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Summary. Phylogenetic relationships between 14 wild 
and 3 cultivated Solanum species, including the European 
potato, Solanum tuberosum ssp. tuberosum, were inferred 
using DNA restriction fragment length polymorphisms 
(RFLPs) as discriminating characters. Phenetic trees 
were obtained based on distance matrices as well as on 
parsimony methods, which were not significantly altered 
either by the computational method used, or by the indi- 
vidual plant genotypes or RFLP markers chosen for the 
analysis. The reliability of the tree topologies was as- 
sessed and, as expected, it increased with the number of 
polymorphic restriction fragments scored. The individual 
genotypes within each species, the different species them- 
selves, and the main branches of the trees were clearly 
separated from each other. The least reliable parts in the 
trees were the positions of closely related species within 
the main clusters. S. tuberosum spp. tuberosum formed 
one group closely related with S. tuberosum spp. andige- 
na, S. stenotomum, and S. canasense. This was well sepa- 
rated from a second group formed by S. sparsipilum, 
berthaultii, kurtzianum, gourlayi, vernei, spegazzinii, 
chacoense, and megistacrolobum. Two further branches 
were formed by S. demissum and S. acaule, and by 
S. polyadenium, S. pinnatisectum, S. stoloniferum, and 
S. etuberosum. The phenetic trees presented here sup- 
ported the description of relationships among Solarium 
species based on biosystematic studies, with the excep- 
tion of the placement of S. chacoense and S. megis- 
tacrolobum. 
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Introduction 

The cultivated potato (S. tuberosum ssp. tuberosum) de- 
veloped with all probability in historical times from 

S. tuberosum spp. andigena, which was introduced to Eu- 
rope from the Andean region of South America in the 
second half of the sixteenth century (Salaman 1985). The 
cultivated potato is related to a large number of Solanum 
species of Mexico and South America and it can easily be 
hybridized, particularly to the species of the latter group. 
For this reason, the approximately 180 wild and 8 culti- 
vated tuber-bearing species of the genus Solanum form a 
valuable gene reservoir for different breeding purposes 
(Correll 1962; Hawkes 1978; Hawkes and Hjerting 1969, 
1989; Ross 1986). Indeed, since the beginning of this 
century some of them have been successfully used as 
sources of resistance genes and other traits to improve 
the cultivated potato (Ross 1986; Foldo 1987), and most 
modern varieties have in their pedigree one or more wild 
Solanum species (Stegemann and Schnick 1985). The phy- 
logenetic relationships among Solanum species are based 
on biosystematic studies and, more recently, on chemo- 
taxonomy (Desborough and Peloquin 1969; Wietschel 
and Reznik 1980 a, b) and on polymorphisms of chloro- 
plast DNA (Buckner and Hyde 1985; Hosaka et al. 1984; 
Hosaka 1986; Hosaka and Hanneman 1988 a, b). Ques- 
tions as to the origin of S. tuberosum or the phylogenetic 
relationships of different series within the section Petota 
are still being discussed (Brficher 1974; Hawkes 1978; 
Gottschalk 1984; Hosaka 1986). Difficulties arise not 
only from the capacity of available data to serve as dis- 
criminating characters, they are also caused by the 
methodology adopted. For instance, the "truth" of a 
phylogenetic relationship cannot be assessed experimen- 
tally, and the correct computation of phylogenetic trees 
is also disputed among schools differing in their view of 
the evolutionary process (Nei 1987; Felsenstein 1988; 
Cronquist 1987). 

