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ABSTRACT

Determination of genetic diversity is useful foaqt breeding and hence production of more effic@ant species
under different conditions. A set of 94 bread wheabmbinant inbred lines derived from cross betwBeshan
and Superhed#2 varieties was evaluated using aamaiwed complete block design (RCBD) with two ragbos.

Days to heading, flag leaf area, peduncle lenglikeslength, plant height, number of spikelet geke, number of
spikes, number of grain per spike, 1000 grain weighain yield, shoot biomass, percent of graintpmo, straw
yield and harvest index were measured. Analysimoénce revealed significant differences amonglithes for all

the studied traits. The level of genetic variatiwas higher for peduncle length, flag leaf area, bemof spikes,
grain yield, straw yield and shoot biomass. Clusiealysis based on all the traits using Ward'’s aigon and

squared Euclidean distances assigned the linestimte groups. In these grouping, group two linesveed highest
mean of grain yield. In factor analysis, five firldctors explained 80.26% of total variation. Firfdctor

determining 23.94% of the variation was named asgyield factor. Cluster analysis based on the fiactors
grouped the lines into three groups. The first grdines were superior with respect to grain yield.

Key words: Genetic diversity, Cluser analysis, Factor analyRiecombinant inbred lines, Agronomic traits, @rai
yield.

INTRODUCTION

Bread wheatTriticum aestivuni.) is the most important crop cultivated in therldoand planting in the extensive
area of environmental conditions in the world atgbat produces about 20 percent food resourcehefworld
people [1]. Genetic diversity of plants determirlesir potential for improved efficiency and henteit use for
breeding, which eventually may result in enhanamatlfproduction [2]. Many modern cultivars in wheaid in
other crops as well, are often genetically simigith a rather narrow genetic base. Therefore rgetiing we need
to also utilize sources of new diversity. New vaoia can be created by hybridization between diffierparental
cultivars [3].

One of the important approaches to wheat breedirdybridization and subsequent selection. Plartsice is the
first step in plant breeding program through hyizdation. In order to benefit transgressive segiegatgenetic
distance between parents is necessary [4]. Theehighnetic distance between parents, the higheodigtin

progeny can be observed [5,6]. Estimation of gerdi§tance is one of appropriate tools for pares¢déction in
wheat hybridization programs [7]. Appropriate sétat of the parents is essential to be used insangsnurseries to
enhance the genetic recombination for potentidélyierease [8].
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Some appropriate methods, cluster analysis, PCAfactdr analysis, for genetic diversity identificat, parental
section, tracing pathway to evolution of crops,teemf origin and diversity, and study interactibatween the
environments are currently available [9,10,11,E2lctor analysis is a method for investigation weethnumber of
variables of interest are linearly related to a lfgnaaumber of unobservable factors. It is alsodusegeneral to
reduce a larger set of variables to a smaller Seaables that explain the important dimensiohsariability. A

method widely used for determining a first seta@ddings is the principal component method. Thishoetseeks
values of the loadings that bring the estimatehef total communality as close as possible to tha& w@f the

observed variances [13].

Khodadadi et al. [7] determined the genetic diwgref 36 winter wheat cultivars from Iran and byingscluster
analysis, seven clusters were determined. Mollag@ds al. [1] reported that clusters analysis afadwas placed 8
genotypes of bread wheat on two groups. Zaeifizadeth [14] clustered 30 wheat cultivars into thggoups based
on performance of genotypes. Ahmadzadeh et al. fl&3sified 37 durum wheat genotypes from Iran and
Azerbaijan republic in normal irrigation and drotigiress conditions using cluster analysis andoth lsonditions,
genotypes divided into three groups. Narouee R&{l détermined the genetic diversity of wheat lasdgin the
west of Iran by using cluster analysis, six clusteere determined for different areas. Fang di.@]. clustered 120
genotypes of durum wheat into five groups basedhaturity date, plant height, spike length, numbleseeds per
spike, 1000- seed weight and spike seed yield. &eipal. [18] reported that the generations ofddaaced lines of
wheat with 11 controls were evaluated. Factor amigly 5 traits associated with yield and grain iqpab address
five main characteristics of spike, grain charasties and quality protein and reduced tilleringeyidari et al. [19]
performed factor analysis based on maximum likgthm bread wheat doublehaploid population thaicated five
factors explaining 80.4% and 73.9% of total vaoiatin 2003 and 2004, respectively. In other reseéire first
factors explained 82.58% of variation. First facéxplaining 26.79% of variation was identified as effective
factor in plant weight and performance [20].

