[ Downloaded from pgr.lu.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.23831367.1401.9.1.6.7 ]

[ DOI: 10.52547/pgr.9.1.6 ]

VeV /) okl /8 s/ LS Ky s g

Soss s oo (Triticumaestivum L.) o6 ¢J.;§ ayy Olawo S p 3 KA sl sluld g gaucs d
25,8 Sk el 5 Folseb! Lo s S Olew ST alsT el N piS s g ks L
C;U«m\;\j&xl;‘@s»\j‘ﬁctﬁ}@-),uswf‘@:swfgm_\
G < sl 33T oS (g5 5 (o) e plol S5k a1y (bl Dol 05 S bstiad —Y
S s Sl5T oKl TS Als (b b 5 (5555058 055 bk Y
olizsle S ¢ eodlad sl3T olKsls colzile S sl g alS (ool 5 (658555 gm 05 S Slutils —¢
U‘JGJ c@)&wl )b] aK.;Jl) cQL&:E;J}f-_}LO Jo-lj ;fLS 65\}"@}63})&:}:‘ cjjf ol =0

Q&N oo dy e 6= VEV/AT/Y0 12l 55 50

s S

ol pAS ez Sl (9355lES SNV pams pll A 0 Jame sdiSosdme lalss op e Ol G G0 A
23 apd a8k s 25 Sl el s Sie bl Sl S Ll e (g5d 4 Jemte L pB,) U5 S (g sba
S5 sl 6l g S oss e sl s LS5 IS ‘_;LQMKA 3 S slals glebs ddly
el Gl s WA Lol F12 RIL) oS 55 2l sbacpY 5l Camer O ol anllas 55 35, 0 leda
Sz 55 Ll 5o o dS GlemalS e 5o jole Ulne 5 S S SR Fr eSS G5 sbol
035 035 8lp (CIM) oS e (slhols L0 ST 51 aslinad b ol QTL 633153 § game 53 8 S 15 s 3590
Ds B slapssses s o podd alobd GLQTL slas o iy Lk Lol alyy ol 5 udes Qs osb St
S5 6w Shenas SLls QTL axU 5 LU sla0s s plxil (Gene ontology) o) (ol s a2 dizils 1 3
S e 05 St sl £ same 3 dien SO S w4 plalid il b 6l (CB) S (sla0 S
VT = d) SIS 0556 58 e o gladisT 3 53 o8 A (e AT 3 A Jal2) GO ojlie N4 s S 03 YEAT
5 Ol IX 035005 50 SSIEDNA (s 55 bl (onST b sdidld Glojely s oDl s o 5
(iP5 BT (s Ot SIS ARNA- o) 05l yel ¢ Xyloglucan o e« Jobos o)l SRy
S 555 Ll L GCG Lluls gl il Sas (Gene ontology) sy ool sl 28 o b 5 4SS, st s

il sdzmny Dlis J ghs cab g 10 QTL

QTL (s et Lkl 03 0L 2 S (5550 25 1 s S O35

amin.azadi@iausr.ac.ir: S s f G w31 o g 0kins 55

V)


http://dx.doi.org/10.52547/pgr.9.1.6
https://dorl.net/dor/20.1001.1.23831367.1401.9.1.6.7
https://pgr.lu.ac.ir/article-1-239-fa.html

[ Downloaded from pgr.lu.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.23831367.1401.9.1.6.7 ]

[ DOI: 10.52547/pgr.9.1.6 ]

O 5 iS5 (g ks

wly Glie gl y LB Ol w0 e 5 S
L Camer (g mhe Ol b5 osly il ool Ol
<l et (Mir Drikvand et al., 2015) 5 -l
b el sls s (Wang et al., 2016) 4l 5 5 4 yuaio
Dot b Lo gl Slobd 4 U Solsg g
5l s (Voss-Fels et al., 2017) 55,5 b glavs <’,\K Wl
Glaal pl 5l S S oMol Glaal 4 s g s Lo
éL';w\) w‘).) J\J; o ol 6)).’.: MM rt‘;)\ J,:j};
S5 osole gl Gy St Sl S
2 Soxs Jooi b ki e (QTL) (o8 Dlio skiSd 28
Corar )‘ oslaial L Nacl )y}x:&l.:» Voo cble BE r.,\g
A% el (Xiaoyan 54 x Jing 411) .S 55 5,0l oY
5> QTLA plubd & s ol (Ren et al., 2018)
50 QTL T 5 V) ol o 5l & A3 (glasealS al> e
AA Glapsisns S 5 Log bye $opd 5 b Ll 3 e
Ll e LAl 0] sl slapsisns S Ulsea TA 53A
d}f}JQTL Vo slows ceils )j,.,é;- rv\g 6@(:})‘}»);
oled (s5) slzalS a5 QTL YV 5 4l
7D 9 5D 4B 1D dB dL@f})_}A}; o Lhrj)}n};
S S0 2550 55 WS Sl e S1ails s
0> Al OF pker bl s)ls sy S e J S 0L
Asifetal., 2018; Genc et) ol o slglny ot Solallas
Sl gl O 5 ci adlas s (al, 2014
Asif) as aslisad LYYW I (ST 5 L (S5 4k
\") 6‘))..3: J'.J DL QTL & CM DL (et al, 2021
3 S syl (S5 dug Gds b ol adlles
O 4 Jes 53 585 QTL) e85 a0l oLl
L a0 obss 5 slealS sl e 00 (650

