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Abstract

Solanum stenotomum Juz. et Buk. (B=2x=24) is considered to be the
most primitive diploid cultivated species from whiall the other
Andean cultivated potatoes were originated (Hawllg0). To
disclose chloroplast DNA (ctDNA) variability andetimaternal origin of
S stenotomum, 36 accessions & stenotomum and 86 accessions of
putative wild ancestral species were determinedtidNA types and
analyzed by high-resolution markers (seven ctDNArasatellites and
an H3 marker). High-resolution markers discrimaagb7 different
ctDNAs (haplotypes), which were classified into Wetype ctDNA
group and C-, S- and A-type ctDNA group, and wittia latter group
S- and A-type ctDNAs were unrelated from each o#meong many
different haplotypes mostly having C-type ctDNA. hiF ctDNA
relationship supported our previous findings oledifor mostly
Andean cultivated species (Sukhotu et al. 2004)omgared with other
putative ancestral wild speci&s stenotomum showed somewhat

limited ctDNA diversity, having two major haplotypé& and 2 also



found in different wild species in different placesTherefore, the
ctDNA in S. stenotomum was of at least dual origins either by
successive domestication from different speciesds® by introgression

after initial S. stenotomum arose.

I ntroduction

Potato and its cultivated and wild relatives (tubearingSolanum
species) are classified into seven cultivated &@&vdld species
(Hawkes 1990) or one cultivated and 199 wild spefSpooner and
Hijmans 2001; Huaméan and Spooner 2002) in the g8olasum L. sect.
Petota Dumortier. Solanum stenotomum Juz. et Buk. (o6. tuberosum
Group Stenotomum by Huaman and Spooner 200222-24) is

highly variable (Hawkes 1956, 1990; Bukasov 1978h&a 1990) and
Is thought to be the most primitive diploid cultigd species from which
all the other Andean cultivated potatoes were patgd (Hawkes 1990).
It is still grown by native farmers from centralrBé¢o central Bolivia in

the Andean highlands, planted together with othéin@ated potato



species, particularly with the most important Andealtivated species
S. tuberosum ssp.andigena (2n=4x=48).

There have long been arguments over which wildispagave
rise toS. stenotomum. From the morphological and phytogeographical
points of view, Hawkes (1958) suggesgdeptophyes andS.
canasense as the ancestral speciesSostenotomum and later, favore&.
leptophyes because it is distributed at the same altitude and
phytogeographical region &sstenotomum (Hawkes 1988, 1990;
Hawkes and Hjerting 1989). A stenotomum is highly polymorphic,
Ugent (1970) proposed its ancestor to be a singlerspecies, th&!
brevicaule complex’, which include. brevicaule, S. bukasovii, S.
canasense, S. coelestipetalum, S. gourlayi, S Ieptophyes, S.
multidissectum, S. multiinterruptum andS. spegazzinii. Bukasov (1966,
1978) also claime®. canasense andS. |eptophyes (Bukasov 1966), o8.
brevicaule, S. bukasovii, S. candolleanum, S. leptophyes andS.
sparsipilum (Bukasov 1978) for the origin & stenotomum. Ochoa
(1990) propose. brevicaule, S. bukasovii andS. canasense for
ancestral species &f stenotomum. Most of these wild species are
closely related to each other and there are manymeersies in their

taxonomy (Correll 1962; Bukasov 1978; Hawkes 199¢hoa 1990;



van den Berg et al. 1998; Miller and Spooner 199RFLP analyses of
nuclear DNA supported close relationships am8rsenotomum, S,
bukasovii, S. canasense andS. tuberosum spp.andigena (Bonierbale et
al. 1990; Debener et al. 1990; Miller and Spoorg®2¥9), although
AFLP analysis by Kardolus et al. (1998) showedrghgdifferent
relationshipsS. canasense, S. multidissectum andS. tuberosum ssp.
tuberosumin one ground S. stenotomum andS. brevicaule in another
group.

