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Abstract
Cotton, an important fibre producing crop, enjoys a paramount position among all cash crops. 
But currently cotton plant is facing genetic erosion due to genetic bottleneck, whereas little effort 
is carried out in improving cotton genome. Recently many techniques are employed to improve 
yield to withstand abiotic as well as biotic stresses. Present study was carried out to find loci 
related to yield traits in cotton genome through association mapping technique. 45 varieties were 
selected from all over Pakistan and evaluated phenotypically for yield related traits. Correlation 
between phenotypic traits was calculated. Results of correlation showed that plants having 
greater number of bolls per plant, number of monopodial and sympodial branches, seed index, 
boll weight would help breeders to gain more yield. Population structure of all varieties was 
determined using SSR markers. STRUCTURE software was employed to obtain correct number 
of sub-populations in graphical form. STRUCTURE analysis divided population, first into 3 
main groups and then into 8 groups. Each group showed admixture. General linear modal (GLM) 
was applied for association mapping. In this approach Q-matrix was used to compensate false 
positives. QTLs above LOD 2.5 were selected. Five markers gave suitable LOD score. Primer 
BNL4096 gave highest LOD score of 3.18 for character, yield per plant while primer NAU1070 
showed 2.95 LOD score for fibre strength. We found some unique associations of loci with the 
yield traits of cotton. These associations can further be utilized in increasing the performance of 
cotton varieties. 
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Introduction
Cotton is currently grown in around 80 countries of the world, 
covering area about 32-34 million hectares (2011-2012, 2012-
2013). 103.17 million bales of cotton were produced worldwide 
in 2016 (United States Department of Agriculture 2016). Cotton 
production is of great importance in Pakistan as it holds 1.0% 
share in GDP value of Pakistan and bestow 5.1% in whole 
agriculture value addition. While this year there had been a bad 
luck towards cotton yield, as it was 27.8% less than the last 
year production, because of various reasons (Pakistan Bureau 
of Statistics). It is now crucial to introduce new cotton cultivars 
that produce enough fibre to meet growing need. Cotton research 
needs a new and flexile boost to develop high yielding and 
better-quality cultivars that are more adaptable to the changing 
environment [1]. Moving from genetic engineering, we came 
upon a new technique of improving crop plants through 
marker selection. Markers are special landmarks that show 
behaviour similar to other landmarks of genome, concerned 
with expression or phenotype [2]. There are various numbers 
of markers used for various reasons, like they can differentiate 
among dominant and co-dominant loci, homozygosity and 

heterozygosity of particular traits that are under study [3]. Thus 
we can use markers to identify differences among individuals 
at the same point by just applying them as they are sensitive 
to even the slightest change in the genomic sequence also 
used to find out allele number, gene locations, polymorphism 
and genetic linkages [4]. Simple sequence repeats (SSR) or 
microsatellites are more widely used today, these are repetitions 
in genome ranging from 2 to 5 nucleotides, tandem repeated 
5-50 times. Repeats present in the coding regions can give rise 
to different alleles resulting in change in number of repeats. 
Advantages of using SSR markers include co-dominance, 
highly polymorphic among closely related species and present 
randomly throughout the genome having specific locus. Recent 
studies showed that these markers are quite reliable for linkage 
studies [5]. Development of markers from expressed cDNA has 
proved advantageous as compared to other repeats. EST-SSRs 
amplifying expressed portion of DNA can be used to find marker 
trait association more easily [6]. Quantitative traits are those 
characters that do not show a separate phenotype as compared 
to the qualitative traits, also the quantitative traits are measured 
in numbers. The regions expressing these traits are quantitative 
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The study of Quantitative traits is a little difficult, as a proper 
phenotype is not only the result of the underlying genotype 
of the individuals, but it also has effect of the surrounding 
environment under which the individual is grown. To access the 
exact genotype of the particular plant, it should be grown under 
controlled environmental conditions [8]. Process of finding order 
of nucleotides in genome through which sequence and pattern 
of genes can be identified is called genetic mapping. Mapping 
is carried out to trace QTLs that cause differences in phenotype. 
Two methods, linkage mapping and association mapping are 
very different yet very similar at their roots, because they make 
use of recombination taking place within genes that ultimately 
make up a specific phenotype [9]. 

