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ABSTRACT 
 
Understanding the basis of complex quantitative traits of economic importance is a major tactic behind the whole progress in 
plant breeding. Reading variation in phenotypes in the form of changes in DNA sequence and their location in the genome has 
been, traditionally, performed using linkage mapping, where crosses are made to develop a family with known parentage 
followed by identification of genetic markers co-segregating with target traits within this family. During the past decade, 
association mapping, commonly applied in human genetics, has shown greater promise and power of mapping complex 
quantitative traits in plants as compared to traditional linkage mapping. The focus of this review is to provide plant breeding 
community with the basic concept, pros and cons along with a brief description of some pioneer and recent reports to reveal 
the feasibility, achievements and future prospects of association mapping in plant genetics. The review would be useful for 
students and professional scientists working in the field of plant sciences to recognize the applications of this new approach 
and utilize in crop improvement programs both in academia and research. © 2012 Friends Science Publishers 
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INTRODUCTION 
 

The germplasm is often exploited to develop improved 
crop varieties for changing needs and environments (Sajjad 
et al., 2011). The vast amount of genetic variation present in 
the form of germplasm can be exploited to the best once the 
traits of economic importance have been mapped with 
molecular markers (Akbari et al., 2006). Mapping a 
nucleotide sequence underlying a specific trait offers an 
opportunity for plant breeders to apply marker assisted 
(MAS) selection. Most of yield contributing traits are 
controlled by many loci and their molecular characterization 
and genetic mapping is called quantitative trait loci mapping 
(QTL-mapping). The objective of gene mapping is to find 
molecular markers, which are neutrally inherited and closely 
linked due to location within or in close proximity of the 
genes governing the quantitative traits. Two approaches are 
mostly used for genetic mapping: (i) Family-based linkage 
mapping (ii) LD-based Association mapping (Mackay & 
Powell, 2007). Family-based linkage (FBL) mapping is 
classical approach in which LD is created by developing a 
population by crossing few founders. For FBL mapping, the 
first step is to establish mapping populations like F2, double 
haploids, back crosses, recombinant inbred lines and near 
isogenic lines, which are then phenotyped to find out 
segregation of the trait in different environments. In the next 
step, DNA markers showing polymorphism between the 

parents and among segregants are identified. For this, a set 
of markers is screened for polymorphism and the 
polymorphic markers are used to generate genotypic data to 
construct linkage map (relative genetic distance) and order 
(position) of the molecular markers used for genotyping. 
The genetic map is accomplished by the assessment of 
recombination frequencies between the markers. The 
markers located on the linkage map are associated with the 
phenotypic data of trait(s) being studied and significantly 
correlated markers with a phenotypic trait are considered to 
be closely linked with the QTL region affecting the trait 
being mapped. 

In family based linkage analysis, the accuracy of 
mapping a gene relies on the size of mapping population, 
genetic variation covered by the population, and number of 
molecular markers applied. After, QTLs underlying a 
specific trait are exactly tagged with molecular markers 
using FBL mapping approach, the markers can be used to 
transfer the gene of interest from a donor line to the target 
genotype (marker assisted selection). Even though, linkage 
mapping is being used for gene mapping in crop plants, it is 
very costly, has low resolution and evaluates few alleles 
simultaneously in a relatively longer time scale (Flint-
Garcia et al., 2003; Gupta et al., 2005; Stich et al., 2006; 
Ross-Ibarra et al., 2007). Low resolution in FBL mapping is 
due to lower number of meiotic events happened since 
experimental crossing in the near past (Jannink & Walsh, 
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2002). Linkage disequilibrium-based association mapping 
offers an alternative approach to overcome the limitations of 
FBL approach (Ross-Ibarra et al., 2007). 
Association mapping: Current gene mapping efforts are 
shifting from conventional FBL based mapping to LD based 
association mapping (Goldstein & Weale, 2001), which is 
the most effective approach to utilize natural variation in the 
form of ex situ conserved crop genetic resources. In 
association mapping, a natural population is surveyed to 
determine marker-trait associations using LD (Flint-Garcia 
et al., 2003). LD refers to historically increased non-
equilibrium (reduced level of recombinations) of specific 
alleles at various loci. The level of LD extent can be 
measured statistically and has been widely applied in 
humans to map and finally clone genes controlling complex 
genetic traits (Risch & Merikangas, 1996; Weiss & Clark, 
2002; Chapman et al., 2003; Taniguchi et al., 2006). This 
approach was extended to plants in 2001 and a substantially 
increased mapping resolution over F1-derived mapping 
populations was reported (Thornsberry et al., 2001). 

