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Abstract

So far, many quantitative trait loci (QTLs) have been
detected for yield and its components in wheat under
normal conditions. In order to identify QTLs associated
with concentrations of sodium and potassium in bread
wheat under salt stress conditions, a population consisted
of 186 recombinant inbred lines from a cross between
Roshan xSuperHead#2 were evaluated. Salinity treatments
were performed using a hydroponic system in a
greenhouse. Normal conditions (10 mM NaCl) and salinity
(150 mM NaCl) were considered and stress was conducted
in stages. The molecular genetic map of the population
consisted of 23 simple sequence repeat (SSR) and 428
diversity arrays technology (DArT) markers. Three QTLs
for each of sodium and potassium concentration traits and
a QTL for potassium to sodium ratio were detected on
chromosomes 4A, 2B, 3B, 7B and 2D using composite
interval mapping approach. The QONa.abrii-3B, with a
LOD score of 5.9, explained 8.3 % of the phenotypic
variation for sodium concentration under salt stress
conditions and gwm247 marker showed a strong linkage
with this QTL. In addition, two novel QTLs for sodium
concentration were detected on chromosomes 2B and 2D
and ONa.abrii-2D explained 9.2 % of the phenotypic
variation for this trait under salt stress conditions. Proceed
with future researches, there is probability of identifying
ONa.abrii-2B and QNa.abrii-2D as two homoeologous
group in wheat, beside Nax! gene.

Keywords: QTL, sodium concentration, potassium
concentration, bread wheat, Salt stress.

E-mail: azadi.amin@gmail.com

o
.-
Ll s 3 06 pxS 3 O sl 5 3 Shes (sl g3b3 GWQTL 08t
o il U a5 e WQTL Lol shite 4ol o0 plalid Jlo s
Sl YA Cama Sl eguse 55 Ll s cow 0L f’\{ﬂ ol
Jlasl s oslizad sy 5 Y da e My 5> B 3 Juls oS5
SS s s s Smasted e 31 ol b (655 25 glajles
V00) osi i s NaCl Vg e Ve) Joj Ll bl &5
Sl o Syso 4 5 Jlesl 5 s an S ks NaCl Ve Ls
S ST 5 ol Sl YA Jels (S5 ki b pdy s
&}WL&}V.:M;LL&QU.AJ;_QJAL;QQTLu.:ﬁwlﬁb
VB ¥B B A lapsisms S 655 2 et 4 el s 61, QTL
A3 S ks CS e ldol Lo iy, Sl eslaud L YDy
iS5l Aoy MY ssa= 53 /A L, LOD L ONa.abrii-3B
38 AxS Goxd kil o )l e s ALl
QTL 55 pezeen ol 0l QTL 0l b i 3150 gwm247 )_<;L.~:
5 AL Ll YD 5 YB slesisesS s p e B ol
Ll 5 53 1) She ) a5 bl Ao s AT 550 ONa.abrii-2D
ol Jlaml el 55 Clidss wbl b 55 0 4 ©osd 55
33 Sdsen 52 055 Olge & ONa.abrii-2D 5 QNa.abrii-2B

Syls sy Naxd o5 4 s TJJK

OO S el B (i bl QTL :suls” slaoily

Sog

L;.)\)'] w‘ J?LM EXvowery: *



(;\—V\”) ARV uLu.uA) ‘r,ms);u o)Lo..fB Afv.au.u-' A.JL"’ ‘LTCI)) uLbLf d)jhﬁ&uw) L;u.h?).v - L;o.LC Ao Y

@lhosd 5 (Sujd Cluogad Seal Jdoa
wbcudgie lad Cls o SB calisee Juolgd
Pearce & Moore, 1976; ) W] o 39294
» obls Jui S ks Ll (Bartlett, 1978
SIS g JpuS dauly ond S Ly
Genc ) dgi o0 03 un g ylaioee (el dowga
(etal., 2007
PB) 2 ey chle )98 lalyd cov
S 2l 598 4 lue pBl 5l ey Joote
3 Ded e jo NaT/K' caws jialS 4 e oyl
JGzl )3 modes g sl CBIE G pled U paS
P KN cans glge 4 g slaplil 4 Ll
Lals o ol oid asld o caplyl cély
5 358 S Knar pb b (55 (e o bawys
MolS &5 cal 00 aseie RFLP 301 abusgay
Largey 4D poigeg)S S)i a3k 59y UL O &
i &y (Gorham et al, 1997) aib .
Q@ Joo0 g i (glgivee &S 0l i e
Garcia et al., ) )b dg59 dlaly puS > ()5
1995; Ashraf; O’Leary, 1996; Munns et
pB,l 4 (al., 2006; Munns & James, 2003
Pl & Consd 1) (55008 s (g2 p S oo
gyl jl WlodyS 23 slacdl o)l S ulus
Jod Car pa3ls lgsa KTNaT e
2 KN cons (299 9 3980 o0lissl (5555
IS )5 598 G5 o6 oS alS slocdl
2 e Sedsid )l g sle (S plgsa
2L s | pan ) ()98 4 Jood dbx
5 29 & Jooxie pB) Wgi ol 039y oS dlo>
JRS Sloude S 5 (S35 g5 alulid
2o ol el y9p8 5 23V (5)90 & Jood (S
5 SI5Slse o S5 (53955 5l enlnad | Ml o
Sipd 4 Jed > Jeo GLQTL obadss
DNA » (ie (JgS9e sl Lt 2 pdy )90
P g (S E95 p lp gy ek

o

400

el e S (g pSojlul dlwgds ST ()53
5 S S g S Pl
o3l (CEC) Jols JB 09l cud)lo (lgicay
Jo IB slapssl 9de spSojlul g o0
Na?" il O)le Bgd 0 SB (5o sl o
5l oslke e clagygs! g Mg?t g Ca? K7
Tanji, ) 1L HNO3 4 NO3™ SO4> Cl
o S 150 Lid jeuiS Vv 5l i (1990
Y+ 294> 0 4 (Rengasamy, 2006) suib o
Adlb o yod SB gl (65)0liS slame; Aoy
YY b9 e J(Flowers & Yeo, 1995)
Ml o Sad il Cou ol SB 1S adee