.H\»L:\ﬁ-\«bqudi)g\“b}iu&dpMoJ&SL&J\

\Al

e gy Ollp WPl RIRHLY du&j ‘5\‘\.«:\5& 9 6'”‘.‘:“...9“}‘

VRV

Ol Cumer 45 das_o L dowte Yo Olojls (gl pmes 5
NO & YNl s 8 o5bke VIV Sl 5 005 Al 4 )
Vo oS YV e Jle s Yo L s b U
ol s Ll dale 8 sl
SoosliS SNV pame Grae 5 e Ol e
ORI L G & Lt 5 S M sl Dlsies
(Saremirad and Mostafavi, 2020) L& Jals 59,
W5 Rl il gy sdos Ol gisa Jases gla 25
S i dlya S Kpd e o e wan dl 5
o 3 s esls 3 b o 1y s5sliS S e
Leonard and Szabo, 2005; Ashraf and Harris, ) . ;
Olg= bl 3l gl 5 (g5 .(2005; Oerke et al., 2012
Sy K00 S a5 ol SRl o pslis ) sbas
St Ghle 3 ehse Carexr i) S Gl e
(Jamiletal, 2011) coul ot |3

o G 3 S 3 Mlas SR o S (55
A5 Ay oS (S5 8 sl S 0als 13 G
Dyt sl ) 5 Ry M (Gl Jeily ol
e ooy Ol 5l b s See ralS ol cle
Rl bt 5 (S (Sl sl 3
3B Obs 5o 3k g 55 .(Akbari-Ghogdi et al., 2011)
Lo opd 5 4 Jeod Blad 5106 paS sl Y
Clacs b 3 5 CIVs &S Gl sl 2\ F pdies
06 A s (gosd 4 Jems Sl gl ol
oS Gl s ibesl3l 5 5 b s s el 5 bl
SRIP s Shes Ol (058 15 & Jeste el
gsas e plolis (Hassan and Gul, 2006) .l .
iy sl olas SlOS Dased @l Cer (S
Saremirad et) pS (315 3 Sk (n S bl (S8
Skl el G 4 oo rG)\ C}Lp\ s (al, 2021
5 QTL) oS Cliv aliSJ xS o585 s gluls

ok odalin g 25 bl 55 (s ) SIS A e e


http://dx.doi.org/10.52547/pgr.9.1.6
https://dorl.net/dor/20.1001.1.23831367.1401.9.1.6.7
https://pgr.lu.ac.ir/article-1-239-fa.html

[ Downloaded from pgr.lu.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.23831367.1401.9.1.6.7 ]

[ DOI: 10.52547/pgr.9.1.6 ]