Nuclear RFLPs are a new and very suitable instru- 
ment for phylogenetic studies, as demonstrated in a num- 
ber of species (Song etal. 1988a, b; Havey and 
Muehlbauer 1989). When restricted to closely related 



Table 1. List of species and accessions used for W1 and D1 

Series Species Accession Ploidy level Abbreviation" 
no. (n = 12) 

Etuberosa S. etuberosum Lindl. 28476 2n etb a 
53007 2n etb b 

007229 4n sto a 
007230 4n sto b 

008168 2n pnt a 

008182 2n pld a 

010022 6n dms a 

018627 4n acl a 
016835 4n acl b 
024555 4n ac lc  

008030 2n chc a 
016979 2n chc b 

008113 2n mga a 
027262 2n mga b 

010063 2n bet a 

008012 2n can a 
008110 2n can b 

007180 2n grl a 
018529 2n grl b 

017576 2n ktz a 
017585 2n ktz b 

015455 2n spl a 

016906 2n spg a 
016929 2n spg b 
018326 2n spg c 

015451 2n vrn a 
017536 2n vrn b 
EBS 2664 2n vrn c 

018478 2n stn a 
027166 2n stn b 
CIP 701070 2n stn c 

007462 4n adg a 
024677 4n adg b 
028078 4n adg c 

BinGe 4n BI 
H79.134/44 2n 13 
H80.696/4 2n 40 

361 

Longipedicellata 

Pinnatisecta 

Polyadenia 

Demissa 

Acaulia 

Commersoniana 

Megistacroloba 

Tuberosa (wild) 

Tuberosa (cult.) 

S. stoloniferum Schlecht. et Rche. 

S. pinnatisectum Dun. 

S. polyadenium Greenm. 

S. demissum Lindl. 

S. aeaule Bitt. 

S. chacoense Bitt. 

S. megistacrolobum Bitt. 

S. x berthaultii Hawkes 

S. canasense Hawkes 

S. gourlayi Hawkes 

S. kurtzianum Bitt. et Wittm. 

S. sparsipilum Juz et Buk. 

S. spegazzinii Bitt. 

S. vernei Bitt. et Wittm. 

S. stenotomum Juz. et Buk. 

S. tuberosum ssp. andigena Juz. et Buk. 

S. tuberosum ssp. tuberosum L. 

a According to Huaman and Ross (1985) 

species (Nei  1987), they m a y  indeed p rov ide  a consis tent  

p ic ture  o f  the evo lu t iona ry  re la t ionships  be tween  species. 

In  this work ,  re la t ionships  a m o n g  a series o f  S o l a n u m  

species were examined  by c o m p a r i n g  restr ic t ion f r agment  

pat terns ,  using high reso lu t ion  po lyac ry lamide  gel elec- 

t rophores is  and  R F L P  probes  deve loped  f rom S. tubero- 

sum spp. tuberosum ( G e b h a r d t  e t a l .  1989). Dif ferent  

c o m p u t a t i o n a l  me thods  were emp loyed  and special em- 
phasis  was given to tests on  the rel iabil i ty o f  the results. 

Ag reemen t s  and discrepancies  on the results wi th  the 

current  phy logeny  o f  So l anum  species are discussed. 

Materials and methods 

Plant material 

Seeds of 34 accessions of 15 wild and 2 cultivated Solanum 
species were obtained from the germ plasm collection of the 
Bundesforschungsanstalt fiir Landwirtschaft (FAL) at Braun- 
schweig, FRG, courtesy of J. R. Hoekstra. The European potato 
S. tuberosum ssp. tuberosum was represented by the tuber-prop- 
agated variety Bintje (from Scharnhorst, AuBenstelle MPI ffir 
Zfichtungsforschung) and the diploid breeding line 13 
(H 79.134/44, MPI f/Jr Zfichtungsforschung). The 2n breeding 
line 40 (H 80.696/4, MPI ffir Zfichtungsforschung) is an inter- 
specific hybrid between diploid S. tuberosum spp. tuberosum and 
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Fig. 1. Scheme for processing fragment 
positions on autoradiographs into 1--0 
matrices, and generating input files for 
parsimony and distance matrix analysis 
with the PHYLIP program package. A, 
B, C, and D are individual genotypes; 
fragment nos. 2, 3, 6, and 9 are "informa- 
tive", fragment nos. 1, 4, 5, 7, and 8 are 
"non-informative". Du=dis tance  be- 
tween genotypes i and j, B u = number of 
different fragments between i and j ,  
M u = total number of fragment posi- 
tions in i and j 