(Qadir et al., 2008)
balyd 3 yed & Jooo slp alS Jbye
PL g Al 5 jeome colRiolejl jd onds JuS
GBS 315 )3 ad 0 pbxl deyie anb bl
S plsl 1 Jbye ol Gl @ige 9
gl oad (dlgn oo S>> ezl S(l
Kingsbury ) 856 0 030> )13 Sad g (o3& dlge
& Epstein, 1984; Gorham et al., 1986;
J5b 0 594 (w9 (Azhar & McNeilly, 1988
5 2l dlge b g ond aslS cguns culS Lo
Munns, ) oy aisle N e (ylol Sod Jglone
opy Nw {1985; Grieve et al., 1993
Nevo et al., ) ¢y {(Rawson et al., 1988)
Jdoas (Jana et al., 1983) culsSioyg 5 (1993
Jud jl AbdS lulus 0 dpge slacudgie
Sy pie g M8y Sl el gy Clides
5 Mo 55 ol (iSly s JolS  Stasan
09 SB b bulyd g ALHS bame )3 (5558
acyie Loanb Ll pd )0 Todoe lacuies; ol )Y
Epstein, ) 555 o 9 phalejl b SB g5
Jdd 4 50 450 0 audl(1977; Norlyn, 1980



Y e Ay ooy G g poanolls 9 madeo cdalE QTL 4550 S ¢ (63

W5l pgyed pAS Bl )5 it 3 79>
SNl Jols) Jeoxie s V¥R oY o
piS L C PA-NY S pSoSsige poSin 3

&S il o (The, 1973) Marrocoss pg)ed
08y b (Wlee U paS L alie Sy 3 o
et <Ll ) Tamaroi (5)9d 4 (olas ()b
oS ol lis gl ols an,S edlaul (S (oYL
Sop e G5 e 92 b Sy ol o clale
IS sl () Jliza 51 o2 L 5 )
5 oo 93 cpl (Munns et al., 2003) >4 0
)135pL (Na exclusion loci) Nax1, Nax2

PSP poSsy &5 Cusl S5 4 pi¥ A
WA Y o Naxl of ace C SA-Y) s
(James et al., 2006) cu!

lbdbg) 9 019.0

DNA z!,5¢u! g (LS 3190
gy SNl ol (FI) oS g5 3] (oY WS
a3 S L bl cpl (¢l Super Head#2 x
oSiimgn WA e Lilegl s
Obgy By b el Z80 (65l TP
Super Head#2 wuwdp)5 5 039 ()9 & Jooxio
cnly il o (69 4 lus 5 Coen 3| 8L,
Wi Dy Sy dpil Y WA ol 4
Syl slagpY il b S )8 58 g S
29 A5 gy bl (S diged (S ke Al ye
A Jie —Aeynys 4 ol wle 395k
Cudlye (3 dliw (loj U laazalS I uiocen)
w558 byl Slp Jeob el 5l b el e
P mlo 3950 5l oolatwl b ladiges (3 ookl
alolbM g 4wy 6y e 93 slags )d g odd
L DNA zlouwl wad Jase —A 55,8 a
i pbol Triticarte <8 i [SSgp 51 edlaiwl

5 loyed Slllas (ol s 5l ()b
Yang et ) Lloads oolatwl b5 (ob e o (Lol
al., 1994; Mc Couch et al., 1997; Garland
(etal., 1999

w5 adlas > (Vo0F) ollKea 5 Jjud
O a5 ol gl (6)58 & Jeod il QTL
P919> PS5  ark lgine Cdo oS 5SS
el 55 L3 YA pgjgesS Syn ol sy 2
Naxi 5 b aiwge RFLP ¢ AFLP Silis pis
OWSer g 3lal S ollid (e z9)%)
Lobsy LQTL  olls oy (Vo0A)
Ashle (B> Cumex 93 jl (b pAS 3 e zo)5
s Halbred/Cranbrook (yu W I ol
e zezs 00,8 edlatwl Excalibur/Kukri
)50 9 Soggrke e 93 p» 3 e plul
st 9y QTL S a3 b (g S0jll
olalojl 93 pm > VA o)led pgigessS elisS
Comod 9> j2 > g (de)ie 9 Sigpg)ien)
JS 5 aop BV B Y QTL ) i b
DS Om ) Cumex 93 )0 (g Ol
aS ol Ui pbise 1 S a8l Cladss s
Sl e god 2 W 6 G sl
S92 BQTL ol )y (18 (6)9d 4 Jooo
YA SD XD B D XD &B (clopsjses,S
0 5 Wl g wibylg asals 9 aizily 5,8 YDy
Ogbonnaya et al., ) cuol 0y yuxio Joyd YO U
(2008

