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ABSTRACT KEYWORDS
In this study, eval uation of classification methodsin durum whest involved RAPD;
cluster analyses on data from RAPD and SSR techniques, morphological SSR;
characteristics according to CPV O and various agronomic characteristics, Morphological;
including yield. Molecular methods exhibited the greatest r-coefficient (r= Agronomic;
0.499). The SSR method showed a satisfying correlation to agronomic data Classification.

(r=0.439). Field methods exhibited a lower correlation (r= 0.395). CPVO
method showed no correlation to molecular methods. Electrophoregrams of
the gliadin proteins showed that the first step for selecting promising vari-
etiesisthe presence (in both parents of across) of band 42. All the methods
had errorsin estimating genetic distances between all the possible pairs of
the varieties used, since in many cases, closely related varieties showed
great genetic distances and the opposite, not related varieties showed low
genetic distances. For this, it is obvious that none of these methods alone
could predict the promising crosses. If therelation of the varietiesisknown
from pedigree records, then data from the methods used may become satis-
factory reliable. In combination to quality data from electrophoregrams of
thegliadin proteins, these dataare very useful for parent selection. SSR and
agronomic methodswere more capablefor discovering of promising crosses.
SSR method seems to be more effective than agronomic method, since
easily and rapidly a breeder may have data that could indicate the most
promising parents, whilein our study, CPVO and RAPD data proved less
effective. © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION sity can be evaluated with morphological traits, seed

proteins, isozymesand DNA markers. Estimation of

In the last decade the narrowing of genetic base  genetic diversity between durum whesat cultivarsis
exploited for cropimprovement and theneed for intro-  based ondifferent typesof data, usudly involving mor-
gression of further variation becomeamatter of great  phologica traitsand genetic anaysesbased on various
consideration™. Accordingto Gepts?, geneticdiver-  genetic markerssuch asRAPD markers, even though
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therewas not found any significant correl ation between
molecular methodsand datafrom morphologicd traits?.
Ingenerd, molecular dataand datafrom morphol ogi-
cal traitshavelow or no corrdation at dl, dependingon
the number and choice of morphologica characters?.
Morphological characterslimited in number, are not
reliableand their rel ationship to other datamay bein-
fluenced by environmentd conditions. Genetic mark-
ersproved to bemoreeffectivethanmorphologicd traits
for classification purposes®®. Landracesof durumwhest
can contributein genetic diversity!. For thisreason
agronomically useful tratsmust be eval uated for effec-
tive contributionin breeding programs?, dthough lack
of genetic diversity wasfound in Greek durum whesat
landracesusing RAPD datal®.

Simple Sequence Repeats(SSR) or microsatellites
aresmal DNA segmentsthat are abundant, dispersed
throughout the genome and show higher level of
polymorphismscompared to other genetic markers. Due
to their advantages compared with other types of
molecular markers, microsatdliteshaverecently become
important genetic markersin cereds, including wheet™.
Theoretically, the SSR assays are more robust than
RAPDsand moretransferablethan AFL Ps (dominant
marker) wherethe polymorphismsare often difficult
to transfer to more sequence specific PCR applications.
Microsatellite markerswere used to detect the genetic
diversity of wheat!®13, Classification of genotypes
based on morphol ogica dataand RAPD markersfound
to be satisfactory with similar resultsand correl ation
between morphological and genetic data of 0.631*4.
Accordingto Mitrick et al ', morphologica datawere
lesseffectivefor classification than RAPD markers. In
general, correlations between different types of data
(RAPD or RFLP and morphological traits) werelow
and sometimes non-significant in case of yiel 54168,

The purpose of this study was to compare
classification methods based on morphological data,
datafrom agronomic characteristicsand from genetic
markers such asRAPDs and SSRs, for eval uation of
durumwheat germplasm.

MATERIALSAND METHODS

Evaduation of classification methodsin durumwhesat
involved cluster andyseson datafrom RAPD and SSR

BIOCHEMISTRY (mm—

techniques, morphological characteristicsaccordingto
CPVO and variousagronomic and quaity characteris-
ticsinvolvingyidd.

