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Mapping of loci controlling phenological traits in durum wheat under drought
stress and non-stress conditions using microsatellite markers
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Table 1. SSR markers, annealing temperature, chromosomal location and fragment length in polymorphism markers on parents in durum wheat genotypes
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oolsabes, Sl Jlasl gles (NS5 J$) Casse 355035 O ankss J 5
SSR marker  Annealing temperature motif Chromosomal location ~ Fragment length
Xcfa2187 55 (cA)17 SA 151 bp
Xcfa2114 55 (CA)32 6A 209 bp
Xcfa2076 55 (TG)18 3A 172 bp
Xcfa2147 60 (CATC)4 1B 291 bp
Xcfd6 55 (GA)6 (GCTA)4 2A-3B-7A 236 bp
Xcfd22 55 (GA)28 1A-4B- 7B 254 bp

(CA)21,133 to 174,
Xwmc405 58 (CTY9. 115 to 132 5B -7A 218 bp
GA) 8, 347 to 362,

Xwmc166 485 (GT)8, 297 to 312,(GT) 8 327 to 342 7B-2D-7D 305 bp
Xgwm135 60 (GA)20 1A 210bp
Xwmc28 50 (GT)29 132 to 189 5B 188 bp
Xbarc124 50 (CDH19 2A-2B 190-197 bp
Xbarc45 50 TAA)10( 3A-2B 182bp
Xbarc101 55 (TAA)9 2B-3BS-6BS 123bp
Xgwm1l 50 (TA)6 CATA(CA)19 (TA)6 1B 202-213 bp
Xgwm120 60 (CDH11(CA)18 2B 136-162-174bp
Xgwm126 51 (CA)IS SA 336 bp
Xgwmb47 55 (CA)12 3B-2B 171 bp
Xgwm389 60 (CMH14 (GT)16 3B 117-128 bp
Xgwm408 60 (CA)22 (TA)CA)7 (TA)9 5B 148-182 bp
Xgwm299 55 (GA)31 (TAG)4 3B-2B 206-215 bp
Xgwm181 58 (GA)28 3B 150-168 bp
Xgwm251 58 (CA)28 4B 109-110bp
Xgwm148 58 (CA)22 2B 160-165-167 bp
Xgwm154 60 (GA)37 5A-3B -7A 120bp
Xgwm604 50 (GA)29 5B-1B 133bp
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Fig. 1. Production of polymorphism bands in some microsatellite markers in parents and F, progenies on

agarose and polyacrylamide gel. M: massara-1, O:oste-gata

rlﬂa))j_ﬁdi_&%a)\}huﬂ);uw
23 35 go o)l gl y (sla Sl 3 551 szl L
O 5 5ol v gods > b S35 aid
o LT ol b 5 0d 4w e (Somers et al., 2004)
A i p 3505 S (S35

Sl bl a2 (LRedld i § 4 jond
03352 g0 g5 plelid )i 4 5 Slio IS s
35,2 6l 5 o155 Il 93 51 S pa 55 Cma
b il S 5b 4 Jaoe Lol 5

(SMA) 5 S5 ¢S5 ol ol S la
)ou\_ﬁ‘r:-\r\_fur\_fux_ﬂﬁ)wblﬂ
Ll Lt Sl b o S

Bernier et al., 2007; Blanco et al., 2006; Kumar et )
4 e .(al., 2006; Narasimhamoorty et al., 2006
Mapmanager 4l » 3 5K du%? sl st
555 ©U sLOD=Y/0 filu> 58,8 b sl
S Aty (S 55 ) s e
oy dm o e 3 s eslin ul 0LE ) e Sl
QTL l55lp 5 3l oslizal L S e (slabuols oL O

vl

Fu, laesl gl 5o ol)5 dlo 53 55 5 (Jaee Lol 5
LLs 6,8 o3I Fs
(sl ol Cljsa_.,ul St =3 (gl 3!
23 Fy el gls a5l polss 65 Y0 (55 slad sl
3 o 3 Sl (S gl O 0 (8 il s
Fao Ll Ol gl il S 05,5 b sl
Oy A oLl (Dellaporta et al., 1983) b, ¥
iS oS

olawl Ly w3 ). 0lgd &

5 Aoy Y BT I3 55 s 2SI s
s (gl Pl ol (g e g5 S
bl oslsalasyy SLaYer ol JSoer
gl 02 SIS 5 Lo pe (S5 Glaais
Sl ST (g ot Cadibus o 515 555
>, s Xcfa 4 Xcfd Xbarc « Xwme « Xgdm , Xgwm
b Sk e s STy 5 € )5 eslid
i || (Roder et al., 1998) O1,Kaa 5 551, i,
ST Sl eslin b aasls e Lo 5 520
o Gl Camaz 53 S Ko i 0yl 58ke 5 5
A JS8) (V Jstsr) dos B 1ol el 35037 Fag


https://dor.isc.ac/dor/20.1001.1.15625540.1390.13.4.9.9
http://agrobreedjournal.ir/article-1-110-en.html

