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Identification of genomic loci controlling phenologic and morphologic traits in
barley (Hordeum vulgare L.) genotypes using association analysis
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Table 1. Estimation of simple statistics and heritability of plant traits of barley genotypes (2014-2015 and 2015-2016)

P Sl oSl Sl S e Skl

traits Mean Minimum Maximum  Heritability
Days to anthesis Susles £ 55, 1161 107.5 121.0 0.769+0.037
Days to maturity Sy, 146.0 1440 148.2 0.184+0.133
Grain filling period (day)«is o4z ,o,55 Jsb 29.8 25.2 38.2 0.710+0.047
Flag leaf length (cm) e pfydb 9.0 5.9 13.2 0.497+0.082
Flag leaf width (cm) =Sy, 071 0.50 1.20  0.5260.077
No. Grain.spike dew s alsslas 268 20.5 51.0 0.755+0.040
1000 grain weight (g) als yiposs 377 30.3 41.3 0.000+0.000
Grain yield (g.m?) gss Ske 7842 4408 1015.0 0652+0.057
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Table 2. Correlation coefficients between plant traits of barley genotypes (2014-2015 and 2015-2016)

DA DM GFP FLL FLW GP TGW GY
DA 1
DM 0.184" 1
GFP -0.947"  0.141 1
FLL -0.068 0.167" 0.123 1
FLW 0.113 0.199" -0.048 0.610" 1
GP -0.100 0.104 0.134  0.207" 0.445™ 1
TGW  -0.390™ -0.005 0.391™ 0.017 -0.129 -0.047 1
GY -0.198" -0.071  0.176" -0.140 -0.333" -0.255" 0.347" 1
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DA: Days to anthesis, DM; Days to maturity, GFP: Grain filling period, FLL: Flag leaf

length, FLW: Flag leaf width, GP: Grain.spike™!, TGW: 1000 grain weight, GY: Grain yield
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Fig. 1. Minor allele frequency (MAF) distribution of markers used for barley genotypes assessment (218 markers)

YO i s Kol el gl jasls oyl i
Slapsizss S 3, PIC jatls (Sl sy
(% p35503,5) /%2 GV py55m9,S) +/YV 3l Caliss
Sl Klis S das e 0L gl () o3 4 ke
A s YU IS il eslitwl 5y s

(Y JS8)

S35 Sl o554 S sl Ol il

SRS oy s 3 55 S G O g 4 e sisns S
b pn OT (p a8 5 Y e300, & bgp e S
IS Sl gl 30V ) Lshp}yv;
PIC Lol aals i dnlboe SLi5 a1, (PIC)
o G L) /8 B /Yl Cama S o

0.5
J.
% 04 0.37
: 035
g 032 03 .
o A 0.3
?\ o
3 E 0.2
i 0.1
0
1H 2H 3H 4H 5H 7H  Unknown
Markers
Ty
Chromosome

Prsbassl slesisms S o S Sl (gl e Sl -Y S
Fig. 2. Mean of PIC index on chromosomes in barley genotypes

6)‘:@” ﬁ.’u.a &L@L‘J‘ WS g‘_<i &:.E:J U'l‘ B
L 13 e Ol e 4 b g 5,5 P=0.03 5151,
¢ —logld (P-value) > 1501, ol St

Lasan 8 s ciwobbs e LG Oy

AK u.a;-L& aS sl ol Cmmazr Yl 4 5o

93 3525 0Ol &S 5,15 K=2 js 1) Hlue o s


http://dx.doi.org/10.52547/abj.22.4.291
https://dor.isc.ac/dor/20.1001.1.15625540.1399.22.4.1.4
https://agrobreedjournal.ir/article-1-987-en.html

[ Downloaded from agrobreedjournal.ir on 2025-11-04 ]

[ DOR: 20.1001.1.15625540.1399.22.4.1.4 ]

[ DOI: 10.52547/2bj.22.4.291 ]

YR AR O 5 g S S o diS U 1S e slaelKle lalis”

Deltak = mean(|L"(K}|) / sd(L(K))

500

e o5 5l

No. of subpopulations

(Evanno et al., 2005) 01, (e 5 sl 5l i) wlol p g2 GBS 55 Camar Hlitla fpund Y IS

Fig. 3. Determination of population structure of barley genotypes, using Evanno et al. (2005) method