However, none of the experimental data have tested
hypotheses on the origin 8f stenotomum except chloroplast DNA
(ctDNA) RFLP data. CtDNA is inherited maternalfymost
angiosperms and evolves relatively slowly: therefdrcan be a reliable
indicator to trace maternal ancestry of crops (lealket al. 1988).
CtDNA RFLP analyses were used to evaluate genetarsity in the
Andean cultivated and closely related wild speitssaka et al. 1984;
Buckner and Hyde 1985; Hosaka 1986, 1995; HosataHamneman
1988a, 1988b). Wide ctDNA diversity, namely fivasic ctDNA types
(W, T, C, S and A types) (Hosaka 1986), was fourttiwS. tuberosum
ssp.andigena (Hosaka and Hanneman 1988a). These types of ctDNA

except T-type ctDNA, were shared wihstenotomum and with



putative ancestral species®fstenotomum. (Hosaka 1995). (In
Hosaka 1995, one accessiorSo$tenotomum was reported to have T-
type ctDNA, but it was confirmed not to Bestenotomum by Hosaka
2004). The T-type ctDNA, predominant in the commpotato &.
tuberosum ssp.tuberosum), was incorporated from some populations of
S tarijense into S. tuberosum ssp.andigena during its migration to
southern coastal Chile (Hosaka 2003, 2004). TluewiDNA
diversity among the Andean cultivated and closelsited wild species
led to a hypothesis of multiple origins f8rstenotomum, by successive
domestications temporally and spatially from thecestral species’
complex (referred to as the successive domesticaypothesis)
(Hosaka 1995).

Recently, several high-resolution markers have ineco
available to detect ctDNA variation. CtDNA microsliite markers
detect polymorphisms in repeated numbers of moreantides in
ctDNA (Provan et al. 2001), which revealed muchbigevels of
diversity than ctDNA RFLPs (Powell et al. 1995; Bnyet al. 1999;
Provan et al. 1999; Ishii and McCouch 2000; Xule2@02; Hosaka

2003). Due to the haploid nature and high copylemof the



chloroplast genome, the ctDNA microsatellites careasily analyzed
by PCR.

In a previous study (Sukhotu et al. 2004), 75 agioes of all
seven Andean cultivated species (including 10 atoes ofS.
stenotomum) and 16 accessions of nine wild species were aedlpy
using ctDNA microsatellite markers. Twenty-fivdfdrent ctDNAs
(=haplotypes) found among them revealed diverderéifitiation within
and between W-type ctDNA and S-, C- and A-type cABN T-type
ctDNA and S- and A-type ctDNAs were clearly distirghed from the
group of haplotypes having W- and C-type ctDNAspextively.
Interestingly, the two most frequent haplotypeS.isenotomum, and in
S. tuberosum ssp.andigena as well, were not found in any wild species
(Sukhotu et al. 2004). In this study, we analyaedrge number of
accessions db. stenotomum and its presumed ancestral wild species
using the same set of high-resolution ctDNA markerBhe aims of this
research are 1) to evaluate whether the relatipagfictDNA types
shown by high-resolution markers mostly among thee&an cultivated
species in the previous study can also be suppanteuhg the most
primitive cultivated specieS. stenotomum and its putative ancestral

species, 2) to reveal ctDNA variability $ stenotomum compared with



ancestral wild species, 3) to disclose (a) donecss of the most
frequent ctDNA in Andean potatoes and to discussotigin ofS,

stenotomum.

M aterials and methods

Plant material and DNA isolation

Thirty-six accessions @& stenotomum, 78 accessions of putative wild
ancestral species and two accessions eaShchécoense, S
megistacrolobum, S. sparsipilum, andS. vernel were used in this study
(Table 1). The accessions with CIP numbers antiRibers were
obtained as seeds from the International Potatee€drima, Peru and
the Potato Introduction Station (NRSP-6), SturgBay, Wisconsin,
USA, respectively. CtDNA was isolated by the metlod Hosaka and
Hanneman (1987) from fresh leaves collected frotkdzlisamples of
more than ten seedlings except for a few accessotaed from one

seedling.

CtDNA analysis



CtDNA types were determined based on restrictiagrfrent patterns of
BamHI, Hindlll or Pvull, as described by Hosaka and Hanneman
(1988b). Seven ctDNA microsatellite markers, depel by Provan et
al. (1999) from tobacco ctDNA (NTCP markers), artihlarker

(Hosaka 2003) were used to analyze potato ctDNisstudy. The

H3 marker was a PCR-based marker, which ampliedcbding

regions ofycf4 andycf10 of the ctDNA. Polymorphisms were detected
after restriction digestion of PCR productsinal restriction enzyme.
Experimental procedures were all described preWd@ikhotu et al.

2004).

