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Abstract
Objective

Bread wheat (Triticum aestivum L.) is one of the world’s most important and economically
significant cereal crops, serving as a staple food for a large portion of the global population.
Enhancing grain yield and quality through the identification of genetically diverse, high-
performing genotypes is a core objective in wheat breeding programs.

Materials and Methods

In this study, 63 bread wheat genotypes were evaluated for morphological traits using an
augmented experimental design at the Aragi Mahalleh Research Farm in Gorgan. The aim was to
assess genetic diversity and perform association analysis between morphological traits and
molecular markers. Sixteen Start Codon Targeted (SCoT) and CAAT Box-Derived
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Polymorphism (CBDP) markers were employed to identify molecular markers linked to key
agronomic traits.

Results

The results revealed a high level of morphological variation among the genotypes. Traits such as
spike weight, number of grains, and grain weight exhibited high coefficients of variation. Grain
weight showed significant positive correlations with number of grains, spike length, and peduncle
diameter, emphasizing the importance of these traits in improving yield. Molecular marker
analysis demonstrated a high degree of genetic diversity, with 340 total alleles associated with
morphological traits. Stepwise regression analysis identified peduncle diameter, harvest index,
spike length, peduncle length, number of spikes, and grain length as key predictors of yield-related
traits. Among the markers, SCoT8 and CBDP15 exhibited the highest polymorphism, each
generating 13 bands, while CBDP15 produced the most monomorphic bands. The polymorphic
information content (PIC) ranged from 0.316 to 0.500, with primer SCoT8 showing the highest
polymorphism percentage (81.25%) and the highest marker index (3.808). Based on regression
analysis, CBDP15 had the highest frequency of association with the most significant number of
traits overall.

Conclusion

The morphological and molecular data obtained in this study provide valuable insights for the
selection of superior genotypes. These findings can support the development of high-yielding
wheat cultivars through marker-assisted selection and contribute to the advancement of wheat
breeding programs.
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Table 1. Pedigree of 63 different wheat genotypes

a)‘ 3 b > 3
Entry Pedigree

A WN -

24

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

42
43

44
45
46
47
48
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Karim

Ghabous

PAVON (dwarf)/KAUZ (tall) IRW 05-06-84-OMAR-OMAR_OMAR
CROC-1/AE.SQUARROSA (205)// KAUZ/3/SASIA/4/CHEN/... IRW 05-06-221-OMAR-
OMAR_OMAR

ZARGANA-3//JUN/BOMB  IRW 05-06-333-OMAR-OMAR_OMAR
SOROCA//SAULESKU #44/TR810200 IRW 05-06-171-OMAR-OMAR_OMAR

SERI 82/SHUHA'S'//GRU90-204782/3/ IRW 05-06-210-OMAR-OMAR_OMAR
ALTAY/GAHAR  IRW 05-06-41-OMAR-OMAR_OMAR
NGDA146/4/YMH/TOB//MCD/3/LIRA/5/........ IRW 05-06-138-OMAR-OMAR_OMAR
NGDA146/4/YMH/TOB//MCD/3/LIRA/5/F130L1.12/6....NAC IRW 05-06-138-OMAR-
OMAR_OMAR

GAHAR/3/SKAUZ/PASTOR//PASTOR*2/OPATA IRW 05-06-145-OMAR-OMAR_OMAR
Sardari/Ardabil 82 - 33 IRBWO07-23-54-36 IRBW07-23-54-36-0SAR-0SAR_OMAR
MV14-2000//SHARK/F4105W2.1

37025 Turkey/Sabalan//AKSEL ~ IRW08-291-0Mar-OMar
RAN/NE701136//CI13449/CTK/3/CUPE/4/SXL/VEE/5/1D13.1  IRW08-540-0Mar-OMar
Altay/3/PTZ NISKA/UT1556-170//UNKNOWNT IRWO08-076-0Mar-OMar
Sabalan//Fenkang/Sefid IRWO08-102-0Mar-0Mar

Fgs/Azar-2 IRW08-220-0Mar-0Mar
Fenkang/Sefid/6/RAN/NE701136//C113449/CTK/3/CUPE/4/SXL/VEE/5IRW08-250-0Mar-0Mar
WESTON/VEE/6/RAN/NE701136//CI113449/CTK/3/CUPE/4/SXL/  IRW08-323-0Mar-0Mar
PAVON DWARF/Azar-2 IRW08-151-0Mar-0Mar

PAVON DWARF/Azar-2  IRW08-151-0Mar-OMar
Trakia//Maga"s"74/Mon"s"/3/Shahi/4/91-142 a 61/3/F35.70/MO73//1D13.1/MLT IRW08-232-
OMar-OMar

