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ABSTRACT

In this work, the part of the squash core collegtimaintained in the Greek Gene Bank, was assassiag the
morphological and molecular data. Sixteen incongetlassified accessions of the squash were cheniaed
along with an evaluation of their resistance agaitwo isolates ofrusarium oxysporumA molecular analysis
using Random Amplified Polymorphic DNA (RAPD) mexkwas also performed, revealing high level of
polymorphism. To study the genetic diversity antbegsquash accessions, a clustering procedure usmgeighed
Pair Group Method and Arithmetic Average (UPGMAg@ithm was also adopted. Two independent dendrogra
one for the morphophysiological and one for molacdlata were obtained, classifying the accessiots ftwo and
three main clusters, respectively. Despite theedfit number of the clusters there were many siitida between
these two dendrograms, and a third dendrogram tegplfrom their combination was also produced, lthea
Gower’s distance and UPGMA clustering algorithm.drder to determine the optimal number of clusteng
upper tail approach was applied. The more reliablestering of the accessions was accomplished uRABD
markers as well as the combination of the two diffedata sets, classifying the accessions intedtsignificantly
different groups. These groups corresponded totlinee different cultivated species 6f maximaDuch., C.
moschataDuch., andC. pepolL. The same results were also obtained using Rrat€Component Analysis.

Key words. Cluster analysis, Gower's distance, morphophysioldg characteristics, Principal Component
Analysis, RAPD markers, winter squash

INTRODUCTION America. Certain morphological and physiological
characteristics of thespecies such as the fast and
In the genus Cucurbita there are five indeterminate growth, developmental plasticity in
domesticatedQ. argyrospermaHuber,C. ficifolia  response to the environmental conditions as well
Bouché,C. maximaC. moschatandC. pepy and as the genetic diversity at the gene level, lead to
approximately ten wild species (Robinson andhe assumption thaCucurbita represents one of
Decker-Walters, 1997, p. 71). Most specieshe most primitive genus in the plant kingdom.
originated in Mexico, with only a few species, Further support suggesting that the squash and
including C. maxima being native to South pumpkin are among the most ancient of the
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272 Tsivelikas, A. L. et al.

cultivated plants comes from the archaeologicdbndraces of C. moschata and C. maxima
evidences: the seeds and rindsQf pepohave especially in the fruit shape, ribbing and size.

been found at the sites dating 10,000-30,000 B..here are also quite a few studies concerning the
in Florida, 7,000-9,000 B.C. in Mexico and molecular analysis inCucurbita species. The
approximately 5,000 B.C. in lllinois (Robinson RAPD markers were used to analyze the genetic
and Decker-Walters, 1997). diversity among C. moschatalandraces from
Only three domesticated specieS, pepo C. Korea, southern Africa and other geographical
maximaand C. moschataare recorded in Greece. origins (Youn and Chung, 1998; Baranek et al.,
Zucchini cultivars C. pep9 are by far the most 2000; Gwanama et al., 2000). In all the cases, the
widely grown types of squash, either in the field oaccessions were grouped according to the
under the plastic greenhouse conditions for earlggroclimatic regions of origin and not according to
crop production. Their immature fruits are highlythe morphological traits. Ferriol et al. (2003)
appreciable by the consumers and are known asudied the genetic diversity among 19 Spanish
summer squash because they are consumed maialycessions ofC. maxima using two different
during the summer. On the contrary, the wintemolecular marker types: Sequence Related
squash Cucurbita spp.) are of limited economic Amplified Polymorphism (SRAP) and RAPD.
value with occasionally important role in the areaMore recently Ferriol et al. (2004a, 2004b), in
where the cultivation systems are not intensiveaddition to the morphological analysis, employed
Their mature fruits can be long stored andhe SRAP and AFLP (Amplified Fragment Length
consumed mainly during the winter in thePolymorphism) molecular markers for analyzing
traditional foods and cakes. the diversity among a large number .

