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Extended Abstract

Background: Wheat (Triticum aestivum L.) is a staple food crop, and the main focus of
agricultural and biological research is on its evolution, genetics, biodiversity, and ecology.
Among various wheat species, bread wheat is particularly noteworthy for its high nutritional value
and widespread cultivation. This crop is a source of nutrients for approximately 40% of the
world's population. Recently, climate change and global warming have directly affected the
quantity and quality of agricultural products, with great intensity and the extent of numerous
stresses. Therefore, increasing wheat yield is an essential requirement for achieving global food
and nutritional security. Due to the wide genetic diversity of this crop, wheat breeders select the
optimal maturity date to match the climatic conditions in their target environments. Adaptable
plants to climate change could survive adverse stress factors, such as frost, heat, and drought, by
adjusting their flowering time to seasonal conditions to protect floral organs. Variation in
phenotypic traits indicates genetic diversity and allows the identification of genotypes with
desirable characteristics for breeding programs. QTL mapping plays an important role in reducing
the growth period and increasing grain yield by providing an alternative approach to improve
conventional breeding methods using molecular markers that are closely related to phenological
traits. The present study aimed to identify early maturing lines, locate QTLs for wheat
phenological traits in an inbred population of recombinant lines, and identify markers linked to
the phenological traits for use in marker-assisted selection.

Methods: To facilitate the breeding of important traits in wheat, 131 lines of the Fs generation
population of bread wheat were cultivated with their parents in an alpha lattice design with two
replications in the 2019-2020 crop year at the Research Farm of Razi University. The total rainfall
was 409.9 mm during this period. Seeds were manually sown in plots comprising three rows, each
1 meter in length, with a row spacing of 0.22 m and a planting density of 400 seeds per square
meter. The recorded phenological data included days to booting, days to heading, days to anthesis,
duration of kernel filling period, and days to physiological maturity. Analysis of variance and the
comparison of means with the LSD method were carried out after examining the normality of the
data using SAS 9.1 software. The cluster analysis was performed using JMP 13 software. A
linkage map was drawn with 55 SSR markers and eight retrotransposon markers (IRAP) using
JoinMap® 4 software with a LOD of at least three runs, and the recombination rate was converted
to map distance using Haldane's function. Then, QTLswere identified on linkage groups with the
Composite Interval Locating (CIM) and the at least two LOD method using WinQTL
Cartographer ver.2.5 software.

Results: According to the results of analysis of variance, the studied lines were significantly
different in all traits under consideration, indicating sufficient diversity between them. Lines 16,
23, 69, 81, and 101 showed the lowest average length of the grain filling period. The range of
broad heritability for phonological traits (99.05-99.82%), showing the high attribution of genetics
in the control of the traits. Based on cluster analysis, the lines along with their parents were
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divided into four groups, with the third group being the earliest with an average days to
physiological maturity of 194 days, and the fourth group including the latest lines with an average
days to physiological maturity of 203 days. Based on QTL analysis, four loci were identified for
the days to physiological maturity and kernel filling period. For days to physiological maturity,
two QTL on an unknown first linkage group and Chromosome 1B were identified with a
coefficient of determination of 19.08% for the maternal Marvdasht parent, and two QTL on
chromosomes 1B and 3B with 22.48% for the kernel filling period with paternal Norstar parent
effectiveness.

Conclusion: In this study, higher or lower values were observed for the studied phonological
traits in some lines than in their parents, which indicates invasive segregation for these traits. The
high general heritability range for these traits may indicate a high contribution of genetic factors
in controlling these traits. A number of lines with early maturity were identified. Preserving and
studying this unique diversity is essential for developing high-quality species that can withstand
biotic and abiotic stressors, which are becoming increasingly important in the face of climate
change and environmental degradation. The identified QTLs were located on linkage groups 1B,
3B, and the first unknown group. For days to physiological maturity, a QTL was identified on
linkage group 1B, which showed strong linkage with the marker GWM11. This study provides

valuable information on their genetic loci underlying traits, such as days to physiological maturity
and the length of the kernel filling period, which are considered important factors in increasing
grain yield. According to the results of this study, ideal genotypes with high stability are expected
to have an average spike emergence stage and days to maturity in environments where rainfall
fluctuates from year to year due to climate change.