VeV /) okl /8 s/ LS Ky s g

Sroas el b cdge gleesled gl Al
SS e 3 ok bl s s ojlllen Slagl e
g O 3 il ol axaly, oS b b5
2l Bl sl B s sblesr OF B b S 55 uS
e s s 55 e slome b Sl OF (555
S4l L (Hoagland and Arnon, 1950) Osi,0 5 S 4a
ke V5 2 S s FeEDTA 450 03 5 6l s
S o Jlesl g Al 4 (G1E Jsles 2 8 il
S35 3 68 s g Ul e 53 L3 stz NaCl
WSy Gl s il 0355 e slaazalS SLSU
Ll sl Jslowe 55 a1 iy cpsd o 3 S el
e 5o s S e wag Gl s Sl LS
o3 Vyade 00 (sl JolS S pa S Jgloe o 5
o s ) (6o sled Jlesl dl o s 5l e S
A (21 Jgloe (sl GalS 55 laamalS il |
o olg 5o b al Bl ()5l 4 Ve dee 00 ) lex
sl PH g ey e (50 Vo Voo
33l VB 0/ expdms 51 s S J S Wils, g
Ui 5 sl oo it oy in Sl G
sy sl g Sl Al 5 05 s et
cble g, Sl gl ol 5 esliad 55 5 adsy i 03
38 Sl a3 VY (slos b Ol 53 baaty s oty 5 ks
b ool 5 mcdes Olppe s L S5 el EA St
Hamada and El-Enany,) Ul 5 luels %5, 5l eslacad
ol Caler L3S plamil (g g ks oS 5 (1994
sl 4 U3 SSR LYY s SOL VA Jold 4l
s g AL 4 g (ezeen (Azadi et al., 2015) 5
5 LOD 2 ¥ L (Voorrips, 2001) JoinMap v.4 || 3l 5
55 Slmedls S 3l g 3 ek oslitd s S o
QTL sl sy WQTL  JLOKe o553
S o gllols L0 bl Y/0 4 Cartographer
5 O g Bl S sy aboos il 25 S el (CIM)
wlols gl s as § L 55 08 5 4e Sl V06 o o3l
\eov | Permutation ¢ 4e51 51 LOD bl - e QTL
¢l 5 (Churchill and Doerge, 1994) IS 4,

vy

CRTPRE
Jolo rmar G ol 5o adlls 55 LS ol
has 3y 53 I Jole S 55 sl Y AT
5 JE 4 5 POl Dlided o 53 45 35 da g
Jei Wb S 55 ) slageY i W5 =5
oot ob ey JS os a4 ol
Sl tlasl plosil 5l ey 5 035 Olghool ailaio o (slaes 5
G133yl kS e o8 Olsiea WYV Il s oSS
(Sl 4 el ded (353 ded wile L) oS
S lon Al 53 (rlertad Lo & Sl (S, 05
Ll Jaze 555 5 S 53 5 e S K
6.}5}@)5‘;&51&3@@&5}]‘1)!6\‘ A8 g o)
Ses Al e (65 & ol A3 il ys (CIMMYT)
5 (b Wiy bgy Wy s ol eaa 3,00 ¥ AT
U 1y ol Jalel alS slse (god ) a5
(ALS ol Silweslel o s 52 bl shiea sl
250 p kS Slas 5 Gl Slhasgas ) g
Ao Ve Yoo gopd 54 e addles
Benderradiji et al., 2011; Ahmad et al., 2013; Rong et )
B s bl (al, 2014; Oyiga et al., 2016, 2018
sl S5 il s LSS b il L~ b
S B B L R P F e PR Wi
S50 Soss O ald s b Wy 55 el enn S s
Se 5 Saieds gliea bl 3 B S5 ) p
A S 515 Ao s /00 oo IS e Jglone 3 s 4
s B ol gt ade Ol 4 e O g 5
B D TN = SHS S ST R P
5SS AL (g o il & B L e (sla a4
Sl VN (o5 enss b AS, Gl 4y 5 a3 S 13 ke
S e il sl 5l 8 Sl amys YOA glos 5 ol
SIS o gt SLOS & o338l 55l Gy Ller
W s OllS Sl ele ilel sty s s iz
Al iy S ap WS Sl Sl (gol el
3 azealS il o gl 2 S 3 OF s 6330l
ealizd OIS 3 o on 5 e Bl ¥ IS Ll


http://dx.doi.org/10.52547/pgr.9.1.6
https://dorl.net/dor/20.1001.1.23831367.1401.9.1.6.7
https://pgr.lu.ac.ir/article-1-239-fa.html

[ Downloaded from pgr.lu.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.23831367.1401.9.1.6.7 ]

[ DOI: 10.52547/pgr.9.1.6 ]

