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Introduction
The typical and famous peeled tomato grown for processing in Italy and particularly in the
Campania region is the San Marzano variety. This traditional variety, grown for fresh market
too, is protected since 1999 by a European Union DOP (Protected Denomination of Origin)
certification as “Pomodoro San Marzano Dell’Agro Sarnese-Nocerino” (Figure 1).
S. Marzano production in the Campania region has declined significantly in the last decades
due to high sensibility to vascular diseases and cucumber mosaic virus, together with
economical issues arisen for the low resistance to mechanical processing and to the lower yield
than the modern F1 hybrids. In the 1980s, this region was the number one for peeled tomatoes
production in Italy. Now, Campania is the 4th or 5th produced with 35% of the peeled
tomatoes grown in Italy. Production of typical S.Marzano variety in Campania is declining at
a rate of about 12-16% a year. The concern is that the San Marzano tomato will disappear
from the Campania region.
Therefore, for processing and for fresh market consumption, new F1 hybrids, with similar
shape, have been preferred to the original San Marzano; these hybrids have a different taste
and are often genetically far from San Marzano, but possess genetic resistance to the most
threatening tomato pathogens.
Some genetic tools have already been developed to characterize the original accessions. These
method are mainly based on the characterization of hyper variable regions of the genome
(Rao et al, 2006), but are less used in marker assisted selection for the introgression of genetic
resistances, where a fast and high-throughput method is required.



We developed a CAPS marker for the “ovate” gene in tomato (Sabatini et al, 2005). It was
developed to assist selection when genetic resistances or other features are introgressed from
elongated or round-fruited cultivar to neck-constricted ones.
Here we report the finding that the original accessions of San Marzano carry the ovate gene in
its mutated form, which confer neck constriction, while the most modern F1 hybrids,
resembling San Marzano, do not.

Materials and Methods
In order to analyze fruit morphology of different lines and cultivar correctly or incorrectly
labeled as “San Marzano”, 27 tomato accessions were analyzed for fruit shape features as
described by van der Knaap and Tanksley, 2003. As reported in figure 2, fuit shape features,
such as neck constriction, fruit weight and an empiric index of “pear” shape, were measured.
The 27 accessions included some  “San Marzano” original lines from Campania (10
accessions), F1 hybrids with elongated fruit for fresh market (5 accessions), F1 hybrids for
processing (9 accessions), Italian typical cultivars (2 accessions) and the F1 resulted crossing a
“San Marzano” with a round fuited tomato (called “tondo”).

Results
Fruit shape variability resulted very high despite the presence or not of the ovate alleles, as
shown in the figures 2 and 6, confirming the fact that ovate locus probably interact with other,
in part still unknow, loci in the genome (Tanksley, 2004)
As shown in figure 3 and 4, the accessions used for morphological studies were analyzed with
the CAPS marker developed by Sabatini et al (2006). “Yellow pear” and “Mogeor” were used
as tests for both the homozygous conditions; “San Marzano x Tondo” was used to test the
efficacy of the marker on heterozygous material. Surprisingly, only the San Marzano original
lines own the ovate mutated gene in homozygous condition; only N.S.Roma is homozygous for
ovate but it cannot be included in San Marzano group. HF1 Galeon and Italdor shows both
wild type and mutated alleles indicating that only one of the parents were ovate/ovate. As
shown in figure xxx, even if Galeon possess a quite pronounced neck constriction (confirming
the incomplete dominance of ovate), it doesn’t match  the distinctive features of the berry of
San Marzano UPOV descriptors.