Molecular analysis

(a) DNA extraction and PCR amplification

Total genomic DNA (0.2g) was extracted from
young leavesasabulk of tenindividud whest seedlings
using amodified CTAB method*”. Thevarietiesused
were: Anna, Athos, Aias, Kallithea, Mexicali81,
Papadakis, Pontos, Sdlas, Sifnos, Skiros, Sapfo, Santa,
Sarti, Samos, Syros, Skiti.

(b) RAPD primersand dataanalysis

For molecular analysis of genotypeswereusedin
total 21 decamer sequences provided by Operon
Technology, USA. The primersused inthisstudy are
listedinTABLE 1. The PCR amplification reactions
were performed using 30 ng template DNA at a25 pl
volumereaction containing: 0.4 mM RAPDsprimers,
0.2mMdNTPs, 1.5mM MgCl,, 1 x PCR buffer and 1
U Tag DNA polymerase. In caseof RAPD, the primary
cyclelasted 6 minunder 94 °C. Denaturation lasted 1
min a 94 °C. Annealing lasted 1 min under 38 °C.
Extensionlasted 1.5 minunder 72 °C. Hybridization
lasted 7 minunder 72 °C.

TABLE 1: Thenucleotidesequencesof the21 RAPD primers

RA PD RA PD

primer primer

OPC-03 OPA-07
OPC-06 OPA-08
OPC-07 OPA-17
OPC-08 OPB-08
OPC-09 OPB-10
OPC-11 OPN-04
OPC-14 OPO-04
OPC-15 OPO-06 5-CCACGGGAAG-3
OPC-16 OPO-12 5-CAGTGCTGTG-3'
OPC-17 OPO-15 5-TGGCGTCCTT-3'
OPE-02

Sequence (5" to 37) Sequence (5" to 3°)

5-GGGGGTCTTT-3'
5-GAACGGACTC-3
5-GTCCCGACGA-3
5-TGGACCGGTG-3
5-CTCACCGTCC-3
5-AAAGCTGCGG-3'
5-TGCGTGCTTG-3
5-GACGGATCAG-3'
5-CACACTCCAG-3'
5-TTCCCCCCAG-3
5'-GGTGCGGGAA-3’

5-GAAACGGGTG-3'
5-GTGACGTAGG-3
5-GACCGCTTGT-3
5'-GTCCACACGG-3
5-CTGCTGGGAC-3'
5-GACCGACCCA-3
5-AAGTCCGCTC-3'

Theanalyses of datawereperformedinNTSY S
and Stati sticasoftware packages, after the coding of
molecular data. The presence or the absence of a
particular DNA fragment was scored with (1) and (0)
respectively. The cal culation of genetic similarity was
performed based on the coefficients of Jaccard*® and
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Dice®¥. The matricesthat obtained were used for the
congtruction of dendrogramswith UPGMA methods.

(c) SSRsand dataanalysis

Inthisstudy, 13 random microsatd lites(SSRs) were
used (TABLE 2). DNA amplificationswerecarried out
in30u L reaction mixtures, each, 10 mM Tris-HCI, pH
9.0,50mM KCI L5mM MgCl.,0.2mM of eechdNTR,

—— Regdular Peper

17 mM of each primer containing 100 ng template DNA,
and 1 Unit Taqg DNA polymerase (Minotec) using the
following PCR profileinaEppendorf DNA thermolcyder.
Incaseof SSR, theprimary cyclelasted 6 minunder 94
°C. Denaturation lasted 50 sec a 94 °C. Annedling lasted
50 sec under 55 °C. Extension lasted 50 sec under 72
°C. Hybridization lasted 8 minunder 72°C.

