doi: 10.22124/cr.2019.14333.1518

Sg )

(2970 lio) kb
Q)Lé Ql““ o 172 (}“.ﬂ:

(YVA-YAMIYAA 50l [ pgw oyl [ s 090

e Jasdgo solFa jo o5 Glao Dblo,)l

=Y . & . ]
035 59,0 Loy g yer e (ol

VWAAI YNV 2o edy VAN B0 il s gl

oS

355 4 ppe LS 3l g by (o oS Slao (S5 addlas gl 1) ol ax g ‘)*" byl pbass Sldllas i)
g0 LS)LQT 6“)‘}?‘ ob) 55 9 6"“"9"‘5 LngbooL) GYL N ‘LS’L’LSH}’ Qs> JMJ GL“’&S)}LS A oW D ol co)f ul.>
Slas ousS S G5 Ko olubls jol) Slgl 3 sbcaiige Wl (LS o Dbls)l sbasd Sldlas a5 cosl ool
Ol 5l Bas a5 wb Ay ol dlie (oS Olao ohars Olllas ;o g, ol Coedl 4 axei b all alils ol joray o5
Ml 51 S dlie cul jo (pizmen 0 OE ofgar oLS (golfay o o ) eolaiwl 4 byl sbass g, medel
hadi gty 5 oo 550 55 015l G 5 95800 ) (BL3| hatis ;5 oolial 550 (s Lol slayl3ile 3 4y by
Solial (goue jlade ool Jlie 4]l L 50 Ll jo ol walss cou pes JS mhw jo Sbacd ly Oldlas 5 bl
bolxe o> Jow g (GLM=General Linear Model) ogoe > Jao wlol 5 bli)l Slbacs o Siwsw
&b alg> o591 (MLM=Mixed Linear Model)

P95 g )0 phaddi cbglie as Joo iumazr JLSlo (gaiglivgs Luls, iguls gaojlg

U‘)“‘ ‘4.309)‘ a‘\.:.cj)‘ oLi.i‘.Jb aM blLﬁdQ 9 ‘5))5L-5 bmb ‘@Lj &w) 9 ..\_._]5,1 05; ‘)L.QLLA‘ -\
L)‘f‘ ‘4.3.95)| ‘4.‘@5} oKisls m_;ﬂ.».o.lo é.th 9 6))9L.M5 ouSlisls ‘kSQLj g_gu.».:) 9 J.Js.v 05; wliwl =Y

r.darvishzadeh@urmia.ac.ir : Jstus sdiung

YV



VAN 50l fpge o)l fos 0,90 [ lidions

oal5 a9, 5 s e

(2010; Varshney et al., 2012

L (bl pbadd (Kiwgn basds D
O bli e b lacaras 10 09290 g9 5 oolan]
(5995 95) pgi) 10 S92 90 ISz g (ouighd £98
oS JyuS oy b atwsn sl Slas 5 oy )
L Sl glpea (hy) (pl WS (o0 ololid |, Sliw
235750 £55 5l GpSoste b (S hads JoSe
< o @by (ol 505 Bl 5 (b locnes
) phaddl zods cul 0ols ) Comazr LSS Job )0
Sl aSaal Jddoas ohgy cnl o () JS2) wasoe Al
A U g oo ooliw] b slocoses 10 0990 45
Skl 09d oo (97 ane g S35 50 o3k
&5 O o lp (Khwsn Shasds Sldllae 5 Koo
28 rye 3 S e 58 adlllae 550 YT g0 S la>
S sl plas ploje 5 05illy sboas (bl oliass
JS5) 83 e )5 aslllae (T Y i) 5 oS
(g bt b duglio o by, Shasd (¥
alp 0 ol 5l Olsiee b g ool a8 il eay
Moose and ) o5 eolatnl Slas S S
.Mumm, 2008

e oS 3 bl ) bati 5 ilej 5
Slaby) Sgae 9 Wz slagy lolid sl (aeaddle
Glod » Sedr slodin b oohsn ()l
eload i waz Jos b Il

g Jols pas 5 (bl phasds slagMasl
S oo )13 ool 350 K0S slras T, Ko glie o
Joosina L) ol ) o 5 jokie 45 o o
FETINVROW R S G TR
Selig o) 90 SNl 90 logme LS4y (SKwsn
SRS i Slet sl oldl o5 Sy 5 Sl
5 Sl (05 Zho g L e bl (LS|
() SIS ey ol 5 Sy Joles pte
2 oade @y eass jlgal (b, (bls)l Slasss
Sbaid Coddge Cuwl  Siwgn obaid glacosgase
ol 5 s S ey Jol pue 35 oISl & oL
(Zhuetal.,2008) s o Sy oS o 0035 J S
Slie lp g Gl S5 50 )b ol slr Gy
W85 51,8 eolatul 550 (S slacs Lo wiile) (A
59, 5% 505 6,8 5 (LS Sloatumez ;5 059l Ll
.(Reich et al., 2001)

