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 چكيده
ي در بسياري از گياهان مهم به خود ژنتيكي صفات كميابي ارتباطي اخيراً توجه زيادي را براي مطالعه  زمينه مطالعاتي نقشه

موجب  ابزارهاي آماري زيادهاي فنوتيپي و تنوع  يابي، حجم بالاي داده نسل جديد توالي هايفناوريبه سي جلب كرده است. دستر
نده صفات هاي ژني كنترل كن هاي فراواني را در شناسايي مكان موفقيتبتواند يابي ارتباطي در گياهان  مطالعات نقشه شده است كه

يابي صفات كمي، مقاله حاضر تهيه شد كه هدف از آن، اين روش در مطالعات نقشهبا توجه به اهميت . باشدهمراه داشته ي بهكم
اطلاعات از برخي  همچنين، در اين مقاله .دبوويژه غلات نژادي گياهي به در به آناستفاده از  ويابي ارتباطي  روش نقشهتوضيح 

يابي  هاي نقشه ها و چالش فرصتمورد در پس از آنو  شودمي ارايهيابي ارتباطي  در نقشهمورد استفاده افزارهاي آماري  مربوط به نرم
 يتعادلناممقدار عددي  ،مثالي سادهارايه با  در انتها نيزيابي در سطح كل ژنوم بحث خواهد شد.  نقشه ارتباطي و مطالعات پسا

طي مخلوط مدل خ و) GLM=General Linear Model( مدل خطي عمومياساس  يابي ارتباطي بر پيوستگي و نقشه
)MLM=Mixed Linear Model (.برآورد خواهد شد 
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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 F2 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  
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 Lu et al., 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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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 Wu et al., 2019 

 Diverse population 404 35143 SNP markers 38 agronomic traits Sheoran et al., 2019 

 Cultivars and landraces 1292 5011 SNP markers Powdery mildew Li et al., 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 Li et al., 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, 
genomic selection; graphical interphase, PCA 
and kinship; free 

http://www.maizegenetics.net/tassel/ 

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; 
MDS to visualize substructure; free 

http://pngu.mgh.harvard.edu/∼purcell/plink/ 

EMMA Mixed model, corrects for the confounding from 
population structure and genetic relatedness; free 

http://mouse.cs.ucla.edu/emma/ 

EMMAX Large-scale association mapping, corrects for the 
confounding from population structure and 
genetic relatedness, increased computational 
speed; free 

http://genetics.cs.ucla.edu/emmax/ 

EIGENSOFT Uses principal components analysis to explicitly 
model ancestry differences between cases and 
controls; free 

http://www.hsph.harvard.edu/alkes-price/ 
software/ 

GGT 2.0 Graphical genotypes; LD statistics; FDR 
calculation, does not control for population 
stratification of its own; free 

http://www.wageningenur.nl/en/show/ 
Graphical-GenoTypes-transformmolecular- 
data-to-colorful-chromosomedrawings. htm 

GenAMap Performs automatic structured association 
mapping (SAM) using different algorithms; good 
graphical presentation; free 

http://sailing.cs.cmu.edu/genamap/ 

Matapax GWAS is performed in R environment with 
EMMA and GAPIT libraries; performs all 
essential steps for basic GWAS, population 
structure, fast computation; free 

http://matapax.mpimp-golm.mpg.de 

Merlin Includes an integrated genotype inference feature 
for improved analysis when some genotypes are 
missing, does not control for population 
stratification of its own; free 

http://www.sph.umich.edu/csg/abecasis/ 
merlin/tour/assoc.html 

ASReml Handle large data set, calculates population 
structure and pedigree-based kinship; 
commercial 

 http://www.vsni.co.uk/software/asreml 

SAS Generic program commonly used in data 
analysis; commercial 

http://www.sas.com 

JMP 
Genomics 

Calculates population structure and marker-based 
kinship; commercial 

http://www.jmp.com/software/genomics/ 

SVS Comprehensive package with better visualization 
of the results; offers different options; 
commercial 

    
http://www.goldenhelix.com/SNP_Variation/ 

GenStat Performs GLM and MLM, takes care of 
population structure;commercial 

http://www.vsni.co.uk/software/genstat 

FaST-LMM For analysis of large data sets (up to 120,000 
individuals); free 

http://fastlmm.codeplex.com/ 

GenABEL Performs GWAS for quantitative as well as 
binary traits; free 

http://www.genabel.org/packages/GenABEL 
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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 4. Haplotypes frequency in a hypothetical 
population  

