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Abstract

Wheat (Triticum aestivum L.) germplasm of one hundred accessions were demonstrated for Cluster and Principal
component analysis, the experimental plot was conducted during the growing season 2006 in augmented field design at
research area of the Department of Plant Breeding and Genetics, Faculty of Agriculture, Gomal University, Dera Ismail
Khan, KPK, Pakistan. Data were collected and analyzed for different polygenic traits. Eigenvalues > 1 were noted for three
PCs out of ten, having 29.02%, 43.42% and 55.00% of the total variability with positive effects for most of the traits. While
rest of the traits expressed moderate to low variability. Scatter diagram also depicted a wide range of genetic variability for
various traits on the basis of altitude and latitude. According to cluster analysis all the accessions were divided into three
main groups A, B and C, which were further divided in to thirteen sub-groups. Cluster 1 of group A, on the basis of mean
analysis four accessions were found with 4% population, has less days to heading (84.5 + 2.65). The Cluster 2™ accounts for
13% of the population with thirteen accessions. In group B, two accessions were found in cluster 5 with a contribution of
2% for two accessions PARC/NIAR 2450 (02), PARC/NIAR 2771 (03), having minimum days to maturity (132.5 + 0.71).
Cluster 7 contributes 3% of the population with three accessions, has a maximum number of tillers plant™ (18.6 + 1.65).
Cluster 9 was noted for 1% of the population with one accession (PARC/JICA 3849 (01)), has less days to emergence (7)
and greater plant height (149.8 cm). While in group C, clusters 12 consists four accessions with 4% contribution, having
high 1000-grain weight (42.02 + 2.88). Last cluster 13 of group C, contributed 2% to the population with two accessions
PARC/MAFF 4275 (01), PARC/MAFF 4280 (01), having large spike length (20.8 + 2.62 cm), greater number of spikelets

spike™(29.3 + 3.61), high grain yield plant™ (3.96 + 0.93 gm) and greater grain yield (kg ha*) (5001 + 261).

Introduction

Wheat is the staple food for 35% of the world’s
population and is grown on 17% of the cultivated area in the
world. A large proportion of man’s essential nutrients is
contained in the wheat grain i.e. carbohydrates (60 to 80%,
mainly as starch); proteins (8 to 15% which contain adequate
amounts of all essential amino acids except lysine,
tryptophane and methionine); fats (1.5 to 2.0%); minerals
(1.5 to 2.0%); and vitamins such as the B complex and
vitamin E. It provides more calories and protein to human
diet than any other crop. Hexaploid wheat was preadopted
for domestication from about 7000 B.C. (Hillman, 1972).
Wheat is known for a cool-season crop. The adaptation took
place in the temperate regions from 300 to 600N and 27° to
40°S latitudes, which receive annual rainfall of about 500-
1200 mm (Rasheed et al., 2012).

Naturally it is proved, that the domestication of wheat
should have taken place in the Fertile Crescent, since this
is the center of its wild progenitor’s geographical
distribution  (Zohary, 1970). Naturally distributed
biological species were adapted to their changing
environments through the conservation of high genetic
variability in their natural populations, and this resulting
variability is the promoting force behind the evolution of
the species and speciation. A similar situation can be
found in the widely distributed domesticated crops grown
under cultivation. Diverse forms of landraces of crops
adapted to local environment and agricultural practices
have been developed during their long history of
cultivation after domestication. The primitive forms of

wheat are an important source of raw material and have
significantly contributed for the improvement of wheat
varieties because they exhibit enormous genetic variation
(Simmonds, 1979).

The present study was done to analyze genetic
variation and identify various wheat germplasms to
improve yield by wheat breeding program.

Materials and Methods

One hundred accessions of wheat (Triticum aestivum
L.) were obtained from the Institute of Agriculture
Biotechnology & Genetic Resources (IABGR), NARC,
Islamabad. All these accessions were sown in research
area of the Department of Plant Breeding and Genetics,
Faculty of Agriculture, Gomal University, Dera Ismail
Khan, KPK, Pakistan for the season 2006, following the
augmented field design. Each accession was dibbled by
hand in a 2 meters row. 25cm distance was kept for plant
to plant with a regular recommended cultural practices
and fertilizer. Ten plants were selected randomly for data
recording in the field and tagged accordingly, while grain
yield plant™, 1000-grain weight and grain yield (Kg ha™)
were taken in the laboratory.

