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ABSTRACT: Lettuce (Lactuca sativa) is the most important crop in the group of leafy vegetables. It is characterized
by considerable morphological and genetic variation. The crop comprises seven main groups of cultivars (including
oilseed lettuce) differing phenotypically; they are usually described as morphotypes. Lettuce breeding is primarilly
focused on various morphological features and resistance against diseases and pests. The accurate description of let-
tuce germplasm provides basic information useful for lettuce breeders. The construction of a lettuce descriptor list
has been stimulated by the international genebank community. This list consists of 55 descriptors with 15 elucidated
by figures. It provides a tool for detailed characterization of and discrimination within the intraspecific variation of
L. sativa, verification of old varieties, and identification of putative duplicates and gaps in germplasm collections. These
descriptors, along with descriptors of wild Lactuca species, provide an efficient analytical tool for studying the complex
morphological variability of this genus and relationships among the species.

Keywords: biology; characterization; descriptors; gene bank collections; gene pool; germplasm conservation; morpho-
types; origin; regeneration; resistance; taxonomy; variability

Lactuca sativa L. (Asteraceae) is considered as
the most important vegetable in the group of leafy
vegetables. It is almost exclusively used as a fresh
vegetable in salads, but some forms are also cooked
(RUBATZKY, YAMAGUCHI 1997; LEBEDA et al. 2007).
Lettuce is produced commercially in many countries
worldwide and is also widely grown as a vegetable
in home gardens (RUBATZKY, YAMAGUCHI 1997).
It is especially important as a commercial crop
in Asia, North and Central America, and Europe.
China, U.S,, Spain, Italy, India and Japan are among
the world’s largest producers (LEBEDA et al. 2007;
Mou 2008).

Diverse landraces and local varieties are cultivated
in different regions, with a broad spectrum of land-
races and old varieties held in the world’s genebanks
(LEBEDA et al. 2007). Conventional and modern
breeding methods are providing new cultivars well
tailored for the specific needs of producers and
consumers.

International cooperation among genebanks has
been promoted by the International Plant Genetic

Resources Institute (IPGRI), established in 1974.
Since 1 December 2006, IPGRI and the International
Network for the Improvement of Banana and Plan-
tain (INIBAP) operate under the name Bioversity In-
ternational (www.bioversityinternational.org). The
need for broad international cooperation among Eu-
ropean institutions holding collections of lettuce was
expressed in the Eucarpia Conference on Leafy Veg-
etables Research and Breeding, held in 1999 in Olo-
mouc, Czech Republic (LEBEDA, KRISTKOVA 1999).
In May 2000, in Vila Real, Portugal, the ECP/GR
Vegetables Network Coordinating Group, acting
with an IPGRI mandate, recommended to extend
collaborative activities also to leafy vegetables (LE-
BEDA, BoUuKEMA 2001). The ad hoc Group on Leafy
Vegetables met for the first time during the ECP/GR
Vegetables Network Meeting in Skierniewice, Po-
land, May 2003 (LEBEDA, BoUKEMA 2005). A pro-
posal to establish a formal ECP/GR Working Group
on Leafy Vegetables was prepared and endorsed by
the ECP/GR Steering Committee in October 2003.
The first meeting of the formal Working Group was
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held in Olomouc, Czech Republic, 13—14 October
2005 (MAGGIONI et al. 2008).

The International Lactuca Database (ILDB) was
established in 2000 and is currently maintained at
CGN, Wageningen, the Netherlands. The database
concentrates primarily on passport data of all Lac-
tuca species conserved in the world’s genebanks
(STAVELIKOVA et al. 2002).

Descriptive data for each accession held by
genebanks promote the efficient use of accessions
in research and breeding. However, descriptor lists
for lettuce accessions, as elaborated by each national
genebank, are used only locally. The international
project GENE-MINE, funded by the European
Commission within the 5™ Framework Programme,
aimed at a broad study of wild Lactuca species, made
considerable progress (HopGkin 2004) and both
Czech national and international descriptor lists for
wild Lactuca species were developed (DOLEZALOVA
et al. 2002a, 2003a; KRisTKOVA, CHYTILOVA 2005).

A broad international descriptor list for cultivated
lettuce, suitable and acceptable for the international
genebank community has not yet been elaborated.
A minimum set of the most important descriptors
for Lactuca sativa genetic resources was composed
in order to foster cooperation within the ECP/GR
Working Group on Leafy Vegetable Genetic Re-
sources (LEBEDA, BOUKEMA 2005). The next interna-
tional project aimed at the group of leafy vegetables
including cultivated lettuce, was adopted by the
European Commission in 2006. In this paper, a draft
descriptor list for accessions of cultivated lettuce
is presented. After discussion within the genebank
community, it can be used as a base for development
of an international descriptor list. Together with
descriptors for wild Lactuca species (DOLEZALOVA
et al. 2002a, 2003a; LEBEDA et al. 2004b), it will pro-
vide a tool to facilitate the characterization of lettuce
genetic resources.

TAXONOMY, BOTANICAL
CHARACTERIZATION, KARYOLOGICAL
STATUS, BIOCHEMICAL AND MOLECULAR
MARKERS OF L. SATIVA

Taxonomy of the genus Lactuca

The genus Lactuca L. belongs to the family Aste-
raceae (Compositae), the largest of the dicotyledo-
nous families (Jupp et al. 1999; FUNK et al. 2005).
The tribe Lactuceae of subfamily Cichorioideae,
formerly known as the Cichorieae, is perhaps the
best known and most easily recognized tribe of the
family (TomB 1977). In spite of that, precise delimi-
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tation of the genus Lactuca is problematic. Based on
the available literature, the genus Lactuca comprises
approximately 100 species; however the number of
Lactuca taxa differs from author to author (FERA-
KOVA 1977; MEUSEL, JAGER 1992; BREMER et al.
1994; LEBEDA 1998; LEBEDA, ASTLEY 1999; LEBEDA
et al. 2004a, 2007).

Five major generic concepts of Lactuca were devel-
oped by STEBBINS (1937), TuisL (1968), FERAKOVA
(1977), SHIH (1988), and KooPMAN et al. (1998).
STEBBINS (1937) defined the genus broadly (sensu
lato, s.l.) and included the subgenera Mulgedium
Cass., Lactucopsis Schultz-Bip. ex Vis. et Panc.,
Phaenixopus Cass., Mycelis Cass., and part of Cicer-
bita Wallr. (excluding C. alpina, with a coarse pappus
and nearly columnar, slightly compressed achenes).
TuisL (1968) defined the genus in a narrow sense on
the basis of morphological and anatomical studies
of fruit, flower, involucre and pappus. He divided
Lactuca s.1. into the following six genera: Mulgedium
Cass., Scariola FEW. Schmidt (= Phaenixopus Cass.),
Cicerbita Wallr., Cephalorrhynchus Boiss., Step-
torhamphus Bunge and Lactuca L. The narrow ge-
neric concept of Lactuca has been supported among
others, by SOJAK (1961, 1962), who accepted Scariola
and treated Lactuca sect. Mulgedium (Cass.) C. B.
Clarke on a generic level as Lagedium Sojak (a genus
of an intermediate position between Lactuca and
Mulgedium), and also by JEFFREY (1975).

FErRAKOVA (1970, 1977), with regard to both
above-mentioned classifications, created a new
concept. The genera Mulgedium, Lactucopsis and
Phaenixopus (Scariola) were re-classified into cor-
responding sections. She recognized four sections
within the genus: Mulgedium (Cass.) C.B. Clarke,
Lactucopsis (Schultz-Bip. ex Vis. et Panc.) Rouy,
Phaenixopus (Cass.) Benth. and Lactuca, which was
further divided into two subsections, Lactuca and
Cyanicae DC, while Mycelis Cass., Steptorhampus
Bunge and Cephalorrhynchus Boiss. were considered
as separate genera.

A more recent revision of Lactuca is that of SHIH
(1988). He restricted the genus Lactuca to those spe-
cies having 7-25 yellow ligular florets and 1-10 lon-
gitudinal ribs on each side of the achene, with an
acute to filiform beak at its apex. Such a definition
limits the genus to the serriola-like species from the
sect. Lactuca subsect. Lactuca according to FERAKO-
VA (1977), excepting L. virosa and L. livida, species
with broadly elliptical, narrowly winged achenes.