  Marker A  

  A1 A2 Frequency 

Marker 
B 

B1 0.4 0.1 0.5 

B2 0.1 0.4 0.5 

Frequency 0.5 0.5  
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Table 5. The genotypes of I1 and I2 in three loci 
Individual Locus A Locus B Locus C 
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Table 6. Phenotypic values of investigated traits 
Individual 1 2 3 4 5 

Average values 9.3 7.6 5.3 4.4 6.1 

 
 K?@&7-  �]���� �% ��� z � �� <@J <@7��� #�7@��%RAPD 

Table 7. Observed bands with a RAPD markers 
Individual 1 2 3 4 5 

Band 1 - - - - - 
Band 2  - -  - 
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�% ��" �������� �:� :@�H  
μ̂  "$ #��?H�%μ  ���!]��!L  A-�:$  K�\� L�$ �� �-
 �$@��5666667/4 �:$ <@J ��?H�%. m̂  ��?H�% �%�j �j$
�]����  ��'1�'��:$ ?  6H �$@�� K�\� L�$ ��0142857/0 

.�:$ <@J ��?H�% 1v̂  ?2v̂  I!� ��?H�%��jH ��"�,&!�  �7
@ 297  K�\� L�$ �� �- �-?�  �!�,& �� �!�,&��"

�����:$ <@J ���:� J �%��E  �$@��8761905/3  ?
6904762/0 �% =!
�
 U?� ? K?$ �!�,&��" #$�%��?H�% 
.�:$ <@J  



















=



















=



















=








−

0.6904762

3.87661905

0.0142857

4.5666667

3    0    2    3

0    2    1    2

2    1    3    3

3    2    3    5

v̂

v̂

m̂

μ̂

m̂

μ̂

1

2

1i

 

 <���H �$@��F � �� 6'�"H #$�% #�$� �]���� �j$ I!�  
�% .�'0) ��%$�12( � �+:�[��:�'J   

286 



�% �� �,- .�/0 �*�+
�$ ��IC
.QR ��'1�'� #�$P�                                        /.QR .��!�[
 45� <�?�/ ,J <��U':/ I!��� 1398  

)12         (

2n

y1μ̂yxm̂yy

y)1)(
n

1(y1μ̂yxm̂

σ̂

MS
F

2

2
e

REgression

−
′−′−′

′−′+′
=

=

  

 E��%$� L�$ ��n  �$��$ �$@�
���:$ �@T .�+��:�[� <@��J
 <���HF  �% �p� ��'� K�,2D$ O����: ��F  �&�� �% K?@&

 #�$"Hd�  ?2-n �% =!
�
 .�'��0 #$�%?  {�a� ���9-F 

�� ���9���� �'��J�
 � �� �% ��%$� �� �$�6�'% 6�'+� ��  �j$
4!,��m
 �]������ .�'��J #�!8 �$@�� �8$ �- ���:$ �5�@%F 

�+: �[���I% <@J#?�9 � �� �
 F  K?@& U'5/� �% E@J �%
� �� .�'% @7$') �]���� �j$ 6�'% �$�  

K�\� L�$ �� �8$E �]�� ��'1�'� #�7�]����I!� # 
J�% <@J <��/2:$ @E  W��
��X  L2��8 �p� �� 6?@% �� �%

 W��
��Q ) 6�,7 �� W��
���!�,& ��2)�:( �% .�'0
 K?@&9 .�'% @7$')  

  
 K?@&9-  W��
��X ���� .������ �� �]�� ��'1�'� #�7�]���� #$�%�*�+
�$ �%��  

Table 9. The X matrix for other molecular markers in association mapping studies 

Marker Type Gel image Genotyping code Comment X matrix 

RAPD Dominant 
5  4  3  2  1  
-  -  -  -  -  
-    -  -      

0 and 1 
Without considering 
population structure  

(Q matrix) 

X =
⎣⎢
⎢⎢
⎡01101⎦⎥

⎥⎥
⎤

�×�

 

