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of plants, and this method is considered a critical 
tool for understanding the relationships of plants 
with environmental and genetic factors. At the end of 
the study, morphological variability was found high 
among the Zucchini genotypes. This evaluation of 
plant trait variability can assist geneticists and breed-
ers to identify populations with desirable character-
istics for inclusion in zucchini breeding programs. In 
addition, the levels of resistance to these disease are 
crucial for breeding programs aimed at developing 
cultivars resistant to disease.
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Introductıon

The introduction of zucchini (C. pepo L.) genotypes 
for agro-morphological characterization is essen-
tial for understanding the diversity and adaptabil-
ity of this economically significant crop. Zucchini, 
a member of the Cucurbitaceae family, is cultivated 
globally for its edible fruits and is recognized for its 
nutritional value, including high levels of vitamins 
and minerals (Blanca et al. 2011). The morphological 
traits of zucchini, such as fruit size, shape, and color, 
exhibit considerable variation, which is crucial for 
breeding programs aimed at improving yield and dis-
ease resistance (Öztürk et al. 2022). This variability is 

Abstract  Zucchini (Cucurbita pepo L.) is a widely 
cultivated vegetable with high economic value and 
important nutritional value. Zucchini yellow mosaic 
virus (ZYMV) is the most common virus diseases 
that causes loss of productivity in Zucchini cultiva-
tion. This study was conducted to determine of 250 
Zucchini in the S3 stage genotypes, in terms of agro-
morphological characteristics such as plant morphol-
ogy, fruit characteristics and yield and to determine 
the resistance levels of the genotypes to ZYMV. As a 
result of molecular analysis, 43 genotype were found 
to be homozygous dominant (RR) and 10 genotype as 
heterozygous (Rr).resistant to Zym-1 allele. Accord-
ing to the results of factor analysis, 12 significant 
factors were identified. As a result, factor analysis, 
used in plant morphological characterisation studies, 
allows a systematic examination of a large number of 
variables that affect the morphological characteristics 
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influenced by both genetic factors and environmental 
conditions, which can affect growth patterns and pro-
ductivity (Lúcio et al. 2021).

Plant morphology can be observed in several main 
parts: leaves, stems, roots, flowers and fruit. These 
parts provide in-depth studies of the plant’s over-
all structure, since plant morphology includes fun-
damental studies of specific groups for identifying 
plants. The morphology of a plant type is one of the 
characteristics that is easily observed (Şavkan and 
Türkmen 2023; Şavkan et al. 2024, 2025a). The agro-
morphological characterization of zucchini genotypes 
involves assessing various traits, including plant 
height, leaf morphology, flowering time, and fruit 
characteristics. Such evaluations are vital for identi-
fying genotypes that are well-suited to specific grow-
ing conditions and for enhancing breeding strategies 
(Montero‐Pau et al. 2017).

Genetic variation in vegetable breeding is signifi-
cant and is considered the basis for cultivar breeding. 
Population richness of local species is preserved in 
regions where genetic diversity is cultivated (Priori 
et al. 2018). Part of this diversity has been collected 
by researchers and stored in active germplasm banks 
of various institutions (Silva et al. 2024). In addition, 
correct identification and classification of species is 
crucial for managing germplasm collections. In addi-
tion, many researchers have stressed the importance 
of characterising morphology as a fundamental step 
towards resolving taxonomic conflicts (Olatunji and 
Afolayan 2018; Öztürk et al. 2022; Şavkan and Türk-
men 2023; Şavkan et al. 2025b). Understanding zuc-
chini genotypes is vital for conservation of genetic 
resources. In the face of changing agricultural prac-
tices, maintaining diverse genotypes is crucial for 
food security and disease prevention (Xanthopou-
lou et al. 2019). Researchers can identify those with 
desirable characteristics for cultivation and conserva-
tion by evaluating the agro-morphological traits of 
various zucchini genotypes. Moreover, the genetic 
diversity within C. pepo L. is significant, with various 
landraces and cultivars displaying unique traits (Ntuli 
et al. 2016). This diversity is a valuable resource for 
breeders seeking to develop new varieties that can 
withstand biotic stresses, such as viral infections, 
including ZYMV (Beloti et al. 2021).

The evaluation of zucchini (C. pepo L.) genotypes 
for resistance to ZYMV is a critical area of research, 
particularly given the significant impact of this virus 

on zucchini production worldwide. ZYMV, a member 
of the Potyvirus genus, is notorious for causing severe 
symptoms such as leaf distortion, yellow mosaic pat-
terns, and stunted growth, which can lead to consider-
able economic losses in cucurbit crops (Beloti et  al. 
2021; Chinnaraja et al. 2021; Eyong et al. 2021). The 
virus is transmitted by aphids. Therefore, resistant 
genotypes need to be developed as a sustainable man-
agement strategy (Tohamy et  al. 2018; Beloti et  al. 
2021).

