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Identification of some quantitative trait loci for lodging in durum wheat

(Triticum turgidum L. var. Durum) using microsatellite markers
T SE Ol s ed a4l das

o>

- k4

L (Triticum turgidum L. var. Durum) P03 (“"f 33 s s Seaglie 0dS J,mS S5 Glaole S lels IFAY. W6 L 9. chioigR

FAL-TAA:(E) Ve L mln) pole Alomo .ojlsmleyy Slts 5 eslinul

G (Triticum turgidum L var. Durum) pg398 puss 38 w9 ouas J 8 slayi Lol Sua b yol>  wyy
oY 9 L3g5 oBy (B 31 A5 Bgmy p¥ 100 Jolids drolr oyl oS g9y O 39ma0 At G 1S SIS drolr K 31 03 Uikmns!
OleMb!l .ol J3 555 9 (w39 42 Comd (S YL Cnglin 31 K0 W9 b duylio Ho Bgs™ o8 .29 oy Jol> Kyle*2/Biodur
dilne 98 30 G Yoo ¥ g ¥ ool ey Jluw 93 (b (19 § gl WIS S Y (w33 4 Caoglin (b 35l 3 i gd
5 39 ol Bl 31 IW 3 Jols S pY cm G0 xe D9 § wd ol 136I (3l g el SJbT 33 dicp s § bus
dds” JUsE Sl eVl 58 ISz S SO 9 wyp 0slglo sy SO 01V 1 ool b (g (JACH Wi .8 5~ o liv
Bgus A WIS lT 1 Al SO 1) g diwgw 09 1€ (Ko SO OF | Ciwgw 4085 . Wb odlitwl axol> Sy pY
T 4 1 S 9) bl st T 9d § (i 935 (SO Lpu dlsly OIS idg 15 £33 P P o35 31 B yg0 ile AV
Al () Ol o Pl (9 3 ol (Sl il S 03lil b 9 5 0 Sldlob 2L O § odly Sldlol (2L Ol ¢SS
slaz > 33318 y 3 4BL pig09 5 (595 47 J9I QTL 15T .09 axely o9 38 w33 4 Ceglin b Lo o QTL dw iy s
A5 K0 (95 O 98 W .0 e 1) Cdo T8 O i I Ao 33 Ve uSile sglods § 393 (P<+/o++ 1) 515 oo Jame
OS5 o (0 O e b (6918 ixe Ay Lo slazr 3 (5 0 Bl § 393 Lausre 4y 4kl (Xixdld 51,5 2AL p3908 5 595
18 o gl 1y Cdo ol Ol pad 1 Ao yd A B E g 9 318

QTL 9 w9 0 lgnloy )y SOUS cdasmo i g AL pY (29798 puis 1 Guuls” Sl ol

AN 28 53 sl
(o5 a51K0) 3 S g8 o815 HLstinl - )
ISUS” &SCast an atlate (6555158 Dlidos S 0 Siass Y


https://dor.isc.ac/dor/20.1001.1.15625540.1387.10.4.5.4
https://agrobreedjournal.ir/article-1-225-en.html

[ Downloaded from agrobreedjournal.ir on 2025-07-18 ]

[ DOR: 20.1001.1.15625540.1387.10.4.5.4 ]