Data analysis

CtDNA microsatellite markers were scored as preséhyor
absence (0) of each fragment. The extent of gematiation in a
species was measured by average gene diversitya(idakumar 2000).

The gene diversity at a locus is defined as



where x is the frequency of thieth allele andj is the number of alleles.

Average gene diversit\H| is the average of this quantity over all loci.
The difference irH between the two species was tested bieat.

Gene diversitylf) based on frequencies of ctDNA types or haplotypes
were also calculated.

Pairwise distances, shown as total character diffes
between accessions, were obtained using ctDNA satedlites and H3
marker. The un-weighted pair-group method witkthanetic means
(UPGMA) was used for clustering. To search forrist probable
UPGMA dendrogram, 1,000 bootstraps were carriecandtan

unrooted phylogram was obtained using PAUP 4.0b10.

Results

CtDNA types

Restriction fragment patterns obtained in this gtoyl digestion with
BamHI, Hindlll or Pvull were all similar to those reported earlier
(Hosaka and Hanneman 1988b); thus, known ctDNAstyjoeild be

assigned to all accessions used (Table $)brevicaule, S. vernei, and

10



S gparsipilum were monomorphic with W-type ctDNA ai&l
megistacrolobum with C-type ctDNA. All the other wild species weer
polymorphic with W-, C-, S- or A-type ctDNA, amomghich W and C
were major ctDNA types. Types A and W2 ctDNA wéyend in one
accession each & bukasovii andS. Ieptophyes, respectively. In the
accessions db. stenotomum, W-, A-, C- and S-type ctDNAs were found,
as reported previously (Hosaka 1995). Major typere S (69.4%)
and A (22.2%).

For the accessions of wild species, W-type ctDNA wa
predominantly distributed in Bolivia or Argentin@d2(3%), while C-, S-
and A-type ctDNAs in Peru (91.4%) (Table 1). Srstenotomum, S-
type ctDNA was widely spread in the distributionada, indicating the
frequent exchange of cultivated materials by hubeings. However,
A-type ctDNA tended to be localized into centraltiR@nd W-type

ctDNA in the peripheral areas of its distributidfig. 1).

Polymor phisms with ctDNA microsatellites and H3 marker.
Seven ctDNA microsatellites produced 43 fragmeaotganing 10 new
fragments (shown in Italic) compared with our poad study (Sukhotu

et al. 2004): NTCP6 (12271, 172, 173, 174, 175 ardd6 base pair

11



fragments), NTCP71{2, 173 and 174), NTCP8 (249, 250, 251, 252,
253 and254), NTCP9 (247248, 250, 258, 259,261, 279, 288, 289 and
317), NTCP12 (234, 235, 236, 237, 238 and 239), RI4>(149, 150,
151, 152, 153 antis4), and NTCP18 (186, 187, 1889 and 196).
The H3 marker produced two types of restrictiondmag patterns (types
1 and 2, see Sukhotu et al. 2004).

Out of 45 fragments and types, 24 were shared lesi®ve
stenotomum and wild species. Twenty fragments were spedijica
found in wild species of which nine were uniquesitagle accessions.
One fragment (172 bp of NTCP7) was unique to omession ofS
stenotomum, which had W-type ctDNA. The 127 bp fragment of
NTCP6 was correlated with S-type ctDNASnstenotomum, but not
always in wild species. The 239 bp fragment of IRIC was
correlated with S-type ctDNA except in one accassiS,
multidissectum. Theses two fragments were perfectly correlatgld w
S-type ctDNA in the previous study (Sukhotu e28i04). No other
correlation between specific microsatellite fragtsesr H3 types and
ctDNA types was found (Table 1).

The 43 microsatellite fragments and two H3 types

discriminated 57 different ctDNAs or haplotypes,caxg which 52 were

12



found in wild species, seven foundSnstenotomum and two shared
between them (Table 1). Thirty-seven (43.0%) oa86essions of
wild species and four (11.1%) of 36 accessionS afenotomum were
uniquely distinguished. Haplotypes 1 (16.7%) a{@&7%)

predominated amongSt stenotomum accessions.