Association mapping offers several advantages over 
conventional FBL mapping. The availability of huge genetic 
variation in the form of germplasm provides broader allele 
coverage and saves time and cost to establish tedious and 
expensive biparental mapping populations, and most 
importantly offers higher resolution due to the exploitation 
of relatively higher number of meiotic events throughout the 
history of germplasm development. Furthermore, AM also 
offers the possibility of using historically measured 
phenotypic data (Kraakman et al., 2004; Kraakman et al., 
2006). 

The general approach of association mapping (AM) 
includes six steps as outlined in Fig. 1. (i) a collection of 
diverse genotypes are selected that may include, land races, 
elite cultivars, wild relatives and exotic accessions, (ii) a 
comprehensive and precise phenotyping is performed over 
the traits such as, yield, stress tolerance or quality related 
traits of the selected genotypes in multiple repeats and 
years/environments, (iii) the genotypes are then scanned 
with suitable molecular markers (AFLP, SSRs, SNPs), (iv) 
population structure and kinships are determined to avoid 
false positives followed by (v) quantification of LD extent 
using different statistics like D, D' or r2. Finally, (vi) 
genotypic and phenotyping data are correlated using 
appropriate statistical software allowing tagging of 
molecular marker positioned in close proximity of gene(s) 
underlying a specific trait. Consequently, the tagged gene 
can be mobilized between different genotypes and/or cloned 
and annotated for a precise biological function. 
Concept of linkage disequilibrium: Coinheritance of two 
or more loci on a chromosome within a genetic region is 
called genetic linkage. In population genetics, linkage 
equilibrium and linkage disequilibrium describe linkage of 
alleles at different loci. Linkage equilibrium is the random 
combinations of alleles at various loci where observed 
haplotype frequencies agree with the predicted haplotype 

frequencies in a population, which is equal to the product of 
individual frequency of genetic markers in each haplotype. 
LD, on the other hand, is a non-random association of 
alleles at various loci and describes non equal haplotypes 
frequency in a population. Mathematically, linkage 
equilibrium can be described as PAB= PA x PB and linkage 
disequilibrium as PAB ≠ PA x PB (Gupta et al., 2005), 
where A and B are alleles at two different loci, PAB is the 
frequency of haplotypes having both alleles at the two loci, 
PA and PB are the frequency of haplotypes having only A 
allele and B allele, respectively. 

Concept of linkage disequilibrium is different from 
that of linkage although strong linkage is the major cause of 
LD between alleles. Significant LD can occur between 
alleles at distant loci or even at different chromosomes, 
generated by different genetic factors other than linkage 
(Huttley et al., 1999; Stich et al., 2006). In literature, LD is 
also described as “gametic disequilibrium” (GD) or 
“gametic phase disequilibrium (GPD), describing the same 
non-rondom association of alleles in a population of 
unrelated individuals, assuming Hardy-Weinberg law 
(Jannink & Walsh, 2002). 

Linkage disequilibrium was first defined by Jennings 
in 1917 and quantified in 1964 by Lewtonin 
(Abdurakhmonov & Abdukarimov, 2008). The generally 
used LD measures include D, D', r2, D2, D*, F and δ 
(Hedrick, 1987; Devlin & Risch, 1995; Jorde, 1995; Gupta 
et al., 2005). The details of their formulae have been 
reviewed by Flint-Garcia et al. (2003), Gupta et al. (2005) 
and Oraguzie et al. (2007). Selection of suitable LD 
measure depends on the objective, situation and case of 
study, however, D' and r2 are mostly used LD measures 
(Gupta et al., 2005; Oraguzie et al., 2007). The statistics D' 
and r2 perform differently under different conditions, 
reflecting various aspect of LD (Flint-Garcia, 2003). This 
can be seen in Fig. 2, where two alleles are correlated 
resulting into absolute LD. 

