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Table 1. Characteristics of local and commercial bread wheat genotypes, according to the IPK-Gatersleben gene banks
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No. Genotype code Origin No. Genotype code Origin
1 ATRI 5479 Ahvaz 27 ATRI 6172 Aligudarz
2 ATRI 5485 Ahvaz 28 ATRI 6197 Borujerd
3 ATRI 5489 Ahvaz 29 ATRI 6261 Sanandaj
4 ATRI 5494 Behbahan 30 HTRI 5804 Tabriz
5 ATRI 5524 Ramgormoz 31 HTRI 6354 Aarak
6 ATRI 5555 Andimeshk 32 HTRI 6365 Hamedan
7 ATRI 5581 Tehran 33 HTRI 6427 Maragheh
8 ATRI 5585 Tehran 34 HTRI 6494 Mahabad
9 ATRI 5643 Esfahan 35 HTRI 6515 Qazvin

10 ATRI 5659 Hamedan 36 HTRI 6543 Gonbad

11 ATRI 5721 Zanjan 37 HTRI 6580 Tehran

12 ATRI 5733 Marand 38 HTRI 6608 Shahrekord

13 ATRI 5765 Ahvaz 39 HTRI 6618 Kohrang

14 ATRI 5790 Nowruzabad 40 HTRI 6640 Khonsar

15 ATRI 5797 Mianeh 41 HTRI 6686 Sanandaj

16 ATRI 5924 Gilan Gharb 42 HTRI 6703 Mashhad

17 ATRI 5945 Khorasan 43 Morvarid Commercial cultivar
18 ATRI 5956 Babol 44 Qods Commercial cultivar
19 ATRI 5961 Gorgan 45 Roshan Commercial cultivar
20 ATRI 5980 Bojnord 46 Kavir Commercial cultivar
21 ATRI 5989 Bojnord 47 Pishtaz Commercial cultivar
22 ATRI 6005 Quchan 48 Sorkhtokhm Commercial cultivar
23 ATRI 6064 Shahroud 49 Bisotun Commercial cultivar
24 ATRI 6095 Shahroud 50 Tabasi Commercial cultivar
25 ATRI 6119 Tehran 51 Hirmand Commercial cultivar
26 ATRI 6135 Abali-Firuzkuh 52 Chinese Spring Reference genotype
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Table 2. Name, sequence and characteristics of microsatellite markers
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Primer name Sequence (5'—3') Annealingtemp (°C) <7 55 Amplified band in Chinese

Locus Spring

GWM1084 unpublished® 60 4B 179

GWM998 unpublished® 55 4B 199

GWM930 unpublished® 50 4B 186

F: CGCTGTTTTAAGGTATTTTCCATTTTCT

BARCI63 . GCGCATCCTGTTCCTCCATTCATA 55 4B 162
F: CATTGTTTTCTGCCTCTAGCC

GWMI49 R: CTAGCATCGAACCTGAACAAG 5 4B 161
F: GTGAAGCAGAACCACAACAC

GWM295 R: GACGGCTGCGACGTAGAG 60 D 258
F: CTTCAGCTTTTCAGTTCGGC

GWM44 R: ACTGGCATCCACTGAGCTG 60 D 182

GWMB885 unpublished® 60 7D 172
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*: The sequence of these markers had not published and the sequence information received by correspondence.
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Table 3. The result of descriptive statistics for the desired traits in the studied genotypes of bread wheat

