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Abstract AFLP and RAPD marker techniques have
been used to evaluate and study the diversity and
phylogeny of 54 lentil accessions representing six popu-
lations of cultivated lentil and its wild relatives. Four
AFLP primer combinations revealed 23, 25, 52 and 48
AFLPs respectively, which were used to partition vari-
ation within and among Lens taxa. The results of AFLP
analysis is compared to previous RAPD analysis of the
same material. The two methods provide similar con-
clusions as far as the phylogeny of Lens is concerned.
The AFLP technique detected a much higher level of
polymorphyism than the RAPD analysis. The use of 148
AFLPs arising from four primer combinations was able
to discriminate between genotypes which could not be
distinguished using 88 RAPDs. The level of variation
detected within the cultivated lentil with AFLP analysis
indicates that it may be a more efficient marker technol-
ogy than RAPD analysis for the construction of genetic
linkage maps between carefully chosen cultivated lentil
accessions.
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Introduction

Lentil (Lens culinaris Medik.) is an important diploid,
self-pollinating, grain legume of the Old World. Lens
comprises four species. One of these, Lens culinaris, has
two sub-species: culinaris encompassing two cultivated
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varietal groups, the small-seeded (microsperma) and
large-seeded (macrosperma); and orientalis, its presumed
wild progenitor. The other three wild species are L.
odemensis, L. nigricans and L. ervoides. The crop has been
successfully introduced in North and South America but,
unlike cereals, the productivity of cultivated lentil has not
been markedly improved through conventional breeding.
The use of molecular marker technology has provided
the potential to speed up plant improvement for a variety
of objectives including disease resistance. Consequently,
the establishment of molecular marker technology and
the generation of genetic maps are valuable tools for
plant geneticists and breeders to undertake marker-
assisted selection and positional cloning.

Attempts have been made in the past to examine the
diversity and phylogeny of Lens using morphological,
cytological, isozyme, seed protein and nuclear RFLP
markers (Ladizinsky et al. 1984; Hoffman et al. 1986;
Havey and Muehlbauer 1989). Recently, chloroplast
(cp)y DNA polymorphism has been used to examine the
origin, diversity and phylogeny of the genus Lens
(Muench et al. 1991; Mayer and Soltis 1994). These
studies revealed low levels of genetic polymorphism in
cultivated lentils. Therefore, the existing lentil linkage
map, comprising morphological, isozyme, RFLP and
other loci, is partial and based on intra- or inter-specific
crosses (Simon et al. 1993; Tahir et al. 1993; Muchlbauer
et al. 1995). The availability of a sufficient number of
polymorphic markers in cultivated lentils is a pre-requi-
site for establishing a reasonably dense map of the lentit
genome which can be of immediate relevance in lentil
breeding.

The use of RAPD markers in studying intra- and
inter-specific variation in Lens has been reported (Abo-
elwafactal. 1995). The utility of RAPDs as an additional
DNA marker technique in studying the diversity and
phylogeny of cultivated lentils and its wild taxa has also
been demonstrated (Sharma et al. 1995). Black (1993)
has expressed reservation about the utility of arbitrary
primed polymorphisms in species phylogenetic ana-
lyses. However, in the present paper we demonstrate
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that considerable variation at the varietal level is detect-
able by AFLP (Zabeau and Vos 1993; Vos et al. 1993)
and the number of polymorphic products obtained with
one primer combination can be several times higher
than that obtained with RAPD markers (our unpub-
lished results indicate that AFLP is more efficient at
detecting informative markers than is RFLP analysis).
Studies comparing marker techniques in Lens are begin-
ning to appear in the literature; Havey and Muehlbauer
(1989) found broad agreement in species relationships in
Lens based on RFLPs and isozymes, but RFLPs detec-
ted a greater level of variation. Given the proliferation of
genome marker technologies, a comparison of different
marker techniques using the same DNA samples is
timely. The objectives of the present study, therefore,
were to investigate the use of AFLP in order: (1) to
analyze the genetic diversity in the cultivated lentil and
its wild taxa, (2) to discern the phylogeny of Lens to
assess the utility of the AFLP approach and (3) to
determine whether a sufficient number of AFLP
markers could easily be detected among cultivated len-
tils to generate a detailed genetic linkage map. For
comparative purposes, the AFLP data presented here
can be compared directly to the RAPD data of Sharma
et al. {1995).

