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ABSTRACT

I dentification of the genetic architecture of phenotypic stability and management of adaptational
genes is a prerequisite for improvement of adaptation. To locate the genes controlling
adaptation, disomic addition lines of Barley into the genetic background of Chinese Spring were
used in a randomized complete block design with three replications under two different
conditions (rainfed and irrigated) for three years. Combined analysis of variance showed
significant differences for genotypes (G) and GE interaction indicating variability between
genotypes and their effects in the GE interaction and possible chromosomal localization of the
genes controlling yield and yield stability in Barley. Nonparametric statistical procedures and
rank method indicated that most of the quantitative trait loci (QTLS) involved in controlling
phenotypic stability and yield in Barley are located on the chromosomes 3H and 4H. Screening
nonparametric estimates using biplot technique classified the stability measures in 3 groups.
Group 1 (G1) included NPi Y. The PCs axes separated S® , @, 5 ® g5 © Npj @ NPi @ and
YS @ingroup 2 (G2), Y3 @, NPi @ | RSand G were classified as Group 3 (G3).

Key words: Barley, disomic addition lines, stability, nonpaetnt methods.

INTRODUCTION

Cultivated barley Klordeum vulgare L.) is the world’s fourth most important cereal grafter
wheat, maize, and rice. It is grown over a broamironmental range than any other cereal. The
popularity of barley is due to its broad ecologiadhptation, utility as a feed and food grain, and
superiority of barley malt for use in brewing [1].

Barley provides an excellent system for genome mngppnd genetic studies, due to (1) its
diploid nature, (2) low chromosome number (2n=13), relatively large chromosomes (6-8
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um), (4) high degree of self fertility, and (5) eagehybridization. Its only drawback is the size
of the genome, which is relatively large with 5.36bp for a haploid [2].

The main breeding objectives of barley are higHdyi@nd resistance to biotic and abiotic
stresses. Furthermore, malting cultivars need tee h@igh malting quality, which includes
plumpkernels, rapid and uniform germination, andiro@l values for protein content and
enzymatic activity.

It is apparent that the phenotype of barley is iatjgontribution of both genes as well as
environment. The genotype-environment interactemuces association between phenotypic and
genotypic values and leads to bias in the estimaftegene effects and combining ability for
various characters sensititeeenvironmental variationSuchtraits are less amenable to selection
[3]. The existence of genotype-environment inteoac{ GEIl) complicates the identification of
superior genotypes for a range of environmentscafd for the evaluation of genotypes in many
environments to determine their true genetic paeft]. Measuring GEI helps to determine an
optimum breeding strategy, to breed for specifiqgeneral adaptation, which depends on the
expression of stability under a limited or widegarof environments [5]. The importance of G x
E interactions in national cultivar evaluation éméeding programs have been demonstrated in
almost all major crops [6, 7, 8].

Many statistical methods have been invesitigatepoposed to study genotype x environment
interactions [7, 8, 9]. Most of these methods, heevefail to distinguish between significant
crossover interaction (change in genotypic rank] man-crossover interaction (no change in
genotypic rank) [10].

The G x E interaction is considered as crossovejuatitative if it leads to change in relative
ranking of genotypes in different environments. Tim@n-crossover or quantitative G x E
interaction, on the other hand results in diffei@nthange of mean but not of ranking of
different genotypes. Crossover interactions armiafrest in plant breeding because these affect
the genotypes to be selected in a given environm®uoth interactions also suggest that
genotypes are specifically adapted to environmélitis. non-crossover interaction, on the other
hand, influences the nature and magnitude of coesrof genetic variances and other related
parameters like heritability and genetic advance.