o S el Sl Sl oSl e Gl 2l ARSI
Trait Range Min Max Mean Standard devaition CV%
(Grl) S 6 5, 30 106 136 120.90 7.69 518
Day to anthesis (cm)
©m) o2 S » sk 2 1625 38.25 26.41 478 1808
Flag leaf length (cm)
(o) 45 g5 46,50 70,50 17 95.26 1162 1219
Plant height (cm)
ol Sy b 24.50 29 5350 39.21 5.56 14.18
Peduncle length (cm)
i > by sl
Numberof grain per 70 23 93 46.98 1551 3301
spike
(rel) i 50 9 7.50 165 11.91 210 17.60
Spike length (cm)
Gale) Sy b 1250 050 13 6.96 291 41.82
Awn length (cm)
(reshee) o I 2.30 550 7.80 7.06 054 758
Grain length (mm)
b o 150 240 3.90 3.04 0.34 11.28
Grain width (mm)
(50 wlo ) 0 301 184 485 320 0.66 20,69
100 grain weight (g)
ory 3l 25 5 30 12.62 5.27 41.72
Number of tiller
S0k ey Bl
s Raned 21 5 26 10.96 4.29 40.40
Number of fertile tiller
p5 e Ske Jsb
(o ) 22 1 33 21.12 474 2243
Penultimate length
(cm)
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Table 4. Simple correlation coefficients between the studied traits

uu’*p 1 2 3 4 5 6 7 8 9 10 11 12 13
Traits

() 8 U_).” 1 0.0120.438™ -0.142 -0.441™ 0.059 0.033 0.217 -0.077 -0.13 0.298" 0.243 -0.08
Day to anthesis (1)

(Y)V’?ﬁ:&f- Jsb 1 0.193 0.188 0.362™ 0.486™ 0.262 -0.186 0.141 0.24 0.104 0.182 0.099
Flag leaf length (2)

) ‘fo Cw)‘ 1 0585 -0.183 0.182 -0.112 0.169 -0.018 -0.036 0.235 0.187 0.425™
Plant height (3)

(i)ﬁ}g’.u‘i Jsb 1 0.021 0.005 -0.133 -0.058 -0.126 0.151 -0.033 -0.006 0.371™
Peduncle length (4)
(©) adie 2? o> "_*"5 1 0373 003 0038 0.351° 0.201 -0.362™ -0.286" -0.062

Number of grains per spike (5)

(-_\) P J5b 1 0.122 0.197 0.351" 0.171 0.063 0.126 0.137
Spike length (6)

V) S J5b 1 0.041 0.084 -0.105 0.044 0.125 -0.377™
Awn length (7)

(A,> wlo J b 1 0.404™ 0.655™ 0.037 0.047 -0.208
Grain length (8)

@) alae 2,0 1 0702% -0.137 -0.126 053-
Grain width (9)

() el 055 1 -0151 -0.137 0.024

100 grain weight (10)
aY) Ay Sl
Number of tiller (11)

AY) Ll Ay Sl
Number of fertile tiller

O7) p353 0 Sk J b
Penultimate length (13)

1 0.963" 0.169

1 0.139

AR



b‘)&-«h}d‘))&d) coe ‘f‘)jyjlhﬁwa-buJ‘jﬁuhutﬂM

4B fﬁj)ﬂ_};)zﬁi S0 L;LLA L;\J..J,(L;...de\j ol sdalin 6[,&.,\..:\.3—0 J}Jo-
Table 5. The Bands observed for each marker for the target areas on chromosome 4B

b)Léa-:

o p5esled Xbarc  Xgwm  Xgwm  Xgwm  Xgwm 555 Xbarc Xgwm  Xgwm Xgwm Xgwm
163-4B 930-4B 149-4B 1084-4B 988-4B 163-4B 930-4B 149-4B 1084-4B  988-4B