D pgj 256 (AABB) pgy90 Adoklys pusS
pS 5l poles Hlae ()98 4 plply il o
Al > e clale I YL maw 5 csl U

Gorham et al., 1987, ) mb o gozs o) slon
SpsS o (isd & Jood ) <l (1990

by Sy ) e o ges b loges pg)ed
Husain et al., 2003; Munns & ) <l

s JpS swlis «lp (James, 2003



(;\—V\”) ARV uLu-MA) ‘pmb);L.; o)Lo..fB ‘f”‘“"‘“" JLv ‘LTCI)) uLbLf 5)91..3@) W?)" - Lgo.LC Ao ¥

M3 odlital 390 joSde Cumer (S 4j2S
SSaas b DAIT Sl £Y- Laid o5 )5
G 3 ol i 3yl oY Cemon
sokaie d Cpiored WMy Super Head#2 x -y,
L SSR apso0 (plly plee (ASbay ol
gy olely oylemleyy SNV 5 ealatl
ol coles 4o 3,5 ploal (1998) Roeder et al.
Sy o JSB iz o)lgalos) LS ¥e lawgs Cumer
Sib ey Soyerss 1y S S s
Y Jots 5 pll (1998) Roeder et al. o,

S o i 1y eoliwl 590 (ola Sl

5 CuoS (http://www.diversityarrays.com/)
J3 5999151 ool L DNA (sladiges couiS
Veoo Jdo Olypdgl oS 9 doyd +/A 3,5

--LA:., ("..u 5

ST M A 9 95 2]
Mo iges plas jl il oo (S gl and I
e 2BV chcal 4 diged o 5l g Sle Y-
SeS bwg DAIT U1 w8 Jae b
Triticarte Company, ) Wlywl ,5.i8 Triticarte
slp DAIT Slis AP .us plol (Australia

o odlatwl (gla Slis Cand LV Jgia

Sl pb 0.8 sl pb olamlosy SOLis 08T sy 050 Sl

Wheat Microsatellite Consortium WMC 26

Marion Réder (IPK) GWM 66

o,lanls s Perry Cregan (USDA) BARC 12
Marion Roder (IPK) GDM 1
Pierre Sourdille (INRA) CFD 2

olgplers) ggexe 107

yls Diversity Arrays technology Wpt 869

b, Sl IS slaws 976

el i o0lial yasetio o3l by oo IS ) s
Vookd b ocdin SO g azalS lEul o
Gl i oozl S Gy ple o2 g yie il
slaghss By e il odlil b culgis (gjluolsl
S5 S e 9 00 Sbn] g 5 ol oo

s ol Jh Slan nly e ady) & olaglew b
$9y » Bedse i I Ge bl o
lod oy S5 3l alS ady,  polga s (WS
D)JJ.; C))yo WL.A C))yo LY u.mlyn (FRRW cJLQ..wl
05l 5 4 2lis Jobro sillas 1 lie Jobre
pS 0 S dlal) s (Sul L (V0-)
5 4 ke V5 5 S o F-EDTA
293 €3S 3l 59y Jlazr 1 e b 4 (2lie Jbre

(Segregation distortion) 5,& <8l
sl 3 ozl b (,Slis) (35 s ples
s I &8 ola) Sl 5 45 oSl
A Caa WS Bl W3S o Couxd Jae
Van Ooijen ) JoinMap lj8ls 5 ;| Suwge adiss
lisS &b 5 LOD> ¥ | (& Voorrips, 2001
535 odlawl (Kosambi, 1944)

w8 b))l
a3l odlaiwl b asalS dls e 0 Sl
2 ek il Céply Ojge SIS > Signgyhun
20 e Co)lSoun b Sgiens | w o)
g odd o Hl3 o B o addy O G

5 L3l il 9> o eV oline 52



50 e Ay ooy G g poanolls 9 madeo cdalE QTL 4550 S ¢ (63

Oizmon b odlawl 70 (g )b pze pdaw 4 (1994
429 QTL jl Sy o buwg o8 gigid (il g
@ o35 GLQTL & bl 15,5 duolxe s
» Jgons (5265 5 590l Vo Lyi) on
QTL o plisdr coigh) 000 ) lotumar
9 o alold (Tanksley, 1993) w4 o 053
QTL 9> ylyieas &5 pojgag)S o 59y 2 S
» OBgetle Ve gd oo a8)S a3 )3 liome
Ungerer et al., 2002; Ravi et ) ui a8 )5 Lo
099y 3 olaebl dols sy gl (al, 2011
(VAA) (pindy 9 )0 & G Lod drop-off
wp2Sle Lod I Lod & o' (g ysbas s odlaul
ozt Gl 30> iy (a9 15 S S

VALY

Gy S 3 aabg el Slis Sk
blid 0 oS ig opnl clanY den g s
2 (Yookee)B0) 19 5 ((Ysoiee Vo) Sald
aS ob ol bl cwl sad odb L Y Jos
258 byl 3 S Sg oyl saenY s s
Jose ) JS) cunl aidly ol (Y ge Lie)0)
ooy G oamoliy Clale (g9 byl pd o (Y
S Mg I plde odgy Wly 2 made &
Aly 93 )90 @ Jood adld awlie (Y i)
S Lylyd > gyed G5 g Jboy kulyd
Aly ()98 & Joos (adls a5 ol ol (¥ Jga)
(VY7) a2 g Aly il 95 3935 5> (FAL) (pd)
bows) Sy dsel oberd U Lol o
Ol38l (9 4 Fuol ) e cldale oS ol Ll
o5 e Chale )y cpl culpll ol 035 ay
9 35 Ll yed luld cod 1) (b el o
w1y (F140) pYb madw 4 paly o Codlys
gl Wyge lam yol cpl &5 amd plaidl s