[ Downloaded from agrobreedjournal .ir on 2025-12-08 ]

[ DOR: 20.1001.1.15625540.1390.13.4.9.9 ]

WA s oF o5lad 3 o i 0121 (215 p e alans”

N U S ¥y N 7] . ST B YUSU ey I g P
305 Ol g slize (gla funll . Se

3305 55 ey Sliw Kl dylin s
(Y Do) (Scist (5 5 A5 Oy e Jail 3
slaws &S5 45 Sliws palie 4 5148 5ls Ol
s 53 Sty 5 Glidles ;& o nsalin U 555
Sy 45 ged Ol se ) 390wl Wl 51 i Jeete
Wy 6l S5 Lol 555 Sy U g, 5l
(55 595 VAPV b Wl (6l 5 VAAND e
Sl S Jameza Wiy 55 ails O 5 0595 aS il 51 Lol
3 5k 51elE & 03 8 4 Ol e 3
Cgr a0l OAd 5 0y9 dsb als 5 b 51 S
) IS TSRS PR P - S L S PV WP
S S5 i b s e adsl A a5
iy e (a8 Sy b Glidles 6 555 slu)
JGCEJJ\BL;JQ@&}L)QW&AK
(S e OLaj 53 oS it Ad, Eoel o
Slaos 55 U 2 sdon ol Cands (23 5 o
S ity o83 53 Sis Lyl 8 55 w35
Od—d ey deb Oyl ol
03 Ll 63 55l (e R Oy Loyl 8 s il
o aban Gl 4S5 Sl ae RS bl s
J—e 5 ol wdly 95 O slite b C—2ls
OS5 S 09 bl (e o e B 4
434S Wlasls ,Lgbl (Van-Ginkel et al., 1998)
S o) (s sl (ks A5 Ll
S edled oSS 5 1) 355 iy 053 Ll 53
S e 413 5 pSlas 5 S 4 SVL Jrand 4 )
BT

23 S L S ek s (ol )
O 31 4S5l QLIS (Y J i) asdllas 5550 (slaost il
T N P W L PRIC S P RC P
Sl S a8 sl tals” 1 Ll 5 s
JoS5 5 (S halST ol b pss i

\AN%

! —LOD aluT .45 |, > cartographer/ver. 2
&l QTL a o i 4 § b5 55 0L ) 4o Sl
5 a1 gy b lasee 1S a s Slis 1S a
0355235 VF 5 s bk plowil lame 53 0 SSbe 3
b_w}}' r}_:}wﬂﬁ rv\.gj(j‘)jb Cv\f(")}))
0355 o 53 LT C 13S0 w55 pde 5 b Sl
s5bome Sla LS oy oS 5 5 Sl e OISl
Hﬁj})}‘obm‘&wﬁf)@‘xaﬁ)
Sl oles 4 (CIM) S e slalols Lo
3 S e SN g 5 B i (8 S
s3liul (SMA) (6 S5Lis &5 4 o5 iy 3l ol b

..xi:;

W
gaia lls 4o a8 Sl b3
cardllan 550 E 548 ko gz a i 1S s S
Sl s Ogdo Ll 5 55 adls §ld 0595 slizal b
35 SLidles , S U ja, 0l Fy s Fy lacones
i RS Ll
Falmmar )3 (St o5 bl 555 (S,
S5y o 35 Sedl gl ()3 fae Dl
I 3 oo o 03 £33 355 Sl o sl
23S e mbls 4 s (Y dpde) 55 68
OLSKe 51 S 51y olzs Ja s 95 (51 5 Jlw g3
5 Dlio S gl (G55 0 5 (S A5 Laoes)
ol 4515 JUAS 5 0595 2w Slaws S (6l 5 Jlo S
e Lyl 5l by (P Jgds) 55 Sl ne
= Oslite S5 4 e cJlu 5 0L s &ogline
O Sen 5 L g3 .l ol (o libee Sli o
(’“‘-‘f 555 Y+ axlas 53 (De Vita et al., 2006)