RAPD Dominant 
5  4  3  2  1  
-  -  -  -  -  
-    -  -      

0 and 1  Considering population 
structure (Q matrix) 

X=

⎣⎢
⎢⎢
⎡0 1 01 1 01 0 10 0 11 0 1⎦⎥

⎥⎥
⎤

�×�

 

SNP Codominant 
5  4  3  2  1  

AA  Aa  aa  Aa  AA   

Code Genotype 
2 AA 
1 Aa 
0 aa   

Without considering 
population structure  

(Q matrix) 
X =

⎣⎢
⎢⎢
⎡21012⎦⎥

⎥⎥
⎤

�×�

 

SNP Codominant 
5  4  3  2  1  

AA  Aa  aa  Aa  AA   

Code Genotype 
2 AA 
1 Aa 
0 aa   

Considering population 
structure (Q matrix)  

X=

⎣⎢
⎢⎢
⎡2 1 01 1 00 0 11 0 12 0 1⎦⎥

⎥⎥
⎤

�×�

 

SSR Codominant 

5  4  3  2  1  
  -      -  
      -    
-    -      

 

Code Genotype 

1 AA 
2 AB 
3 AC 
4 BB 
5 BC 
6 CC 

 

Without considering 
population structure  

(Q matrix) 
X =

⎣⎢
⎢⎢
⎡14616⎦⎥

⎥⎥
⎤

�×�

 

SSR Codominant 

5  4  3  2  1  
  -      a-  
      -    
-    -      

 

Code Genotype 

1b AA 

2 AB 
3 AC 
4 BB 
5 BC 
6 CC 

 

Considering population 
structure (Q matrix) 

X=

⎣⎢
⎢⎢
⎡1� 1 04 1 06 0 11 0 16 0 1⎦⎥

⎥⎥
⎤

�×�

 

a(  �%�: y!
'�3 EA�H #�7AA EAB EAC EBB EBC  ?CC ��.@�'J @!�'
 @ �$'
  
b( @ ��,7 ��m2)$ X���"H �� �7��,!
 =!-�
 �% @-#�7 A��'2-��E  �$��$ y!
'�3 �% I!��� ��m2)$ @-.@%��  
c(  #�7@- �% V'%���% �$��$ y!
'�3 =!
�
1 E4 E6 E1  ?6  .�'% @ 7$')  

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. 
c) The genotypic codes for individuals will be 1, 4, 6, 1, and 6, respectively.  
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c�� GLM 

��:'
 #���H �����% �2���#$�%  �j$ EL!]��!� ��?H�%
�% �!�,& ��2)�: ? �]����  �?� ^�:$GLM  <��/2:$ �%

U�� "$�$I�$#�7 R  ?SAS �% .�'0�� ��"@J�% .��  �����%
SASE �'2:� t() $�%#  6$��8�% �+:�[��d  �$��%�� 

�
���EW ginv() ? inv() �%
�
!= $�%#  W1T �+:�[�

,�
!4��2�� ? W1T �d �
���EW || $�%#  �$�l 47 �� - ��
 6�$�?� �
���W  A)$� �� A�29��d �
���W  ?// $�%# 
" ����  6�$� �$�l 47?� �
���W  A)$� �� A�29��d 
�
���W �� <��/2:$�'J .�� &?�)� �����%E 5666667/4 

� ��?H�%!]��!EL 0142857/0 ��?H�% �j$ �]���� ? 
8761905/3  ?6904762/0 �% =!
�
��?H�% ��jH ��2)�: 

��" ?��,&!� @ 297 U?� ? K?$.    
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

 (EZ3� X\* e�6F� )MLM (  

V'>a� ��) K@� �%.�'0 b%$?� )13( ) ?14( �:$ :  

)13                    (Y = Xβ�
�%�j ��jH

+ Zu�
����m
 ��jH

+ e⏟
<�+2J$

  

)14            (Y = Xβ + Sα + Qv!"""#"""$
�%�j ��jH

+ Zu + e!#$
����m
 ��jH

  

 E��%$� L�$ ��Y �%�$� 
' �!y �7# <@��J <@7�����E β 
 �$��%��jH  "$ �!R) ��![���jH  ��2)���: ? �]������ (�!�,&

 �-  �����:$ �$�C  ��',T ��) K@� K?$ �I& K��� �)� �
 6�,7"1µ" E�: $ α  ?v �% �$��% =!
�
��jH  �]��� � �%�j