Bayrak tar/4/DONSKAYA POLUKARLIKOVAYA/OLVIA /3/2*AGRI/BJY//VEE IRW08-126-
OMar-OMar

G.B

G.B

Vee/Nac//SARA-BW-F6-06-85-86-2-5 |RW2009-10-048-0OMA-OMA-OMA-OMA-OMA-1MA
Maroon/3/Sardari//Ska/Aurifen  IRW2009-10-003-0MA-OMA-O0MA-OMA-0MA-3MA
Maroon/3/Sardari//Ska/Aurifen  IRW2009-10-003-0MA-OMA-O0MA-OMA-O0MA-4MA
Maroon/Gahar  IRW2009-10-006-0MA-OMA-OMA-OMA-OMA-5MA
Arvand//78Zhong291/Azar2  IRW2009-10-058-0MA-OMA-0MA-OMA-OMA-4AMA
Chenab/GB-SARA-27 IRW2009-10-023-0MA-OMA-OMA-OMA-OMA-6MA
Chenab/GB-SARA-27 IRW2009-10-023-0MA-OMA-OMA-OMA-OMA-7TMA

Wang shui bai//78Zhong291/Azar2  IRW2009-10-070-0MA-OMA-OMA-O0MA-O0MA-4MA
Sorkhtokhm/Desconciod-7  IRW2009-10-112-0MA-OMA-OMA-O0MA-O0MA-8MA
Kavir//78Zhong291/Azar2  IRW2009-10-087-0MA-OMA-OMA-OMA-OMA-4MA
K5-0MA-OMA-0MA-OMA-OMA-4AMA

K50-0OMA-OMA-OMA-OMA-OMA-3MA

Arvand//78Zhong291/Azar2  IRW2009-10-058-0MA-OMA-OMA-OMA-OMA-4MA
KARL/NIOBRARA//TAM200/KAUZ/3/TAM200/KAUZ
Mahooti/6/VVee"s"/Pvn"s"/4/Cc//Cal/Sr/3/Kal/Bb/5 IRW2009-10-115-0MA-OMA-OMA-0MA-
OMA

Bocro-4/Shahi(Ir64...Ste//Weebilll TRW2009-10-142-0MA-OMA-OMA-OMA-O0MA
Systani/3/KS82W409/SPN//ITAM106/TX78V3630 IRW2009-10-143-0MA-OMA-O0MA-0MA-
OMA

Azar-2/14- Gen Bank  IRW2009-10-171-0MA-OMA-OMA-OMA-OMA
F130-L-1-12//PONY/OPATA/3/Kharchia IRW2009-10-217-0MA-OMA-OMA-OMA-OMA
Shahi/Prl"S"//Fenkang15/Sefid/3/316 Collection IRW2009-10-230-0MA-OMA-O0MA-OMA-0MA
Int F5 2014-44-0MA-1MA

Int F5 2014-54-0MA-1MA

Yy
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Table 1. Continued

5 lows 5y
Entry Pedigree
49 Int F5 2014-70-0MA-3MA
50 Int F5 2014-78-0MA-1MA
51 MK 3744/BWKLDN-95 (23FAWWON)
52 TX71A983.4/TX69D4812//PYN/3/VPM/MOS83.11.4.8//PEW/4/NS-55-25 (23FAWWON)
53 DAGDAS/APCB-40 (23FAWWON)
54 Mahooti/6/Vee"s"/Pvn"s"/4/Cc//Cal/Sr/3/Kal/Bb/5/Sabalan IRW2009-10-z-0MA-OMA-
OMA-OMA-OMA
55 Maroon/Gahar IRW2009-10-006-0MAR-00SAR-0SAR-0SAR-0SAR-1SAR
56 Bocro-4/Shahi(Ir64...Ste//Weebilll ~ IRW2009-10-142-0Mar-OMAR-00SAR-0SAR-0SAR-
0SAR-2SAR
57 SARDARI-HD83//LINFEN875072/....IRW2009-10-214-0MAR-00SAR-0SAR-0SAR-0SAR-
1SAR
58 KROSHKA/4/VORONA//MILAN/SHAT7/3/MV17
59 CITARI-9/MV18-2000//STARSHINA
60 ZCL/3/PGFN//ICNO67/SN64/4/SERI/5/UA.2837/6/ATTILA/3*BCN/7/ZARGANA-6
61 Sardari
62 Azar2
63 Homa
o3liiu! 3590 (5 55T Claasuino .Y Jouio
Table 2. Characteristics of used primer
,?,‘Léi QU Jlail slbos Sy
Primer name Annealing Temperature Sequence
SCoT?2 61 5-CAACAATGGCTACCACCC-3
SCoT4 55 5-CAACAATGGCTACCACCT-3
SCoT5 55 5-CAACAATGGCTACCACGA-3
SCoT8 55 5-CAACAATGGCTACCACGT-3
SCoT9 55 5-CAACAATGGCTACCAGCA-3
SCoT11 55 5-AAGCAATGGCTACCACCA-3
SCoT12 55 5-ACGACATGGCGACCAACG-3
SCoT14 55 5-ACGACATGGCGACCACGC-3
SCoT21 55 5-CACCATGGCTACCACCAT-3
SCoT24 55 5-CCATGGCTACCACCGCCA-3
SCoT26 55 5-ACAATGGCTACCACCATC-3
CBDP4 55 5-TGAGCACGATCCAATAAG-3
CBDP10 61 5-TGAGCACGATCCAATGTT-3
CBDP11 61 5-TGAGCACGATCCAATTGC-3
CBDP12 55 5-TGAGCACGATCCAATATA-3
CBDP15 61 5-TGAGCACGATCCAATTGA-3

