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Abstract: Fifty one accessions of nineteen Lactuca species, the hybrid L. serriola x L. sativa and the related species
Moycelis muralis were evaluated for morphological variability, esterase (EST) polymorphism, Amplified Fragment
Length Polymorphism (AFLP) and relative DNA content. Sixteen Lactuca accessions were classified taxonomically
on the basis of morphology, isozyme analysis and AFLP. Twenty-eight bands (isoforms) of EST were recorded al-
lowing 82% of accessions to be distinguished. The relative DNA content, measured using flow-cytometry (DAPI
staining), ranged from 2.02 pg in L. capensis to 17.96 pg in L. canadensis. The results from AFLP analysis and the rela-
tive DNA content measurement corresponded well with recent taxonomic classification of the genus Lactuca.
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and molecular features (Waycort & Fort 1994;
Avap et al. 1995), the data from which have be-
come part of evaluation databases. The incorrect
determination of taxonomic identity for some ac-
cessions has led to incorrect passport data being
maintained in world genebanks (LeBEDA et al. 1999,
2001; DoreZaLovA et al. 2002b). The absence of or

Germplasm conservation has become a focus for
many scientists throughout the world because of
its underpinning role for plant breeding and glo-
bal food production (Guarino et al. 1995; Gass
et al. 1999), and the realisation of the potential
value of genetic diversity for future generations
(HuenNeke 1991). Plant species maintained in

genebanks (genetic resources) are characterised
to enhance the understanding of the collections
for both collection management and to potential
users. The recording of classical morphological
features (keystones of descriptive databases) has
been complemented with records on biochemical

poor quality data on taxonomy and morphology
can result in misinterpretation when using mate-
rial for scientific purposes. Moreover, the paucity
of data may limit the elucidation of relationships
between individual accessions (species) within
a given taxonomic group. This study, as a part
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of a broadly focused research on Lactuca genetic
resources (LEBEDA ef al. 1999, 2001), addresses the
theme of the precise taxonomic determination of
individual accessions using classical methods and
DNA analysis.

MATERIAL AND METHODS

Plant material. Fifty-one accessions of nineteen
Lactuca species, a hybrid (L. serriola x L. sativa)
and Mycelis muralis were studied. The major-
ity of accessions represented either European
or Asian species (L. aculeata, L. altaica, L. indica,
L. taraxacifolia). Three species studied originated
from South Africa (L. capensis, L. dregeana, L. long-
espicata or L. schweinfurthii) and two from North
America (L. biennis, L. canadensis) (DOLEZALOVA et
al. 2002b). These accessions are maintained cur-
rently at the Gene Bank in Olomouc (Research In-
stitute of Crop Production — RICP, Praha-Ruzyné,
Czech Republic). A majority of the experimental
material was obtained from germplasm collec-
tions (Centre for Plant Breeding and Reproduc-
tion Research — CPRO-DLO, Centre for Genetic
Resources — CGN, Wageningen, the Netherlands;
Horticulture Research International — HRI, Gene
Bank Unit, Wellesbourne, United Kingdom; United
States Department of Agriculture — USDA, Ag-
ricultural Research Station — ARS, Salinas — Sal,
California; Pullman, Washington, USA).