Association mapping (AM) is a technique based on linkage 
disequilibrium (LD) analysis, a tool to map those markers that 
is linked with the traits under study [10]. LD is the correlation 
between alleles in a mapping population, while linkage is the 
coinheritance of the loci present near each other. In AM we study 
the correlation between our selected markers for our trait of 
interest [11]. This correlation is based on linkage disequilibrium 
that points out the polymorphisms in the population. Diversity or 
degree of polymorphism in a population and over all AM study 
depends upon the strength of LD in the mapping population. The 
greater the LD the greater the marker and traits are associated 
[12]. For association analysis LD is measured in natural 
germplasm, diverse varieties of different origins [13]. Genome 
wide association mapping involves evaluating the whole genome 
to test for variations relating to the markers [9]. It requires 
diverse germplasm and it gives high resolution than linkage 
mapping because of many recombination’s taking place at many 
loci at a time [14]. Researchers nowadays are focusing on using 
association mapping for identifications of QTLs in many plants. 
First AM analysis was performed on modal plant Arabidopsis 
thaliana, but now it is executed over various crops like cotton, 
wheat, rice, maize, potato, barley etc. AM on Arabidopsis was 
done to find QTLs responsible for its adaptation [15]. In a study 
95 diverse species of Arabidopsis was used against 104 markers 
to identify QTLs related to flowering time [16]. In a study Wheat 
was used to find out QTLs responsible for its kernel size and 
milling quality. They used 95 varieties tested for 95 markers to 
test for QTLs. In another study potato was used to study QTLs 
responsible for resistance to late blight. They used 123 cultivars 
and tested them against 49 markers [17]. Association mapping 
was used to study QTLs responsible for yield components in 
alfalfa cultivars [18]. Results indicated 15 powerful associations 
for yield, while a study for sugar beet was carried out on QTLs 
using GWAS (genome wide association Study) for agronomic 
trait [19]. Association mapping is a powerful tool for linkage 
study of QTLs. Our study involves estimation of genotypic 
diversity among 45 cotton varieties using SSR markers. Analyse 
association with SSR markers for yield data onto association 
mapping. The results of this study will help find varieties having 
QTL’s responsible for higher yield in cotton based on their 
genotypic framework.

Materials and Methods
In this study 50 seeds from each of these 45 selected varieties 

was sown in the agricultural plots of Agriculture Department 
of BZU. Crop was sown by following Randomized Complete 
Block Design. Plot size of each variety was kept as 5 lines × 15 

Trait phenotyping

For phenotyping, 3 of 5 rows were selected and named as R1, 
R2, R3 (R - replicate) respectively. 3 guarded plants from each 
row were selected and their phenotypic data was collected. 
The mean value was calculated further. Yield components 
evaluated phenotypically include Plant height (PH/cm), 1st 
Monopodial Node (MN), Number of Monopodial Branches 
(MB), Number of Sympodial Branches (SB), Number of Bolls 
(BP), Seed Index (SI, g\100 seeds), Boll Weight (BW/g), Yield 
per Plant (YP, weight of bolls in g), Ginning Out Turn (G.O.T), 
Chlorophyll Content (C), Locks per Boll (LB), Seeds per Boll 
(SB), Uniformity index of lint (UI), Micronaire (M), Strength of 
the cotton fibre (S) and staple length (SL).