Table 2. List of probes used for Wl and D1 

W1 D1 

Probe name Linkage Probe name Linkage 
group group 

CP 62 1 CP 11 1 
rbcS 2 (a) 2 a PC 116 2 
rbcS 2 (b) 2 GP 26 2 
rbcS 2 (c) 2 GP 25 3 
rbcS 1 (a) 3 a CP 65 4 
rbcS 1 (b) 3 WX 7 
rbcS 1 (c) 3 CP 18 8 
CP 65 4 GP 24 8 
GP 21 5 CP 50 8 
CP 44 6 CP 61 8 
CP 61 8 GP 27 9 
GP 27 9 CP 52 9 

CP 66 10 
CP 57 11 
GP 83 11 
GP 41 12 
c0164 N.D. u 

a (a), (b), (c) are three non-overlapping probes from the same 
genomic region (T. Debener, in preparation) 
b N.D. - not determined 

an unknown accession of S. spegazzinii. Names, numbers, 
ploidy levels, and abbreviations of all accessions used are listed 
in Table 1. Leaf and shoot material was harvested from plants 
originated from single seeds and propagated via cuttings or 
tubers (a progeny derived from a single seed is here referred to 
as genotype). Plant material was freeze-dried and stored at -70  ~ 
or -20 ~ 

Probes 

Anonymous single- or low-copy-number cDNA and genomic 
sequences of potato and probes corresponding to the potato 
genes of ribulose-l,5-bisphosphate carboxylase, small subunit 
(Wolter et al. 1988; Debener et al. in preparation) were used to 

detect RFLPs. Identification numbers and map positions of 
probes (Gebhardt et al. 1989) are given in Table 2. 

RFLP detection 

DNA isolation, restriction digests, gel electrophoresis, blotting, 
probe preparation, and hybridization were as described by Geb- 
hardt et al. (1989), except that for the data set WI, denaturing 
polyacrylamide gradient gels (3%-10%)  were used, which in- 
creased the resolution to about 2 bases difference in fragment 
size. Three to four microgram ofgenomic DNA per sample were 
digested with the restriction enzymes AluI, HaeIII, DraI, DdeI, 
Sau3A, TaqI, and RsaI, respectively, according to the supplier's 
instructions (Boehringer, Gibco-BRL). 

Analysis o f  data 

The presence or absence of specific restriction fragments was 
scored on autoradiograms and transformed into a 1 (present) 
and 0 (absent) matrix over all genotypes and all fragment posi- 
tions scored (Fig. 1). A computer program written for an Atari 
1040 ST generated input files for the PHYLIP program package 
developed by Felsenstein (1987). PHYLIP was run on a Micro- 
Vax 2 under VMS version 4.4. The restriction fragment patterns 
were computed in two different forms of information (Fig. 1): 
the 1-0 sequences were used directly as input for the "discrete 
character state" programs carrying out various forms of the 
so-called "parsimony analysis" (Felsenstein 1987). Two pro- 
grams, METRO and PENNY, making use of different parsimo- 
ny algorithms were applied. The pairwise distances D u (Fig. 1) 
between all individual genotypes (=Operational Taxonomic 
Units or OTU) were calculated using the complement of the 
Jaquard index (Jackson et al. 1989), and entered into the dis- 
tance matrix programs FITCH and KITSCH, respectively. The 
sum of squares (=  sq) was provided with the output of FITCH 
and KITSCH, and displayed the overall differences between the 
phenogram and the original data matrix (Felsenstein 1987). The 
average percent standard deviation (=  s) was provided as output 
with the method of Fitch and Margoliash (1967) (P=  2.0). 

Similar to the "'jackknife methods" (Felsenstein 1988; Dia- 
conis and Efron 1987), a program was written for a random data 
resampling procedure. New data sets were made by resampling 
50% of the fragment positions from the original matrix in a 
random order without replacement. The phenograms obtained 
with the reduced matrices were fit to the phenogram from the 
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full data set, using option U of the FITCH program. The vari- 
ability coefficients (= cv, percent standard deviation from the 
mean value) of the branch lengths, resulting from 8- l 0 indepen- 
dent runs, gave a relative measure for the reliability of the values 
obtained. 

