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Abstract

New methods of image analysis may contribute to the morphological description of seed

shape and cultivar classification in Ampelography. We recently proposed a method based

on  the  comparison  of  seed  images  with  geometric  figures,  defined  by  mathematical

equations  for  the  identification  and classification  of  grapevine  cultivars.  Representative

cultivars of Vitis vinifera, conserved in the Spanish collection of IMIDRA, were classified in

ten  groups  according  to  the  similarity  of  their  seeds  with  geometric  models.

Complementary to this method, we propose here the analysis of curvature in the seed

apex  and  the  quantification  of  curvature  values  in  the  seed  images.  Curvature  is  a

parameter that indicates the variation of the slope values along the points of a continuous

curve. A set of points along the surface of the seed images are marked and used to obtain

the Bézier Curves corresponding to seed profiles. The curvature values along the curves

are  calculated  and  represented.  According  to  the  variation  of  their  curvature  and

distribution of maximum curvature values, the cultivars are classified in three groups. The

groups formed on the basis of curvature analysis are related to the classification based on

geometrical figures. Curvature in the apex describes an important morphological aspect at

the basis of the classification by shape.
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Introduction

The description, classification and phylogenetic relationships of grape cultivars belong to

Ampelography, a discipline traditionally based on the analysis of morphological characters

(Viala and Vermorel 1901). The shape and colour of the vine leaves, grape clusters and

berries  provided  the  basis  for  the  identification  and  classification  of  the  varieties  of

grapevines. In the last decades, the development of molecular techniques, based on the

analysis of DNA polymorphisms, has displaced morphological techniques in Ampelography

(Arroyo-García et al. 2006, Arroyo-García et al. 2002, Barth et al. 2009, Lopes et al. 1999,

Sefc  et  al.  2009,  Lefort  and  Roubelakis-Angelakis  2001,  Maletic  et  al.  1999),  but

nevertheless, the recent developments in image analysis can restore morphology to an

important source of information for Ampelography (Christodoulou et al. 2020, Terral et al.

2009, Ucchesu et al. 2016, Martín-Gómez et al. 2020b, Pagnoux et al. 2014).

In a recent study with 38 cultivars of the IMIDRA collection, ten groups were proposed

according to the similarity of their seeds with geometric figures (Cervantes et al. 2021). The

groups were nominated, based on the names of  representative cultivars:  Listán Prieto,

Silvestris, Albillo Real, Hebén, Moscatel, Tortozón, Teta de Vaca, Doña Blanca, Airén and

de Cuerno (Cervantes  et  al.  2021).  The groups are  ordered in  this  list  by  decreasing

Stummer Index (width/length) (Stummer 1911) and each of them contains those cultivars

whose  seeds  gave  high  percentage  of  similarity  to  a  corresponding  geometric  model.

Similarity between the seeds and the models was based on the J Index, a parameter that

quantifies the percentage of area shared between seed images and geometric figures

(Cervantes et al. 2016, Cervantes and Gómez 2019). The J Index was first described in the

model plant Arabidopsis thaliana, whose seeds resemble a cardioid elongated by a factor

of Phi (The Golden Ratio) (Cervantes et al. 2010, Martín et al. 2014) and, later on, in the

model  legumes  Lotus japonicus and  Medicago truncatula,  whose  seeds  resemble  the

cardioid and modified cardioids, respectively (Cervantes et al. 2012). The cardioid was the

geometric figure used for seed shape quantification in Capparis spinosa (Saadaoui et al.

2013) and quantification by the J Index was reported also in the seeds of a variety of

species using different  geometric models (Saadaoui  et  al.  2017, Saadaoui  et  al.  2015,

Martín Gómez et al. 2019, Cervantes and Martín Gómez 2018, Martín-Gómez et al. 2019,

Gutiérrez del Pozo et al. 2020, Martín-Gómez et al. 2020a, Gómez et al. 2016).

We present  here a new method to describe and quantify  seed shape in the Vitaceae,

complementary to the similarity of the seeds with geometric figures. The method is based

in the obtention of Bézier Curves (Bézier 1968) corresponding to the seed silhouettes and

subsequent  curvature  analysis  of  the  seed  apex  at  the  beak  tip  (beak,  pedicel  and

peduncle  are  terms  used  indistinctly  and  both  refer  to  the  apical  part  of  the  seed)

(Weisstein 2007, Weisstein 2011, Noriega et al.  2009, Noriega et al.  2008, Tocino and

Cervantes 2008, Cervantes and Tocino 2005).
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The curvature of a plane curve is a parameter which measures how the direction (slope) of

the curve changes along the successive points (Weisstein 2007). Images of the surface of

root and seed apex can be converted to curves and the variation of their slopes (curvature

values)  calculated  (Weisstein  2011,  Tocino  and  Cervantes  2008,  Noriega  et  al.  2008,

Noriega et al. 2009, Cervantes and Tocino 2005). By this method, we could demonstrate

that  curvature  values  in  the  root  apex  were  lower  in  ethylene-insensitive  mutants  of

Arabidopsis, as well as in roots treated with peroxide (Cervantes and Tocino 2005, Noriega

et al. 2008, Noriega et al. 2009, Tocino and Cervantes 2008). Curvature analysis in the

seed apex reveals different seed types according to their degree of variation of curvature.