U,’,,:!.x_a:, F3C_,_gw:>.-)>

O ksl -2 55 5 ool dlw 5o el S 5b1 3
bz 515 dlo e g5 148 Ln S 518 s,lT

)‘J@M‘@J@Uj)}@ﬁé\ﬁjﬂﬁ}ux ;“.:5};5


https://dor.isc.ac/dor/20.1001.1.15625540.1390.13.4.9.9
http://agrobreedjournal.ir/article-1-110-en.html

[ Downloaded from agrobreedjournal .ir on 2025-12-08 ]

[ DOR: 20.1001.1.15625540.1390.13.4.9.9 ]

M Sl oS Y S g0 L O "

5] A ) Sldles £ 55, p - A G5 04d 0y
- A5 094 -F3 o5 03 F3 5 09 F3 505 F3
A H |
o4 e A U A
N || : Al ' \n
kI H { = Fir] § i
i ol i HIHTE { a : it
ul { \ H \
j K A | '
/ \ = [
-r\— i
1 18 ifil A
1 2l jNil ol e
50 an 180 £ 39 ’ wa om0 ms  wmmww L
Duys e headnglnor. F3 Doy b palinaton e, F3 Days ta maturity nor. F3 Guain Fling patied nat,F
P2 ki B 5, & SLsles £ 5y Sy 535 PHERRE RPN
- ois-F3 N s-F3 S-F3 A m osF3
Ay
| i A A
L \ (LN
L1 1\
H ' iy
o N : i 2 L
{ AT SIS
i !1 £ \ E { ‘
: 13 | [ { |
P \
i 5
i |
f L f
/ 1 i i
B N "
il ' T -\
5 [c] N p L L o D Dot nissiy s F3 b | o (] i
Dapstobading. Dastopllaton i F1 Grsin lngparied e F3
A3 Ak U5y, Sles S 55, Farbs, ok e
M oo Fd o oo Fd o5 054-F4 ~ o4
| '\M i |
| \\ - A
2. / \ 2 = 2 B! \.
i Al i N\ I~ \
3 i A H A A i /TN i ,
1 I . il i fIIN i AN
o { o T\ : ! \'. K 1 m \
=%, b il \ : i \
| 1 |
] |
-"L - ~Wm / {
/ | A 0 it | m
¥i / LB f =N fal \
% D i Ny / f NN / i
= 2EnkEn, | g L P B
Doy be haading mar. Fi Poyse polltonng B Loyt oo, B Granflngpwishnat Fb
r - SLsles S 555 (SR TY) Sy U335
W15 O 03
Ss-F3 S5-F3 s-F3 U ;3”
B /\ e
n = - /MR
i o &
\ - g -
L H 3 /
3 i { M1\ e
g | H \ Ful . | ;-
i | [ £ | \ c | \ i
| | I+ \ {l -
Il I'||I / _;_ |
- | 1\ =
f = .r'l ]‘ ]
| /
.f "1 in /|
! /T Now A |
e B o il Mo /F i N 7

Oyt pelinstend s, Fi

Baphta g dea 4

Days to iy dro. £4

n 18

Gl fling paried o, F4

¢S Qs J‘i‘ff" Zl’lOI‘)F4)F3 L;LAJ.N}JMGE:NJQJJ&)J &5}3_}3 Slaws d‘_}‘ﬁ 6‘)‘9:_“ JS\&
(susby A5 Lol 5 wdro
Fig. 2. Distribution frequency of penological traits under different environmental conditions in F; and F,4

families (nor: normal conditions; dro: drought stress conditions)
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Table 2. Mean comparison of days to heading, anthesis and maturity and grain filling period traits in parents of durum wheat and percentage of stress alteration under