Interpretation of G x E interaction can be aided digtistical modeling. Models can be
parametric (univariate and multivariate) or nonpatric methods. The mostly used, classical
parametric approaches for an analysis of genotypenwironment interaction are based on
several assumptions: normality of the distributibagnogeneity of variances, additivity. If some
of mentioned assumptions are not fulfilled, theidigl of these methods may be questionable.
By use of nonparametric methods which relates enmients and phenotypes relative to biotic
and abiotic environmental factors without makinga@fic modeling assumptions, all of the
mentioned assumptions are avoided. The nonparametocedures have the following
advantages over the parametric stability methdusy teduce the bias caused by outliers, no
assumptions are needed about the distributionebtiserved values, they are easy to use and
interpret, and additions or deletions of one or fg@notypes do not cause much variation of
results [11, 12, 13].
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Nassar and Huehn [14] proposed four nonparamettistcs of phenotypic stability (8, 5,

S® and §%) based on the classification of the genotypesghenvironment and defined stable
genotypes as those whose position in relation éodtimers remained unaltered in the set of
environments assessed. Fox et al. [15] suggeshpanametric superiority measure for general
adaptability. They used stratified ranking of thdtigars in each environment to determine the
proportion of sites in which each cultivar occuriacthe top, middle, and bottom third of the
ranks, forming the nonparametric measures TOP, BHB LOW, respectively. Rank-sum [16]
and simultaneous selection for yield and stabilig) [17] are other nonparametric stability
statistics where both yield and Shukla’s [18] digbvariance are used as selection criteria. This
statistics assigns a weight of one to both yield stability and enables the identification of high-
yielding and stable genotypes.

Thennarasu [19] proposed non-parametric statisizs’, NB?, NR® and NF* based on ranks

of adjusted means of the genotypes in each enviahrand defined stable genotypes using
Nassar and Huehn [14]'s definition. The level os@sation among stability estimates of
different models is an indicative of whether onemmre estimates should be obtained for reliable
predictions of cultivar behaviors and also helps bheeder choose the best adjusted and most
informative stability parameter (s) to fit the staand dynamic concepts of stability [20].

Irrespective of how a stability parameter is meadumone of the most critical question is
whether it is genetic? If the characteristic meadusy the parameter is non- genetic, it is not
heritable and thus selection for such a parametdruitless [21, 22]. Various authors have
proved that stability indices are genetic and hdmesé@able [23, 24, 25].

If stability is heritable, the next step in the gia analysis is identification of the chromosomal
location of the genes controlling adaptation [Z6@ understand the genetics of continuous
variation, it is necessary to identify the chronmsab location of the genes controlling
guantitative attributes such as yield and yieldisity [27].

Various techniques (biometrical, cytogenetic andemgar) have been used to locate the genes
monitoring quantitative traits among which cytogenemethods (monosomic, disomic,
substitution and disomic addition analysis) haverbeidely used. Because of the complex
nature of phenotypic stability, very little infortian is available on the chromosomal location of
the genes conditioning adaptation [28, 29, 30].

Disomic addition lines in which a single pair ofralmosomes from related species is added to
the full chromosome complement of the recipienty) ¢ used to indentify chromosomes
carrying the genes controlling adaptation and phgro stability and form the starting point for
gene transfer and genetic improvement of genotgmbility [31, 32]. Wheat-barley disomic
addition lines have been used to evaluate geneessipn and physical mapping of barley [33].
In this paper we report the results of phenotypéabitity experiments on chromosome addition
lines of Hordeum wulgare L., 2n = 2x =14. cv. Betzes) into the genetic lggiokind of bread
wheat {Triticum aestivum L., 2n = 6x =24, AABBDD, cv. Chinese Spring) alomgth their
parental barley and wheat lines.
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MATERIALSAND METHODS

To locate the genes controlling yield and yield8ity, disomic addition lines of nine genotypes
including 7 disomic addition lines (DAL) of barlgydordeum vulgare L., 2n = 2x =14. cv.
Betzes) (Donor) in the genetic background of breéat {riticum aestivum L., 2n = 6x =24,
AABBDD, cv. Chinese Spring) (Recipient) along witteir parental barley and wheat lines were
used. The DALs were named as 1H to 7H indicatirdjteh of chromosome 1H to 7H into the
genome of Chinese Spring (CS), respectively. Tleelsevere kindly provided by Dr. M. Tahir,
ICARDA, Syria.