O 5 iS5 (g ks

Dy Somar e whols 0 bl sl eld
b Lad e QTL 5550 VY oLl & e ¢ g0mee 53 o)
o3laial b e (slap g0 S (S35 anllas Cod Dl
6L QTL S iy 5 035 lp A3 CIM 255 5
dols 53 B ey s poisesS s » QFWR-3B
S A5 gllis YV LOD L O 550 sl 1VY/0 (5 Sl
by o ol & b e i 3 dys YA L S0e QTL
SLQTL aly; Sis 055 @lp foeme 52 2500 ud
053 535055 » o35 QDWR2-2D1 5 QDWR1-2D1
b OB gl VONE 5 WY folgs 53 5w D el
ey O/ S NVOY 05 Aos 5 E/A 3Y/ALOD 55
L Cdeo ol (2l o ge 03,0 QTL 55 58 &S el
QRL- QRL.2BL pyske L QTL aw aly; Jsb L Lls )l s
03> Slapsisas S 53 WIB ps5 g5, » QRL-SBL 5 3B
b 05 pm Sl WY 5 8V o/ (ladlsls 53 ooy 5 p g
Ko S A S LKL YA 5 VA XA L L, LOD
oy a3l Aoy WVEC 5 B0V O LS S
Whe el 53 LS ar s |y ade) Jsb cdo & by e
S s o ent e bl S QRL2BL e
Aib o A g ol s sl P15 36 (g 58 Jlaxlay
0L s adyy Jgb s 3 b5l e 3 QTL 52
L bty s 1, QTL cia (Tian et al., 2017) Ol Kan
2D 2A Slapssges S 53 adey dsb n sosd S5 LG
5 3B psises S LS S K s, TB 5 6B 4D 3B
S S lallas s s bl o TSy
03 iy, g oazadle Loy b kS e b QTL oLk
3 Jol S 55 YV puS Syl sl >
48 5ls Ol mls (88 E s p 550 Lsle 5 58 SO
33D 5 6B slapsises S sy axads; Isb QTL 5o
A Slapssses S Sy cpady) SaF 05 Gl il

{(Barajehfard etal., 2017) ..s ,L.L53D
52 QTL Jlez 5 s Shale Ole b dlal; 55 QTL
5 QNA-3B GQTL s heis puly ki b da,
0353555 S35 2 @y mde B 4 by s QNA2DL

L LOD 255l bD psil e paisasS 5B sl psm

\43

e gy Ollp WPl RIRHLY du&j ‘5\‘\.«:\5& 9 6'”‘.‘:“...9“}‘

by o 35 lls 5 A eslinl Aoy gy Sl e
S bl s T a4 5 W QTL 51 S s
GeS 5 USpe b Yo Ld) a4 S5 LQTL
QTL S Olsists cmisl 000 3 Sagmar 5> Ysane
S 5 Sy 35 O dhols (Tanksley, 1993) L5 o ol
w8 B s e QTL o Olgsa & ps35ms 5 S
Ravi et al,, ) ai a3 S L& 55 O 50 sl Yo disd oo
Sl Olaebl dlols -a5 (sl (2011; Ungerer et al., 2002
Lander and Botstein, ) .5 esleisd Lod drop-off i,
L oS Ky ey S LOD 5 LOD (S 55,5, (1989
QTL s s 8 jasuis Olabl 55l i onils
Glaaii a5 plasl (25 Ll 5 o i 51 S 58 6l
MapChart 2.1 i3l 5 51 s, Se,e b S35 Sy
slaoy sl dhes (Voorrips, 2002) Las AJg
2SS 5 B azd sl (CO) by MK
Okl Jolss oiS s sla SLES (slacandge ol
S ls A pldl 055 5o (LOT 505 L) QTL
oL 53 pdS e e85 M5 s A8 5 gle SOLES
ssbeas BLAST il 5l esled L (Ensembl Plants sl
Sladds A3 Cigsyen ( Sisd 428 63 LQTL hls
D3 sl & QTL S5 Jolss 53 s5mse 55
(www.ensembl.org/biomart) slaesls &L s BioMart
e &S QTL (L0 5 sdome =505 a5 LS L3k
S s b Gl o S WL sl 4
5 Shas b s 8 eslizd (Gen Ontology (GO)) (g3l o2
M izead 5 353 (G 250 SLCG L ki
A 2sse Dlis 55 ik Jyee atig slal) 4 LCG
i ST 5 0S eds s AL ralS
by KL S el bl o, a s
3 (http://systemsbiology.cau.edu.cn/agriGOv2) AgriGO
Hypergeometric ) <G i mls (el 0ol
A eslinal Ao s iy (Sols e Clg.ﬂ 4> (distribution
3,50 Sio (S35 0K Sl ol mlion 5 mls
s By 52 O sdolwsts F12 Coma 5 anlllas

S IS 5 o SOl i ) Jade 55 dajysee


https://pgr.lu.ac.ir/article-1-99-fa.pdf
https://pgr.lu.ac.ir/article-1-99-fa.pdf
http://dx.doi.org/10.52547/pgr.9.1.6
https://dorl.net/dor/20.1001.1.23831367.1401.9.1.6.7
https://pgr.lu.ac.ir/article-1-239-fa.html