Genetic diversity in S. stenotomum and its wild ancestral species
Twenty-five different microsatellite fragments a8 marker types, or
7 haplotypes were detectedSnstenotomum, which gave 0.69 markers
per accession or 0.19 haplotypes per accessiog baich lower than
those of any putative ancestral wild species. Glversity 1) in S
stenotomum ranged from 0.10 (NTCP9 and NTCP18) to 0.47 (NTCP6
depending on microsatellite loci. The average gbwersity H) was
0.31 inS stenotomum, which was significantly lower than those®f
canasense, S. leptophyes, ‘S. brevicaule complex’, and all wild species
accessions as a group (Table 2). Consequentlg, djgarsity based
on haplotypes showed a lower valu&irstenotomum (h=0.52) than
those of any wild species. In contrast, gene ditiebased on ctDNA

types inS. stenotomum (h=0.46) was higher than those®forevicaule,
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S bukasovii andS. candolleanum, and almost similar to those 8f

canasense, S. leptophyes andS. multidissectum.

Relationship between hapl otypes and ctDNA types

A UPGMA consensus tree based on 1,000 bootstrdicaitgs was
obtained to show similarities among these haplaypey. 2). This
unrooted tree could be separated to two halved@setDNA types: a
group of haplotypes having W- or W2-type ctDNA arbther with A,
S or C-type ctDNA. Inthe A, S or C-type ctDNA gm 31 haplotypes
showed C-type ctDNA. The A-type ctDNA was founchiaplotypes 1,
20 and 22, which formed a cluster together withsather related
haplotypes. The S-type ctDNA formed a specificstdu with
haplotypes 2, 14 and 56, and also found as hamst2p and 51 in

somewhat unrelated clusters.

Soecies relationships

Since the UPGMA tree showed clear separation betwWéeand W2-
type ctDNA and the others, accessions of any oaeisp having both
W-type and C-type ctDNA in a species were clustseguhrately$

canasense, S. leptophyes andS. stenotomum). Most wild species

14



accessions had unique haplotypes in differentetasexcept fof.
bukasovii, S. canasense, S. candolleanum andS. multidissectum that
often had haplotypes shared with each other. Cuesdly, none of
species formed a distinct cluster (Fig. 2).

Although only seven haplotypes were foundbistenotomum,
these haplotypes were found in different clustersig. 2. The most
frequent haplotype 2 i8. stenotomum was shared with six accessions of
S canasense and one each @& candolleanum andS. multidissectum.

The haplotype 2 was further clustered with hapletyg ofS. bukasovii
and 56 ofS stenotomum and formed Cluster A in Fig. 2. Collection
sites of the wild species accessions in Clusterefewlotted on a
distribution map, showing limited localization iawghern Peru or near
Lake Titicaca (Fig. 1). The second and third majmplotypes 1 and

22, or A-type ctDNA inS. stenotomum were clustered together mostly
with accessions db. bukasovii (Cluster B). The haplotype 1 was not
found in any wild species, but haplotype 22 waseshavith an

accession o6 bukasovii. The accessions of wild species in Cluster B
were distributed from central Peru to northern faali of which A-type

ctDNA was distributed in the central Peru (Fig. 1).

15



Discussion
CtDNA differentiation
In contrast to five ctDNA types distinguished bgtrection site
differences, 57 haplotypes were distinguished BDIN& microsatellites
and H3 marker with the same set of samples. Tiglseh resolving
power is probably due to a higher mutation rateepkat numbers in the
simple sequence repeated regions than the ratesefdubstitution and
insertion/deletion events in the chloroplast gendisiai et al. 2001).
CtDNAs in 36 accessions &f stenotomum and 86 accessions
of 11 wild species were classified into the W-tgp@NA group and C-,
S- and A-type ctDNA group, and within the latteogp S- and A-type
ctDNA were separated distinctly from each other agumany different
haplotypes mostly having C-type ctDNA (Fig. 2). iSelationship
among ctDNA types based on haplotype differencesgeod
agreement with the previous results obtained foactessions of seven
cultivated species and 16 accessions of nine \wiaies (Sukhotu et al.
2004), and thus, can be widely accepted in thevaibdd potato species

and their closely related species as well.
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Foecies differentiation