Analysis of data: The Principal Component Analysis
(PCA), Cluster Analysis (CA) and Scatter diagram was
computed by using the computer software “STATISTICA”
and “SPSS” following the numerical taxonomic techniques
and methods of Sneath & Sokal (1973).



2020

Results and Discussion

Principal component analysis (PCA) based on
phenotypic traits: Principal component analysis (PCA) is
a technique to analyze data for reducing the variability of
a large numbers of interacted variables and maintaining as
such of the variation as possible. It also indicates an
unrelated set of variables and gave additional useful
information of the parameters to explore the groups.
These factors are structured to retain the first few among
all of the original variables.

It was obvious from the analysis that three PCs out of
ten were selected having >1 eigenvalue and contributed
55.00% variation among one hundred wheat germplasms
for all parameters (Table 1). It was noted that principal
component first contributed 29.02%, Principal component
second 43.42%, and Principal component third 55.00% of
the total genetic variability for all the genotypes. The
principal component 1% had 29.02 % of the total variation
in all  morphological parameters (Table 1). It
demonstrated positively contribution for days to maturity
only. While negative contribution were noted for days to
emergence, days to heading, plant height, number of
tillers plant™, spike length, number of grains spike™, grain
yield plant?, 1000-grain weight and grain yield (kg ha™).
The principal component 2" was found for 43.42%
variation and depicted mainly the patterns of divergence
with a positive contribution for days to emergence,
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number of tillers plant®, spike length, number of grains
spike™ and grain yield plant™. While, the said PC was
observed for negative association in days to heading, days
to maturity, plant height, 1000-grain weight and grain
yield (kg ha). The last principal component 3" was
accounted for 55% of the total variation with a positive
contribution for days to maturity, number of tillers plant™,
spike length, number of grains spike™, grain yield plant™
and Grain yield (kg ha™). While, negative contribution
was found in days to emergence, days to heading, plant
height and 1000-grain weight.

Principal component (PC) first and principal

component (PC) second contributed 43.42% of the total
genetic variability, which revealed that parameters
contributed maximum variations was the PC 2". The
combined contribution of principal component second and
principal component third revealed that most of the
parameters have positive effects.
Further more, all the wheat accessions were plotted in the
scattered diagrams to observe the relationship amongst all
the germplasms, which were presented in (Figs. 1 & 2)
accordingly. In the scatter diagram it was cleared that the
Principal component first and principal component second
contributed cumulative variance of 43.42%, which
demonstrates that germplasms from each area has their
own divergence and was grouped separately. The
independent grouping of all the accessions was due to
genetic variation for different traits.

Table 1. Principal component analysis of wheat accessions.

Trait PC1 PC2 PC3

Eigenvalue 2.90 1.44 1.16
Cumulative eigenvalue 2.90 4.34 5.50
Proportion of variance % 29.02 14.40 11.58
Cumulative variance 29.02 43.42 55.00

Eigenvectors

Days to emergence (DE) -0.050 0.419 -0.445
Days to heading (DH) -0.133 -0.473 -0.178
Days to maturity (DM) 0.015 -0.527 0.355
Plant height (PH) -0.211 -0.207 -0.431
Tillers per plant (Tillers) -0.389 0.018 0.043
Spike length (SL) -0.164 0.485 0.146
Seeds per spike (S/S) -0.481 0.081 0.169
Grain Yield per plant (GY/P) -0.474 0.045 0.277
1000-Seed weight (1000-SW) -0.227 -0.182 -0.573
Grain yield (kg/ha) -0.499 -0.057 0.038
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Fig. 1. Scatter diagram based on average regional genetic diversity (1-2) PCs in wheat accession.
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Fig. 2. Scatter diagram based on average regional genetic diversity (1-3) PCs in wheat accession.
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The results of the Principal component analysis were
at par with the cluster analysis. This made the possibility
for selection of wheat genotypes that satisfy specific sets
of characteristics as identifying by Rouamba et al., (1996)
and Brown (1991), who declared that multivariate
analysis could be wused to deal with germplasm
conservation. Generally PCs with eigen value larger than
1.0 are retained, but Jolliffe (1986) suggested that
retaining PCs with eigen value as low as 0.75 could also
prove beneficial if the input matrix is of correlation type.