The socioeconomic importance of zucchini in 
tropical regions, particularly in countries like Colom-
bia and Brazil, underscores the urgency of breed-
ing efforts aimed at enhancing resistance to ZYMV 
(Beloti et al. 2021; Pereira et al. 2021). The develop-
ment of resistant genotypes can reduce the spread of 
the virus and reliance on chemical measures, which 
can harm the environment and health. The search 
and selection of these resistant genotypes can boost 
resilience and sustainability in agriculture (Tohamy 
et al. 2018; Kondrautenko et al. 2021). Breeding pro-
grammes using marker-assisted selection (MAS) have 
shown promise in producing pumpkin varieties with 
improved resistance to ZYMV. Genetic diversity in 
the genus Cucurbita is key to overcoming this limi-
tation. Studies show that combining ZYMV-resist-
ant genotypes with strategic breeding using markers 
can result in robust crop varieties that can thrive in 
the presence of this virus (Pachner et al. 2015; Kon-
dratenko et al. 2021). However, the challenge remains 
that many existing zucchini genotypes exhibit limited 
resistance, necessitating the exploration of genetic 
diversity within the species and related Cucurbita 
species for potential sources of tolerance (Pachner 
et al. 2015; Amoroso et al. 2022).

Recent advancements in molecular techniques 
have facilitated the identification of specific genetic 
markers associated with ZYMV resistance, enabling 
marker-assisted selection in breeding programs (Pach-
ner et  al. 2015; Sawazaki et  al. 2018). For instance, 
studies have identified several dominant resistance 
genes, such as Zym-0, Zym-1, and Zym-2, which can 
be pyramided to enhance resistance durability (Pach-
ner et al. 2015; Sawazaki et al. 2018). Capuozzo et al. 
(2017) reported that the major gene Zym-1 is required 
for a high degree of resistance expression to ZYMV. 
This was analysed both phenotypically and genotypi-
cally. Zym-1’s main role in ZYMV resistance was 
confirmed by the high percentage of co-segregation 
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between SNP1 and resistant phenotypes in analysed 
populations. Pachner et al. (2015) stated that the com-
bined distribution of seven ZYMV-resistance genes 
identified in C. pepo L. is essential for maximum 
resistance expression and durability. Various combi-
nations of these will result in a phenotypic spectrum 
of resistance expression, and Zym-1 is essential. In 
this study, these Zym-1 gene was used for molecular 
genetic selections. Accordingly, the Zym-1 gene was 
used for molecular genetic selection in this study.

In conclusion, both screening the Zym-1 gene 
conferring ZYMV resistance with the Zymv-SNP1 
marker and determining agro-morphological traits of 
zucchini (C. pepo L.) genotypes represents a multi-
faceted approach that integrates traditional breeding 
practices with modern genetic techniques. As global 
demand for zucchini continues to grow, this compre-
hensive research not only aims to improve the pro-
ductivity and resistance of zucchini crops in the face 
of viral threats, but also contributes significantly to 
the broader goals of sustainable agriculture and biodi-
versity conservation.

Material ve method

Plant material

The material of our study consisted of 250 pumpkin 
genotypes consisting of local populations, standard 
and hybrid varieties in Turkey at S3 level selected 
from previous breeding studies. Seeds were planted 
in vials filled with a peat-perlite (2:1) mixture, with 5 
plants from each genotype. After preparing the soil in 
the greenhouse, the seedlings were grown in the vials 
until they were ready for transplanting. Transplanting 
was done when the seedlings reached the appropriate 
size. The seedlings were planted next to the drippers 
above rows. Regular irrigation and maintenance pro-
cedures were carried out.

Agro‑morphological characters

Morphological parameters of each plant were exam-
ined, and selfing was performed to ensure the pro-
gress of the breeding stage in the existing genotypes 
for Zucchini selection breeding. The morphological 
characteristics of the lines were determined by tak-
ing measurements and observations throughout the 

vegetation. The study used the UPOV descriptor 
list. Qualitative data were observed, and quantitative 
data were measured on 5 marketable Zucchini fruits 
from each genotype. The measurements and observa-
tions made are as follows (UPOV 2006). Quantitative 
data collected from observation includes the follow-
ing characteristics of the plant: growth habit (bush, 
semi-trailing, trailing), branching (absent, present), 
degree of branching (weak, medium, strong), attitude 
of petiole (excluding lower external leaves) (erect, 
semi-erect, horizontal), green color on the stem (only 
light, only dark, partly light and partly dark), tendrils 
on the stem (absent to rudimentary, well-developed), 
leaf blade size (small, medium, large), incisions on 
the leaf blade (light, medium, strong), leaf blade mar-
bling (absent, present), green color of upper surface 
of leaf (light, medium, dark), leaf blade surface area 
(very small, small, medium, large, very large), peti-
ole length (short, medium, long), petiole thickness 
(small, medium, large), petiole cross-sectional shape 
(round, triangular), the number of the prickles of 
petiole (few, medium, many) and the silvering of leaf 
blade (absent, present).