In this case two linked mutations occur, 
simultaneously, without any recombination. In this instance, 
mutation and recombination history is the same and D' and 
r2 have same value of 1 (Fig. 2a). When the recombination 
and mutation histories of the haplotypes are different, then, 
D' and r2 perform differently, (Fig. 2b). In case where alleles 
are in linkage equilibrium and the recombination history is 
different for haplotypes but mutation history is the same, 
both D' and r2 will be zero (Fig. 2c). 
Factors affecting LD: Several demographic and genetic 
factors play their role to shape the haplotypic LD blocks in 
genome (Gupta et al., 2005; Stich et al., 2005, 2006, 2007; 
Oraguzie et al., 2007) out of which mutation and 
recombination are the key factors affecting LD significantly. 
Increased LD is the result of new mutations, population 
structure, autogamy, genetic isolation, admixture, genetic 
drift, small founder population size, epistasis, genomic 
rearrangement, selection and kinship, whereas higher rates 
of  recombination and mutation, recurrent mutations, gene 
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conversion and outcrossing significantly decrease LD 
(Gupta et al., 2005; Oraguzie et al., 2007). 

Successful association mapping depends on LD 
because of genetic linkage. Nevertheless, significant LD is 
oftenly observed between distant loci located even on 
different chromosomes causing spurious associations in AM 
studies. The long stretched or genetically unlinked LD is the 
result of LD causing factors other than genetic linkage 
(Stich et al., 2005 & 2006). The factors that cause LD 
between unlinked loci through “hitchhiking” effect include 
population structure, population admixture, selection, 
epistatic or co-selection of co-adapted genes (Cannon, 1963) 
during breeding for multiple traits (Wang et al., 2002; 
Oraguzie et al., 2007). Theoretically, kinship creates LD 
between genetically linked loci but it can also create LD 
between genetically unlinked loci when predominant 
parents are included in the population. In maize, kinship 
equally generated LD between genetically linked and 
unlinked loci (Stich et al., 2005). The factors including 
genetic drift and bottlenecks also generate LD (Stich et al., 
2005; Stich et al., 2007) resulting non-uniform distribution 
of LD in genome (Huttley et al., 1999). 

Knowing the factors affecting LD, an obvious 
question is whether increased or decreased level of LD 
favors AM? The extensive level of LD (long stretched LD) 
reduces the number of markers required for marker-trait 
association but lowers the mapping resolution (coarse 
mapping). Conversely, less extensive LD (short stretched 
LD) needs relatively more number of markers to mine a 
gene but increase mapping resolution. Selection of a 
population with LD level higher or lower depends on the 
objective of mapping study. 

The “ascertainment biasness” is another reason that 
affects the LD. Some of these factors are discussed in detail 
by Gupta et al. (2005). Minor alleles (present in less than 
10% individuals) largely inflate LD values (Caldwell et al., 
2006). Hence, in LD quantification and AM, markers with 
minor allele frequency are (i) replaced with missing values 
(Barnaud et al., 2006; Breseghello & Sorrels, 2006) (ii) 
pooled into common allele class (Hamblin et al., 2004) or 
(iii) removed before analysis (Hamblin et al., 2004; 
Kraakman et al., 2004; Caldwell et al., 2006; Kraakman et 
al., 2006). 
Quantification of LD in plants: Quantification of LD have 
been an important research objective in model plant 
Arabidopsis and other major crop plants including barley, 
rice, durum wheat, maize, spring wheat, sorghum, soybean 
and sugarcane. Nordborg et al. (2002) quantified LD around 
the flowering time gene in a set of 20 Arabidopsis 
genotypes and found LD decay within a distance of 1cM 
(250 kb). Later on, Nordborg et al. (2005) genotyped a 
global collection of 96 Arabidopsis genotypes in which LD 
extended up to 50-250 kb. In Michigan genotypes, LD 
ranged from 50 cM to 100 cM. This long stretched LD was 
explained as founder effect or genetic bottle neck. In 
contrast, Tian et al. (2002) targeted the region of rps5 gene 