Keywords: Cluster analysis, Linkage map, Quantitative trait loci

How to Cite This Article: Seifolahpour, B., Bahraminejad, S., Cheghamirza, K., Sasani, Sh., & Mohammadi, S. A.
(2026). Localization of QTLs Related to Phonological Traits in a Population Derived from a Cross between Wheat

Cultivars “Norstar” x “Marvdasht”. J Crop Breed, 18(2), 92-102. DOI: 10.61882/jcb.2026.1635



http://dx.doi.org/10.61882/jcb.2026.1635
https://jcb.sanru.ac.ir/article-1-1635-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-26 |

[ DOI: 10.61882/ch.2026.1635 |

A

VBB /Y oylas fphioms Jlo [ sly; oblS ool asbjimgss

Sl srab glia g (55,5LiS gle ity

W 5l Jeols Curon 43 SUjj90ed Olo (QTL) 0uiS J 55 55 ol oL (Ko
Cowdg e X L9 pulS o8]

? sooo pawWlgal o g Ll ;b 0l 1 ol LS95LS T35 ol o Cusno ( yor Al jLigg

el ltile S g3l oSl (6559l (e 5 pole Sl ¢ aLS S 9 Mg i 09)F ¢ S> & el il -
(bahraminejad@razi.ac.ir : Jsgue odiams ) )|yl coliiiloyS" o gl ool o5 yaliS wiinn g pole 0aSuiild ¢ LS S5 ¢ g5 wdigs 09,5 =Y
Olrl bl S eis3ly oKl «(55,9liS (ouwie g pole 03Kl LS S 5 Mg (e 09)5
Olrl eliile S as5,9LiS gy 5 bigel «liiod lojlu olisle)S el (b @lie 9 (555l SBjgel 9 i 3950 =¥
Oll 52085 o oLty g5ygliS 0281 (5l 5iSInn 9 (53l 4 09,5 0
VEENVYY ol g s VEENIY ik )b VEELVIY sl do s
VoY BAY axino

bgunso 2,5
do g opl i ol (Sielan g (85y9liS Olidss Lol jeme Lol olie Jaame S lgica (Triticum aestivum L.) o)l pui5 180 g dodo
03 S cuiS o YUy plis w’))‘ oy ()b paiS (puiS alises (sladisS (ylo 53 sl 0ud Bglaso oy wlidipgs 5 (i £95 « S} ¢ oSS 4y (glodug
ile)S 5 (goeldl Syt Dbl e Cmor 5l oy ¥ 3900 (dlyy (gha dgn e Jpazen ()l 485 1,5 adllan 5 350 3,90 i o
35 Sy puS 3, Shas Gl 38l el iy SIABS (56 5glS Y g CaghsS 5 3Kkt 1 Lagias it (gD Conw 5 shyd A3 b il
s lp]) Cllan (S ) Jpae ool 03508 (S g9 Jdoa puiS 50054l Sl gl g ol cuial 3805 Sl 50902
355 b8 o5 wela b Als5 o chitiun ,M lom 5 T L o)l & B 4 lacaips) S o 5] 395 Gum slalago 45 saddl Lyl |
£ 0O LS oieid Glao )d el S jae (SWiS g bo)S ¢ liiy Wile cunliel 5 Jelgs 1 (IS slapluil j cdadlowe (gl Juad baylyl b
ol 2505y S @l L QTL (5o padis S o oal8 (Mol Glaaeliy sl ]y osllae la Shs b bowis) plolid (Bl g cosl (S5
1 093 Jolo (IS5 1y sate (15 i)l (g3ptb o L (S bl a8 JySUge (sla Kol oalisal L pgusye (>l slogsbs, gt sl
SpY il Cures S5y paiS Sjeleis Glaw LQTL Ko ¢ wydg5 oy ololis (ol ddlas Bua S o Wl w5 Sloe Jiulj8l o
gt SIS S &y i 9 ol g Sy i L sty (sl s UL 5 e i
9 onlly oy e 5 g 5 A U I ol B ¥ WY o5 3 ot i 3ol Juted sl sgtngiy ) 3 S 9 g
093 Ol Jgbo 3 8 CutS (gl oIS (b wlie g (6))9liS 3 Sl 430 53 WA ey Lo 3 1S5 93 b Y Wl 2 )b B
CublS 1S5 5 e </VY Cady dlol b e S Job & Pl.\f,m ctydy dw Jold oS 0 twd Gyaody byl g e e ¥e4/2 S S