03j &lg> yody 31,0 Yo dlawr dayiud g 3 5
S g5 2 )k 0y Sl sy 5
oS Spar Gialoil cpl 1 00l S8 ¢y 2
Vo) by e 2 3 9 LSS aw b ooad 55
Moo 10) 5598 15 9 (NaCl Yoo e
NaCl 3l gy Jlos! cos b pbel (NaCl
SaSE b j) opSsly can bl 5 eolizd
Srpd 42 g Joy d bSS plod 4 daacalS
joy dw e b odb AilSgn olie Jolxe o
JAS i i Sy b Jloy sla S5 4
Jobree (598 5 cov bS5 8 el
o3l oo o B0 NaCl (gl JolS 1lSgn lic
A ol Yoo o Voo dy (6)58 e g D
Moo W00 o 385 S ) ()98 ol 9
B Jobe b (L3 olie Jolore 0T (6l )
RS plb S Voo ke N0+ ol jendy WS gn
R sl b Gy cdn a ey ol S
FapH L &lig) g pH ol oAb oo g
600 o pPH odgion (Cdpdy Cygo wd
o5 Jlasl £yl ) atin oy )5 mlad
N e (3,8 SiS 5 (55 aiged | e 598
Clale 6ySojlul Caa 5035 (jg diged 2 5l oS

) 5118 o3l 3)90 sl 9 s

QTL « 5o
2 5Ske 51 QTL 4jo0 (sl SIS Lalys
oo b elawl i bl cae
QTL Cartographer v. aoly dluwgas LWQTL
ov9y ool » g (Wang et al., 2012) 2.5
J1) # Ja (CIM) oS50 ol el LS
V ooy Aol Bl co)s pbdl (o)l
A5 > 0B ge gl Ve ooty ple g 590 0L
ol I e wiliw] pas Cpni (glp i 48,3
(Permutation) laosls 5> 9050 5| aQTL
Churchill & Doerge, ) ;)5 aipe Verr L



(;\—VY') AR (JLM) ‘ﬂ,m);l:: D)Lo.»f} ‘W JLw ‘Lfc’])) ULQLS d)auw) L;w@’)-l - ‘_;Q.LC Ao 24

OWSs slaciss b 6)gh i g Jloy balyd 4 bgpe slaglils ) S5

;Mf)ay J).Q.;,gl dl.bt').’"\/ 9 C):’.'Ajb L;\).g (Y PR d)ﬁf o)‘l.x’»l Slas u..ia‘.m Al JSJ‘?

o9 il
K* Na*
+ +
KINa™ (s g 05 5 sooes) (S5 s 25 2 Jsesleo)
o9y 6.05+0.21 3.297+0.31 0.544+0.11
RUSYPW 0.49+0.02 1.14+0.14 2.30+0.21
oS 5y il sy 2.1340.30 1.05+0.031 1.69+0.09

s 515 5 (NACL Yso o yio) Jloys Ll 5o Ay 53 6ys & Jaos Lol ¥ Jpio

Lol lop plul Sas 5 Jozs pasls
Jby 150mM Nacl (%) 5 4
o) 0.199 0.097 47.8
A pgu 0.235 0.053 22.6

Slolp i) wi el (S AlB 4
Miss (s 48,8 Jlas 3 LOD>3 4 /¥ S5y
Jobo ggoome b pgjoeg)S Vo g (s3I 095 YV
s bawgie) dal Cowddy 55,90 Bl VYRV
O Abols bawgio LYY (pgjgeg)S o )3 Sl
5 Sl uied (55,90 Bl YA b Silis
OB )se Bl Ve g yao b L oy alold iShis
YVAY g OOVY XYV ide pgjges,S
ks b plasl dga | 55 le
a1 cdS 3 b cou ¥ pyigen)S

VeV g ol Sl ASR) [S0LEs AV ggenne |l

$1+) ,Silis $F+ laos (905l 3)90 (SSR ,SiLis
CaCuws g JSsas gyl (SSR Y. 5 &)l
ol b (55 (e 2 > () NS 9> 5,8
JE s 3350 (PSel+0) peSulislS g0l
5 aS SSR S ¥ 5 o) LSl V-4 5 S
W3S (o Cans (V1)) Hlasl 2y90 (Jie o
il Cazes 213l g ) Sl puoed W08 Bl
FShe )5 15 ey p 3)90 0AdeS 03> i
Coled 5o b ad)3 e > Ve lalie sdidied 03l
@l (SSRYY 5 o)l S5l $YA) ,Slis ¥o