TABLE 2: Sequencesof SSR primers

SSR primer Sequence (left) Sequence (right)
Xgwm33-1A GGA GTCACA CTT GTT TGT GCA CACTGCACA CCT AACTACCTG
Xgwm136-1A GACAGCACCTTGCCCTTTG CAT CGG CAA CATGCT CATC
Xgwm193-6B CTT TGT GCACCT CTCTCT CC AAT TGT GTT GAT GAT TTG GGG
Xgwm361-6B GTA ACT TGT TGC CAA AGG GG ACA AAG TGG CAA AAG GAG ACA
Xgwm644-7B GTG GGT CAA GGC CAA GG AGG AGT AGC GTG AGG GGC
Wms 297-7B ATCGTCACG TAT TTT GCA ATG TGC GTA AGT CTAGCA TTT TCT
Wmc 256-6A CCA AAT CTT CGA ACA AGA ACCC ACC GAT CGA TGG TGT ATA CTGA
Wms 135 TGT CAA CAT CGT TTT GAA AAGG ACA CTGTCA ACCTGG CAA TG
Wmc 233-5D GAC GTCAAG AAT CTT CGT CGGA ATC TGC TGA GCA GAT CGT GGTT
Wms 375-4B ATT GGC GAC TCT AGC ATA TACG GGG ATG TCT GTT CCA TCT TAGC
Wmc 25-2A TCT GGC CAG GAT CAA TAT TACT TAA GAT ACA TAG ATC CAA CACC
Wms 52-3D CTA TGA GGC GGA GGT TGA AG TGCGGT GCTCTT CCATTT
Wms 234 GAG TCC TGA TGT GAA GCT GTTG CTCATT GGG GTG TGT ACG TG

Theamplification products separated by gel elec-
trophoresi son 6% denaturing polyacrylami de sequenc-
ing gels (0.4 mmthick, 50 cm long, OWL products),
containing 7M ureaand run with 0.5X TBE buffer for a
constant power of 85 W for 3h. PCR productswere
mixed with equal volume of loading buffer and incu-
bated at 95 °C for 5 min and cooled on ice before
loading and run as single strand DNA. The gel was
fixed, stained and dried with aDNA silver staining
method (Promega, Madison, WI, USA) anddleelength
determination was made by comparing theamplifica-
tion fragmentswith two molecular markers 20 bp and
100 bp availablefrom Sigma.

Number of aleles(N) per locusand their frequency
were estimated. Microsatellite effectiveness for
differentiating among species, whichwill bereferred to
herein asmicrosatellite’s screening ability (MSA) was
based on thefollowing parameters: Diversity Indices
(DN Probability of Identity (1)?Y and allelic
polymorphicinformation content (PIC)#2,

For genetic diversity and phylogenetic rel ation-
ship determination, all gelswereclassifiedinabinary

format matrix where the presence of aband scored
unit (1) and the absence zero (0). Based on thetrans-
formed data, the similarity coefficients?®¥ between
species were estimated using the SIMQUAL pro-
gram. Furthermore, a cluster analysis using the
unweighted pair group method with arithmetic mean
neighbor joining (NJ) procedures was performed.
Then the correl ation coefficient between smilarity and
cophenetic matricesfor each similarity matrix and
clustering procedure was estimated as well using
Mantel’s test. The previously mentioned data analy-
ses were done using NT-SY S software, version
2.021?4, Combined SSR-RAPD analysis and clus-
tering followed, based on Jaccard Coefficient and
unweighted pair group method with arithmetic mean
neighbor joining (NJ).

Protein electrophoresisfor gliadin analysis

Gliadin extraction was performed as described
by Autrani®!. Polyacrylamide gel electrophoresis
(PAGE) was carried out according to the procedure
of Bushuk and Zillman?, except for the use of 0.05
M HCOOH as buffer system adjusted to pH 3.1
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with 0.01 M NaOH®1, After staining,
el ectrophoregrams were examined for bands 42
(weak gluten) and 45 (strong gluten).

Morphological characteristicsaccordingtoCPVO

Measurementsand eva uation of cultivarsinvolved
threeyearsin test fields of the farm of NAGREF in
Thessa oniki andtwo yearsintest fieldsof the Variety
Research Ingtitute of Cultivated Plants. Morphological
characteristicsaccording to CPV O tableswere mea-
suredfor dl theseyears. Intotd, 26 characteristicswere
measured,

For thispurpose 1000 rowswere sown, 1m long
and 0.25m apart. Each year, observationsweretaken
only between plantswith uniform expression of thede-
sired characterigtics. 20 plantswere used for each char-
acterigticwithin 200 uniformrows. Duringthegrowing
season, the selected plantswere under surveillancefor
al morphologica characteridics. Thevarietiesusedwere
Anna, Athos, Aias, Kallithea, Mexicali81, Papadakis,
Pontos, Selas, Sifnos, Skiros, Sapfo, Santa, Sarti,
Samos, Syros, Skiti. Their pedigreeis presented in
TABLES.

Calculation of genetic distanceswas based on the
Eudidesnmodd of distanceswith unweighted par-group
average and cluster analyseswere performed on SPSS
and Stati sti casoftware packages.