YYY

doddo

oy il o 5 i sy iy 55
ol Sy 5 e belss «SzsS UTL 5 oSl
P9, 99 «Dlao g5 (pl (S5 addllae sl o)ls 18 9
13,10 3925 S

@bobid hyy nl 5l Bas 1 Kiwgn Sbadds
Comar Ko 3 (o8 o K by gy sl Sl
bl alal, S sl sl Sbatss ol ol wigliy o>
oS b 0uisS S sla )l Silss sladll o
Jdoa) olS Glacurer o (oamy jsba 5 ol
g oo ool (Wsliyss (slacaraz bl Cggs

asgeze iy, !y bWl ai b badds
5 Syslanr Bolas jobay Comer G Sl S )5
LD=Linkage ) SKiwgn Jolss pac (ulul p Sbacis
hail Sasy jo a5 098 oo bl (Disequilibrium
Schulze and) cul ood eolatwl o 5 e84
.McMahon, 2002

ShARE (5 iy S5 CollB o Vb bl Bl 3529 L
oS ol pslis] Glacgsgame LIS g, ol o Koy
Gupta ef al., ) sgi oo o)Ll oyl 51 S a5 50
:2005; Holland, 2007

Alg aiz b 9o (B 5l phasd Comex 92 -)
5T 4 dgame Comer (KUY g5l Sewsay
el okl 5 g0 i

assbla bls Fr asle sbaisi glacases o -Y
3181 a1 Jdoty oS 5o adenal i gs slodS, (2> 5
WQlaBld s citg |y oS S e e olawd Cosex
Yeo) o) wilas 5 L QTL 5 a0l a5 oo, Silts
Slbls| oz ils bl o1 b sie (50 il
5l os axlge USis b ) WQTL hasi o8

& i polaieds (85) lag¥ S5 ol Y
KB ley YU auie poopdle gl Kl S5 sl
B9l Spo Sl oY 58 A2y

Slao g Sldlas glp had sadolul cuses -F
Syl oS gogue

9 Jsb 0 &5 (g Glasds Olalllas o€ e -0
olaey lads sl a8 F & LS (59, ! 4
aileads gilwailuws o5 maw 0 LQTL I sog0e
Li et al., 2005; Sameri et al., 2006; Roy et al., )



VAN 50k fpgm o)Lt ot 098 [N liios

2 J5Slse soliins 3 o8 lio (B3

Py

I|<—-)< [

Fy

B
HHHHHEL

P,

l many generations

b slecarox 5l 6500 b (bl Sbasa (0) 9 sally 50 Conox b (Stwg obass @) Soled anslio -V S
(Zhu et al., 2008 ;| L3l

Figure 1. Schematic comparison of (a) linkage analysis with designed mapping populations and (b) association
mapping with diverse collections (see Zhu et al., 2008)
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Figure 2. Schematic comparison of various methods for identifying trait-associated nucleotide polymorphism in
terms of resolution, research time and allele number (see Yu and Buckler, 2006).
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Figure 3. Different types of population structure and relatedness in association mapping studies. a) An ideal
population with delicate structure and family relationships (such as F, population or artificial populations).
Appropriate method of analysis: Regression and genomic control; b) Sample-based family (such as extended
pedigree). Appropriate analysis method: Transmission unequilibrium test, quantitative unequilibrium transfer
test, genomic control and mixed model; c) Sample with population structure (such as maize landraces).
Appropriate method of analysis: Structural association and genomic control; d) Sample with population structure
and family relationships (such as maize communication panel). Appropriate method of analysis: Structural

association method, genomic control and mixed model (Q, population structure matrix + K, relative kinship
coefficient matrix).
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Table 2. Some of the association mapping studies in cereal crops