Seeds of type 1) have a defined maximum curvature point,  seeds of type 2) have two

equivalent points of maximum curvature values and seeds of type 3) are of an intermediate

shape, consisting in a point with maximum curvature value and a shoulder. These three

types are present in varying proportions in the different cultivars and some of them are

predominant in each of the groups defined by comparison with models (Cervantes et al.

2021).  Curvature analysis,  in combination with their  similarity to geometric models,  are

useful tools in the classification of cultivars, based on the morphological properties of their

seeds, thus contributing to their identification.

Materials and Methods

Plant material

The thirty eight cultivars used in this study are presented in Tables 2, 1. Table 1 contains

the list of cultivars with the ampelographic description of their seeds, based on the OIV

"Descriptor List for Grape varieties and Vitis species" (OIV codes 241-244). Table 2 shows

the  cultivars  grouped  according  to  their  similarity  with  morphological  models.  A  more

detailed description is given in Cervantes et al. (Cervantes et al. 2021).

Seed images

Photographs  were  taken  with  a  camera  Nikon  D80  of  10.2  megapixels.  The  images

containing 30 seeds per cultivar were described in Cervantes et al. (2021) and are stored

in Zenodo: https://zenodo.org/record/4433813#.X_7hiOhKh9A

Cultivar OIV-241

Formation of seeds

(1-absent; 2-

rudimentary; 3- well

formed)

OIV-242

Length of seeds (1-very

short; 3- short; 5-

intermediate; 7-long; 9-

very long)

OIV-243

Weight of seeds (1-

very low; 3- low; 5-

intermediate; 7-high; 9-

very high)

OIV-244

Transversal ridges

on dorsal side of

seeds (1- absent; 2-

present)

Airén 3 5 3 1

Alarije 3 3 3 1

Table 1. 

List of cultivars used in this work with the ampelographic description of their seeds, based on the

OIV "Descriptor List for Grape varieties and Vitis species" (OIV codes 241-244).
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Cultivar OIV-241

Formation of seeds

(1-absent; 2-

rudimentary; 3- well

formed)

OIV-242

Length of seeds (1-very

short; 3- short; 5-

intermediate; 7-long; 9-

very long)

OIV-243

Weight of seeds (1-

very low; 3- low; 5-

intermediate; 7-high; 9-

very high)

OIV-244

Transversal ridges

on dorsal side of

seeds (1- absent; 2-

present)

Albillo Real 3 3 5 1

Beba 3 3 5 1

Bobal 3 5 3 1

Bruñal 3 3 3 1

Caíño Tinto 3 5 3 1

Castellana

Blanca

3 5 5 1

Cayetana Blanca 3 5 3 1

De Cuerno 3 9 3 1

Dominga 3 5 5 1

Doña Blanca 3 5 3 1

Garnacha Tinta 3 3 2 1

Gewürztraminer 3 3 3 1

Graciano 3 3 3 1

Hebén 3 5 5 1

Imperial 3 3 5 1

Juan García 3 5 5 1

Listán Prieto 3 3 5 1

Macabeo 3 3 3 1

Malvasía

Aromática

3 5 3 1

Mazuela 3 3 3 1

Mollar Cano 3 5 5 1

Monastrell 3 5 5 1

Moscatel de

Alejandría

3 3 5 1

Moscatel de

Grano Menudo

3 3 3 1

Palomino Fino 3 3 3 1

Pedro Ximénez 3 5 3 1

Prieto Picudo 3 3 3 1

Sylvestris CA

13,4

3 3 3 1

Sylvestris CA

13,6

3 3 3 1

Sylvestris SE 2,1 3 3 2 1
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Cultivar OIV-241

Formation of seeds

(1-absent; 2-

rudimentary; 3- well

formed)

OIV-242

Length of seeds (1-very

short; 3- short; 5-

intermediate; 7-long; 9-

very long)

OIV-243

Weight of seeds (1-

very low; 3- low; 5-

intermediate; 7-high; 9-

very high)

OIV-244

Transversal ridges

on dorsal side of

seeds (1- absent; 2-

present)

Tempranillo 3 3 3 1

Teta de Vaca 3 5 3 1

Tortozón 3 5 3 1

Tortozona Tinta 3 3 7 1

Verdejo 3 5 3 1

Zalema 3 3 3 1

Model Cultivars 

Listán

Prieto

Listán Prieto (15), Tortozona Tinta (15)

Sylvestris CA 13.4 (29), CA 13.6 (30), SE 2.1 (30)

Albillo

Real

Alarije (29), Albillo Real (30), Cayetana Blanca (10), Graciano (15), Juan García (10), Tempranillo (10)

Hebén Hebén (30), Macabeo (30), Zalema (30)

Moscatel Beba (12), Bruñal (15), Caíño Tinto (10), Castellana Blanca (30), Garnacha Tínta (30), Gewürztraminer

(15), Malvasía Aromática (15), Mollar Cano (15), Moscatel de Alejandría (15), Moscatel de Grano

Menudo (14), Palomino Fino (20), Prieto Picudo (15)

Tortozón Imperial (30), Tortozón (30)

Teta de

Vaca

Dominga (30), Teta de Vaca (30), Verdejo (30)

Doña

Blanca

Doña Blanca (5), Monastrell (13), Pedro Ximénez (20)

Airén Airén (30), Bobal (20), Mazuela (39)

De

Cuerno

De Cuerno (5)

Curvature analysis

Seed images were inserted in Mathematica files (.nb). The analysis of curvature comprised

two parts. First, it was applied to whole seed images. Points were taken along the seed

silhouettes and the corresponding Bézier Curves were obtained. The maximum curvature

values, corresponding to the beak tip, were calculated according to Tocino and Cervantes

(Tocino and Cervantes 2008) (Fig. 2). The second task involves the analysis of curvature in

the apex of the pedicel. It was based on the same protocol. A series of points defining the

Table 2. 