Agronomiccharacteristics

In two different sites (the farm of NAGREF in
Thessd oniki and theexperimenta station of AgiosMa-
mas) there were conducted experiments to measure
various agronomic and quality characteristicsfor two
growing seasons (2003-04 and 2004-05). Random-
ized Complete Block designswith four replications
were used and each plot consisted of 7 rows, 4m long
and 0.25m apart. Within each plot two inner rows
were used for measurements (outside rows served as
borders). M easurementswere conducted in specified
parts of each row, 50cm long for both sides of the
row and for all replications. Agronomic characteris-
tics measured were: number of tillersper plant, total
number of reproductivetillersper plant, number of
kernelsonthe spike, kernel weight per spike. Espe-
cialy for thetwo last measurements, 5 spikeswere
used separately within the specified areas of thetwo

rowsin the plotsand meanswerecalcul ated. Therest
of measurementsinvolved silking, plant height, 1000-
kernel weight, yield, total protein, vitreousity and black
points. The varieties used were: Anna, Athos, Aias,
Kallithea, Mexicali81, Papadakis, Pontos, Selas,
Sifnos, Skiros, Mavragani Iraklio, Myrina, Kornos,
Limnos, Simeto, Smi (TABLE 3).

TABLE 3: Pedigreeof durumwheat varieties

Variety Pedigree

Papadakis Athos/Mexicali81l//Mexicali81(BC)

Aias Selection from Y avaros

Pontos Selection from Mexicali8l

Anna Mexicali81/Santa

Mexicalisl Selection from Mexicai75
(61.130/L eeds//Jori3/GDOV Z469)

Athos Selection from Appulo

Sifnos Limnos/Mexicali81l

Selas Selection from Stork “S” (CIMMYT)

Kallithea Selection from Capeiti 8

SKiros Selection from WAHA “S”-PL
“S”-RUFF / GTA “S”-ROL (ICARDA)

Sapfo Selection from Crane

Santa Mutation after irradiation of Methoni

Sarti Mutation after irradiation of Methoni

Samos Selection from CR “S”
(21563/61.130/Leeds) (ICARDA)

Siros Selection from PLC “S”-Ruff / GTA
“S”-ROL (CIMMYT)

kit Selection from CR “S”/T.DIC “S”
VERNUM-GLL “S” (ICARDA)

M avragan Iraklio, Greek landrace from Crete

Heraclio

Mirina Greek landrace selection

Kornos Greek landrace selection

Limnos Greek landrace selection

Symi Greek landrace selection

Simeto Capeiti 8/ Vanova

ANOVA, clustering and cd culation of geneticdis-
tances were based on Snedecor and Cochran? and
SPSS manual, and were performed on SPSS and
Stati stica software packages. Genetic distanceswere
cal cul ated according the Euclidean modd of distances
with unweighted pair-group average®. Datawere stan-
dardized to become comparable. Additionaly, corre-
|ationswereca culated from commonvarieties’ data*
between the tables of genetic distancesfound by the
above-mentioned methods.
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RESULTSAND DISCUSSION

Evaduation of classfication methodsin durumwhest
involved cluster andyseson datafrom RAPD and SSR
techniques, morphological characteristicsaccordingto
CPVO and agronomic characteristics (Figures 1, 2, 3,
4 and5). The precision of molecular dataanayseswas
relativehigh (TheRAPD matrix correation; r=0.88827,
gpproximate Mantel t-test: t =4.3670, SSR Matrix cor-
relation: r = 0.84500, approximate Mantel t-test: t =
4.6065, combined RAPD/SSR analysis matrix corre-
lation: r = 0.91586, approximate Mantel t-test: t =
4.1877, pr. random Z<obs. Z: p=1.0).