A completely different concept of the lettuce gene
pool was proposed by KoormaN et al. (1998). Based
on analysis of DNA ITS-1 sequences, supported
with data from crossing experiments (THOMPSON
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et al. 1941; CHUPEAU et al. 1994; MAISONNEUVE
et al. 1995; MAZIER et al. 1999), he adjusted genus
limitation to coincide with the lettuce gene pool. He
stated that the species in subsection Cyanicae do
not belong to the lettuce gene pool and therefore
should be excluded from Lactuca. Section Lactuca
subsection Lactuca would then comprise the pri-
mary and secondary gene pools, while the sections
Phaenixopus, Mulgedium and Lactucopsis comprise
the tertiary gene pool.

In the context of these past treatments, the taxo-
nomy of Lactuca genetic resources, including seven
sections (Lactuca [subsect. Lactuca and Cyanicae],
Phoenixopus, Mulgedium, Lactucopsis, Tuberosae,
Micranthae and Sororiae), and two geographical
groups (the African and North American ones), has
been elaborated by LEBEDA and ASTLEY (1999) and
most recently been reviewed in detail by LEBEDA et
al. (2007).

Origins and genepools

Recent evidence indicates that the origin of culti-
vated lettuce is polyphyletic (DEVRIES 1997). It re-
sulted from human selection within a large genepool
of L. serriola, with simultaneous introgression of
genes from other Lactuca species or, alternatively,
as an independently selected species (LINDQVIST
1960). The region of the Middle East (Egypt and Iran)
is considered a centre of lettuce origin. Many wild
Lactuca species occur between the Euphrates and
Tigris Rivers (ZOHARY 1991).

The primary genepool of L. sativa is represented
by its numerous cultivars, primitive landraces
and by wild species with no crossing barriers
— the cosmopolitan L. serriola, plus L. aculeata,
L. scarioloides, L. azerbaijanica, L. georgica,
L. altaica occurring in Asia and by L. dregeana from
South Africa (ZoHARY 1991). Lactuca saligna be-
longs to the secondary gene pool. The tertiary gene
poolincludes L. virosa and some other wild species
which can be crossed with L. sativa only with dif-
ficulty (DEVRIES 1990; VAN SOEST, BOUKEMA 1997;
LEBEDA et al. 2002, 2007).

Morphological description, karyological status,
molecular and biochemical markers of L. sativa

Lactuca sativa is an annual glabrous herb with
a thin tap root and an erect stem 30-100 cm tall,
branched in the upper part. Leaves are spirally ar-
ranged, forming a dense rosette or a head before
bolting. Their shape is oblong to transverse elliptic,
orbicular to triangular, undivided to pinnatisect. The
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leaf margin is entire to setose dentate, often curly.
Stem leaves are oblong elliptic, with a cordate base.
The inflorescence (capitulum, head) is composed of
7-15 (35) yellow ligules (florets). The heads form a
corymbose, densely bracted panicle. Anthocyanin
can be distributed on the cotyledons and true leaves,
stems and ligules. The involucre is 10—15 mm long,
cylindrical; involucral bracts are broadly to narrow
lanceolate, light green, with white margins, erect at
the stage of fruit maturity. The fruit (achene) has 5 to
7 setose ribs on each side, a beak and a white pappus.
Its length (including beak) is 6—8 mm, and its colour
is white, cream, gray, brown or black. It is a diploid
with a basic chromosome number of 7 = 9 (DOSTAL
1989; RUBATZKY, YAMAGUCHI 1997; DOLEZALOVA
et al. 2002b; GRULICH 2004).

Electrophoretic detection of polymorphic pro-
teins has been applied to the study of genetic
variation among L. sativa cultivars and a wild Lac-
tuca species (DEVRIES 1996; LEBEDA et al. 1999;
DoLEZALOVA et al. 2003b; M1ZUTANI, TANAKA
2003). The application of molecular genotyping
methods: RFLP (Restriction Fragment Length
Polymorphism) (KesskeLI et al. 1991), RAPD (Ran-
dom Amplified Polymorphic DNA) (YamMaMOTO
et al. 1994), AFLP (Amplified Fragment Length
Polymorphism) (HiLL et al. 1996; JOHNSON et
al. 2000; JEUKEN et al. 2001; JEUKEN, LINDHOUT
2004; KiTNER et al. 2008; Rajicic, DEHMER 2008),
TRAP (Target Region Amplification Polymorphism)
(Hu et al. 2005), minisatellites and microsatellite
fingerprinting or SSR (Simple Sequence Repeat)
(WITSENBOER et al. 1997; SICARD et al. 1999; VAN
DE WIEL et al. 1999) has contributed to the elucida-
tion of various aspects of the taxonomy, variability
and biodiversity of the genus. SSRs and AFLPs have
also been used to characterize the entire lettuce col-
lection of the Centre for Genetic Resources (CGN,
Wageningen) (VAN HINTUM et al. 2003; JANSEN et
al. 2006; JANSEN, VAN HINTUM 2007). An overview
of these methods as applied to L. sativa germplasm
screening and identification has been presented
by DzIECHCIARKOVA et al. (2004). The mapping
of the L. sativa genome (LANDRY et al. 1987) and
the study of biochemical and molecular markers
provide tools for the determination of putative du-
plicates within collections of genetic resources, for
the discrimination of differences among accessions
(VAN HINTUM 1999; WAYCOTT et al. 1999; VAN DE
WIEL et al. 1999; SRETENOVIC-RAJICIC et al. 2008),
and for the identification of suitable markers linked
to resistance to biotic and abiotic factors (KESSELI et
al. 1994; MANEZ et al. 1994; ToyoMAsU et al. 1995;
MONTESCLAROS et al. 1997).
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Classification and morphological types
of L. sativa

The species L. sativa is characterized by a high ge-
netic diversity resulting from its polyphyletic origin
and a complex domestication process (KESSELI et
al. 1991). A survey of lettuce cultivars and classifica-
tion of types was provided by RODENBURG (1960).
The most recent comprehensive overviews of taxo-
nomic and phenotypic analyses of lettuce cultivars
were presented by DEVRIES and VAN RAAMSDONK
(1994), DEVRIES (1997) and Mou (2008). The crop
comprises seven main groups of cultivars (including
oilseed lettuce) differing phenotypically; they are
usually described as morphotypes. The following
treatment of L. sativa morphotypes is taken from
LEBEDA et al. (2007).

(1) Butterhead lettuce (var. capitata L. nidus te-

nerrima Helm) (Kopfsalat, Laitue pommé)

A heading type with soft and tender leaves, eaten

raw. It is most popular in England, France, the

Netherlands and other western and central Eu-

ropean countries (RYDER 1986). In recent deca-

des many cultivars have been bred and grown in

the USA (RYDER 1999b; MiIKEL 2007).

Crisphead lettuce (var. capitata L. nidus jéggeri

Helm) (Iceberg type, Eissalat, Batavia)

A heading type with thick crisp leaves and flabel-

late leaf venation, eaten raw. It is mainly culti-

vated in the USA (RYDER 1999b; MIKEL 2007).

However, it is also grown now in western and cen-

tral European countries, including the Nether-

lands, the United Kingdom, France, Spain, Bel-
gium, Germany, Poland and the Czech Republic,
as well as in Japan, China, and Australia (LEBEDA

et al. 2007).

Coslettuce (var. longifolia Lam., var. romana Hort.

in Bailey) (Romischer Salat, Laitue romaine)

Plants with tall loose heads, which are sometimes

tied up; oblong rigid leaves with a prominent

midrib running almost to the apex, are eaten
raw or cooked. The name of the morphotype is
taken from the Greek island Cos (Kos), where
the type has long been cultivated. Cos lettuce is
most common in the Mediterranean countries
of Europe, Western Asia and North Africa (Ry-

DER 1986). According to BOUKEMA et al. (1990),

many landraces of this type maintained at the

CGN genebank collection originated mainly

from Egypt, Iran, Turkey and Syria.