and reported low LD extent up to only 10 kb. Likewise, 
Shepard and Purugganan (2003) found that LD decayed 
within 10-50 kb distance in the CLAVATA2 segment of 
Arabidopsis. Ehrenreich et al. (2007) extensively sequenced 
600 bp segments of MAX2 and MAX3 regions in a panel of 
96 Arabidopsis genotypes collected from countries of 
Central Europe and reported LD decay within ~10kb. 
Plagnol et al. (2006) conducted a whole-genome scan of 
1347 fragments of 600 bp and determined the complete 
disappearance of LD after ~ 100 kb. 

A rapid LD decay was reported in maize, a highly 
cross pollinated species. The first LD extent in maize was 
determined by Tenaillon et al. (2001). They genotyped 21 
loci over the 25 exotic and United States genotypes and 
found LD decay within 400 bp with r2= 0.2. The extent of 
LD was 1kb in US genotypes. Later, Remington et al. 
(2001) surveyed 6 genes in a panel of 102 tropical and sub-
tropical inbred lines and reported very rapid LD decay 
within 200-2000 bp (r2=0.1) with the exception su1 gene 
where LD was significant (r2= 0.3-0.4) for a length of 10 kb. 
The significant LD in su1 loci was explained by string 
selection in su1 gene. The same set of genotypes was 
genotyped with 47 SSRs (Remington et al., 2001) and 
higher extent of LD was found than those found with SNP 
data. The difference of LD extent was because of dissimilar 
mutation rate of the two marker types. Long stretches of LD 
were measured by Thornsberry et al. (2001) in and around 
Dwarf 8 gene. They found long stretches of LD (up to 3 kb) 
were interspersed with regions of relatively low LD. Jung et 
al. (2004) surveyed adh1 locus and reported LD extent 
within 500 kb. A set of 147 Europian and US inbred lines 
was examined with 100 SSRs by Stich et al. (2005). They 
reported significant LD blocks of 41 cM in dent group and 
26 cM for flint group. The LD distribution among all 
chromosomes was non-uniform. Stich et al. (2006) reported 
relatively much smaller average LD level (4 cM) for AFLP 
but higher LD extent (30-31 cM) with SSRs in a panel of 72 
European inbred lines consisting of both flint and dent 
types. This result emphasizes the use of both AFLP and 
SSR marker systems in association mapping with better 
results from SSRs because of better LD detection. 

Whole-genome LD has also been measured in various 
crop species extending up to 10-50 cM in soybean (Zhu et 
al., 2003; Jun et al., 2007), 10 cM in sugarcane (Flint-
Garcia et al., 2003), 3cM in sugerbeat (Kraft et al., 2000), 5-
10 cM in grape (Barnaud et al., 2006), 50 cM in sorghum 
(Hamblin et al., 2004), 16-34kb in poplar (Yin et al., 2004), 
200 bp in silage maize (Guillet-Claude et al., 2004) and 0.5 
kb - 2 kb in rye grass (Skøt et al., 2005; Ponting et al., 2007; 
Xing et al., 2007). The LD extent in cotton was studied by 
Abdurakhomonov et al. (2007) who surveyed 200 SSRs in 
germplasm of 335 genotypes and reported whole-genome 
extended up to 25 cM with r2>0.1. 

In self-pollinated plants, higher levels of LD 
were observed relative to outcrossing crop species (Gupta 

et al., 2005; Abdurakhmonov & Abdurkarimov, 2008). 
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In durum wheat (Triticum turgidum) Maccaferri et al. 
(2005) examined LD in 134 genotypes that extended up to 
10-20cM with D’= 0.67 and 0.43, respectively. 