In RAPD and SSR methods, Mexicali 81 exhib-
ited the greatest genetic distancesin most cases, but
exhibited erroneoudy great genetic distances (Figures
4,5, 6) torelated varieties (according to pedigreein
TABLE 3) such as Papadakis, Pontos, Annain RAPD
and SSR respectively and Selasin RAPD. Addition-

Tree Diagram for 18 Cases

Unweighted pair-group average
Euclidean distances

PAPADAKIS
ATHO

KALLITHEA — T

AlAS
PONTOS
ANNA
SIFNOS
SAMOS

MEXICALI
SELAS

SAPFO
SKIROS
SANTA
SARTI
SKITI
SYMI

2 4 6 8 10 12 14

Linkage Distance

Figurel: Dendrogram of durumwheat cultivar sbased on
CPVO euclidean distances
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aly, varietiespair Pontosand Aiasin RAPD and SSR
andvarietiespair SdasandAiasin SSR showed erro-
neously thelowest genetic distances, athough not re-
lated to each other. In bread wheat (Triticumaestivum
L.), genetic distances based on RAPD markersfound
to haveno correlation with hybrid performance and het-
erosisleadingtotheconclusionthatitisimpossbleto
predict performancefrom RAPD data*®. Maccaferri
et al.*d stated that, if the resultsdid not agreewith the
registered parentages, SSR markers could providein-
formation to identify the most probable parents. For
CPVOdata, Mexicai 81 exhibited thegreatest euclid-
ean distancesin most pairs, but exhibited erroneoudy
great genetic distancesto rel ated varieties Papadakis,
Pontos, Anna(Figure 1). Additiondly, pairsof varieties
such asPontosand Aias showed erroneously thelow-
est genetic distance although not rel ated to each other.
For agronomic and quality dataMexicali 81 exhibited
the greatest euclidean distancesin most pairs but ex-
Tree Diagram for 16 Cases

Unweighted pair-group average
Euclidean distances
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Figure2: Dendrogram of durum wheat cultivar sbased on
agronomic euclidean distances
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Figure3: Dendrogram of durumwheat cultivar sbased on
SSR molecular markers
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Figure4: Dendrogram of durum wheat cultivar sbased on
RAPD molecular markers
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Figure5: Dendrogram of durumwheat cultivar sbased on
combined RAPD and SSR molecular analysis

hibited erroneoudly great genetic distancesto related
varieties Papadakis, Pontos, Anna, Sifnosand Selas.
Additionally, pairsof varieties PontosandAias, Selas
and Aias showed erroneoudy the lowest genetic dis-
tances (Figure 2). Smith and Smith (1989)1, using
RFL Ps and pedigree data concluded that morphol ogi-
ca charactersmight beunrdiable. Corrdationsof data,
between all methods used are presentedin TABLE 4.
Mol ecular methods exhibited the greatest r-coefficient
(r=0.499). The SSR method showed a satisfying cor-
relation!*™ to agronomic data (r= 0.439). Field meth-
ods exhibited alower correlation (r=0.395). CPVO
method showed no correlation to mol ecular methods.

TABLE 4 : Correlations (r coefficients) for all methods used

CPVO agronomic SSR
agronomic 0.395
SSR 0.281 (ns) 0.439
RAPD 0.142 (ns) 0.361 0.499
Combined SSR/RAPD  0.242 (ns) 0.342

Electrophoregramsof thegliadin proteins(of dl the
cultivarsexamined) showed thet varietiesAias, S meto
and Pontos had band 42 instead of band 45, whileall
the others possessed band 45 but not band 42. Glia-
dins may be used for evaluating quality of durum
wheat®*1, If, additionally toyield, quality of glutenis
the target, then the presence of band 45 in gliadin
el ectrophoregrams may revedl the best varieties. Thus,
gliadin electrophoresismay bethefirst step for select-
ing promising varietiesby regecting low quality materi-
alswhen both parents of acrossdevelop band 42.

Concluding, al the methods had errorsin estimat-

ing genetic distances between al the possible pairsof
thevarietiesused, sincein many cases, closely related
varieties showed great genetic distances and the oppo-
site, not related varieties showed |ow genetic distances.
For this, itisobviousthat none of these methods alone
could predict the promising crosses. If therelation of
thevarietiesisknown from pedigreerecords, then data
from the methods used may become satisfactory reli-
able. In combination to quality data from
el ectrophoregrams of thegliadin proteins, these data
arevery useful for parent selection. Withthisinmind
SSR and agronomic methods were more capablefor
discovering of promising crosses. SSR method seems
tobemoreeffectivethan agronomicmethod, snceeasly
and rapidly abreeder may have datathat could indi-
cate the most promising parents, whilein our study,
CPVO and RAPD dataproved lesseffective.
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