In Greece, the cultivation of the winter squash isnoschataandC. maximdandraces.

practiced mostly in small orchards for self-In all the cases, the results from the molecular
consumption or sale at the local markets. Thanalysis were correlated with the morphological
majority of the production is based on landracesharacteristics. However, very few studies have
maintained for the years by the local farmersattempted to compare results derived from the
Although not so popular as the summer squasimdividual versus combined data sets not only for
neglected landraces of the winter squash posseSsicurbita species, but also for other crop species
various agronomic and horticultural characteristicgFranco et al., 1997; Russell et al., 1997; Ajmone-
of interest, resistance against the pests aridarsan et al., 1998). In addition, there are almost
diseases in particular, rendering them a valuabhery few analyses combining data sets of different
genetic source for the breeding programs. Theature, i.e. qualitative and quantitative
Agricultural Research Center of Macedonia andgnorphological data, or morphological and
Thrace (A.R.C.M.T.) started few years ago amolecular marker data (Franco et al., 1997; Franco
program for the exploitation of these winter squaslet al., 1998; Franco et al., 2001). Such kind of
accessions as the rootstocks for the melon cudtivaanalyses could provide evidence whether a better
(Traka-Mavrona et al., 2000). In addition, theestimate of the genetic diversity is obtainable and
Greek Gene Bank initiated an effort aiming atalso whether the total evidence is within the
collecting Cucurbita spp. landraces from all the confidence limits of evidence from the individual
areas of the continental and insular Greece. Mata sets.

morphological and molecular characterization offThe aim of the present work was to analyze the
this germplasm is needed, along with the tests fagenetic diversity of a part of the squash core
the biotic and abiotic stress tolerance so that thicollection, maintained in the Greek Gene Bank.
collection becomes useful for the breeders an@ihe accessions were characterized using the
farmers. morphological attributes along with an evaluation
The few studies concerning the morphologicabf the resistance against two isolated-agarium
diversity among the landraces of the squash froraxysporumIn addition a molecular analysis using
different centers of diversity such as Cuba, Korethe RAPD markers was also employed. The
and Puerto Rico have revealed a great variabilitgomparison between the relationships obtained by
of the squash types (Rios et al., 1997; Chung.et aboth the data sets (morphophysiological and
1998; Wessel-Beaver, 1998). Recently, Ferriol etnolecular), as well as the possibility of combining
al. (2004a, 2004b) also found a considerabléhe different data sets are discussed.
morphological variability —among different
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MATERIALSAND METHODS 1938), and F. oxysporum f.sp. radicis-
cucumerinumD.J. Vakalounakis (Vakalounakis,
Plant material 1996) (Table 2). The plants were grown for one

Sixteen Greek accessions of the squash were usaéek in the seed beds composed of the peat moss
(Table 1). Thirteen of them belongedQacurbita and perlite at a ratio of 10:1, and were transpidnt
spp. collection of the Greek Gene Bank and hav® the pots when they had one true leaf. Prior to
been collected from different areas of thethe transplanting, the roots were dipped in a
continental and insular Greece. Althoughconidial suspension of iGconidia/ml. Then the
registered as winter squashes, these accessions etulated plants were irrigated with a spore
not been completely classified. Three breedinguspension of the same density three times, once a
lines from A.R.C.M.T., recently affiliated in Gene day for the following three days after
Bank, were also used. Lines 21 and 221 belongdthnsplanting. The inoculated plants were kept in a
to C. moschatandC. maximarespectively, while growth chamber at 23C, RH 70 % and 16/8 of

line 224 was assigned (with no complete certaintyjght and darkness. Two weeks after the
asC. maxima. inoculation, the response of the plants was

evaluated using a metric scale from 0 to 3 (0: no
Morphological and physiological characteristics ~ symptoms; 1: slight yellowing of bottom leaves; 2:
Five plants per accession were evaluated for tHeaves with dead areas, leaf senescence, yellow
morphological characteristics, based on UPOV’spots on the upper leaves; 3: dead plants)
squash descriptor list (UPOV, 1996). Thirty eight(Koutsika-Sotiriou et al., 2004).
morphological characteristics were assessed,
starting from the young seedling till the stage oRAPD analysis
mature fruit and the extraction of the seed (Tabl&or RAPD analysis random 10-mer primers
2). Data were scored using a metric scale dfOperon Technologies Inc., Alameda, CA) were
integer numbers between 1-9 according to thgsed. The amplification was carried out in 25
descriptor list. In addition, all the accessiongave reaction mix containing about 25 ng of genomic
evaluated for their resistance against twdoNA, 0.2 mM of each dNTP, 0.2M of primer, 2
pathotypes of Fusarium oxysporum i.e. F. mM of MgCl, and 1 U of Tag DNA polymerase
oxysporumf.sp. melonis (Leach and Currence) (Invitrogen) with supplied buffer.
W.C.Snyder and H.N. Hans (Leach and Currence,