Groups of cultivars according to their similarity with morphological models. The groups are ordered

by increasing aspect ratio (length/width). Underlined: cultivars used in the whole seed curvature

analysis. Between parenthesis: Number of seeds used in the peduncle curvature analysis.
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contour  of  the root  apex at  the pedicel  were marked.  The number of  points  oscillated

between 18 and 30, with lower numbers in cultivars with smaller beak. Bézier Curves were

approximated  for  each  set  of  points  corresponding  to  the  apex  and  graphic

representations, corresponding to the respective curvature values of the Bézier Curves,

were obtained Tocino and Cervantes 2008) (Fig. 1).

Figure 1.  

Conversion of a seed peduncle image to the corresponding Bézier Curve and calculation of

the curvature values. Seed images were inserted in Mathematica notebook (.nb).  A set of

points was marked on the profile of  their  beaks (left).  The coordinates of  the points were

obtained and run in a programme (Tocino and Cervantes 2008) to obtain the corresponding

Bézier Curves and the graphs representing the corresponding curvature values (right).

 

Figure 2.  

A seed image was converted to the corresponding Bézier Curve and the curvature values

calculated. Seed images were inserted in Mathematica notebook (.nb) and a set of points was

marked  defining  the  profile  of  the  whole  seed  (left).  The  coordinates  of  the  points  were

obtained (b) and run in a programme (Tocino and Cervantes 2008) to obtain the corresponding

Bézier  Curves,  from which  graphs  representing  the  corresponding  curvature  values  were

obtained (right).
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Difficulties encountered with the application of this protocol derive from structural aspects

of Vitis seeds. First, some seeds have their beak curved towards one or the other side and

this results in complex curves with variable results. This occurs particularly in some of the

cultivars, for example, Juan García. In addition, the beak is a tissue rich in mucilage and

often debris from the epidermis or cuticle fragments remains attached making difficult the

clear delineation of the profile of the seed at the top. Thus, the number of seeds analysed

per cultivar was variable (Table 2). In some cultivars whose seeds are uniform, symmetric

and without cell debris or mucilage, a low number of seeds was found to be sufficient for

the analysis (i.e. Listán Prieto, Tortozona tinta, Tempranillo and Caíño tinto).

Results

This section is divided in five parts: Curvature analysis in whole seeds; seed size, shape

and  peduncle  structure  in  Vitis vinifera subsp.  sylvestris;  Variation  in  the  peduncle  in

cultivars Dominga, Teta de vaca, Verdejo, Bobal, Hebén and Moscatel de grano menudo;

Cultivars with an acute beak: de Cuerno, Imperial, Macabeo, Mazuela, Tortozón, Zalema

and Cultivars with a plane or obtuse beak: Airén, Alarije, Albillo Real, Beba, Bruñal, Caíño

Tinto,  Castellana  Blanca,  Cayetana  Blanca,  Doña  Blanca,  Garnacha  Tinta,

Gewürztraminer, Graciano, Juan García, Listán Prieto, Malvasía Aromática, Mollar Cano,

Monastrell,  Moscatel  de  Alejandría,  Palomino  Fino,  Pedro  Ximénez,  Prieto  Picudo,

Tortozona Tinta, Tempranillo.

Figure 3.  

Seed images and graphic representation of curvature values in whole seeds of: a. CA 13.4; b.

Tortozón;  c. de Cuerno.  Seed images were inserted in  Mathematica,  a  set  of  points  was

marked on their profile, the coordinates of the points were obtained and run in a programme

(Tocino  and  Cervantes  2008)  to  obtain  the  Bézier  Curves  and  graphs  representing  the

corresponding curvatures.
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Curvature analysis in whole seeds 

Fig. 3 and Fig. 4 show seed images and the results of curvature analysis in whole seeds of

some  cultivars  representative  of  the  morphological  groups.  The  method  allows  to

distinguish  between  seeds  of  different  groups  based  on  maximum  curvature  values.

Nevertheless, the method becomes more precise when the analysis is concentrated on the

peduncle.

Seed size, shape and peduncle structure in Vitis vinifera subsp. sylvestris 

The seeds of CA 13.4, CA 13.6 and SE 2.1 were colected from wild populations close to

the Nateruela stream in Cádiz and river Huéznar in Seville respectively. They are smaller

and more regularly-shaped (rounded or ovoid) than the seeds of the majority of cultivars

used in Viticulture. Seed shape in these three varieties adapts well  to a model oval or

pyriform, with an elongated part corresponding to the beak that gives them the apparence

of a fig Cervantes et al. 2021. The shape of the pedicel in seed images of these cultivars

changes with the point of view. In a frontal view, it is plane or slightly bifurcated at the top

and, in consequence, the corresponding curve has two points of maximum curvature Fig.