Morphological assessment. Sixteen plants from
each accession were cultivated in plastic pots (19 x
19 cm) in a glasshouse under controlled conditions
(temperatures by day 18-30°C, by night 12-16°C).
The biennial (L. biennis, L. canadensis, L. virosa) and
perennial species (L. viminea, L. perennis, L. tatarica)
were maintained during the winter at the basal
rosette stage at temperatures of 5-7°C in a glass-
house. The plants were evaluated throughout the
growing period using published morphological
descriptors (DorLeZaLoVA ef al. 2002a, 2003). Taxo-
nomic determination was carried out according to
the literature (JerrreY 1966, 1975; FERAKOVA 1976,
1977; DeTHIER 1982; IwaTsuxki et al. 1995; Stace 1997)
and a comparative study with reference herbarium
specimens from the Herbarium Vadense — WAG,
Wageningen University, the Netherlands and the
Herbarium of the Faculty of Sciences of Komensky
University in Bratislava — SLO, Slovakia. Voucher
specimens of all accessions were deposited in the
Herbarium of the Department of Botany of Palacky
University — OL at Olomouc, Czech Republic.
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Isozyme analysis. Three young basal rosette
leaves were taken (4-5 weeks after transplanting)
from 3 plants per accession. A mixed sample of all
leaves per accession was used for analysis. Extrac-
tion was carried out according to Aung and Evans
(1987). Samples were separated by electrophoresis
(30 mA, 390 V, 2 h, 4°C) following the method of
LaemMmL (1970) with a discontinuous buffer system
using a Standard Vertical Gel Electrophoresis Unit
(Sigma) and EC3000P power supply (E-C Apparatus
Corporation). PAGE gels were stained specifically
for esterase (EST) (MancHENKO 1994).

AFLP (Amplified Fragment Length Polymor-
phism). Fresh primary leaves were collected from
each plant. The DNA extraction was performed
according to Vosman et al. (1992). The AFLP
procedure was performed according to Vos et al.
(1995). The final restriction fragment amplification
was performed using two primer combinations:
E35/M48 and E35/M49.

Data analysis. AFLP fragments were scored as
present/absent. The dendrogram was constructed
using UPGMA (Unweighted Pair Group Method
Average). The clustering method and similarity
coefficient were tested using the procedure NCSS
97 (Statistical Solutions Ltd, Cork, Irish).

Relative DNA content. Young basal rosette leaves
from 4-5 week old plants were used for DNA con-
tent estimation. Three leaves per accession were
pooled and analysed. The measurement of each
accession sample was repeated four times. The
analysis was performed using a flow-cytometer
(Partec GmbH, Germany). The linearity of the in-
strument was adjusted using trout erythrocytes for
DAPI staining (DoLEZEL et al. 1989). Lactuca sativa
cv. British Hilde (absolute DNA content of 5.5 pg
— PI = propidium iodide) was used as an external
standard. Calibration of the flow-cytometer was
based on measurements of 30 individuals (four
replicates) of L. sativa cv. British Hilde.

Approximately 20 mg of fresh leaf tissue was
collected in 800 ul buffer OTTO I (OtTo 1990),
subsequently 180 il of buffer OTTO II (OtT0 1990)
containing DAPI (diamophenylindole) was added.
The suspension was filtered through nylon mesh
(40 um pore size) and examined immediately. At
least 3000 nuclei per sample were measured and
the relative DNA content of a test sample was
calculated as follows:

2C relative DNA content = (Sample peak
mean/Standard peak mean) x 2C relative
DNA content of standard (5.5 pg)
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One-way ANOVA analysis and Scheffe’s test
were carried out using the Program NCSS 97. A
dendrogram of relative DNA content similarity of
the individual Lactuca accessions was constructed
using the unweighted pair group method average
(UPGMA) clustering procedure.

RESULTS AND DISCUSSION

Morphological assessment, isozyme variability
& AFLP. The comparison of the data from the mor-
phological study (e.g. stem, leaves, inflorescence,
ligules and achenes) of individual Lactuca spp.
accessions with reference herbarium specimens
demonstrated that 16 accessions were incorrectly
identified taxonomically (Table 1). This result was
confirmed by the isozyme analysis (EST). Twenty
eight bands (isoforms) of EST were recorded al-
lowing 82% of the accessions to be distinguished.
Zymograms of EST isozyme spectra of some critical
accessions are presented in Figure 1. The results of
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Figure 1. Comparison of L. sativa and L. serriola EST
zymograms