Most of the quantitative traits contributed negative
genetic variance for both PC1 and PC2, therefore these
traits need further investigation that may gives an
indication of presence of genetic variation for its potential
use in crop improvement. The results of the present study
showed a wide range of genetic diversity. This provides
an opportunity to select specific traits for a particular
region to develop site-specific high yielding wheat
varieties for sustainable crop production. The present
investigation further suggests that in future the wheat
collecting missions should concentrate their efforts on
sampling as many geographical and ecologically distinct
areas as possible, which was already suggested by the
findings of Gerard Branlard et al., (2003), Khan et al.,
(2007 a), Khan et al., (2002), Levy et al., (1988),
Magdalena et al., (2002) and Mohibullah et al., (2012),
who reported the collecting expeditions to the area, where
the germplasm is under threat along with the areas where
existing genetic diversity has not yet been gathered.

Cluster analysis: Cluster analysis based on ten
qualitative and quantitative traits depicts three main
groups among one hundred wheat germplasms. The
dendrogram based on Euclidean distance coefficients
suggested the existence of three main groups are A, B and
C, which were further sub-divided into 13 clusters
respectively (Fig. 3).

The grouping based on various traits along with mean
and standard deviations is presented in (Tables 2 and 3).
First A group consists of 5 clusters, in which the Cluster 1
contains four accessions with 4% population having less
days to emergence (7.5 + 2.65), short days to heading
(84.5 + 2.65), short days to maturity (145.3 + 13.40),
minimum plant height (47.2 + 12.34), highest spike
Length (15 + 0.85) and maximum grain yield (kg ha™)
(4352 + 189.6). The Cluster 2" accounts for 13% of the
population with thirteen accessions consists of small spike
length (12.3 + 1.63), small no. of spikelets spike™ (15.8 +
2.93), less grain yield plant® (1.9 + 0.15), low 1000-seed
weight (27.1 + 7.54) and minimum grain yield (kg ha™)
(3368 + 439). The Cluster 3 depicts 4% of the
population and comprised of four accessions, which
consists of maximum days to heading (106 + 1.41),
maximum days to maturity (152 + 7.35), small no. of
tillers plant® (6.5 + 1.56) and greater 1000-seed weight
(38.7 + 0.94). 4" cluster has a huge contribution in group
A i.e., 37% of the population and consists of thirty seven
accessions with maximum days to emergence (12.5 +
0.36), maximum plant height (111.6 + 25.18), greater
number of tillers plant™ (9.96 + 1.36), greater number of
spikelets spike?(19.2 + 1.79) and maximum grain yield
plant™ (2.4 + 0.41).
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Group B includes 6 clusters from 5 to 11, in which
the cluster 5 also contains two accessions with a
contribution of 2%, having maximum days to emergence
(16.5 + 0.36), greater days to heading (108.5 + 0.71),
maximum days to maturity (132.5 £ 0.71) and less plant
height (48.1 + 1.67). The cluster 6 of group B depicts 9%
contribution and consists of nine accessions. Cluster 7
contributes 3% of the population and includes three
accessions having two useful traits i.e., maximum number
of tillers plant™ (18.6 + 1.65) and maximum spike length
(14 £ 0.59).The accessions of this cluster can be used to
enhance biomass production. Cluster 8 has the huge
contribution i.e., 16%, which consists of sixteen
accessions, with maximum 1000-grain weight (40.6 +
2.27), days to emergence, days to heading, days to
maturity, number of tillers plant™, plant height (cm), spike
length (cm), number of spikelets spike™, grain yield plant’
! (gm) and yield (kg ha™). Cluster 9 accounts for 1% of
the population with one accession (PARC/JICA 3849
(01)), having less days to emergence (7), greater plant
height (149.8), less number of spikelets spike™ (23.7),
high grain yield plant™ (3.3) and high grain yield (kg ha™)
(4801). This accession is suitable for high elevation areas
of Pakistan, where wheat crop duration is relatively long.
Cluster 10 represents 3% of the population and comprised
three accessions having lowest days to heading (87.3 +
4.93). Cluster 11, which was the last cluster of B group
contains two accessions with 2% contribution having
minimum days to emergence (15 + 1.41), greater days to
maturity (190 + 0.85), less number of tillers plant™ (7.3 +
0.28), short spike length (10.5 = 0.92), less no. of
spikelets spike™ (15.95 + 0.92), low grain yield plant™
(1.99+0.06), less 1000-grain weight (19.5) and with
lowest grain yield (kg ha') (3058+56.6).