The observations regarding fruits are related to 
presence of neck in immature fruit (absent, present), 
the curving of the neck in unripe fruit (absent, pre-
sent), length in unripe fruit (short, medium, long), 
major colors in unripe fruit (white, cream, yellow, 
orange, green, partly white and partly yellow, partly 
green and partly yellow), the intensity of major colors 
in unripe fruit (light, medium, dark), shape of the 
cross-section in unripe fruit (round, grooved, angu-
lar, lobed), presence of wart in unripe fruit, gloss in 
unripe fruit (light, medium, strong), and a compari-
son of vein color with the color of the other part of 
the unripe fruit (same, different), color of linear bands 
on the vein in immature fruit (whitish, yellow, orange, 
green), resence of mottling in immature fruit (present, 
absent), type of mottling in immature fruit (scattered, 
scattered and fragmented, scattered and banded, scat-
tered, fragmented and banded), color of mottling in 
immature fruit (whitish, yellow, orange, green), con-
spicuousness of the spots on the skin of the immature 
fruit (weak, medium, strong), size of the blossom 
mark on the immature fruit (small, medium, large), 
protrusion of the blossom mark on the immature fruit 
(present, absent), general shape of the fruit (trans-
verse elliptical, globular, top-shaped, broadly ellipti-
cal, ovate, elliptical, cylindrical, tapered cylindrical, 
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pear-shaped, bottle-shaped, club-shaped). Quantita-
tive data measured includes fruit diameter (mm), fruit 
length (cm), and fruit weight (g).

Molecular marker analyses

DNA extraction was performed according to a modi-
fied CTAB procedure (Doyle and Doyle 1987) in 
young leaves. The DNA amount was quantified spec-
trophotometrically by a NanoDrop ND-1000 Spec-
trophotometer (NanoDrop Technologies), and the 
quality was checked electrophoretically with a 1.5% 
agarose gel.

Zymv-SNP1 primer (Capuozzo et  al. 2017) was 
used in the molecular study steps that were followed 
to measure the degree of resistance to Zym-1 allele in 
the selected zucchini genotypes, and the information 
of the primer used is given in the Table 1. In the PCR 
procedures, it was decided to add RNase enzyme due 
to the lack of clear images and dimer formation as 
a result of electrophoresis of PCR products in 1.5% 
agarose gel. CAPS analysis consisted of a PCR reac-
tion followed by digestion with Bgl II restriction 
enzyme. Polymorphism was detected by separating 
the total volume of treated DNA on a 2% agarose gel 
(1 × Tris–acetate-EDTA) containing SYBR® Safe 
DNA Gel Stain (Takara) and visualized under a UV 
transilluminator. Evaluation was based on the allele 
length values obtained by electrophoretic restric-
tion of the marker used for each line with the Bgl II 
enzyme for the Zymv SNP1 allele.

Statistic analyses

All characters were measured in the greenhouse and 
at normal harvest time. Characters were analyzed 
according to the identification form developed by 
UPOV for Cucurbita species with reference TG/76/8 
(UPOV 2006). Fruit character analyses were per-
formed on five fruits of each plant. These characters 
were described according to Kaiser–Meyer–Olkin 
(KMO) Test ve Bartlett’in Küresellik Test, so that 
the feasibility of the analysis could be determined. 

Using the multivariate procedure applied in JMP 
(18.00) (2018) statistical software, the factor analysis 
based on 35 agro-morphological features were per-
formed by scoring the data obtained from the mate-
rials selected after selection according to the UPOV 
scale values, to identify the variation models within 
the zucchini accession groups.

Results and discussion

Agro-morphological studies were carried out with 35 
measurements and observations on 250 genotypes at 
S3 level. At the end of the study, the distribution rates 
of the criteria of the morphological characteristics 
were given in all the genotypes.

Morphological traits

In the vegetative observations analysed in the 
research, 2 of the genotypes were observed as bushy, 
semi-trailing (246 plants) and 2 genotypes were 
observed as trailing. While all of the genotypes 
showed a branching tendency, the degree of branch-
ing was found to be low (6 plants), moderate (140 
plants) and strong in 104 plants. Shoot development 
in the stem was absent or poorly developed in 134 
plants and 116 plants had well developed shoots, 
while stem green colour was observed as light only in 
123 genotypes, dark only in 68 genotypes and finally 
light and dark in 59 genotypes. These parameters pro-
vide important information about plant morphology 
and growth habits. The growth patterns of plants shed 
light on genetic diversity and adaptation to the envi-
ronment and these findings are supported by previous 
studies on zucchini (Kebrom 2017; Perez-Moro et al. 
2024; Şavkan et al. 2025a).