drought stress and non-stress treatments

ECRTe s S5 S S s
Plant characteristics 2 s Non-stress Drought stress Change due to stress(%)
Oste-Gata Massara-1 Oste-Gata Massara-1 Oste-Gata Massara-1
Days to heading 3 aliw b gy sl 164.2a 154.8b 165.5a 156.5b 0.79 1.1
Days to anthesis SLdles S6 5, sl 170.1a 164.1b 172.3a 164.7b 1.29 0.36
Days to maturity Sy b g, sl 204.2a 198.9b 198.5a 194.7b 2.8 2.1
Grain filling period 413 OLd 093 33.5a 33.8a 28.2b 31.9a -15.8 -2.6
Fy F, Fs F, Fs F,
Days to heading M i bjgy sl 157.7£2.5 156.1 £1.6 158.6+ 1.9 157.8 £1.8 0.59 1.1
Days to anthesis SLdles S6 5, sl 167.7 £1.7 161.9 £2.1 168.3 £1.6 162.9 £2.07 0.35 0.59
Days to maturity S, b a8l 20154222 197.7 £2.5 199.1 +1.8 192.7 £2.2 -1.2 -2.5
Grain filling period 413 Qs 0,93 33.8+£2.5 35.8£1.7 30.8 +2.1 29.8 £1.6 -8.9 -8.7
Oste-gata: Tolerant parent and Massara-1: Susceptible parent ol Iy :Massara-1 5 Jasze Iy : Oste-gata

5 Oy 5 (Sas i slasledyo pgy93 0SBy 5 Fs (slaosl il 55 5 5 O3 5 sk 5 a8 55 6054008 Dlio S e il sls 4 Y U

Table 3. Combined analysis of variance for phonological traits in F3 and F4 families under normal and drought stress conditions

35T a o (P B 5, SLdles S 5, Sy B 5, @3 Ol 3 093
S5.0.V i polie d.f Days to heading  Days to anthesis Days to maturity  Grain filling period
Location oK 1 5138" 1823 1405.5™ 2600.5"
Year J 1 4197 9266.8" 9240.02" 010
Yearx Location Oex L 1 40.6" 9.8" 10.7 0.01
Block (Year x Location) (Oax JL) S ok 4 547" 48.1" 316.4" 174.1"
Line oY 150 227" 18.4” 212" 114"
LinexLocation Oax Y 150 1.7 2.3 11.3" 10.8"
Line xYear Jux Y 150 57" 43" 4.4 0.001"
Line xYear xLocation O Jlux Y 150 1.8 2.1 217 0.001"
Error s 599 2.7 2.9 6.8 4.1
C.V(%) O i s 1.04 1.04 1.32 6.31
Vi4
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Table 4 — Results of single marker regression analysis in F,.; and F,.4 populations of durum wheat under

terminal drought stress and normal field conditions
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P Sl e Loyl 5 ool gl S e
Plant characteristics Family-Environment Marker R? P>F
B Ak b5,
Days to heading F;—NC Xgwm148-2B 13.1 0.00001
F;—NC Xgwm547-3B 5.1 0.008
F;—-SC Xgwm148-2B 16.1 0.00001
F;—-SC Xwmc405-7A 3.84 0.02
F,—NC Xgwm148-2B 9.47 0.00001
F,—NC Xwmc405-7A 35 0.03
F,—SC Xwmc405-7A 15.4 0.00001
F,—SC Xgwm148-2B 3.11 0.03
Mean F;, F, — NC Xgwm148-2B 14.4 0.00001
Mean F;, F4 - NC Xwmc405-7A 4 0.02
Mean F;, F4 - SC Xwmc405-7A 18.8 0.00001
Mean F;, F4 - SC Xgwm148-2B 5.87 0.004
Sl e 56 55,
Days to anthesis F;-NC Xwmc405-7A 16.1 0.00001
F;-SC Xgwm181-3B 13.1 0.00001
F;-SC Xwmc405-7A 3.25 0.04
F,-SC Xwmc405-7A 16.08 0.00001
F,-SC Xgwm251-4B 4.98 0.008
Mean F;, F4 - NC Xwmc405-7A 9.05 0.001
Mean F;, F4 - SC Xwmc405-7A 17.76 0.00001
Mean F;, F4 - SC Xgwm251-4B 7.06 0.001
S Ay 6555
Days to maturity F;-NC Xcfa2114-6A 17.85 0.00001
F;-SC Xcfa2114-6A 6.69 0.005
F,-NC Xcfa2114-6A 11.35 0.00001
Mean F;, F4 - NC Xcfa2114-6A 16.3 0.00001
Mean F3,F,- SC Xcfa2114-6A 4.79 0.01
41> O 3 093
Grain filling period F;-NC Xcfa2114-6A 11.24 0.00001
F;-NC Xcfa2187-5A 5.13 0.01
F;-SC Xcfa2114-6A 23.8 0.00001
F;-SC Xgwm181-3B 7.95 0.0001
F,-NC Xcfa2114-6A 10.14 0.00001
F,-NC Xcfa2187-5A 6.3 0.01
F,-SC Xcfa2114-6A 20.8 0.00001
F,-SC Xgwm181-3B 8.25 0.00001
F,-SC Xwmc405-7A 5.42 0.006
Mean F;, Fs - NC Xcfa2114-6A 12.44 0.00001
Mean F;, F4 - NC Xcfa2187-5A 6.23 0.01
Mean F;, F4 - SC Xcfa2114-6A 21.9 0.00001
Mean F;, F4 - SC Xgwm181-3B 8.15 0.00001
Mean F3, F4 - SC Xwmc405-7A 6.11 0.005