Sy B 5y 5 @l by 0)93 Jgbo ¢ Lidl 03,5 b 5o, el 50k b g, o sttasl U g, Jold So55lgtd liio id 413l gy o 53 )y Fee
L4 plsl LSD g )as b 1Sk dunlis 5 (uib)lg & o0 ‘SAS 9.1 38l 5 31 oolazwl b aosld o390 Jloys (camyp 3l (o o Cud S350 5ud
5 oslizl b IRAP 5550l gy, sSLE5 Cun 5 SSR S 80 |y Stugy ki 8,5 plog] IMP 13 Jl58le s oslital | o y2dS ayjos
b adllas 590 lao 0uiiS J S slaolls il Joas adds alols 4 e &b 5l S 5g5 olime 5 pool dw J8las LOD L JoinMap® 4 3316 5
430)5 olwlis WIinQTL Cartographer ver.2.5 l3le 5 b 93 Jslis LOD 4 (CIM) S o (glalols b e 59,
399 5l Sl oS Cudld D935 gy me Cglds (wyy yg0 Slio AS L5 3l lacp Y o a8 Laly L Waedly il 455 5l Jeols gl tlaadl
A4/+0) (oYU (oges (6 phcdlyg aield sl |y &ils a5 0,93 Jobo (sl pSbo yieS Vo) 9 AV S NY AF cla Y 39 el o S g4
elg ol podrdy b pY e gladod 4355 wlol p ool Glao cpl S )0 Sei g Yb phaw sdi0 5lis a8 ais sdalie las oyl 4l y (.w); AA/AY b
Ok b oY cp 5w pd Jold oyl 09)5 9 (5000395 590 VA Sl b (Stewy U jg) (o b pgw 09,5 &8 W4 manadl 095 sl 4
ol QTL Jlaz «alsy (305 5 0)9 Jsbo 9 Sujglnjud (Spm) U 59y Slao sl QTL ajos (bl 351 55 YoF Sujgljud (S U g,
200 VA (s oy g pe (5 3lo Aly (sl 1B (Stgey 095 9 Jgl 43Ul (g 09,5 (59) QTL 93 «Sujgln jud (Sbams) U gy sl 48
A 33l 203 YYIFA (s s g slianygp 5% Wlg (i 311 3B 5 1B (slapgigeg S (59) QTL g3 &l (50 2 0393 Jsbo sl 9
PUSHIFR'ES J.‘:l;iuc Slaw Q,:l &ly YU oges Lg);:bc;}'l)g dald A5 ssaline el S8 dslllas 390 SGjgleid Glaw d‘)-’ d)jdbuﬁ.!
08 4 paie goi oyl dalllas g bats Sad Lol oydg5 b oligS (Saww) 0y90 Job b opY (eolaws il Slaw cpl JyuS 0 (S Jelss YL
Sl b aglge ) Jelge cnl diitad (698 IS Cnglie () o g (st SRS Jelge ol )3 215 &5 VL CudS L (oladisS dags (sl
Azl 5 gl aSEl s 3B B Stugy (slaog)S (59, 005 _splolidh (gBQTL S oo Iy Capat] (glotis]5 ooty Cams 3 Lo 56 5 sasll
SleMbl dadllas oyl ol Gl Bis (Siwg GWMIT Slis b a8 as plolis 1B (Kiwge 09)5 (59) QTL G o599 jud (Sanwy U g sl
Jelss Gyt 45 amd o ) it 4y (b 0993 Joo 9 Sl b Sy U g il (lao sl o5 o5 ool (S5 slolSle 511y sias)
S5 e oS plalaa 3 W (611 b Jlon] slacis o5 3p5c N5 cedlion () ol o g gn 45,5 i 5 3,Shae Ll 3 pgo
8l G gt Sy B iy 5 el 5005 oy 33 gl 5> Jlo 2 (o ] ol st Lo