Results 

Two series of experiments formed the data base for the 
construction of phenograms. 

The W1 data set 

The first data set Wl included 38 genotypes (OTUs) 
representing 12 Solanum species and one interspecific 
hybrid (line 40). Each species comprised two to five indi- 
vidual genotypes of  one to three accessions. Genomic 
DNA was restricted with seven four-cutter enzymes, and 
the restriction fragments were separated on denaturing 
polyacrylamide gradient gels (3%-10%),  in order to 
maximize the information content per genotype per 
probe. After transfer of the fragments onto nylon mem- 
branes, the filters were hybridized with 12 single- or low- 
copy-number probes mapping to at least eight different 
loci. Names and chromosomal location of probes are 
given in Table 2 (Gebhardt et al. 1989). 

Restriction fragment patterns of 70 probe/enzyme 
combinations (5-7  enzymes per probe) were examined, 
resulting in 777 fragment positions from which a distance 
matrix was computed (Fig. 1). Using the program 
FITCH (options G, J; P=2.0) ,  which is based on the 
method of Fitch and Margoliash (1967), a phenogram 
was obtained that is shown in Fig. 2. Because the calcula- 
tions of genetic distances may depend on the algorithm 
used, on the input order, or on the number of the OTUs, 
the reliability of our phenograms was assessed using sev- 
eral approaches. First, the program FITCH was run ten 
times with a different input order of the OTUs. The 
resulting phenogram was not affected. Second, because it 
is known that the reliability of the analysis increases with 
decreasing number of OTUs, three data subsets of WI,  
comprising distinct branches of the phenogram of Fig. 2, 
were separately analyzed again with FITCH (option G; 
P = 2.0). The three phenograms obtained considering the 
16 OTUs of S. sparsipilum, S. spegazzinii, S. vernei, 
S. chaeoense, and S. gourlayi, the 14 OTUs of 
S. canasense, S. stenotomum, S. tuberosum spp. andigena, 
and Bintje, and the 6 0 T U s  of S. tuberosum spp. andige- 
na and Bintje were slightly different in branch length, but 
were identical in their topology compared with corre- 
sponding parts of the tree in Fig. 2. The only exception 
was the position of S. stenotomum b7 (stn b7), which is 
shown in Fig. 3. Third, different algorithms were applied 
to the same W1 data set. The method of Cavalli-Sforza 
and Edwards (1967) (FITCH options G, J; P=0.0)  and 
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Fig. 2. Unrooted phylogenetic tree for data set W1. 38 OTUs 
were analyzed with FITCH (modified method of Fitch and Mar- 
goliash 1967; options G, J; P=2.0). sq=4, 6, s=5, 7. Ten runs 
were made with different input orders of the OTUs. Species were 
represented by individually numbered plants of one to three 
accessions (a, b, c). cv values (computed from eight independent 
runs of the resampling procedure) are given for some internodes 
and branches, and are partially omitted for reasons of clearity 
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Fig. 3. Unrooted phylogenetic tree for a data subset of Wl, 
containing only 14 OTUs. The data were analyzed with FITCH 
(options G, J; P=2.0). Genotype numbering as in Fig. 2 

of an intermediate method (FITCH options G, J; P =  1.0) 
resulted in phenograms similar to those of Fig. 2. Slight 
variations in the positions of S. acaule a3, of Bintje (BI) 
and line 13 within the andigena-stenotomum cluster, and 
of the branching point of S. sparsipilum were noticed 
(data not shown). The program KITSCH (option J; 
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P=2.0  and P=0.0),  which performs distance matrix 
methods with the assumption of an evolutionary clock, 
gave a much higher sum of squares compared to FITCH 
but, again, the resulting phenogram differed only in the 
positions of Bintje (BI), lines 13 and 40 (data not shown). 
The general structure of the WI phenogram was stable, 
regardless of the distance matrix method adopted. 