Table 1. Taxonomic redetermination of Lactuca genetic resources accession based on morphology, esterase poly-

morphism, AFLP and relative DNA content analysis

Accession number

Original determination - international or ~ Redetermination
EVIGEZ
Cicerbita alpina Wallr., syn. L. alpina Benth. et Hook. f.  09-H58-0123 L. serriola L.
Ixeris dentata Nakai, syn. L. dentata C.B. Robinson P1234204 L. serriola L. (oilseed lettuce)
L. altaica Fisch. et C.A. Mey. L] 74172 L. sativa L. (primitive form)
L] 74179 L. sativa L. (primitive form)
Sal 056 L. serriola L. (oilseed lettuce)
L. angustana All. Sal 059 L. sativa L. var. angustana Irish
L. homblei De Wild. CGN 11322 Sj‘zbél‘fzeépﬂ;:%ﬁeﬁl Oliver et Hiern
L. indica L., syn. L. squarrosa Miq. PI 236396 L. serriola L. (oilseed lettuce)
L. livida Boiss. et Reut. LJ 75009 Lactuca sp.
L. livida Boiss. et Reut. LJ 75150 Lactuca sp.
L. livida Boiss. et Reut. Sal 069 L. dregeana DC.
L. livida Boiss. et Reut. Sal 070 L. dregeana DC.
L. quercina L. Sal 073 L. sativa L. (oak leaf lettuce)
L. quercina L. CGN 05808 L. sativa L. (primitive form)
[e; ;ﬁ??:r'tl:rwg rifolia (S.F. Gray) S.D. Prince 09-H58-0113 L. serriola L. £. serriola
Youngia denticulata (Houtt.) Kitamura PI 234204 L. serriola L. (oilseed lettuce)

syn. L. denticulata Maxim.
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clustering analysis based on AFLP data are shown
in Figure 2.

The majority of the 16 accessions were reclassified
to the species L. serriola. The accessions identi-
fied with incorrect passport data were: Cicerbita
alpina Wallr. (syn. L. alpina Benth. et Hook. f.); Sal
056 determined as L. altaica Fisch. et C.A. Mey.;
PI 234204 Ixeris dentata Nakai (syn. L. dentata C.B.
Robinson); Youngia denticulata (Houtt.) Kitamura
(syn. L. denticulata Maxim.); PI 236396 L. indica
L. (syn. L. squarrosa Miq.) (Table 1). All of them
showed morphological features characteristic for
the species L. serriola. Accessions PI 234204 and
PI 236396 belong to the group of oil seed lettuce
with entire undivided rosette and cauline leaves,
and with large plump seeds. Boukema ef al. (1990)
reported that oil seed lettuce was related either to
L. serriola or L. sativa, and recorded the existence
of transitional types between these species. EST
zymograms for these accessions showed the same
spectrum as L. serriola. This conclusion was con-
firmed by AFLP analysis. Based on the morphology
of rosette leaves the accession of L. serriola f. integri-
folia was reclassified as L. serriola f. serriola.

The second largest group of reclassified acces-
sions belongs to the species L. sativa (Table 1). Acces-

L. dr

[ T 1 1 T 1 1
1.000 0.500 0.000

Dissimilarity
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sions L] 74172 and L] 74179 originally determined
as L. altaica Fisch. et C.A. Mey. were classified as
primitive forms of L. sativa. Plants of these acces-
sions exhibited rosettes of densely accumulated, fresh
green leaves that did not form heads, as reported by
RyDER and WHITAKER (1976). In addition, trichomes
were recorded on the midrib of cauline leaves, thus
supporting the classification as primitive forms of
L. sativa. Isozyme analysis (LEBEDA et al. 2001) and
AFLP data supported the reclassification of these
accessions. On the AFLP dendrogram these 2 acces-
sions form a clearly separate group with the accession
Sal 056 (Figure 2), the latter having morphological
features closest to L. serriola (HarLaN 1986). How-
ever the EST and AFLP analyses showed close links
to L. sativa. Two accessions Sal 073 and CGN 05808
originally determined as L. quercina were redeter-
mined as primitive forms of L. sativa also. They were
characterised by fresh green leaves, which did not
form heads, and serriola-like seeds rather than the
black characteristic seed of L. quercina (Hec1 1987).
Accession Sal 073 belongs to the group of oak leaf
lettuces with anthocyanin coloration of the leaves
as reported by VRries and Raamsponk (1994). L. an-
gustana (Sal 059) was classified as L. sativa L. var.
angustana Irish (Table 1).