Olima ) - ol ‘s

ST N IBTE (-*f oz 515 O 5o s 4 Caaslae
Lol olalis awe 55 Sldlas 5,8 1 5 oslinal
et 5 )9 4 Saslie 0 ST ], xS S
el Sslize 1)) QLS 53 OT L 4y (sla S5l
(Keller et al., 1999) oL 5 LS .ol o §
analor S 53 wys 4 Cuwslie gl QTL sde & sl
R N (,.x_f}o\_; (.4_{ — 3l ol
©35QTL 33 & Ws S° 3\ S (Triticum spelta L.)
5oy Sl s 1, 54A 52A slapsas S
dnale ¢S Sl eslizal b (Verma et al., 2005) o, SCes
50l f"—'f (Doubled  haploid) d—s 4bls dLis
Slapises S 651y 2WQTL woylsales sl Sl
o3 aS Ules gad esin 7D 56D 4D (4B
PPECp e REVSTS FONE EPRCE (NI
OLHLSKan 5 (LSS s S i |y S o
S35y 55 O 75 (McCartney et al., 2005)
&S5 03 s JAS Lalaly 554D 54B glapjges S
OHLSes 5 5 los sad 20155 ol puS analr
o9 S Aol 1L QTL aw (Bérner ef al., 2002)
Lol pon s # 5 Y o5led ajges S slaes S 555
ASs S a8 0L e 551, eS8 SILQTL
IPES o;_g-r—aj—i,b Ol ;5 s
«(Kandemir et al. 2000) o= ¢ (Cardinal ef al., 2003)
(Tar’an et al., 2003) > o5 9 «(Luo et al. 2000) =
38 Cemlodd GLuld )y b Lo e GWQTL ;4
OLLSer 5 ws,— s (Hu et al, 2002) o)LSea
ol S J S slal s L5 S AN (Bruce er al,. 2001)
MMQ)S)Cﬁjs%jgi)wjjq@)w
Gl Kl oLabks tags s ool 3l (ol s

sl L a g ol S
(#9303, L gn Cpenl A2 53 5 ey A
03033 pAS 55 0T oS J 287 35 (a0l 018

.J}{

Ol £ p ke

o 4 0T 8 5 pde 5 8l Sl 4 )

&S Olge 5L s 5l 5 33,8 e GOUbI s 5 ol
Sl 03 5 7 ke SO IS5 oS s gue ole
Eol 55 Syl Lo s | (Berry et al,  2004)
2l s oy Rl Csliass e 53 503 (oS
A a5 iS5 gl lie aoe 0T
saliw a glde sles Jlasl tals (il o,
::J_?TAQ\JQ_:JJAJ_QA;&AL{;LQL@J
(Briggs et al., 1999; Xue and Warkentin, 2001)
YU F o dlly s s 0 f.x.-fﬁ WJUs sk
5 ey Gble = 53 5 (Briggs et al., 1999) Ao s
Iy asls 3 Shes 2alS" (Easson ef al., 1993) Lo s ¥+
L5 0L 5 5k b 5 Jgeme sy )y ST 5l
5 OUT Oy Sllss Lo g 15 oo 5 055 0
Lmes &5l 3L Ikis (Keller ef al., 1999) Lgs ey
VYo G b Ole 5 4 GV (ST (S
.:J_f B J::l_? "> (Champoux et al., 1995)
5ol os SISty el S Jalye
A e 30 s Ceylie L;\ﬂoutzfdw,'\,;x\
i 6l ) o s 5ol e, S
3 S il Lo 1 i aST Ly Sl
Tz 03 2l S5 LAl e O (ool 5a Colual
Ol ay il 655 50 Dl g Lol
o3 4 Smeslie et b Ol 6l g5l
o= 03 Gl A pdy Oy g 03 o onli
Bl oS5l ol u Sl S a s
oJ_&CJ_hA uﬁtw,\}(ﬂdﬁl_wa Blw O)s)
51 Ll (Keller et al., 1999; Easson et al., 1993) !
s LT (Soan otman s Slio ol 4SSl
S G 08 e B e Julse b o
et sl ol 5 sl aia s
4 A 5 s aslie kS J S 55 slglSa
33t 33 S Ol 0 Wl e Sl LS


https://dor.isc.ac/dor/20.1001.1.15625540.1387.10.4.5.4
https://agrobreedjournal.ir/article-1-225-en.html

[ Downloaded from agrobreedjournal.ir on 2025-07-18 ]

[ DOR: 20.1001.1.15625540.1387.10.4.5.4 ]