Sy Akl ¢ 08 Olino (S0l ¢ gladies &30 1 g5 (gLdojly

00 1y ol s i sy SoSon 3 IS S ania
a8l dgun plB)l o Sol554, (Erenstein et al.,, 2022) xS o e 2l Jpame & (Triticum aestivum L.) o6 puiS

Lolis g ad,e o SIS ials ol o Slae Juwsly iSls b Sy g g8 0 S o pdaw 0348 jebay &S Cul
ey adgi il g 65yl S dawgi S 0 (Byme ) Ma et al., ) 55 3bj cucnl clais| drwg 5 Lo dlaidl
S5y il W oS o0 oMol 5 Jguamo p pl8)) oS fPAR u,m o ol oge 2136 @l 5l S paiS (2023


https://doaj.org/toc/2676-4628
https://orcid.org/0000-0003-1252-4867
mailto:bahraminejad@razi.ac.ir
http://dx.doi.org/10.61882/jcb.2026.1635
https://jcb.sanru.ac.ir/article-1-1635-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-26 |

[ DOI: 10.61882/ch.2026.1635 |

U

SleMbl ols opl a5 13,5 o bl il odes b Sj>
pAS 13 Su390g8 ol e 0aiS S (sla s oyl 1y (gdiond )|
sy s gl gloashy 3 Slgico g WS (0 w2l 1)
ol 3y90 (2lo)S Lulydh )3 paS 3 Shos g (5) 3l dge
e b e (S5 Lo 30 9 (531 eS8 5
pAS 3)Ses & Ll (Stusly 9 ilj Aoy J) S SG5gi0
oy ool il adlae Gia o ol b 3yl 393
Cume K3 3 pA5 Sjglgid Sl QTL 8 <0295
i b gy (5l SO ol 5 S g sl 2y