M o bl shats cldlas S5 -Y Jsor

Plant Population Sample size Marker Trait Reference
Rice Cultivars and landraces 220 4929 SNP markers Salinity stress tolerance Kumar et al., 2015
Cultivars 328 30000 SNP markers Ozone tolerance Ueda et al., 2015
Elite breeding lines 363 71170 SNP markers Nineteen agronomic traits Begum et al., 2015
Cultivars and landraces 95 263 SSR markers Grain filling rate Liu et al., 2015
Japanese rice collection 175 3168 SNP markers Metabolites Matsuda et al., 2015
Elite hybrid cultivars 1495 1654030 SNP markers 38 agronomic traits Huang et al., 2015
Iranian rice varieties 132 12 Closely linked SSR markers to SalTol Salinity stress Kordrostami et al., 2016
Japanese japonica cultivars 176 43323 SNP markers Agronomic traits Yano et al., 2016
Cultivars and landraces 270 1019883 SNP markers Drought stress tolerance Ma et al., 2016
Diverse cultivars 315 44100 SNP markers Agronomic traits Liu et al., 2016
Diverse indica samples 432 5291 SNP markers Flood tolerance Zhang et al., 2017
Diverse indica population 203 16232 SNP markers Spike sterility Dingkuhn et al., 2017
Elite breeding lines 217 43394 SNP markers Hybrid vigor Guo et al., 2017
Diverse population 258 22488 SNP markers Grain quality Wang et al., 2017
Diverse population from IRRI 222 700000 SNP markers Zinc and iron toxicity Zhang et al., 2017
Diverse indica population 203 16232 SNP markers Flowering time Dingkuhn et al., 2017
Diverse indica population 453 5291 SNP markers Seed dormancy Luetal., 2018
Diverse population 478 162529 SNP markers Salinity stress tolerance Cui et al., 2018
Cultivars 190 112565 SNP markers Salinity stress tolerance Lekkar et al., 2019
Diverse cultivars 83 44 SSR and miRNA-SSR markers Drought stress Tabkhkar et al., 2020
Diverse cultivars 121 42 Linked SSR markers to major blast resistance genes Leaf blast disease Zarbafi et al., 2020
Wheat Spring genotypes 246 17937 SNP markers Grain protein and quality Kumar et al., 2018
Winter and facultative cultivars 150 18085 SNP markers Salinity stress tolerance Oyiga et al., 2018
Soft winter lines and cultivars 238 3919 SNP markers Fusarium head blight Tessmann and Sanford, 2018
Elite breeding lines 66 15555 SNP markers Yield and its components Ma et al., 2018
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Table 2. Continued dalol =Y Jgux
Plant Population Sample size Marker Trait Reference
Wheat Winter lines 215 20881 SNP markers Root traits Beyer et al., 2018
Elite germplasm 213 11461 SNP markers Fusarium head blight Wuetal., 2019
Diverse population 404 35143 SNP markers 38 agronomic traits Sheoran et al., 2019
Cultivars and landraces 1292 5011 SNP markers Powdery mildew Lietal., 2019
Barley Spring cultivars 154 14 AFLP and 32 SSR markers Drought stress tolerance Jabbari et al., 2018
Double haploid lines 122 9680 SNP markers Agronomic traits Hu et al., 2018
Cultivars 379 6810 SNP markers Grain yield Xu et al., 2018
Diverse population 282 12239 DArT markers Leaf rust Singh et al., 2018
Diverse population 221 7864 SNP markers Root system architecture Jai et al., 2019
NAM population 1420 5333 SNP markers Drought stress tolerance Pham et al., 2019
Diverse population 449 33818 SNP markers Net blotch resistance Novakazi et al., 2019
Maize Inbred lines 257 48193 SNP markers Stem lodging Zhang et al., 2018
Inbred lines 923 347765 SNP markers Grain zinc and iron Hindu et al., 2018
Inbred lines 126 46046 SNP markers Grain yield Lietal, 2018
Inbred lines 292 56110 SNP markers Ear quantitative traits Zhu et al., 2018
Elite inbred lines 253 2824 SNP markers Grain size and weight Hao et al., 2019
Natural diverse population 445 1242565 SNP markers Salinity stress tolerance Luo et al., 2019
Inbred lines 100 81 ISSR markers Agro-morphologic traits Ghaffari Azar et al., 2018
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Table 3. Some of the software packages used for association mapping studies (from Zhu et al., 2008)

