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4- Marker-assisted selection


mailto:mahdiyehzare65@gmail.com
http://dx.doi.org/10.29252/jcb.10.26.12
http://jcb.sanru.ac.ir/article-1-679-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-23 ]

[ DOI: 10.29252/jch.10.26.12 ]

WY

0 ol Slaw L;o.\;:SJ)’QS sQTL O ‘51);.
S G g (55 Gl (355 LS e sl 2 (M
ol S g oo oyl ime bl FY Coles 3 oS
Sios ad laisy LIS bl 3l sus ¥ o s
G5 () s 39 0ad )15 (sly 93 (slacne)
2 ek p)f 3 jon ol L olag) & ol L
pp; IS (bl pbadss jl ool g swn 5,8 b )
295 &ly 5o Nlg o0 g2 (Mol lacunen

2 P el glagle g bagj plelis & (bl |l
el spre S Sl s> )sd 4 Cuglis
2983 L8 SeMal Lt 13 1) (6)98 4 ceglie (S
Shld S8 ((Soiednd 9 Joge lapuslSe cOl
lolid polaieds  pSb o hagh  aa b S
bilph cod Soidyd law (S b by (ba)SLis
b plosl (Lol (pbadd (o9, b 5)90 5 9 Jboy

W g, 9 dlge

Jled 53 39290 92 @y pB)I 1 08y WA Lalejl ul 5
d)s‘éo) RHIY Ui“‘“}‘s oKl Jan.)}: 4 b9)| L_J)C 9
aalpe yuin Olije (lp) €85 )13 ol 3)90 wlosd
olosl )b > LB pols sudsg (VA aie 4 D9
ok ol o 5 B ol g 3 S5 53 b Y W
dsm-1 L ol> ) (gyad 9 Jbop laso 93 3 )S V-
35 e o] 3 WWAF-A0 ely; Sl 3 a5 2 (ECEVY
02s) Pk b @l g 55l el 5 Clidos
OF oldlys Job o (Jloud adds OO 5 4> VY oLl
byd daw e WY glasyl &y (8 4ddd V& g dopd
339 6xie ¥ sy ¥ ol 08 o b gl > i el
A > ansl Sy po w090 S B)b g ]
bl Gialojl el > 98 i Jlesl sl 0 as)S
Sl sy g 2 plonl clls )l JE SB gady) st
2l Bras O lie 8l cob O )S (6558
Jols awyp 350 Slas A odlaiwl e S 4 @S
B jgy oliws ¢ 20a8lo U jg, dlaay  addoxiy U jg) dliw
50390 Job ¢ pdalius U 23d8ls I 59, ol o mdaliuw
bl 039 Sojglgjd ey U Gy dha g &l (ady
SG9SelsS gy eleln bodb g Jlp s
s 55 plogl SPSS ldlays 1 esliul b Gy ppens
09 9 Sy9b 5 lpd 93 sl S e by i
I eoion cnl 5 035 awlxe SAS lbley b i
S TV s oS sl Sl (S5 s
psdl 5 (VA) o Kon 5 3eS1,S Lawgs &5 SSR 5 AFLP
ool ol ol A (o.\..i;.‘o gered dl.a:o:b) oo 4
4350 5l ooldtwl b adllas 5y50 slacuigil (sdi0g)S WA
TASSEL ,l;81s 5 L Neighbor Joining g, 4 yuwMS
é,8 bl 43,15

Ls oy g Jlaol cloogSn; e jglilod;
(v+v) Structure 2.3.4 38l 5 5" cpim sy 5l Caren

WY bl INS ojlois [ o> Jlos /Jcl))‘ oLlS ZMol doliingl

Gl San ol M Slols g diges (g05l0] curen
ly Slao b o oSl slolis o g, u" bl
Sl o jslaienr e (FA) 398 "o — Sl
bl gajps b hojpe Olllas )3 689 gl (i)
395 bld bliyl sasjzs o 5 oddd adllas woolaiwl )90
L5yl g5 yskaieds MLM' 5 GLM” el j3s, (TV)
el jaody &5 S0l sl eslatwl b (Q s y5le)
L)l g5 53 9 oMl (dmihn Slodd @iy pess 5
o9y cxl 2 el 2sdie dly Jde 3 o)l plgisa
ol 4 o= LS oy (g0 bbbyl 5l ol pols
oy 52 (V) 2gd e edlatul HlalS o bl sajeo
bily) w2 5 (Q url) Curer i3l 2 MLM
Solas w1 eolawl b (K e y3lo) o3l oy (35l o5
o3l \cuSwS slyaie Glgieds Juo 3 g 0dd o i
byl obasd gde) » sled s Sldllas e o
u.w.: ‘(\N\cv"\?cAc?‘&g\cc‘“) (.5)9"" u».u.’ Cod > 2
ol 0 ol (YAFAXY) Jloys balps 55 o (YY) St
Gigy Vo8 i plsl (A) ohlSen o (8 b o ialojl 5
)90 5)9h 5 4 Joo5 slp g (b g L FHA L 5>
Ohsy 90 2 b (bl s adlhe pl )3 a8 )5 ()
g Camax Lo (pluly bglss (ot Jho 5 (Jgens (Ja Juo
LLs) 45 ,Slas V¥ coleg o 5 a8 plodl dislings by,
DPDB-9668 55 e bus olulus wisly Sliw b (b
9 48 plelid Jao 93y 53 3 S5 4H pojeeg S 55y &5
Sladlas g 005 slolid (LS cldllae j5 a5 5l LS mls
09y b 2 yed 4 Cglie GLQTL G o
3 plsl (YY) oy en g (w by (bl obadds
O S9d & Caglie I (amy b llell ()l
S9) hme QTL can 5 ud ond o clacuis;
L2 odd olwlis (A8 Gldles 55 K6 O (s op)
Fo dy (Jore (b5 Jao) GLM 5s, ;i edlazel b 1,
Gl 3 H2S poyp 9 bame D e e
Om (ol Cumex 1 9 Cupme L 3p9l (b adllae