Y e Ay ooy G g poanolls 9 madeo cdalE QTL 4550 S ¢ (63

oY Curer jl dlols  So55 asds l eolatal b

&y QTL can dliss cadllas 350 oS g5 3y
L el Cund g peely cble e cble
A ot cdale (ol (P Jgan) del Cawddy i
YD 5 YB OB lapgises)S 9y » QTL
/A LOD | ONa.abrii-3B .xxé _glulis
¥ Jod) o oad glols QTL - 5ged
5 gWm247 ¢, Silis dlols 5 QTL ) (Y S5
Olyss 1 o pd MY 5 cusly I, wPt-667324
g O bl )3 |y Che ol (558 i)y
305 555 b gwm247 S5 5 o a2
sl )3 Wlgi o Sl ol 9 QTL ol b
o3lizl 3,90 S5 K &y 5l (gl >
5 e S IRl Jgte gy J S )18
g Chwo pl 38l Jetme ulus Wl I
P ke e o oxiS JgiS 5
P9399,5 Sy 893k 9 » (NaxI) pg)yes puS
4 4o b .(Lindsay et al., 2004) 51> ,I,8 YA
Jlaal a35hliSa A5 poi w39 Solgeen
Lo 51 Shj GLQTL oS 35 3525 (60b5 b
2D 3 2B (slapgises S 55y s> Fl SesS
4 55 QTL g Gudos opl jo bl awily 295
ONa.abrii-2D 3§ ONa.abrii-2B  ¢lpl
ONa.abrii-2D (¥ S & Jgi) dad olwlis
wisd wibyly il asyd AV /Y uly LOD L

D)5 (o A Sy i bl pd ]y cds ()l

Sl AP SSRSLis VY ol (Slss avs
bis alols (S add bl wib oslatwl DAIT
St s 05 ,SL ggarme S FOV Jols
y asls S S ady jeia bl )
Sog)S (Fr Co » i el lxes
4B 2Bz dA1u6k) o) deng dlols (o5
b s, Sl 5,8 L 1Y (1D 4 6D2 SD
Cunlise A 9 D pgij slopgjses)S (S n sl
AU bl 3 ge JeoSS |y (og) by
€9l Al and glp ol oolaiwl ola SOl
ool Dyg0 Caliste ‘pdiste lawgi a5 399 DATT
Narjesi et al., 2015) cuol 48,5 1,8
oS J S S5 e g oz o
cbal ol S lgicds can opl o Slos
Mbes bl )98 S5 4 Jood
ogMe s e & (Flowers & Yeo, 1995)
N olge ofles b by lao 5 5Sles p
5 8o5d O & Jood b baye Sojelg b o
S KNG s o Shossns slo, S0
A5 & gl 3 balS Mol il 55 Na' g5
Ashraf & O’Leary, ) sg905 odlitwl (g9
1996; Garcia et al., 1995; Munns et al.,
2006; Asch et al., 2000; Munns & James,
5l G pl » (2003; Shannon, 1984
hole 9 Gllis ly )fde laadls
A odll (659 iS5 4 Joos b ks je sQTL

O PS5 ) )9 4 Jood b badye GQTL 4325 Jgia ¥ Sy

Cao ol QTL 4l Sl o ySeop b oSl alols (cM) esdge LOD il I (%)R?
sk cale ONa.abrii-3B Gwm247 - wPt-667324 93.2 5.9 -0.39 8.3
sk cale ONa.abrii-2B wPt-8460 — cfd73 415 3.1 0.30 3.5
sk il ONa.abrii-2D wPt-0298 67.6 43 -0.51 9.2
liy cale OK.abrii-44 wPt-5212 50.5 3.5 0.27 47
liy cale OK.abrii-3B Gwm247 - wPt-667324 97.9 4.1 0.10 53
liy ol OK.abrii-2D wP-669245 403 3.7 -0.50 7.9

ot & puwly Cod OK/Na.abrii-7B wPt-8920

43.2 33 -1.58 2.3




(}\—V\") AN ul.u-MA) ‘MQ)ALL o)Lo.J'B ‘W JL») ‘L?CI)) uLth d)al.ﬁ&w.v) whg).v - L;Q.LC Ao

a.abrii-3B

13,93.2,59)
6.0 A0y ( f ) 1:Na
i
|
48+ |
|
|
364 ‘
30 |
‘ |
\
| |
| |
L
i
\
/ /uh \ﬁ,\( \;\/f,\\vﬁ\—/k -
70 80 1000 1140 180 1430
88) 132 3w 33 %3 %
3% 8k BB 8 3§ B 0§ ]
ERNE SN O &
04gh e
0B S oL
0.0 e —
025
049
v
ONa.abrii-2D
5.0 hLODO 1:Na
(21,676,43)
40
g
\
201 \
“‘\
|
101 Y
/ (N -
[P /
I /
004 N~ AL
A ; PR k
00 190 90 1120 1310 1500 16890 1670
3 3 ®O03F 333 3
8 g & # 18§ [
: H 5 : g §
0.4 2H1
023 -
0, < ~— — =
025 —— |
046~
v
ONa.abrii-2B

40--LODO 1:Na

321 5 (1,A1,5}\3‘1)

241

161 /

08+ L

o
o \

L e - oo
00 60 120 170 230 40 460 520 580
] 2 % Chrongosome-1 g L
ﬁ £ o el g &

03r\a(H1)

04 /“k

0.0 , , | { TN , , , ”‘

04 y o

4 >

032 ~

QTL Cartographer ,l;slp 5 jl oslatwl b calisee Slaw QTL 4350 51 Jols jloged .V IS