Table 1 - Squash accessions used in the study.

Col. Number  Accession code Local name Collection site Cucurbita species
18/99 18 - Samos C. moschata
28/99 28 - Samos C. moschata
48/99 48 Liries Samos C. pepo
51/99 51 Glykokolokitha Samos C. pepo
54/99 54 Ntabouradia Ikaria C. moschata
55/99 55 - Ikaria C. pepo
147/99 147 - Crete (Rethimno) C. moschata
151/99 151 - Crete (Heracleum) C. moschata
183/99 183 Glykokolokitha Crete (Lasithi) C. moschata
231/99 231 Glykokolokitha Peloponnisos (Lakonia) C. moschata
252/99 252 - Evros (Soufli) C. moschata
293/99 293 Pnigmeno Pella (Almopia) C. moschata
508/99 508 - Pella (Almopia) C. pepo

- 21* Kalkabaki Chalkidiki (Galatista) C. moschata
- 221* Kolokitha Lefki Thessaloniki (Thermi) C. maxima
- 224* Kolokitha Kokkini Thessaloniki (Livadi) C. maxima

*Breeding lines from A.R.C.M.T.
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Table 2 - Morphological and physiological characteristicaleated in 16 squash accessions.

Characteristic Code
Shape of cotyledon vl

Growth habit v2

Stem color v3

Size of leaf blade v4

Intensity of leaf color of upper side of leaf blade v5

Marbling presence v6

Petiole length v7

Petiole thickness v8

Sepal length of female flower v9

Intensity of orange color of pistil (before opening v10
Pedicel length of male flower v1l
Pedicel diameter of male flower v12
Intensity of green color of pedicel v13
Hairiness of pedicel of male flower v14
Sepal length of male flower v15
Main color of fruit pedicel v16
Fruit size v17
Fruit length v18
Fruit diameter v19
Fruit shape in longitudinal section v20
Shape of fruit stalk end v21
Shape of fruit apical end v22
Fruit grooves v23
Distance between fruit grooves v24
Number of colors of fruit skin v25
Main color of fruit skin V26
Intensity of main color of fruit skin v27
Secondary color of fruit skin v28
Distribution of secondary color of fruit skin v29
Texture of fruit surface v30
Thickness of fruit flesh v31
Main color of fruit flesh v32
Intensity of main color of fruit flesh v33
Seed size v34
Seed shape v35
Seed surface v36
Seed color v37
Weight of 1000 dry seeds v38
Resistance againBt oxysporunf.sp.radicis-cucumerinum v39
Resistance againbt oxysporunf.sp.melonis v40

The DNA amplification was performed in a PTCPCR reaction was run in duplicate, and only well
200 thermal cycler (MJ Research), according taefined and reproducible bands were analyzed.
the following thermal profile: initial denaturation
at 94 °C for 3 min, followed by 40 cycles of Dataanalysis
denaturation at 94C for 45 s, annealing at 38 Based on the evaluation of the morpho-
for 1.5 min and extension at PZ for 1.5 min, physiological characteristics, a raw data matrix
followed by final extension at 72C for 3 min. was created. A pair wise Euclidean distance
The amplification products were separated in 1.5-fhatrix, the most commonly applied procedure for
% agarose gel and detected by staining witthese kind of traits (Mohammadi and Prasanna,
ethidium bromide (Sambrook et al., 1989). The2003), was analyzed by the UPGMA clustering
gels were photographed under UV light. Eaclprocedure of the software NTSYS pc version 2.1
(Ronhlf, 2000). The raw data matrix was used to
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perform the ordination analysis (Principal One accession @@ucumis meld.. was used as the
Component Analysis - PCA) with the sameoutgroup. The fithess of each dendrogram with the
software. For the RAPD markers, eachrespective distance matrix was evaluated using the
polymorphic band in every sample was scored as@phenetic value. To define the optimal number of
binary character with the value of 1 for thethe clusters for each dendrogram, the approach of
presence and O for the absence of the band, andigper tail criterion at confidence level= 0.05
data matrix was created. The DNA bands of thevas used (Milligan and Cooper, 1985; Franco et
identical gel migration were assumed to represemtl., 1997).