In rice (Oryza sativa L.), Garris et al. (2003) 
determined LD within 100kb with r2=0.1 around locus Xa5 
using 21 SSRs in a set of 114 lines. A global assembly of 
rice (O. sativa L.) studied with 176 SSRs showed long range 
LD decay within ~50cM (D’= 0.5) in the US and global 
pool (Agrama & Eizenga, 2008). In overall global 
collections of land races and wild relatives, LD persisted up 
to 225 cM with significant D’> 0.5. Conversely, some 
studies described relatively smaller extent of LD in 
genetically broad based germplasm and high level of LD in 
narrow based germplasm (Remington et al., 2001; Stich et 
al., 2006). The LD decay in different rice species varied 
significantly. The LD decay in O. rufipogan was at 5 kb and 
in O. sativa it was at 50 kb (Rakshit et al., 2007). Mather et 
al. (2007) reported greatest LD in temperate japonica rice (> 
500 kb) followed by tropical japonica rice (175 kb) and 
lowest in indica type (75 kb) using SNPs. Recently, Yan et 
al. (2009) assayed 90 accessions developed from USDA  
and evaluated genome wide LD through pairwise 
comparisons of 109 loci. Out of 4,046 estimates by r2, 312 
(7%) were significant (r2>0.2). 

The LD extent in barley ranged from 10 cM to 50 cM 
depending on marker system and the genotypes (Kraakman 
et al., 2004; Malysheva-Otto, 2006). Caldwell et al. (2006) 
determined LD around hardness locus in three populations 
of barley and observed LD extent up to 212 kb in elite 
inbred lines and 98 kb in land races. Morrell et al. (2005) 
reported a rapid decline of LD within 300 bp around 18 
nuclear genes in 25 diverse wild accessions. 

In hexaploid wheat (Triticum aestivum L.), 
Berseghello and Sorrels (2006) surveyed a panel of 95 
winter wheat accessions with 36 SSR markers. They 

observed strong LD within < 5 cM and ~ 1 cM for 
centromeric region of chromosome 5A and chromosome 
2D, respectively. Tommasini et al. (2007) surveyed 91 
SSRs and STS markers in 44 varieties and 240 RILs. They 
observed LD on chromosome 3B stretched up to 0.5 cM in 
44 cultivars and 30 cM in 240 RILs. This study favors the 
usefulness of germplasm over bi-parental populations in 
association mapping. Crossa et al. (2007) analyzed LD in a 
panel of 170 wheat lines derived from five CIMMYT elite 
spring wheat yield trials (ESWYTs) using 813 DArT 
markers and 831 other markers including SSRs, AFLPs and 
RFLs. Across all chromosomes a total of 43 LD blocks were 
observed with an average length of 9.93 cM. The longest 
LD blocks were observed on chromosomes 1B and 4B with 
approximate length of 64.96 and 87.41 cM, respectively. 
Conversely, very low LD extent of 2.3 cM was observed on 
chromosome 2A in a set of 137 Chinese wheat germplasm 
accessions assayed with 37 SSRs covering 2A with 3.75 
average marker intervals (Yao et al., 2009). The highest 
extend of LD, as determined by 394 SNPs in population of 
478 wheat genotypes was found in D-genome (20.8-27.1 
cM), followed by smaller LD in B-genome (20.4-21.5) and 
A-genome (16.7-19.8 cM) (Chao et al., 2010). These reports 
revealed that LD structure varies with populations and type 
of marker. 
Implication of LD quantification for AM: The important 
implications from the above reports on LD quantification in 
plants are: (i) LD declines quickly in outcrossing species 
facilitating fine mapping of a trait of interest. Furthermore, 
LD declines rapidly in a group of unrelated individuals 
(germplasm) even in self-pollinated plant species as 
compared to mapping populations resulting from bi-parental 
crosses, that offers benefit of discovery of new alleles 
(Tommasisni et al., 2007); (ii) the LD extent varies across 
genomic regions and populations (iii) LD extent varying 

Table I: Some successful reports of Association mapping in plants 
 
Species Mapped traits References 
Self-Pollinated   
Arabidopsis Growth response, flowering time, branching architecture and pathogen 

resistance 
Caicedo et al. (2004); Oslen  et al. (2004); Ehrenreich et 

al. (2007); Zhao et al. (2007) 
Rice  
 

Plant height, flag leaf length and width, tiller number, stem diameter, 
stigma characteristics, flowering date, panicle length, grain length and 

width, grain thickness, 1000-grain weight. 