Genotype No. Genotype
No
Ch.S# 162 186 161 179 199 26 158 184 161 171 199
1 156 184 153 179 195 27 162 186 159 171 195
2 158 182 159 175 197 28 160 184 157 177 193
3 null 186 159 175 193 29 160 186 159 175 191
4 162 184 161 177 193 30 154 180 159 177 null
5 160 182 161 179 193 31 158 180 159 175 195
6 156 182 157 173 193 32 160 184 159 179 199
7 156 178 155 171 193 33 156 180 157 171 195
8 158 178 155 173 195 34 154 182 159 177 191
9 160 178 155 171 197 35 156 180 157 177 195
10 160 182 155 175 197 36 154 178 157 171 193
11 162 178 157 177 195 37 160 186 157 175 195
12 162 180 159 177 195 38 152 178 155 171 191
13 160 182 159 171 193 39 156 182 157 179 199
14 162 182 159 179 199 40 160 180 159 173 195
15 158 180 159 177 195 41 154 178 159 179 193
16 160 182 155 175 195 42 160 186 155 177 199
17 156 180 155 177 195 43 156 178 155 173 195
18 160 180 159 173 195 44 158 178 153 175 193
19 156 186 157 175 193 45 158 184 161 175 197
20 160 180 155 173 199 46 158 182 161 177 195
21 156 180 159 177 199 47 156 178 153 175 191
22 154 180 161 175 193 48 160 186 153 175 193
23 158 180 161 179 197 49 162 182 153 175 199
24 158 182 155 173 191 50 160 186 159 171 193
25 158 182 157 171 199 51 160 186 153 179 199
st

#: Reference genotype

7D (ljj)ﬂj;‘)ﬁjlé_; S48 &LA Ls\jji’uﬁd\j ol sdaline 6LA.,\.:L:—-\ J_}Ja-
Table 6. The Bands observed for each marker for the target areas on chromosome 7D

55 ol Xgwm Xgwm Xgwm 5 oslad Xgwm Xgwm Xgwm
Genotype No 44-7D 295-7D 885-7D Genotype No. 457D 205-7D 885-7D
Ch.s# 182 258 176 26 180 258 72
1 178 256 174 27 180 258 172
2 178 254 166 28 180 258 174
3 178 258 174 29 182 258 174
4 182 258 166 30 176 252 168
5 176 252 166 31 182 256 172
6 180 254 176 32 182 258 176
7 180 252 174 33 182 256 170
8 182 254 174 34 176 252 168
9 180 252 170 35 182 258 170
10 180 256 170 36 182 254 172
11 180 256 170 37 180 256 172
12 180 256 170 38 180 256 176
13 182 256 168 39 178 252 168
14 178 null 170 40 180 252 174
15 180 254 168 41 182 258 174
16 180 254 172 42 178 256 174
17 176 252 168 43 182 254 170
18 176 256 172 44 182 254 180
19 180 256 180 45 182 252 174
20 180 256 172 46 182 252 174
21 178 258 170 47 182 254 180
22 180 258 172 48 182 252 178
23 182 256 172 49 178 256 174
24 182 258 168 50 178 256 168
25 182 258 172 51 178 252 174
L

# Reference genotype
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Figure 1. Banding pattern of Xgwm930-4B (A) and Xgwm885-7D (B) markers on 6% acrylamide gel (Ladder
1kb).

4B 555055 2 By oslsalesy b 0L al pay 0dd W5 0lshls (slaes S -V I
Table 7. Haplotype groups produced by microsatellite markers located on chromosome 4B

Glods) Lk / G508 PEISTRE IR RS
smbsbla oy S Locus/ Band size (bp) 05,
Haplotype group _ Xbarc163-4B Xgwm930-4B Xgwm149-4B  Xgwm1084-4B Xgwm988-4B
Number of genotypes
162 186 161 179 199

in each group

1* 1
2 0 2
3 1
4 1
5 0 1
6 0 0 2
7 0 0 1
8 0 0 0 7
9 0 0 0 0 4
10 ] 0 0 0 0 2
11 0 0 0 _i 2
12 0 0 0 0 4
13 0 0 0 0 0 24

S 513 bl o5 S ol 5 (L oolg) e -
() s pde 5 (1) Lhsrs #
*: Reference genotype (Chinese spring) belonged to this group of haplotypes
#:Band existence (1) and lack of band (0)
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Table 8. Haplotype groups produced by microsatellite markers located on chromosome 7D

OGldr) L/ 35 08

o_}ﬁjﬁ)égf.’;}}j;u&?