�!�,& ��2)����: ?E Q �% �- ����:$ ����9��
�� U���$I�$ 
Structure ��?H�% �� ? �'���JY �% $� v �� V�+
�$ @7�E 

X ES  ?Z W��
��  �lQ
 #�7d�  ?�/���0@ 2���97 �7 �- 
�%=!
�
 βE α  ?u  �% $�Y �� V�+
�$ @ 7� Eu  �j$ ����m 


�1!2�3 � !�"  ?e �7��) �$��%# ���m 
� .�: $  #�7�$��%
e  ?u )��jH  ? �/0  L!]��!� �% K���� e�"'
 #$�$� (����m 


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) 

a1<-t(a)%*%a 

a2<-t(a)%*%x 

a3<-t(x)%*%a 

a4<-t(x)%*%x 

a5<-cbind(a1,a2) 

a6<-cbind(a3,a4) 

a7<-rbind(a5,a6) 

library(MASS) 

a8<-ginv(a7) 

a9<-t(a)%*%y 

a10<-t(x)%*%y 

a11<-rbind(a9,a10) 

a12<-a8%*%a11 

 

a12 

          [,1] 

[1,] 4.5666667 

[2,] 0.0142857 

[3,] 3.8761905 

[4,] 0.6904762 

GLM in SAS software: 
proc iml;                                                                                                                            

a={1,1,1,1,1};                                                                                                                 

x={0 1 0,1 1 0,1 0 1, 0 0 1,1 0 1};                                                                                                    

y={9.3,7.6,5.3,4.4,6.1};                                                                                                                

a1=t(a)*a;                                                                                                                   

a2=t(a)*x;                                                                                                                       

a3=t(x)*a;                                                                                                                 

a4=t(x)*X;                                                                                                                   

a5=a1||a2;                                                                                               

a6=a3||a4;                                                                                                                   

a7=a5//a6;                                                                             

a8=ginv(a7);                                                                                                                 

a9=t(a)*y;                                                                                                                              

a10=t(x)*y;                                                                                                                  

a11=a9//a10;                                                                                                                            

a12=a8*a11;                                                                                                                  

print a12; 

 

a12 

4.5666667 

0.0142857 

3.8761905 

0.6904762 
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 W����$?Var (ue) = (G  00  R) �� @ J�% :6H �� �-   

)15                                (G = Var,u- = Kσ01  

)16                                (R = Var,e- = RV2  

K  W��
�� d�n×n @����') =�$�N) #Kinship 

Coefficients(  {?" L!% �1!2�3 W����$?'- �&�� �- �:$
�� 6�!% $� �$��$@ -E R  W��
�� d�n×n  {��) �0� T �%

�%$�% ��l #?� �0� T ? �/0 ��l �%  .$@7��� �$@�
 W1T

<"$@�$ #$�%�:$ ��� �7 y!
' � #�!8E 2
uσ ��$?� �1!2�3 W�

��$I�$�  ?RV �l�% ������ W����$? <@����:$ ������ .2
uσ 

? 
2
eσ �% <��/2:$ "$ 42��']�$ EM )-xpectationE

Maximization (�� ��?H�%@�'J�� ��?H�% L��25% .  =��$
�)) �BLUE( #�7�$��% βE α  ?v )��jH (�%�j  L��25% ?

�� ��']�!�  ��) =��$)BLUP( �$��% u )��jH  (����m
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yX

QZZ     XZ
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u

u

u

v̂

v̂

α̂

μ̂

1

1

5

4

3

2

1

2
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 E6H �� �-1Q  :�% �:$ �%$�%  

)18                                       (







= −

2
u

2
e1

1
σ

σ
KQ  

W��
��) ��%$� #�717 K?@& �� (10  .�:$ <@J ��$�$  
  

 K?@&10- W��
�� ? �7�$��%) ��%$� #�717W��
�� ? (A0�D "$ A0�D #�76H x�N�7   
Table 10. Vectors and matrices of the equation (17) and their multiplicative matrices 
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1.6

4.4

3.5

6.7

3.9

y

×






















=  
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3   0   2   3

0   2   1   2

2   1   3   3

3   2   3   5

XX

×



















=′  

55

1-

3     1-    1-    0   0

1-   2.5   0.5   0   0

1-   0.5   2.5   0   0
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0     0      0     0   2