Software Comment Website

TASSEL LD statistics, GLM, MLM, CMLM, P3D, http://www.maizegenetics.net/tassel/
genomic selection; graphical interphase, PCA
and kinship; free

GAPIT R-based, CMLM, fast computation, free http://www.maizegenetics.net/gapit

R Generic, commonly used for programing; free http://www.r- ptoject.org/

PLINK Handles virtually unlimited numbers of SNPs; http://pngu.mgh.harvard.edu/~purcell/plink/
MDS to visualize substructure; free

EMMA Mixed model, corrects for the confounding from http://mouse.cs.ucla.edu/emma/
population structure and genetic relatedness; free

EMMAX Large-scale association mapping, corrects for the  http://genetics.cs.ucla.edu/emmax/
confounding from population structure and
genetic relatedness, increased computational
speed; free

EIGENSOFT  Uses principal components analysis to explicitly http://www.hsph.harvard.edu/alkes-price/
model ancestry differences between cases and software/
controls; free

GGT 2.0 Graphical genotypes; LD statistics; FDR http://www.wageningenur.nl/en/show/
calculation, does not control for population Graphical-GenoTypes-transformmolecular-
stratification of its own; free data-to-colorful-chromosomedrawings. htm

GenAMap Performs automatic structured association http://sailing.cs.cmu.edu/genamap/
mapping (SAM) using different algorithms; good
graphical presentation; free

Matapax GWAS is performed in R environment with http://matapax.mpimp-golm.mpg.de
EMMA and GAPIT libraries; performs all
essential steps for basic GWAS, population
structure, fast computation; free

Merlin Includes an integrated genotype inference feature  http://www.sph.umich.edu/csg/abecasis/
for improved analysis when some genotypes are merlin/tour/assoc.html
missing, does not control for population
stratification of its own; free

ASReml Handle large data set, calculates population http://www.vsni.co.uk/software/asreml
structure and pedigree-based kinship;
commercial

SAS Generic program commonly used in data http://www.sas.com
analysis; commercial

JMP Calculates population structure and marker-based  http://www.jmp.com/software/genomics/

Genomics kinship; commercial

SVS Comprehensive package with better visualization
of the results; offers different options; http://www.goldenhelix.com/SNP_Variation/
commercial

GenStat Performs GLM and MLM, takes care of http://www.vsni.co.uk/software/genstat
population structure;commercial

FaST-LMM  For analysis of large data sets (up to 120,000 http://fastimm.codeplex.com/
individuals); free

GenABEL Performs GWAS for quantitative as well as http://www.genabel.org/packages/GenABEL

binary traits; free

YAY



VWAA 50l fpgms 05le v 058 1D lidios

oal5 a9, 5 He e

Activity

L Identification of causal variantsJ

l

[ Prioritization of GWAS signals ]

<

Functional Motecul
characterization of to ectlilar
CGs networking

Application in crop
improvement

Approaches

= Fine mapping of GWAS signals
Localization success rate
= Conditional analysis

Meta analysis

Pathway based analysis

DNA methylation
eQTL/miIRNA/INCRNA analysis
TWAS/mGWAS/Network-
guided GWAS

* Haplotype-based analysis

4« & 8 & =

« High-dimensional multi-omics data
= Networking of genes

= trans-OWAS

= SAM

« TILLING
= Insertional mutagenesis
» Genome editing

(Gupta et al., 2019 5| Lzl 555 alwil wlgs oo bl batii-lu aie; o a8 glaculls 5 Slillas ws, Jlogei -F IS5

Figure 4. A flow chart of the studies and activities which can be carried out in the post-GWAS era
(see Gupta et al., 2019)
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Table 5. The genotypes of I1 and 12 in three loci

Individual Locus A Locus B Locus C
A b C
11
A b C
A B C
12
A B C
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Table 6. Phenotypic values of investigated traits
Individual 1 2 3 4 5

93 76 53 44 6.1
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Table 7. Observed bands with a RAPD markers
Individual 1 2 3 4 5
Band 1 - - - - -
Band 2 - - -
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Table 4. Haplotypes frequency in a hypothetical

population
Marker A
Al A2  Frequency
Marker Bl 0.4 0.1 0.5
B B2 0.1 0.4 0.5
Frequency 0.5 0.5
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Table 8. Vectors and matrices of the equation (11) and their multiplicative matrices