When the observations on the leaves were ana-
lysed; the posture of the petiole was found to be erect 
in 3 plants, semi-erect in 245 plants and lying down 
in 2 plants. In petiole length, short (31), long (79) and 
mostly medium (140) petioles were found. In peti-
ole thickness; thin (65 pieces), thick (15 pieces) and 

Table 1   Zymv-SNP1 
primerinin sekansı

Marker Primer sequence (5′ → 3′) Enzyme Reference

Zymv-SNP1-F CAG​AAT​CAG​ACC​GCC​ATT​GATA​ Bgl II Capuozzo et al. (2017)
Zymv-SNP1-R ACT​TCT​GGC​TCC​TCG​CAA​ATAC​
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mostly medium (170 pieces). Regarding the prickli-
ness of the petiole; 8 lines were very prickly, 96 plants 
were medium prickly, 146 plants were few prickly, 
and the cross-sectional shape of the petiole was found 
to be round in all plants. When the observations on 
the leaf blade were analysed; leaf blade swelling was 
present in 32 lines, while no swelling was detected in 
218 lines. Leaf blade lobing was observed as slight 
(19 lines), moderate (120 lines) and strong in 111 
genotypes. Leaf blade size was recorded as small in 2 
genotypes, medium (107) and large in 141 genotypes. 
n the leaf blade area; small (2 plants), medium (104 
plants), large (138 plants) and very large in 7 plants. 
The presence of silvering on the leaves was absent in 
224 lines, while silvering was observed in 26 lines. 
Finally, the green colour of the upper surface of the 
leaf blade was only light (17 plants), medium (155 
plants) and dark (78 plants). It can be seen that there 
is a considerable variation in the observations made 
on leaf structure and characteristics in the study. In 
this regard, the data obtained in the studies conducted 
by many researchers support our findings (Şavkan 
and Türkmen 2023; Perez-Moro et  al. 2024; Şavkan 
et al. 2025a).

When analysing the structural characteristics 
of the immature fruit, 196 genotypes were found to 
have no neck and 54 genotypes were found to have 
a neck. The curvature of the fruit neck was scored as 
absent (235 genotypes) and present (15 genotypes). 
With regard to the cross-sectional shape of the fruit, 
86 genotypes were round and 164 genotypes were 
angular. With regard to the presence of nodules on 
the fruit, these were classified as absent (238 geno-
types) and present (12 genotypes). In addition, the 
size of the flower mark on the fruit was determined 
as small (201), medium (44) and large (5); in terms 
of flower mark protrusion, it was determined that 210 
genotypes were absent and 40 genotypes were pre-
sent. Finally, when analysing the general shape of the 
fruit, 1 genotype was oval, 8 genotypes were oval, 36 
genotypes were brain-shaped, 124 genotypes were 
cylindrical, 75 genotypes were golf club-shaped and 3 
genotypes were armoudi-shaped.

Regarding the colour parameters of the immature 
fruit, in terms of the number of main colours in the 
fruit, whitish (40), green (203), whitish and yellow 
(5) and green-yellow (6) were determined; in terms 
of the intensity of the main colour, 136 genotypes 
were determined as light, 80 genotypes as medium 

and 34 genotypes as dark. With regard to the glossi-
ness of the fruit, 71 genotypes were light, 33 geno-
types were strong and most of them (146 genotypes) 
were medium. When the vein colour was compared 
with the main colour, it was determined that it was 
the same in 240 genotypes and different in 10 geno-
types. In terms of the colour of the bands on the vein, 
whitish (36) and green (214) were observed. Spotting 
on the fruit was not observed in only 1 genotype. In 
terms of the type of mottling, 247 genotypes were 
scattered and 2 genotypes were scattered and frag-
mented; the colour of the spots was whitish in 213 
genotypes, yellow in 4 genotypes and green in 32 
genotypes; the conspicuousness of the spots on the 
peel was weak (120), medium (121) and strong (9).

The study of the structural and colour characteris-
tics of immature fruit is an important area of research 
for plant breeding and agricultural productivity. These 
data show that fruit morphology varies according to 
geographical differences, environmental conditions 
and genetic structure. Monforte et al. (2013) reported 
that fruit morphology is associated with genetic 
diversity and this should be taken into account in 
plant breeding studies. In the literature on this topic, 
many studies reporting high diversity in terms of 
morphological traits in the various plants support our 
findings (Hegde et  al. 2014; Li et  al. 2019; Berame 
et al. 2020; Şavkan and Türkmen 2023). Understand-
ing these traits is very important for breeding pro-
grammes aimed at increasing yield and fruit quality. 
This is because these findings highlight the impor-
tance of considering different parameters to optimise 
breeding and selection of summer squash cultivars 
according to market demand.