[ Downloaded from pgr.lu.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.23831367.1401.9.1.6.7 ]

[ DOI: 10.52547/pgr.9.1.6 ]

VeV /) okl /8 s/ LS Ky s g

55 SO b Las e a8 G035 L 0 (58
SLQTL Ole 5l ool sdls 55158 Y Jad= o
e $la03 b 03 L QTL s LS ki plutes
as glels alie agisesS Semdse bopaS
Sl 2o phe Sl 4 slas b
S Olge BQTL (S35 cunbse 51 515 e
(https://asia.ensembl.org/index.ntml)  Ensembl <L
s sl Ol e Gbls S oe0S s ek
L JislS Ws e BQTL LE i)l jluie o S
33t ot a0l dau g edd e (558 il Ol
sli ols, <iu, 5 055 e < QFWR3B QTL
05 LSS
ol sl 0586 Ll il . TraesCS3B02G085100
S Sl s s 5 Shee puS 05
f.uf TraesCS2B02G219700 o .ol odls slulis

C,\c.*j_}ﬁ L)T!J"L‘<7’-'>J" )J ¢Jj,.!

U3 B sy pos psissS ©as o QRLZBL L o
Sl s Jets 0 s Shas sl il 45
el 53 s (Sebsm Sl 5 s
Aadgho o b ol (s 4 JTosle 5 Lalyda s S
A3l e Jila b U G e ulse oy 5l esliza L
QNA-3B L s TraesCS3B02G342400 ¢uS 0}
o boalaly 55 BopsS e paises S S
dinh boofan slr Al Loas s plubs
(Y Jsa) ol o (3158 0 o s ol (5,138 50,
TraesCS2B02G339600 TraesCS4A02G472500 o sle
TraesCS7D02G185900 , TraesCS2B02G489400
GLQTL L S Candpe 0 5ons bl pa
Losar 5> &S QK7D 5 QK-2B2 QK-2B1 QK-4A
OF e Wy i lodd olis, pelty il
o o ol el sy, S s
Sl s S e s TraesCS4A02G472500
e GG 5 301 B e (55 A5 e s
53 A= 0 > TraesCS2B02G339600 o5 low s ok
5 nsd (Ui = N (6) xS e 6 3 s

1y Il el [ ol ol 55 ] = L S|

Yo

odallie § 535 Aoy H/T 5 O/FY 5 e Al T 5 Y0
il BT s 53 bl S s 1) Cades ol 3 o
ool Wl b W15l 56 (o8 Sl &8 sy e
(Azadi et al., 2017) ol Sen 5 o3l31 il o An e
3B 2B slapsisns S S5 2 QTL aw e B 6l
351 SWQTL 3 i sle U35 Lok 2D
2B 2D 6D clapsises S Sy p e e o5
Lindsay et al., 2004;) Lsjel olais 6A 5 2B T7A
QK-2B1 QK-4A <laQTL .(Ogbonnaya et al., 2008
S35 ey Bl oyt 3 QKTD 5 QK-2B2
3o 53) Bopsil s psisesS A e pler paises S
2 e Kdd oy D oesd aiia i S 5 (QTL
O 530 5l /01 S YYIVY YUY YWY (6 Sl ol g
A 078 T8 L L LOD 55 s 5 a5 dxdls 3
i dmdlg oS e She S ay YA
B V.“Muf chle Gl s Loy OV 5 1 Y/V0 G/VA YA
5 ol anllas s oy CBle gl QTL 4 S 4 5
QTL &8 55 ol glubis 50 (Azadi et al,, 2017) ol Sa
Pl aallas LA £ 55 ol p5pes S 1 @ls el L0
Chle Gy end LoKe GWQTL o s s cilke
5 QK2BL 5 oot 213 o QK7D 5 QKAA (ol
il o anay 63 il S e 2l ) QK-2B2
llyas et al., 2020; ) stolon (cloasllias ool , JS 5 oy
S ol 0di> S 0L (Rufo et al., 2020; Wang et al., 2014
2oz 5 g s e s kiS85 SladlSlr iy
G55 2 013 5 B pgl Slapsisms S sy » oS
25 Al 5 3l S s 3D a5 slasises S
ol 5> S sboles Ly epis b 5 ol tagy
QTL 2550 VY gpeme Sl el npede (V Jpix)
e Bpss slapsiss s o QTL s el gLl
e555055 S0 QTL G 5D e g5 slapsises S 55, QTL

s 3 A eSS eoler
s GLoe kS glady cdld s,
05 ey 0T sasisns S Comdse edd oLOK
sl 5 Jisse 5 Shes (0l 4 ptS a3 L


http://dx.doi.org/10.52547/pgr.9.1.6
https://dorl.net/dor/20.1001.1.23831367.1401.9.1.6.7
https://pgr.lu.ac.ir/article-1-239-fa.html