&,uf&\ﬁVYOC):@:o;W}@:&@j
YAY S 5a 5 53 (PCR Jus )DNA L5555 g
SN gz A oLl Biosystem IMP9700 Jute 4
e 53,8T 5 55 5558 S Sl eslial U 6,255
s oSS (LE 5,8T— ke YY) ) oy
PGEM slaaly SKilis slayl s a am 5 L Layl 55 oIt

Lisls ol IS dis g s oS ols Sl
< & O3a)T Lls oslitwl amsl o) 31 JU & (gl
amalor 53 Vi) S 3 G, Ol il s 61200
Sl il 48 e SO 5 s 8 el Sl 2 sl
i g 4l Lk 3l S o Sl eisls Ol
A5 g MAPMAKER |33l 5 3l aslizal L ba SGLSS
sl S ] alel, !y .(Lander er al., 1987)
Aol 4y oS 58 0l Jds sl (Kosambi, 1944)
.-\i.sjf oslaiu u'<2:‘J

GRS &G a2 i e SIQTL 4525 (51
S e Gl LG 5 esle glahols LK
Slesliwl b =T 5y, 53.(Knapp, 2001) Li o3l
SLas Sl ae) al 53 5 A5 plawil MQTL )l blp 5
(Least square means) wia‘.:ﬁ Ol e J8ld> 51 ol
o= o> (Lynch and Walsh, 1998) u_s 425 5 ,LS" 4
g (Test Statistic (TS)) O 3T o5LeT Il Fle
3 eSS 9 0 Slaesls o Hls sme LLISI s
.::;@ oslanwl QTL J1 O3 g0 Hls gxe Jii.s Sole @
[TS=n In(RSST/RSSH] J 50 5 3 b 51 0 03T o LaT
(ldalie slaw . g b ml 55.33,5 s deslous
RSSr 5 JoolS” Judoe 0uile Sy Dl jo ¢ sazme RSSF
DS 51 05y & ol (Jds 0ilecdly Sl o 6 saes
o= (Tinker and Mather, 1995) Lab 05037 3,50
FoplaT b ssboe L8 5 pleimnys o 4Lt o)leT
33 (TS) 3303T o)Ll darses ¢S s dosilir .l
5l ol LOD Jslse 55, 8 ;5 +/YY
ool 05037 oyleT i dal =MAPMAKER/QTL

"g o

Y4

B w9 9 dMgo

A hla s Y i sl 5 eSS
5551 S Jol o553 (a.,\:f(Doubled haploid)
= o= 3 (Kyle*2)/Biodur jalls oY 5 LS
Fi slaw y Slidles & g, 5l anslr ol i oslizal
Slapisas S 03,5 il ss 530, 8 s
5 st ol e s IS s SIS
.(Knox et al., 2000)

=0 Wy il Lol pan dmsler ) (o5 58 L5
NS 53 53 Y 7 b S0 s dald Ol e 4
You¥ 5¥e) sl slbdle (bojlg ciS &) s
dacpdl s Ly (655laS Dlide ¢l e 53 550k
DS b plal ST Ol g Sl SILI s
3 ;o Sl Y0 ol b (6 e aw (s ler Jols
Glas S gl o (alojT ladsls (oles
(=8 09 AU (o5 O540) oo jlcodd oy
RNER D XS Y

CTAB 4 NP

S
5/ DNA C‘ sl Cg- (Saghai-Maroof et al., 1984)
Als ansl Y V00 5 llg 035,10 law y 5,
Rl G DIV w3l ul A bl
e 95— S OS5 Js 5L oylsalasy
2oy Sy (Roder et al., 1998; Somers et al., 2004 )
)\j_ALS_LL aﬁw) J';S\) LAd ealana! u’:’J‘ﬁ L.;lgo:/v\a?_'
L DNA \/oul ‘Lg\j_?tpj_gbif\or_»);
Mg 39 Vo X 3 1 /0pl (Ye-Y0 ng/ul o bile
5oy sla ST oYomM cble L MgCl, +/4pl
VUL O e s Vgl cbale L 28
=Tl emM e Lle L dNTP's /Yl