Materials and methods
Plant materials and DNA samples

Fifty-four genotypes were used for the present study (Table 1). These
included 26 genotypes of L. culinaris (13 each of vars. macrosperma

and microsperma), seven genotypes each of the wild taxa, L. culinaris
ssp. ortentalis. L. odemensis, L. nigricans and L ervoides. Of the
cultivated genotypes. seven were from ICARDA. while 19 were
selected from the Indian lentil breeding programme. All the wild
sub-species were provided by ICARDA. Aleppo. Syria. DNA pre-
parations from these materials as described by Sharma et al (1993)
were used 1n this analysis.

DNA concentrations were estimated and standardised against
known concentrations of lambda DNA on 1% agarose gels. Aliquots
from the same DNA preparations were used for both RAPD and
AFLP analyses.

AFLP analysis

AFLP analysis is a PCR-based strategy. by which a selection of
restriction fragments of total DNA is detected by amplification using
PCR {Zabeau and Vos 1993; Vos et al. 1995).

In these experiments, genomic DNA was digested with PstI and
Msel and adapters ligated to the digested DNA. The PstI adapter was
5" biounylated. The fragments with Pstl ends were subtracted from
the ligation mixture using streptavidin beads (Dynal). The adapter
sequences were:

Pstl 5'-ctcGTAGACTGCGTACAtgca-3'
Msel 5'-gacgATGAGTCCTGAG**-3

The sequence in upper case was double stranded and **mndicates a 5’
overhang corresponding to the TA sticky end of Msel fragments.
Primer labelling was performed by phosphorylating the 5" end of
selective primer with **P y-ATP and polynucleotide kinase. Selective
primers were complementary to the Pstl or Msel adapters. but with
the addition of two or three selective bases at the 3" end to define the
specificity of the selective amplification (see Gel analysis below).
PCR was performed using a thermal cycler PTC-100 (M.J. Re-
search Inc.) with a regime of denaturation for 30 at 94 °C, annealing
for 30 s at 65 °C, followed by an extension reaction of 60s at 72 °C for
one cycle. For a further 11 cycles the annealing temperature was
lowered by 0.7 °C per cycle. For a final 24 cycles, the denaturation was
305at90 "C,annealingfor 30sat 36 °C and extensionfor 60sat 72 °C.

Table 1 Genotypes of lentil and the wild Lens taxa used for AFLP and RAPD analyses

Taxon Genotype no. Genotype Name Source'Origin Taxon Genotype No  Genotype Name Source, Origin
Var. 1 L-4163 India L. odemensis 28 IL WL-36 Turkey
macrosperma 2 EC-158593 ICARDA. Syria 29 JL WL-153 Turkey
3 EC-158917 ICARDA. Syria 30 IL WL-165 Turkey
4 GL-259 India 3 IL WL-169 Turkey
5 HPL-4 India 32 IL WL-170 Turkey
6 Precoz ICARDA. Syna 33 IL WL-322 Turkey
7 EC-158918 ICARDA. Syria  Ssp. ortentalis 34 IL WL-1 Cyprus
8 EC-151516 ICARDA. Syna 35 IL WL-70 Iran
9 EC-158856 ICARDA. Syria 36 IL WL-117 Syria
10 L-4136 India 37 IL WL-181 Syria
11 L-178 India 38 IL WL-146 Syria
12 LH-82 India 39 IL WL-247 Syria
13 L-4076 India 40 IL WL-257 Syria
Var. 14 EC-158867 ICARDA.Syrnia L. mgricans 41 IL WL-14 France
microsperma 15 L-3044 India 42 IL WL-26 Former Yugoslavia
16 DPL-119 India 43 IL WL-31 Spain
17 LL-145 India 44 IL WL-38 Turkey
18 14191 India 45 1L WL-111 Turkey
19 L-4-81-8 India 16 IL WL-311 Turkey
20 L-1662 India 47 IL WL-305 Turkey
21 L-4134 India L. ervoides 48 IL WL-45 Former Yugoslavia
22 PL-406 India 49 IL WL-48 Former Yugoslavia
23 L-830 India 50 IL WL-50 Former Yugoslavia
24 L-259 India 51 IL WL-41 Turkey
25 L-4661 India 32 IL WL-42 Italy
26 L-303 India 53 IL WL-60 Turkey
L. odemensis 27 ILWL-35 Turkey 54 IL WL-251 Syria