ol SG 53 LaQTL 5L sl ol 0 i1 8
(8 55) (S GLQTL JI ol (S (00555
3w IS 5 Ll T Slwlid 505, S fssualy
3 ol ilasT eSS s (Ramsay et al., 2011)
Slio U s e ga g5 03 78 bl plLiais
52H slapsjses S 655 2 aQTL (o2 5o (o))
Ls lals SLadles, & U sy S sl o TH
.(Locatelli et al., 2013)
S Ay U 5y o 1 il SilaST o
QTL ,lg sl b Sl wls QTL i s
Azdls 51, 55H 5 2H dH sl s s—s S s5)
2H p55—ns S (53, E42M32-272 Y
5 S hay U oy Slio U (08 50 sl YF/VY)
0053 Jyb o sl iy LUl o 5 U b
QTL 4 . bud glalis s o QTL VW cails s
izals 51, 36H 55H dH 2H slapssses S 3
Slapsias S Soo okl 55 Ml aw piomen
BH 5 (08 g0 sl W \Y+/9F 5\Y0/+A)4H
L glalis Chdo ol @l (08 4o Ble VE/VP)
03 1S bl pLaids | fols 2biT & s
SLQTL s 53 (el Oliw b bas e o055
&l —7TH 55H dH 2H L _ap 5553 S 55

Y4y

(Chen et al,, 2010; Pasam et al., 2012; Jabbari et al,, 2018)
Ot S 3 g Comaz 3 05535 JST (Ll g 2
(Bradbury et al., 2007) .5 45 sLaesls 5 ls Slas
Olio Uy a3 1o QTL YA SLulis & e & gomes )3
U s oo sl o Jst) s S aallae 5550
GoyQTLA s § LLals QTL WY ¢ sLidles S
o3dny zls 51 56H 55H @H @H (slaps5sms S
BH 055 5—03,5 535 Sl (gn5—5 oLl &S
s i ol gl (08 e S VF/VE)
4H p 555035 55,EB5MB5-262 il s S
(SLzdles S 55, Sliwo b (06 5o 5l VY1 /5F)
LL;)\)sv.-;-ﬁgﬁdjb)ﬁ\ad.uﬁajjsdjb
2H p5j—ns,S 55,BMac0134-173 Sl .5
(SLzdles S U 5, Sliwo L (0850 ko V+/AY)
S bl s dls Hlm O059 9 als OAs 5 095 Jsb
VYO/ A AH 553,555, E38BM54-133 Sz
0033 Jsb ( SLidles S 55, Dliwo b (08 50 Sl
u\gjtpojj,ﬁﬁfﬂdj_bcumuﬁ
ol &l = 0L — slaQTL 540 LLS I s
ko plu s, Shee o by 0 Sliws
=~ «Wang et al., 2016; Xu et al., 2018) ;=
(Rustgi et al., 2013) (a.x_;f) (Marathi et al., 2012)


http://dx.doi.org/10.52547/abj.22.4.291
https://dor.isc.ac/dor/20.1001.1.15625540.1399.22.4.1.4
https://agrobreedjournal.ir/article-1-987-en.html

[ Downloaded from agrobreedjournal.ir on 2025-11-04 ]

[ DOR: 20.1001.1.15625540.1399.22.4.1.4 ]

[ DOI: 10.52547/2bj.22.4.291 ]

144 Ol oF o lais A oy M ‘”Q'ﬁ' gscl)j (:}.\.c 4.1]13"

Slio b Lo o a0 plolid kit & 57 20 Le5T
S g bl h s ol Came SS9
25H pg5sas,S 63, QTL & oy @S e
“e55523,5 635 2 LQTL 5 oplbs (LT Ll 2
S (S i L), s 456H 55H BH gla
QTL S LAs lel_wl..& 44.1.:}.«' BE) asls sl Cawe
e ls QTL o Godots LadsSH g5 55 87 5 o8l
,> .(Jabbari et al., 2018) 3 5 L5l b3l 5 0l
&= <3 8 515 okl s s Mg 3 (oS
Slopsss0,S S35 At 53 &l sliux b L 0 QTL

.(Sunetal., 2011) W 2WliB5H 44H JIH
2H 6‘—"(‘))}—‘}; 9y QTL 4w . d‘a‘LwL&
5 (08 5 50 BLw YO/ A) AH (08 ) 50 5L V4 /AY)
QTL oKl 5 dzils L1 3 (08 50 5le V4 /YY) TH
lols Cogr ST 2l js o elisl Koo
7H 45H 2H LS\—“(‘)}}—U;LSJJ L;l_aQTL A
)asjiwd\)ql):;kw)aowd)l_&»
o - Kl LU, S 25 Ll 5o o
e chrjj}n); ¢L45 S ks gluld lQTL
> .(Abou-Elwafa, 2016b) Lzils 4 55H pj}ﬁbf
=) Sl o o555 03 28 bl Olallas
L Lo, e QTL YN o)lg chos s 48 goes &5 o
u\._sbﬁav\_f‘f; L_ch)j__oj;r‘._.qﬁ Sy o
e caSls 3, Shos Sio (gl (Pasam et al., 2012)
s Lels BH 5 4H 2H (slap g s S 555 Sl
Lol pbais by e (leiT e s s