alishle oS Locus/ Band size (bp) Number of genotypes in
Haplotype group Xgwm44-7D Xgwm295-7D Xgwm885-7D each group
182 258 176
1 1 1 1 2
2 1 1 0 6
3 1 0 0 12
4 0 0 1 2
5 0 1 0 7
6 0 0 0 23

.))\A)b_;&'.l\;}lilﬁ a‘jﬁw‘)a (‘;.:;- n)Lé_!) C;-JA &T,\::}.rj

() Ll gy pde 5 (V) Ll gy ¥
*: Reference genotype (Chinese spring) belonged to this group of haplotypes
#:Band existence (1) and lack of band (0)

KL 4y Ced XQWM295-7D 5 Xgwm44-7D s
o oo b st M Cdlke XgwmB88S-7D
(U dsds) cols (L o)le)

S oKl S, 4 plags 85 IS b
Yuetal, ) £,8 o 513 oUshla oy S K s wnils
O L ol T o e sy 51 .(2006
hodal andls b sy QTL 4 atwsy o ,SL
aibe QL Olea sligls 5 5 sl Jlas|
3 315 gdemes asllles 45 .(McCartney et al., 2004)
> (Mohammadi-Nejad et al., 2008) of,Kea
TN i Gl 55 03 Cosd a Jed s
S8 skl o SA s Ul eb QTL bl
S5 wlie oS5 B3 T Sl oS S S
Tavala ) O)es 5 Js L5 S5 W) g (@-Ja s $5)
VU e85 7Y (bshle 420 L (et al, 2015
bl Sas i cou | cilite Cobshls o5 S
OLKes 5 B a5 iemes S
§55 s-on <> (McCartney et al, 2004)
bl oS Y VA sl a eslie bkl
O3 bl 05,8 VU s oglealen, KL )
Jahangirzadeh ) ol,es 5 gl o3l ,Slgr b S
DNA ¢35 asllas L ;5 (Khiavi et al., 2018
03,5 5 Olnl s o G555 0 53 2ty IS
55 S aUskls
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Sl Sl sl 55 TD psises S 53 (0 Jsds) Ad
Xgwm885-7D s Xgwm295-7D  Xgwmd44-7D
Jsdr) dd edalin T i 5 ke Oler i jn
x0 x0 = Vo 5| 4B ijﬁbs o5 ol el .7
x &= 5USITD psiges,S 53 5 omlishls p 5T x0
S o S bt e Ukl g A X E
S el e andl 5,8 15 adlas 3540 S5
baalshle (A S Koo (5 i bgglishle
A & a5 b il a3l 5 4m s Sl b 5 il st
S Conl s (ilosl pl 53 g 350 4ges OY
sdalie LB 531 -pl 5y IS & RS P-E R P