In this study, three agronomic characters such as 
fruit weight, fruit diameter and fruit length of squash 
plants (Cucurbita pepo L.) were analysed. In the 
study on 250 genotypes, the minimum fruit diameter 
was 18.5 mm (genotype BTA 269) and the maximum 
was 66.13 mm (genotype BTA 271). In terms of fruit 
length, the lowest value was 12 cm (genotype BTA 
37) and the highest value was 51 cm (genotype BTA 
242). In terms of fruit weight, the lightest fruit was 
0.095 g (genotype BTA 167) and the heaviest fruit 
was 0.533 g (genotype BTA 268) (Table 2). In a study 
conducted by Kurtar et  al. (2020), differences were 
found at 5% significance level between varieties in 
terms of fruit diameter and fruit length, but no differ-
ence was observed in terms of fruit weight. Similarly, 
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in a study conducted by Şavkan et  al. (2025a), sig-
nificant differences were found in fruit diameter, 
fruit length and fruit weight in summer squash. In a 
study conducted by Nacar et al. (2011), fruit related 
characters were analysed and it was determined that 
22.04% were short, 37.28% were medium and 40.68% 
were long in terms of maximum length. In addi-
tion, in terms of maximum diameter, 8.47% were 
small, 86.45% were medium and 5.08% were large. 
This situation is largely consistent with the data in 
our present study and the differences are thought to 
be caused by the differences in the starting material, 
regional differences and the effect of environmen-
tal conditions. This allows to obtain more informa-
tion about the genetic diversity of the study materials 
and their sensitivity to environmental influences. The 
quantitative characters analysed provide important 
findings in terms of efficiency in plant breeding and 
constitute an important basis for the determination 
and development of targeted traits (Table 2).

Factor analysis

Factor analysis in morphological characterisation 
studies allows the morphological characteristics of 
plants to be examined systematically. Particularly 
in cases where there are many interrelated variables 
affecting the morphological characteristics of plants, 
it summarises the relevant characteristics into fewer 
factors by revealing the relationships between these 
variables. Thus, it provides researchers with more 
understandable, manageable and easily interpretable 
data sets (Karaköy et  al. 2017; Yilmaz and Kökten 
2019). To assess whether a dataset is suitable for 
factor analysis, preliminary tests such as the Kai-
ser–Meyer–Olkin (KMO) test and Bartlett’s spheric-
ity test are performed. The results of the KMO and 

Bartlett’s tests shown in Table  3 indicate that there 
is sufficient correlation between our morphological 
observations and that factor analysis is appropriate for 
this data set. Therefore, factor analysis is considered 
a logical and appropriate method to reveal the hidden 
factors in our morphological observations.

Each eigenvalue obtained from the factor analy-
sis shows the total (cumulative) variance explained 
by a factor. Table  4A shows the scree plot graph of 
the eigenvalues. As a result of the analysis, 14 factors 
were identified according to this graph. The eigenval-
ues of the identified factors are shown in Table 4B.

The Varimax method, which is the most com-
monly used orthogonal rotation method, was used 
in the rotation process to determine the number of 
important factors in the analysis, the number of vari-
ables in each factor, and the distribution of the vari-
ables according to the factors. The aim of factor rota-
tion is to obtain namable and interpretable factors. 
Factor loadings express the weight of the variables in 
each factor. These values indicate the degree of rela-
tionship between the variables and the selected fac-
tors. If a variable has the strongest correlation with 
a factor, it is the element of that factor (Nakip 2003). 
As a result of the analysis, 12 important factors were 
identified using the varimax method. The variance 
values and rotations of the resulting factors are shown 
in Table 5.

Table 2   Some statistical 
values of immature fruits

Fruit width (mm) Fruit length (cm) Fruit weight (g)

Mean 46.89 17.03 251.05
Std Dev 7.72 4.29 88.30
Std Err Mean 0.489 0.272 5.596
Variance 59.62 18.46 7797.34
CV 16.47 25.22 35.17
Minimum 18.5 12 95
Maximum 66.13 51 533
Median 46.9 16 232

Table 3   KMO and Bartlett’s Test

Kaiser–Meyer–Olkin Test Measure of sam-
pling adequacy

557

Bartlett’s test of Sphericity ChiSquare 2129.311
DF 595
Sig  < 0.0001*
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The factor loadings matrix shows how much each 
variable is related to each factor. When naming the 
factors, factor loadings of 0.4 and above are generally 

considered important and comments are made on the 
factors with high factor loadings. Thus, Factor 5 (C, 
F, O, L) and Factor 9 (A, D, H) are related to plant 

Table 4   Loading graph of eigenvalues obtained from factor analysis (4 A) and variance values (4B)

Table 5   Matrix of factor variance values and factor loadings determined as a result of factor rotation analysis