None of species was uniquely identified either thi)idA types or
ctDNA microsatellites (Fig. 2) and each putativeesiral species
contained a relatively high degree of gene dive(diable 2). We
further found tha&. bukasovii, S. canasense, S. candolleanum andS
multidissectum often had the same haplotypes. It has been kiloain
S. bukasovii, S. canasense andS. multidissectum are highly variable
(Hawkes 1990), and they were considered as a sapgieies by Ochoa
(1992). Thes brevicaule complex (including approximately 30 taxa)
was investigated extensively morphologically by dam Berg et al.
(1996, 1998), but none of the taxa within the caxrplas uniquely
distinguished. Recently, Miller and Spooner (198@died thes,
brevicaule complex using nuclear RFLPs and RAPDs and sepghrate
members of the complex only weakly into 1) the haestern Bolivian
and Argentine taxa, and 2) the Peruvian and adjamathwestern
Bolivian accessions with most of the cultigens. eyBuggested that
most of the 30 taxa of tHe brevicaule complex are artificial, and
should be treated as a single highly polymorphecssS. brevicaule
(Miller and Spooner 1999). These suggest thabteelapping

variation in ctDNA among these putative ancestriéd gpecies is due to

17



frequent hybridization and introgression (Hawke8@9 poor species
differentiation of the taxa with common ancestrgr{\den Berg et al.

1998; Miller and Spooner 1999), or both.

Domestication of S. stenotomum

The most primitive cultivated diploid specié&s stenotomum, had only
seven out of the 57 haplotypes identified in tiuglg, of which two
(haplotypes 1 and 2) occupied 83.3%bodtenotomum accessions.
Consequently, gene diversity based on haplotyp&ssenotomum was
lower than that of any putative ancestral spediable 2). This result
contrasts with our previous understanding on ctDiNAersity inS,
stenotomum.  As seen in that study of gene divershylfased on
ctDNA (Table 2), we believe8. stenotomum had wider intraspecific
ctDNA diversity than any one putative ancestrakggeand therefore
we proposed a hypothesis of multiple originsS$ostenotomum by
successive domestication from the ‘ancestral specmmplex (the
successive domestication hypothesis) (Hosaka 199H)e present
study using high-resolution markers does not necggsupport the
successive domestication hypothesis. SomewhaelihatDNA

variation inS. stenotomum could be derived by differentiation or

18



domestication from (an) ancestral wild species &ithrger variation
range. Our study indicated two major ctDNASSIrstenotomum;
haplotype 1 (or A-type ctDNA) and haplotype 2 (etyBe ctDNA),
which were also found i8. bukasovii in central Peru and i&
canasense, S. candolleanum or S multidissectum in southern Peru,
respectively. Thus, it can be suggested that ctiN& stenotomum
was at least of dual origins because different sfldcies, or varieties
according to Ochoa (1992), and different origingtfiocations were
involved. However, it is not clear whether the M diversity inS.
stenotomumwas attributed to domestication itself from diéfet
ancestral species (=the successive domesticatjooilingsis) or to later
hybridization aftelS. stenotomum was initially domesticated (referred to
as the introgression hypothesis). Occurrence tfraBhybridization
of S stenotomum with wild diploid species has been known as adapi
example inS. ajanhuiri, a cultivated diploid species of hybrid origin
betweerSS. stenotomum andS. megistacrolobum (Huaman et al. 1982,
Johns and Keen 1986), and also v@tlsparsipilum (Ugent 1970;
Rabinowitz et al. 1990).

The seven haplotypes found$nstenotomum might have

rather diverse origins as shown in their differelosters in Fig. 2.
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Haplotypes 55 and 57 showed W-type ctDNA and wellected from
the extreme north and south ends of its distrimati@area (Fig. 1).
According to the successive domestication hyposh8sstenotomum
accessions having W-type ctDNA are the most pruaitiarieties first
domesticated from the ‘ancestral species’ comghosaka 1995).
Alternatively, these accessions might be of hybridin with wild
species having W-type ctDNA because these haplstyygee very rare
in this study and were found only in these extrameas. Additional
possibilities such as seed contamination, crossistakes or
identification errors may be possible since th&stenotomum

accessions were obtained as botanical seeds.
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Legend of Figures

Figurel. Maps showing approximate collection sites ofdheessions

used. S stenotomum accessions are shown by their ctDNA types.

Figure2. Unrooted UPGMA consensus tree based on 1000 toajoss
showing haplotype similarity. CtDNA types and spsmames are
also shown with haplotype numbersS. stenotomum accessions are
shown in Bold. When multiple accessions had timeeshaplotypes,
the number of accessions is prefixed to the spedibeeviation. See

Table 1 for species abbreviation.