The experiment was conducted in a randomized cdamplieck design with three replications
under two different environments (irrigated andfed) at the experimental farm of College of
Agriculture, Razi University, Kermanshah, Iran 8@ N latitude, 3420E longitude and
1351m altitude) during 2007-2009. Climate in thegion is classified as semi-arid with mean
annual rainfall of 478mm and mean annual tempezatfirl3.8c. The plots consisted of 3m
rows and at 15x25 cm inter-plant and inter-rowatists, respectively. The environments were
considered as random factors, while genotypesxasl fiactors. At the time of harvesting grain
yield was measured in 5 environments (stress anestress).

Statistical Analysis

1-Test of significance GE interaction

Combined analysis of variance (ANOVA) (F-test) wased to test the significance of GE
interaction.

2- Non parametric stability approaches

Huehn [34] and Nassar and Huehn [14] proposed faur-parametric stability statistics that
combine mean yield and stability. Four parametesetl on yield ranks of genotypes in each
environment are derived as follows:

m-1 m

sW =2y Z|rij —r”..|/[m(m—1)]

joi=i

Where $& = mean of the absolute differences among the ifiton I-th cultivar in j-th
environment, 8= variance of classification I-th cultivar in j-#mvironment, $= sum square of
classification I-th cultivar in all environment dike to mean classification of cultivar in all
environment and %= sum of mean absolute deviations in yield unitseath classification
relatives to mean classification, | = number of@goes, m= number of environmentg=rthe
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rank of the ith genotype in the jth environment ahd the mean rank across all environments
for the ith genotype.

Significant test to $and $ was calculated with? = ¥Z™ , m=1, 2 which E (3) and V (§")
are mean and variance of Z respectively.

Kang [35] suggested 3 selection criterions: 1- ramin (Rsm), 2- altered rank sum and 3- yield
stability statistic (Y) (Ys'and Ys? are two rank sum statistics that are resulted fsam rank of
both yield and $and Sf). In this method both yield and Shukla’s [18] sligpvariance are used
as selection criteria. The method attributes equeddht for yield and stability statistics although
breeder should assign a weight to yield more tiaiility statistics weight.

A ranking method presented by Ketata [36] that tgyes are ranked in all environments based
on grain yield separately. Then the mean and stdndieviation of the rank of each genotype
considering its yield are calculated. In this metlaogenotype with maximum performance gains
rank 1 and if a genotype exhibited mean rank cltsdr and less standard deviation of the rank
was known as the most stable variety.

The stratified ranking technique of Fox et al. [1&)nsists of scoring the number of

environments in which each genotype ranked inapermiddle, and bottom third of trial entries.

A genotype that occurred mostly in the top thirdghTOP value) was considered as a widely
adapted cultivar.

Thennarasu [19] proposed the four following nonpeetic stability measures based on justified
rank (rj) of each genotype mean in any environment. Gerotyph fixed rank compare to
others in all environments is the most stable.

(1) :%éhi; - M;I
:l(i‘r” —M;i‘/Mdij
g 2l -T

r

)[Z Zm:‘ru sl J

j=1 j'=j+1

In the above formulas;; is the rank of % = Xj — X, " and M}, are the mean and median

ranks for adjusted values, whereand M;; are the same parameters computed from the original
(unadjusted) data. Standard deviation of rank (S&H#))rank mean (R) [36] were measured as:

Zm;,(RJ -R)?

S i
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where R is the rank of X within the jth environment,R (R) is the mean rank across all

environments for the ith genotype and SDR%){S Genotypes with minimum R and SDR are
the most stable.