5(a). But if the point of view is displaced towards an upper or lower position, or under an

assymmetric  presentation of  the seed with  the rib  in  a  lateral  position,  the upper  part

describes a continuous curve with a unique point of maximum curvature Fig. 5(b). This

difference observed in shape with an slight change in perspective applies to the seeds of

CA  13.4,  CA  13.6  and  SE  2.1.  In  well  oriented,  symmetric  seeds,  the  Bézier

Figure 4.  

Seed images and curvature values in whole seed images of:  a. Tempranillo;  b. Tortozona

Tinta; c. Bruñal; d. Doña Blanca. Seed images were inserted in Mathematica, a set of points

was  marked  on  their  profile,  the  coordinates  of  the  points  were  obtained  and  run  in  a

programme (Tocino and Cervantes 2008) to obtain the Bézier Curves and graphs representing

the corresponding curvatures.
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representations have two curvature peaks, either with two maximum curvature values of

equivalent magnitude Fig. 5(a), or slightly different Fig. 5(c). Also, a dominant peak with the

maximum curvature value and a shoulder may be observed Fig. 5(d).

Variation in the peduncle in cultivars Dominga, Teta de vaca, Verdejo, Bobal, Hebén

and Moscatel de grano menudo 

Cultivars Dominga, Teta de vaca and Verdejo are in the same group in the classification by

similarity to geometric models (Cervantes et al. 2021). Teta de vaca is an ancient variety

already mentioned in latin texts and it was cultivated in private gardens in the Renaissance

and  the  Baroque  (Ponce  Cárdenas  and  Rivas  Albaladejo  2018).  The  beak  in  these

varieties is broad at the basis, decreasing constantly in width towards the apex, giving to

the  seed  a  triangular  aspect,  also  observed  in  particular  seeds  of  other  varieties  (for

example Airén, Bobal, Cayetana Blanca, Doña Blanca, Hebén and Zalema). Variation in

the  morphology  of  the  beak  is  due  to  assymmetry  that  sometimes  results  from  the

accumulation of fragments of the cuticle in either one or the other side. The apex may be

acute, resulting in a curve with a single maximum of curvature or plane, with two peaks of

curvature or a peak and a shoulder (Fig. 6).

Figure 5.  

Seed images and curvature  values in  the seed peduncle  of  wild-type cultivars  (Sylvestris

group): a. CA 13.4 seed in a frontal view, two maximum points of curvature are observed; b. A

slight  displacement of  the point  of  view in seeds of  the same cultivar  results  in a unique

maximum  curvature  point;  c. Images  of  a  peduncle  with  two  points  of  slightly  different

curvature values; d. A point with maximum curvature and a shoulder.
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Figure 6.  

Seed images and curvature values in the seed peduncle of cv. Teta de Vaca. a. Seed in a

frontal view with a unique point of maximum of curvature; b. Seed in a frontal view showing

two equivalent points of maximum curvature; c. Seed in a frontal view showing a point of

maximum curvature and a shoulder.

 

Figure 7.  

Seed images and curvature values in the seed peduncle of (cultivars from top to bottom): a.

De Cuerno; b. Imperial; c. Macabeo; d. Mazuela; e. Tortozón; f. Zalema.
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A similar variation is observed in cultivars Bobal, Hebén and Moscatel de grano menudo.

Thus, Bobal and Hebén share with varieties in the Teta de vaca groups two characters: 1)

The presence of seeds of a triangular shape, and 2) Two kinds of seeds by the shape of

their apex. The first of these two aspects is also shared by Airén. Group Airén includes

Airén, Bobal and Mazuela, and the relatively close values of aspect ratio make the two

groups of Teta de Vaca and Airén closely related.

Cultivars  with  an  acute  beak:  de  Cuerno,  Imperial,  Macabeo,  Mazuela,  Tortozón,

Zalema 

The  curvature  analysis  gave  a  constant  pattern  in  these  varieties  whose  beak  is

represented by a curve with maximum curvature in a single point (Fig. 7). In addition these

varieties present higher maximum curvature values at their apex.

Cultivars  with  a  plane  or  obtuse  beak:  Airén,  Alarije,  Albillo  Real,  Beba,  Bruñal,

Caíño  Tinto,  Castellana  Blanca,  Cayetana  Blanca,  Doña  Blanca,  Garnacha  Tinta,

Gewürztraminer,  Graciano, Juan García,  Listán Prieto,  Malvasía Aromática,  Mollar

Cano,  Monastrell,  Moscatel  de  Alejandría,  Palomino  Fino,  Pedro  Ximénez,  Prieto

Picudo, Tortozona Tinta, Tempranillo 

The images of the beaks in these cultivars end in a slightly convex, often almost flat upper

line. The corresponding curves have in general two maximum values of curvature (Fig. 8).

These cultivars belong to four morphological groups: Listán Prieto, Albillo Real, Moscatel

and  Doña  Blanca,  and  their  maximum  curvature  values  are  lower  than  those  in  the

previous group.

Figure 8.  