Group C being a last, includes two clusters i.e., 12
and 13. In which cluster 12 consists four accessions with
contribution of 4%, having less days to emergence (11.3 +
3.4), short days to heading (101.5 + 5.26), short days to
maturity (147.5 + 10.612, small plant height (97.4 + 4.53),
less no. of tillers plant™ (12.4 + 0.28), short spike length
(14.5 + 0.65), less number of spikelets spike™ (28.2 +
2.39), low grain yield plant® (3.1 % 0.3), low 1000,seed
weight (30.95 + 5.02) and less grain yield (kg ha™) (4952
+ 151.5). Last cluster 13, contributed 2% to the
population with two accessions, having high days to
emergence (11.5 + 0.71), greater days to heading (103 *
4.24), high days to maturity (154.5 + 3.7), greater plant
height (118.4 + 2.4), high number of tillers plant™ (13.4 +
4.69), large spike length (20.8 + 2.62), greater number of
spikelets spike™(29.3 # 3.61), high grain yield plant™
(3.96 £ 0.93), high 1000-seed weight (42.02 + 2.88) and
greater grain yield (kg ha®) (5001 + 261) These traits
indicated that some of the accessions could be used to
enhance photosynthetic activities, biomass production and
grain yield in plants, which could be used for crop
improvement. Several potentially important desirable
traits had been identified and those could be exploited for
specific trait improvement and assemblage of core
collections from a bulk genetic stock by Ranade &
Farooki (2002), Routray et al., (2007), Samuel et al.,
(2002), Sandhu & Gill (2002), Shehata (2004), Shuaib et
al., (2007), Singh (2006), Sultana et al., (2007),
Mohibullah et al., (2011) and Vierling et al., (1994).
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Fig. 3. Linkage distance for cluster-2006.
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Table 2. Grouping based on various clusters for one hundred wheat germplasms.
Groups | Cluster | Frequency | % Age | Germplasms