Cia a3 oo ly3 Slho b LS e e 03 18

YaA

L glawlis 4y O 093 Jpb Cio
.(Locatelli et al., 2013)
E o Jsb i 1, QTL 2 (G ) 53
] gﬂfﬁwd‘ﬁQTLﬁéﬁﬁj—;
o dsb Cio by e QTL 4w s oluks
Anils 1,3 4H 5 2H Slap 55,5 S5 o
o S Jsb Civ 53 a LEIBME5-436 Sl
E38MS54- SSLES .50 B3yl 55 0z 5 5 (25
ﬁd,;,,,)mml.\,:,ﬁﬁgﬁdjbg)wpm
Gle0) plwlid jshie & &8 2le3T 55 05 bls )
2 Bl Cma Sy g0 Dlio L Las s
S35 2 QTL s Ct_?u'\ﬁé_;su:;;b_\,_.:
o 1, B6H 55H dH BHEH (slapss s S
@H lap 55,5 S35 QWQTL 5 0 5 J b
o7 &S o e i (sl TH 55H @H 3H
b 415 > Slos Jabbari et al., 2018) Wus o Lol
33l OT 4 aly Sl e g5 Shes gl 5
& ois il YL 5 1 (N DS
s o 3 Dhdon ST A 5 (ool pe o
sl o 5 (S50 Dl ot s
Al OT (K5 5 Sl st 5 IS 5 051
e Jrlo R b by 3 IS (6 s
(wd 4 5 3y 50 SN 4515 5, Shas oS s
o Sl S ) S o S
&S o Cmanl B o S s il 5 Shes il
‘guuiib)'T).s asls ;,ﬁudﬁ,:); O3 e
odd ot ia sl 42 8 5 aalllae 350 53L ]
WJob dile o 2 5y Sl sz I 5 p oS o
Dol as (oS e o S asls o
o)l)s (Sl Slides gy ol L diw ) oo
D ] & Sl gt (S5 s, 550
S Cdoo g (Xue et al., 2008) ol okl plox]
©3)QTL ¢S5 s oLl QTL 55 cabiw 5 4l

23 Zl3 )13 (085 g SLa YWY/ ) BH 35505 S


http://dx.doi.org/10.52547/abj.22.4.291
https://dor.isc.ac/dor/20.1001.1.15625540.1399.22.4.1.4
https://agrobreedjournal.ir/article-1-987-en.html

YAV AT OKen 5 g S S oS J ST e selKlr glulis”
(\WAF-20 5 \WA¥AF) o clac s i) ALS Slio b st g sla SOLES ¥ J gl
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Sl p255055 b g0 2014-2015 ap-yrar 2015-2016  ap-\raf
Traits 28 Sl Marker Chromosome  Position (cM)  -logl0(P) Marker R? (%) Effect -log10(P) Marker R? (%)  Effect
Days to anthesis Asos £5 5 Bmac0134-173 2H 10.87 2.75 6.90 0.903 - - -
< 2 HVMB54-150 2H 122.41 - - - 1.62 3.80 -0.881
HVM54-158 2H 122.41 - - - 1.54 3.58 -1.326
E35M55-262 4H 120.64 - - - 2.32 5.86 1.584
E38M54-133 4H 125.08 - - - 3.52 9.51 2.216
E38M55-139 4H 68.63 - - - 2.36 5.87 -1.050
E39M61-272 5H 122.66 1.56 3.38 0.821 - - -
E42M48-087 5H 74.76 3.17 8.44 1.009 2.29 5.79 1.533
E42M32-304 6H 104.87 - - - 1.67 3.92 -0.819
E35M55-160 Unmapped - 1.92 441 0.619 - - -
E38M50-242 Unmapped - - - - 1.60 3.58 1.645
E42M32-529 Unmapped - - - - 3.17 8.94 -1.592
E45M55-164 Unmapped - - - - 2.05 4.85 -0.987
Days to maturity Fati E38M54-260 1H 43.69 - - - 1.86 4.39 0.507
- E35M48-133 2H 62.70 - - - 1.56 3.61 -0.540
E42M32-272 2H 14.77 1.54 3.67 -0.584 - - -
Bmag0223-163 5H 86.88 - - - 1.62 3.87 -0.455
E38M50-134 Unmapped - - - - 1.65 4.04 -0.394
E42M32-187 Unmapped - 1.79 4.17 -0.406 - - -
Grain filling period «1s 5. SUd Bmac0134-173 2H 10.87 3.05 9.45 -2.388 - - -
i HVM54-150 2H 122.41 - - - 1.95 4.96 1.098
HVM54-158 2H 122.41 - - - 1.88 4,75 1.688
E33M54-100 4H 65.92 - - - 1.69 3.91 -1.093
E35M55-262 4H 120.64 3.65 11.56 -2.911 1.54 3.47 -1.354
E38M54-133 4H 125.08 5.03 16.67 -3.921 2.66 6.66 -2.063
E38M55-139 4H 68.63 - - - 1.61 3.64 0.905
E42M48-087 5H 74.76 1.70 4.41 -1.737 1.97 4.83 -1.551
E42M32-304 6H 104.87 - - - 2.26 5.77 1.094
E33M54-095 Unmapped - 2.04 5.60 -1.880 - - -
E35M61-068 Unmapped - - - - 1.64 3.62 1.057
E42M32-529 Unmapped - - - - 1.98 5.15 1.301
E45M55-164 Unmapped - - - - 2.45 6.14 1.221
R? (%) = percentage of phenotypic variance explained by individual marker spi 0l Sl 8 g oS 345 il ,ls Lo ys =R2(%)
Y44
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Table 3. Continued