A . e
O G Gold ((Siwew Jolw pac) LD g ui
O'.’-‘ &S o) okl 4 el > slapgigeg,S
wlolis GQTL (b5l obass cdy p> sy o Jole
Glo (b 39 @ly S5e glite slapgiges)S g9y 0
QTL & g oss obj)l ciwo VY &l QTL ¥F Jlo 9
S Ml Gsd 4 Jeod gouS s &5 Lol
S w3 Glelid TH 5 4H 2H (H (lapgisas,S
Cgae @ ($)ph & JoO dgue )3 (eere (slayeS
h GPL)l badds ) (V) hlses 5 Joil gl oo

1-False marker-trait associations

5- Linkage disequilibrium 6- Bayesian Method

2 - General linear model

3- Mixed linear model 4- Covariate


http://dx.doi.org/10.29252/jcb.10.26.12
http://jcb.sanru.ac.ir/article-1-679-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-23 ]

[ DOI: 10.29252/jch.10.26.12 ]

i

IV gl b i o S 4 gy S Cogas
» Jy g odb Cons M ol 4 gl sl
lgea il Jlade cpl il S ol Coguae doyd oS S0
2 (7F) 350 48,5 J55 5 (o bglsn) (S 5 s
Sy 90 oS Cawl i (asedio plesio () bog)S yo box
S 0,8 ol 3l gorma gl )8y sl o2l 1320
sl 09,5 93 y2 b 0g)S 93
Pl (hads

bl LQTL (obolSe ((bls)l (obadds (b9,
ol 2 (W) 2p5 e ©yge (LD) (Siwge Jl5 pie
L Sl s b 4 by Stwgy Jolo pie walllas
(M sy 55 8] Stog 058 2 lp T o)l

i by oo (S5 sl bl 15 e
S plol (el lS ) (il cuibye jboay goiie
¢ g (cbadd 5l sdol Cawddy (¢, L5 CleMbl .l

SReg & 3 JESS

2 Suen (D95 (eyed 3 Gees (lacudgie
5 P Clic o cwlie (Swgy 295 55 Jb
21y s ol (S (I olog 5 Jn clo Sl
ol (2l Clao b by syl plolid (gaie;
O b (bl e (hey aSul 4 axgi L (YY) ano e
9Bl (535 )i 3 b imes 5 laCadgiote cnl (o
g byl Bl g (MLM (3g)) (ssiglivgs Ly,
wholid  jolaedy dallas pl > wad o Y lhase
b (bl 455 5l adllae 3590 Clio b diwgn (slaSSlis
w355 gly b edlael Tassel lsle s 0 MLM s,
djge dop> 03 5l G S0 b ola) S0l bis (Ll)
3yl p CuiSls Voo r L P-value o)l 5 8,5 1,8 eolasl

Lgh U5 Cod g2 0 Sfglgd Slaw Sy (Dbl gbadss

b o e cwgi WA g, ,,JL,T ol s eolasl

Sl JMizl) Burn-ip b Yeeens b Admixturg
VK Qi polie ;5 MCMC IS5 Veeers 5 (W

o Kooae 5 88 ploal (K ja (ol S5 Ve 9V U
b ol 50 b oy g duole delta K 5g, uloly
4 delta K jlade oy i 4 baye oS aupy K s
o o pilo g (FSt) conts (aslis (pSle g odal Cowd
sgbaiody doldl )3 ad dnule yl8le 5 (e L (Q) Cogas
bylys ) adllas 3)50 Slio b diwge (s, Sl ololis
Q e 2,18 L) bl (bt 3] 5,55 L5 5 Jloy
(ghsce o Jao) MLM (5, & (s 5kisgs ool 5