Cluster 1 4 4 PARC/NIAR 2303 (05), PARC/NIAR 2450 (02), PARC/NIAR 2828 (03),
PARC/JICA 3830 (06)
PARC/JICA 3823 (03), PARCHICA 3831 (01), PARC/MAFF 4353 (04),
PARC/JICA 3850 (01), PARC/PGRI 4082 (01), PARC/MAFF 4268 (03),
Cluster 2 13 13 PARC/MAFF 4269 (01), PARC/MAFF 4279 (03), PARC/JICA 3832 (01),
PARC/MAFF 4354 (02), PARC/MAFF 4308 (01), PARC/JICA 3839 (01),
PARC/MAFF 4353 (03)
Cluster 3 4 4 PARC/NIAR 2809 (01), PARC/NICA 3826 (03), PARC/MAFF 4279 (04),
PARC/MAFF 4355 (02)
PARC/JICA 3830 (03), PARC/ICA 3830 (04), PARCNICA 3839 (02),
Group A PARC/MAFF 4310 (01), PARC/MAFF 4272 (01), PARC/PGRI 4131 (01),
PARC/MAFF 4268 (02), PARC/MAFF 4279 (02), PARC/JICA 3835 (05),
PARC/MAFF 4270 (02), PARC/PGRI 4124 (01), PARC/JICA 3840 (02),
PARC/MAFF 4269 (03), PARC/MAFF 4311 (01), PARC/MAFF 4354 (01),
PARC/MAFF 4356 (02), PARC/MAFF 4356 (01), PARC/JICA 3838 (01),
Cluster 4 37 37 PARC/MAFF 4269 (02), PARC/MAFF 4278 (01), PARC/MAFF 4294 (01),
PARC/MAFF 4265 (01), PARC/MAFF 4288 (04), PARC/MAFF 4292 (01),
PARC/MAFF 4296 (01), PARC/MAFF 4267 (01), PARC/MAFF 4285 (01),
PARC/MAFF 4274 (01), PARC/MAFF 4279 (05), PARC/MAFF 4270 (03),
PARC/MAFF 4303 (01), PARC/MAFF 4282 (02), PARC/MAFF 4287 (03),
PARC/MAFF 4358 (01), PARC/MAFF 4279 (01), PARC/MAFF 4282 (01),
PARC/MAFF 4359 (01)
Cluster 5 2 2 PARC/NIAR 2450 (02), PARC/NIAR 2771 (03)
PARC/JICA 3834 (03), PARC/ICA 3841 (01), PARC/MAFF 4264 (02),
Cluster 6 9 9 PARC/JICA 3845 (01), PARC/MAFF 4358 (03), PARC/MAFF 4266 (02),
PARC/MAFF 4306 (02), PARC/MAFF 4268 (01), PARC/MAFF 4300 (03)
Cluster 7 3 3 PARC/MAFF 4265 (03), PARC/MAFF 4266 (01), PARC/MAFF 4270 (01)
PARC/JICA 3841 (02), PARC/IMAFF 4266 (04), PARC/MAFF 4264 (01),
Group B PARC/MAFF 4265 (02), PARC/MAFF 4264 (03), PARC/MAFF 4278 (02),
Cluster 8 16 16 PARCIMAFF 4266 (06), PARC/MAFF 4297 (05), PARC/MAFF 4301 (04),
PARC/MAFF 4277 (01), PARC/MAFF 4277 (02), PARC/MAFF 4304 (02),
PARC/MAFF 4295 (04), PARC/MAFF 4357 (01), PARC/MAFF 4273 (01),
PARC/MAFF 4276 (01)
Cluster 9 1 1 PARC/JICA 3849 (01)
Cluster 10 3 3 PARC/NIAR 2803 (04), PARC/JICA 3852 (02), PARC/MAFF 4231 (01)
Cluster 11 2 2 PARC/JICA 3816 (01), PARC/JICA 3831 (02)
Cluster 12 4 4 PARC/MAFF 4266 (05), PARC/MAFF 4267 (02), PARC/MAFF 4274 (02),
Group C PARC/MAFF 4280 (03)
Cluster 13 2 2 PARC/MAFF 4275 (01), PARC/MAFF 4280 (01)
Table 3. Mean and standard deviation of each cluster in wheat germplasms.
Group A Group B Group C
Traits Cluster | Cluster | Cluster | Cluster | Cluster | Cluster | Cluster | Cluster | Cluster | Cluster | Cluster | Cluster | Cluster
1 2 3 4 5 6 7 8 9 10 11 12 13
Days to 75+ 105+ 133+ 125+ 165+ 138+ 127+ 83% 7+ 11+ 15+ 113+ 115+
emergence 2.65 2.18 171 0.36 0.5 0.47 0.88 0.33 0.00 3.46 1.41 3.4 0.71
Days to 845+ 995+ 106+ 1025+ 1085+ 957+ 102.7+ 1043+ 106+ 873+ 975+ 1015+ 103+
heading 2.65 5.72 1.41 4.09 0.71 7.00 451 34 0.00 493 12.02 5.26 4.24
Days to 1453+ 1465+ 152+ 1499+ 1325+ 1444+ 145+ 154+ 188+ 1715+ 190+ 1545+ 1475+
maturity 1340 6.51 7.35 4.90 0.71 3.32 5.29 4.26 0.00 24.7 0.58 3.7 10.61
Plant 472+ 1085+ 56.1+ 1116+ 481+ 140.96+ 1109+ 1344+ 1498+ 983+ 4995+ 1184+ 974+
height 12.34 364 237 2518 1167 2465 221 26.6 0.00 48 3.61 24 4.53
No. of tillers 92+ 77+ 65+ 996+ 129+ 115+ 186+ 186+ 82+ 107+ 7.3+ 134+ 124+
plant? 2.48 1.19 1.56 1.36 4.81 271 1.65 1.37 0.00 431 0.28 4.69 0.28
Spike 15+ 123+ 132+ 1297+ 119+ 116+ 140+ 114+ 119+ 127+ 105+ 145+ 208+
length 0.85 1.63 2.43 2.16 141 1.52 0.59 15 0.00 1.82 0.92 0.65 2.26
No. of spikelets 17.6+ 158+ 16.1+ 192+ 211+ 216+ 179+ 178+ 237+ 165+ 1595+ 282+ 293+
spike™ 2.07 2.93 0.75 1.79 0.71 3.7 1.84 1.56 0.00 1.23 0.92 2.39 3.61
Grain yield 24+ 19+ 21+ 24+ 29+ 30+ 21407 25+ 33+ 23+ 199+ 31+ 396+
plant™ 0.40 0.15 0.42 0.41 0.11 0.30 0.24 0.00 0.15 0.06 0.35 0.93
1000-Seed 286+ 27.1+ 387+ 379+ 319+ 3599+ 327+ 409+ 21.0+ 363+ 195+ 4202+ 3095+
weight 2.88 7.54 0.94 6.6 4.24 8.03 8.28 2.27 0.00 5.25 0.00 2.88 5.02
Grainyield 4352+ 3368+ 4034+ 4317.4+ 4407 + 4575.1+ 4191 + 4388.8 + 4801+ 4152+ 3058+ 4952+ 5001+
(kg/ha) 189.6 439 321 261.9 171 2925 1051 2101 0.00 1424 566 1515 261
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Conclusion