Gel analysis

AFLP analysis was done using a single Pst primer {PstA) and four
Mse primers (Mse2, Mse3, Mse4 and Mse3), as follows:

PstA. 5'-GACTGCGTACATGCAGCC-3

Mse2: S-GATGAGTCCTGAGTAA CAC-3
Mse3 5-GATGAGTCCTGAGTAA TGC-3
Mse4: 5'-GATGAGTCCTGAGTAA ATA-3
Mse5: 3-GATGAGTCCTGAGTAA TAT-¥

The primers for RAPD analysis were described by Sharma et al.
(1995)

The AFLP reaction products were analyzed 1n 4.5% denaturing
polyacrylamide gels runin 1 x TBE for 0 5 h before loading samples
After electrophoresis, gels were dried on a standard slab gel drier for
2 h, and then exposed to X-ray film or phospho-imaging plates
for variable lengths of time depending upon the signal. The X-ray
films were developed. whereas imaging plates were scanned with a
Bio-image Analyser (BAS 1000, Fuji Photo Films Co. Ltd.)

Data analysis

For each genotype, a binary matrix reflecting specific AFLP- or
RAPD-band presence (1) or absence (0) was generated. Esumates of
similarity were based on the number of shared amplification products
(Nei and Li 1979} Product frequency was employed to estimate
differentiation among grouped genotypes using BIOSYS-1 (Version
1.7. Swofford 1989) and an UPGMA (unsweighted pair group with
arithmetic averagej clustermg tree derived from Nei's (1973) estimates
of genetic identity. Principal co-ordinate and single linkage cluster
analyses among individuals (Kempton and McNicol 1990) were
performed with the GENSTAT 5 (1987) Staustical Package. An
unrooted tree of genetic distance was also prepared from the AFLP
data generated by different primer combinations. The tree was de-
rived from a table of all positive genetic distances by the neighbour
joining method of Saitou and Nei (1987).

Results

The AFLP primer combinations PstA-Alse2, PstA-
Mse3, PstA-Msed and PstA-Mse5 were used to analyze
54 genotypes of six Lens taxa: these yielded 23,25, 52 and
48 AFLPs respectively. An example of the level of
polymorphism detectable with the PstA-Mse5 primer
combination is presented in Fig. 1. The number of poly-
morphicloci detected with four AFLP primer combina-
tions and RAPDs in six populations of Lens is given in
Table 2. Nei’s estimate of similarity, based on the num-
ber of shared amplifications (Nei and Li 1979). is shown
in Table 3.

A dendrogram of six Lens populations was construc-
ted using 23 AFLPs generated with primer PstA-Mse2
reflecting these conclusions (Fig. 2). The primer combi-
nations PstA-Mse3. PstA-Mse4 and PstA-Mse5 gave
similar results when analyzed in this way (data not
shown; analysis of the PstA-Mse2 combination is given
in Figs. 2-5). The most parsimonious cladogram ob-
tained for these 54 genotypes with 23 AFLP loci using
primer combination PstA-Mse2 was prepared (Fig. 3).