ool L PSS Q;bﬁ}a Eg5 w9 Pbul ¢;§¢ 9 ).O.ao Chygo & Lm.).;l) LgJuu)Lwo‘ I..\»] ;‘_5.]95\]90 ‘_gl.bo)b & 30 d])‘

3 oolizal b g (yomms Sy 455 <SS b JsSgo 5 iz cloodls b)) . oypes « POPGENE 4 NtSYS (claljile s ;|

oS s bS5kl o plas @8 ) swess oS (PIC) ISsnis cleMbl (glgiome 03,5 Lasuie SPSS24 )38ls 5

A5 duwle 15 O ygods Canlns P s Slol s g dlaws

Y
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PIC=} 2 pi qi (V) aaly
oed (RANa & Bhat 2004) cul olols o 55 lg dgng pas Slghs Qi g olls jo 53 )l 3929 Slglyd P ] 5 a8
D dplne 35 O )gody Sl el

MI=PICXEMR (¥)

EMR= npxf3 (¥) akal,
datly 5l g Libioo wudly p)5 Sy dgrge JSBay laelSly Sluw Sl o el Jge Ay Coni EMR byl 0l 5

»lo (Yehetal. 1997) col g JS sliws & NP JSKikis slalgs sliws s B g Kbk clalgs JS slaws NP <0

Shannon &) ;s asls 4 (Naghavi et al. 2009) 5 S5 45 Lasls «fge Pl ol siile (S5 £95 slao Lol

3,5 acslxe POPgENE 58l 6 5 5l eslazal L (Weaver 1963

@Yl (Sajslshyse 95 5 b L gl 1S9 59l98 590 Ol 1 o3l b e if (S5 g9 (2L,

bl 9 sbee Bl Sk (Jolas (0le 2015 3929 0 (S ojlul i ales i ) aalllas 3)50 o} o 5
LYY Cf g cnymbssh lpiedr gyl n oS LYY Gy cunl 0ad SLIY Joi> 53 biowig] Cluogad Sl Sopn Gl
o)led (Slacaii} ) o Al (g (liwe 9 Cudlp ALl (pyide ogMeds A (Bpme cp paibly lyieds BB o it
039 9 Ab dlus i Job iy olas )l lao 50 .0 odaline ¥V 9 VY ojlou (slacadsif (0 Slaw cpl Jlade o yieS g YF o ¥
O it (g Clao pimen b olaidl 36 4 () p 3)90 S o 3 1) e (i YA o)led g Al
P Slae ol il Gy cnlpls 39 6 5YL (598 £95 o pd hI> Bl (159 9 Jdg)lS jlade o2 S g il
O Syt aals b 5 b (6 pSe3ll a5y 5 o Syl o sl 45 bl 3505 eslizul s e 0SS 5
Shahvardi et al. ) 5 oo oo uman ) 95 )5l (sloiasls (b))l b g prsiede | (o 0 005 )3
lasgs 4 s o ol G )3 (VL £ & o 0L 0l b)) s} 0 Vb Sl o 529 (2022
i YA L Jgl 0g)S a8 )5 )15 09,5 aw > lacuigiy (VJSS) (owdlBl wlis cuys 9 UPGMA ig,0 iy
3390 S35 9 (N3lshsee Clao (1le 9 Guigii VA L pow 09,5 9 (5 SsS) Guigis VL pgd 09,5 (05 S)5)
13 il Lasls 5 51 gl 0gsS sl odel ¥ gds 53 laasips) glhibes 4556 51 Jhols (slaog,S 51 s o (sl anlllne
9] pgd 09)5 13 (ired LI (6 plly Sl A LE ATYD AT N+ 0)led Slacig) jra cudl )13 awgte pdaw
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ol 93 el (1=13A) dlis (33 9 (F=+/8Y) &l slaws (1= /55) JSolay jlab (1=+/50) dhiw Job b Slao b ()l jime
38hes i ) ailye cpl Camonl yr sauSTs (F=2 BV P<e/oN) @l slass 5 &y (5 oy YU b (Siarad iy ol
e bl b Cos (Lsles S b ilsr (el e Sl (s amg (loj ojl )3 dlitas 3 4l 3l o L] ol oles
2,8l ialS a5 5 aib sl ials 4 e Wlgh e 05l cpl 40 0iSdgute Jele ya ST My o il DS e )8