(4) Cutting lettuce (var. acephala Alef., syn. var.
secalina Alef., syn. var. crispa L.) (Gathering
lettuce, Loose-leaf, Picking lettuce, Schnittsalat,
Laitue a couper)
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(5)

(6)

Non-heading type harvested as whole, open
rosettes, occasionally as separate leaves, eaten
raw. Cutting lettuces have been very popular
in the U.S,, Italy, France, the Czech Republic
and Slovak Republic (DEVRIES 1997). This
morphotype is extremely heterogeneous. Cul-
tivars may have entire, curled or fringed leaves,
from non-lobed to deeply incised margins.
The leaves are elongated or broad, having
various shades of green, and various patterns
and intensities of anthocyanin pigmentation.
The Greeks and Romans cultivated cutting let-
tuces. BOUKEMA et al. (1990) stated that CGN
genebank landraces of this type came from
Turkey and Greece.

Stalk (Asparagus) lettuce (var. angustana Irish
ex Bremer, syn. var. asparagina Bailey, syn.
L. angustana Hort. in Vilm.) (Stem lettuce, Sten-
gelsalat, Laitue-tige)

Plants with swollen stalks, which are eaten raw
or cooked like asparagus. Leaves can be eaten
raw in a very young stage or cooked like spinach
(LEBEDA, KRiSTKOVA 1995).

According to LINDQVIST (1960) there are two
types recognized within this group. The Chi-
nese cultivars have light grey leaves resembling
cos lettuce leaves; the second type has long
lanceolate leaves with pointed apices. Accord-
ing to HELM (1954), stalk lettuce originated in
Tibet, which would account for its extensive
cultivation in China, in the Pamirs and India
(RODENBURG 1960; DEVRIES 1997). However,
the lettuce illustrated in Egyptian tombs is also
stalk lettuce and dates back to about 2500 B.C.
If lettuce originated in Mesopotamia, it is even
older in the Middle East. Both asparagus types
and cos-like types are found in Egypt. We think
it is more likely that the original types migrated
to the Far East overland, showing up there up
to 1,500-2,000 years later. It is possible that
HeLMm (1954) was referring to L. indica, which
is common in the Far East and grown in China,
Japan, and some Southeast Asian countries (RU-
BATZKY, YAMAGUCHI 1997). Stalk lettuce ma-
terial collected in Afghanistan appeared to be
an intermediate between cos and stalk lettuces
and is sometimes used as a food for livestock
(BOUKEMA et al. 1990).

Latin lettuce (without scientific name)

Plants have loose heads with thick leathery
leaves, dark green color and are eaten raw.
It is mainly cultivated in the Mediterranean
countries, including North Africa, and in South
America (RODENBURG 1960).
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(7) Oilseed lettuce
Because of the bitter taste of its leaves, this type is
not eaten as a vegetable. Oilseed lettuce is char-
acterized by a high percentage (35%) of oil in the
seeds, which is used for cooking. The oil contains
Vitamin E, an essential nutrient (BOUKEMA et al.
1990). In Egypt, cultivation of oil-producing forms
has continued to the present time (RYDER 1986).
BOUKEMA et al. (1990) mentioned that some of
its forms may be either L. serriola or L. sativa or
intermediate types between these two species.
Following the concept of DEVRIES and VAN RAAMS-
DONK (1994), based on a detailed comparison from
multivariate analysis of the vegetative characters of
lettuce cultivars, two supergroups can be defined,
one that includes the Butterhead group, the Crisp-
head (Iceberg or Cabbage) group, and Latin group;
and the other comprising the Cos group, the Cutting
group, and the Stalk (Asparagus) group.

Survey of L. sativa genetic resources
maintained in gene bank collections

Considerable information is available about let-
tuce germplasm collections (BOUKEMA et al. 1990;
MCcGUIRE et al. 1993; Cross 1998; LEBEDA 1998;
VAN HINTUM, BOUKEMA 1999; LEBEDA, ASTLEY
1999; RYDER 1999a,b; LEBEDA, BOUKEMA 2001, 2005;
THOMAS et al. 2005; LEBEDA et al. 2007; Mou 2008).
These sources provide general information about the
holdings, maintenance conditions, availability, evalua-
tion, and documentation of the most important of the
world’s collections, emphasizing national genebanks
and working collections. In addition, information
about the holdings of the world’s largest collections of
leafy vegetable germplasm was summarized as part
of the Food and Agriculture Organization’s effort to
present The State of the World’s Plant Genetic Re-
sources for Food and Agriculture (FAO 1998).

In the U.S., germplasm research regarding conser-
vation, evaluation and utilization of lettuce resources
is overseen by Leafy Vegetable Crop Germplasm
Committees (CGC) under auspices of the US De-
partment of Agriculture — Agricultural Research
Service’s National Plant Germplasm System.

STANDARDS FOR REGENERATION
AND EVALUATION OF GENETIC
RESOURCES ACCESSIONS

Regeneration of L. sativa accessions

Standards for regeneration of cultivated lettuce,
used in gene banks of eleven European countries, were
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summarized within the framework of the ECP/GR
Working Group on Leafy Vegetables (IPGRI) by LE-
BEDA and BOUuKEMA (2005). In the Czech Republic,
standards for regeneration for L. sativa accessions
were adopted by the Council for Plant Genetic Re-
sources of the Czech Republic (CHYTILOVA et al.
2004).

The inflorescence of lettuce (capitulum), contains
approximately 24 florets. They are highly developed for
self-pollination and the crop is therefore largely self-
fertilizing. However, some cross-pollination, up to 5%,
can be observed between lettuce cultivars (GEORGE
1999). For commercial purposes, most authorities
regard it as a self-pollinating crop and only require a
physical barrier (e.g. adjacent sections of greenhouse)
or a minimum of 2 m between different species for
production of seed (GEORGE 1999). The regeneration
of accessions kept by genebanks in insect-proof isola-
tion cages is highly recommended to prevent potential
cross-pollination and infection of LMV.

Under climatic conditions of the Czech Republic,
accessions are regenerated in greenhouse isolation
cages covered by glass or plastic net. Seeds are sown
in the last third of March in Perlite; seedlings with
well developed cotyledons are transplanted to beds
in garden soil. By the end of April, plantlets with
10-12 well developed leaves are transplanted to soil
under isolation cages. Each accession is represented
by 15-20 plants spaced 50 x 50 cm.

Heading types and especially cultivars bred for
cultivation in summer, are treated with aqueous so-
lution of gibberellic acid (20-500 ppm GA,) at least
three times at 7—10 day intervals before heart forma-
tion. This treatment stimulates bolting and prevents
the plants from rotting (GEORGE 1999).

Mature seeds are harvested periodically, by cut-
ting the dry seed heads. Harvested seeds are dried
at room temperature, cleaned, and further dried
to 5-8% moisture content, placed in hermetically
closed jars and stored at a temperature of about
—5°C (GEORGE 1999). A new method of “ultra-dry
seed” storage was successfully adopted for L. sativa.
Seeds dried to 3% moisture content and stored in
airtight jars at 20°C (GoMEz-Campro 2006) kept
good germination parameters equal to storage at
—20°C (ASTLEY 1985).

A SET OF DESCRIPTORS FOR
ACCESSIONS OF L. SATIVA

Morphological and biological descriptors

A set of descriptors for cultivated lettuce has been
developed for the characterization and evaluation
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genetic resources (Table 1, Figs.). In the Czech
Republic, a set of minimum descriptors has been
adopted by the Council for Plant Genetic Resources
of the Czech Republic (CHYTILOVA et al. 2004). An
extensive list of descriptors also provides tools for
determining interspecific hybrids of L. sativa with
wild Lactuca species, and for the characterization
of L. sativa intraspecific variability. This set was cre-
ated from a broad study of the Czech collection of
genetic resources (SUPERATOVA 2005), traditional
and recent cultivars of lettuce (KRiSTKOVA, LEBEDA
1999), descriptions of L. sativa in Czechoslovak
monographs (FERAKOVA 1977), the Czech flora
(GruLICH 2004) and a broad description of impor-
tant traditional cultivars (RODENBURG 1960).

“Codes for Lactuca evaluation descriptors” from
the Centre for Genetic Resources (CGN), Wa-
geningen, the Netherlands (ANONYMOUS b) and
the Western Regional Plant Introduction Station,
Pullman, Washington, USA (ANONYMOUS a), and
“Guidelines for the conduct of tests for distinctness,
homogeneity and stability, Lettuce (Lactuca sativa
L.)” (UPOV 1981) were used as primary sources
for the development of recent Czech descriptors.
During the construction of this descriptor list, the
authors also participated in the development of
minimal descriptor lists for leafy vegetables, includ-
ing L. sativa, within the framework of the ECP/GR
Working Group on Leafy Vegetables (IPGRI) (LE-
BEDA, BOUKEMA 2005).