P Slas S 0335055 b o 2014-2015  af-yrayr 2015-2016  as-\vaf
Traits Marker Chromosome  Position (cM) -logl0(P) Marker R? (%)  Effect -log10(P) Marker R? (%)  Effect
FLL E42M32-272 2H 14.77 1.90 4.50 -1.871 - - -
E35M55-262 4H 120.64 - - - 2.12 6.09 -0.856
E38M54-133 4H 125.08 - - - 1.93 5.40 -0.875
E35M55-436 Unmapped - - - - 2.19 6.33 0.622
E42M32-529  Unmapped - 2.02 5.01 -1.305 - - -
E38M54-112 Unmapped - - - - 1.74 5.00 0.579
FLW E35M55-436 Unmapped - - - - 1.57 4.21 0.054
E38M50-308 Unmapped - - - - 1.55 4.22 -0.050
GMS E42M32-250 5H 131.00 - - - 2.02 7.00 -3.767
E38M54-112 Unmapped - - - - 1.61 4.95 -2.787
TGW Bmac0134-173 2H 10.87 - - - 2.09 5.10 1.298
E38M54-133 4H 125.08 1.98 6.00 -3.134 - - -
E37M33-311 7H 70.32 181 6.31 2.745 - - -
E42M32-243 Unmapped - 1.58 4.62 2.371 - - -
GY E38M55-251 2H 151.56 2.00 5.05 67.613
E33M54-100 4H 65.92 - - - 1.60 3.77 -50.962
E35M54-152 5H 100.37 1.79 4.02 -62.730
E38M55-219 Unmapped - - - - 2.14 5.07 84.344
E42M32-273 Unmapped - - - - 1.78 4.44 72.659

R2 (%) = percentage of phenotypic variance explained by individual marker

35 Ol S a Lo 7 (353 3l 5 Ao 3 =R¥(%)
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Identification of genomic loci controlling phenologic and morphologic traits in
barley (Hordeum vulgare L.) genotypes using association analysis

Koochakpour, Z.1, M. Solouki?, B. Fakheri®, R. Aghnoum?*, N. Mahdi Nezhad®
and M. Jabbari®

ABSTRACT
Koochakpour, Z., M. Solouki, B. Fakheri, R. Aghnoum, N. Mahdi Nezhadand M. Jabbari. 2021. Identification of genomic
loci controlling phenologic and morphologic traits in barley (Hordeum vulgare L.) genotypes using association analysis. lIranian
Journal of Crop Sciences. 22(4): 291-304. (In Persian).

Association mapping is a technique with high resolution for QTL mapping based on linkage disequilibrium and
has shown more promising for describing genetically complex traits. In addition, it is a powerful tool for
describing complex agronomic traits and identifying alleles that can contribute to enhance the desired traits. In
this study, whole genome association mapping was used in a set of 148 spring barley cultivars. Phenotypic
evaluation was conducted at Zahak Agricultural Research Station, Iran, using alpha-lattice design with two
replications, for two croppinhg cycle (2014-2015 and 2015-2016). Traits such as days to anthesis, days to
physiological maturity, grain filling period, flag leaf length, flag leaf width, grain number per main spike,
thousand grain weight and grain yield were measured. Association analysis between the markers and phenotypic
traits was performed with a mixed linear model (MLM with K+Q). In total 28 QTLs were identified which were
related to the measured traits. A stable QTL was detected on chromosome 5H (74.76 cM) for days to anthesis.
Three QTLs were detected on chromosomes 4H (125.08 cM and 120.64 cM) and 5H (74.76 cM) for grain filling
period. One QTL on chromosome 2H (10.87 cM) was associated with days to anthesis, grain filling period and
1000 grain weight. One QTL on chromosome 4H (125.08 cM) was also associated with days to anthesis, grain
filling period as well as flag leaf length and 1000 grain weight. Common genetic locations for these traits could

be due to pleiotropic effects or genetic linkage.

Key words: Association mapping, Barley, Chromosome, Genomic loci and Thousand grain weight.
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