A, Plant Growth; B, Plant branching; C, Degree of branching; D, Posture of the petiole in the plant; E, Green colour of the stem; F, 
Stem bolts; G, Leaf blade size; H, Leaf blade lobes; I, Green colour of the upper surface of the leaf blade; J, Leaf blade swelling; 
K, Leaf blade area; L, Petiole length; M, Petiole thickness; N, Cross-sectional shape of petiole; O, Number of prickles on petiole; P, 
Silvering; Q, Neck of immature fruit; R, Curvature of neck of immature fruit; S, Main colour of immature fruit; T, Intensity of main 
colour in unripe fruit; U, Shape of cross section in unripe fruit; V, Wilting in unripe fruit; W, Brightness in unripe fruit; X, Unripe 
fruit, Comparison of the colour of the vein with the colour of the other part of the fruit; Y, Colour of the bands on the vein in unripe 
fruit; Z, Spotting in unripe fruit; AA, Type of spots in unripe fruit; AB, Spot colour in unripe fruit; AC, Conspicuousness of spots 
on the peel of immature fruit; AD, Size of blossom mark on immature fruit; AE, Protrusion of blossom mark on immature fruit; AF, 
General shape of fruit; AG, Diameter of fruit; AH, Length of fruit; AI, Weight of fruit
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and leaf structure, whereas Factor 1 (G, K, M and P), 
Factor 10 (I, P) and Factor 12 (J) are related to leaf 
characteristics. Factor 4 (T, E, -AB,) is related to stem 
and fruit colour characteristics, while Factor 8 (U, 
AD, AE), Factor 11 (X, AA) and Factor 2 (S, Y, AE) 
are related to fruit structural characteristics. Factor 6 
(R, Q) is related to fruit neck structure, while factor 
3 (AI, -AG) and factor 7 (AH, AG, AI) are thought 
to be related to fruit yield characteristics. According 
to the results of the factor analysis, when making a 
selection, we can evaluate whether the desired traits 
are suitable for the desired agricultural objectives by 
selecting the factors that are suitable for the selec-
tion objective. For example, if leaf characteristics are 
important in my selection criteria, Factor 1, Factor 10 
and Factor 12 should be considered, if fruit yield is 
important, Factor 3 and Factor 7 should be empha-
sised. In many studies, such analyses are important 
for the conservation and development of plant diver-
sity (Karaköy et al. 2017; Haspolat 2024). In conclu-
sion, factor analysis in plant morphological character-
isation studies allows the systematic examination of 
a large number of variables that affect plant morpho-
logical traits, and this method is considered an impor-
tant tool for understanding the relationships of plants 
with environmental and genetic factors. Indeed, the 
important contributions of such analyses in areas 
such as plant breeding, conservation and diversifica-
tion have been reported by many researchers (Bağci 

and Mutlu 2014; Okçu 2016; Emirzeoğlu and Başak 
2020; Şahin 2023).

Screening for disease resistance

Molecular studies were carried out at the Biotech-
nology Laboratory of Beta Ziraat ve Tic. A.Ş. and 
ZymvSNP-1 CAPS marker (Capuozzo et  al. 2017) 
was used in this study to determine the zucchini gen-
otypes resistant to ZYMV. As a result of the study, 
53 of them were found to be resistant to Zym-1 allele. 
Of these resistant genotypes, 43 were classified as 
homozygous dominant (RR) and 10 as heterozygous 
(Rr). The remaining 55 genotypes were homozygous 
recessive (rr) (Table 6). These results provide impor-
tant data for the genetic analysis of resistance to Zym-
1 allele. The band images are shown in Fig. 1.

The development of genetic resistance for effec-
tive control of ZYMV is an important part of plant 
breeding efforts. In particular, the identification of 
genetic markers that enhance resistance to ZYMV 
is considered a critical step for future breeding pro-
grammes (Capuozzo et  al. 2017; Niraula and Fon-
dong 2021). The Zymv-SNP1 primer used in the 
study was a critical tool for determining resistance 
to ZYMV. This primer has been reported to be effec-
tive in identifying genetic markers associated with 
ZYMV resistance (Capuozzo et  al. 2017). In addi-
tion, the use of this primer increases the accuracy of 

Table 6   Resistance levels of the zucchini genotypes in the study against Zymv-1 allele

RR, Resistant; Rr, Heterozygous; rr, All other genotypes are resistant

Genotype No. Resistance Genotype No. Resistance Genotype No. Resistance Genotype No. Resistance

BTA 1 RR BTA 26 RR BTA 52 RR BTA 85 RR
BTA 3 RR BTA 27 RR BTA 53 RR BTA 87 RR
BTA 6 RR BTA 28 RR BTA 54 RR BTA 91 Rr
BTA 8 Rr BTA 32 RR BTA 55 Rr BTA 94 RR
BTA 9 RR BTA 33 RR BTA 56 Rr BTA 96 Rr
BTA 10 RR BTA 37 RR BTA 59 RR BTA 97 RR
BTA 11 RR BTA 38 Rr BTA 61 Rr BTA 98 RR
BTA 12 RR BTA 45 RR BTA 67 RR BTA 101 RR
BTA 15 RR BTA 46 RR BTA 68 RR BTA 106 RR
BTA 17 RR BTA 47 RR BTA 75 Rr BTA 107 RR
BTA 18 RR BTA 48 RR BTA 78 RR BTA-110 RR
BTA 22 RR BTA 49 Rr BTA 81 Rr
BTA 23 RR BTA 50 RR BTA 83 RR
BTA 24 RR BTA 51 RR BTA 84 RR
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genetic analyses and provides a sensitive method for 
identifying resistance genes (Capuozzo et al. 2017; 
Beloti et al. 2021). The use of such molecular mark-
ers allows faster development of new resistant vari-
eties in plant breeding and more effective strategies 
to control this virus (Guner et al. 2019; Niraula and 

Fondong 2021; Shrestha et  al. 2023). In addition, 
the development of genetic resistance and crop pro-
tection products to prevent the spread of ZYMV is 
critical for sustainable agricultural practices (Moya-
Ruiz et al. 2023; Rahman 2024).