Genotyping

Young leaves from each accession were collected for DNA 
extraction. Extraction was done as described by [20]. Quantity 
and quality of extracted DNA was checked on a 0.8% agarose 
gel before diluting for polymerase chain reaction (PCR) 
amplification. 41 SSR markers (DPL, JESPR, NAU and BNL) 
[21,22] of cotton was selected from Cotton Marker Database 
and were commercially synthesized by Oligo Humanizing 
Genomics. PCR amplification was performed, and PCR products 
were separated using 10% non-denaturing polyacrylamide gel 
electrophoresis. DNA fragments were visualized by staining 
with silver following procedures described by [20,23].

Statistical analysis

Analysis of Variance (ANOVA) and Correlation analysis of the 
phenotypic data was done by the Minitab (Table 1). Structure 
was performed for the evaluation of population structure and 
kinship analysis. For Structure scoring, presence of band was 
marked as ‘1’ absence with ‘2’ and missing data was marked 
‘99’. 41 SSR markers were used to generate population 
Structure of the 45 accessions [24], Structure 2.3.1 software was 
used [25]. Main objective to determine population structure is to 
avoid false positives during association analysis. Burin length of 
10,000 and MCMC run length of 30,000 was used to determine 
the value of K from a range of 1 to 10. The exact value of the 
K was determined by running the results on online software 
the ‘Structure harvester ‘based on estimated log arrhythmic 
likelihood of natural log of probability data LnP(D). In graph, 
each value of K shows the estimated K subgroup for mapping 
population. Structure gives us Q matrix that is further used for 
TESSEL to carry out GLM to find Marker Trait association. 
TASSEL 3.0.146 (Trait Analysis by association, Evolution and 
Linkage) was used to find marker [26]. General Linear Model 
(GLM) was applied by using Q matrix derived from Structure. 
Markers that gave significant (LOD=2.5) or highly significant 
associations (LOD=4) value in general linear model (GLM) was 
declared as significant associations.

Results
Results include association analysis of 45 cotton genotypes 
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against 41 SSRs markers for cotton. Trait correlation was 
measured using Minitab 17. Significant positive correlation 
0.50 between yield per plant and bolls per plant. This explains 
that these traits are directly correlated to each other. The lowest 
negative correlation -0.34 observed was between plant height 
and monopodials per plant. STRUCTURE 2.3.1software was 
used to deduce population structure of 45 accessions using 41 
SSR markers. Structure software and online software Structure 
harvester was used to determine graphical representation of sub 
populations.

All 45 varieties of cotton were divided into subgroups. Subgroups 
were determined by the value of LnP(D) “natural log of 
probability data” using an online software “Structure harvester. 
Population structure analysis of diverse cotton accessions based 
on SSR markers is demonstrated through line graph shown in 
Figure 1. X-axis shows ∆K value, Y-axis shows number of sub-
populations. Figure 1 showed two peaks at K=3 and K=8, so we 
chose both values of ideal grouping of mapping population. Bar 
plots given below were then taken from STRUCTURE software 
program by running again at respective peaks.

These bar plots were then divided into subpopulations designated 
as ‘G’. In K3 as given in Figure 2 showed 3 subgroups each 
designated as G1, G2 and G3 respectively. G1 subgroup contains 
17 varieties. Among them, 13 varieties (CIM-602, CIM-599, 
CIM-473, CIM-707, CIM-600, CIM-496, N-111, AGC-335, 
AGC-333, CIM-482, AGC-33, AGC-334 and CIM-446) have 
their origin from Multan, 3 varieties (FH-142, NIBGE-2 and 
IR-3701) belong to Faisalabad and 1 variety (CEMB-33) 
originated from Lahore. G2 subgroup includes 17 varieties. 
Among them, 10 varieties (SOO-8, CIM-448, CRSM-38, BZU-
75, MNH-886, CIM-598, CIM-622, CIM-506, N-121 and 
AGC-336) originated from Multan, while 2 varieties (BH-160 
and IUB-222) were introduced from Bahawalpur, 1 (CRIS-134) 
from Sindh, 2 (AA-803, AGS) from Lahore and 2 (FH-14 and 
NIBGE-3) from Faisalabad. All these varieties were admixed. 
There were no pure lines. G3 subgroup contained the remaining 
11 varieties, among them 7 (CIM-534, CYTO-178, CYTO-177, 
CIM-616, AGC-337, CIM-573 and CIM-132) originated from 
Multan, 2 (FH-901 and FH-113) from Faisalabad and 2 (AA-