Dy SOl S8 @ i 5 5 eolaiwl Cps Slgd

Lo g, 9 dlge
s S 555 Dyl (Y IYY cadlllas pl )3 1 BLS dlgo
Sg2 g5 bojleg o lpl) uddgpe pB) (I ) ol Fo
(LS Sy g (sple Ay (lsisdr o)g; g Lawgte
B ookl 3590 (c6)% g plgieas aib b g o) 0> celivns
b il edlawl b pally o pedndy S g5 0 puis) (sl opY 8 )S
o=hi Jlo S5 9 b el Sl o pesY Wl
b o g (55)9liS pudp GlaS 425 > AAITAA
ba aw jl e adolojl @08 i ads ob5)l sl oSl
SS15 L o o VB S b i o) o & <385
Ll 5 alihie Cadge 29 pe o 3 ) Fee S
oSl (o @lio 5 (65)9LES udp ki 4230 2lom 9
iloads 0ol L Y ojlads Jgdo 0 Liulejl gl J o 3,
39 s Bl 03,56 o, ¢ il U sy ol S3elgid oo
B CudlS loj o) Sl 38 Sy b sy i 50l b
als by o) Jobo g (00 5l oy B ey oo
(SLedl 035 b 5oy | Sujglnied Sy U jg) Joli)
Sl edlatul b 1Sk dunlio 5 (wiblly 4o 05 (5 S0l
IMP 13 Jl58ls 5 oslizal b 2 45355 9 SAS 9.1 1381 5,5
o3lizl by ly LIS Lol 55 o Stussy A 4 (ol
Sl g (ool )5 sla JIg) SSR S5kl cas YOS )
SSR [5;le] s 00 dlawi A awyp IRAP Sg50ml 595,
Jls sl nly o IS5 i Cogigemn g iy Sl i
0wy 2 jlheds slogpesy iSly 0,8 edlatwl Cuxes
Sz » CG-9600-000 Jss CG-Palm Cycler JSGlu Jloys
gl (il ply als o S Jols gl o 05 plosl s o
YO pgd dlspo 2> O ety dF Sl a0 A glod o
dody 2,8 il dx )0 AF (glod 10 (gl poly Jolds a5
al> po g 45l FO Codods o slod > Skl Juasl it o
33 ol 4> VY glod ;o agl ¥O Csedy S5kl arwgs 5
(slod 3 i Ve Sdoty 2log Lo b (LY Al po 5 el
Jiles ) odizal | Ko 45 -39 35 ko 2,9 VY
b S 59 Oy g pbsl 4w J8lis LOD L JoinMap® 4
b adds dlold 4 (Haldane, 1994) s &b 5l ool
B0 g (Sojgemil gy yOUL ¥V Jold (Siwgy alds A
p555 7 5 90 s VIVOIY o Stusgs 09,5 Y L SSR St
Sl S sla S sgmg ot S i, | piS
b 1B JA b 1A (clopgjpnssS 4 (Stwss 09,5 Y) (SSR)

Came 3 Sojglgid i (QTL) 0aiiS' J S (55 slaelile (bl

el paiS alon 1 ely; OV game yidn ;0 By ol e
Tian et al., ) 8i Salgs Ao isliol o (6550l uiS dn g
.(2021; Haghnazar et al., 2025

5 45 Gln g s Gl 5 o St (Jool
EL Sabagh et al., ) siiud Slos adaw 2 paS (5550542
saisS )85l 4 b Cugdgl s cpl 4 Fwl 13.(2021
ol g pe L?M"Dl L;Lmdjﬂ).'.’.w‘ 5 o.\;.ﬂ L;meﬁ‘ b pas
Oer 5 Sigui asles (Aleliunas et al, 2024)
O @l yuss o8 amd 0 &)1 sl (Xiong et al., 2021)
Hizo 51 el San 5 2513800 1385 S ol 1 o
L (Xiong et al, 2021) xa> il 1) e iy
@ i 4 Jooo (Ml slagild gl (Jb
) lbcansp w35 Ko p,5 ot 3l b pS
oy 9 il s Ly Co yidin (S (ldyoliwd sl
Siti Athirah & Kalaivani, ) a8’ e ool Sle il )S
5 o> Gl e pXS 5 85 3950 e (2024
Sl 4 ke g liwe; Juad Job 3 (SW)lb el
slo> (Pinke et al., 2022) 355 3900t 5 Jloud oLl o
Jort a9 S (o 0boS 1y &l B 0y93 (il VL
Schittenhelm et al., ) sgd 0 ab 3 Slos )3 Cudgiome
g Sui Jalge b cov puS aib cuaS g 3,Sles (2020
> Sygps il Mg ly g LS (o0 e e Jane
&S Canglie Caliseo (gl il Joloe ply 3> Wlgis oo oS
Slas des §15,Slos glin poo law (Ayik et al., 2024)
SoSglgrd (Sewy Uy g dliiaw yobo U g sl S3glgid
ciizee gblie b Jypaze ojle o > gl 18
[(Muhleisen et al., 2014) 15,b 3,Sles @l § S55455]