Parsimony methods approach the construction of 
evolutionary trees with different assumptions (Nei 1987; 
Felsenstein 1987, 1988). The program METRO, carrying 
out Wagner parsimony (38 OTUs, 777 characters, an- 
nealing parameter=0.001), found one most parsimo- 
nious tree with a length of 1809 steps, differing from the 
topology in Fig. 2 only in the location of one S. acaule 
genotype (ael a3), line 13, and the S. sparsipilum (spl) 
branch within the near neighbourhood (data not shown). 
Using on13) the informative 606 fragment positions gave 
similar results (fragments present in all genotypes and 
fragments present in one genotype only are considered 
non-informative; Fig. 1). Again, the main structure of 
the tree remained unaltered. 

Fourth, by resampling at random 50% of the frag- 
ment positions from the complete W1 data set, eight new 
data sets were created. The topologies obtained with the 
reduced data sets and the FITCH program were fit to the 
topology determined with the full data set. The resulting 
variability coefficients (cv) are indicated in Fig. 2 for 
some of the internodes determining the structure of the 
phenogram. The internodes separating the main branch- 
es and the species S. acaule (acl), S. demissum (dins), S. 
sparsipilum (spl), S. spegazzinii (spg), S. vernei (vrn), 
S. chacoense (chc), and S. gourlayi (grl) appear more reli- 
able (i.e., have lower cv values) than the internodes with- 
in the S. tuberosum spp. andigena (adg), BI, S. stenoto- 
mum (stn), S. canasense (can) species cluster and within 
the species (e.g., grl, stn). Comparatively reliable also 
were the end branches, with an average cv of 16%. The 
observed variability in the positioning of the interspecific 
hybrid 40 and of the branch point of S. sparsipilurn (spl) 
was also reflected in the high cv values of the attached 
internodes. 

Having assessed the consistency of the phenogram for 
the WI data set, the following conclusions were drawn. 
The intraspecific variability was large compared to the 
interspecific variability, as indicated by fairly similar 
branch lengths within a species and between species. 
Nevertheless, all individuals belonging to the same spe- 
cies were clustered before they joined the clusters of other 
species, and all individuals of the same accession clus- 
tered before they joined the other individuals of the same 
species (with the exception of S. acaule accession a). Spe- 
cies borders and - less reliably - accession borders were, 
therefore, reflected in the phenogram. In the phenogram 
there are three distinct branches. A closely related cluster 
is formed by the cultivated potatoes S. tuberosum ssp. 

andigena and ssp. tuberosum (BI, 13), S. stenotomum, and 
the wild species S. eanasense (series Tuberosa). 

The wild species S. sparsipilum, spegazzinii, vernei, 
gourlayi of the series Tuberosa cluster with S. chacoense 
of the series Commersoniana. S. demissum (series Demis- 
sa) and S. acaule (series Acaulia) form a third branch, 
with S. demissum (dins) being closer to the Tuberosa than 
S. aeaule (acl). The interspecific hybrid between 
S. spegazzinii and S. tuberosum spp. tuberosum (line 40) 
falls clearly between the clusters of the parental species. 