75

(V)

AFLP Products in Cultivated Lentils and its Wild
Taxa Using Primer Combination Pst A and Mse 5
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Fig. 1 AFLPs gencrated from genomic DNA of 54 genotypes of the
genus Lens using primer combination PstA-Mse5. Arrows indicate
taxon-specific products

Fig.2 Dendrogram of six populations of the genus Lens based on
Nei's genetic identity for 25 AFLPs
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Table 2 Genetic varability idenufied with AFLP and RAPD analyses in six populations of the genus Lens

Population AFLP primer Mean sample size;locus  Loci polymorphic (%)  Unbiased mean (+ SE)
combination,RAPD heterogeneity per locus
Var. macrosperma PstA-Mse2 130 435 0.140 (0.041)
PstA-Mse3 13.0 200 0.073 (0.032)
PstA-Msed 13.0 269 0.110 (0.026)
PstA-Mse5 13.0 43.8 0.157 (0.029)
RAPD 12.8 333 0.104 (0.021)
Var. microsperma PstA-Mse2 13.0 478 0.151 (0.039)
PstA-Mse3 13.0 120 0.035(0.022)
PstA-Msed 13.0 19.2 0.063 (0.016)
PstA-Mse5 130 12.5 0.03910.0t7)
RAPD 129 16.7 0.037 (0.011)
L. odemensis PstA-Mse2 7.0 30.4 0.126 (0.042)
PstA-Mse3 7.0 12.0 0.053 (0 030)
PstA-Msed 7.0 79 0.031(0.016)
PstA-Mse3 7.0 27.1 0.115(0.029)
RAPD 7.0 300 0.116 (0.021)
Ssp. orientalis PstA-Mse? 7.0 304 0.126 (0.042)
PstA-Mse3 7.0 8.0 0.021 (0.015)
PstA-Msed 7.0 26.9 0.105(0.025)
PstA-Mse5 7.0 41.7 0.167 (0.031)
RAPD 7.0 383 0.150 (0 026)
L. nigricans PstA-Mse?2 7.0 69.6 0.260 {0.041)
PstA-Mse3 7.0 80.0 0.292 (0 035)
PstA-Msed 7.0 634 0.262 (0.029)
PstA-Mse5 7.0 77.1 0.311(0.029)
RAPD 7.0 63.3 0.229(0.025)
L ercoides PstA-Mse2 7.0 56.5 0.214 (0.044)
PstA-Mse3 7.0 480 0.158 (0.037)
PstA-Msed 7.0 404 0.111(0.020)
PstA-Mse5 7.0 56.3 0.168 (0.024)
RAPD 6.9 55.0 0.186 (0.024)

Table 3 Estimate of Nei’s genetic identities based on AFLP and RAPD analyses 1n six populations of the genus Lens

Population Primer 2 3 4 5 6
combination/RAPD

1. Var. macrosperma PstA-Mse2 0.963 0.76 0.936 0.821 0.725
PstA-Mse3 0.957 0.633 0.934 0.605 0.663
PstA-Msed 0.948 0.713 0.940 0.753 0.731
PstA-Mse5 0.925 0.770 0.884 0.728 0.720
RAPD 0.897 0.662 0.894 0.750 0.596

2. Var. microsperma PstA-Mse2 0.719 0911 0.774 0.743
PstA-Mse3 0.585 0.882 0.663 0.603
PstA-Msed 0.652 0.901 0.714 0.689
PstA-Mse5 0.715 0.826 0.653 0.661
RAPD 0.682 0.875 0.699 0.543

3. L odemensis PstA-Mse 0.777 0.756 0.752
PstA-Mse3 0.711 0.729 0.817
PstA-Msed 0.686 0.657 0747
PstA-Mse> 0.701 0.729 0.710
RAPD 0.715 0.604 0.547

4. Ssp. orientalis PstA-Mse? 0.820 0.711
PstA-Mse3 0.678 0.705
PstA-Msed 0.749 0.716
PstA-Mses 0.669 0.643
RAPD 0.765 0.648

5 L. nigricans PstA-Mse2 0.817
PstA-Mse3 0.793
PstA-Msed 0.818
PstA-MseS 0.812
RAPD 0.818

6. L. ervoides
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Fig. 3 Dendrogram of 54 genotypes of the genus Lens based on
similarity for 23 AFLPs
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In order to assess whether the grouping of individuals
based on the 23 AFLPs could be further resolved.
principal component analysis (PCA) was used to exam-
ine the shared-fragment data available for 54 genotypes
(Fig. 4). The first two principal components accounted
for 41% of the total variation observed.