sl
25 slem (2lskhle o5 S Y 51 4B pise 8 0
Cllas (555 0) Sl Sy 520 55 S Gl
Sl oy b S el wn Ll 51 U
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(o2 oy el Laesls) 55 AVVO 5 VE/TO elil ol
Lt o6 Shans o)l LU o kS ()b pB S (golen
3 O5snl sy (WK anlllas L (Ganeva et al., 2005)
Slage¥ S ol ods S b pdS 3 6y 6li)
il el (538 SWals (56 55 o o Shaes
ol sSL 5 bl GlacyV L aslie s (g i 4l 5 Shes
awlis Xgwml49-4B Slis s (Gent, 1991) s
i 53 s a3 5 g3 o Sk Jsb i (gl oSk
Vor i zy s > a8 S 15 clagas) oS sl Ol
Wl 2 o i 5 053 0 S0ko Jgb 1 5eS (slls Gl
s (Ve dsdr) disg s 55 plo & Cand 1) ahiw
| Sbdr V0¥ TS Jlacsgl oo FolisS g o Sk
S 338 oy 55 ol AU St sl oy it
S A3l e 3 Shoe (51 s Ol ASlol e
sl 2N es ek LSS age lirl B (S Al s 4l
Sepl a5 L asdlas ol 55 (Poehlman, 2013) ol «ls
oSk s Vv I S0ke) 5 Shes b das o sl
bl b S0l Sl S L (s Ver 035 5 s Ve 50
b OWLS i3S (sl sboir VO T 5l Ol izl
5 A Sl e S oS ble 53 oty Vo 5 Sl
g spm do S 5 (it G i b a0l Ol
(Jagadish et al., 2015) O )San 5 2l s 5ad oslind
oy 53 5 AU 5l iy ol &S Jloy &8 a5 55
38k Al ol el LS S 5L sl
3 O35 53 i 5 A8l e BlsT wls sl e 2B L 2y
s o b acdsl S il el S R
2 oS 5 Shes il S Bl L5 abiw 5> iy
wars bosd ok oy s bS5 Sax i Ll
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S L GlacdsS Sl e keddle Silsa el
G55 AW glee Sl s Sljer ba
Ll 5 e il andls |y 2y akive 53 als a5 b Shans
S Gladr V0Y) es plbs ol T 5
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£355555 Sa s (Abrietal, 2020) O Kan 5 (5 ol ole
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ISy Jsb a5 sl olis Xgwm885-7D J§4Lw; 53
L 5led) Lols 1) b VN TS Llacs 65
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198 ol IS xSy Lo Bk S S
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o b S Gl Wbl a2l
XgWmB8B5-7D 3Lz Lais «5 sl OLi 7D a5 505 5
53 s sy (JSSly sk Jold o5 s8 Slis S0 L
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Table 9. Analysis of variance for traits in order to association between microsatellite markers and the studied traits on
chromosomes 4B and 7D

Eiles ; 150 Lo il Sla S e
=~ W @3l ez Sled Sl e (KL Uast = P CV%
Marker Trait df MST
MSE
AL s 4 247.93%* 43.08 576 00007 5.42
Day to anthesis
- S ‘
“ CL‘fJ 4 574.71** 97.51 5.89 0.0006 10.36
Xgwm149-4B Plant hf""gh‘t )
o 3 wls sl 4 418.46%* 191.72 425 0.0051 29.47
Number of grain per spike
p33 o Nke Jsb 4 59.45* 19.29 3.08 0.0247 20.80
Penultimate length
Xbarc163-4B V}’f*sf' Jsb 4 52.44* 18.70 2.8 0.036 16.32
Flag leaf length
Jﬁ;l,g Jsb 6 82.90** 24.46 3.39 0.0070 12.62
Peduncle length
i 53 12 2145 6 513.97* 20352 253 0034 3055
XgWm885-7D Number of .gra‘m ?er spike
oy 2 6 67.09% 22.99 2.92 0017 38.03
Number of tiller
sk e sl 6 46.53* 16.35 2.85 0019 36.96

Number of fertile tiller

Aoys) 50 JL“:’\C]Q"); Dl e i ja T

*

\E23

and ™: Significant in 5% and 1% probability levels, respectively
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Xgwm149-4B Slis gl p Slio nSle avglis =V o Jsdr
Table 10. Comparing the means of traits for Xgwm149-4B marker

s Gledn) T Caslalas AU s, Gl oS 5l oo 53 @l sl (o L) p33 0 Sa 5o
Treatment  Allele (bp) Number of genotypes Day toanthesis  Plant height (cm) ~ Number of grains per spike  Penultimate length (cm)
1 161 8 115.87° 96.53% 58.622 24.00?
2 159 17 123.412 96.91% 40.00° 20.23%
3 157 10 124.302 103.472 45.60° 21.90°
4 155 11 122.722 92.95° 43.00° 22.27°
5 153 6 111.50° 79.41° 60.83° 16.33°

(Duncan = 0.05) L1 (s bl 5l sne slis oa b Lyls S iie G & o Sle 2w 8 53
In each column, means that followed by same letter(s) are not significantly different (Duncan = 0.05).