£

OK.abrii-44

40 Lo 1:K
(5,505,35)
|
32 30
24
16
1
I
I
08 B —\ |
A / | I
Y e— L
00 190 390 580 780 7.0 1160 136.0 155.0 175.0 1940
11 11 ss Chrgnesomess (44) 114 3 331
i Tt i
V?SLI(H”
014 S
EXr . -
028
y
OK.abrii-3B
5041000 1:K
(13,979,4.)
40 )
\
“’ -\;GM
140 1280 1430
[y 3
L i
J
0.1
OK.abrii-2D
Lo
o (1,403,37) s
32 30
2
16 I
08 |
00 . e N
00 1310 150.0 1690 1870
§ 8 3 EH 3
i it
i B o i
oot
0zsf
oz |
05t !
y
QK/Na.abrii-7B
40 ey 1:KNa
(19,432,33)
32 30
24
16
08
I N —— —
00 50 100 150 200 250 350 510
3 Chrompsome-19 (78) v
Zﬁla(m)
141
4nt h

20

QTL Cartographer ,l;sle 5 jl oolizwl b calisee Slaw QTL 4356 5l Juols lbge5 .Y S5 aol]



(;\—V\”) ARV uLu.uA) ‘r,ms);u o)Lo..fB Afv.au.u-' A.JL"’ ‘LTCI)) uLbLf d)jhﬁ&uw) L;u.h?).v - L;o.LC Ao A

AR
clle gy g cpl o daxe sQTL

FA GlopgisesyS o) 2 s9d byl > i
56 il e 505 lulis YA 4 YD &B
6A, 2B,7A, lapgigesS 9y » LQTL
Ogbonnaya et ) x5S olelis 2B, 2D, 6D
i GSS J(al., 2008; Lindsay et al., 2004
e g9 sl 098t & QLQTL (p jiere
9 i lawg WS o Ay |y Chs pl Ol
o ol (Lindsay ef al., 2004) -,Ken
&9y » PLY u)f r’t’ Naxl1 O Oﬁl !
2 SQTL Geios cnl 55 )1 )8 2A pgige9,S
on 3l QTL 93 ads 8l pgjeeg)s ol o)
YB poiges)S 5y p odd 8k LQTL
QTL (sl oS LS Sladss j» .azab )3
g 15 g Jlop kb )3 ol sl 5 2 Sles
Azadi ) Cowl 045 L;:L»L.w YB f9)'9,o9)§ S92
ONa.abrii- QTL ¢ yozen (et al., 2015
&Sl o3b g0 OKlabrii-3B 4 3B
ol opl w85 18 Gwm247-wPt-667324
P YB pgig08,S 5l anl pl Cucal sxiadlis
Copmd (ot )3 Al g0 pAS )3 (6)90 4 Joob
Sl (nere | (o & e & panly
Oidg pie Jdb Bliee (6)98 AT 4 Joou
w95 Knal 5 ololid 4y 28 4D pyjgeq)S

VB p5ige0)S 595 3 5% hgee QTL L
i lobis

G1 S
ool bl 4 g5y0liS (59)eiSSsn 0aSing}
S8 g S5 (G ol Jo Sl 3
20,5 o

YD 5 YB FA (slapgiges)s s9) 2 QTL 4w

ol (Y Jgiz) Bad olelid eanly clale (ol
Sl aed WA ke 5 o3g 5l Soo5 LQTL
Slgise prde b daly 0 puodligion )3 eanly
L )9 4 Jood sl (oS 988 S (lgiea
clkle (Munns & Tester, 2008) >4, ,i
G N 69 byl Mbyew 5 1y, ey
Cad ogad 1D 3,8 Iy ials as)d YV 5 A/F
ol 51 S8 QTL S, b5 s 4 iy
2oy3 ¥ g catls 51 VB pojgeg)S (59 g 45 A
Maw JJu 28 0 dng 1) Chn opl Ol )
5 olS plo & Cund paS obj pgiges)S
P S syl i ol byl (g)ledd
Cundgo dunlio Cpicmed .Cuwl 0l pilie pAS
Osr Cwl e o b BQTL  segi9e5)S
sl Slis i LS slge 3l Calises uiire
oozl ol (sba)libley g adds wglate
sLQTL Wk 4 (Lin ef al, 2004) 1S
5 Wlodd By AD) gy kuld > dbgye
» Feo GQTL diej > (o8 s Clidos
ol JpuS lulyd > da A5 )0 ()9 I
Genc et al., 2010; Ogbonnaya et al., )
2008; Lindsay ef al., 2004; Liqing et al.,
g s SB L as)io bulid 5 4 5 (2007
Azadi et al., ) cul ord pbxl a5 gl
2015; Narjesi et al., 2015; Diaz de Leon
oy (et al., 2011; Quarrie et al., 2005
odlitul b (S law (¢l QTL 5JUT ¢ ubios
4 yxie QTL Cartographer v. 2.5 )l3élsy
ol sLQTL slw i QTL caa Hluls
Loy ply coyia pS D9 B A poij dwpn)



¥\ e Ay ooy G g poanolls 9 madeo cdalE QTL 4550 S ¢ (63

REFERENCES

Asch F, Dingkuhn M, Dorffling K,
Miezan K, (2000) Leaf K/Na ratio
predicts salinity. Induced yield loss in
irrigated rice. Euphytica, 113: 109-118.

Ashraf M, O'Leary JW (1996)
Responses of some newly developed
salt-tolerant genotypes of spring
wheat to salt stress: 1. Yield
components and ion distribution. J.
Agron. Crop Sci, 176: 91-101.

Azadi A, Mardi M, Majidi Hervan E,
Mohammadi SA, Moradi F,
Tabatabace MT, Pirseyedi SM,
Ebrahimi M, Fayaz F, Kazemi M,
Ashkani S, Nakhoda B, Mohammadi-
Nejad GH (2015) QTL mapping of
yield and yield components under
normal and salt stress conditions in
bread wheat (Triticum aestivum L.).
Plant Mol. Biol. Rep, 33: 102-120.