VY)Y

TNC and SC: Non-stress and drought stress environments, respectively S A5y A5 Ol s bl 8 5 5 4 1SC SNC
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Table 5. Putative QTL affecting phonological traits in F,.3 and F,., populations of durum wheat under terminal drought stress and normal conditions

S 5 &Kes 3 o el
Closest marker  Position (¢cM) LOD'  Additive effect ~ R

5955 Dl e Lol 5 — ool sl p3555,5
Phenological traits Family-Environment“ Chromosome
23 B 5,
Days to heading F; —-NC 3B
F;—-NC 2B
F;-SC 2B
F;-SC 3B
F,—NC 2B
Sl o3 6 55,
Days to anthesis F;—NC 2B
F;—-NC 3B
Sy 6335
Days to maturity F; -SC SA
F,—NC 3B

Xbarc101 118.1 2.5 1.22 10.35
Xbarc124 33.1 2.05 1.2 9.59
Xbarc124 37.1 2.71 0.81 9.11
Xgwm299 137.1 2.12 0.81 9.21
Xbarc124 41.1 2.11 0.45 6.95
Xbarc45 0.1 2.25 0.44 6.95
X gwm389 18.1 2.01 -0.81 11.1
Xcfa2187 2.1 2.14 0.54 7.2
X gwm389 12.1 2.13 -1.47 15.7

T LOD: Log-likelihood value calculated by QTL cartographer
T R?: Variation explained by each QTL
NC: normal environment, SC: stress environment

QTL cartographer G b jl oits 4wl ¢ S5l dols ;3 LOD gomto I3 gme ,ltis :LOD 1
oAb a5 o555 bty S RO
K A5 AT Oy e Jal 5 e OLE L 5 41 S, NCH

vYY
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Mapping of loci controlling phenological traits in durum wheat under drought
stress and non-stress conditions using SSR markers

Golabadi, M.}, A. Arzani?, S. A. M. Mirmohammadi Maibody®

ABSTRACT

Golabadi, M., A. Arzani, S. A. M. Mirmohammadi Maibody. 2012. Mapping of loci controlling phenological traits in
durum wheat under drought stress and non-stress conditions using SSR markers. Iranian Journal of Crop Sciences. 13(4):
712-729. (In Persian).

In this experiment, markers linked to the gene(s) controlling days to heading, days to anthesis and days to
maturity were identified in a segregating population of 151 F5 and F, families derived from the cross between
Oste-Gata as drought tolerance and Massara-1 as susceptible durum wheat genotypes. The traits were assessed in
field trails in two environmental conditions in 2003 and 2004 cropping cycles. From 200 markers screened in
this study, 30 markers which were polymorphic distributed on different wheat chromosomes, except 2A, 4A and
6B. . Based on single marker analysis, Xgwm148-2B and Xwmc45-7A showed association with days to heading
under two environmental conditions and explained 19% of the total phenotypic variation. For days to maturity,
Xcfa2114-6A closely associated with other traits under stress and non-stress conditions. The presence of markers
that were exactly located at the same regions of chromosomes reflected high correlation between traits.
Composite interval mapping identified 3, 2 and 2 QTLs for days to heading, days to anthesis and days to
maturity, respectively. These QTLs were located on chromosome 2B and 3B for days to heading and days to
antheisis and 3B and 5A for days to maturity, respectively. These QTLs could explain about 10% of phenotypic

variation of phenological traits.

Keywords: Durum wheat, Moisture stress, Phenological traits, QTL and SSR Marker.
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