An unrooted phylogenetic tree, prepared according
to the neighbour joining method using 23 AFLPs de-
rived from the PstA-Mse2 primer (Fig. 5), supports our
earlier conclusions based on cluster analysis and PCA
(Figs. 3 and 4). The tree has four major branches repre-
senting L. culinaris, L. odemensis, L. nigricans and L.
ervoides. In order to undertake further discrimination at
the varietal or sub-species level, an unrooted tree was
prepared using 148 AFLPs derived from the four primer
combinations (Fig. ).

Discussion

AFLP analysis generated an average of 37 informative
bands per primer combination. Sharma et al. (1995) used
the same DNA samples in an analysis of 100 ten-mer
RAPD primers and found ten-fold fewer informative
bands per primer.

The proportion of loci which are polymorphic, and
the mean (unbiased) heterogeneity per locus, provides a
good measure of genetic diversity within species, sub-
species and varietal groups. From the data in Table 2 it
can be seen that these AFLP primer combinations
revealed different degrees of polymorphic loci within
different Lens taxa and some demonstrated a higher
level of polymorphism than did the RAPD analysis.
There seems to be no simple relationship between the
numbers of AFLPs or RAPDs generated and the pro-
portion which correspond to polymorphic loci (data not
shown). The most diverse group of accessions, as judged

Fig. 4 Principal co-ordinate 048 -
analysis of 34 genotypes of the
genus Lens for 23 AFLPs.
Genotypes 1-13 = var. 032 4
macrosperimd. 14-26 = var.
microsperma, 27-33 = L.
odemensis. 34-40 = ssp. 016
orientalis. 41-47 = L. nigricans
and 48-54 = L. ervoides
0 -
O
@
016 -
-0.32
048
064

07
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from the proportion of polymorphic loci, was L. nigri-
cans, while the least diverse group was var. microsperma.
Estimates of Nei's genetic similarities within Lens
indicated that the greatest similarity was shown between
ssp. orientalis and var. macrosperma. Likewise, ssp.
orientalis exhibited a high degree of genetic identity to
var. microsperma. These results show that ssp. orientalis
is the best candidate for the progenitor of cultivated
lentils. This observation supports the previous analyses
based upon affinities in morphology and cytology
(Ladizinsky 1979, Ladizinsky et al. 1984), isozymes and
seed proteins (Hoffman et al. 1986), and nuclear and
chloroplast RFLP markers (Havey and Muehlbauer
1989; Mayer and Soltis 1994). Abo-elwafa et al. (1993)
used RFLP markers in Lens and suggested L. culinaris
ssp. orientalis to be progenitor of cultivated lentils. The
genetic identity between ssp. orientalis and var. macro-
sperma using AFLPs was slightly higher (I =0.884—
0.936) than with var. microsperma (1 =0.826-0.911). In
the case of RAPD analysis, the genetic identity between
ssp. orientalis and macrosperma (0.894) was comparable
with microsperma (0.875). suggesting a near simulta-
neous evolution of these two varietal groups from ssp.
orientalis, whereas AFLP analysis suggested a closer
affinity between var. macrosperma and ssp. orientalis.
Among the wild species;subspecies, the highest ge-
netic identities were discernible between L. nigricans and
L. ervoides (Table 3), indicating them to be the most
closely related wild taxa in Lens. RAPD analysis, pre-
sented previously (Sharma et al. 1993), also generated
comparable dendrograms, but the phylogenetic place-
ment of L. odemensis differed between the AFLP and
RAPD analyses. In case of PstA-Mse3, PstA-Mse5 and
RAPDs, L. odemensis was intermediate to L. culinaris on
one hand and to L. nigiricans and L. ervoides on the