Olyeds SawdlS Gl Mol glaasly » las oyl
o3l fuab (slotl > (St 5 ol sl 3o 5,
@Yk g pcdlyg Jl paS s yobo b 59 (yine 95 0
Bled oo plasie Iy Cio opl (bl Sloesl 48" cusl Jloyes
sl igy o gdlpay sl ylil pleal (Rathan et al., 2023)
P Sl ol (S5 6 Gl @ s sl powye (]
Krishnappa et al., 2021; Naseri et al., ) Cul oo piS
wlis Jols JoSUge Mol (gl bajlsl ol (2023
P phe Sl ol ey (QTL) W Clio sl
oSl (8l 9 QTL 38> (pbadd Sus lalaome
Soriano et al., ) ditws Golls Cio b dtwgy (JoSUse
D 3 G555 5 sgm 5 QTL s 5 5 (2017
ol o 5 3 S35 oo S S (S35 Sl
Sanna et) )Ken 4 bl (Chowdhury et al., 2021)
Iy So5elad yloj e &y bogspo calisio (QTL (al., 2014
3B2B2A B (elapsisessS 5 piiS (sl ciliseo byl )5
5 dyddaly diwly pl W08 5155 TB 5 6A SA 4B
oY 3 ,5) Cures (Brajeh Fard ez al., 2023) Ko
Soilsid loj e b baye GLQTL (phadds (ol oS 5
52000 148 exlil yg0 Jlw 93 (b lo)S g Jloy byl o
I (Bp oS W3985 lulid puiS pgi5 > 1) QTL AV ggocna

Gl Jlo 6 ) s 503 (B g w392 shub Sl 9 3 b


http://dx.doi.org/10.61882/jcb.2026.1635
https://jcb.sanru.ac.ir/article-1-1635-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-26 |

[ DOI: 10.61882/ch.2026.1635 |

oo muoldllgl duw g (Slobe Jb o ol peolin 9ilS 05 ol oo Cuzno g Al Sling

a5

oy 28,5 sl WinQTL  Cartographer ver.2.5
g 2 odd olwls GLQTL L olyen ( Siwgy (sloog,S
http://mg2c.iask.in/) ol 4 MG2C ver2.l 5w

(Chao et al., 2021) 15 pbsl (mg2c_v2.1

Vo0 /Y o)l fpmizmn o/ sly; LS oMol 4k jingss

Yoo ) aslil  Suwew sl S b L S Sl
O dold ks .80b 8 yme (Unknown 1, Unknown 2)

Jansen & ) (CIM) S ye (glalold b 4Se (59, L QTL

aolllas 390 Lo 53 piylof] IS olsm Ol Ll 5 aldlie Casbse - oo
Table 1. The geographical location and weather conditions of the experimental site in the studied environment

g % Al 535 bugin

Average annual precipitation (mm)
409.9

3,8 il 4 Sl @)l ds )y bawgie
Average annual temperature (°C)
17.7

bl cusbge Fo 4 b)> s lis)|
Geographical location Elevation above sea level (m)
3

E:47 07, N:34 30

Asl 8,51 Wb puS wg lp L obigS (b fuad
Sy opil Curer o Glas g 4 KL
b opY 5l Sy lhs dod pd a5 29d 0 odaline S g
Sl o8 amlly gmeS b b b)) cpdlly 4 o
ol Slao cpl (gl jolie S

AUAY b A8/40) oYL eses (spbcilyy ally
YL oo 02523 Ll 48 A o liie lawo (ol (slys (duo
L ol (IS job 4wl Claw ol Jx8 0 Soj
835 50 )18 e Jolge 53U cod S VL (s pdicdly
Sly ogid bl p Sbal b 5l Wlg e cnlpl
Ohlen g 08l GpS )8 GBan 390 Joae g0
slpY wyp ,d 3o (Brajeh Fard er al, 2023)
On 5290 S gy aely o ol (sl pAS oS S
A L alS ealpa S el ) Joyd A B oD
s & kel 5 (S8 Cépia cladyly (i8S
Al Sl Jol K55 e e Spe
ol (Ararsa et al., 2025) 55 (e55 g0 yob & 1) Gallas
Jyazey 5 o29) ¥ & W e ol adlas
PSSy glos 3 bl o5 Bble » cutS culie
A8 ool 3)90 03395 P dragi (gl Al oo g A
XS