Seed images and curvature values in the seed peduncle of cultivars: a. Doña Blanca; b. Mollar

Cano; c. Tempranillo; d. Tortozona tinta.
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Discussion

Recently, we proposed a classification of 38 cultivars of Vitis vinifera in 10 morphological

groups, based on their similiarity with geometric models, obtained from the representation

of equations, derived from models M7 and M8, described in previous work (Martín-Gómez

et  al.  2020b,  Cervantes et  al.  2021).  The analysis  described here complements  these

results  and  confirms  the  validity  of  the  classification  by  morphological  types  grouped

around geometric models. The work, here presented, departs from the representation of

Bézier Curves corresponding to a set of points selected along the profile of the seed apex

and the subsequent analysis of curvature values in these Curves (Cervantes and Tocino

2005, Noriega et al. 2008, Noriega et al. 2009, Tocino and Cervantes 2008). This method

has been applied to seeds of the 38 cultivars used in the classification by morphological

groups (Cervantes et al. 2021) and the results show the peduncles of Vitis seeds classified

into three groups: 1) Acute, with a unique point of maximum curvature; 2) Plane, with two

equivalent points of maximum curvature and 3) Intermediate, with a maximum point and a

shoulder. Morphological groups, based on geometric models, are divided by the curvature

analysis in series according to the type of curvature in their peduncles.

In  the  majority  of  the  cultivars,  the  seeds  had  their  pedicels  flat  at  their  apex.  In

consequence,  representations  of  Bézier  of  their  profiles  had  a  plane  form  with  two

maximum curvature values. This type was observed in a total of 23 cultivars, including all

but one of the 23 cultivars in four groups and with the addition of Airén. The cultivars with a

flat pedicel are predominant in groups Listán Prieto (Listán Prieto and Tortozona Tinta),

Albillo  Real  (Alarije,  Albillo  Real,  Cayetana  Blanca,  Graciano,  Juan  García  and

Tempranillo), eleven of the twelve cultivars of group Moscatel (all of them except Moscatel

de grano menudo), the three cultivars of group Doña Blanca (Doña Blanca, Monastrell and

Pedro  Ximénez)  and  Airén.  Thus,  morphological  groups,  Listán  Prieto,  Albillo  Real,

Moscatel and Doña Blanca, share in common the property of a peduncle plane at the top,

whose Bézier representation presents two maximum curvature values. In consequence,

these four groups constitute a series, ordered by decreasing values of Stummer Index from

Listán Prieto to Doña Blanca. The remaining six groups of the morphological classification

have varying proportions of plane and acute peduncles.

The seeds having their apex acute belong to six cultivars in four groups: Hebén (Macabeo

and Zalema, but not Hebén itself), Tortozón (Imperial and Tortozón), Airén (Mazuela) and

de Cuerno.

Nine cultivars remain to complete the total of 38 used in this work. These are the three 

sylvestris varieties (CA 13.4, CA 13.6 and SE 2.1), the three cultivars of group Teta de

Vaca (Dominga, Teta de Vaca and Verdejo) and three cultivars that share with this group

the peculiarity of having a mixture of seeds of the two types (Bobal, Hebén and Moscatel

de grano menudo).

Wild type seeds have particular morphological aspects. They are of reduced size and with

a  small  beak  and,  in  consequence,  their  images  have  high  values  of  roundness  and

Stummer Index with low Aspect Ratio (This et al. 2006, Viala and Vermorel 1901, Stummer
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1911,  Planchon 1887,  Rivera et  al.  2007).  Thus,  morphological  analysis  by the Elliptic

Fourier  Transform  Method  reveals  wild  type  varieties  clustering  (Terral  et  al.  2009).

Nevertheless,  the separation is  not  absolute because some cultivars overlap with the 

sylvestris grapes (Terral et al. 2009).

Cultivars Dominga, Teta de vaca and Verdejo share a triangular shape and contain seeds

of the two types: acute and plane at the top of the peduncle. The presence of the two

morphological  types  is  also  a  characteristic  of  Bobal,  Hebén  and  Moscatel  de  grano

menudo.

Curvature analysis allows us to discriminate amongst cultivars that gave similar results with

the analysis based on geometric models. Thus, Macabeo and Zalema grouped with Hebén

in  the  analysis  of  seed  shape  by  comparison  with  geometric  models.  The  curvature

analysis in the beak gave a constant pattern consisting of a single curve with maximum

curvature defined in a single point of maximum curvature values for Macabeo and Zalema,

while there is a mixture of types (single and double maximum curvature values) in different

seeds of Hebén.

The process of domestication of V. vinifera resulted in an increase in the size of berries

and seeds accompanied by increased carbohydrate accumulation (Terral et al. 2009, This

et  al.  2006).  In  most  cases,  this  has been parallel  to  increased cuticle deposition and

thickening of the pedicel, broadening the top of the beak and resulting in this characteristic

shape observed that results in two points of maximum curvature. Almost all cultivars of four

groups had their seeds with the pedicel plane at the top (the two cultivars in Listán Prieto,

six in Albillo Real, eleven out of twelve in Moscatel and all three in Doña Blanca). The only

exception in all these four groups is Moscatel de Grano menudo and this can be explained

because their seeds have long fragments of cuticle detached from the rib giving them the

apparence of acuteness.