Zhang et al. (2005); Agrama et al. (2007); Yan et al. 
(2009) 

Barley Plant height, heading date, flowering date, rachila length, yield stability, 
yield, mildew and leaf rust resistance. 

Igartua et al. (1999); Ivandic et al. (2003); Kraakman et 
al. (2004); Kraakman et al. (2006) 

Wheat Plant height, milling quality, High molecular weight glutenin, 1000-kernal 
weight, protein contents, drought tolerance, sedimentation value, test 

weight, starch concentration, insect and disease resistance. 

Breseghello and Sorrells (2006); Ravel et al. (2005); Roy 
et al. (2006); Crossa et al. (2007); Peng et al. (2009); 
Reif et al.  (2011); Adhikari et al. (2011); Zhang et al. 

(2011). 
Potato Resistance to wilt disease, phytophthora, bacterial blight, tuber shape, 

flesh color, under water weight and maturity etc. 
Gebhardt et al. (2004); Simko et al. (2004); Malosetti et 

al. (2007); D’hoop et al. (2008) 
Soybean Seed protein contents Jun et al. (2007) 
Cross pollinated   
Maize Plant height, endosperm color, starch production, flowering time, maysin 

and chlorogenic accumulation forage quality, cell wall digestibility and 
oleic acid concentration. 

Remington et al. (2001); Thornsberry et al. (2001); 
Guillet-Glaude et al. (2004); Wilson et al. (2004); 

Anderson et al. (2007) 
Forage grasses 
 

Cold tolerance, forage quality, flowering time and carbohydrate contents Dobrowolski and Forster (2007); Skøt et al. (2007) 

Forest trees Early-wood micro fibril angle, wood growth rate, and wood density. Thumma et al. (2005); Wicox et al. (2007) 
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with marker systems capturing different historic changes in 
a genome because of varying mutation rates (iv) an average 
estimate of whole-genome LD extent in gene pool may not 
represent LD extent of specific genomic region or specific 
population. Therefore, the specific genomic regions or 
populations should be additionally explored for marker-trait 
associations in that specific genomic region or population 
group (v) LD extent in narrow-based germplasm is longer 
than LD extent in broad-based germplasm. This implies that 
for higher resolution the mapping population should be 
composed of unrelated diverse genotypes (Remington et al., 
2001; Stich et al., 2006). This LD structure in narrow and 
broad-based germplasm also provides a strategy for coarse 
mapping in narrow-based germplasm with less number of 
markers and then fine mapping employing higher number of 
markers in germplasm with broader genetic base; and (vi) 
biological behavior and confounding population behavior 
seriously effect the patterns of LD in plant germplasm and 
hence must be taken into account for valid association 
studies. 
Power of association mapping: In a set of unrelated 
individuals, mapping power using association mapping 
approach is the probability of detecting the true marker-trait 
associations that depends on (i) the evolution and extent of 
LD in the genomic region harboring the loci for trait(s) being 
mapped and mapping population; (ii) the type of gene action 
of the trait; (iii) size and composition of population; (iv) field 
design and accuracy of phenotyping, genotyping and data 

analysis. The power of AM can be increased by better data 
recording and analysis and increasing population size. In AM 
there are specific statistical methods to determine the false-
positives (Type 1 error) such as permutation (Churchill & 
Doerge, 1994) or false recovery rates (Benjamini & 
Hochberg, 1995). For AM study in the presence of 
population structure Pritchard et al. (2000) established a 
useful technique for structured association (SA). Structured 
association (SA) uses Bayesian approach (Marttinen & 
Corander, 2010) to search sub-populations using Q matrix to 
avoid false positives. Population structure (Q-matrix) and 
kinship coefficient (K-matrix) can be estimated in 
subpopulations using the program STRUCTURE (Pritchard 
& Wen, 2004). Recently, Yu et al. (2006) established 
another approach called a mixed linear model (MLM) to 
bloc structure information (Q-matrix) and kinship 
information (K-matrix) in AM analysis. Later on, the Q+K 
MLM model performed better even in highly structured 