The D1 data set 

The second data set D1 was obtained from 34 genotypes 
of 18 Solanum species, including the 12 species of data set 
WI. Each species was represented by two individual 
genotypes of one or two accessions, with the exception of 
S. tuberosum spp. tuberosum (represented only by Bintje) 
and S. etuberosum with only one genotype. The latter 
was justified because S. etuberosum was the only species 
in which extremely small RFLP differences between 
genotypes were observed. Restriction fragments were 
separated on continuous 4% denaturing polyacrylamide 
gels. Twenty-four probe/enzyme combinations (one or 
two enzymes per probe) from 17 single- or low-copy- 
number probes mapping to at least 17 loci (Table 2) pro- 
vided a matrix of 267 fragment positions. Compared to 
WI, the number of genotypes per species and the infor- 
mation content per probe was therefore reduced, but the 
number of species, probes, and loci was increased. W1 
and D1 had only three probe/enzyme combinations and 
five genotypes in common. The W1 and D1 data sets for 
the five common genotypes were analyzed with FITCH 
and KITSCH (options G, J; P =  2.0). The resulting phe- 
nograms had identical topologies with minor differences 
in branch lengths. The FITCH phenograms obtained for 
the five genotypes common to WI and DI are shown in 
Fig. 4. Parsimony analysis with METRO (annealing pa- 
rameter=0.001) and PENNY (using a different search 
algorithm than METRO) gave identical tree topologies 
(data not shown). The similarity of W I and DI presented 
in Fig. 4 demonstrated that largely independent experi- 
mental RFLP data sets lead to the same results when 
phenograms were computed. 

The phenogram shown in Fig. 5 is the result of the 
analysis with FITCH (34 OTUs, options G, J, O; P = 2.0) 
using the complete D1 data set. Since S. etuberosum is 
known to be most distantly related to the other species in 
the set (Hawkes 1978; Hosaka 1986), it Was used as an 
outgroup (option 0). 

As a consequence of the reduced amount of informa- 
tion in D1 compared to W1, the variability of the topolo- 
gies obtained for D1 with different methods was higher. 
This was also reflected in higher cv values obtained in the 
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Fig. 4A and B. Unrooted phylogenetic trees for five genotypes 
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with FITCH (options G, J; P = 2,0). Genotypes are numbered as 
in Fig. 2 
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resampling experiment, which were adopted as relative 
estimates for the reliability of  the branch length values. 
Particularly the internodes separating the split points of  
different species within the main clusters showed large 
variation (e.g., the cv was 163% between S. sparsipilum 
and S. megistacrolobum), whereas the internodes leading 
to the end branches were relatively stable (e.g., cv - -9%,  
10%, and 20% for S. etuberosurn, S. pinnatisectum, and 
S. polyadenium, respectively). Changing the input order 
of  OTUs resulted in two phenograms differing slightly in 
the average percent standard deviation and topologies. 
Figure 5 shows the phenogram with the smaller s and the 
topology that was more similar to the Wl  phenogram of  
Fig. 2. 

In the phenogram obtained by the method of  Cavalli- 
Sforza and Edwards (1967) (FITCH options G, J; 
P = 0.0), the positions of  S. chacoense (chc) and S.kurtzi- 
anum (ktz) in Fig. 5 were exchanged. Parsimony analysis 
with M E T R O  (34 OTUs, 267 characters, annealing pa- 
rameter = 0.001) produced 11 similar most  parsimonious 
trees, having the main clusters as shown in Fig" 5 but 
differing in the relative positions of  Bintje (BI), 
S. stenotomum (stn), S. megistacrolobum (toga), 
S. chacoense (chc) and, in particular, of  S. sparsipilum 
(spl) and S. stoloniferum (sto). In some cases, S. spars# 
pilum (spl) fell in the group of  the cultivated Tuberosa 
and S. stoloniferum (sto) clustered with the wild 
Tuberosa. Reducing the data set from the total 267 to 180 
"informative" characters gave no significant alteration. 
when the D1 and the Wl  phenograms were analyzed, it 
was noticed that the main clusters of  the Wl  phenogram 
reappear in the DI  phenogram. The additional wild 
Solanum species included in D1, S. berthaultii and 
S. kurtzianum and, remarkably, S. megistacrolobum 
(belonging to the series Megistacroloba, according to the 
classical taxonomy) (Hawkes 1978), fell into the spars# 
pilum, spegazzinii, vernei, chacoense, gourlayi group, al- 
though the relationships between some of  the species 
within the group were unreliable based on their high cvs. 
S. stolonif erum, pinnatisectum, polyadenium, and etubero- 
sum formed an additional cluster. 