The main objective of this study was to capture gbéential genetic diversity among wheat recombinabred
lines by using cluster analysis and cluster anslysised on factor analysis and to identify effectiactors on
genetic improvement.

MATERIALS AND METHODS

In this research 96 bread wheat recombinant inkires derived from Roshan and superhed#2 cross téh
parents were cultivated in the research field aufiy of Agriculture, Tabriz University, Tabriz,dn in 2007.
Roshan is a resistant cultivar to salinity and dtdistresses with high height and Superhead isaafdwltivar and
susceptible to salinity and drought stresses wiigh kyrain yield. These lines provided from ABRthat had been
numbered from 1-96. Genotypes number 22 and 77rem®ved from experiment because didn’t reach to the
heading stage and finally 94 recombinant inbreddimere evaluated with their parents. A randomizatplete
block design with two replications was used. Ealchh gonsisted of three rows 1m long. The interrawd aterplant
spacings were 20 and 5cm, respectively. Nitrogetilifer was applied at a rate of 40kg“hat pre-emergence,
tillering and stem elongation stages. Plots wetigated as needed to keep soil moisture optimapfant growth.
Observation were recorded on 12 traits, namely tlayeading (days to 50% heading), plant heighg feaf area,
peduncle length, spike length, number of spiketst gpike, number of spikes pef,mumber of grain per spike,
1000 grain weight, grain yield per?mshoot biomass per“nand percent of grain protein. Harvest index was
determined from the ratio of grain yield to shoairbass. Straw yield was determined from the difieeesbetween
shoot biomass and grain yield. Ten plants per\pé&re collected and the mean data points were usestdtistical
analysis.

The performed statistical analysis including Shapifilk normality test, analysis of variance, clusé@alysis based
on all measured traits using Ward's algorithm amahdardized means [11], factor analysis using [olac
components analysis and Varimax rotation of prowvial factors and cluster analysis based on thediteacted
factors. Discriminant analysis was performed tontdieation of the cutting point but because of Huilarity in the
signification results, dendrograms was incised frmaximum distance among groups. Due to the abnayme
input data for days to heading, the inverse transforocedure was utilized for it. For statisticablysis, MSTATC
and SPSS were used. The variance components, génatyd phenotypic coefficient of variation werdetenined
as suggested by Burton and De Vane [21] and Johetsalin[22].
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RESULTS AND DISCUSSION

Highly significant genotypic differences were obh&at among the 96 genotypes for the various chasasteasured
(Tablel). The highest coefficient of variation (CWas shown by straw yield, followed by grain yialdd flag leaf
area. The lowest values were shown by days to hgadhe phenotypic coefficient of variation (PC\fjdagenetic
coefficient of variation (GCV), estimates of compats of variance are shown in table 1. The PCV higiser than
the GCV for all of the characters. The highest galwere shown by peduncle length, flag leaf aréanaimbers of
spikes, followed by grain yield, straw yield andosh biomass. The least value was shown by percegtain
protein, followed by number of spikelet per spikel@ays to heading.

Cluster analysis
Dendrogram was achieved from cluster analysis ofg86otypes on the basis of 14 agronomic traits. (E)g
According to this grouping under- study wheat ggpes divided to three groups.

CASE 0 5 10 15 20 25
Label Num +--------- AT AT AT AT +
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Fig. 1. Dendrogram of 96 genotypes for 14 studiechviables using hierarchical cluster analysis (Wards
method and squared Euclidean distance)

The average of traits for each cluster and thegmrof their deviation from ground mean are showtable2. In
first cluster 29 lines were classified including &6 of total genotypes.