Spearman’s coefficient of rank correlatiog) (ivas employed [37] to statistically compare the
stability indices used in this study. All the geypss evaluated were respectively assigned
stability values according to the procedure andhdefns used, and were then ranked in order to
determine Spearman’s rank correlation coefficiegtiveen the different procedures. Assume n
genotypes are arranged in the same following ai@éwo stability parameterXi indicates the
ranking order (or ranking number) of the ith gempetyor the first parametey; , indicates the
ranking number of the ith genotype of the secondpater, then di i - Yi (i= 1,2,...n) and
Spearman’s rank correlation coefficien) gan be described as:

_o 8.4

s (n-Dn(n+1)

Ranking numbers are whole numbers and when twoase raqual ranking numbers occur, the
average of the ranking numbers that they otherwiseld have received, are ascribed to each
genotype. The correlation of the parameters andigtsificance level was determined using the
software package STATISTICA. To understand bet&ationships among stability methods,

principal component analysis (PCA), was performed.

3- AMMI stability value (ASV)

The ASV is the distance from the coordinate parihie origin in a two-dimensional scattergram
of IPCA1 scores against IPCA2 scores in the AMMIdelo[38]. Because the IPCAl score
contributes more to the GE interaction sum of segsiaa weighted value is needed. This weight
is calculated for each genotype and each enviroh@esording to the relative contribution of
IPCAL to IPCAZ2 to the interaction SS as follows:

IPCAL

2
SV = \/{w (l PCAlscore) + (I F)C:'A‘Zscore)2
I PCAZsumofsquare

Wheremis the weight given to the IPCA1-value by dividithg IPCA1 sum of squares by

PCA2
the IPCA2 sum of squares. The larger the IPCA soeiteer negative or positive, the more
specifically adapted a genotype is to certain @mvitents. Smaller IPCA scores indicate a more
stable genotype across environments.

4- Yield stability index (YSI)
A new approach known as yield stability index (YBlIyecommended, calculated by ranking the
mean grain yield of genotypes (RY) across enviramsi@nd rank of AMMI stability value
(RASV). YSI incorporate both mean yield and stapiln a single
criterion as:

YSI = RASV + RY
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A low value of this parameter shows desirable ggrext with high mean yield and stability.
RESULTSAND DISSCUSI ON

The results of combined analysis of variance (Tableshowed significant differences for

genotypes and genotype x environment interactidic@ting variability between genotypes and
their effects in the GE interaction and possiblealzation of the genes monitoring yield and
yield stability. As GE interaction was significant, was possible to proceed and calculate
phenotypic stability [30, 39].

Table 1. Combined analysis of variance over irrigated and rainfed conditions

S.0.V df MS

Environment (E) 4 489.6
Error 1 15 1919.9
Genotype (G) 8 2152.2
GxE 22 2615.5
Error 2 80 1078.2

* Sgnificant at 5% probability level

Non- parametric phenotypic stability measure

The Si® and Si® [14] statistics are two rank stability measurés, $i) statistic measuring the
mean absolute rank difference of a genotype oveir@mments, with S’ = 0 for a genotype
with maximum stability, while S{? gives the variance between the ranks over envieorsy
with zero variance being an indication of maximuabdity. The exact variance and expectation
of Si @ and Si® were given by Huehn [40]. The nonparametrid*Sand Si®® statistics are
measures of stability alone and are strongly catign with each other even when using the
uncorrected yield data, being nearly perfectly elated with each other if the uncorrected yield
data is adjusted for genotypic effects using theeoted values. However, the values of th&’si
and Si® statistics obtained using the uncorrected yielth dad the corrected data are often
considerably different and show only medium or lowrrelation [34]. The SIV statistic is
preferred for practicahpplications because it is very easy to calculat alows aclear and
objective interpretation it represents the meanolais rank difference between the
environments. Furthermoran efficient test of significance is available this statistic [40].