D i s c u s s i o n  

al 
v . . . .  I ~ '~ '=  , p n t a  2 

Fig. 5. Unrooted phylogenetic tree for the data set D1.34 OTUs 
were analyzed with FITCH (options G, F; P = 2.0, ten runs with 
different input order), sq =3.98, s= 5.96. cv values of branch 
lengths were computed from ten independent runs of the resam- 
pling procedure, and are given only in part for reasons of clarity. 
Genotypes are numbered as in Fig. 2 

According to Nei (1987), about 1044 possible tree topolo- 
gies exist for 34 genotypes or OTUs. The problem of  
finding from this enormous number those which fit best 
the experimental data can be approached with different 
algorithms based on different evolutionary theories (Nei 
1987; Felsenstein 1988). The analysis of  two largely inde- 
pendent R F L P  data set with several distance matrix and 
parsimony methods resulted in very few and similar to- 
pologies, differing mainly in replacements within the near 
neighbourhood. Particularly obvious was the consistency 
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among methods in the W1 data set, despite the fact that 
one requirement of parsimony analysis - the indepen- 
dence of character states, in our case fragment positions 
- was not fulfilled for an unknown fraction of the 777 
fragment positions. Due to the experimental design, 
equivalent restriction fragments were detected with the 
same probe and different restriction enzymes which, 
therefore, cannot be considered independent. Differences 
in results caused by the input order of OTUs or by their 
large number also had no significant influence on the 
topologies, nor did the choice of genotypes representing 
a species or the choice of the set of probes. 

Differences, however, were noted in the reliability of 
branch and internode lengths within and between the Wl 
and D1 topologies, as quantified by the resampling pro- 
cedure. The Wl phenogram, constructed with the more 
informative data set of 777 fragment positions, was more 
reliable than Di,  which had only 267 fragment positions. 
Indeed, the 11 minimal trees obtained with parsimony 
analysis for DI showed stronger deviations among each 
other. Within the Wl and D1 phenograms the species 
were always clearly separated, although the intraspecific 
variability, even within accessions, was high compared to 
the interspecific variability (with the exception of S. 
etuberosum). The level of resolution obtained using nu- 
clear RFLPs was in any case much higher for closely 
related species than in chloroplast DNA polymorphisms 
(Hosaka etal. 1984; Hosaka 1986; Hosaka et al. 1988; 
Hosaka and Hanneman 1988 a, b). These were restricted 
to a few differences between close relatives and, in some 
cases, failed to resolve clearly distinct species. 

The internodes separating the major clusters in the 
WI and DI phenograms were much more reliable than 
the internodes determining the split points within the 
clusters. A comparison concerning the reliability of tree 
topologies obtained by RFLP studies in other plant spe- 
cies (Song et al. 1988 a, b) is, however, difficult because in 
the cited studies, the phenograms were based on a single 
computational method and did not include indices of 
reliability. The tree topologies derived from nuclear 
RFLP analysis were compared to the system of classifica- 
tion based on biosystematic studies. Hawkes (1989) 
grouped the species of the subsections Potatoe and 
Estolonifera into 21 series according to their putative 
relatedness, inferred from a wide range of morphological 
data (Table 1). Our phenograms correlated with this 
system in that all species of the series Tuberosa were 
clustered in two related groups, with the wild species 
S. spegazzinii (spg), S. vernei (vrn), S. sparsipilum (spl), 
S. gourlayi (grl), S. berthaultii (ber), and S. kurtzianum 
(ktz) in one, and S. canasense (can), S. stenotomum (stn), 
S. tuberosurn spp. andigena (adg), Bintje, and line 13 in 
the other. The latter group supports the theory that the 
wild S. canasense is one ancestor of S. stenotomum 
which, in turn, is most likely one of the ancestors of 

S. andigena (Bukasov 1966; Hawkes 1978, 1990; Hosaka 
1986). The cultivated European potato was represented 
in our studies by the old variety Bintje, which was 
released well before potato breeders started to intention- 
ally introgress wild germ plasm in cultivated potatoes 
(Ross 1986; Stegemann and Schnick 1985), and by the 
diploid line H 79.134/44 (13), in the pedigree of which a 
certain amount of andigena, demissum, aeaule and possi- 
bly other wild germ plasm was introgressed early in the 
pedigree (Ross 1986; H. Uhrig, personal communica- 
tion). These genotypes belong to the same species as 
S. tuberosum spp. andigena and, therefore, were expected 
to cluster closely with the andigena, stenotomum, 
canasense group. The interspecific nature of line 40 was 
clearly recognized by our phenograms, which placed it in 
an intermediary position between the parental clusters 
(Fig. 2). 