28



Table 1. Solanum species accessions used in this study and thkeirogiast DNA (ctDNA) types, microsatellite marker

phenotypes (in base pairs), H3 types and haplotypes

Species and accession  Locality* CtDNA Microsateliarker (NTCP) phenotype H3 Haplo-

type 6 7 8 9 12 14 18 typéype

SeriesYungasensa

S. chacoense Bitt. (chc)

Pl 537025 B, Chuquisaca W 172 174 252 279 235 1488 1 3
chc525-3 ? W 175 174 252 279 234 152 187 1 4
SeriesMegistacroloba

S. megistacrolobum Bitt. ssp.megistacrolobum (mga)
Pl 473361 B, La Paz C 175 174 250 288 237 150 18 5

Pl 473356 B, Potosi C 173 173 249 289 237 152 186 6
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SeriesTuberosa

S brevicaule Bitt. (brc)

Pl1 498218

P1 545970

P1 310929

P1 310930

P1 473378

P1 498110

Pl 498111

P1 498112

P1 498113

Pl 498114

Pl 545968

B, La Paz

B, La Paz

B, Cochabamba
B, Cochabamba
B, Cochabamba
B, Cochabamba
B, Cochabamba
B, Cochabamba
B, Cochabamba
B, Cochabamba

B, Cochabamba

s £ £ £ £ £ £ £ s T 2

172

172

172

172

172

172

172

172

172

172

172

28

174

173

173

173

173

173

173

173

173

173

173

252

252

253

253

253

253

253

253

253

253

253

247

247

248

248

247

248

248

248

247

247

247

236

236

236

236

236

236

236

236

236

236

236

153 18I
151 18b
1586 1
1586 1
1586 1
1586 1
1586 1
1586 1
1586 1
1586 1
1586 1

10

11

11

10

10

10



Pl 545971

B, Cochabamba

S bukasovii Juz. (buk)

Pl 275271

Pl 365318

Pl 365321

Pl 365304

P1 210042

P1 210051

P1 498219

P1 498220

P1 498221

Pl 473492

P, Huanuco
P, Huanuco
P, Huanuco
P, Lima
P, Junin
P, Junin
P, Junin
P, Junin
P, Junin

P, Huancavelica

> O O O 0 0 O 0o u o

172

174

127

173

173

176

174

174

176

176

174

29

173

174

173

174

174

174

174

173

174

174

174

253

251

252

251

251

251

251

251

250

250

250

247

289

289

289

289

289

289

289

289

289

289

236 1586
237 151
239 150
237 150
237 151
237 150
237 151
237 150
237 150
237 150
237 0 1386

1

186

186

186

186

186

186

186

186

186

2

12

13

14

15

26

17

13

18

19

19

20



Pl 473493

Pl 473450

Pl 473453

Pl 442698

Pl 473469

Pl 473491

Pl 414155

P1 458379

Pl 473447

Pl 473452

Pl 473355

P, Huancavelica
P, Ayacucho

P, Ayacucho

P, Cuzco

P, Cuzco

P, Cuzco

P, Apurimac

P, Apurimac

P, Arequipa

P, ?

S canasense Hawkes (can)

P, Ayacucho

w O O O O o

O o o o

175

174

175

173

174

173

175

174

174

175

173

30

174

174

174

174

174

174

174

174

174

174

174

251

251

251

253

252

250

253

252

253

251

252

258

289

258

289

259

250

289

289

289

258

289

2379 1486 2

237

237

235

236

239

237

236

236

237

235

1516 1&

1496 1&

150 186

149 186

150 186

1516 182

1516 182

1506 1&

149 186

1526 181

21

22

21

23

24

25

26

27

28

30

21



P1 210035

Pl 246533

Pl 265864

Pl 265875

P1 283074

P1 283080

P1 310937

P1 310938

P1 310939

P1 310940

P1 310941

Pl 473348

Pl 230511

P, Cuzco
P, Cuzco
P, Cuzco
P, Cuzco
P, Cuzco
P, Cuzco
P, Cuzco
P, Cuzco
P, Cuzco
P, Cuzco
P, Cuzco
P, Cuzco