The statistics SP, Si®@, zi ®and zi®® were calculated for 9 ?enotypes over 5 differeirtfea
and irrigated conditions (Table 2). The significéests for Si¥ and Si® were developed by
Nassar and Huehn [14]. For each genotyp&zind Zi®® values were calculated based on the
ranks of adjusted data and summed over genotypeistain Z values (Table 2 ). As $isum =
7.96 was greater than critical value)3t=7.95, thereforesignificant differences was found in
rank stability among the nine genotypes grown i fikie environmentsand Zi® sum = 9.56
less than the critical value gf; = 6.6thus indicating no significant differences in rastability
among the nine genotypes grown in the eleven emwviemts. No genotype was significantly
unstable relative any of the other genotypes bectgusy all showed small values compared
with the critical y2 valuesThese two statistics ranked genotypes similarly dtability. For
example, according to both % and Si® disomic addition line 4H had the smallest chariges
ranks and is thus regarded as the most stable ygenainlike disomic addition line 5H, which
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was unstable. It is therefore concluded that chsmmme 4H carry the QTLs controlling stability
in barley.

Two other nonparametric statistics, described bgh#u41], Si® and Si® combine yield and
stability based on the yield ranks of genotype®ach environment. These statistics measure
stability in units of the mean rank of each genetygescribed in more detail in the original paper
by Huehn [41], with the lowest value for each addé statistics indicating maximum stability for
a certain genotype. For example, thé"Sand Si®® statistics showed thalisomic addition line

4H was the most stable genotype, and this was sigzpbyt the S and Si® statisticindicated
thatdisomic addition line 4Hwas the most stable genotypith high grain yield, hence most of
the QTLs monitoring yield and yield stability infey are located on chromosome 4H (Table 2).

Table 2. Mean and Nassau and Huehn stability measures

Lines Mean Sli Zli Szi Ziz §i S6i
1H 50.8 3.3 0.33 7.29 0.15 12.4 4.2

2H 49.9 2.1 0.75 3.62 0.63 6.33 3.0
3H 65.3 3.7 1.1 9.75 1.24 6.1 3.46
4H 63.3 1.6 2.1 3.14 0.9 3.21 1.85
5H 56.2 3.8 14 10.29 1.8 135 4.25
6H 55.5 2.1 0.75 3.8 0.54 5.51 2.28
7H 56.7 3.3 0.33 7.57 0.22 8.59 2.86
H(donon) | 57.1 | 2.1 0.75 291 | 1.05 3.3 1.83
Ch.S. 86.5 3.4 0.48 6.62 3.03 5.25 1.62

Y1=7.95, ¥, =6.6,E(S5) =0.95, E (S") =2.8, V(S}) = 0.7, V(S}) =9.71

Results of Thennarasu’'s nonparametric stabilityisties, which are calculated from ranks of
adjusted yield means, are shown in Table 3, andrah&s of genotypes according to these
parameters are given in Table 4. According the ousthNPi®, NPi © | NPi ® and NPi®
genotypes H2, H6, H4 and H4 were stable in comparisith other disomic addition lines,
respectively. But the grain yield of H2 and H6 vess than H4.

The highest value of NPY , NPi® | NPi® and NPi® belonged to addition lines 3H, 3H, 2H,
1H and 5H, respectively indicating their instaliliglthough 3H exhibited high grain yield.
Therefore, NPP and NPi® had a negative relationship with yield.;Nand Npf Because of
having negative correlation with high yield shouldt be used to selection high performance
varieties and it is better to be replaced with paic statistics. The results of two NPs ( KfPi
and NPi® were very similar to each other and identified déistable, with high mean vyield
performance. Therefore, according to the methodsasfsar and Huehn [14] afithennarasu
nonparametric stability statistics most of the QTxolved in controlling adaptation are located
on chromosome 4H. Kaya and Tanner [13] reported $haand § are more effective for
stability scrutiny than N® and NF.