ool Yoy slosg Caenl il ole 3,8kes (oS 51 Jate | ails sy Jelge ol 5l by 23,5 il

.Navabpour et al. 2013)

o ((Biaiel (K joled 00 Olho (sl jlare Blodily (il g (Blas (S Taa (ko V' g
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Table 3. Mean, maximum, minimum, variance, and standard error of the characteristics
evaluated among different wheat genotypes

Range lyus awls oy wles + (Sile
S Jolas s oy >kl o
Max Min v (%) Variance Mean+Se Traits
121.05 70.16 1156 117.87 93.87754+ 1.37 Plant Length(cm) Sgr gl
102.99 59.89 11.90 89.101 79.3141+ 1.19 Shoot Length(cm) il Job
12.62 5.97 14.89 1.666 8.66998+ 0.16 Spike Length(cm) s Jgo
48.96 27.94 12.03 18.811 36.05684+ 0.55 Peduncle Length(cm) ISy Jobs
7.64 5.431 6.83 0.193 6.43104+ 0.06 Grain Length(cm) b Job
9.006 3.288 18.61 1.254 6.01862+ 0.14 Awn Length(cm) Sty Jobo
40.02 14.41 21.80 28.207 24.36377+ 0.67 Flag Leaf Length(cm) x5, Sy Jsb
152 0.6 19.80 0.034 0.93118+ 0.02 Flag Leaf Width(mm) s, 5,y o5
4.07 2.194 13.48 0.18 3.1472+ 0.05 Peduncle Thickness(mm) ISl jks
3.31 1.66 13.23 0.106 2.4615+ 0.04 Grain Thickness(mm) al> jlas
2.9 1 28.22 0.196 1.56873% 0.06 Leaf Number Sy olass
59 17.6 17.36 25.787 29.26005+ 0.64 Grain Number il sl
19.7 9.9 14.58 3.702 13.19409+ 0.24 Spike Number it i
0.26 0.05 36.92 0.002 0.12114+0.01 Flag Leaf Weight(gr) 2 < o5
1.86 0.472 30.80 0.098 1.01632+ 0.04 Shoot Weight(gr) Bl o
1.85 0.34 37.90 0.126 0.93662+ 0.04 Spike Weight(gr) aliw o3
1.81 0.36 37.96 0.107 0.86179+ 0.04 Grains Weight(gr) ails o35
0.58 0.17 21.36 0.007 0.39166+ 0.01 Harvest Index Cutlyy Ladls
25.5 2.35 36.26 29.173 14.89639 0.69 Chlorophyll iy i
139 113 4,02 27.318 129.9365+ 0.66 Days to Spike initiation _ssasss b 9,
51 27 15.20 34.01 38.37+0.735 Days until grains full — «ls i, b 4,
Yo
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@Yl (Stsed 3929 S o8l 3 (Sfolg90 lio (e Lally) 9 (ST £95 oyt 53 0ad ploxil daste s
(Alipour et al. 2017; Navabpour et al. 2013) cuul 03,5 il 1, aliws ;5 ails shiws g s (59 b ails 3,Soe oy
Olysa & Slic 03 Jlie )3 dtunly pate et &l g9 «lio lp (0 Jgi2) P8 4 o (yosw Sy @bt ol
4295 ) 4l 0js AB 33 Slee Slyss jl 003 WF 50000 5 Jao 3 0l Sb Claw .85 )15 dgs Jiiuwo (sl piite
38das o (Sgrw )y 4325 olil 2 g (e ol cutly 3 )Slas g9y 0 |y S oyt SOy Jlad olsl el 2 o9l
e & 3 Slas o b oyt b ote Slho lgisds |y Ao (g g Al 53 bl il asls «Sojglon
Job i Job wwaislsyy jadls (JSSy ylad claw cplplo J(Alipour et al. 2017; Saravani et al. 2019) w340
2 p38 Bl VL s 3 ySlas b lacis) bl gl Slio p e plyear plgice |y 4l Jsb g aliw s (JsSly
88 sl