9.3
7.6 312
y=|53 1'1=[5],, X'X=[12 0
4.4 20 3 .
6.1],
1
1
1=]1 'x=[ 2 3], 'y =[32.7],
1
1 5x1
010
110 3 19.0
X=|1 0 1 X'1=]2 X'y =]16.9
001 30, 158],
101

5%3

5 VIAVANAL 0 jlade el oals plolis SlLacis
°)5~|)‘. 290 9 Jgl ooz iy Gl ey <[22 FYEY

sl 00

Q 5 3 2 3]
g [ml| |33 1 2
Lﬁj_ol 2120
9,1 [3 20 3
4.5666667
1 0.0142857
13.87661905
0.6904762
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Table 9. The X matrix for other molecular markers in association mapping studies

Marker Type Gel image Genotyping code Comment X matrix
0]
1 2 3 4 5 Without considering Ill
RAPD Dominant - - . .. Oand 1 population structure X=11
- - - (Q matrix) IOJ
5%
[0 1 0]
1 2 3 4 5 o , [1 1 0]
RAPD Dominant S — 0and 1 Considering population  x-|1 ¢ 1|
structure (Q matrix) lo 0 1J
1 0 1lsks
Genotype Code 2
1 3 3 2 3 A Ay P ) Without considering [1]
SNP Codominant AA A A AA A ) population structure X=10
443 nd a;‘ 0 (Q matrix) H
2551
Genotype Code ﬁ i 8}
. 1 2 3 4 5 AA 2 Considering population
X X=l |
SNP - Codominant — %0 Aa_ AA Aa 1 structure (Q matrix) lg 8 } J
aa 0 2 0 1l
Genotype  Code
1 2 3 4 5 AA ! , o [1]
- " AB 2 Without considering 4
SSR  Codominant ) AC 3 population structure X=1l6
_ R BB 4 (Q matrix) 1
BC 5 651
CC 6
Genotype  Code
b C
1 2 3 4 5 AA 1 =10
a AB 2 L . 4 1 0
SSR  Codominant - - AC 3 Considering population e 0 1
- structure (Q matrix) | |
BB 4 1 0 1
BC 5 l6 0 1J5><3
CC 6

g adgi aiilg o CC g BC BB .AAC AB AA slacwigs ( JTaw b @
g oLz oS 5 oAl casgy 4 JysiSl slaialejl )8 o jlas S 5 4 0 olaisl asles (b

Sgrdiplem £ 5V & F N g ol Bl gl 4 bg e oS (C

a) The genotypes AA, AB, AC, BB, BC, and CC can be created using three alleles.
b) The genotypic codes for individuals is assigned similar to code assignment to treatment combinations in the factorial

experiments.

¢) The genotypic codes for individuals will be 1, 4, 6, 1, and 6, respectively.
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GLM in R software:
a<-matrix(c(1,1,1,1,1),5,1)
x<-matrix(c(0,1,1,0,1,1,1,0,0,0,0,0,1,1,1),5,3)
y<-matrix(c(9.3,7.6,5.3,4.4,6.1),5,1)
al<-t(a)%*%a

a2<-t(a)%*%x

a3<-t(x)%*%a

ad<-t(x)%* %ox

a5<-cbind(al,a2)

a6<-cbind(a3,a4)

a7<-rbind(a5,a6)

library(MASS)

a8<-ginv(a7)

a9<-t(a)%* %y

al0<-t(x)%*%y

al 1<-rbind(a9,al10)
al2<-a8%*%al 1

al2

[.1]
[1,] 4.5666667
[2,]10.0142857
[3,] 3.8761905
[4,10.6904762

L) soges b Jao Jol s> Jolrs bxil a5” c ]
SSilas a6 oy cusja v g0 w1 o
was oo bLIIVa )Y g05 & o 9,0, Structure
olas Jluwias o bLEIY aliu B e pa
slylsy can | Bolas glalas Jo e g (Ss) ai)
5 e 5Sibe b Jloy goj hils (Bolas Bhu ge