Xbarc163-4B SiLis sl oo 2 S 2 b (SSke anslie =1\ Jsis
Table 11. Comparing the means of flag leaf length for Xbarc163-4B marker

o Glcsr) JI N PH R (o le) oo nS 2 Jsb
Treatment Allele (bp) Number of genotypes Flag leaf length (cm)
1 162 7 30.78%
2 160 16 25.12°
3 158 11 27.13%
4 156 11 26.50%
5 154 5 23.45b

(Duncan= 0.05) k1. g, bl ls sme o slis o2 b dls S pie G a8 e nSle g o 3
In each column, means that followed by same letter(s) are not significantly different (Duncan= 0.05).

Xgwm885-7D Silis (gl » Slis - Sols sl —VY s
Table 12. Comparing the means of traits for Xgwm885-7D marker

s (Gl JJ'\ 55 sl (o sile) ISy J b s 3 &ls sl ey slal Dok deey Sles
Treatment Allele (bp) Number of genotypes Peduncle length (cm)  Number of grain per spike  Number of tillers  Number of fertile tillers
1 180 3 34.33° 61.66 8.00° 7.00°
2 176 4 39.41° 62.002 11.00° 9.00°
3 174 13 38.39° 51.28® 10.85° 9.28°
4 172 11 38.81° 44,00 13.00% 11.36%
5 170 9 39.97° 42,45 12.66% 11.55%
6 168 8 37.56° 34.87° 18.372 15.50?
7 166 3 50.58? 50.00% 10.00° 9.00°

(Duncan=0.05) L, (s bl Jls pme ki oa b L,15 S 2 G o e Sls 052 8 3
In each column, means that followed by same letter(s) are not significantly different (Duncan= 0.05).

sl ials el i 55 e ¢l (@l 2010 OF 51 &8 ol Jlosgast dax 3l 5oL aomy sl
Gkl Ol s A el am n pBO1 s 5k ey Spgr o 03 Ll Gl bk Olgea U5
rl o3 g S 3 Shas alS 5 OF ST o e 3550 53 axdl (Sharma, 1993) 5 yas sslizal 4ils 3 Shas
23 S Sugh s s (5 S sy & GLS Lyl St e Ssle Sk kS W by N
3 Szt S 5 L e 13 ol glaasle L A S s ks s (S s e Jelse
Duggan et al., ) >4 o Jool> als 5 Shee Sl Jsb 3 s 53 Susb) Ol ediSpmad Jalpe

(2000 Chen et al., 2008; Ghorbani et ) a2l . 1o, b
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Abstract

The aim of this study was to determine the haplotype groups and identify the specific alleles
associated with desirable agronomic characteristics in bread wheat. For this purpose, 42 local bread
wheat genotypes belong to Iran region and nine commercial cultivars along with Chinese Spring
variety (reference genotype) were cultivated in the format of augmented design and evaluated based
on their 13 phenotypic traits. The results of descriptive statistics showed that awn length and day to
flowering had the highest and lowest phenotypic coefficient of variation, respectively. Eight
microsatellite markers were used to investigate the haplotype variation of QTLs associated with
phenotypic traits located on wheat chromosomes 4B and 7D. The result showed that the genotypes
were classified into 13 and 6 haplotype groups according to the allelic comparison with the reference
genotype on chromosome 4B and 7D, respectively. In order to investigate the relationship between
traits and markers, analysis of variance was performed based on completely randomized design with
unequal numbers of replications for each marker. In general, of the 13 traits studied, there was a
statistically significant linkage for eight traits and for the three traits, an allele-specific was introduced
simultaneously. If the breeders are interested in genotype selection that simultaneously have three
desirable characteristics such as early anthesis, semi-dwarfing and a greater number of grains per
spike, they can use an allele-specific (153 bp) of Xgwm149-4B marker.
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