5 SCOT S5 1) J 3o ol > JySgn (610,550 oaliss] s i35 (S5 £95 k)|
53905 g8 1y JS wi Wb Ve ggeome 53 o8 b odlisl puS Az o) (eSS E95 s 1y CBDP Sl
Sidygoi M S b SCOTB(PRE) il ol JSbazy I+ 1 eSS slosily olass ool consy glis (olsl 2
bopely s glp JSaas JTEAY :Ske jobas g 39 e SCOT26(PR14) 4 SCOT11(PR8) (cla,Silis (ol
9oty g puite +/Be+ b /YN 51 (PIC) JSisisy cleMbl glgime 15,5 ssalie doyd SY/Y ply ISoas £ bawgte
565 41, PIC Jlio 58 /15 |, SCOT21 5 3y iy +/0+ + o L CBDPL0 il 5 Jgin) 552 «/¥DY Lausgio
Gl L cpl ol lis a8 3 Ao AV jlade L SCOT8 Sl & slate S duoyd Jlade (o yidiy 53> oliaidl
Owomen il polaidl ao s YAM LCBDP12 Silel a4y IS tin aioyd Jlade oy pieS ol canlio (S5 £905 oy
L, SCOT8 (PRB) ,Silis 4y ] e 135Vl g VY aie L, SCOT2 (PR1) il 4y MI 5, S5 jadlis oy e
ol )5 51e] ol ay s (S5l cpl SYL S )08 oaimd lis 48 a5 o3l olazd | Y/AA jlade

Bz ool a0y (il Jlsa SCOT8 1Silis o8 3905 pl (lsiioe 0 dwlons (Sif loadls olul
SHETNY ggome jl polo 3ains 5 .cubls aalllan 3)90 Casmen 69y 2 |y 95 oyt it JSBai oMbl (glgimo 5 YUy
Gl S5lET ) by yaslis S polie s ST 1uSS IS5t axkad Y8 4 ¥F (ol iy o3litwl 5,90 CBDP 35e10 4 SCOT
b pz olS 59y 1 adllee e Lol 1) £55 51 Joid BB o aizudls S50 93y ggaome )3 Lol gy ity SCOT
ol ylo g 05 osnlie JSBCSs Wl VY w0id ag Wb AS ggazme 5l a5 b olis SCOT JsSgo ,Silis 10 1 oolizol
93 5l edlazwl L ABGIIOPS 0395 VoY jd (Su5j £95 ol oy »d oo (Farshadfar et al. 2006) wags JSCsaes
S 4sks VEY )\P¥ (o5 CBDP 512110 5 SCOT 55L1 10 gge0me )3 45 45 asie CBDP 4 SCOT ,Silis

\rg
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oily L CBDP 4 SCOT (sla ,Silis a8 sl 00l jlis wliéss (Pour-Aboughadareh et al. 2022) »,, CBDP
Vb oo Cguie puS (S g9t adllas sl (giude (S )L udygo h paseis )3 9B JB ol 9 YU )5
i)« Jsse sl ,Silis ((Pour-Aboughadareh et al. 2022; Etminan et al. 2018; Hamidi et al. 2014)
Sdleo ey sl (sl molio (20l cCumar 1 55 (2b3) )3 €8 5 Vb o puo sy g 03505 i 1) (S5 £

(Kara et al. 2016)

S350 590 Olo (wll 2 008 Cudgiy TV (sladiss 4500 jl Jools (sog S )5 Olao (110ke £ Jou>
Table 4. Means of traits in groups obtained from cluster analysis of 63 wheat genotypes based

on morphological traits

Slaye (1l

P 09,5

P93 09,5 Jol0gs Cabo
Mean squared Class 111 Class Il Class I Traits
1484.498 * 87.632b 87.862 b 101.552 a Plant length (cm) G )|
716.288 * 75.355 b 74.696 b 84.638 a Shoot length (cm) Bl Job
20.803 * 7.504 ¢ 8.742 b 9.419a Spike length (cm) aliw Jobo
100.514 * 33.743 b 35.571b 37.904 a Peduncle length (cm) JSSly Jobo
0.202 * 6.373 a 6.567 a 6.392a Grain length (cm) als Jsbo
9.749 * 5.406 b 5.675b 6.630 a Awn length (cm) S, Jsbo
340.364 * 21.426 b 21.420 b 28.038 a Flag leaf length (cm) > Sy Jsb
0.202 * 0.816 b 0.939a 1.004 a Flag leaf width (mm) >, Sy oye
2.553* 2.733¢ 3.190 b 3.402 a Peduncle thickness (mm) ISl ks
0.267 * 2.330b 2.568 a 2.489 a Grain thickness (mm) aly
1.945* 1.335b 1.359 b 1.846 a Leaf number S olass
216.045 * 25.284 b 30.690 a 31.140 a Grain number &l sl
44818 * 11552 ¢ 13.096 b 14.363 a Spike number i Sl
0.019* 0.091b 0.109 b 0.147 a Flag leaf weight (gr) w020 S i
1.546 * 0.765b 0.890 b 1.258 a Shoot weight (gr) @l o))
2.379* 0.549 ¢ 0.940 b 1.197 a Spike weight (gr) s 3
1.927* 0.509 ¢ 0.875b 1.092 a Grains weight (gr) o als 56
0.007 * 0.370a 0.409 a 0.395a Harvest index sl asla
105.360 * 12.139 b 16.505 a 15.838 a Chlorophyll oIS
272.841* 132.947 a 125.187 b 130.607 a Days to spike initiation &> a3ss b 5,
292.010 * 33.894 b 41562 a 39.571a