The average values of genotypes in this clusted&ys to heading, plant height, flag leaf areakespength and
1000 grain weight were higher than the total mefaall@enotypes and for other traits were less tientotal mean.
Genotypes in this cluster had greatest values donler of spike, straw yield and harvest index. Sdcgroup
comprises 20 lines including 19.15% of total gepely Genotypes in this group were in the highest wath

respect to plant height, peduncle length, spikgtlennumber of spikes, 1000 grain weight, grainldyieshoot
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biomass, number of spikelet per spike and strald yaed they were in the lowest rate with respegbdccent of
grain protein. Members of this group are suitalae dreeding programs aimed at improving the yi€ldossing
among existing genotypes in first and second graupgided more possibility to having more geneticiance and
optimal genotypes with respect to yield performameehe third cluster 47 genotypes were classiiietliding 50%
of total lines. Values of number of spikes, numbégrain per spike, grain yield, number of spikgbetr spike,
percent of grain protein and harvest index in thister were greater than the total mean. Genotyptss cluster
were in the highest rate with respect to numbegrain per spike, percent of grain protein and hstriredex. These
lines can be used for increase in production qualitd harvest index. The harvest index as a gadingt trait
indicating plant efficiency to distribute dry matteor grain and it is one of the main purposeshat breeding
programs of cereals, which introduced genotypel hifgjh harvest index [23]. Crossing among existings in first
and third groups provided more possibility to havimore genetic diversity and optimal genotypes wétbpect to
harvest index.

Table 1. analysis of variance, components of variae, coefficient of variation (CV), genetic coeffieint of
variation (GCV) and phenotypic coefficient of varigion (PCV)

Estimates of components of

Trait Mean of squars variance CV (%) GCV (%) PCV (%)
Replication Genotype Error 0_; Uﬁh
DF 1 95 95

Day to heading 7X10%ns 4X10%" 2X107 2.11%X10°%  2.21X10° 25 8.07 8.26
Plant height (cm) 140.13¢ 176.87 37.71 69.56 88.91 7.66 10.40 11.73
Flag leaf area (ch 65.46" 24.35 9.00 7.67 12.17 20.28 18.72 23.58
Peduncle length (cm) 0.09" 35.26 6.50 14.38 17.63 17.61 26.20 29

Spike length (cm) 9.75" 277 0.7 1.01 1.36 8.95 10.71 12.43
No. spikes/rﬁ 59591.19 5957.63 2232.40 1862.61 2978.81 199.95 18.22 23.05
No. grain per spike 268.18 49.98 19.71 15.13 24.99 14.21 12.44 16

1000 grain weight (gr) 30.33¢ 50.80" 18.17 16.31 25.40 10.24 9.70 12.10
Grain yield (gr/m) 31043.09  12998.84 5434.93 3751.95 6499.42 21.09 17.42 22.93
Shoot biomass (gr/fh 738.95° 54004.29 26024.46 13989.91 27002.14 19.49 14.29 19.85
No. spikelet per spike 4.23¢ 2.40° 1.42 0.49 1.20 8.79 5.17 8.09
Grain protein (%) 88.02" 1.07 .058 0.24 0.53 .07 3.93 5.78
Straw yield (grlrﬁ) 41360.99° 20628.43 10723.49 4952.47 10314.21 21.75 14.78 21.32
Harvest index 0.04" 5X10%" 2X10° 15X 10* 25X 10?2 10.61 9.13 11.79

* * and ns significant at p<  0.05, p< 0.01 and non-significant, respectively

Table2. The average of traits for each cluster (ab@ number) and the percent of difference between ea
cluster with the total mean (below number)
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60.16 80.46 176.61 14.03 9.61 187.07 2896 4.66 27098 7/3.60 13.46 12.46 44262 0.38

! 8.92 0.36 18.98 -3.09 238 -21.01 -734 245 -2292 -13.79 -2.86 -1.11 -7.06 -10.14
2 53.60 89.34 1537 18.32 9.73 279.83 31.43 4292 423.87 1018.2 1391 1236 59432 042
-295 1144 3.88 26.56  3.74 18.16  0.58 3.09 2057 23.00 237 -1.87 2480 -2.12
3 52.88 76.09 12.82 13.12 9.10 249.22 3259 40.46 370.49 817.19 13.62 12.78 446.70 0.46
425 509 -1336 -9.40 -3.06 5.24 4.28  -2.83 5.39 -1.28 0.60 1.46 -6.20 7.31
Loetg:] 52.23 80.17 14.80 14.48 9.38 236.832 31.25 41.69 .5851 827.77 13.59 12.60 476.22 0.42

Factor analysis

Factor analysis was performed based on principlapoment analysis and provisional factors were eotaty

Varimax method. The first five factors explained. B of total variation (Table 3). First factor eehining