[ Downloaded from pgr.lu.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.23831367.1401.9.1.6.7 ]

[ DOI: 10.52547/pgr.9.1.6 ]

O,Kan 5 5 siS s g

e sy Olap WPl RIRHLY 6\.&&3 &L..l;.:. 9 ‘s.lb.g;;“,.‘ﬂ

G35 Lo g 5 gy Comazr 93 52 QTL Cartographer 25 Lo 5 (QTL) Slio oS o 5 4325 7ol =)
Table 1. Results of quantitative trait loci (QTL) analysis by QTL Cartographer 2.5 in the Roshan and

SuperHead#2 mapping population under salt-stress conditions
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Figure 1. Genetic linkage map of 12 linkage groups and comparative maps for detected quantitative trait loci (QTLS)
for all evaluated traits for some chromosomes (Length of bars indicate 1 LOD interval for detected QTLS).
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Table 2. Results of BLAST analysis for QTLs on physical map, (maximum value E = 1e-50, minimum 95%
sequence identity (1ID%)
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name Position (bp) gene Molecular  Biological
P function process
07935 OFWR3 3B 53,573,569- Uncharacterized
fresh weight B 53,579 551 TraesCS3B02G085100 protein N/A - -
of roots
carbohydra
. ) . te transport
<o JE - opiopy 28210259384 qroecsomoagaroron  Uneharacterized s symporter o ognic
Root length 1e5 protein activity substance
transport
Polyketide_cyc
5w 3B: 549,759,764- domain-
~ ] QNA-3B 549 762,939 TraesCS3B02G342400 containing N/A - -
Sodium -
protein
. Ferredoxin-
L : -
R Qraa MU TIZITAE 11a65cs4002GAT2500 NADP reductase,  N/A - -
Potassium 0 chloroplastic
Ly 2B: 484,929,524- Lipoyl synthase
s } ,929, poyl syntnhase, - -
Potassilim QK-2B1 484,934 611 TraesCS2B02G339600 mitochondrial LIP1
ADP binding
DNA binding
2B: 686,809,725- DNA-binding

=% QK-2B2

Potassium 686,815,511

7D: 138,780,971-

Ly
- QK-7D " "135 799 428

Potassium

TraesCS2B02G489400
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Uncharacterized N/A

protein transcription -

factor activity
metal ion
binding

Uncharacterized N/A _ -

protein
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Table 3. Total number of positional candidate genes

05,5 33 QTL Oluwds! Al 33 QTL Olaweds! alsld slads slaws
QTL el
oTL G e Rl) (S5 ek Glodn) S5 ot ECOE
name Linkage  QTL confidence interval on QTL confidence interval on the No. of positional
group the genetic map (cM) physical map (bp) candidate genes
QDWR1-2D1 2D1 wpt-9749-wpt-668239 550650160-605625648 1412
QDWR1-2D1 1D1 wpt-9664-wpt-667287 18433982-19794573 90
QRL.5B1 5B1 wpt-8604-wpt-4996 20814366-64687523 572
QNA-2D1 2D1 wpt-9749-wpt-668239 550650160-605625648 1412
¥ 3486
Total
S 5500 gD bl s @Lﬁ —¢ Jsd
Table 4. Gene ontology results of positional candidate genes
Cdo QTLrU GO aasin 3 S8 Cho s S3305 S b 3 3lad
Trait QTL name GO ID Functional description Number in input list
P:G0:0046148 Pigment biosynthetic process 5
P:G0:0042440 Pigment metabolic process 5
Wiy KES O F:G0:0004097 Catechol oxidase activity 5
Dry weight of QDWR1-2D1 Oxidoreductase activity, acting on
yrootg F:G0:0016682 diphenols and related substances as 5
donors, oxygen as acceptor
-cO- Oxidoreductase activity, acting on
F-.G0:0016679 diphenols and related substances as donors 5
P:G0:0042592 Homeostatic process 7
P:G0:0045454 Cell redox homeostasis 6
P:G0:0019725 Cellular homeostasis 6
P:G0:0065008 Regulation of biological quality 7
wioy Jsb F:G0:0015036 Disulfide oxidoreductase activity 6
§ QRL.5B1 F-GO:0015035 Protein disulfide oxidoreductase 6
Root length LU activity
.cO- Oxidoreductase activity, acting on a
F:G0:0016667 sulfur group of donors 6
F:G0:0009055 Electron carrier activity 6
C:G0:0005623 Cell 30
P:G0:0046148 Pigment biosynthetic process 5
P:G0:0042440 Pigment metabolic process 5
F:G0:0004097 Catechol oxidase activity 5
o } Oxidoreductase activity, acting on
Sodium QNA-2D1 F:G0:0016682 diphenols and related substances as 5
_ donors, oxygen as acceptor
F:GO:0016679 Oxidoreductase activity, acting on diphenols 5