KZZ

×






















=+′  

45
 

  

 

 

1   0  1   1

1   0  0  1

1   0  1   1

0   1   1   1

0  1   0   1

X

×






















=  

54
 

  

1   1   1   0  0

0   0  0   1   1

1   0   1   1   0

1   1   1   1   1 

ZX

×



















=′  

14
8.15

9.16

0.19

7.32

yX

×



















=′  

55
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

ZZZ

×






















=′=  

45
 

  

 

 

1   0  1   1

1   0  0  1

1   0  1   1

0   1   1   1

0  1   0   1

XZ

×






















=′  

15
1.6

4.4

3.5

6.7

3.9

yZ

×






















=′  

  

 W��
��X .�:$ �%�j ��jH U�,
 �% V'%�� �% #@�?���') W��
�� EK�\� .�!N�� �% �&'
 �%�� A!1�
 ��" .�'0 :�'J  

55
  

  

  

 

 

1    0.5   0.5    0    0

0.5     1      0    0    0

0.5    0      1     0    0

0      0      0     1    0

0      0      0    0     1

K

×






















=  

289 



�>TX�?�� ? �'�                                                                               <�$" 
 /.QR .��!�[/45� <�?�  I!��� /U': <��,J1398 

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) 

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) 

a1<-t(x)%*%x 

a2<-t(x)%*%z 

a3<-t(z)%*%x 

a4<-t(z)%*%z 

a5<-a4+solve(k) 

a6<-rbind(a1,a3) 

a7<-rbind(a2,a5) 

a8<-cbind(a6,a7) 

a9<-t(x)%*%y 

a10<-t(z)%*%y 

a11<-rbind(a9,a10) 

a12<-ginv(a8)%*%a11 

a12 

       [,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 

��� �% 1
σ

σ
2
u

2
e =







 :�'% @7$') ��" .�'0 �% K�\� AD   
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⎩⎪
⎨
⎪⎧ β7α8v9�v91

       
 
 

⎩⎪
⎨
⎪⎧

u�u1u�u:u� ⎦⎥
⎥⎥
⎥⎥
⎥⎥
⎥⎤

=  

⎣⎢
⎢⎢
⎢⎢
⎢⎢
⎡5 3 2 3 1 1 1 1 13 3 1 2 0 1 1 0 12 1 2 0 1 1 0 0 03 2 0 3 0 0 1 1 11 0 1 0 2 0 0 0 01 1 1 0 0 2 0 0 01 1 0 1 0 0 2.5 0.5 −11 0 0 1 0 0 0.5 2.5 −11 1 0 1 0 0 −1 −1 3 ⎦⎥

⎥⎥
⎥⎥
⎥⎥
⎤?�

⎣⎢
⎢⎢
⎢⎢
⎢⎢
⎡32.71916.915.89.37.65.34.46.1 ⎦⎥

⎥⎥
⎥⎥
⎥⎥
⎤

=

⎣⎢
⎢⎢
⎢⎢
⎢⎢
⎡ 4.470.183.890.580.47−0.470.18−0.180.29 ⎦⎥

⎥⎥
⎥⎥
⎥⎥
⎤

 

  
E#?�9� yY �,: �� β  ? L!]��!� A��J #�$��%��jH 

 "$ �!R) ��![���jH  �:$ (�!�,& ��2)�: ? �]���� �%�j

) L!]��!� #$�% K�\� L�$ �� �-β̂ �$@�� (47/4  <@J ��?H�%
 ���: 6@��C 8 .�'0 �� .�:$��jH �� ��![� �$@�� 6$'


6H�- ��?H�% I!� $� �7.� α  �$��%��jH  �- �:$ �]���� �%�j
 K�\� L�$ ���$@�� ) 6Hα̂(  �% �%$�%18/0  .�:$ <@J ��?H�%

1v̂ ? 2v̂  ��?H�%��jH ��"�,&!�  �7@ 297  K�\� L�$ �� �-
#$�% ?�  �!�,&��" <@J ���:� J���� �!�,& �� �%��

�% =!
�
89/3  ?58/0 ��?H�% <@J$@�. 1û  �
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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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