Fig. 1   Gel image of PCR products after treatment with Bgl II cutting enzyme. 4a contains genotypes between B-1 and B-33. 4b con-
tains the image of genotypes between B-34 and B-113. B is used to indicate that the genotypes have been bulked
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In conclusion, this molecular study was an impor-
tant step in the identification of Zym-1 allele resistant 
genotypes in zucchini. The identification of 53 resist-
ant genotypes provides a basis for the identification 
of genetic resources to be used in future plant breed-
ing studies and allows the development of genetic 
resistance strategies to control ZYMV. This will be an 
important contribution to the development of strate-
gies to reduce the negative impact of ZYMV on agri-
cultural production and increase the productivity of 
zucchini crops (Radouane et al. 2021; Ghanem 2023). 
Such studies are also needed to ensure the sustainabil-
ity of agriculture and to develop effective strategies 
to control plant diseases (Amoroso et al. 2022; Der-
balah et al. 2022). In addition, the marker we used in 
our study to determine genotypes resistant to ZYMV 
virus has been successfully used in many virus dis-
ease resistance studies (Beloti et al. 2021; Çetin et al. 
2021; Shrestha et al. 2023). This marker worked suc-
cessfully in our study and was effective in determin-
ing tolerant genotypes in agreement with the previous 
studies mentioned above.

Conclusion

The zucchini (Cucurbita pepo L.) is a widely culti-
vated vegetable with high economic and nutritional 
value. This study investigated the morphology of the 
plant, fruit characteristics and yield, and resistance 
levels of genotypes against Zym-1 allele by moleculer 
marker. Agro-morphological characterisation refers 
to the evaluation of plant characteristics, growth 
behaviour and adaptation to environmental condi-
tions. Determining traits like fruit characteristics and 
yield is crucial for increasing agricultural productiv-
ity and developing varieties resistant to stresses such 
as climate change. According to the results of the fac-
tor analyses carried out in the study, 12 factors were 
identified. In this context, when selecting according 
to the factors identified, we can assess whether the 
desired traits are suitable for the desired agricultural 
objectives by selecting the factors that are suitable 
for the selection objective. For example, if leaf char-
acteristics are important in my selection criteria, fac-
tor 1 and10 should be taken into account, if general 
fruit shape and yield are important, factors 2, 3 and 
7 should be used. As a result of molecular analysis, 
43 genotype were found to be homozygous dominant 

(RR) and 10 genotype as heterozygous (Rr).resistant 
to Zym-1 allele. The study also identified 113 promis-
ing genotypes at the S4 level for future agricultural 
research and breeding programmes. This valuable 
information provides important insights to increase 
the efficiency of targeted selection and improve dis-
ease management in zucchini production.

Acknowledgements  The data collected in this study were 
taken from the master thesis of Abdurrahman YAŞAR (Thesis 
no: 796794). We thank all staff members of the R&D green-
house of Beta Tohumculuk A.Ş. for the technical support and 
for supplying all facilities during the experiments.

Author contributions  The contributions of all authors are 
defined as follows: study concept and design: Ö. T. and A.Y.; 
Analysis and interpretation of results: A.N. Ş.; preparing a 
draft text: A.N. Ş. and Ö. T. All authors reviewed the results 
and approved the final version of the article.

Funding  Open access funding provided by the Scientific and 
Technological Research Council of Türkiye (TÜBİTAK).

Data availability  No datasets were generated or analysed 
during the current study.

Declarations 

Conflict of interest  The authors declare no competing inter-
ests.

Open Access  This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits 
use, sharing, adaptation, distribution and reproduction in any 
medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The 
images or other third party material in this article are included 
in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your 
intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by/4.0/.

References

Amoroso C, Andolfo G, Capuozzo C, Donato A, Martínez C, 
Tomassoli L et  al (2022) Transcriptomic and genomic 
analysis provides new insights in molecular and genetic 
processes involved in zucchini zymv tolerance. BMC 
Genomics. https://​doi.​org/​10.​1186/​s12864-​022-​08596-4

Bağci M, Mutlu H (2014) Üç macar fiği (Vicia pan-
nonica crantz.) çeşidinde farklı dozlarda gama işını 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s12864-022-08596-4


Euphytica (2025) 221:77	 Page 11 of 12  77

Vol.: (0123456789)

uygulamasının m1 generasyonunda bazı bitkisel özel-
likleri üzerine etkileri. Tarla Bitkileri Merkez Araştırma 
Enstitüsü Dergisi. https://​doi.​org/​10.​21566/​tbmaed.​10598