The overall contribution of PC 1st, PC 2nd and PC
3rd represents high genetic variation for all the traits with
positive effects. According to scattered diagram genetic
variability was also proved for all the traits. The cluster
analysis showed relative differences and were placed
separately on the basis of genetic variation for all the
parameters. The germplasm PARC/NIAR 2450 (02),
PARC/NIAR 2771 (03), PARC/MAFF 4275 (01) and
PARC/MAFF 4280 (01), exhibited maximum positive
contribution for minimum days to maturity, maximum
spike length, maximum number of spikelets spike-1 and
maximum grain yield (kg ha-1). These parameters
depicted that the said germplasms may be used for in
future breeding strategies in the related agro-climatic
conditions, which is possible for farmers to double, triple
or even quadruple their wheat yield.

Acknowledgements

I acknowledge financial support from Higher
Education Commission (HEC), Islamabad, Pakistan. | am
also greatly thankful for helping to complete the
laboratory experiments and data analysis at Institute of
Agri-Biotechnology & Genetic Resources, NARC,
Islamabad, Pakistan.

References

Brown, J.S. 1991. Principal component and cluster analysis of
cotton cultivars variability across the U.S. cotton belt.
Crop. Sci., 31: 915-922.

Gerard, B., M. Dardevet, N. Amiour and G. Igrejas. 2003.
Allelic diversity of HMW and LMW glutenin subunits and
omega-gliadins in French bread wheat (Triticum aestivum
L.). Genet. Resour.Crop Evol., 50: 7-12.

Hillman, G.C. 1972. Papers in Economic History, (Ed.): E.S.
Higgs, Cambridge University Press, pp.182-188.

Jolliffe, 1.T. 1986. Principal component analysis. Springer
Verlag, New York., 2(1): 69-76.

Khan, M.F., E. Schumann and W.E. Weber. 2002.
Characterization of Pakistan wheat varieties for general
cultivation in the mountainous regions of Azad Kashmir.
Asian J. Plant Sci., Vol. 1, pp. 699-702.

Khan, M.M., M. Qasim, R.D. Khan and M.A. Rabani. 2007 a.
Correlation and phenotypic variability studies for some
agronomic traits among bread wheat (Triticum aestivum L.)
accessions. Gomal Uni. J. of Research Sci., 23(2): 18-24.

Levy, A.A., Galili and Feldman. 1988. Polymorphism and Genetic
control of high molecular weight glutenin subunits in wild
tetraploid wheat (Triticum turgidum var. dicoccoides).
Weiz.Inst.Sci., Rehoo, Israel. Her., 61(1):63-72.