the same allele at a locus. Only reproducible and

clearly visible bands were scored. The bands

detected in all the plant samples at the samRESULTS

position (monomorphic) were excluded from the

analysis. M or phophysiological characteristics

Nei's (1972) genetic distances were calculate@dll the accessions studied exhibited a high
based on the gene frequencies data and variability for all the morphophysiological
dendrogram was constructed using the UPGMAharacteristics. A wide range of resistance among
clustering procedure. The gene frequencies dathe accessions td-. oxysporumwas detected.
were also used for the PCA analysis. Mantel's te®pecifically, for F. oxysporum f.sp. radicis-

for the matrix correspondence was used t@ucumerinum 68.75% of the accessions were
estimate the correlation between different matricestally resistant, while 6.25% of the accessions
(Mantel, 1967). To combine two different set ofwere totally susceptible. Fdf. oxysporumf.sp.
data (morphophysiological characters and RAPDnelonis 87.5% of the accessions were resistant,
markers), the gene frequencies were transformeaghile the rest 12.5% of the accessions exhibited
to continue data using the function arcsine squargome symptoms but plants managed to survive.
root. A common data matrix was producedThe PCA provided seven principal components,
including both the gene frequencies (quantitativexplaining >80% of total variation (Table 3). The
variables) and morphophysiological characteristicfirst component accounted for 25.36% of the total
scores (qualitative variables). A dendrogram wasariation, and grouped the accessions on the basis
produced by the use of Gower’s distance (Gowebf the morphological characteristics of the male
1971), which could be applied in the cases oflower and resistance againt oxysporumf.sp.
quantitative and qualitative variables combinatiormelonis. The second component accounted for
(Franco et al., 1997). Gower's distance is a metric20.43% of the total variation and grouped the
distance which takes values betwedn= 0 accessions according to the seed size and weight,

(maximum similarity) andd = 1 (minimum leaf blade characters and fruit shape (Fig. 1a).
similarity). The Gower’'s distance between twoFig. 1b showed the two-dimensional plot for the
individuals ( andj) is defined as: sixteen squash accessions using the first two
o principal components, which explained 45.79% of
o k:lV\ﬁik*diik the total variation. According to this procedures t
Di T e accessions were separated into two groups. The
et WK first group was composed of the accessions 221

and 224, while the second group included all the

where:djy: the contribution of théth variable to . .
remaining accessions.

the total distance between individuals
i andj.

Wi: is a weight given to theijk
comparison, assigning values of ‘1’
for a valid comparison and ‘0O’ for
invalid comparisons.
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Table 3 - Principal Component Analysis of morphophysiologicaits.

PCs Eigenvalue  Percent (%) of total variation =~ Cumulative percent (%) of total variation
1 10.15 25.37 25.37
2 8.17 20.43 45.79
3 4.62 11.54 57.33
4 3.23 8.08 65.41
5 2.67 6.67 72.08
6 2.37 5.93 78.00
7 2.06 5.15 83.16
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Figure 1 - a: Two dimensional plot showing the relationshiproag 40 morphophysiological
characteristics of the 16 squash accessions. b: @weensional plot showing the
correlations among the 16 squash accessions aogordo PCA using
morphophysiological characteristics
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Figure 2 - Dendrogram showing the clustering of 16 squashessions based on
morphophysiological data (Euclidean distances, URGiethod).
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The UPGMA method, based on ‘Euclidean
distances’, grouped the accessions according to
the dendrogram of Fig. 2. The dendrogram
showed a high degree of fit with the respective
distance matrix (cophenetic correlation: =
0.94). After the application of upper tail
approach for the confidence lewel= 0.05, the
best partition was found to give two groups. The
first one consisted of two accessions (221 and
224) and the second one included all other.