Table 1. Morphological descriptors for Lactuca sativa L.

The descriptor list includes 55 characterization
and evaluation descriptors, with 15 elucidated by
figures in the Annex. Items comprising a minimal
set of highly discriminating descriptors are marked
with an asterisk (*).

Resistance to biotic and abiotic factors

Resistance to biotic and abiotic factors must be
evaluated in separate trials by using precise, stan-
dardized methods (LEBEDA 1986; MIRANDA, LEBE-
DA 2008), such as pathogen tests in growth chambers
after artificial inoculation.

The most important lettuce diseases include Let-
tuce mosaic virus (LMV), lettuce downy mildew
(Bremia lactucae), Sclerotinia spp., Microdochium
panattonianum, Rhizoctonia solani, Pythium spp.,
Botrytis cinerea, lettuce powdery mildew (Golovi-
nomyces cichoracearum) and Septoria spp. (GEORGE
1999). The most important lettuce pests include the
aphids, Myzus persicae, Nasonovia ribisnigri and
Pemphigus bursarius (REININK 1999; LEBEDA et al.
2007).
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No. Descriptor name Descriptor state

Explanation/ Note

Figure in Annex

1. Morphological descriptors
1.1. Seedling

1.1.1.  Cotyledons — colour 3 light green at a stage of fully developed
5 green seedling
7 dark green
99 other

1.1.2.*  Cotyledons — 0 absent at a stage of fully developed

anthocyanin presence 1 on hypocotyl seedling

2 on cotyledons
3 on hypocotyl and cotyledons

1.1.3.  Cotyledons — shape 1 elliptic Fig. 1.1.3. at a stage of fully developed
2 ovate seedling
3 obovate
4 orbicular
5 spatulate
99 other
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No. Descriptor name

Descriptor state

Explanation/
Figure in Annex

Note

1.1.4.  Cotyledons - trichomes

0 absent

1 present

at a stage of fully developed
seedling

1.2. Young leaf
12.1*  Young leaf — position

angle of 56" true
leaf with horizontal

platform
1 prostrate 1°-10°
5 semi-erect 41°-50°
9 erect 81°-90°

at a stage of 10-12 true
leaves

1.2.2.*  Young leaf — colour

1 yellow green
2 light green

3 green

4 dark green

5 gray green

6 blue green
99 other

at a stage of 10-12 fully
developed true leaves

1.2.3.1.* Young leaf — anthocyanin
— distribution

0 absent

1 on the veins

2 on the blade margin

3 diffused on the entire lamina
4 in spots on the entire lamina
99 other

at a stage of 1012 fully
developed true leaves

1.2.3.2. Young leaf — anthocyanin
— intensity of coloration

3 slight
5 moderate

7 intense

at a stage of 10-12 fully
developed true leaves

1.2.4.1. Young leaf — blade

1 entire
2 divided

at a stage of 1012 fully
developed true leaves

1.2.4.2.* Young leaf — blade
— shape in outline

1 oblong elliptic Fig. 1.2.4.2.
2 elliptic

3 broad elliptic

4 orbicular

5 transverse elliptic

6 transverse broad elliptic

7 obovate

8 spathulate

9 triangular

99 other

at a stage of 10-12 fully
developed true leaves

1.2.4.3.* Young leaf — blade
— shape of apex

1 truncate Fig. 1.2.4.3.
2 rounded

3 obtuse

4 subacute

5 mucronate

at a stage of 10-12 fully
developed true leaves

1.2.4.4. Young leaf — blade
— shape of base

1 short attenuate Fig. 1.2.4.4.
2 medium attenuate

3 long attenuate

at a stage of 1012 fully
developed true leaves
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No. Descriptor name Descriptor state Explanation/ Note
Figure in Annex
1.2.4.5* Young leaf — blade 1 entire Fig. 1.2.4.5. at a stage of 1012 fully
— margin 9 crenate developed true leaves
3 dentate
4 double dentate
5 setose dentate
6 serrate
7 double serrate
8 irregularly dentate
9 nibbled
99 other
1.2.4.6. Young leaf — blade 0 none at a stage of 1012 fully
— vertical margin 3 slight developed true leaves
undulation
5 moderate
7 intense
12.5.  Young leaf — trichomes 0 absent at a stage of 1012 fully
1 present developed true leaves
1.2.6.*  Young leaf — venation 1 pinnate Fig. 1.2.6. at a stage of 10-12 fully
2 flabellate developed true leaves
1.3. Adult outer leaf (and leaf of non-heading types of lettuce)
1.3.1.*  Outer adult leaf 1 yellow green at a harvest maturity
— colour 2 green
3 gray green
4 blue green
5red and green
99 other
1.3.2.  Outer adult leaf 3 slight at a harvest maturity
— intensity of colour 5 moderate
7 intense
1.3.3.1.* Outer adult leaf 0 absent at a harvest maturity
—.ant.hoc.yanin - 1 on the veins
distribution 2 on the blade margin
3 diffused on the entire lamina
4 in spots on the entire lamina
99 other
1.3.3.2.  Outer adult leaf 0 none at a harvest maturity
— anthocyanin — intensity 3 slight
of coloration
5 moderate
7 intense
1.3.4*  Outer adult leaf 0 none at a harvest maturity
— glossiness on the 3 slight
upper side 5 moderate
7 intense
1.3.5.  Outer adult leaf 1 concave Fig. 1.3.5. at a harvest maturity
— surface profile 2 flat
3 convex
1.3.6.*  Outer adult leaf 1 entire at a harvest maturity
— blade 2 divided
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No. Descriptor name Descriptor state Explanation/ Note
Figure in Annex
1.3.7.*  Outer adult leaf — entire 1 oblong elliptic Fig. 1.3.7.1 at a harvest maturity
- shfape of blade in 2 elliptic
outline 3 broad elliptic
4 orbicular
5 transverse elliptic
6 transverse broad elliptic
7 obovate
8 spathulate
9 triangular
99 other
1.3.7.2.* Outer adult leaf 1 entire Fig. 1.3.7.2. at a harvest maturity
— entire — margin 2 crenate
of blade
3 dentate
4 double dentate
5 setose dentate
6 serrate
7 double serrate
8 irregularly dentate
9 nibbled
1.3.8.*  Outer adult leaf Fig. 1.3.8. at a harvest maturity
(_)f(ill:cli(i?:)ln; depth depth of incision§
from blade margin
to the main vein
3 pinnatilobed up to 1/3
5 pinnatifid up to 1/2
7 pinnatipart up to 2/3
9 pinnatisect more than 2/3
1.3.9.*  Outer adult leaf 1 truncate Fig. 1.3.9. at a harvest maturity
— shape of apex 2 rounded
3 obtuse
4 subacute
5 mucronate
99 other
1.3.10.  Outer adult leaf 1 short attenuate Fig. 1.3.10. at a harvest maturity

— shape of blade base

2 medium attenuate

3 long attenuate

1.3.11.* Outer adult leaf 0 none at a harvest maturity
— blistering 3 slight
5 moderate
7 intense
1.4. Head, leaf rosette
14.1* Head - formation 0 absent at a harvest maturity
1 present
1.4.2.  Harvested part horizontal diameter at a harvest maturity
anséjzroi }r‘S:Stte 3 small <25 (cm)
5 medium 25-40 (cm)
7 large > 40 (cm)
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No. Descriptor name Descriptor state Explanation/ Note
Figure in Annex
1.4.4.1* Head — shape in vertical 1 oblong elliptic Fig. 1.4.4.1. at a harvest maturity

section

2 elliptic

3 broad elliptic

4 orbicular

5 transverse elliptic
99 other

1.4.4.2. Head - overlapping 0 none Fig. 1.4.4.2. at a harvest maturity
of leaves 3 partly
5 half
7 complete
1.4.4.3. Head - firmness 3 low established by at a harvest maturity
5 medium palpation
7 high
1.4.44. Head — weight 3 low <300 (G) at a harvest maturity
5 medium 300-600 (G)
7 high > 600 (G)
1.4.5. Leaf rosettte angle of leaves for non-heading types at a
— position of leaves from middle part market maturity
of rosette with
horizontal platform
1 very upright 61°-90°
3 upright 46°-60°
5 medium 31°-45°
7 flat 16°-30°
9 very flat 0°-15°
Note: For description of leaves of non-heading types use descriptors for adult outer leaf (part 1.3.)
1.5. Stem
1.5.1.  Stem — length length including at a stage of a full flowering
inflorescence
3 short <50 (cm)
5 medium 50-80 (cm)
7 high > 80 (cm)
1.5.2.  Stem — fasciations 0 absent at a stage of a full flowering
1 present
1.5.3*  Stem — anthocyanin 0 absent at a stage of a full flowering
1 present