| L. indica (Sal 066)
L. indica (CGN 14316)
L. indica (CGN 13393)
—— L. saligna (LSA/6)
L I saligna (LSA/92/1)
L. altaica (CGN 15711)
L. serriola x L. sativa cv. Brun Hilde (997376/72 w)
L. serriola x L. sativa cv. Brun Hilde (997376/72 b)
L. serriola (P1281877)
L. sativa cv. British Hilde (09-H57-0691)
L. sativa (primitive form) (Sal 073)
| Lactuca sp. (LI 75150)
| Lactuca sp. (LI 75009)

L. serriola (oil seed lettuce) (PI 236396)
] L. serriola (oil seed lettuce) (PI 234204)
L. serriola (oil seed lettuce) (Sal 056)

L. sativa (LJ 74179)

L. sativa (L) 74172)

L. sativa (primitive form) (CGN 05808)
L. angustana (Sal 059)

| L. dregeana (Sal 070)

IL. dregeana (Sal 069)

(CGN 05805)

L. dregeana (CGN 04790)

L. serriola (09-H58-0123)

— L. aculeata (Sal 053)
L I aculeata (CGN 09357)

Figure 2. Dendrogram of Lactuca spp.
based on AFLP polymorphism with
E35/M48 primers combination
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The morphology and life cycle of the accessions
Sal 069 and Sal 070, originally determined as L. livida
Boiss et Reut., did not correspond with the literature
data (FErRAkOVA 1977; VELAsScO NEGUERUELA 1981)
and were classified as L. dregeana DC. The EST
zymogram banding patterns (LEBepA ef al. 2001)
and similar relative DNA contents (DoLEZALOVA
et al. 2002b) confirmed this conclusion. Also the
AFLP analysis demonstrated a close relationship
between Sal 069 and Sal 070 and taxonomically
validated specimens of L. dregeana (Figure 2).

The morphology of accessions L] 75009 and L]
75150, previously determined as a L. livida, did not
correspond with the botanical description of this
species in local floras (FERAKOVA 1977; RoLLAN 1985).
The generic name Lactuca sp. (Table 1) has been given
to these accessions in the absence of passport data
and available reference herbarium material.

The accession maintained as L. homblei De
Wild. (CGN 11322) (Table 1) is more likely to be
L. schweinfurtii Oliv. & Hiern or L. longespicata De
Wild. as described by Jerrrey (1966). Since these
Central African species are not available in gene
bank collections, there is a need for the develop-
ment of reference herbarium specimens.

Relative DNA content measurement. Variability
in the relative DNA content was found in the acces-
sions studied (Table 2). The highest relative DNA
content was observed in North American species
L. biennis and L. canadensis (16.34 and 17.96 pg). The
relative DNA content in 3 accessions of L. indica
ranged from 11.87 to 14.12 pg. In contrast L. ca-
pensis (2.02 pg) and L. tenerrima (2.35 pg) had the
smallest relative DNA contents. The remaining
accession/taxa formed 3 definable groups. A group
with relative DNA content ranging from 3.07 pg
in L. taraxacifolia to 4.76 pg in L. saligna consisted
of Mycelis muralis, L. viminea, L. taraxacifolia and
L. saligna. The majority of species (both forms

of L. serriola, L. aculeata, L. altaica, L. angustana,
L. dregeana, L. livida, L. sativa, L. perennis) had a
relative DNA content in the range from 5.49 pg
(L. aculeata) to 6.54 pg (L. angustana). The remain-
ing group with a slightly higher relative DNA
content (7.51 to 9.75 pg) included L. longespicata
or L. schweinfurthii, L. sibirica, L. tatarica, L. quercina,
L. virosa and the hybrid L. serriola x L. sativa.