Discussion
The CAPS marker developed by Sabatini et al (2006) was already successfully employed in
marker assisted selection for the introgression of genetic resistances in “Cuor di Bue di
Albenga” lines, when a round type, multi-resistant cultivar was used  as donor parent.
In our experiments, only the 11 San Marzano original lines resulted homozygous for ovate.
Therefore, it can be assumed that San Marzano lines are homozygous for ovate gene in its
mutated form, but of course it cannot be stated that ovate gene identifies exclusively San
Marzano tomatoes.
Therefore this genetic tool can be useful for a first, fast and cheap screening for the
identification of original San Marzano accessions and,  together with the already developed
(GATA)4 fingerprinting (Rao et al, 2006),  is an interesting tool to solve distinction problems
for the San Marzano tomato toward not original foodstuff, yet ambiguously labeled as “San
Marzano”.
Furthermore, this marker can be usefully employed for genetic improvement of the original
San Marzano for the introgression of genetic resistances when a round or elongated “not-
ovate” line is used as source of resistances.



Figure 1: geographic location in Campania region of the areas included in the certification of the
European DOP for the cultivation of the “San Marzano dell’Agro Sarnese-Nocerino

Figure 2: fruit shape analysis of some original San Marzano accession compared with the most
diffuse S.Marzano kind-F1 hybrids and other F1 mainly used for processing. Notice that some of
the elongated F1 hybrids shows indeterminate growth and are grown also for fresh market purposes.
Pear shape index: empiric pear shape index, 1=round, 3 = pear shape (e.g. Yellow Pear=3); sblk=
stem blockiness, x=diameter at 10% of total fruit length from the proximal end of the fruit, y= max
diameter

Figure 3: 1:Yellow Pear (ovate/ovate) ; 2:Mogeor (round, +/+) ; 3: Marzano; 4: Campano; 5:
S.Marzano Baldoni ; 6: S.Marzano 622; 7: HF1 S.Marzano x Tondo; 8: S.Marzano L6; 9:
S.Marzano L8; 10: S.Marzano 618; 11: S.Marzano 619; 12: UC 82; 13: N.S.Roma; 14: Malareto;
15: Galeon; 16: Perfect Peel; 17: Nocerino.

Figure 4: 1:Yellow Pear; 2:Mogeor; 3: Marzano; 4: Campano; 5: Allflesh 915 ; 6: Coimbra; 7: Alfa
200; 8: Castelong; 9: Red Peel; 10: PS 38591; 11: CLX 37203; 12: CLX 37201; 13: CLX 37198;
14: Oskar; 15: Italdor; 16: Corianne DR.

Figure 5: Galeon F1 (left) vs S.Marzano: notice the neck constriction of Galeon (ovate/+) similar to
the S.Marzano one. However, Galeon unripe fruit shows a pale green epidermis and does not
present green shoulder, therefore  it does not not match the parameters indicated by UPOV for
identification of “San Marzano”

Figure 6: pronounced neck constriction in an elongated “Red Peel” fruit (left), compared with a San
Marzano line. Red Peel resulted omozygous for wild-type alleles at the ovate locus (e.g.as in round-
fruited genotype); its particular shape could be probably attributed to the effect of “sun” locus in
this genetic background.

References

Sabatini E., G.L. Rotino, S. Voltattorni and N. Acciarri, 2005.A novel CAPS marker derived from
the ovate gene in tomato ( L. esculentum M.) is useful to distinguish two Italian ecotypes and to
recover “pear” shape in marker assisted selection. European Journal of Horticoltural Science,
05/2006, 193-198.

Rao R., G. Corrado, M. Bianchi and A. Di Mauro, 2006. (GATA)4 DNA fingerprinting identifies
morphologically characterized San Marzano tomato plants. Plant Breeding 125, 173—176 (2006)

Van der Knaap E., S.D. Tanksley, 2003: The making of a bell pepper-shaped tomato
fruit:identification of loci controlling fruit morphology in Yellow Stuffer tomato. Theor. Appl.
Genet. 107, 139–147.

Tanksley S.D. 2004: The genetic, developmental, and molecular bases of fruit size and shape
variation in tomato. The Plant Cell, 16, s181–s189.



Figure1



Figure 2



Figure 6

Figure 5



Figure 3

Figure 4

1      2      3      4        5     6      7      8     9     10    11     12    13     14   15     16    17

1       2       3      4      5       6      7      8       9     10     11     12     13    14     15     16