1.6. Flower, Inflorescence resp. (Fig. 1.6.)

1.6.1.  Flower — colour 3 pale yellow
of ligules 5 yellow
7 dark yellow
99 other
1.6.2.1. Flower — anthocyanin 0 absent
— distribution pattern 1 in spots

on lower part of ligules

2 on margin

3 diffused on surface

99 other
1.6.2.2. Flower — anthocyanin 3 slight
— intensity of coloration 5 11, 0derate
7 intense

122
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No. Descriptor name Descriptor state Explanation/ Note
Figure in Annex
1.6.3.  Flower — margin division of upper
of ligules part of ligule
3 shallow <1 (mm)
5 medium 1-2 (mm)
7 deep > 2 (mm)
1.6.4.  Flower — anthocyanin 1 absent
in anther tube 2 present
1.6.5. Flower — number 3 low <12
of ligules in head 5 medium 12—-20
7 high >20
1.6.6.  Head — bracts 0 absent at a stage of a full flowering
— anthocyanin 1 in spots
distribution pattern .
2 on margin
3 diffused on surface
99 other
1.6.7. Head - involucrum 0 absent
—trichomes 1 present
1.6.8. Head - position of 1 erect at a stage of seed maturity
involucrum bracts 2 reflected
99 other
1.6.9.  Inflorescence — intensity 3 low <12 at a stage of a full flowering
of axillary sprouting 5 medium 12-20
(number of branches) 7 high 520
1.7. Fruit
1.7.1.*  Achene — colour 1 white after drying to a 15% R.H.
2 grey white
3 cream
4 maroon
5 brown
6 grey
7 black
99 other
1.7.2.  Achene — shape 1 ovate
in outline 2 obovate
3 elliptic
99 other
1.7.3*  Fruit — “thousand 3 low <0.9(Q) after drying to a 15% R.H.
seeds weight” 5 moderate 0.9-1.2 (G)
7 high >1.2(G)
2. Biological features
2.1. Developmental stages
2.1.1*  Bolting 3 early <50 number of days after sowing
5 medium 50-70 to the visual symptoms of
7 late 70 bolting in tbe field undgr a
long day, without chemical
treatment
2.1.2*  Flowering 3 early <60 number of days after sowing
5 medium 60-80 to the first fully developed
7 lat - flower in the field under a
ate >80 long day, without chemical

treatment
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No. Descriptor name Descriptor state Explanation/ Note
Figure in Annex

2.2, Resistance to biotic and abiotic factors
Factor 0 nonhost
1 very high
3 medium
5 low
7 very low

9 none

2.2.1. Reaction race specific list of resistance factors

An additional descriptor state = 99 is added to qualitative characters and should be used for accessions represented by
heterogeneous populations (mixtures of individuals with different expression of characters). Its specification should list all
states observed

* Highly discriminating descriptors

Annex: Figures to descriptors

00007 U/ v

3 4 5

Fig. 1.1.3. Cotyledons — shape
Fig. 1.2.4.4. Young leaf — blade — shape of base and

Fig. 1.3.10. Outer adult leaf — shape of blade base

1 short attenuate; 2 medium attenuate; 3 long attenuate

1 elliptic; 2 ovate; 3 obovate; 4 orbicular; 5 spatulate

100G

2000

Fig. 1.2.4.2. Young leaf — blade — shape in outline and
Fig. 1.3.7.1. Outer adult leaf — entire — shape of blade in outline 1 entire; 2 crenate; 3 dentate; 4 double dentate; 5 setose dentate;
6 serrate; 7 double serrate; 8 irregularly dentate; 9 nibbled

Fig. 1.2.4.5. Young leaf — blade — margin and
Fig. 1.3.7.2. Outer adult leaf — entire — margin of blade

1 oblong elliptic; 2 elliptic; 3 broad elliptic; 4 orbicular;
5 transverse elliptic; 6 transverse broad elliptic; 7 obovate;
8 spathulate; 9 triangular

A @ W

1 2 3 4 5
Fig. 1.2.4.3. Young leaf — blade — shape of apex, and
Fig. 1.3.9. Outer adult leaf — shape of apex Fig. 1.2.6. Young leaf — venation

1 truncate; 2 rounded; 3 obtuse; 4 subacute; 5 mucronate 1 pinnate; 2 flabellate
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\% \k@\@
1 2 3

Fig. 1.3.5. Outer adult leaf — surface profile

1 concave; 2 flat; 3 convex

Fig. 1.3.8. Outer adult leaf — divided — depth of incisions
3 pinnatilobed; 5 pinnatifid; 7 pinnatipart; 9 pinnatisect

JVOOC

Fig. 1.4.4.1. Head — shape in vertical section

1 oblong elliptic; 2 elliptic; 3 broad elliptic; 4 orbicular;
5 transverse elliptic

References

ANONYMOUS a. Codes for Lactuca evaluation descriptors.
Western Regional Plant Introduction Station, Pullman,
Washington.

ANONYMOUS b. Codes for Lactuca evaluation descriptors.
Centre for Genetic Resources, Centre for Plant Breeding
Research, Wageningen.

ASTLEY D., 1985. Conserving genetic resources in vegetables.
Span, 28: 75.

BOUKEMA ILW., HAZEKAMP TH., HINTUM TH.].L VAN,
1990. The CGN Collection Reviews: The CGN Lettuce Col-
lection. Wageningen, Centre for Genetic Resources: 2—5.

BREMER K., ANDERBERG A.A., KARIS P.O., NORDEN-
STAM B., LUNDBERG J., RYDING O., 1994. Asteraceae:
Cladistics and Classification. Portland, Oregon, Timber
Press.

CHUPEAU M.C., MAISONNEUVE B,, BELLEC Y., CHU-
PEAUY,, 1994. A Lactuca universal hybridizer, and its use in
creation of fertile interspecific somatic hybrids. Molecular
and General Genetics, 245: 139-145.

HORT. SCI. (PRAGUE), 35, 2008 (3): 113-129

Fig. 1.4.4.2. Head — overlapping of leaves
0 none; 3 partly; 5 half; 7 complete

1 2

Fig. 1.6. Flower and Inflorescence

1 Flower (individual flower with ligule, anther tube, stigma,
style and ovary with immature achene on the base), 2 Inflo-
rescence = head

CHYTILOVA V, KRISTKOVA E., LOSIK J., PETRIKOVA K.,
STAVELIKOVA H., 2004. 7.9. Metodika fe$eni kolekce ze-
lenin, aromatickych a kofeninovych rostlin, 7.9.1. Specialni
C¢ést: Zelenina. DIl I1I. — Specidlni plodinové metodiky (7.9.
Methods of treating the collection of vegetable, aromatic
and spice plants, 7.9.1. Special part: Vegetables. Volume
III. — Special crop methods): 70-85. In: DOTLACIL L.,
STEHNO Z., FABEROVA L., HOLUBEC V. (eds), Rémcové
metodika Narodniho programu konzervace a vyuzivani
genetickych zdroja rostlin a agro-biodiverzity (Frame
methods of the National programme of the conservation
and utilization of plants and agro-biodiversity). Praha,
Rada genetickych zdroja, Vyzkumny tstav rostlinné vyroby
(Council for Genetic Resources, Research Institute of Crop
Production), Genetické zdroje ¢. 90. (In Czech)

CROSS R.J., 1998. Review paper: global genetic resources of
vegetables. Plant Varieties & Seeds, 11: 39-60.

DOLEZALOVA I, KRISTKOVA E., LEBEDA A., VINTER
V., 2002a. Description of morphological characters of wild
Lactuca L. spp. genetic resources (English-Czech version).
Horticultural Science (Prague), 29: 56—-83.

125



DOLEZALOVAI,LEBEDA A.,JANECEK J., CIHALIKOVA
J., KRISTKOVA E., VRANOVA O., 2002b. Variation in
chromosomes numbers and nuclear DNA contents in ge-
netic resources of Lactuca L. species (Asteraceae). Genetic
Resources and Crop Evolution, 49: 383-395.