Another set of nonparametric stability statistics&ang’s [42] rank-sum (RS), where both yield
and Shukla’s stability variance are the selectigteria, that assigns a weight of one to both
yield and stability, which allows identification dfigh-yielding and stable varieties. In this
method, both the highest yielding genotype andgeémotype with the lowest stability variance
are ranked 1 and after ranking all the genotypesdhks by yield and by stability variance are
added for each genotype and the ggrwvith the lowest RS (Rank Sumglue is considered the
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most desirable. According to the RS the most stgarotype with high grain yieladvas
identified addition line 4H. Kang and Pham [16] é®abaghnia [20] reported that RS statistics
study dynamic aspect of stability because it iatezl to high grain yield. Because of integrating
yield and stability, RS is probably one of the msportant criterions to select varieties in
compare to other methods under low intensity humisliresses. But Baker [43] stated that this
method had not been succeeded in distinction betweelitative (crossover) and quantitative
(non-crossover) effects. The least amount of y&ébility indices 1 and 2 (YSP and YSi®®)
also discriminated addition line 4H as the mosblstgenotype with least Y$? and YSi® in
comparison with other genotypes.

Genotype selection index (GSI)

A new approach known as genotype selection indé&X{)({26, 44] was calculated by ranking the
mean grain yield of genotypes (RY) across enviramsi@nd rank of AMMI stability value
(RASV). GSl incorporates both mean yield and siigtith a single criterion as:

YSI = RASV + RY

Low value of this parameter shows stable genotypés high mean yield. Based on GSI the
most desirable genotype was addition line 4H (T&kle

Table 3. Nonparametric stability measures of barley genotype across 5 environments

Lines Mean R.M* R.D NPt NP# NP NPi* RS YS! YSi2 GSI
1H 50.8 357 269 229 057 026 18 1211 14 11
2H 49.9 343 19 014 052 039 14 1410 12 10
3H 653 529 009 29 071 022 15 87 10 10
4H 63.3 585 177 285 033 013 087 45 5 5
5H 56.2 457 32 27 045 026 18 1311 14 10
6H 555 414 195 1.1 029 0.14 098 98 1 12
7H 567 529 275 2 031 018 13 119 12 12
H(donor) 57.1 529 17 14 024 011 074 75 5 10
Ch.s. 865 757 257 29 036 019 121 105 6 10

*:RM. =Rank mean and R.D. = Rank standard deviation

Screening non-parametric stability indicators

1- Biplot analysis

To better understand the relationships, similagidad dissimilarities among the non-parametric
stability estimates, principal component analy$i€A), based on the rank correlation matrix
was used. The main advantage of using PCA ovetetlasalysis is that each statistics can be
assigned to one group only [45].

The PCA and PCA axes which justify 79.06% of total variation, mgidistinguish the stability
estimates in different groups. One interestingrprigation of biplot is that the cosine of the
angle between the vectors of two indices approxasgite correlation coefficient between them.
The cosine of the angles does not precisely trensito correlation coefficients, since the biplot
does not explain all of the variation in a databletvertheless, the angles are informative enough
to allow a whole picture about the interrelatiopshamong the stability estimates [46]. Biplot
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clustered the stability measures in 3 groups. GrbuG1) included NP{Y. The PCs axes
separated 81, Si?, Si®, si® NPi®, NPi® and YSi® in group 2 (G2), YSI, NPi® | RS
and GSI were classified as Group 3 (G3). G1 intceduaddition line 2E as stable which showed
low mean yield. All of the stability indices in GRscriminated addition line 4H as stable except
NPi @ which introduced genotype 6H as stable with lonamgield. Non- parametric stability
measures in G3 identified 4H as the most stablé@iaddine.