ki OT A/ quls 0U/M Lale L Taq polymerase
O as o SO ol )l glaas 5 s ol
03 ol puly Jols as > FF caads ¥ Odea
$0°C L5 0+°C §5Lel Jlwsl caass ¢S 4F°C
VYO 53 ey 5 s oS4 ey (KUl 4 4 5 )


https://dor.isc.ac/dor/20.1001.1.15625540.1387.10.4.5.4
https://agrobreedjournal.ir/article-1-225-en.html

[ Downloaded from agrobreedjournal.ir on 2025-07-18 ]

[ DOR: 20.1001.1.15625540.1387.10.4.5.4 ]

Olima ) - ol ‘s

2305885 3l Sham g 3l (5L L5 e Sl
L oS il asdlln 5) 50 ansler Lo st ) J 28
(Champoux et al., 1995; Borner et al., 3 QL:)\J'?
3,13 Calas 4 ol ,52002; Cardinal ef al., 2003)
Syss oylsalag, SLeT Cim OV sluw
Lo cp Iy s [SOLES OF sliws ¢ s 3 oy
o3l anel JUs o (gl o 48T sl olis IS
SO an 48 sl QL&JLngGJ.ij»jT.HU.b”:;
anal 55 Wl 550 V1) o Sl b Sl L Sl
Ky 4 g St A phlan b
631l SELE VY g g 05,5 VP an 1, b LS
O 550 5L AVY baaz 555 (du0g S (4 pub)
&ﬁs\_f,}_]@d.um J"‘;}’«.‘Jfﬁ)ﬁ"f“\"fﬁsjj‘
S Sl e sl 4 08 5 e le W/ ol
o5l gl ol L 0L a5
b s 2 K wgmos, Sa .
[Xgwcll4-  ([Xgwml65 , Xgwm495 Xgwm251]

03 #0580l e L [Xgwm495- Barcl0] s Xgwm339]
Al QLS Gl e LUl aalllan 5, 0 anal
Lol S 5 0 a5T oyl (il sl Sl
a5 5SS 05,8 1 b s oS S oyl 558
63,91 ¥ Jad 55 Jlw g5 g adibae 95 45 Cul ol
08 Ao S glie oS J 28T 550G Sl ol
u,i;\_.:.skﬁ_ﬂﬁdj\%_?ﬁc_;l}
Sl (al_‘..? 3 [Xgwml65 , Xgwm495 Xgwm?251]

550K pl 59 (P<e/ev e 1) (gyls gre Hlaw Loses
3 ne 55 s sler slaosls (Kile (sl rmpen
A1 b3 aalllas b i L, S QTL 5y
s s b dn 5550 1/88 L5 /00 e il
3 S 523 s s oD S AR
Ao A= 55, S S Lak e ol s
LS o sl V) Ao 5 5 Jsl 25 53

.C Sl )‘

G35 b Sl 8 S iy 0s S

5 Xgwm4d95 4 S

"ol o) pske
9 J_i.sjf dwl>es (Permutation) g:,....il;- ax5> VO
P el sl Sl e 53 QTL O
3335 113 15 OpasT o LeT i o 2i oS s &
A shlaalls ansl sla Y ¢ SLis S5 4 o sy
ol s 93 4 SOl ol 5 15 sles
Ssel Sl s s ime VS sy g 5
F Ogajl losliwl b aiws g3 ol s Cwslae
&S LG 5 (Knapp, 2001) U Lo g odi 451,
A% pLowil SAS 153l 5 43 PROC MIXED | st
r! 81 s ae ez o (Littell et al., 1996)
3L s S 3 P<e/ 0y izl las (90T
A3 Jases oSO 51 i y3 P<e/0) Jlez| o
.(Lander and Kruglyak, 1995) & 4z Jf
L (o555 ilols a5 53 (55 0L o s
General linear 35 b 31 5 (R?) ad o oo 3l e3lizul
- &)~ s (Basten ef al., 2001) 4T Cwds model