and related substances as donors
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Table 3. Gene ontologlcal analy5|s of major candida genes involved in salinity tolerance in experimental wheat genotypes

QTL name Gene ID Protein Gene

05 50 5 Shas 05 (S5 9 am 3

GO- molecular function GO-biological process

QDR D1 TraesCSZD02GHB g el cxidse. Ppo
QDWR2-2D1  TraesCS2D02G468 Genome assembly,
QNA-2D1 200 chromosome: I
QDWR2-2D1  TraesCS2D02G468

Ppo

Catechol oxidase activity Source: Interpro  Pigment biosynthetic
Metal ion binding process

Catechol oxidase activity Source: Interpro  Pigment biosynthetic
Metal ion binding process

Polyphenol oxidaseSSPPO-D1 Catechol oxidase activity Source: Interpro  Pigment biosynthetic

QNA-2D1 200 Metal ion binding process
QI(DD\II\IVEZZéIfl TraesCSZZOI(D)OZG468 Polyphenol oxidase  PPO - -
Qg\’/\IVAR\ZZé?l TraesCSéO%OZG468 Polyphenol oxidase PPO-D2 - -

i TraesCS5B02G054 NAC transcription -~ Regulation of transcription,
QRL-5B1 200 factor6A  NACBA DNA binding DNA-templated
ORL5pL  TraesCSB02G023 transc’?:“gfﬁrfactor NEY A DNA-binding transcription factor activity ]

500 7 ot DNA binding
QRLsBL  11AeSCRR02C0%  vippgses A DNA binding .
ATP binding DNA recombination
Damaged DNA binding double-strand break repair
QRL-5B1 TraesCiS()%OZGOS? Ku70 N/A DNA helicase activity via nonhomologous end
Hydrolase activity joining
Telomeric DNA binding telomere maintenance
TraesCS5B02G054  18S subunit
QRL-5B1 000 ribosomal protein . )
ATP synthase Lipid binding
QRL-5B1 TraesCSYEE)%OZGOSZ subunit c, atpH  Proton-transporting atp synthase activity, -
chloroplastic rotational mechanism
Glutathione metabolic
QRL-5B1 TragsCS5B02G055  Glutathione ) Glutathione transferase activity process
900 transferase Maleylacetoacetate isomerase activity ~ L-phenylalanine catabolic
) process
QRLGB]  |TAeSCRRB02G026 Cmgiﬁigggg&n - DNA binding :
TraesCS5B02G039  60S ribosomal : . - .
QRL-5B1 700 protein L36 - Structural constituent of ribosome Cytoplasmic translation
Glutaredoxin
QRL-5B1 TraesC%%%OZGMS domain-containing - Protein disulfide oxidoreductase activity -
protein
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Table 5. (Continued)
QTL ¢t 05 kit 5 05 05 Jse 3 S 05 S5 3
name ene rotein ene - molecular function -biological process
QTL Gene ID Protei G GO- molecular functi GO-biological
Glutaredoxin
QRL-5B1 Traescsl%%026049 domain-containing - Protein disulfide oxidoreductase activity -
protein
raes ncharacterize inding
QRL-5B1 TraesCS5B02G047  Unch ized ) DNA bindi )
200 protein Lipid binding
Auxin-activated signaling
] TraesCS5B02G039  Auxin response ) - pathway
QRL-5B1 800 factor DNA binding Regulation of transcription,
dna-templated
Glutaredoxin
QRL-5B1 TraesCiS()%OZGMS domain-containing - Protein disulfide oxidoreductase activity -
protein
Nuclear DNA-binding transcription factor activity,
QRL-5B1 TraesCS5B02G047 transcriotion factor ) RNA polymerase I1-specific Regulation of transcription
100 v sFl)Jbunit RNA polymerase I1 cis-regulatory region by RNA polymerase |1
sequence-specific DNA binding
Glutathione metabolic
QRL-5B1 TraesCS5B02G057  Glutathione ) Glutathione transferase activity process
transferase aleylacetoacetate isomerase activi -phenylalanine catabolic
800 i Maleyl i i L-phenylalanine cataboli
process
TraesCS5B02G032  Uncharacterized Large ribosomal subunit rma binding .
QRL-5B1 200 protein . Structural constituent of ribosome Translation
- Oxidoreductase activity Heme biosynthetic process
QRL-5B1 TraesCSéSO%OZGO49 Prot%pg)r(pi)gggénoge - Oxygen-dependent protoporphyrinogen  Protoporphyrinogen IX
oxidase activity biosynthetic process