802 and AA-703) from Lahore. In line graph second peak was 
observed at K8. Bar plot divided groups into 8 subgroups as 
showed in Figure 3, designates as G1-G8. G1 group contained 6 
varieties, 5 of them (AGC-335, AGC-334, AGC-333, CIM496 
and AGC-337) originated from Multan and the remaining 
one (IR-3701) was from Faisalabad. G2 include 6 varieties. 
Among them 3 varieties (CIM-616, AGC-33 and CIM-622) 
were from Multan and 2 varieties (AA-703 and AA-802) were 
from Lahore and 1 variety (FH-901) was from Faisalabad. G3 
group included 5 varieties (CYTO-177, CYTO-178, CIM-534, 
CIM-446 and CIM-573) originated from Multan. G4 group 
included 7 varieties, having diverse origin. 3 varieties (CIM-
506, N-121 and MNH-886) were from Multan, 2 (FH-14, FH-
113) from Faisalabad, 1 (AGS) from Lahore and 1 (IUB-222) 
from Bahawalpur. Sub group G5 includes 6 varieties, only 1 
(NIBGE-3) was from Faisalabad while the remaining 5 (SOO-
8, BZU-75, CRSM-38, CIM-448 and AGC-336) were from 
Multan division. G6 contain 8 varieties, 7 (CIM-602, CIM-559, 
N-111, CIM-707, CIM-600, CIM-598 and CIM-132) originated 
from Multan, while the remaining 1 (CEMB-33) was from 
Lahore. G7 contained 4 varieties of which 2 (CIM-473, CIM-
482) originated from the Multan and the other 2 (NIBGE-2, FH-
142) from Faisalabad. The last group G8 contained 3 varieties, 
1 (AA-803) from Lahore, 1 (BH-160) from Bahawalpur and 1 
(CHRIS-134) from Sindh. All the varieties groups as K3 and K8 
were admixed.

Association analysis was performed with 16 yield traits 
of cotton using 41 SSR primers. We applied GLM to find 
association using SSR markers. Q matrix was taken from the 
population structure analysis to carry out GLM. Number of 
markers strongly associated with yield components was lower in 
mapping cotton accessions. P value of the markers gave the idea 
of associating marker with trait. R2 (phenotypic variance) gave 
the idea of the degree of QTL effect. Only QTLs having value of 
LOD above 2.5 were selected for GLM. A little association was 
observed as only the following traits showed significant LOD 
value. Markers BNL4096 on chromosomes 19 showed required 
association with the character yield per plant. The phenotypic 
variance was 0.17. The observed P value of primer BNL4096 is 
6.67 × 10-4 for the respective value of LOD 3.18 for the primer 

PH MN MP SP C BP SI LB BW SB GOT YP UI M S
MN 0.29
MP -0.34 0.07
SP 0.31 0.06 0.09
C 0.33 0.20 0.28 -0.01

BP 0.14 -0.01 0.23 0.44 0.18
SI -0.01 0.01 0.37 0.03 0.17 0.09
LB 0.23 -0.03 -0.17 0.11 0.35 0.11 -0.02
BW -0.22 -0.18 0.26 -0.01 -0.24 -0.11 0.15 -0.10
SB 0.23 0.06 -0.04 0.02 0.48 0.25 0.25 0.41 0.11