Azhar FM, McNeilly T (1988) The
genetic basis of variation for salt
tolerance in Sorghum bicolor L.
Moench seedlings. Plant Breeding;
101: 114-121.

Churchill, G. A, Doerge, R. W, (1994)
Empirical threshold values for
quantitative trait mapping. Genetics;
138: 963-971.

Diaz De Leon JL, Escoppinichi R,
Geraldo N, Castellanos T, Mujeeb-
Kazi A, Roder MS (2011)
Quantitative trait loci associated with
salinity tolerance in field grown bread
wheat. Euphytica; 181: 371-383.

Edwards J, Shavrukov Y, Ramsey C,
Tester M, Langridge P, Schnurbusch T
(2009) Identification of a QTL on
chromosome 7AS for sodium
exclusion in bread wheat. In:
Proceeding of the 11th International
Wheat Genetics Symposium.
Brisbane, Sydney University Press,
Sydney; 3: 891-893.

Epstein E (1977) Genetic potential for
solving problems of soil mineral
stress: Adaptation of crops to salinity.
Proc. of  Workshop.  Cornell

University Exp. Stn. Special Bull,,
New York.

Flowers T, Yeo A (1995) Breeding for
salinity resistance in crop plants:
where next? Aust. J. Plant Physiol.
22: 875-884.

Garcia A, Senadhira D, Flowers TJ, Yeo
AR (1995) The effects of selection for
sodium transport and of selection for
agronomic characteristics upon salt
resistance in rice (Oryza sativa L.).
Theor. Appl. Genet. 90: 1106-1111.

Garland SH, Lewin L, Abedinia M,
Henry R, Blakeney A (1999) The use
of microsatellite polymorphisms for the
identification of Australian breeding
lines of rice (Oriza sativa L.)
Euphytica; 108: 53-63.

Genc Y, McDonald GK, Tester M
(2007) Reassessment of tissue Na®
concentration as a criterion for
salinity tolerance in bread wheat.
Plant Cell Environ, 30: 1486-1498.

Gence Y, Oldach K, Verbyla AP, Lott G,
Hassan M, Tester M, Wall work H,
McDonald GK (2010) Sodium
exclusion QTL associated with
improved seedling growth in bread
wheat under salinity stress. Theor.
Appl. Genet, 121(5): 877-94.

Gorham J, Forster BP, Budrewicz E, Wyn
Jones RG, Miller TE, Law CN (1986)
Solute accumulation and distribution in
an amphidiploid derived from Triticum
aestivum cv. Chinese Spring and
Thinopyrum bessarabicum. J. Exp. Bot,
37: 1435-49.

Gorham J, Hardy C, Wyn Jones RG,
Joppa LR, Law CN (1987)
Chromosomal location of a K/Na
discrimination character in the D
genome of wheat. Theor. Appl.
Genet, 74: 584-588.

Gorham J, Wyn Jones RG, Bristol A
(1990) Partial characterization of the
trait for enhanced K*-Na*
discrimination in the D genome of
wheat. Planta, 180: 590-597.



(;\—V\”) ARV uLu.uA) ‘r,ms);u o)Lo..fB Afv.au.u-' A.JL"’ ‘LTCI)) uLbLf 5)91..3@) W?)" - L;o.LC Ao Yy

Gorham J, Bridges J, Dubcovsky J,
Dvorak J, Hollington PA, Luo MC,
Khan JA (1997) Genetic analysis and
physiology of a trait for enhanced
K*/Na* discrimination in wheat. New
Phytol, 137: 109-116.

Grieve CM, Lesch SM, Maas EV,
Francois LE (1993) Leaf and spikelet
primordia initiation in salt-stressed
wheat. Crop Sci, 33: 1286-1294.

Husain S, Munns R, Condon AG (2003)
Effect of sodium exclusion trait on
chlorophyll retention and growth of
durum wheat in saline soil. Aust. J.
Agr. Res, 54: 589-597.

James RA, Davenport RJ, Munns R
(2006) Physiological characterization
of two genes for Na® exclusion in
durum wheat, Nax/ and Nax2. Plant
Physiol, 142: 1537-1547.

Kingsbury RW, Epstein E (1984)
Selection for salt resistant spring
wheat. Crop Sci, 34: 310-315.

Kosambi DD (1944) The estimation of
map distances from recombination
values. Ann. Hum. Genet, 12:172-175.

Lander ES, Botstein D (1989) Mapping
Mendelian factors underlying
quantitative traits using RFLP linkage
maps. Genetics, 121: 185-199.

Lin HX, Zhu MZ, Yano M, Gao JP,
Liang ZW, Su WA, Hu XH, Ren ZH,
Chao DY (2004) QTLs for Na and K
uptake of the shoots and roots
controlling rice salt tolerance. Theor.
Appl. Genet, 108: 253-260.

Lindsay MP, Lagudah ES, Hare RA,
Munns R (2004) A locus for sodium
exclusion (Naxl), a trait for salt
tolerance, mapped in durum wheat.
Func. Plant Bio, 31: 1105-1114.

Liging M, Erfend Z, Naxing H, Ronghua
Z, Guoying W, Jizeng J (2007) Genetic
analysis of salt tolerance in
recombinant inbred population of
wheat  (Triticum  aestivem  L.).
Euphytica, 153: 109-117.