148 AFLPs
42 45
N —46
437]
/ 50
44
4951 o, “

1

Fig.5 Trees of geneuc relatedness of the cultivated lentil and its wild
taxa denived from 23 AFLPs using primer combination PstA-Mse2.
and from 148 AFLPs using primer combinations PstA-Mse2. PstA-
Mse3, PstA-Mse4 and PstA-AseS. Genotypes 1-13 = var. macro-
sperma, 14-26 =var microsperma, 27-33 = L. odemensis, 34-40 =
ssp. orientalis. 41-47 = L. nigricans and 48—354 = L. ervoides

other. However, in primer combinations PstA-Mse2
and PstA-Mse4. L. odemensis was the species farthest
from the remaining taxa. Our phenetic analysis of
AFLP-based data supports the classification of Lens
based on crossability barriers (Ladizinsky et al. 1984).
traditional views (Ladizinsky 1993). cpDNA phylogeny
{Mayer and Soltis 1994) and RAPD-based data (Abo-
elwafa et al. 1995; Sharma et al. 1993).

The phylogenetic tree clusters genotypes that are
closely related and the topography of the tree portrays
the relationship among individual genotypes. Previous
RAPD analysis showed that the genotypes of var. mac-
rosperma (1-13), var. microsperma (14-26) and ssp.
orientalis (34—40) formed closely associated clusters
(Sharma et al. 1995) and that the macrosperma geno-
types 4 and 13 were associated with the microsperma
(14-26) cluster. However, the analysis of 23 AFLPs
(Fig. 3) did not reveal as distinct a clustering pattern of
genotypes as that obtained with the 88 markers from the
RAPD analysis. The seven genotypes of L. odemensis
(27-33) formed a distinct cluster with both the RAPD
and AFLP analyses. Barring genotypes 47 and 44, which
clustered with the genotypes of ssp. orientalis and L.
ervoides respectively, all the genotypes of L. ervoides
(48-54) except 50 were clustered together; genotype 50
clustered with the genotypes of L. nigricans. Our unpub-
lished results with three other separate AFLP primer
combinations has led to similar conclusions. Genotypes



44 and 50 do not appear within the cluster of their
supposedly related taxa either by AFLP or RAPD
analysis, suggesting that these genotypes have been
misidentified, or else that the groups to which they
belong are very diverse. and that these accessions are
atypical within the sample studied here.

In the principal component analysis (Fig. 4) the geno-
types of var. macrosperma, var. microsperma and ssp.
orientalis were so similar that it was difficult to cluster
the genotypes of each Lens taxon. L. nigricans and L.
ervoides revealed clear separation from each other. The
exceptional genotype 47 (L. nigricans) was associated
with ssp. orientalis, while 41 (L. nigricans) and 54 (L.
ervoides) were associated with L. odemensis, 44 (L. nigri-
cans) with L. ervoides and 50 (L. ervoides) with L. nigri-
cans. Similar results were obtained with RAPD analysis
(Sharma et al. 1995). In general, PCA using 23 AFLPs
provided a clear separation of the different species and
supported the conclusions from the cluster analysis. The
relative utility of ordination for describing the relation-
ships between accessions nevertheless depends upon the
level of resolution desired. While clustering provided the
best indication of relationship among closely related
accessions, ordination. using only the first two principal
co-ordi-nates, appeared to provide a more complete
representation of the relationships among major
groups.