Overall the cluster analysis based on relative
DNA content revealed that accessions could be
classified in four main groups A, B, C, D (Figure 3).
The group of accessions with the highest relative
DNA content (A) consisted of North American spe-
cies L. biennis, L. canadensis as well as the 3 acces-
sions of L. indica. There are 2 subgroups in group
C, L. capensis and L. tenerrima with the smallest
relative DNA contents, and are clearly separated
from the subgroup with Mycelis muralis, L. viminea,
L. taraxacifolia and L. saligna. Group B with slightly
higher relative DNA content formed two parallel
clusters containing the species L. virosa and the
hybrid L. serriola x L. sativa; L. sibirica, L. quercina,
L. tatarica and L. longespicata or L. schweinfurthii.
Three parallel clusters could be distinguished
within a group with medium relative DNA content
(D): the first cluster, L. serriola f. serriola, L. sativa,
L. angustana; the second cluster, L. dregeana, Lactuca
sp., L. altaica, L. serriola; the third cluster, L. serriola
f. serriola, L. perennis, L. sativa cv. British Hilde and
L. aculeata.

Data on the relative DNA contents complement
the information from studies on morphology and
polymorphism of EST (LeBepa ef al. 1999, 2001).
In a study on vascular plants BENNETT and LEITCH
(1997) showed that the genus Lactuca belongs to a
group of species with a medium genome size. The
different relative DNA amounts were measured in
the three most common species L. serriola, L. saligna
and L. virosa. The highest value of relative DNA

Table 2. Relative DNA content established using flow-cytometry in selected Lactuca genetic resources (arranged

according to DoLEZALOVA et al. 2002b)

2C relative

L .
DNA content Group  Lactuca spp
11.8-18.0 A L. biennis, L. canadensis, L. indica
7597 B L. schweinfurthii or L. longespicata, L. quercina, L. serriola x L. sativa, L. sibirica, L. tatarica,
o L. virosa
L. aculeata, L. altaica, L. dregeana, L. perennis, L. sativa (primitive form), L. sativa var.
5.5-6.5 D . L . . . . .
angustana, L. sativa cv. British Hilde, L. serriola £. serriola, L. serriola (oil seed type)
2.0-4.8 C L. capensis, L. saligna, L. taraxacifolia, L. tenerrima, L. viminea, Mycelis muralis
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Figure 3. Cluster analysis of wild Lactuca spp. based on data
to DoLEZALOVA ef al. 2002b)

content was observed in L. virosa accessions (7.51 pg
and 8.76 pg) and the smallest in L. saligna (4.76 pg).
The relative DNA contents in all the L. serriola ac-
cessions ranged from 5.58 to 6.52 pg. These data are
in accordance with that of Koorman and Dk Jong
(1996) and KoormaN (1999, 2000). L. serriola, L. sativa
(oil seed type) and L. angustana are classified in the
largest cluster (D) in Figure 3.

Linpovist (1960) considered the species L. an-
gustana as a variety of L. serriola, while FERAKOVA
(1977) treated L. angustana as a form of L. serriola.
The position of L. angustana on the cluster-analy-
sis of DNA content indicates a relationship to the
species L. serriola, however morphological features
and AFLP analysis (Figure 2) indicate a relation-
ship to the species L. sativa (Table 1).

L. dregeana, L. aculeata and L. altaica (section Lac-
tuca, subsection Lactuca) are species closely related
to L. sativa (Zouary 1990) and are considered a
part of its primary genepool. The relationship
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____________________________________________

bulk of accessions LSA/92/1, LSA/6, P1261653

of relative DN A content measurement (arranged according

of these accessions and L. serriola is reflected in
their classification in a common cluster (Figure 3).
However, L. perennis also appeared in this cluster
even though it belongs to the subsection Cyanicae
(FErRAKOVA 1977). KoorMAN et al. (1998) proposed
to exclude the subsection Cyanicae from the genus
Lactuca.