The other series of Hawkes were represented in our 
study by one species each. S. demissum and S. acaule of 
the series Demissa and Acaulia, respectively, formed a 
well-separated branch, with S. demissum being closer to 
the Tuberosa than S. acaule. This is in agreement with 
Hawkes (1972, 1978, 1989) and Correll (1962). 
S. stoloniferum, polyadenium, pinnatisectum, and etubero- 
sum were clearly separated from each other and from the 
Tuberosa branches. S. etuberosum, the species morpho- 
logically most distinct from all others, was located at the 
most distant point in the phenogram, which also agrees 
with results from chemotaxonomical studies (Wietsehel 
and Reznik 1980 a). The position of S. etuberosum is also 
well correlated to the recent separation of the series 
Etuberosa from the subsection Potatoe into the new sub- 
section Estolonifera (Hawkes 1989). 

The same topology for S. etuberosum, S. pinnatisec- 
turn, S. polyadenium, and S. stoloniferum was obtained 
by Hosaka et al. (1984). In contrast to earlier classifica- 
tions, RFLP data assigned S. chacoense (formerly series 
Commersoniana) to the wild Tuberosa cluster. This posi- 
tion of S. chacoense was very stable in all RFLP pheno- 
grams computed by us so far. Hawkes and Hjerting 
(1989) mentioned that S. ehacoense and the close relative, 
S. tarijense, were somehow distinct from the rest of the 
series Commersoniana, and they recently placed them 
into the series Yungasensa (Hawkes 1989, 1990). It is 
furthermore hypothesized that S, chacoense is a possible 
ancestral species to a group of series called the primitive 
Rotata, which comprises the series Megistacroloba, 
Cuneolata, and parts of the series Tuberosa and 
Conicibaccata. This is in agreement with the positions of 
both S. chacoense and S. megistacrolobum in the RFLP- 
derived phenograms. As S. chacoense is an extremely 
polymorphic species with a wide ecological distribution 
(Hawkes and Hjerting 1989), the analysis of more acces- 
sions might help in finding a more precise taxonomic 
position for this species. 
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It  is also worth  ment ioning that  in our phenograms 

the distance between the two Tuberosa branches was 
comparable  to the distances between Tuberosa and other 
series and was, therefore, longer than one would expect 
from the current classification. An  interesting observa- 
t ion concerned the two Mexican species, S. pinnatisectum 
and S. polyadenium, which clustered with the Chilean 
species S. e tuberosum before they jo ined S. demissum, an- 
other Mexican species. The geographical  distr ibution of  
species was therefore not  reflected in the phenograms.  

In summarizing this work, we have shown that  nucle- 
ar R F L P s  provide an unlimited source of  characters dis- 
cr iminating individual  genotypes, accessions, subspecies, 
and species of  the genus Solanum. As such, they should 
be considered as an excellent tool  for studying popula-  
t ion genetics, taxonomy,  and evolution of  the potato.  
The analysis of  genetic distances presented here is an 
example. The reliabili ty of  the results could be increased 
by enlarging the da ta  sets, a l though this might be limited 
by the computer  capacity. Even then the phylogenetic 
relationships within closely related clusters might  not  be 
resolved without  a certain degree of  ambiguity.  Asking 
more  specific phylogenetic questions - restricting, e.g., 
the analysis to species within a cluster, and including 
several accessions per species and more conserved R F L P  
markers  - seems a promising strategy for further studies 
of  evolution within the genus Solanum. 
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