The cluster and PC analyses of AFLP and RAPD
data revealed comparable results in discriminating Lens
species. Similar results were obtained with the other
primer combinations (data not shown). The analysis of
148 AFLPs was able to detect variation within sub-
species and even varietal groups. With major excep-
tions, it was possible to identify distinct groupings of
vars. macrosperma and microsperma genotypes. Several
macrosperma genotypes (2,3, 5,6, 7, 8 and 9) constituted
one connected group, with three genotypes (10, 11 and
12) constituting another. All the microsperma genotypes
{14-26) lay within a distinct group. Macrosperma geno-
types 1. 4, and 13 were associated with the microsperma
group. The grouping of genotypes 1, 4 and 13 with
microsperma is not surprising as some of the large-
seeded genotypes studied have been taken from the
Indian lentil breeding programme incorporating the
large-seed size of macrosperma into the microsperma
genetic background. Genotypes of the ssp. orientalis
formed a separate branch with the exception of geno-
type 35 which was peripherally associated with the
genotypes of the microsperma group, indicating that this
genotype is either misclassified or else is an atypical
selection from ssp. orientalis, which is internally deverse
in comparison to the differences between the accessions
of the L. culinaris sub-groups which we have studied.
Genotype 47 exhibited relatedness with the genotypes of
ssp. orientalis. while 41 appears to be independent from
the remaining genotypes of L. nigricans. Similar results
were obtained with RAPD analysis (Sharma 1995). The
data suggest that AFLP and RAPD techniques are
useful in supplementing traditional taxonomic methods.
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However, the degree of resolution obtained with 148
AFLPs was higher than with RAPDs.

As far as the comparison of RAPD and AFLP
marker techniques is concerned, 88 RAPDs were unable
to discriminate between several genotypes (10 and 11;
15, 16,25 and 26; 18 and 21; Sharma ct al. 1995). The use
of 23 AFLPs also failed to discriminate between geno-
types 31 and 52,3 and 7, and 5 and 12 (Fig. 3). However,
using 148 AFLPs arising from four primer pairs, it was
possible to discriminate between all the genotypes em-
ployed in the present study, and this increased resol-
ution is the main difference between the two unrooted
trees. The main groups identified in the 23 AFLP tree
are retained in the 148 AFLP tree but, with the larger
number of markers, the groups are more separate. If the
probability that a marker detects a difference within a
group (p,,) is comparable to. though smaller than, the
probability that it detects a difference between groups
(py)- then with small numbers of markers the groups will
tend to merge, but with larger numbers of markers the
distinction between p,, and p, will become clearer. This
is simply a consequence of sampling error. The overall
similarity of the two AFLP-derived trees suggests that
this technique is recognizing distinct taxonomic groups,
because the same groupings appear in both the 23 and
148 marker analyses, but the groups are more clearly
distinct with the larger number of markers. The group-
ings which the AFLP technique identifies have a good
correspondence to the recognized taxonomic divisions
within the genus Lens. Furthermore, these results indicate
the robustness of the AFLP technique in providing a
higher degree of resolution for discriminating closely
related germplasm accessions than is available with
RAPDs and other molecular techniques. This additional
resolution is required to tease out the taxonomic refation-
ships between internally diverse, but closely related, taxa.

Conclusion

The present AFLP analysis provided better resolution
in discerning the phylogeny of Lens than has been
obtained with isozyme (Pinkas et al. 1985: Hoffman et al.
1986), nuclear RFLPs (Havey and Muehlbauer 1989) or
cpDNA RFLPs (Muench et al. 1991), indicating that
AFLP markers have the potential of complementing
both conventional and molecular markers in recon-
structing the phylogenetic history of the genus Lens.
Based upon the results of the present study, it appears
that the relationship estimated from AFLPs generated
by a single primer combination was not at variance with
the broad classification of Lens taxa as described by
RAPD analysis. However, the most significant impact of
the additional AI'TL.P-based markers arising from four
primer combinations, was the more accurate determina-
tion of relationships within and between the macro-
sperma and microsperma genotypes, which are too close
to be accurately differentiated either by a single AFLP
primer combination or with the 88 RAPDs. These re-
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sults suggest that, in addition to providing important
information on the evolutionary pattern of Lens. the
increased resolution associated with the large numbers
of markers available with the AFLP approach may
provide sufficient markers to construct genetic link-
age maps between carefully chosen cultivated lentil
accessions. These maps will be of more immediate rel-
evance in lentil breeding than those derived from wide
Crosses.
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