The morphological difference between the seeds of wild grapes and cultivars of Vitis has

been known for long time, but biochemical and structural properties associated with these

types remain to be investigated. Considering that lignin is an important component of the

cell walls, it is possible that adaptation to agricultural conditions is associated with changes

in lignin composition. In the pedicel, the xylem may be considered as mostly composed of

protoxylem pre-veraison and later, on both proto- and metaxylem post-veraison (Chatelet

et al. 2008a, Chatelet et al. 2008b). Pedicel thickening may be accompanied by increased

number of secondary xylem cells and their lignification, similarly to what has been reported

in the rachis (Nakamura and Hori 1985). Metabolic reactions in these processes will be

differently regulated in the cultivars that have their beaks plane in comparison with those

varieties that  present  acute beaks,  resulting in  an increased deposit  of  material  in  the

former.

Seed apex curvature in key Spanish grapevine cultivars 13



References

• Arroyo-García R, Lefort F, Andrés MTd, Ibáñez J, Borrego J, Jouve N, Cabello F,

Martínez-Zapater JM (2002) Chloroplast microsatellite polymorphisms in Vitis species.

Genome 45 (6): 1142‑1149. https://doi.org/10.1139/g02-087

• Arroyo-García R, Ruiz-García L, Bolling L, Ocete R, López MA, Arnold C, Ergul A,

Söylemezoğlu G, Uzun HI, Cabello F, Ibáñez J, Aradhya MK, Atanassov A, Atanassov I,

Balint S, Cenis JL, Costantini L, Goris-Lavets S, Grando MS, Klein BY, McGovern PE,

Merdinoglu D, Pejic I, Pelsy F, Primikirios N, Risovannaya V, Roubelakis-Angelakis KA,

Snoussi H, Sotiri P, Tamhankar S, This P, Troshin L, Malpica JM, Lefort F, Martinez-

Zapater JM (2006) Multiple origins of cultivated grapevine (Vitis vinifera L. ssp. sativa)

based on chloroplast DNA polymorphisms. Molecular Ecology 15 (12): 3707‑3714. 

https://doi.org/10.1111/j.1365-294X.2006.03049.x

• Barth S, Forneck A, Verzeletti F, Blaich R, Schumann F, et al. (2009) Genotypes and

phenotypes of an “ex situ” Vitis vinifera ssp. sylvestris (Gmel.) Beger germplasm

collection from the Upper Rhine Valley. Genetic Resources and Crop Evolution 56:

1171‑1181. https://doi.org/10.1007/s10722-009-9443-1

• Bézier PE (1968) How Renault uses numerical control for car body design and tooling.

In: Society of Automotive Engineers (Ed.) SAE congress, paper 680010. Detroit.

• Cervantes, Gómez (2019) Seed shape description and quantification by comparison

with geometric models. Horticulturae 5 (3): 60. https://doi.org/10.3390/

horticulturae5030060

• Cervantes E, Tocino A (2005) Geometric analysis of Arabidopsis root apex reveals a

new aspect of the ethylene signal transduction pathway in development. Journal of

Plant Physiology 162 (9): 1038‑45. https://doi.org/10.1016/j.jplph.2004.10.013

• Cervantes E, Javier Martín J, Ardanuy R, de Diego JG, Tocino Á (2010) Modeling the

Arabidopsis seed shape by a cardioid: Efficacy of the adjustment with a scale change

with factor equal to the golden ratio and analysis of seed shape in ethylene mutants.

Journal of Plant Physiology 167 (5): 408‑410. https://doi.org/10.1016/j.jplph.

2009.09.013

• Cervantes E, Martín JJ, Chan PK, Gresshoff P, Tocino Á (2012) Seed shape in model

legumes: Approximation by a cardioid reveals differences in ethylene insensitive

mutants of Lotus japonicus and Medicago truncatula. Journal of Plant Physiology 169

(14): 1359‑1365. https://doi.org/10.1016/j.jplph.2012.05.019

• Cervantes E, Martín JJ, Saadaoui E (2016) Updated methods for seed shape analysis.

Scientifica 2016: 1‑10. https://doi.org/10.1155/2016/5691825

• Cervantes E, Martín Gómez JJ (2018) Seed shape quantification In the order

Cucurbitales. Zenodo https://doi.org/10.5281/zenodo.1174870

• Cervantes E, Martín-Gómez JJ, Espinosa Roldán FE, Muñoz Organero G, Tocino Á,

Cabello Sáenz de Santamaría F (2021) Seed morphology in key Spanish grapevine

cultivars. Agronomy 11 (734). https://doi.org/10.3390/agronomy11040734

• Chatelet DS, Rost TL, Matthews MA, Shackel KA (2008a) The peripheral xylem of

grapevine (Vitis vinifera) berries. 2. Anatomy and development. Journal of Experimental

Botany 59 (8): 1997‑2007. https://doi.org/10.1093/jxb/ern061

14 Cervantes E et al

https://doi.org/10.1139/g02-087
https://doi.org/10.1111/j.1365-294X.2006.03049.x
https://doi.org/10.1007/s10722-009-9443-1
https://doi.org/10.3390/horticulturae5030060
https://doi.org/10.3390/horticulturae5030060
https://doi.org/10.1016/j.jplph.2004.10.013
https://doi.org/10.1016/j.jplph.2009.09.013
https://doi.org/10.1016/j.jplph.2009.09.013
https://doi.org/10.1016/j.jplph.2012.05.019
https://doi.org/10.1155/2016/5691825
https://doi.org/10.5281/zenodo.1174870
https://doi.org/10.3390/agronomy11040734
https://doi.org/10.1093/jxb/ern061