Days until grains full & b b 5,
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Figure 1. Dendrogram of different wheat genotypes based on morphological traits
using the WARD method and Euclidean distance (Genotype pedigree is presented in
Table 1).

P8 igiy TV 50 Slho b g 4ild (359 Sl Sl 0 (g5 ) TS -0 Jgaa

Table 5. Stepwise regression analysis for grain weight and other investigated traits in 63

wheat genotypes

VIF sl glas  OFS) ere o
Regression .
Standard error o Traits
coefficient
2.361 46.102+ 0.245 0.234 Peduncle thickness (mm) Gl a8
6.521 47.924+ 0.203 1.893 Harvest index sy asls
3.681 59.869+ 0.163 0.057 Spike length (cm) o Jsb
3.965 53.077= 0.153 0.016 Peduncle length (cm) ISl Jobo
1.362 42.889+ 0.142 0.052 Spike number Al dlass
2.984 40.912+ 0.136 0.105 Grain length (cm) ab Job
R?=0.884 -3.152 =(intercept) lus ;I 5 ,e
YA
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Table 6. Name, allele number and polymorphic information content of SCoT and CBDP

primers in wheat genotypes

G sl (JSisia OleWb] glg e JSuosia b slass P
Ml PIC Polymorphism Polymorphic Primer name
(%) allele
0.730 0.456 62.500 4 SCoT2(PR1)
1.117 0.402 69.231 5 SCoT4(PR3)
1.225 0.490 66.667 5 SCoT5(PR4)
3.808 0.495 81.250 10 SCoT8(PR6)
0.476 0.476 60.000 3 SCoT9(PR7)
0.049 0.487 52.632 1 SCoT11(PR8)
0.392 0.479 57.895 3 SCoT12(PR9)
1.091 0.480 64.706 5 SCoT14(PR10)
0.988 0.316 72.727 5 SCoT21(PR12)
0.219 0.492 56.250 2 SCoT24(PR13)
0.080 0.482 54.545 1 SCoT26(PR14)
1.006 0.440 70.000 4 CAAT4(PR18)
1.636 0.500 68.750 6 CAAT10(PR24)
2.223 0.499 73.333 7 CAAT11(PR25)
0.726 0.499 38.889 4 CAAT 12(PR26)
0.912 0.474 61.905 5 CAAT 15(PR29)
1.042 0.466 63.205 4.37 Mean

Sype Jyl Jole 93 039050 1 SlSy Ojgod lacwig) @i & 1,5 pasuie (V JSE) O b a3 5

1{ wy) sy d‘)u:fba)f )] J»ol> CJL.: L)"’L“" » Ssls PN UM.QJ CBDP 9 SCoT Lng)iAL.M; uJ}SJ}A Lngbblb L)"’L“"

YO Jgl 09)5 cbid munndii 09,5 dus & lacuigs§ (Y USS) 5,8 alis s s UPGMA Jig)as (slades 4500 5 edliu!

L0l LSLiS ) 09)5 o yiSagS (owies) doyd Y8 L) il V5 L pod 09)5 909)5 (25,5 (Biadess duoyd ¥Y) Cudgi

£33 05,5 0 &Y 5 ¥V FA FA TV VO slacwiss Jol 09,5 5o Jle olgicds g caalud cp i slyld bog,5 J5 s o8l
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Figure 2. Biplot of principal coordinate analysis for 63 wheat genotypes based on
SCoT and CBDP markers.