Some of the Group B (Table 2) taxa, L. tatarica,
L. sibirica (section Mulgedium), L. quercina (sec-
tion Lactucopsis) and the African L. longespicata or
L. schweinfurthii are rather distant from the section
Lactuca. Significant differences between these spe-
cies and a group of species with small relative DNA
content were found by DoLezaLovA et al. (2000Db).
Interestingly 2 species of section Lactuca, did not
align closely with the other section Lactuca taxa,
both accessions of L. virosa were present in group
B, while L. saligna was in the group C with very
low relative DNA content. These results are in
accordance with the RFLP data of KesskLr et al.
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(1991). However, the results conflict with those of
Koorman et al. (1993) who reported a close rela-
tionship between L. sativa, L. serriola and L. saligna,
while L. virosa was rather distant. The presence
of L. capensis and L. tenerrima in a cluster of taxa
with very small DNA content is in agreement with
their low chromosome number, although also in
this group are a species Mycelis muralis, L. viminea
and L. taraxacifolia with n = 9.

The position of L. biennis, L. canadensis and the
three accessions of L. indica in the cluster with very
high relative DNA content supports Bascock’s et
al. (1937) hypothesis of a close relationship of the
North American and Old World Lactuca species.

The results on relative DNA content and AFLP
analysis confirmed close taxonomic relationship
between species belonging to the section Lactuca as
reported by Koorman et al. (1998) and more or less
correspond with recent taxonomic classifications
of the genus Lactuca and its division into sections
and subsections (FERAkOVA 1977; LEBEDA & ASTLEY
1999; Koorman et al. 2001). These methods together
with the EST analysis proved to be complementary
methods in the elucidation of taxonomic relation-
ships. The detailed morphological study and the
comparison with reference herbarium specimens
provided the basis for the precise taxonomic re-
classification of taxa.

Thus only complex research, which includes clas-
sical taxonomic studies in tandem with a molecu-
lar approach, can solve these complex taxonomic
questions objectively.
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Abstrakt

DovrezarovA L., LEBepa A., DziecuciarkovA M., KRistkovA E., AstLEY D., van DE WiEL C.C.M. (2003): Vztahy mezi
morfologickymi znaky, polymorfismem isoenzym a variabilitou DNA - vyznam v taxonomii genovych zdroja
rodu Lactuca. Czech J. Genet. Plant Breed., 39: 51-59.

Vv

U 51 polozek genovych zdroji 19 druhti rodu Lactuca (locika), kfizence L. serriola x L. sativa a pfibuzného druhu
Moycelis muralis byla zkoumana morfologicka variabilita, polymorfismus esteras, AFLP (Amplified Fragment
Length Polymorphism) a relativni obsah DNA. Na zakladé studia morfologie doplnéného isoenzymovou ana-
lyzou a AFLP bylo 16 polozek locik taxonomicky redeterminovano. U studovaného souboru bylo zaznamenano
28 bendti (isoforem) esteras, pomoci nichz bylo mozné rozlisit 82 % polozek. Relativni obsah DNA stanoveny
flow-cytometrickou metodou (barveni DAPI) se pohyboval od 2,02 pg u L. capensis do 17,96 pg u L. canadensis.
Vysledky ziskané analyzami AFLP a méfenim relativniho obsahu DNA viceméné koresponduji se soucasnou
taxonomickou klasifikaci rodu Lactuca.

Klic¢ova slova: AFLP; esterasy; prutokova cytometrie; genové zdroje; Lactuca spp.; morfologie; PAGE elektroforéza;
plané druhy locik; relativni obsah DNA; taxonomie

Corresponding author:

Prof. Ing. ALeS LEBEDA, DrSc., Univerzita Palackého, Pfirodovédecka fakulta, katedra botaniky, Slechtitelti 11,
783 71 Olomouc-Holice, Ceska republika
tel.: + 420 585 634 800, fax: + 420 585 634 824, e-mail: lebeda@prfholnt.upol.cz

67