• Chatelet DS, Rost TL, Shackel KA, Matthews MA (2008b) The peripheral xylem of

grapevine (Vitis vinifera). 1. Structural integrity in post-veraison berries. Journal of

Experimental Botany 59 (8): 1987‑1996. https://doi.org/10.1093/jxb/ern060

• Christodoulou MD, Clark JY, Culham A (2020) The Cinderella discipline: morphometrics

and their use in botanical classification. Botanical Journal of the Linnean Society 194

(4): 385‑396. https://doi.org/10.1093/botlinnean/boaa055

• Gómez J, Saadaoui E, Cervantes E (2016) Seed shape of castor bean (Ricinus

communis L.) grown in different regions of Tunisia. Journal of Agriculture and Ecology

Research International 8 (1): 1‑11. https://doi.org/10.9734/jaeri/2016/23934

• Gutiérrez del Pozo D, Martín-Gómez JJ, Tocino Á, Cervantes E (2020) Seed geometry

in the Arecaceae. Horticulturae 6 (4). https://doi.org/10.3390/horticulturae6040064

• Lefort F, Roubelakis-Angelakis KA (2001) Genetic comparison of Greek cultivars of Vitis

vinifera L. by nuclear microsatellite profiling. American Journal of Enology and

Viticulture 52: 101‑108. 

• Lopes MS, Sefc KM, Eiras Dias E, Steinkellner H, Laimer Câmara Machado M, Câmara

Machado A (1999) The use of microsatellites for germplasm management in a

Portuguese grapevine collection. Theoretical and Applied Genetics 99: 733‑739. 

https://doi.org/10.1007/s001220051291

• Maletic E, Sefc KM, Steinkellner H, Kontic JK, Pejic I (1999) Genetic characterization of

Croatian grapevine cultivars and detection of synonymous cultivars in neighbouring

regions. Vitis 38: 79‑83. 

• Martín Gómez JJ, Gutiérrez del Pozo D, Cervantes E (2019) Seed shape quantification

in the Malvaceae reveals cardioid-shaped seeds predominantly in herbs. Botanica 25

(1): 21‑31. https://doi.org/10.2478/botlit-2019-0003

• Martín-Gómez JJ, Rewicz A, Cervantes E (2019) Seed shape diversity in families of the

order Ranunculales. Phytotaxa 425 (4): 193‑207. https://doi.org/10.11646/phytotaxa.

425.4.1

• Martín-Gómez JJ, Rewicz A, Rodríguez-Lorenzo JL, Janoušek B, Cervantes E (2020a)

Seed morphology in silene based on geometric models. Plants 9 (12). https://doi.org/

10.3390/plants9121787

• Martín-Gómez JJ, Gutiérrez del Pozo D, Ucchesu M, Bacchetta G, Cabello Sáenz de

Santamaría F, Tocino Á, Cervantes E (2020b) Seed morphology in the Vitaceae based

on geometric models. Agronomy 10 (5). https://doi.org/10.3390/agronomy10050739

• Martín JJ, Tocino Á, Ardanuy R, de Diego J, Cervantes E (2014) Dynamic analysis of 

Arabidopsis seed shape reveals differences in cellulose mutants. Acta Physiologiae

Plantarum 36 (6): 1585‑1592. https://doi.org/10.1007/s11738-014-1534-8

• Nakamura M, Hori Y (1985) Post-harvest berry drop in seedless berries produced by

GA treatment in the grape cultivar Kyoho. IV. Rachis hardness and phenol production of

rachis in vitro following GA application as affected by the addition of b-nitrostyrene

derivatives. Tohoku J. Agric. Res.

• Noriega A, Cervantes E, Tocino Á (2008) Ethylene responses in Arabidopsis seedlings

include the reduction of curvature values in the root cap. Journal of Plant Physiology

165 (9): 960‑966. https://doi.org/10.1016/j.jplph.2007.10.001

• Noriega A, Tocino A, Cervantes E (2009) Hydrogen peroxide treatment results in

reduced curvature values in the Arabidopsis root apex. Journal of Plant Physiology 166

(5): 554‑558. https://doi.org/10.1016/j.jplph.2008.07.009

Seed apex curvature in key Spanish grapevine cultivars 15

https://doi.org/10.1093/jxb/ern060
https://doi.org/10.1093/botlinnean/boaa055
https://doi.org/10.9734/jaeri/2016/23934
https://doi.org/10.3390/horticulturae6040064
https://doi.org/10.1007/s001220051291
https://doi.org/10.2478/botlit-2019-0003
https://doi.org/10.11646/phytotaxa.425.4.1
https://doi.org/10.11646/phytotaxa.425.4.1
https://doi.org/10.3390/plants9121787
https://doi.org/10.3390/plants9121787
https://doi.org/10.3390/agronomy10050739
https://doi.org/10.1007/s11738-014-1534-8
https://doi.org/10.1016/j.jplph.2007.10.001
https://doi.org/10.1016/j.jplph.2008.07.009


• Pagnoux C, Bouby L, Ivorra S, Petit C, Valamoti S, Pastor T, Picq S, Terral J (2014)

Inferring the agrobiodiversity of Vitis vinifera L. (grapevine) in ancient Greece by

comparative shape analysis of archaeological and modern seeds. Vegetation History

and Archaeobotany 24 (1): 75‑84. https://doi.org/10.1007/s00334-014-0482-y

• Planchon JE (1887) Ampelideae, Monographie des Ampélidées Vraies. In: Candolle

APD (Ed.) Monographiae Phanerogamarum. Treuttel et Würtz, Paris.