P, Puno

O o o o o O o O O O O O

w

173

174

174

174

174

176

174

174

174

174

174

176

127

31

174

174

174

174

174

174

174

174

174

174

174

174

173

250

252

252

252

252

251

252

252

252

252

252

251

251

289

259

259

259

289

261

259

259

259

259

259

259

289

236

236

236

236

236

238

236

236

236

236

236

238

239

150

149

149

149

150

150

149

149

149

149

149

150

150

186

186

186

186

186

187

186

186

186

186

186

187

186

31

B2

B2

B2

33

B4

B2

24

24

24

24

B5



Pl 265863

Pl 283084

Pl 310956

Pl 442695

Pl 442696

P1 458377

Pl 473345

Pl 473346

Pl 265865

P, Puno
P, Puno
P, Puno
P, Puno
P, Puno
P, Puno
P, Puno
P, Puno

B, La Paz

S candolleanum Berth. (cnd)

Pl 545972

Pl 498226

B, La Paz

B, La Paz

w O O u ou

O

127

127

127

127

174

175

127

173

173

174

127

32

173

173

173

173

174

173

173

174

173

174

173

251

251

251

251

251

250

251

250

253

251

251

289

289

289

289

289

289

289

317

247

289

289

239

239

239

239

237

236

239

236

236

237

239

150

150

150

150

150

150

150

151

151

150

150

186

186

186

186

186

186

186

186

18b

186

186

36

37

38

29

36



P1 498313

Pl 473354

Pl 473451

Pl 473445

Pl 473448

Pl 458378

Pl 320340

Pl 545984

Pl 473495

Pl 545895

B, Oruro

S. coelestipetalum Vargas (cop)

P, Apurimac

S. leptophyes Bitt. (Iph)

P, Ayacucho
P, Cuzco

P, Apurimac
P, Puno

B, Oruro

B, Oruro

B, Potosi

B, Potosi

S £ £ £ O 0O o

175

175

175

174

176

172

173

173

173

171

33

174

174

174

174

174

174

173

173

173

174

251

250

251

251

251

252

253

253

254

251

289

289

258

259

259

247

247

247

247

279

236

237

237

236

237

236

236

236

236

235

151 186

1516 182

1506 1&

150 196

1516 182

152 187

151 186

151 186

153 18%

149 189

39

40

41

a2

43

14

129

129

45

46



Pl 545992 B, Potosi
Pl 545994 B, Potosi
Pl 545995 B, Potosi
Pl 545997 B, Potosi

S multidissectum Hawkes (mlt)

Pl 210044 P, Junin
Pl 210055 P, Cuzco
Pl 473349 P, Cuzco
Pl 473353 P, Cuzco
Pl 498304 P, Cuzco
P1 310955 P, Puno
Pl 473352 P, Puno

= £ £ £

w u om @

172

172

173

172

174

173

173

174

173

127

173

34

173

173

174

173

173

174

174

174

174

173

174

252

253

252

253

251

250

250

251

250

251

250

247

247

248

247

289

250

289

250

250

289

250

236

236

236

236

237

239

236

238

239

239

239

152

150

154

152

150

150

150

151

150

150

150

186

186

186

186

186

186

186

186

186

186

186

47

48

49

10

50

25

31

b1

25

25



S gparsipilum (Bitt.) Juz. et Buk. (spl)
Pl 498305 P, Cuzco W

Pl 498284 B, La Paz W

S verne Bitt. et Wittm. sspvernei (vrn)
Pl 545884 B, Cochabamba W

P1 473308 A, Tucuman W

S stenotomum Juz. et Buk. ssstenotomum (stn)

CIP 703317
CIP 702464
CIP 703843
CIP 700348

CIP 700670

P, Ancash
P, Huanuco
P, Huanuco
P, Junin

P, Junin

S

S

172

172

172

175

127

127

174

127

127

35

173

174

173

174

173

173

174

173

173

253

252

253

253

251

251

251

251

251

247

247

247

279

289

289

289

289

289

236

236

237

235

239

239

237

239

239

152

152

15826

150

150

1506

1516

150

150

186

18¥

1

18Y

186

12

185

185

10

44

52

53



CIP 701165

CIP 701960

CIP 701985

CIP 702033

CIP 702172

CIP 703034

CIP 703088

CIP 703151

CIP 703313

CIP 703698

CIP 703707

CIP 703708

CIP 703197

P, Junin
P, Junin
P, Junin
P, Junin
P, Junin
P, Junin
P, Junin
P, Junin
P, Junin
P, Junin
P, Junin

P, Junin

P, Huancavelica

O > »>» On0w >r

s 0o o >

S

127

174

127

174

174

127

173

127

174

127

127

176

127

36

173

174

173

174

174

173

174

173

174

173

173

174

173

251

250

251

250

250

251

251

251

250

251

251

254

251

289

289

289

289

289

289

289

289

289

289

289

247

289

239 150
237 151
239 150
237 151
237 151
239 150
236 150
239 150
237 151
239 150
239 150
235 149
2390 1186