A i OT 4 S 0 58035 s RO G5 0

Cou g b

3 s 8 gl T Ll o s

ALl dnel> L;LA&:}I o ala olEs Waesls ;_.fjn 4
S5 =ae O g as Caglie Ll S aS shla
w&)ty;udub 39 (P<t/evY)
o glie Slael 5 0ke .55 andllan 3 go dnslr (sl Y
Ol s shls abls amsl 5 ply 6l o ooy
pdujj\éo\,&w;rs,m,.\?) das o
Y 50 Uy L awlie 5o VY sl Kk
Hpsbie ys o Comd ¥ 5 KiLa L Kyle*2/Biodur
amel= gla pY js Ble ys O Ol i als 5 g
93 0 by S da L Ol () Jgd) wS shlaalls
Salote KK pllls 4 o 2alST 5 2l g
sl B G)'}S)l.s}a):wt}é}s ol sl Ol
O USC) ol s g dla s Olae (sl s
255 ol 0o Wy 055 93 4 ey Y (s 4ids pale


https://dor.isc.ac/dor/20.1001.1.15625540.1387.10.4.5.4
https://agrobreedjournal.ir/article-1-225-en.html

[ Downloaded from agrobreedjournal.ir on 2025-07-18 ]

[ DOR: 20.1001.1.15625540.1387.10.4.5.4 ]

"3 s

S

63)&:.«"""_9""\ dl“'ﬁ’gsl’“uui‘)“i‘ﬁ

Table 1. Means of the parents, doubled haploid (DH) lines and the standard error of the means (SE) for

lodging score at Regina and Indian Head in 2001-2002 cropping seasons

L ler o Sile
oY Regina L, Indian Head s, 10 Mean of four environment
Line 2001 2002 2001 2002
Kofa 1.8 2.0 1.0 2.0 1.7
Kyle*2/Biodur 32 3.0 2.0 6.0 3.1
DH lines 2.57(1.0-5.0)  2.77(1.0-5.5)  1.64(0.0-5.0)  3.68 (0.0-9.0) 2.62 (1.0-6.5)
SE 0.78 0.97 0.68 2.49 1.07

Numbers in the parenthesis show range of DH line
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Fig. 1. Distribution frequency of lodging scores in doubled haploid population averaged over two locations in

two years
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1- Validation

2- Marker Assisted Selection
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Table 2. Test statistic (TS) of Simple interval mapping analysis for lodging score and phenotypic variance of the trait explained (R’%) and addetive effect (Ad E)by

each linkage group at Regina and Indian Head, in 2000-2001 cropping seasons

Regina L, Indian Head 4 0 Ll ke
sl St Mean of four
M) dosls 5 Kewgn o S QTL 2001 2002 2001 2002 environment
pissS Linkage group and Flaking S R% @ R% @ R'% @ R% @ R'% @
Chromosome interval (cm) markers and AdE TS and AdE TS and AJE TS and AdE TS and AdE
0.0 Xgwm251 3057 27.6™ 21.17 1827 356" R% @
Putative 21 20 21 19 50.5"  and AdE
4BL 1 5.0 QTL 37.1 0.86 38.9 0.51 24.1 195 25.5 1.99 18
6.1 Xgwmd95 356" 384" 2.7 239" 496" 0.87
0.0 Xgwelld 1447 3.9m™ 0.4™ 143" 342"
Putative . 7 8 41.6™ 6
2AL 2 15.0 QTL 15.1 -0.49 4.6 - 0.3 - 17.5 206 066
242 Xgwm339 7.1m 3.0™ 0.2™ 11.6™ 27.1™
0.0 Xgwmd25  11.1% 52m 11 9.8 12.0™
Putative 4 " 7 17.17 5
2AL 3 10.1 QTL 13.2%* 071 6.0 - 1.3 - 9.9 167 063
28.8 Barc10 7.2™ 3.2™ 0.8™ 6.3™ 151"
ns: Non- significant Sl e & NS
*, %% and ***: Significant at the 5%, 1% and 0.1% levels of probability, respectively Loy3 0V 5 ) 00 Jlail o 53 4l gme 5 S T ok
@: normal numbers are coefficient of determination and bold numbers are the additive effect of QTL wzaly o QTL gl 31005 5853 31l 5 e s o game sliel <&
40
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Table 3. Single marker analysis for lodging score using F test at Regina and Indian Head, in 2000-2001 cropping seasons