The correlation coefficients among the five testalions are presented in Table 3. The vector
view of the biplot (Fig. 1) provides a summary &g tinterrelationships among the stability

indicators. The lines that connect the stabilitiinestes to the biplot origin are called stability

vectors. The cosine of the angle between the veabitwo stability indices approximates the

correlation between them. For example, G2 stabitigasures were positively correlated (an
acute angle), the same conclusion was obtainedh®iG3 stability estimates, while G1 was

negatively correlated with G3 indices (an obtusglenand independence or very weak

correlation (almost right angle) between G1 ands@bility measures.

This procedure was also employed in chickpea dBtlustering stability statistics and in durum
wheat [47] for screening selection criteria of eiffnt climate and water regime conditions.

2- Ranking method

The estimates of stability indicators (Table 4)ibxkld that the identification of stable genotypes
based on a single criterion was contradictory. &ample, according to the methods NPi
disomoc addition lines 2H, with regard to NPidisomoc addition lines 6H, while N& and
NPi “ discriminated 4H as phenotypically stable genatype

To determine the most desirable stable genotyperdiog to the all indices mean rank and
standard deviation of ranks of all stability critgewere caculated and based on these two criteria
the most desirable stable disomic addition linesvidentified.

Total rank mean (TRM) of all the genotypes invaighdistinguished addition lines 3H and 4H
as the most stable genotypes with high grain yitHdrefore most of the QTLs involved in
controlling phenotypic stability in barley are loed on chromosomes 3H and 4H, hence they
can be used for improvement of adaptation in baaley related species through chromosome
engineering.

Table 4. Total rank mean (TRM) of various nonparametric stability statistics

Lines Mean Sf & S & RM* RD Np' Np? Np® Np® RS YS' YS? GSI TRM
1H 8 4 6 8 9 2 6 6 2 2 1 7 5 6 3 5

2H 9 5 3 5 6 1 4 8 3 1 3 81 5 2 4.3

3H 2 2 8 6 7 7 1 1 1 3 2 2 2 4 2 3.3

4H 3 6 2 1 3 8 3 2 6 7 7 1 3 2 1 3.4

5H 6 1 9 9 8 4 9 3 4 2 1 7 8 6 2 5.3

6H 7 5 4 4 4 3 5 7 8 6 6 4 7 1 4 5.0

7H 5 4 7 7 5 6 8 5 7 5 8 6 8 5 4 6.0

H(donor) 4 5 1 2 2 5 2 6 6 8 4 26 2 2 3.9
Ch.s. 1 3 5 3 1 9 7 1 5 4 5 7 4 3 2 3.8

*:R.M. =Rank mean and R.D. = Rank standard deviation
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Principal component analysis (PCA)Y
' Mp;”

107

15 87%%

PCAZ:

-1.0 05 0.0 0.5 1.0
PCALl: 60.19%

Fig. 1. Biplot analysisof non-parametric indicators of phenotypic stability in wheat-barley disomic addition lines

The same procedures have been used for screeramgjtgtive indicators of drought tolerance in
wheat (47), in maize [48], and in rye [30].

Using cytogenetic techniques, AMMI analysis, ASVda@SI, Farshadfar and Sutka (2003)
reported that most of the QTLs controlling adaptain wheat are located on chromosomes 4A
and 5A in A genome, 4B in B genome and 2D and 7D igenome. They also showed that
chromosomes 3A, 4A, 3D and 7D carry the genes cllingy specific adaptation to rainfed
condition and QTLs responsible for adaptation tdgated condition were located on
chromosomes 1A, 3D, 1D and 7D. Using wheat- badisgmic addition lines, Farshadfar et al.
[32] exhibited that genes controlling agronomic @hgsiological indicators of drought tolerance
were located on chromosomes 4H and 5H. Farshadddrahd Farshadfar et al. [26] revealed
that most of the quantitative trait loci (QTLs) olved in controlling phenotypic stability and
yield in Agropyron are located on the chromosome 7E and most of éhesgcontrolling yield
and yield stability in Rye are located on chronmmed, respectively.
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