YAA

b bliyl a5 bl (gly adbarwgi 55kl aby
GLM s,
A eoSile 055l sl wdbaang )bl Ay
oolitul L GLM s, (ool 5 Cormas il 5 S0
acliy ,o wdlge pj o500 SAS 5 R gla 3l 5
Loby S ob,Sy amlbre ylp t0) giws SAS

oS dwle gl ol S INV() 5 gINV() (e yilo

GLM in SAS software:
prociml;
a={1,1,1,1,1};
x={010,110,101,001,101};
y={9.3,7.6,5.3,4.4,6.1};
al=t(a)*a;

a2=t(a)*x;

a3=t(x)*a;

ad=t(x)*X;

a5=alla2;

a6=a3|a4;

a7=a5//ab;

a8=ginv(a7);

a9=t(a)*y;

alO=t(x)*y;
all1=a9//al10;
al2=a8*all;

print al2;
al2
4.5666667
0.0142857
3.8761905
0.6904762
(MLM) bglso oz Joo (&
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Table 10. Vectors and matrices of the equation (17) and their multiplicative matrices

[9.3] 20 0 0 O]
5323
7.6 02 0 0 0
13312 , 1
y=|53 X'X = ZZ+K'=|0 0 25 05 -1
2120
4.4 00 05 25 -1
320 3],
6.1, 00 -1 -1 3
1010 11111 32.7
1o L lot1o1 1190
X=11101 11000 Y1169
1001
00111],, 158 |,
1101],,
100 0 0] (1 01 0] [9.3]
01000 1110 7.6
Z=77=100100 ZX=/1101 Z'y=|53
00010 1001 4.4
0000 1], 110 1], 6.1,

100 0 0
01 0 0 0
K=/0 0 1 0 05
000 1 05
0 0 0505 1|
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MLM in R software:

x<-matrix(c(1,1,1,1,1,0,1,1,0,1,1,1,0,0,0,0,0,1,1,1),5,4)

y<-matrix(c(9.3,7.6,5.3,4.4,6.1),5,1)

SO R O R

2.5
0.5
-1

2
. ) G, | _ .

u

1 173277 [ 447
0 1 19 0.18
0 0 16.9 3.89
1 1 15.8 0.58
0 0 93 |=]| 047
0 0 7.6 —0.47
05 -1 5.3 0.18
25 —1 4.4 —-0.18
-1 31 Le1l Lo.29!

BT uSils Jols )l 0 B essloms o oo 0
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z<-matrix(c(1,0,0,0,0,0,1,0,0,0,0,0,1,0,0, 0,0,0,1,0,0,0,0,0,1),5,5)
k<-matrix(c(1,0,0,0,0,0,1,0,0,0,0,0,1,0,0.5,0,0,0,1,0.5,0,0,0.5,0.5,1),5,5)

al<-t(x)%*%x
a2<-t(X)%* %z
a3<-t(z)%* %ox
a4<-t(z)%* %z
a5<-a4+solve(k)
a6<-rbind(al,a3)
a7<-rbind(a2,a5)
a8<-cbind(a6,a7)
a9<-t(x)%* %y
al0<-t(z)%* %y
all<-rbind(a9,a10)
al2<-ginv(a8)%*%al 1
al2

[.1]
[1,] 4.47
[2,] 0.18
[3,] 3.89
[4,] 0.58
[5,] 0.47
[6,] -0. 47
[7,] 0.18
[8,] -0.18
[9,] 0.29
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MLM in SAS software:

proc iml;

x={1010,1110,1101,1001,1101};
y={9.3,7.6,5.3,4.4,6.1};
z={10000,01000,00100,00010,00001};
k={10000,01000,00100.5,00010.5,000.50.51};
al=t(x)*x;

a2=t(x)*z;

a3=t(z)*x;

ad=t(z)*Z,

aS=ad+inv(k);

ab=al//a3;

a7=a2//a5;

a8=ab|ja7;

a%9=t(x)*y;

alO=t(z)*y;

all=a9//al0;

al2=ginv(a8)*all;

print A8, All, al2;

al2

4.47
0.18
3.89
0.58
0.47
-0.47
0.18
-0.18
0.29
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Abstract

The field of association mapping studies has recently received major attention for genetic studies of
quantitative traits in many important plants. Access to next generation sequencing technologies, high
phenotypic data and a variety of sophisticated statistical tools have enabled association mapping studies
in plants to be successful in identifying gene loci controlling quantitative traits. Due to the importance
of association mapping method in mapping studies of the quantitative traits, the present paper was
prepared to explain the association mapping method and its use in plant breeding especially cereals. This
paper, also provides some information about statistical softaware packages used in association mapping
and then the opportunities and challenges of association mapping and post-genome wide association
studies at the whole genome level will be discussed. Finally, linkage disequilibrium value and
association mapping analysis will be evaluated based on general linear model (GLM) and mixed linear
method (MLM) using a simple example.
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