s -0.001s 0.81
Qay2D WPt-6657-gdm035 1 0.0-6.0 -0.2" 7.99 -0.001* 0.001* 0.71
Qpro2B WPt-7750-agg/cat-7 26.9 26.1-29.2 -1.60" 8.71 -0.001* 0.0071* 0.01
Qpr05A aac/ctc-lz_gwm304 38.8 37.3-39.8 -053* 7.91 -1.21ms 1.23s 1.48
PRO (ug.d) Qpro5B acc/ctc-3-gwm133 7.0 0.0-8.9 2.02 10.95 -0.00rs  0.0071 0.01
' Qpro6A aca/caa-5-wPt-7599 46.9 30.9-53.8 -0.61" 8.70 -1.50 1.52 2.00
Qpro6A aca/ctg-8-agc/cta-5 36.4 33.8-43.0 -1.40" 8.79 0.4@* -0.46 0.02
Qpro6A wPt-2260-aca/cac-8 19.0 18.8-19.3 1.17 9.81 -0.97 1.02 1.02
QwsclA WPt-8016-wPt-8644 98.1 88.6-115.1 -0.001s 7.05 -0.005 0.005 0.77
WSC (mg.¢) QwsclD acc/ctc-5-acc/cte-5 9.0 0.0-9.0 0.003 8.68 0.001% -0.001* 0.04
: Qwsc3A agc/cag-13-aca/cta-5 47.4 40.1-49.4 0.001s 7.01 0.003 -0.004 0.98
Qwsc3B wPt-2757-barc147 86.8 86.0-87.7 0.004 8.79 -0.003s 0.003¢ 0.80
QFV/FmM1D WPt-7953-agg/cta 14.6 88_123 —0.08: 11.2 0.07" -0.07" 3.37
QFV/IFM3A act/cag-6-wPt-9268 0.0 134.0. -0.05 7.45 -0.01s 0.01s 0.12
(Fv/Fm) QFV/IFM3B aag/ctc-9-wPt-8238 141.2 1422 0.05" 8.9 -0.02 0.02s 0.21
QFV/FM5B wPt-0103-gwm371 13.9 ) -0.04 7.63 0.03s -0.03® 0.23
QFVFmMB  wPt-8412-agg/cat-8 62.2 105-13.9 g ogr 914  -002°  002° 021

48.4-67.1

CMS QcmsAB wPt-0391-act/ctc-6 43.8 37.3-46.8 0.06" 8.49 -2.43 0.39' 1.96
CHL Qchl1B agc/cta-3-wPt-0944 1 0.0-14.2 0.95" 9.15 0.001*¢ -0.0071¢ 0.03

(SPAD value) Qchl2B gwm301a-acc/ctg-3 98.9 86.9-98.9 -0.80" 8.20 0.58* -0.55" 0.56
TN 70 Jleil ok o jla gine g o gianyed iy 4 5 T
oMy sli 6l CMS el iecngs SIS 2STas FVIFM LS 5y Ldg IS slgzme CHL 0T s Jslone slacl,omng S WSC S 5 (s slgiee PROils 5 Slos GY
o (Bl T 2 Lagi 0nd ez 95 (0 (B2 LS 25 Ll 5 (ol 1 (2Samy (€ (B) (55 0o Ll g (o331 51 Giom (B cul331 31 a0 a2 95 @
ns * and™: Not-significant and significant at 5% and 1% pabliity levels, respectively.
: GY, grain yield; PRO, proline content; WSC, wasetuble carbohydrates; CHL, chlorophyll content/Ffn, maximum efficiency of photosystem II; CMS,
cytoplasmic membrane stability.

a) Percentage of phenotypic variance explainedibitise effect of QTL, b) Additive by environmentteraction under non-stress conditiong) (E) Additive by
environment interaction under heat stress condit{&s), d) Percentage of phenotypic variance explaineddditive and environment interaction.
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Table 5. Additive by additive epitasis (AA) and &gis x environment interaction (AAE) effects oéidified
QTLs for the evaluated traits in wheat recombinabted lines population

Céo QTLi Marker interval i QTLi Position (CM) a 2 b c d 2 e
Trait QTLj Marker intervalj  QTLj Position (CM) Range AA R’ AAEL" AAEZ" Rfaé
WSC QwsclA wPt-8016-wPt-8644 98.1 88.6-115.1 "
(mggy) Qwsc3A agc/cag-13-aca/cta-5 47.4 40.1-49.4 -0.0005" 2.75 0.00T° -0.00T* 0.13
QFV/FmLD WPt-7953-agg/cta 146 5.0-19.4
FVIFM orviem7B acalcag-4-acgicta-9 15.1 30151 0004 188 0.006 -0.006 1.91
* NS

WAL IPY A Y [PCES FON SR PR NP TOSO-RUN A PR P

G g GBS gy Jaome LAA il 1iSen p cd pau (d 5 CAA gl bawg codiazg o 0 (cial3l o ¥l jlnn! @

o LAA glis] (iSen s bawgi sadasgi £55 (€ ( plo)S

s " and™: Not-significant and significant at 5% and 1% pabllity levels, respectively.
a) Additive by additive epitasis, b) Percentageloénotypic variance explained by AA epitatic effecand d)
Interaction of AA epitasis with non-stress and rstetss environments, respectively, e) percentbghenotypic

variance explained by AA epitasis and environmatgraction.

@ g Wdgs bae bl re iiSen sl gl )
S5 Olgos nlpli b Jolo (w9590 Ll pd 90
p3Y 2Bl Al cpl po Slas SeS 4 oS oS
Sl cga 5o ,Slis SS @ i S 0 byl b atwgy
(Cmizro 0,5 oolaiul o )F 4 Jeie g Jouaze p o6
9 Jsbre aclnmms S ly 55 Sbiwn) QTL oo
JrsS 55 sl Gl e (1iSe 2 il onlply
50 oolaiwl Cpz g Gldllas 4o 10 Glaw (pl eaisS
lay; 095 oo 9 JU 55 5 Kilas S8 e Sl
S 335 0 ot bl Sl 3 S 5 it aoge e
S sl 3T 2 0550 Dlao (a5l (Pl llis
g LQTL ol 5l s aSol (gl 5 ol SYsb ol
oS5 sla tolejl 4 5L oS solaiul el o8] Do
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Abstract

To identify the genomic regionsith main, epistatic, and QTLxenvironment (QxE)enatction
effects for some of the physiological and biochahiraits of wheat, an experiment was conducted at
Research Farm of Agricultural and Natural ResouiResearch Center of Sistan, Iran, in 2015-16
growing season. The experiment was carried ougusio alpha lattice designs with two replications
under non-stress and terminal heat stress conglitRiant materials were 167 recombinant inbredline
and their parents (‘SeriM82’ and ‘Babax’) and giaits including grain yield (GY), proline content
(PRO), water soluble carbohydrates (WSC), maximuificiency of photosystem Il (Fv/Fm),
cytoplasmic membrane stability (CMS) and chlorophbgihtent (CHL) were measured. QTL analysis
was conducted by Mixed-Model based composite ialemapping (MCIM) method. There were
significant differences among the genotypes fostitlied traits and transgressive segregationstim b
directions were also observed. Using mixed linead@h a total of 23 main-effect QTLs were detected.
The QxE interaction was significant in five maireet QTLs and two epistatic QTLs were also detected
for studied traits. The most of mapped QTLs appebhe quite stable. Therefore, can be used in marke
assisted selection (MAS) in order to produce highfggmance and heat tolerant wheat genotypes.

Keywor ds: Epistatic effects, QTLxenvironment interaction, Bebinant inbred lines
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