Magdalena, R., E.V. Metakovsky, M. Rodriguez, Quijano, J.F.
Vazquez and M. Carrillo. 2002. Assessment of storage
protein variation in relation to some morphological
characters in a sample of Spanish landraces of common

2025

wheat  (Triticum aestivum  L.ssp.aestivum).  Genet.
Resour.Crop Evol., 49(4): 155-162.

Mohibullah, M., M.A. Rabbani, Irfanullah, M. Igbal, Zakiullah,
M.l. Khattak and O. Sayal. 2012. Correlation and
Frequency distribution for different parameters among
bread wheat (Triticum aestivum L.) Accessions. Pak. J.
Bot., 44(1): 255-259.

Mohibullah, M., M.A. Rabbani, ShahJehan, Zakiullah, A. Amin
and Ghazanfarullah. 2011. Genetic variability and
correlation analysis of bread wheat (Triticum aestivum L.)
accessions. Pak. J. Bot., 43(6): 2717-2720.

Ranade, S.A. and N. Farooki. 2002. Assessment of profile
variations amongst provenances of neem using single
primer-amplification reaction (SPAR) techniques. Mol.
Biol. Today, 3: 1-10.

Rasheed, A., A.S. Mumtaz and Z.K. Shinwari. 2012. Genetic
characterization of novel Lr gene stack in spring wheat
variety Chakwal86 and its effectiveness against leaf rust in
rain fed areas of Pakistan. Pak. J. Bot., 44(2): 507-510.

Rouamba, A., T. Robert, A. Sarr and A. Ricroch. 1996. A
preliminary germplasm evaluation of onion landraces from
West Africa. Genome, 39: 1128-1132.

Routray, P., O. Basha, M. Grag, N.K. Singh and H.S. Dhaliwal.
2007. Genetic diversity of landrace of wheat (Triticum
aestivum L) from hilly areas of Uttaranchal, India. Genet.
Resour.Crop Evol., Vol.(54)6: 80-92.

Samuel, P., H. Lieceng, Zhu, H.S. Kim, G. Tang and R.W.
Ward. 2002. Genetic diversity of winter wheat in Shaanxi
province, China, and other common wheat germplasm
pools. Genet. Resour.Crop Evol., Vol. 49, Num 4.

Sandhu, D. and K.S. Gill. 2002. Gene containing regions of
wheat and the other grass genomes. Plant Physiol., 128:
803-811.

Shehata. M.M. 2004. The role of seed proteins and RAPD-PCR
in genotypic variabilities of som wheat (Triticum aestivum
L.) cultivars. Pak. J. of Biol. Sci., 7(6): 984-994.

Shuaib, M., I. Khan, Z. Ali, W. Ali, T. Ahmad and A. Zeb. 2007.
Evaluation of different wheat varieties by SDS-PAGE
electrophoresis. Pak. J. Bio. Sci., 10(10): 1667-1672.

Simmonds, N.W. 1979. Principles of crop improvement.
Longman, Newspaper.

Singh, K.N., K. Neeraj, K. Vinod and T. Setter. 2006. Genetic
variability of wheat (Triticum aestivum) lines for grain
yield and component characters grown under sodic and
waterlogged conditions. Ind. J. Agric. Sci., 76(7): 414-419.

Sneath, P.H.A. and R.R. Sokal. 1973. Numerical Taxonomy:
The Principles and Practice of Numerical Classification.
W.F. Freeman & Co., San Francisco, pp. 573.

Sultana, T., A. Ghafoor and M. Ashraf. 2007. Genetic variability
in bread wheat (Triticum aestivum L.) of Pakistan based on
polymorphism for high molecular weight glutenin subunits.
Genet Resour Evol., 54: 1159-1165.

Vierling, R.A., Z. Xiang, C.P. Joshi, M.L. Gilbert and H.T.
Nguyen. 1994. Genetic diversity among elite sorghum lines
revealed by restriction fragment length polymorphism and
random amplified polymorphic DNAs. Theor. Appl. Genet.,
87: 816-820.

Zohary, D. 1970. Wild wheats in genetic resources in plants and
their exploration and conservation, (Ed.): O.H. Frankel and
E. Bennett. Oxford: Blackwell Scientific Publication, pp.
239-247.

(Received for publication 25 February 2012)