23.94% of the variation has an important role wtify alteration of number of spikes, grain yietdhoot biomass
and straw yield (Table 3). So, this factor was nduae grain yield factor. If the selection had caenpénted on the
basis of first factor, this selection will has tinest effectiveness in the grain yield. These resaé compatible with
Golabadi and Arzani [24], Yildrim et al. [25], Makadeghi et al. [1], Sorkhi Lelahlou et al. [263Li§i Mojarad and
Bihamta [27], Damania and Jacson [28]. Second fabtw justified 18.37% of total variance. The faietb

coefficients of days to heading and flag leaf arese high and negative while grain yield and haruedex had
high and positive factorial coefficients. In therthfactor that had explained 14.80% of alteratiommber of grain
per spike and number of spikelet per spike hadjthatest effect and therefore this factor calledftective factor
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to number of grains. Forth factor had justified 4286 of total variance and mostly affected by plaetght,
peduncle length, spike length and 1000 grain weiflhe most effective trait in the fifth factor wasrcent of
protein. So, it can be called as production quddittor.

Table 3. Factor analysis of under study traits vigrincipal components analysis in 96 wheat genotypes

Trait Rotated factor loadings communality
Factor1 Factor2 Factor3 Factor4 Factor 5
Days to heading -0.31 -0.80 0.06 -0.06 -0.13 0.78
Plant height (cm) 0.49 -0.24 -0.13 0.68 -0.17 0.82
Flagleaf area (cf -0.12 -0.66 0.41 0.38 0.08 0.79
Peduncle length (cm) 0.39 -0.02 -0.25 0.56 80.2 0.62
Spike length (cm) 0.01 -0.11 0.30 0.56 0.49 0.68
No. spikes/rh 0.076 0.49 -0.03 -0.16 -0.02 0.85
No. grain per spike 0.08 0.12 0.87 -0.17 0.03 0.82
1000 grain weight (gr) 0.01 0.06 -0.16 0.76 -0.007 0.61
Grain yield (gr/m) 0.67 0.56 0.33 0.12 -0.10 0.92
Shoot biomass (gr/th 0.91 0.18 0.21 0.19 -0.04 0.95
No. spikelet per spike 0.16 0.02 0.80 -0.096 -0.06  0.69
Grain protein (%) -0.05 0.018 -0.06 -0.12 0.88 0.80
Straw yield (gr/rf) 0.94 -0.15 0.07 0.20 0.01 0.95
Harvest index (%) -0.17 0.86 0.35 0.02 -0.09 0.91
Eigen values 3.35 2.57 2.08 2.01 0.21
Proportional variance 23.94 18.37 14.89 14.42 8.64

Cummulative variance: 23.99 42.31 57.20 71.62 80.26

Cluster analysis based on extracted factors

Cluster analysis based on the five factors groupedies into the three groups(Fig. 2). Averagdaotors for each
cluster is shown in table 4. In the first clus#,lines were classified including 42.55% of tagjahotypes. Lines in
this cluster were in the highest rate with respedirst and second factors. Genotypes of thistelusan be used for
increase in grain yield in breeding programs. Sdamoup comprises 33 lines including 35.11% ofltgemotypes.
Lines In this cluster had greatest values for fowmd fifth factor. Therefore, these genotypes veengerior with
respect to plant height, 1000 grain weight and gm@rof grain protein. In the third group, 21 gempaty were
classified including 22.34% of total lines. Genagpn this cluster had highest mean with respedthitd factor.
Members of this group can use for increase in nurabgrain per spike in breeding programs.

Table 4. The average of traits for achieved groupfsom cluster analysis based on factor analysis in@wheat genotypes.

Cluster Factor 1 Factor 2 Factor 3 Factor 4 Fastor
1 0.376 0.148 -0.379 -0.0035 0.632
2 -0.0832 0.0029 -0.288 0.3023 0.960
3 -0.622 -0.302 1.211 -0.468 -0.243
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Fig.2. Dendrogram of 96 genotypes for 5 extractec€ttors using hierarchical cluster analysis (Ward’amethod
and squared Euclidean distance)
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CONCLUSION

This study has shown the existence of considegdatetic variation among the genotypes considerédmay help
for further selection and breeding. Parents maysélected from those clusters which had significgemetic
distance for crossing in order to obtain geneticonebination and transgressive segregation in theseguent
generations. However further study across locatioth years needs to be done in order to corrobthnateesults
obtained in the present investigation.
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