DOLEZALOVAL, KRISTKOVAE., LEBEDA A, VINTER V.,
ASTLEY D., BOUKEMA 1.W., 2003a. Basic morphological
descriptors for genetic resources of wild Lactuca spp. Plant
Genetic Resources Newsletter, 134: 1-9.

DOLEZALOVA I, LEBEDA A., DZIECHCIARKOVA M.,
KRISTKOVA E., ASTLEY D., VAN DE WIEL. C.C.M,
2003b. Relationships among morphological characters,
isozymes polymorphism and DNA variability — the impact
on Lactuca germplasm taxonomy. Czech Journal of Genet-
ics and Plant Breeding, 39: 59-67.

DOSTAL J. (ed.), 1989. Nové kvétena CSSR, 2. dil. Praha,
Academia: 1114.

DZIECHCIARKOVA M., LEBEDA A., DOLEZALOVA I,
ASTLEY D., 2004. Characterization of Lactuca spp. germ-
plasm by protein and molecular markers — a review. Plant,
Soil and Environment, 50: 47-58.

FAO, 1998. The State of the World’s Plant Genetic Resources
for Food and Agriculture. Rome, Food and Agriculture
Organization of the United Nations.

FERAKOVA V., 1970. A biosystematic study of critical spe-
cies of Lactuca sect. Lactucopsis. Folia Geobotanica et
Phytotaxonomica, 5: 401-427.

FERAKOVA V., 1977. The genus Lactuca L. in Europe.
Bratislava, Univerzita Komenského: 122.

FUNK V.A., BAYER R.J., KEELEY S., CHAN R., WATSON
L., GEMEINHOLZER B., SCHILLING E., PANERO ]J.L.,
BALDWIN B.G., GARCIA-JACAS N.,, SUSANNA A,
JANSEN R.K., 2005. Everywhere but Antarctica: Using a
supertree to understand the diversity and distribution of the
Compositae. Biologiske Skrifter, 55: 343—374.

GEORGE R.A.T,, 1999. Compositae. In: GEORGE R.A.T.,
Vegetable Seed Production. Wallingford, CAB Internatio-
nal: 122-135.

GOMEZ-CAMPO C., 2006. Long term seed preservation:
updated standards are urgent. Monographs ETSIA, Uni-
versita Politécnica de Madrid, 168: 1-4.

GRULICH V., 2004. Lactuca L. In: SLAVIK B.,, STEPANKOVA
J. (eds), Kvétena Ceské republiky 7. Praha, Academia:
487-497.

HELM J., 1954. Lactuca sativa in morphologisch-systema-
tischer Sicht. Kulturpflanze, 2: 72-129.

HILL M., WITSENBOER H., ZABEAU M., VOS P., KESSELI
P, MICHELMORER,, 1996. PCR-based fingerprinting using
AFLPs as a tool for studying genetic relationships in Lactuca
spp. Theoretical and Applied Genetics, 93: 1202—1210.

HINTUM TH.J.L. VAN, 1999. Improving the management
of genebanks: A solution from biotechnology. In: LEBEDA
A., KRISTKOVA E. (eds), Eucarpia Leafy Vegetables "99.
Olomouc, Palacky University: 107—-108.

126

HINTUM TH.J.L. VAN, BOUKEMA LW., 1999. Genetic
resources of leafy vegetables. In: LEBEDA A., KRISTKOVA
E. (eds), Eucarpia Leafy Vegetables '99. Olomouc, Palacky
University: 59-80.

HINTUM TH.J.L. VAN, LEBEDA A., PINK D.A., SCHUT
J.W. (eds), 2003. Eucarpia Leafy Vegetables 2003, Proceed-
ings of the Eucarpia Meeting on Leafy Vegetables Genetics
and Breeding, Noordwijkerhout, the Netherlands, 19-21
March 2003. Wageninen, Centre for Genetic Resources,
the Netherlands (CGN).

HODGKIN T., 2004. GENE-MINE: Improving the use of
germplasm collections with the aid of novel methods for
genetic data sets. IPGRI Newsletter, 29: 13.

HUJ., OCHOA O.E., TRUCO M.]., VICK B.A., 2005. Appli-
cation of the TRAP technique to lettuce (Lactuca sativa L.)
genotyping. Euphytica, 144: 225-235.

JANSEN J., HINTUM TH.J.L. VAN, 2007. Genetic distance
sampling: a novel sampling method for obtaining core collec-
tions using genetic distances with an application to cultivated
lettuce. Theoretical and Applied Genetics, 114: 421-428.

JANSEN ], VERBAKEL H., PELEMAN ]., HINTUM TH.].L.
VAN, 2006. A note on the measurement of genetic diversity
within genebank accessions of lettuce (Lactuca sativa L.)
using AFLP markers. Theoretical and Applied Genetics,
112: 554-561.

JEFFREY C., 1975. Lactuca L. In: DAVIS P.H. (ed.), Flora of
Turkey and the East Aegean Islands. Edinburgh, Edinburgh
University Press: 776-782.

JEUKEN M.].W., LINDHOUT P, 2004. The development of
lettuce backcross inbred lines (BILs) for exploitation of the
Lactuca saligna (wild lettuce) germplasm. Theoretical and
Applied Genetics, 109: 394-401.

JEUKEN M., VAN WIJK R., PELEMAN J., LINDHOUT P,
2001. An integrated interspecific AFLP map of lettuce (Lac-
tuca) based on two L. sativa x L. saligna F-2 populations.
Theoretical and Applied Genetics, 103: 638—647.

JOHNSON W.C., JACKSON L.E., OCHOA O., VAN WIJK
R., PELEMAN ], ST CLAIR D.A., MICHELMORE R.W,,
2000. Lettuce, a shallow-rooted crop, and Lactuca serriola,
its wild progenitor, differ at QTL determining root archi-
tecture and deep soil water exploitation. Theoretical and
Applied Genetics, 101: 1066—1073.

JUDD W.S., CAMPBELL C.S., KELLOGG E.A., STEVENS
PF, 1999. Plant Systematics: A Phylogenetic Approach.
Sinauer Associates, Sunderland, MA.

KESSELIR., OCHOA O., MICHELMORER., 1991. Variation
at RFLP loci in Lactuca spp. and origin of cultivated lettuce
(L. sativa). Genome, 34: 430—436.

KESSELI R.V,, PARAN 1., MICHELMORE R.W., 1994. Ana-
lysis of a detailed genetic linkage map of Lactuca sativa
(lettuce) constructed from RFLP and RAPD markers. Ge-
netics, 136: 1435-1446.

KITNER M., LEBEDA A., DOLEZALOVA I, MARAS M.,
KRISTKOVA E., NEVO E., PAVLICEK T., MEGLIC V.,

HORT. SCI. (PRAGUE), 35, 2008 (3): 113—-129



BEHARAV A, 2008. AFLP analysis of Lactuca saligna
germplasm collections from four European and three
Middle Eastern countries. Israel Journal of Plant Science
(in press).

KOOPMAN W.J.M., GUETTA E., WIEL C.C.M. VAN DE,
VOSMAN B,, BERG R.G. VAN DEN, 1998. Phylogenetic
relationships among Lactuca (Asteraceae) species and
related genera based on ITS-1 DNA sequences. American
Journal of Botany, 85: 1517-1530.

KRISTKOVA E., LEBEDA A., 1999. Collection of Lactuca
spp. genetic resources in the Czech Republic. In: LEBEDA
A., KRISTKOVA E. (eds), Eucarpia Leafy Vegetables '99.
Olomouc, Palacky University: 109-116.

KRISTKOVA E., CHYTILOVA V., 2005. Genetic resources
of leafy vegetables in the Czech Republic. In: THOMAS
G., ASTLEY D.,, BOUKEMA 1LW., DAUNAY M.C., DEL
GRECO A., DIEZ M.J.,, VAN DOOIJWEERT W., KELLER
], KOTLINSKA T., LEBEDA A., LIPMAN E., MAGGIONI
L., ROSA E. (comps), Report of a Vegetable Network. Joint
Meeting with an ad hoc Group of Leafy Vegetables, 22—24
May 2003, Skierniewice, Poland. Rome, International Plant
Genetic Resources Institute: 96—-102.