GOT 0.28 0.03 -0.08 -0.22 0.28 -0.18 -0.13 0.18 0.14 0.01
YP -0.19 -0.14 0.20 0.29 0.04 0.50 0.26 0.06 0.32 0.15 -0.22
UI 0.02 -0.16 0.03 0.30 -0.05 -0.18 0.30 0.80 0.35 0.02 -0.04 0.05
M -0.08 -0.27 -0.13 -0.22 0.00 0.24 -0.04 -0.02 -0.08 -0.11 0.07 -0.13 -0.14
S -0.11 0.10 0.16 -0.24 -0.06 -0.13 0.03 0.16 0.30 -0.01 0.01 -0.08 0.02 -0.08

SL 0.23 0.00 0.15 -0.09 0.11 0.15 0.21 -0.24 0.09 0.00 0.07 -0.08 0.13 -0.06 0.12

Table 1. Correlation analysis of phenotypic traits Plant Height (PH, cm), 1st Monopodial Node (MN), Number of Monopodial Branches (MB), 
Number of Sympodial Branches (SB), Number of Bolls (BP), Seed Index (SI, g/100 seeds), Boll Weight (BW, g), Yield per Plant (YP, weight of bolls 
in g), Ginning Out Turn (G.O.T), Chlorophyll Content (C), Locks per Boll (LB), Seeds per Boll (SB), Uniformity index of lint (UI), Micronaire (M), 
Strength of the cotton fiber (S) and Staple length (SL).
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Figure 1. Line graph, population is divided into two possible groups shown by peaks. X-axis shows ∆K value, Y-axis shows number of sub-
populations.

 
Figure 2. Bar plot for K3. Graphical bar plot at k=3 presenting two subgroup (G1, G2 and G3). X-axis shows accessions numbers and Y-axis 
shows sub groups.

 
Figure 3. Bar plots for K8. graphical bar plot at k=8 presenting eight subgroups (G1, G2, G3, G4, G5, G6, G7 and G8).

 
Figure 4. p-value graph for yield per plant for the primer BNL4096.

 

Figure 5. p-value for strength of cotton fiber for primer NAU1070.

L.). J Genet Mol Biol. 2019;3(1):15-22.

18



Hussain/Hussain/Sarwar/et al.

J Genet Mol Biol 2019 Volume 3 Issue 1

BNL4096 as showed in Figure 4. Marker named NAU1070 
at chromosomes 3 showed significant LOD value of 2.94 the 
phenotypic variance 0.64. The p value of strength of the cotton 
fibre was 1.1 × 10-3 for the respective value of LOD, 2.69 for 
primer NAU1070 as showed in Figure 5. Primer BNL 3410 
present on chromosome 23 showed LOD values of 2.47 for 
character Locks per Boll. P value is 3.3 × 10-3. The phenotypic 
variance showed value of 0.87 as showed in the Figure 6. 

Results indicated some useful QTLs related to yield traits of 
cotton genotypes. Not many QTLs were detected because of 
small set of SSR markers used. Study shows that association 
mapping is a powerful tool to detect QTLs in less time that the 
other laborious methods involved in QTL mapping.

Discussion

Cotton is the most important fibre producing crop, Gaining a 
prime importance in textile industry. Four species of cotton are 
cultivated around the world and is very important to improve 
their genetic base line as these species account for total of 95% 
of the total cotton production around the world [27,28]. So to 
improve the genetic makeup of these useful species of cotton 
various approaches were introduced for increasing yield, quality 
of the lint, fibre and to increase resistance in the cotton plant 
to be more resistant towards stresses and diseases [29]. All 
of these traits mentioned before are quantitative traits so they 
are controlled by a number of genes present anywhere in the 
genome. These quantitative traits show continuous variations 
in their phenotype when observed in segregating populations. 
The locus that controls the effect of such traits called as QTLs. 
As present at different positions showing different phenotypic 
ranges together with environment effect, these QTLs are 
difficult to be found out [30]. But recent developments in the 
field of Genetics have paved ways to identify these QTLs with 
the help of genetic markers. 