Regina L, Indian Head ua .1 Ll ke
Mean of four
2001 2002 2001 2002 environment
ST o Sl
Chromosome Markers DIFF@ F DIFF F DIFF F DIFF F DIFF F
4BL Xgwm251 0.72 30.0%** 0.74 25.6%%* 1.55 44 2*** 0.77 32.1%%* 0.94 27 4HH*
4BL Xgwm495 0.80 38.5%%* 0.92 43, 1%** 1.74 49 5H** 0.49 18.5%%%* 0.99 209 5kk*
4BL Xgwm165 0.71 28.2%%% 0.88 34.6%** 1.96 48 2%** 0.75 26.3%%* 1.16 38.2%%*
2AL Xgwcell4 0.40 8.3%* 0.33 4.6* 1.32 38.3%%* 0.40 7.6%* 0.61 18.3**
2AL Xgwm425 0.46 11.9%%* 0.35 5.1* 1.21 31.9%%* 0.45 13.3%%* 0.62 14.9%%*
BLv Xgwm?247 0.36 7.00%* 0.21 3.0 ns 0.11 2.3 ns 0.34 7.8%* 0.26 5.1%
ns: Non- significant Sl sxe 8 WS

*, #% and ***: Significant at the 5%, 1% and 0.1% levels of probability, respectively
@: DIFF is difference of the population lines, in two groups, based on parental bands
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Identification of some quantitative trait loci for lodging in durum wheat

(Triticum turgidum L. var. Durum) using microsatellite markers
Houshmandl, S. and R. E. Knox”

ABSTRACT

Houshmand, S. and R. E. Knox. 2009. Identification of some quantitative trait loci for lodging in durum wheat
(Triticum turgidum L. var. Durum) using microsatellite markers. Iranian Journal of Crop Sciences.

10 (4):389-399 (in Persian).

durum) using a doubled haploid population. The population included a set of 155 lines that were developed from
the cross (Kyle*2/Biodur)/Kofa using maize pollen method. The Kofa parent shows more resistance than
Kyle*2/Biodur, to lodging. Phnotypic data of resistance to lodging of the doubled haploid population lines and
the parents was scored in 2000-2001 cropping seasons in Regina and Indian Head, Saskatchewan, Canada. There
was highly significant differenc between the population lines for this trait. Parents were tested with 517 wheat
microsatellite (Simple Sequence Repeat) markers. The primers that were polymorphic in the parents were tested
on the whole population to prepare the genotypic data. The genetic linkage map of the 53 polymorphic loci
covered about 970 ¢cM and converged into 14 linkage groups. Eleven markers remained unlinked. Linkage
between the markers and the lodging genes done based on single marker analysis, simple interval mapping and
composit interval mapping using least square means. Three linkage marker groups were associated with lodging
trait. The first QTL is located on the chromosome 4BL and its effects were highly significant (P<0.0001) in four
environments and explained 20% of lodging phenotypic variation. The other two loci were located on the 2AL,
also have highly significant effects on the trait at least at one environment and explained 4-8 percents of lodging

phenotypic variation, depending on environments.

Key words: Doubled haploid line, Durum wheat, Environment, Lodging, QTL and Microsatellite markers.
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