few )zt 3y90 Cluo bl y BepY )3 435 (ow)
als b il e epY e oS ol Lis ledly uilyly 4 jo0
aS (Y Jgdo) cudld 2959 jly pime glas dalllas 590 lawo
allas 3)90 Slio (gl bagnY G (S5 £95 3929 Sl
Luly 5 b Iognan b 45 o Sa8 (K55 £95 9
Syl a8 ol Jlas! go il ed Ll SS5e)eS]
35 bl by L oS, @LmL}J] 05,5 S yd (paduie
Mujtaba et ) 323 oo ]38l a8 baas wlosd H 185k g
oy oo by me U9lm 5 Cano Ll ) 5l (al., 2024
S5 sd Sy U jgy g Sl 03,5 b g, calins
)l)B L)")JL)‘J)'DS) Awd » )5) Va - B YAY l.) ARV 9 YO AD
» (Mulugeta et al.,, 2023) .,Ken o Solgo 1285
Sy U 59y a5 a8l (9551 )9S p3) piS P81 ) o
u,‘i’t.o Ll & j 59 YOY=IYY P.&.:f ‘_§;)5J9.s)...9
Slp wdbogmy pB)l darwg Dy Oglie i, WYE
Sy U ey )3 o G & jls calises (glas 35Sy ST
Orr & e ol bl )b Sl s
Pl anwgs (gl lal plesa wilge olacuis)
9 Cagby 398 &S bl )3 S (gl cslie o395

PAS i WY 30 (pS0ke dunllio g (uiby)ly 5o 40D =Y Jgao
Table 2. A summary of the analysis of variance and mean comparisons in the 133 wheat genotypes

Wb s g b S ‘;M) Bior dadlesst s, b )50l b g, ] b 59,
Kernel Filling Ph])?saiﬁogi)cal Day To Anthesis Day To Heading Day To Booting
Period (day) Maturity (day) (day) (day) (day)
47,58,111,29,110 153,74,83,156,96 81,150,69,153,59  81,141,153,61,71 153,147,137,6, 25 G A a
enotypes No®.
23,16,81,69,101 100,19,155,8,114 155,8,47,114,115  155,85,8,144,107 155,8,53,114, 115 o) ojled b
Genotypes No
24.22 199.29 175.07 167.82 159.98 oSk
: ’ : : : (n=133) Mean
14.94 184.98 166.55 157.01 150.56 (Minimum) ¢y, zeS
31.98 210.23 186.99 176.99 171.54 (Maximum) -y il
ok ok ok ek ek F test
1.76 0.30 0.20 0.26 0.21 (AC.V) &l yois gy
0.84 1.20 0.86 0.73 0.67 LSD 5%
99.33 99.05 99.82 99.54 99.71 w9ns Sy

Broad-sense heritability (h2)

F test: ** Significant at the 1% probability level

o yd Ko waw ) )b gxe *F oY lp F 905l

a, b: This row shows the lines with following property: (Mean + 1.5 STDEV)
Amd o b 1y 3yl (s 5l i g yieS ke (Shg b olbcwiss e, ol b @
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Table 3. Mean values of the traits in the four clusters of wheat genotypes
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Figure 1. The cluster dendrogram of the beard wheat Fs lines (Marvdasht x Nurstar) based on the recorded traits
using the Ward method
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Figure 2. QTL analysis for days to physiological maturity and the kernel filling period by compound distance
mapping using WinQTLCartographer 2.5 software.
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Table 4. Main QTLs identified by the Composite Interval Mapping method for the studied traits in Fe population lines resulting from the cross of Marvdasht and Norstar using
WinQTLCartographer 2.5 software
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Effective parent Additive effect (cM) Distance from the nearest marker Adjacent markers (M) Linkage group QTL Name Trait Number
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Norstar

R? The coefficient of explanation (%) is the portion of phenotypic variance explained by the QTL. The marker with tlée lowest subsequence with the QTL is underlined. DTPM: Days To Physiological Maturity; KFP: Kernel Filling
Period.
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