Newly emerged approach of association mapping has helped 
a lot in identifying underlying QTLs for many useful traits in 
plants [31]. Association mapping was previously used in the 
study of Human Genetics, but now it is successfully employed 
over plants to unravel the QTLs for major traits in useful 
and agriculturally important crops [32]. Together with AM, 
advancements are being made in improving the sequencing 
techniques for more efficient sequencing of the genomes of the 
useful crops; all this will ultimately help for GWAS (Genome 
Wide Association Study), in discovering new and rare alleles and 
disclosing various epigenetic data about the phenotypic traits of 
interest [33]. Association mapping or LD mapping will be benefited 
from this data this can be utilized to find true marker associations, 
which are linked with the trait of interest [34]. 

 

Figure 6. p value for locks per boll with primer BNL 3410.

Correlation study of the phenotypic traits of 45 accessions was 
carried out that showed some significant values of the positive 
and negative correlation among the traits. In this study significant 
positive correlation was observed between the traits Yield per 
Plant and Bolls per Plant. Similar finding was published in the 
study of [1], showing significant correlation between the two 
traits. Plant Height also showed some significant correlation 
with Sympodial branches per Plant and the relative Chlorophyll 
percentage. Sympodial branches per Plant also showed 
significant correlation with Bolls per Plant. Chlorophyll content 
showed correlation with that of Locks per Boll and Seeds per 
Boll. Seed index showed correlation with Uniformity Index of 
the cotton fibre.

Population structure was found out using STRUCTURE 
software for 45 accessions in present study. Population structure 
was used to define the germplasm in perfect organization, for 
this STRUCTURE software is being used more frequently. 
The software involves the genotypic data of the accessions 
to infer groups in the mapping population using modal based 
clustering method [30]. According to previous studies various 
works is done relating to population structure analysis over 
cotton germplasm around the world [35-38]. Population 
structure analysis gives us the idea of origin of accessions used 
for association analysis. In this study total of 41 primers were 
used against 45 germplasm varieties of cotton to find population 
structure. The analysis divided the germplasm into 3 groups. All 
the accessions showed admixture, no variety was pure line. First 
group contained 17 varieties, of which 13 varieties (CIM-602, 
CIM-599, CIM-473, CIM-707, CIM-600, CIM-496, N-111, 
AGC-335, AGC-333, CIM-482, AGC-33, AGC-334 and CIM-
446) originated from Multan, 3 of them (FH-142, NIBGE-2 
and IR-3701) belong from Faisalabad and 1 variety (CEMB-
33) originated from Lahore. while the second also contain 17 
species of which 10 varieties (SOO-8, CIM-448, CRSM-38, 
BZU-75, MNH-886, CIM-598, CIM-622, CIM-506, N-121 and 
AGC-336) originated from Multan, 2 varieties (BH-160, IUB-
222) were introduced from Bahawalpur,1 (CRIS-134) from 
Sindh, 2 (FH-14, NIBGE-3) from Faisalabad, 2 (AA-803, AGS) 
from Lahore and the third group contained 11 varieties, among 
them 7 (CIM-534, CYTO-178, CYTO-177, CIM-616, AGC-
337, CIM-573 and CIM-132) have their origin from Multan, 
2 (FH-901 and FH-113) from Faisalabad, 2 (AA-802 and AA-
703) from Lahore. Population structure analysis when carried 
out at K8, divided the population into 8 subgroups all showing 
admixed populations.

Association analysis of marker and the required trait is very 
helpful tool in identifying the QTLs. It depends upon the value of 
LD between the alleles present at different locus but controlling 
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the same trait [39]. The success of mapping association 
correlates directly with the value LD between the marker and 
the alleles governing the trait. The goal of this study was to find 
associations related to yield and its components in 45 diverse 
cotton accessions, originated from different areas of Pakistan. 
We used the GLM based approach to find marker association 
for yield related traits. GLM requires only the data of population 
structure to carry out marker trait analysis. We use SSR markers 
for the association analysis of the cotton accessions related 
to yield components. Association analysis can be effectively 
performed over diverse set of germplasm, so it is important to 
include diverse genotypes in order to get perfect associations 
with the traits of interest.