Beloti I, Maciel G, Alves I, Pereira L, Lemes E (2021) Zuc-
chini lineages with levels of resistance to zymv and sqmv 
viruses. Rev Colomb Cienc Hortíc. https://​doi.​org/​10.​
17584/​rcch.​2021v​15i1.​10693

Berame J, Lawsin N, Miguel F, Chavez J (2020) Morphological 
variations of mangosteen fruits from luzon and mindanao 
islands, the Philippines. Biodivers J Biol Divers. https://​
doi.​org/​10.​13057/​biodiv/​d2107​29

Blanca J, Cañizares J, Roig C, Ziarsolo P, Nuez F, Picó B 
(2011) Transcriptome characterization and high through-
put ssrs and snps discovery in Cucurbita pepo (Cucur-
bitaceae). BMC Genomics. https://​doi.​org/​10.​1186/​
1471-​2164-​12-​104

Capuozzo C, Formisano G, Iovieno P, Andolfo G, Tomassoli 
L, Barbella M et al (2017) Inheritance analysis and iden-
tification of snp markers associated with zymv resistance 
in Cucurbita pepo. Mol Breed. https://​doi.​org/​10.​1007/​
s11032-​017-​0698-5

Çetin AN, Uncu AT, Şen F, Erdeğer ŞN, Türkmen Ö (2021) 
Determination of resistance levels to Fusarium oxyspo-
rum f. sp. melonis and ZYMV and homogeneity in some 
melon genotypes. Alinteri J Agric Sci 36(1):01–06. 
https://​doi.​org/​10.​47059/​alint​eri/​V36I1/​AJAS2​1001

Chinnaraja C, Kollam M, Ramsubhag A, Jayaraman J (2021) 
Genome characterization of Zucchini yellow mosaic 
virus infecting cucurbits reveals the presence of a new 
genotype in trinidad and tobago in the caribbean region. 
Adv Virol 166(6):1661–1669. https://​doi.​org/​10.​1007/​
s00705-​021-​05048-4

Derbalah A, Abdelsalam I, Behiry S, Abdelkhalek A, Abdel-
fatah M, Ismail S et  al (2022) Copper oxide nanostruc-
tures as a potential method for control of Zucchini yellow 
mosaic virus in squash. Pest Manag Sci 78(8):3587–3595. 
https://​doi.​org/​10.​1002/​ps.​7001

Doyle JJ, Doyle JL (1987) A rapid DNA isolation procedure 
from small quantities of fresh leaf tissues. Phytochemical-
Bull 19:11–15

Emirzeoğlu C, Başak H (2020) Orta anadolu biber genotipler-
inin farklı tuz konsantrasyonlarına tolerans düzeylerinin 
belirlenmesi. Uluslar Tarım Yaban Hayatı Bilimleri Der-
gisi 6(2):129–140. https://​doi.​org/​10.​24180/​ijaws.​689347

Eyong O, Ekpiken E, Iso O (2021) Occurrence, distribution 
and identification of viruses infecting some cucurbits 
across major cucurbit-growing areas in cross river state, 
Nigeria. Annu Res Rev Biol 36(6):46–54. https://​doi.​org/​
10.​9734/​arrb/​2021/​v36i6​30389

Ghanem G (2023) Antiviral activities of three Streptomyces 
spp. against Zucchini yellow mosaic virus (zymv) infect-
ing squash (Cucurbita pepo l.) plants. Egypt J Biol Pest 
Control. https://​doi.​org/​10.​1186/​s41938-​023-​00750-8

Guner N, Pesic-VanEsbroeck Z, Rivera-Burgos L, Wehner 
T (2019) Screening for resistance to Zucchini yellow 
mosaic virus in the watermelon germplasm. HortScience 
54(2):206–211. https://​doi.​org/​10.​21273/​horts​ci133​25-​18

Haspolat G (2024) Farklı karanfil (Dianthus spp.) türler-
inde morfolojik karakterizasyon. Anadolu Ege Tarımsal 
Araştırma Enstitüsü Dergisi 34:160–167. https://​doi.​org/​
10.​18615/​anado​lu.​14656​46

Hegde S, Hegde G, Mulgund G, Upadhya V (2014) Pharma-
cognostic evaluation of leaf and fruit of Capsicum frutes-
cens (Solanaceae). Pharmacogn J 6(3):14–22. https://​doi.​
org/​10.​5530/​pj.​2014.3.3

JMP-18 (2018) JMP statistics software (17.00) for cluster and 
principal component analysis (PCA). Available at: https://​
www.​jmp.​com/​en_​us/​home.​html. Accessed Date: 15 Sep 
2024

Karaköy T, Demirbaş A, Toklu F, Karagöl E, Uncuer D, 
Özkan H (2017) Ülkemi̇zi̇n farkli bölgeleri̇nden toplanan 
bakla (Vicia faba l.) yerel populasyonlarinin agronomi̇k 
ve morfoloji̇k karekteri̇zasyonu. Kahramanmaraş Sütçü 
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