LANDRY B.S., KESSELIR.V,, TARTARA B., MICHELMORE
R.W., 1987. A genetic map of lettuce (Lactuca sativa L.)
with restriction fragment length polymorphism, isozyme,
disease resistance and morphological markers. Genetics,
116:331-337.

LEBEDA A., 1986. Salat (Lactuca sativa L.). In: LEBEDA
A. (ed.), Metody testovani rezistence zelenin vici rostlin-
nym patogentim (Methods of Testing Vegetable Crops for
Resistance to Plant Pathogens). VH] SEMPRA, Vyzkumny
a Slechtitelsky udstav zelinafsky Olomouc (Research In-
stitute of Vegetable Growing and Breeding Olomouc),
Ceskoslovenska védeckotechnické spole¢nost (Czechoslo-
vak Scientific-Technical Society), Olomouc: 101-113.

LEBEDA A., 1998. Biodiversity of the interactions between
germplasm of wild Lactuca spp. and related genera and let-
tuce downy mildew (Bremia lactucae). Report on Research
Programme OECD Biological Resource Management for
Sustainable Agricultural Systems. HRI, Wellesbourne.

LEBEDA A., KRISTKOVA E., 1995. Genetic resources of
vegetable crops from the genus Lactuca. Horticultural
Science (Prague), 22: 117-121.

LEBEDA A., ASTLEY D., 1999. World genetic resources of
Lactuca spp., their taxonomy and biodiversity. In: LEBEDA
A., KRISTKOVA E. (eds), Eucarpia Leafy Vegetables "99.
Olomouc, Palacky University: 81-94.

LEBEDA A., KRISTKOVA E. (eds), 1999. Eucarpia Leafy
Vegetables '99. Olomouc, Palacky University.

LEBEDA A., BOUKEMA 1L.W., 2001. Leafy vegetables genetic
resources. In: MAGGIONI L., SPELLMAN O. (comps),
Report of a Network Coordinating Group on Vegetables; ad
hoc Meeting, 26—27 May 2000, Vila Real, Portugal. Rome,

International Plant Genetic Resources Institute: 48—57.

HORT. SCI. (PRAGUE), 35, 2008 (3): 113-129

LEBEDA A.,BOUKEMA I.W., 2005. Ad hoc meeting on leafy
vegetables. In: THOMAS G., ASTLEY D., BOUKEMA
LW., DAUNAY M.C.,, DEL GRECO A,, DIEZ M.]J., VAN
DOOIJWEERT W., KELLER J., KOTLINSKA T., LEBE-
DA A., LIPMAN E., MAGGIONI L., ROSA E. (comps),
Report of a Vegetable Network. Joint Meeting with an ad
hoc Group of Leafy Vegetables, 22—24 May 2003, Skiernie-
wice, Poland. Rome, International Plant Genetic Resources
Institute: 82-94.

LEBEDA A, PINK D.A.C., ASTLEY D., 2002. Aspects of
the interactions between wild Lactuca spp. and related
genera and lettuce downy mildew (Bremia lactucae). In:
SPENCER-PHILLIPS PT.N., GISI U, LEBEDA A. (eds),
Advances in Downy Mildew Research. Dordrecht, Kluwer
Academic Publisher: 85-118.

LEBEDA A., DOLEZALOVA I, FERAKOVA V., ASTLEY
D., 2004a. Geographical distribution of wild Lactuca spe-
cies (Asteraceae, Lactuceae). The Botanical Review, 70:
328-356.

LEBEDA A, DOLEZALOVAL,KRISTKOVA E.,, NOVOTNA
A., 2004b. Morphological and developmental characteris-
tics of Lactuca serriola germplasm originating from Europe.
In: Summaries and Program of 17" International Lettuce
and Leafy Vegetable Conference, 28—31 August 2004,
Montreal-Longueuil. Agriculture and Agri-Food Canada:
28-29 (Abstract).

LEBEDA A., RYDER E.J.,, GRUBE R., DOLEZALOVA 1,
KRISTKOVA E., 2007. Lettuce (Asteraceae; Lactuca spp.). In:
SINGHR/J. (ed.), Genetic Resources, Chromosome Engineer-
ing, and Crop Improvement, Vol. 3, Vegetable Crops. Boca
Raton, CRC Press, Tailor and Francis Group: 377-472.

LEBEDA A., DOLEZALOVA 1., KRISTKOVA E., VIN-
TER V., VRANOVA 0., DOLEZAL K., TARKOWSKI
P, PETRZELOVA I, TRAVNICEK B., NOVOTNY R,
JANECEK ., 1999. Complex research of taxonomy and eco-
biology of wild Lactuca spp. genetic resources. In: LEBEDA
A., KRISTKOVA E. (eds), Eucarpia Leafy Vegetables '99.
Olomouc, Palacky University: 117-131.

LINDQVIST K., 1960. On the origin of cultivated lettuce.
Hereditas, 46: 319-350.

MAGGIONI L., LEBEDA A., BOUKEMA LW. (eds), 2008.
Report of a Working Group on Leafy Vegetables. First Meet-
ing, 13—14 October 2005, Olomouc. Rome, International
Plant Genetic Resources Institute.

MAISONNEUVE B.,, CHUPEAU M.C,, BELLEC Y., CHU-
PEAU Y., 1995. Sexual and somatic hybridization in the
genus Lactuca. Euphytica, 85: 281-285.

MANEZ S., RECIO M.C., GINER R.M., SANZ M.J., TE-
RENCIO M.C,, PERIS ].B., STUBING G., RIOS J.L., 1994.
A chemotaxonomic review of the subtribe Crepidinae based
on its phenolic constituents. Biochemical Systematics and
Ecology, 22: 297-305.

MAZIER, M., MAISONNEUVE B, BELLEC Y., CHUPEAU
M.C., SPUCNE S., CHUPEAU Y,, 1999. Interest for pro-

127



toplasts in lettuce breeding. In: LEBEDA A, KRISTKOVA
E. (eds), Eucarpia Leafy Vegetables '99. Proceedings of the
Eucarpia Meeting on Leafy Vegetables Genetics and Breed-
ing. Olomouc, Palacky University: 239—244.

McGUIRE PE,, RYDER E.J., MICHELMORE R.W., CLARK
R.L., ANTLE R., EMERY G., HANNAN R.M., KESSELI
R.V,, KURTZ E.A., OCHOA O., RUBATZKY V.E., WAY-
COTT W., 1993. Genetic resources of lettuce and Lactuca
species in California. An assessment of the USDA and UC
collections and recommendations for long-term security.
Report No. 12. Davis, University of California, Genetic
Resources Conservation Program.

MEUSEL H., JAGER E.J., 1992. Vergleichende Chorologie
der Zentraleuropiischen Flora. Jena, Stuttgart, New York,
Gustav Fischer Verlag.

MIKEL M.A., 2007. Genealogy of contemporary North
American lettuce. HortScience, 42: 489-493.

MIRANDA M., LEBEDA A. (eds), 2008. Disease Resistance.
Mass Screening Techniques for Banana and Other Crops.
Dordrecht, Springer (prepared for press).

MIZUTANIT., TANAKA T., 2003. Genetic analyses of isozyme
in lettuce, Lactuca sativa, and its relatives. Journal of the
Japanese Society for Horticultural Science, 72: 122-127.

MONTESCLAROS L., NICOL N., UBALIJORO E,,
LECLERC-POTVIN C., GANIVET L., LALIBERTE J.-F,
1997. Response to potyvirus infection and genetic map-
ping of resistance loci to potyvirus infection in Lactuca.
Theoretical and Applied Genetics, 94: 941-946.

MOU B., 2008. Lettuce. In: PROHENS J., NUEZ F. (eds),
Handbook of Plant Breeding. Vegetables I. Asteraceae,
Brassicaceae, Chenopodiaceae, and Cucurbitaceae. New
York, Springer Science: 75-116.

RAJICICT.S., DEHMER K.J., 2008. Analysis of wild Lactuca
gene bank accessions and implications for wild species
conservation. In: MAXTED N., FORD-LLOYD B.V., KELL
S.P, IRIONDO J.M., DULLOO M.E., TUROK J. (eds),
Crop Wild Relative Conservation and Use. Wallingford,
CABI: 429-436.

REININK K., 1999. Lettuce resistance breeding. In: LEBEDA
A., KRISTKOVA E. (eds), Eucarpia Leafy Vegetables "99.
Olomouc, Palacky University: 139-147.