Slac Jy5S p s (ogi5 (Al ool jshaisn 159 5e)98 590 Slho g (J9Nge (Sla LS o bLI |

izl b Sigshyse i s CBDP 5 SCOT (slo,Silis i bl | e g, S st 5 a3se5 ) (S3slise
w22 Sy 09 (FLL) p2p Sp Job cho boad (ol gladie (Y Jgdo) <85 )18 () 3550 (g )5y 355 ]
Slawo Ol jlao)d AV §AY A% A% N e+ i 54 (GRW) ladils 59 5 (SPN) aliws sluws (SPL) aliws sk (FLW)
Slaws O 9 g u.}b\)é Oy i d‘)‘-’ CAATI15 )441)3 oS KVATY ]ol.,.’»')l » olas "ﬁl b Jﬂ YV Eg90me 5 .idged Cpuad |)
L YA 5T ela S Alag & s s Aliias 315 g it Jobo i 93 8 &y 8 gm0 )S Lol oy 5] e
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Figure 3. Cluster Analysis of 63 wheat genotypes based on SCoT and CBDP markers
using the WARD method and Euclidean distance (Genotype pedigree is presented in
Table 1).
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Table 7. Associate analysis of positive SCoT and CBDP molecular markers for the studied

PX5 i gl

morphological traits in 63 wheat genotypes

Associate markers Traits
(SCoT26)5, (SCoT4)3, (CAAT15)3, (SCoT1l)4, (SCoT14)l, (CAATI5)5, (CAATL0)4,
4773 097 (CAATI5), (SCoT8)2, (CAATLL)3, (SCoT2)3, (CAAT 4)4, (SCoT8)2, (SCOT12)3, (SCoT12)6, o
' ' (SCoT5)2, (SCoT8)4, (SCoT11)-6, (SCoT12)5, (SCoT24)1, (CAAT15)4, (SCoT9)6, (SCoT12)5,
(CAAT10)2, (SCoT8)6, (CAAT12)2, (CAAT4)5, (SCoT12)1, (SCoT14)6
(CAAT15)1, (SCoT14)3, (CAAT15)6, (SCoT5)2, (SCoT5)4, (SCoT4)6, (SCoT21)4, (CAATL5)6,
(SCoT11)2, (SCoT21)-3, (SCoT4)-3, (CAAT11)2, (SCoT26)4, (SCoT2)2, (CAAT15)4,
(CAAT4)3, (SCoT5)5, (SCoT8)6, (SCoT2)2, (SCoT24)3, (CAATI5)5, (SCoT12)5, (SCoT9)2,
2721.2 1 (SCoT4)6, (SCoT2)3, (CAAT11)3, (SCoT2)6, (SCoT2)1, (SCoT9)5, (SCoT24)5, (SCoT11)5, FLL
(SCoT26)3, (CAAT11)6, (SCoT14)2, (SCoT12)4, (SCoT14)6, (SCoT2)5, (SCoT14)5, (SCoT11)3,
(SCoT8)4, (SCoT9)4, (CAAT12)2, (CAATL5)4, (SCoT14)4, (CAAT 11)4, (CAAT 4)3, (CAAT
15)5, (CAAT 11)4, (CAAT 12)6, (CAAT 12)5, (SCoT9)4
(CAAT15)1, (SCoT4)3, (SCoT26)4, (SCoT8)2, (SCoT11)5, (SCoT9)2, (CAAT15)3, (SCoT14)3,
20310 099 (CAAT15)6, (SCoT12)2, (SCoT5)2, (SCoT12)5, (SCoT12)4, (CAATL0)5, (SCoT2)6, (SCoT4)3, FLW
: : (CAAT15)1, (CAAT11)5, (CAAT15)2, (CAATL1)4, (SCoT5)6, (CAAT4)5, (SCoT2)4, (SCoT2)1,
(SCoT2)4, (SCoT12)3, (SCoT5)5, (SCoT8)6, (CAATI5)2, (SCoT8)3
(SCoT4)3, (SCoT9)3, (CAAT4A)4, (SCoT2)3, (CAAT11)4, (CAAT15)5, (SCoT24)2, (CAAT15)2,
1159 099 (SCOT4)4, (SCOT1L)6, (SCoT12)2, (CAATI5), (SCOT2)L, (SCOT14)6, (SCOT5)2, (CAATIS)L, o)
: : (CAAT10)6, (CAAT10)2, (SCoT21)3, (SCoT4)3, (SCoT2)2, (CAAT12)6, (CAAT10)5,
(CAAT10)4, (SCoT5)3, (SCoT5)2, (CAAT12)2, (CAAT11)6, (SCoT9)4, (SCoT11)2, (SCoT9)2