Molecular characterization

For the RAPD analysis, seven random primers
were amplified with the DNA from five
individual plants of each accession. Totally, 117
bands were detected with an average of 16.7
bands per primer. Out of these, 114 (97.44%)
were polymorphic. Thirteen bands were unique
amplification products, which distinguished each
accession from the other tested accessions.

277

There was only one case, where a specific band,
present in all other accessions, was absent in a
single accession (Table 4).

Eight principal components explained more than
80% of the total variation (Table 5). The first
two classified the accessions into three groups,
the first including the accessions 221 and 224,
the second the accessions 48, 51, 55 and 508,
and the third the accessions 18, 21, 28, 54, 147,
151, 183, 231, 252 and 293 (Fig. 3).

The dendrogram, according to UPGMA, based
on Nei's genetic distance, is given in Fig. 4.
Following the application of the upper tall
approach for the confidence lewel= 0.05, the
accessions were classified into the same three,
significantly different, groups. The cophenetic
correlation of the dendrogram to the respective
genetic distances matrix was high=(0.93).

Table 4 - RAPD polymorphism among the 16 squash accessions.

. Total number of
Primer

Number of

Polymorphism (%)  Unique products

bands polymor phic bands
OPAG-11 9 9 100.0 -
OPAG-18 14 14 100.0 2
OPAC-1 22 22 100.0 4
OPAC-3 22 22 100.0 1
OPAC-4 18 17 94.4 1
OPAL-4 14 14 100.0 3
OPAL-6 18 16 88.8 2
Cucumis melo /
1335151
2930 1022§§6%D

El

t
021

Figure 3 - The relationships among 16 winter squash acsessiccording to PCA analysis on RAPD data.
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Table5 - Principal Component Analysis of RAPD markers.

PCs Eigenvalue  Percent (%) of total variation Cumulative percent (%) of total variation
1 22.31 17.99 17.99
2 17.89 14.43 32.42
3 14.62 11.79 44.22
4 14.04 11.32 55.54
5 10.33 8.33 63.87
6 9.22 7.43 71.30
7 6.83 551 76.81
8 6.65 5.37 82.17
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Figure 4 - Dendrogram of 16 squash accessions according B8MJ analysis (Nei's (1972)
genetic distances, UPGMA method).

Combining morphophysiological and molecular ~ genetic distance matrix, based on Gower's

data distance and the UPMGA.
Mantel's test on the various genetic distanc&Vith the use of the upper tail approach for the
matrices was highly significant (= 0.52; P = confidence levela = 0.05, the same three