Fig. 1: A simplified flowchart showing different stages 
of association mapping for tagging a gene of interest 
using germplasm accessions 
 

 

Fig. 2: Hypothetical description of linkage 
disequilibrium (LD) between linked loci caused by 
different mutations and recombinations showing the 
behavior of the D' and r2 statistics. The left column 
represents the allelic states of two genes. The middle 
column shows the 2x2 square table of haplotypes and 
the resulting D' and r2 statistics. The right column 
depicts a putative tree responsible for the observed LD. 
(A) Absolute LD prevails when two loci have a similar 
mutational history without recombination. Both D' and 
r2 equals 1. (B) LD can exist when mutations occur on 
different lineages with no recombination between two 
loci. Notice the difference in LD measures as calculated 
by D' and r2. (C) LD is produced when there is 
recombination between loci, regardless of mutational 
history. In this situation, both D' and r2 equal 0 
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population of Arabidopsis as compared to any other model 
that used Q- or K-matrix alone (Zhao et al., 2007). 

Some mixed model approaches also combine QTL 
and LD, where, QTLs or already known genes are used as a 
priori information in association mapping (Thumma et al., 
2005). This is the effective approach in AM that reduces the 
number of markers and populations size. This approach also 
increases the precision and power of marker-trait 
associations (Ball, 2005). 
Selected reports on AM in plants: First reports of AM in 
plants emerged in 1996 in rice and 19997 in oat by Virk et 
al. (1996) and Beer et al. (1997) respectively. Virk et al. 
(1996) linked six traits with RAPD markers whereas Beer et 
al. (1997) applied RFLPs to map 13 quantitative traits 
without taking population structure into account that resulted 
in more spurious associations. However, the first report of 
AM in plants accounting for population structure was 
published on maize in 2001 (Thornsberry et al., 2001). Later 
on, AM was extended to barley, Arabidopsis, potato, rice, 
wheat and sea beet considering population structure and 
extent of LD level. In barley traits of agronomic importance 
including grain yield, yield stability, flowering time, heading 
time, plant stature, and resistance to diseases were associated 
with various kinds of molecular markers (Igaruta et al., 1999; 
Ivandic et al., 2003; Kraakman et al., 2004; Kraakman et al., 
2006). I n hexaploid wheat first study on AM was reported 
by Breseghello and Sorrels (2006) tagging SSRs with kernel 
size and milling quality. To date AM also has been extended 
to long life-span forest plants (Wilcox et al., 2007). There are 
also successful reports on AM for different agronomic and 
physiological traits in Arabidopsis, rice, soyabean, maize and 
forage crops that are summarized in Table I. 
 
CONCLUSION 
 

Association mapping after its successful application in 
human genetics has found its way in plant genetics to help 
decipher complex quantitative traits. Addition of LD-based 
powerful association mapping tools has demonstrated a 
remarkable flourish in the field of crop genomics. With the 
recent methodological developments to minimize spurious 
associations in structured populations, applications of AM 
has been extended from model plant Arabidopsis to field 
crops such as rice, wheat, maize, barley, sugarcane and 
forage grasses. The increasing number of AM studies in 
crop species indicates the potential of this approach in all 
plant species in near future. Furthermore, advancements to 
develop more cost-effective sequencing technologies for 
efficient genome sequencing of crop plants will certainly 
accelerate progress in genome-wide association studies 
(Anonymous, 2007) discovering rare and common alleles 
(Estivill & Armengol, 2007) and epigenomic information 
about the trait of interest. This will increase the power of 
LD-based association mapping for discovering true 
associations to facilitate its effective utilization in crop 
breeding programs. 
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