McCouch SR, Chen X, Panaud O,
Temnykh S, Xu Y, Cho Y, Huang N,

Ishii T, Blair M (1997) Microsatellite
marker development, mapping and
application in rice genetics and
breeding. Plant Mol. Biol, 35: 89-99.

Munns R (1985) Na*, K* and CI- in
xylem sap flowing to shoots of NaCl-
treated barley. J. Exp. Bot, 36: 1032-
1042.

Munns R, James RA (2003) Screening
methods for salinity tolerance: a case
study with tetraploid wheat. Plant
Soil, 253: 201-218.

Munns R, James RA, Lauchli A (2006)
Approaches to increasing the salt
tolerance of wheat and other
cereals. J. Exp. Bot, 57: 1025-1043.

Munns R, Tester M (2008) Mechanisms
of salinity tolerance. Annual Review
of Plant Biology; 59: 651-681.

Narjesi V, Mardi M, Hervan EM, Azadi
A, Naghavi MR, Ebrahimi M, Zali
AA (2015) Analysis of Quantitative
Trait Loci (QTL) for Grain Yield and
Agronomic Traits in Wheat (Triticum
aestivum L.) Under Normal and Salt-
Stress Conditions. Plant Mol. Biol.
Rep, 33: 2030-2040.

Nevo E, Krugman T, Beiles A (1993)
Genetic resources for salt tolerance in
the wild progenitor of wheat
(Triticum dicoccoides) and barley
(Hordeum sponteneum) in Israel.
Plant Breeding; 110: 338-341.

Norlyn JD (1980) Breeding salt tolerance
plants. In genetic engineering of
osmoregulation. Plenum, New York.

Ogbonnaya FC, Huang S, Steadman E,
Livinus E, Dreccer F, Lagudah ES,
Munns R (2008) Mapping quantitative
trait loci associated with salinity
tolerance  in  synthetic  derived
backcrossed bread lines. In: Proceeding
of the 11th International Wheat
Genetics Symposium. Sydney
University Press.

Pearce SC, Moore CS (1976) Reduction
of experimental error in perennial
crops, using  adjustment by



neighbouring crops. Exp. Agr, 12:
267-72.

Qadir M, Qureshi AS, Cheraghi SAM,
(2008) Extent and characterization of
salt-affected soils in Iran and strategies
for their amelioration and management.
Land Degrad. Dev, 19: 214-227.

Quarrie SA, Steed A, Calestani C,
Semikhodskii A, Lebreton C, Chinoy
C, Steele N, Pljevljakusic D,
Waterman E, Weyen J,
Schondelmaier J, Habash DZ, Farmer
P, Saker L, Clarkson DT, Abugalieva
A, Yessimbekova M, Turuspekov Y,
Abugalieva S, Tuberosa R,
Sanguineti MC, Hollington PA,
Aragues R, Royo A, Dodig D (2005)
A high-density genetic map of
hexaploid wheat (Triticum aestivum
L.) from the cross Chinese Spring X
SQ1 and its use to compare QTLs for
grain yield across a range of
environments. Theor. Appl. Genet,
110: 865-880.

Ravi K, Vadez V, Isobe S, Mir RR, Guo
Y, Nigam SN, Gowda MV,
Radhakrishnan T, Bertioli DJ, Knapp
SJ, Varshney RK (2010)
Identification of several small main-
effect QTLs and a large number of
epistatic QTLs for drought tolerance
related traits in groundnut (Arachis
hypogaea L.). Theor. Appl. Genet,
122(6): 1119-32.

Rawson HM, Richards RA, Munns R
(1988) An examination of selection
criteria for salt tolerance in wheat,
barley and triticale genotypes. Aust. J.
Agr. Res, 39: 759-772.

Rengasamy P (2006)World salinization
with emphasis on Australia. J. Exp.
Bot, 57:1017-1023.

Ro’der MS, Plaschke J, Ko™nig SU,
Bo'mer A, Sorrells ME (1995)
Abundance, variability and
chromosomal location of
microsatellites in wheat. Mol. Gen.
Genet, 246: 327-333.

Shannon MC  (1984) Breeding,
selection, and the genetic of salt
tolerance. p. 231-254. In: R.C.
Stapless and G.H. Toenniessen.
Wiley. New York.

Tanksley SD  (1993)  Mapping
polygenes. Annu. Rev. Genet, 27:
205-233.

Tanji KK (1990) Nature and extent of
agricultural salinity. In: Tanji,K.K.
(Ed.) Agriculture Assessment and
Management .pp, 1-17. American
Society of Civil Engineering, New
York.

The TT (1973) Transference of
resistance to stem rust from 7Triticum
monococcum L. to hexaploid wheat.
Dissertation. University of Sydney.

Ungerer MC, Halldorsdottir  SS,
Modliszewski JL, Mackay TFC,
Purugganan MD (2002) Quantitative
trait loci for inflorescence development
in Arabidopsis thaliana. Genetics; 160:
1133-1151.

Wang S, Basten CJ, Zeng ZB (2012b)
Windows QTL Cartographer 2.5.
Department  of  Statistics, North
Carolina State University, Raleigh, NC.
http://statgen.ncsu.edu/qtlcart WQTLC
art.htm

Yang GP Maroof MAS, Xu CG, Zhang
Q, Biyashcv RM (1994) Comparative
analysis of microsatellite = DNA
polymorphism in land races and
cultivars of rice. Mol. Gen. Genet, 245:
187-194.