13702 078 (SCOT8)5, (SCOT5)2, (CAATA)5, (SCoT4)6, (SCoT4)-6, (CAATLL)2, (CAATLS)6, (CAATLS2, o
) ) (CAAT10)4, (SCoT2)5, (CAAT10)2, (SCoT24)4, (SCoT24)3
(SCoT11)4, (SCoT26)3, (SCoT8)6, (SCoT11)5, (CAAT15)1, (SCoT5)3, (SCoT14)1, (SCoT24)3,
19.61 0.90 (SCoT2)2, (SCoT4)3, (SCoT21)3, (SCoT5)5, (SCoT2)5, (SCoT2)3, (CAAT10)6, (SCoT5)3, SPW
(CAAT10)5
(SCoT11)5, (CAAT10)3, (SCoT9)5, (SCoT11)3, (CAAT11)3, (SCoT4)6, (SCoT2)1, (SCoT26)4,
21.63 0.89 (SCoT8)4, (SCoT9)2, (SCoT2)6, (CAAT10)2, (SCoT12)3, (SCoT9)4, (SCoT12)4, (SCoT8)3, GRP
(CAAT4)4, (CAAT15)4
(SCoT26)-3, (SCoT8)-6, (SCoT11)-5, (CAAT15)1, (SCoT14)3, (SCoT14)-1, (CAAT15)2,
462 097 (SCoT26)5, (SCoT9)4, (CAAT12)7, (CAAT12)5, (SCoT8)2, (CAAT11)3, (SCoT11)5, (SCoT24)2, GRW
(SCoT5)2, (SCoT12)4, (CAAT10)4, (SCoT14)2, (SCoT12)3, (CAATA)5, (SCoT24)4, (CAAT11)5
(SCoT11)5, (SCoT4)-3, (SCoT5)5, (CAAT 4)5, (SCoT8)2, (SCoT9)5, (SCoT11)5, (CAAT1L)3,
18.52 0.89 (CAAT15)5, (CAAT12)2, (SCoT2)4, (SCoT2)5, (SCoT11)2, (SCoT4)5, (SCoT26)5, (SCoT11)6, FLD
(SCoT5)2, (CAAT10)5, (CAAT10)6
1455 079 (SCOT8)S5, (SCoT21)3, (SCoT11)4, (CAATI0)4, (CAATA)4, (SCoT2)3, (CAATI2)8, (CAATL02, ) \\
: : (SC0T12)2, (SCoT12)4, (CAAT 4)4, CAAT15)1, (SCoT2)3
8.07 064 (SCoT5)3, (SCoT14)6, (SCoT2)6, (SCoT24)4, (SCoT8)6, (SCoT11)4, (SCoT12)2, (SCoT24)2, FLN
: : (CAAT15)6, (CAAT4)2, (SCoT14)4
058 064 (CAATAM, (CAATIS)3, (CAATLL)4, (SCoT24)4, (CAATL2)2, (SCoT12)3, (CAATLOM, oo
' ' (SCoT2)2, (SCoT11)6, (SCoT9)5
14.46 0.82 (SCoT14)6, (CAAT4)4, (CAAT11)4, (SCoT21)6, (SCoT8)3, (CAAT10)6, (SCoT12)6, CHL
' ' (CAAT12)8, (CAAT15)1, (CAAT11)4, (SCoT2)3, (SCoT9)5, (SCoT24)5, (SCoT9)2, (SCoT24)4
9.05 063 (SCoT26)3, (CAAT11)5, (SCoT11)5, (SCoT4)6, (SCoT12)4, (SCoT14)2, (CAAT15)6, GRN
(CAAT15)1, (CAAT15)3
9.50 0.61 (SCoT5)3, (SCoT4)5, (SCoT4)3, (SCoT5)5, (SCoT11)4, (SCoT21)4, (SCoT24)4, (CAAT12)6 HI
10.86 0.42 (SCoT4)7, (SCoT5)6, (CAAT10)6, (SCoT14)3 GRT
7.05 0.32 (CAAT10)4, (SCoT8)5, (SCoT9)3, (CAAT4A)4 SHW
6.18 0.23 (CAAT12)8, (CAAT11)3, (CAAT15)2 GRL
754 044 (SCoT5)5, (SCoT14)3, (CAAT12)7, (SCoT26)4, (SCoT11)2, (SCOT5)5 AWL
6.95 0.32  (SCoT8)5, (SCoT4)4, (SCoT14)5, (SCoT14)3 SHL
9.46 0.45 (CAAT10)4, (SCoT8)4, (SC0T9)2, (SCoT21)3, (CAAT15)6 PEL

SHL Sty Jgbo AWL b Jobo GRL wdlo o35 SHW s i b 35, GRP i Jgbo SPL 55, i)l PLL sy 5, Jsb FLL caliis 315 SPN
@ 3 GRW a5y oye FLWIL Uss ls CHL a5 o35 FLW s a5 GRT cls 3115 GRN s 135 SPW (i, Jsbo PEL bl oo
i 435 b 59 FLD o5, slas FLN Sk, Ja PDT iy sl HI
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