185

185

186

188

188

185

187

185

188

186

186

18I

2

55

2



CIP 703311

CIP 702243

CIP 702249

CIP 703470

CIP 702199

CIP 702353

CIP 703287

CIP 703933

CIP 702834

CIP 703319

CIP 703624

CIP 703637

CIP 700235

P, Huancavelica
P, Ayacucho
P, Ayacucho
P, Ayacucho
P, Cuzco

P, Cuzco

P, Cuzco

P, Cuzco

P, Puno

P, Puno

P, Puno

P, Puno

P, ?

wn

“w nu »nu v nun > n un u0u u un >

127

174

127

127

127

127

127

174

127

127

127

127

127

37

173

174

173

173

173

173

173

174

173

173

173

173

173

251

250

251

251

251

251

251

251

251

251

251

251

251

289

289

289

289

289

289

289

289

289

289

289

289

289

2390 1186

237 1586
239 1586
239 1586
239 150
239 150
239 150
237 151
239 150
239 150
239 150
239 150
239 150

2

12

12

12

186

186

186

186

186

186

186

186

186

2

36



CIP 703286 B, La Paz
CIP 703473 B, La Paz
CIP 702286 B, Cochabamba
CIP 702547 B, Potosi

CIP 702583 B, Potosi

127

174

127

127

172

173

174

173

173

172

251

250

251

251

253

289

289

289

289

247

239

237

239

239

236

150 18

151 185

150 18bB

151 188

57

*A Argentina, B Bolivia, P Peru

See Hawkes (1990) for species name abbreviatiparnentheses
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Table 2. Average gene diversityH) based on ctDNA microsatellites (including H3 nejkand gene diversity) based on

ctDNA types and haplotypes.

Taxon No. of Microsatellites CtDNA types Haplotypes
accessionsNpo. H1) No. h No. h

S. stenotomum 36 25 0.31 4 0.46 7 0.52
S brevicaule 12 11 0.21's 1 0 6 0.78
S. bukasovii 20 24 0.45"S 3 0.27 16 0.93
S canasense 23 29 0.53** 3 0.45 12 0.85
S. candolleanum 3 10 0.28"S 2 0.31 3 0.67
S. leptophyes 12 32 0.53* 3 0.49 11 0.90
S. multidissectum 7 17 041" 2 0.41 6 0.82
‘Shrevicaule complex?) 78 40 0.60** 5 0.62 45 0.96
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Wild species 86 44 0.62** 5 0.62 52 0.97

1) Difference inH betweersS. stenotomum and the other taxon was testedtligst. S not significant, **significant at a 1%

level.

2) ‘S brevicaule complex’ consisted o&. brevicaule, S. bukasovii, S. canasense, S. candolleanum, S coelestipetalum, S,

leptophyes, andS. multidisecctum.
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Wild species Solanum stenotomum

Peru
SS
Woc
ASSASAS
As
S A s
1 = buk SS s
2 =can s
3=mit N S
4 = Iph Bolivia > A Bolivia
5=cnd S
6 = brc W
7 =spl
8 = mga
9=vrn
0 =cop
[]= Cluster A
O = Cluster B

O = haplotype 2
O-= A-type ctDNA



chc
3
Iph
stn 57 brc ar
8
brc 12
can, 2lph 29
vrn 52

4brc, Iph, spl 10
2brc 11

3brc 9

Iph 48
45
Iph

55
stn

Iph*
46

44
Iph
spl

Chloroplast DNA type

W or W2* [Al,sorc
chc ;
4 can
vrn 34 can
53 35
it buk cop
mit 43 Iph
51 cnd 26 40 P 21 3buk
39
41 Iph
€an, cnd
36 _ 22 buk, 2stn]
13 2buk
// 16 buk Cluster B
i 20
1
31 can, mlt
38 can
23 buk
24 buk, 4can
32 4can
33 can
27 buk
28 buk
Iph
54 st P
15 5 mga
buk1? 19 g
s buk 2puk
s buk 25 buk, 3mlt
iph 30 50
A
can 37 mit
;6 cangg
mga 14
stn 2 0.01 changes
6can buk - ’
end, mit o ster A
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