0.002). A dendrogram was constructed (Fig. 5), bgignificantly different groups were determined.
combining the different data sets in a commorThe cophenetic correlation was equally high=(
0.96).
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Figure 5 - Dendrogram of 16 squash accessions according @MUPanalysis of combined data
sets (Gower’s distance (1971)).
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DISCUSSION the biplot diagram (Fig. 1b). Similar results were
obtained in the case of cluster analysis (Fig. 2).
The identification and utilization of the diverse Thus, after the application of the upper tail
germplasm is the central issue in plant breedingpproach for the confidence level= 0.05, the
Thorough knowledge of the genetic diversity of aaccessions were classified into two significantly
crop is necessary for the parental selection thalifferent groups, with the accessions 221 and 224
maximizes the genetic improvement. Moreto constitute a separate group as above.
accurate and complete descriptions of thés compared to the analyses of the
genotypes and patterns of the genetic diversitinorphophysiological traits, the application of the
could help determine future breeding strategiemolecular data provided a better resolution,
and facilitate the introgression of diverseclassifying the 16 squash accessions into three
germplasm into the current commercial squashignificantly different groups. Despite the above-
genetic base. From all the results obtained, it igientioned difference in the number of the groups,
clearly evident that there is a considerablé¢he two dendrograms, generated from different
variation among the squash accessions, for bo#ind of data, revealed a kind of correlation in the
the  morphophysiological  and molecularaccession grouping. However, Ferriol et al.
characteristics. More specifically, as far as th¢2004a) determined very low correlation between
morphology was concerned, the accession$e distance matrices using the morphological and
significantly differed in the flower, fruit and sse molecular data in C. moschata germplasm
characteristics. In terms of the response to theollections. Moreover, Ferriol et af2004b) did
pathotypes ofF. oxysporum there was a great not find any clear grouping ofC. maxima
variation ranging up to complete resistance. Alsoaccessions according to the morphological traits in
the PCA analysis revealed high correlation of théhe molecular analyses. The discrepancy from the
resistances to the two pathotypes (r = 0B6;  results of the present study could be attributed to
0.001, data not shown). At that point, a functiorthe fact that the above mentioned authors applied
character added to the genetic diversity procedudfferent molecular markers (SRAP and AFLPs),
should be mentioned. The usefulness of thanalyzed the bulked samples instead of individual-
resistant accessions offers benefits to breeders plant samples, and studied the accessions from
providing a logical general strategy in identifyingonly one species in each case. The latter point
the best source. Besides, it provides a possibiypeant that the differences among their accessions
useful resource by applying a parallel progranwere not expected to be obvious. On the contrary,
checking the compatibility of the resistantthe accessions of the present study belonged at
accessions as rootstocks, enriching thus last to two different specie€( maximaand C.
friendliness to the environment cultivation system.moschata  Thus, the differences at the
In the case of the RAPD markers, a very highmorphophysiological and molecular level were
genetic variation was observed among th&xpected to be so enlarged that the probability of
indigenous squash accessions, in concordance wigignificant correlation between the two different
the considerable variation revealed at thelistance matrices was high.
morphophysiological level. The notably high levelAlthough the RAPDs resulted in a more detailed
of the polymorphism among the accessiongrouping, the molecular approach by itself was not
(97.44%) was expected for the differ&@ucurbita capable of assigning the accessions of each
species. Similar high level of the polymorphismspecies, a practice requiring the exploitationhef t
(98.28%) was also reported among differenmorphological data as well. Given the observed
Ocimum species (Singh et al.,, 2004). Thecorrelation, it seemed sound to combine the two
evaluation of 40 morphophysiological kinds of data in order to create a common genetic
characteristics revealed great variation among th@istance matrix. This approach was further
accessions and resulted in seven principaupported by the fact that Mantel's test on the two
components covering more than 80% of the totalistance matrices proved to be significant=<
variation. The first two principal components were0.52; P = 0,002) and satisfied the necessity of a
able to explain a cumulative percentage of onlyrue similarity between the different data sets
45.79% of the total variation. According to PCA,(Mohammadi and Prasanna, 2003). The combined
the accessions formed two distinct groups, wit@pproach, i.e. the morphophysiological and
the codes 221 and 224 to be clearly separated in
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molecular data, provided a more robust andbelonged to the speci€s moschatgFig. 6¢).
biologically meaningful approach. In addition, the above mentioned clustering, as
Finally, based on the combined clusteringwell as the assessment of the morphophysiological
procedure and focused on the maircharacteristics, provided the opportunity for the
morphophysiological characteristics, whichformation of a brief ‘identity card’ for each
distinguished the accessions with the use of PCAccession, including the information about the
(Fig. 1a), the 16 accessions could be assigned awigin of the accessions and the resistance against
three different species, as follows: F. oxysporunpathotypes (Fig. 6).