Yield per plant in the end defines the total yield of the crop. In 
our study two markers were found to be associated with the trait 
yield per plant of the cotton crop. These markers are BNL4096 
(p=6.67 × 10-4; R2=0.17) and NAU2437 (p=6.63 × 10-4; 
R2=0.53). These two markers were detected on chromosome 19 
and 15 respectively. In the previous studies various associations 
were detected using association analysis for yield per plant. 
These include some significant associations for seed plant yield 
was found with markers NAU3398-NAU4042, NAU3110-
NAU3592, BNL3452-NAU3828 and NAU2700-NAU3588 
[1]. A study from china also reported associations with the 
yield trait with markers reported NAU3269 on chromosome 5, 
BNL3594 reported on chromosome 25, NAU3100 reported on 
chromosome 23 and CIR246 reported on chromosome 14 [40]. 

Strength of cotton fibre is an important factor that accounts 
for the quality of the cotton grown. In our study two markers 
NAU1070 (p=11.3 × 10-3; R2 = 0.65) and BNL2662 (p=2.0 × 10-

3; R2=0.93). These markers were detected on the chromosomes 
3 and 5 respectively in the cotton genome. Study of previous 
work showed various reported associations of Cotton Fibre 
Strength with that of SSR markers of cotton. Markers BNL3661, 
BNL2571, BNL1122 and BNL3806 reported to be associated 
with that of Strength trait of cotton fibre by [11]. Other studies 
include some associations reported with markers NAU980, 
NAU3390 at chromosome 11 by [41]. In another study of 
association mapping for yield and fibre quality traits they found 
association of strength of cotton fibre trait with SSR marker 
given JESPR 153, NAU3736, NAU3778, NAU 5411, BNL827, 
NAU2894, NAU3110 and NAU3995 [42].

Seeds per Boll give the value of the average seeds produces 
within each boll. Same is the case only one marker in our study 
showed significant association with this trait. Marker BNL3171 
(p=3.7 × 10-3; R2=0.85) found on chromosome 21 showed 
significant association value. Previous reported associations 
include JESPR17 and BNL1059 given by the [43]. In another 
study they reported marker BNL3259 associated with seeds per 
boll trait [44].

Phenotypic trait also included the traits locks per boll that 
gives the average of locks of cotton fibre produced within each 
boll. Only one marker BNL3410 (p=3.3 × 10-3; R2=0.87) on 
chromosome 23 was found to be associated with the trait. 

Sympodial branches per plant trait was found to be associated 
with the marker BNL1066 (p=4.2 × 10-3; R2=0.33) present on 
chromosome 10. 

All these results give that association analysis is a tool to find 
associations with the agronomical important traits among the 
cash crops. Cotton is among them. Many SSR markers are 
identified and their associations were found out in the previous 
studies. These studies are further utilized for making linkage 
maps and in marker assistant selection studies. The QTLs 
identified through association mapping can thus be used to 
improve Cotton varieties with high yielding traits using other 
techniques like marker assistant selection.

Conclusion

Newly emerged approach, AM has worked a lot in identifying 
underlying QTLs for many useful traits in plants. Advancements 
are being made in improving techniques for more efficient 
sequencing of genomes of useful crops; all of this will 
ultimately help for GWAS (Genome Wide Association Study), 
in discovering new and rare alleles and disclosing various 
epigenetic data about phenotypic traits of interest. Association 
mapping or LD mapping will be benefited from this data, and 
can be utilized to find true marker associations, that are linked 
with the trait of interest. 

Association mapping is a tool to find associations with the 
agronomical important traits of the cash crops. Cotton is one of 
them. Many SSR markers are identified and their associations 
were found out in the previous studies. These studies are further 
utilized for making linkage maps and in marker assistant 
selection studies. QTLs identified through association mapping 
can further used to improve Cotton varieties with high yielding 
traits using other techniques like marker assistant selection
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