Xyloglucan
QRL-5B1 TraesCSS%%OZGOZS endotransglucosyla -

se/hydrolase
TraesCS5B02G042  LeucylHRNA
QRL-5B1 800 synthetase .
TraesCS5B02G039  Galectin domain-
QRL-5B1 600 containing protein .
TraesCS5B02G054 NAC transcription
QRL-5B1 200 factor 6A -
Glutaredoxin
QRL-5B1 TraesCSéSO%OZGMS domain-containing -
protein
Glutaredoxin
QRL-5B1 TraesCSéSO%OZGMS domain-containing -
protein
Glutaredoxin
QRL-5B1 TraesCSéSO%OZGMQ domain-containing -
protein
QRLSBL  1aSCSIBO2C0S4 casp ke protein -
QRL-5B1 TraesC%SO%OZGMS Pectinesterase -
30S ribosomal
QRLEBL  1TAESCBOZE0AT hrotein si17, ;
chloroplastic
TraesCS5B02G043  Uncharacterized
QRL-5B1 100 protein
Nuclear
QRL-5B1 TraesCSéS%OZGOZS transcription factor -
Y subunit

Hydrolase activity, hydrolyzing O-
glycosyl compounds

Cell wall organization
Xyloglucan metabolic

Xyloglucan: xyloglucosyl transferase process
) activity o Cell wall biogenesis
Aminoacyl-tma editing activity Leucyl-tma
ATP binding aminoacylation
Leucine-trna ligase activity Cy!

Carbohydrate binding

Transferase activity, transferring hexosyl  Protein glycosylation

groups

Regulation of transcription,

DNA binding DNA-templated

Protein disulfide oxidoreductase activity -

Protein disulfide oxidoreductase activity -

Protein disulfide oxidoreductase activity -

4 irons, 4 sulfur cluster binding -
Aspartyl esterase activity Cell wall modification

Pectinesterase activity Pectin catabolic process
Pectinesterase inhibitor activity -
Rrna binding .
Structural constituent of ribosome Translation
Nucleosome assembly
. P Photomorphogenesis
Double-stranded telomeric DNA binding Regulation of transcription,
DNA-templated

DNA-binding transcription factor activity,
RNA polymerase I1-specific Regulation of transcription
RNA polymerase 11 cis-regulatory region by RNA polymerase 1
sequence-specific DNA binding
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Abstract

Salinity stress falls into the major environmental factors that limit the production of various crops, including
wheat. An effective approach to reducing the impacts of stress is the production of new salinity-tolerant
cultivars. Accordingly, identifying effective genes and molecular mechanisms responsible for salinity
tolerance is an essential step for breeding programs. In this investigation, a population of F12 recombinant
inbred lines (RIL) comprising 186 genotypes was studied to identify the loci that control some physiological
traits and element concentrations in the wheat seedling stage under salinity stress. Totally, 12 quantitative
traits loci (QTLs) were identified for wet weight, dry weight, length, and sodium and potassium contents
using the composite interval mapping (CIM) analysis. Most of the identified QTLs were located on
chromosomes B and D. A gene ontology (GO) analysis specified candidate genes in QTL regions. However,
it is noteworthy that candidate genes need confirmation using marker-assisted identification. The prioritization
of genes resulted in determining 3486 candidate genes in 19 GO phrases (including eight biological
processes). These genes are involved in the processes of glutathione metabolism, L-phenylalanine catabolism,
cytoplasmic translation, auxin-activated signaling pathway, transcriptional regulation, DNA-patterning,
protoporphyrinogen X, cell wall organization and genesis, xyloglucan tRNA metabolism, protein
glycosylation, pigment biosynthesis, etc. GO may be introduced for identifying novel CGs in which the
associated QTL is responsible for complicated traits.
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