Group A: It included the accessions 221 and 224Taking all the above into account, it is clearly
The accessions had prostrate growth habit, largevident that an integrated approach concerning the
size of the leaf blade without marbling, large sizeonservation of a small part of the indigenous
of the fruit, varying colors, white flesh and largesquash accessions was tried to be done. Through
size of the seed. The accessions were completelyis effort, the morphological description and
resistant againstusarium and belonged to the characterization of some local accessions of the
specieC. maximaFig. 6a). squash, almost abandoned from the cultivation,
Group B: It included the accessions 48, 51, 55 arldecame capable. Moreover, these accessions were
508. The accessions had bushy to prostrate growdissigned on the molecular level and documented
habit and medium to large size of leaf blade. Somerecisely by ranging each one to the species they
of the accessions appeared marbling. The fruit waselonged. Finally, the above accessions were
small or medium size with white or orange fleshevaluated against two pathotypes of the soil born
The accessions were susceptiblé=tsariumand fungus F. oxysporum a procedure that could
belonged to the speci€s pepo(Fig. 6b). potentially open the road to the study of these
Group C: It included the accessions 18, 21, 28, 54guash accessions as the rootstocks for the melon
147, 151, 183, 231, 293 and 252. The accessions watermelon cultivars. Furthermore, the
had prostrate growth habit, medium to very largeestimated genetic diversity of the accessions
size of leaf blade and dark green colour witlincreased the use of, and interest in, data already
marbling. The fruit was medium to large size, withexisting and placed a sharp focus on certain data
orange exterior colour having orange flesh. Thenanagement issues for the gene bank manager.
accessions were almost completely resistant

(except accession 28) agaifstsariumand

Accession number 224

Former classification Cucurbita maxima
Suggested classification Cucurbita maxima
Domain institute A.R.C.M.T.

Date of collection 21/07/1999

Area of origin Thessaloniki (Livadi)
Local name Kolokitha Kokkini
Seed yield (g) 448.81

Resistance againBusarium oxysporum

L . 100% resistant plants
f.sp.radicis-cucumerinum

Resistance againBusarium oxysporum

f : 100% resistant plants
.sp.melonis
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Accession number

508

Former classification

Cucurbita maxima

Suggested classification

Cucurbita pepo

Domain institute

Greek Gene Bank

Date of collection

08/06/1999

Area of origin

Pella (Almopia)

Local name

Seed yield (g)

275.39

Resistance againBusarium oxysporurhsp.

radicis-cucumerinum

33,3% resistant
66,6% dead plants

Resistance againBusarium oxysporurfsp.

melonis

100% resistant plants

Accession number

21

Former classification

Cucurbita moschata

Suggested classification

Cucurbita moschata

Domain institute

A.R.C.M.T.

Date of collection

05/06/1999

Area of origin

Chalkidiki (Galatista)

Local name

Kalkabaki

Seed yield (g)

600.00

Resistance againBusarium oxysporum
f.sp.radicis-cucumerinum

100% resistant plants

Resistance againBusarium oxysporum
f.sp.melonis

100% resistant plants

Figure 6 - ‘Identity card’ for a typical accession 6f maximagroup (acc. code 224, &), pepogroup
(acc. code 508, b) ar@l moschatayroup (acc. code 21, c).
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Para estudar a diversidade genética entre a colecadetermined by SRAP and AFLP marke@op Sci,
de abobrinhas, um procedimento de agrupamento?4, 653-664.

foi realizado usando-se o algoritmo U.P.G.M.AFerriol, M, Pico, B. and Nuez, F. (2004b),
Dois dendrogramas independentes um Morphological and molecular diversity of a collecti

morfofisiolégico e outro para dados moleculares, cs)l‘c_cliggr(bll)taegaggmdandraces.]. Amer. Soc. Hort.
foraAm coletados,, .classificando. as colegdes em dq{s;.an'éo, 3. ,Crossa', J. Villasefior, J. Taba, SI an
e trés grupos basicos, respectivamente. Eberhart, S. A. (1997), Classifying Mexican maize
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produzido como resultado da combinacdo dos doisEberhart, S. A. (1998), Classifying genetic resesrc
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determinar 0 numero Gtimo dos grupos, ranco, J.; Crossa, J.; R|ba}ut, J. M.; Betran, J;
aproximac&o “upper tail" foi aplicada. O grupo \Warburton, M. L. and Khairallah, M. (2001), A
mais aceitavel das colecdes foi conseguido method for combining molecular markers and

L . henotypic attributes for classifying plant gen
usando-se indices RAPD, assim como afl)'heor.)g)ppl. Genetl03, 944_95;/ gp genetyp
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