i 48,5 o 0 TASSEL4.3.15 l38le 5 5o

o5 g Jloy lulyd > cShe Guibyly ws b

2 e B (S5 g5 o5 0l (Lt (V Jg2) s
&5 J S 45 20 0525 Slao ploi a3 Sl e gl o
X uigs blite B pizmed bl (oo Camex J31 3 Y
U jgy sl U jgy ¢ mdaomiy b gy Clao (sl ae
S O g (3l B (238lu oy g (34l
@ oiSly ) eyl om Vb (Se8) g8 292y Sl
Neighbor jsg, j| ol pl)S500 Conl (gy9d i
b I3 Lol 6g)5 aw 1) & cuigij VYA Joining
Gy v prcwle laca K=Y ojlade (V)
03l (1Sl 5 (Q) Cogas prew pule Sl
o1 &) b (Y JS5) 15 G 09,5 5o (FSE) s
> <uwigi VWA Iy Structure 2.3.4 l58le, lawgs
B e o8 23k o sty K e 30 55 (Y JS3)
P45 5 Bl e (5350 y g i) 4 by
Loyd By M )bl 3 (pizped a3 e LS 1) 09)S

_ _ _ o9 U5 g Jloy Ll )3 gy 2y50 Slao (8 pe uibly o5 Y g
Table 1. Combined analysis of variance of investigated traits under normal and salt stress conditions

Slaye (p ke
G 5oy ol sl o e b g s s o3l dem s 5 olo
ey 50390 Job G 348l 5l 5o, dlass B 59y olaws B 59, olaws b 59, olass )l 42y o

S Qb vl el spdddl (SR

Sl o ' ' -
[ ¥EVAA® SYANA* FAPAF van™ o/ \ [
AYYIV® Fra osva/A*? v P ao/y* ¥ (laea) 51,85
YSE/® \aavAN yeo/* WYY/ Fyv/o® ya/s** VFY w5
YIVA™ A" YYs/n* vo/a** YYEY* vo/v** VY Lo X G
WAV Fran YAVE/5*® vy/a™ YA-Y/A®* VIA \$ (Lo x ,1,S5) S5
¥-Y/A ¥10/\ WA V¥V Ve l¥ WIYA VY s
ov/Y 00/ AY/ AeIv AdIY AN - (%) s iy
AIY £a/) Y/§ I a/ad Y/ - () &lpasis i

M gireps g 20y ) 90 Jloinl pdass )3 )5 fae cud ey s g ¥* *

1- Marker Chain Monte Carlo


http://dx.doi.org/10.29252/jcb.10.26.12
http://jcb.sanru.ac.ir/article-1-679-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-23 ]

[ DOI: 10.29252/jcb.10.26.12 ]

A1

PRO}IjOG
MELTAN
PUNTO
JACINTA:
UN AE31
RAGTIM
ANNASOFL
ANNABELL
LINUS
DELITA
CENTURY-
OPTIC:
BREWSTER-
ABELONE
CICERO
PRISMA:
DERF.ADO
CECILIA:
CARUSO
ROXANA:-
ESCORT:
ENIGMA:

PEGG
OPTIMA/
NEV&

L

PROTIRA

MSERmE

WY bl /75 o)l /oo Jlo /ey LS ool anliingsy

RLY

fQﬁ(’SIl\'IAX

LYSIBA
MARESI
LENKA
ALBRIGHT
SCARLETT
RIGA
ABED4611
GESINE

BRENDA
CHAMANT
LUX
TIRUP
GOLDIE
TREBON

APEX

STEFFI
AXITA
ORTHEGA
BRITTA
MADONNA

VISKOSA
515095

SSR 5 AFLP (clo Slis (55 o186 ¥4V wlwlyy Neighbor-Joining (yos, b s> cuseiy VFA ol Sgy0n =V JSs
Figure 1. Dendrogram of 148 barley genotypes based on 407 AFLP and SSR markers by Neighbor-Joining method
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Table 3. Markers associated with studied traits in barley genotypes based on MLM under salt stress conditions
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Abstract

~ Current research was E:;er_formed to identify molecular markers associated to phonological
traits including days to til ermﬁ, days to stem elongation, days to heading, days from stem
elongation to heading, grain filling period and days to physiological maturity based on 407
AFLP and SSR markers in 148 barley cultivars by association mapping. This experiment was
conducted in two alpha lattice designs with five incomplete blocks in two replications under
normal and salt stress (EC=12 dsm'lg conditions in Agriculture and Natural Resources Research
and Education Center, Yazd, Iran in 2015-16. Association mapping was evaluated based on
mixed linear model (MLM) using Structure and Tassel soft wares. Based on the 407 markers
used in this study, population genetic structure subdivided into two subpopulations (K=2) that
barplot results also confirmed it. In association mapping based on MLM, 4 and 46 markers
showed significant relation with assessed traits under normal and salt stress, respectively and
explained considerable variations of studied traits. In this study, some co-localized QTLs were
identified for studied traits. Common markers between of traits can be due to pleiotropic effects
or linkage between of genomic regions involved in these traits. Results of the current study
presented useful information about the genetic basis of the studied traits and can be used in
different barley breeding programs including marker-assisted selection.

Keywords: ,Sé\sisociation mapping, Barley, Mixed linear model, Population genetic structure,
alt stress
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