RODENBURG C.M.,, 1960. Varieties of Lettuce. An Interna-
tional Monograph. Zwolle, W.E.]. Tjeenk Willink.

RUBATZKY V.E., YAMAGUCHI M., 1997. World Vegetables.
New York, Chapman & Hall.

RYDER E.J., 1986. Lettuce breeding. In: BASSETT M. (ed.),
Breeding Vegetable Crops. Westport, AVI Publishing Co.:
433-474.

RYDERE.]., 1999a. Genetics in lettuce breeding: past, present
and future. In: LEBEDA A., KRISTKOVA E. (eds), Eucar-
pia Leafy Vegetables '99. Olomouc, Palacky University:
225-231.

RYDERE.]., 1999b. Lettuce, Endive and Chicory. Wallingford,
CABI Publishing.

128

SHIH C., 1988. Revision of Lactuca L. and two new genera of
the tribe Lactuceae (Compositae) on the mainland of Asia
(cont.). Acta Phytotaxonomica Sinica, 26: 418—428.

SICARD D., WOO S.S., ARROYO-GARCIA R., OCHOA
O., NGUYEN D., KOROL A., NEVO E., MICHELMORE
R.,1999. Molecular diversity at the major cluster of disease
resistance genes in cultivated and wild Lactuca spp. Theo-
retical and Applied Genetics, 99: 405—418.

SOEST L.J.M. VAN, BOUKEMA LW., 1997. Genetic resources
conservation of wild relatives with a user’s perspectives.
Bocconea, 7: 305-316.

SO]AK J., 1961. Bemerkungen zu einigen Compositen, 1.
Novitates Botanicae Horti Botanici Universitatis Carolinae
Pragensis: 33—37. (In German) )

SOJAK J., 1962. Bemerkungen zu einigen Compositen, 11.
Novitates Botanicae Horti Botanici Universitatis Carolinae
Pragensis: 41-50. (In German)

SRETENOVIC-RAJICIC T, HINTUM TH.J.L. VAN, LE-BEDA
A.,DEHMERK.J., 2008. Analysis of wild Lactuca accessions:
Charakterization and utilization, conservation and identifica-
tion of redundancy. Plant Genetic Resources, 6: 153—163.

STAVELIKOVA H., BOUKEMA 1W., HINTUM TH.J.L.
VAN, 2002. The International Lactuca database. Plant
Genetic Resources Newsletter, 130: 16—19.

STEBBINS G.L., 1937. Critical notes on Lactuca and related
genera. Journal of Botany (London), 75: 12-18.

SUPERATOVA L., 2005. Morfologicka variabilita genovych
zdroju hldvkového salatu odriidy Atrakce (Morphologic
variation of genetic resources of butterhead lettuce cv.
Atrakce). [Absolventskd préce.] Kostelec nad Orlici, Vyssi
odbornd s$kola a Stfedni zemédélska $kola. [Bachelor The-
sis.] 72. (In Czech)

THOMAS G., ASTLEY D., BOUKEMA I., DAUNAY M.C,,
DEL GRECO A., DIEZ M.]., VAN DOOIJEWEERT W.,
KELLER J., KOTLINSKA T., LEBEDA A., LIPMAN E.,
MAGGIONI L., ROSAE. (eds), 2005. Report of a Vegetables
Network. Joint Meeting with and ad hoc Group on Leafy
Vegetables, 22—-24 May 2003, Skierniewice, Poland. Rome,
International Plant Genetic Resources Institute: 154.

THOMPSON R.C., WHITAKER T.W., KOSAR W.F,, 1941.
Interspecific genetic relationships in Lactuca. Journal of
Agricultural Research (Washington D.C.), 63: 91-107.

TOMB A.S., 1977. Lactuceae — systematic review. In: HEY-
WOOD V.H., HARBORNE J.B., TURNER B.L. (eds), The
biology and chemistry of the Compositae, I11. London, New
York, Academic Press: 1067—-1079.

TOYOMASU T.,, YAMAGUCHI T.,, YAMANE H., MURO-
FUSHI N., INOUE Y., 1995. C DNA cloning and charac-
terization of gibberelin-responsive genes in photoblastic
lettuce seeds. Bioscience, Biotechnology, and Biochemistry,
59: 1846-1849.

TUISL G., 1968. Der Verwandtschaftskreis der Gattung Lactu-
ca L. im iranischen Hochland und seinen Randgebieten.
Wien, Selbstverlag Naturhistorisches Museum Wien.

HORT. SCI. (PRAGUE), 35, 2008 (3): 113—-129



UPOYV, 1981. Guidelines for the conduct of tests for distinct-
ness, homogeneity and stability, lettuce (Lactuca sativa
L.). 26.10. 1981.

VRIES I.M. DE, 1990. Crossing experiments of lettuce culti-
vars and species (Lactuca sect. Lactuca, Compositae). Plant
Systematics and Evolution, 171: 233-248.

VRIES I.M. DE, 1996. Characterization and identification of L.
sativa cultivars and wild relatives with SDS-electrophoresis
(Lactuca sect. Lactuca, Compositae). Genetic Resources
and Crop Evolution, 43: 193-202.

VRIES .M. DE, 1997. Origin and domestication of Lac-
tuca sativa L. Genetic Resources and Crop Evolution, 44:
165-174.

VRIES I.M. DE, RAAMSDONK W.D. VAN, 1994. Numeri-
cal morphological analysis of lettuce cultivars and species
(Lactuca sect. Lactuca, Asteraceae). Plant Systematics and
Evolution, 193: 125-141.

WAYCOTT W., FORT S.B., RYDER E.J., MICHELMORE
R.W., 1999. Mapping morphological genes relative to mo-

lecular markers in lettuce (Lactuca sativa L.). Heredity,
82:245-251.

WIEL C. VAN DE, ARENS P, VOSMAN B, 1999. Micro-
satellite retrieval in lettuce (Lactuca sativa L.). Genome,
42:139-149.

WITSENBOER H., VOGEL J.,, MICHELMORE R.W., 1997.
Identification, genetic localization, and allelic diversity
of selectively amplified microsatellite polymorphic loci
in lettuce and wild relatives (Lactuca spp.). Genome, 40:
923-936.

YAMAMOTO T., NISHIKAWA A., OEDA K., 1994. DNA
polymorphisms in Oryza sativa L. and Lactuca sativa L. am-
plified by arbitrary primed PCR. Euphytica, 78: 143-148.

ZOHARY D., 1991. The wild genetic resources of cultivated
lettuce (Lactuca sativa L.). Euphytica, 53: 31-35.

Received for publication February 8, 2008
Accepted after corrections March 21, 2008

Popis morfologickych znaka genovych zdroja salatu (Lactuca sativa L.)

ABSTRAKT: Salat (locika setd, Lactuca sativa) je nejvyznamnéjsi plodinou ze skupiny listovych zelenin. Je charak-
teristicky rozsahlou morfologickou a genetickou variabilitou. Celkem zahrnuje sedm hlavnich fenotypicky odlisnych
skupin odrid (véetné salatu olejného), které jsou obvykle popisovany jako morfotypy. Slechténi salétu je primarné
zaméteno na morfologické znaky, déle pak na odolnost proti chorobdm a skiidcim. Pfesny popis genovych zdroja
salatu poskytuje zakladni informaci uzite¢nou pro slechtitele. Vypracovani souboru popisnych znakd saldtu bylo
iniciovano a podporovano mezinarodnim spolecenstvim genovych bank. PfedloZeny soubor sestava z 55 popisnych
znakd, pricemz 15 z nich je provédzeno obrazky. Tento soubor znaki je dilezitym nédstrojem nejen pro detailni cha-
rakterizaci a urceni vnitrodruhové variability L. sativa, ale i verifikaci pravosti starych odrid, identifikaci moznych
duplicit a chybéjicich polozek v kolekcich genovych zdroji. Tyto deskriptory, spole¢né s deskriptory pro plané druhy
rodu Lactuca, predstavuji efektivni analyticky néstroj pro komplexni studium morfologické variability tohoto rodu,
ale i vztahit mezi jednotlivymi druhy.

Klicova slova: biologie; charakterizace; deskriptory; genofondové kolekce; genovy pool; uchovévani genovych zdroji;
morfotypy; ptivod; regenerace; odolnost; taxonomie; variabilita
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