• Ponce Cárdenas J, Rivas Albaladejo Á (2018) El jardín del conde de Monterrey. Arte,

naturaleza y panegírico. Delirio, Salamanca.

• Rivera D, Miralles B, Obón C, Carreño E, Palazón JA (2007) Multivariate analysis of

Vitis subgenus Vitis seed morphology. Vitis 46: 158‑167. 

• Saadaoui E, Gómez JJM, Cervantes E (2013) Intraspecific variability of seed

morphology in Capparis spinosa L. Acta Biologica Cracoviensia Series Botanica 55 (2). 

https://doi.org/10.2478/abcsb-2013-0027

• Saadaoui E, Martín JJ, Bouazizi R, Ben Romdhane C, Grira M, Abdelkabir S, Larbi

Khouja M, Cervantes E (2015) Phenotypic variability and seed yield of Jatropha curcas

L. introduced to Tunisia. Acta Botanica Mexicana 1 (110). https://doi.org/10.21829/

abm110.2015.193

• Saadaoui E, Gómez J, Tlili N, Khaldi A, Cervantes E (2017) Effect of climate in seed

diversity of wild Tunisian Rhus tripartita (Ucria) Grande. Journal of Advances in Biology

& Biotechnology 13 (4): 1‑10. https://doi.org/10.9734/jabb/2017/32786

• Sefc KM, Pejić I, Maletić E, Thomas MR, Lefort F (2009) Microsatellite markers for

grapevine: Tools for cultivar identification & pedigree reconstruction. Grapevine

Molecular Physiology & Biotechnology 565‑596. https://doi.org/10.1007/978-

90-481-2305-6_21

• Stummer A (1911) Zur Urgeschichte der Rebe und des Weinbaues. Mitteilungen der

Anthropologischen Gesellschaft in Wien 41: 283‑296. 

• Terral J, Tabard E, Bouby L, Ivorra S, Pastor T, Figueiral I, Picq S, Chevance J, Jung C,

Fabre L, Tardy C, Compan M, Bacilieri R, Lacombe T, This P (2009) Evolution and

history of grapevine (Vitis vinifera) under domestication: new morphometric

perspectives to understand seed domestication syndrome and reveal origins of ancient

European cultivars. Annals of Botany 105 (3): 443‑455. https://doi.org/10.1093/aob/

mcp298

• This P, Lacombe T, Thomas MR (2006) Historical origins and genetic diversity of wine

grapes. Trends in Genetics : TIG 22 (9): 511‑9. https://doi.org/10.1016/j.tig.2006.07.008

• Tocino A, Cervantes E (2008) Curvature analysis reveals new functions for ethylene

signalling pathway in shape determination of seed poles and root apices. Plant

Signaling & Behavior 3 (6): 362‑366. https://doi.org/10.4161/psb.3.6.5798

• Ucchesu M, Orrù M, Grillo O, Venora G, Paglietti G, Ardu A, Bacchetta G (2016)

Predictive method for correct identification of archaeological charred grape seeds:

Support for advances in knowledge of grape domestication process. PLOS One 11 (2). 

https://doi.org/10.1371/journal.pone.0149814

• Viala P, Vermorel V (1901) Ampelographie. Traité général de viticulture. Masson, Paris.

• Weisstein (2011) Bézier Curves. Wolfram Demonstrations Project https://doi.org/

10.3840/000364

• Weisstein E (2007) "Curvature". MathWorld- A Wolfram Web Resource 

URL: https://mathworld.wolfram.com/Curvature.html

16 Cervantes E et al

https://doi.org/10.1007/s00334-014-0482-y
https://doi.org/10.2478/abcsb-2013-0027
https://doi.org/10.21829/abm110.2015.193
https://doi.org/10.21829/abm110.2015.193
https://doi.org/10.9734/jabb/2017/32786
https://doi.org/10.1007/978-90-481-2305-6_21
https://doi.org/10.1007/978-90-481-2305-6_21
https://doi.org/10.1093/aob/mcp298
https://doi.org/10.1093/aob/mcp298
https://doi.org/10.1016/j.tig.2006.07.008
https://doi.org/10.4161/psb.3.6.5798
https://doi.org/10.1371/journal.pone.0149814
https://doi.org/10.3840/000364
https://doi.org/10.3840/000364
https://mathworld.wolfram.com/
https://mathworld.wolfram.com/Curvature.html

	Abstract
	Keywords
	Introduction
	Materials and Methods
	Plant material
	Seed images
	Curvature analysis
	Results

	Discussion
	References

