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Abstract Simple sequence repeat (SSR) and single
nucleotide polymorphism (SNP) markers are amongst
the most common markers of choice for studies of
diversity and relationships in horticultural species. We
have used 11 SSR and 35 SNP markers derived from
transcriptome sequencing projects to fingerprint 48
accessions of a collection of brinjal (Solanum melon-
gena), gboma (S. macrocarpon) and scarlet (S.
aethiopicum) eggplant complexes, which also include
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their respective wild relatives S. incanum, S. dasy-
phyllum and S. anguivi. All SSR and SNP markers
were polymorphic and 34 and 36 different genetic
fingerprints were obtained with SSRs and SNPs,
respectively. When combining both markers all
accessions but two had different genetic profiles.
Although on average SSRs were more informative
than SNPs, with a higher number of alleles, genotypes
and polymorphic information content (PIC), and
expected heterozygosity (H,) values, SNPs have
proved highly informative in our materials. Low
observed heterozygosity (H,) and high fixation index
(f) values confirm the high degree of homozygosity of
eggplants. Genetic identities within groups of each
complex were higher than with groups of other
complexes, although differences in the ranks of
genetic identity values among groups were observed
between SSR and SNP markers. For low and inter-
mediate values of pair-wise SNP genetic distances, a
moderate correlation between SSR and SNP genetic
distances was observed (r2 = 0.592), but for high SNP
genetic  distances the correlation was low
(r? = 0.080). The differences among markers resulted
in different phenogram topologies, with a different
eggplant complex being basal (gboma eggplant for
SSRs and brinjal eggplant for SNPs) to the two others.
Overall the results reveal that both types of markers
are complementary for eggplant fingerprinting and
that interpretation of relationships among groups may
be greatly affected by the type of marker used.
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Introduction

Molecular markers based on DNA polymorphisms are
of great utility for different applications in biological
and agricultural sciences (Avise 2012; Grover and
Sharma 2014). There is a wide array of available
molecular markers (e.g., isozymes, RFLPs, RAPDs,
ISSRs, AFLPs, SSRs, SNPs, etc.), which have differ-
ent characteristics depending on their nature and the
techniques employed to identify them. Among them,
microsatellites or simple sequence repeats (SSRs)
have been amongst the most used ones for germplasm
management, selection and breeding (Kalia et al.
2011). SSRs are codominant, abundant, robust and
highly polymorphic (Varshney et al. 2005). Although
a few years ago their identification was relatively
expensive and time-consuming through the develop-
ment of genomic libraries, with the debut of new
generation sequencing (NGS) platforms their isolation
has become straightforward and cost-effective (Fer-
nandez-Silva et al. 2013; De Barba et al. 2016; Zhan
et al. 2016). In fact, thanks to the tremendous advances
in sequencing of transcriptomes and genomes, hun-
dreds or thousands of SSRs can be identified (Xiao
et al. 2013; Goodwin et al. 2016). However, these
large-scale sequencing projects also allow the identi-
fication of thousands to millions of molecular markers
of single nucleotide polymorphism (SNPs) markers
with a reasonable amount of resources (Van Tassell
et al. 2008; Davey et al. 2011; Scheben et al. 2017). As
occurs with the SSRs, SNPs are codominant, very
reliable, ubiquitous and universal molecular markers,
and although are generally less informative than SSRs
(Yang et al. 2011; Filippi et al. 2015; Gonzaga, 2015),
they are much more abundant and easy to automate
(Thomson et al. 2014; Kim et al. 2016).

SNPs are more uniformly spread across the
genomes, while the SSRs tend to distribute more
frequently in heterochromatic regions, although this
strongly depends on the species (Li et al. 2002; Hong
et al. 2007). In addition, the validation of SSRs is
generally more time-consuming and expensive due to
the need of detection through an agarose or
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polyacrylamide gels or capillary sequencing (Jones
et al. 2007). In this respect, Yan et al. (2010) estimated
that the resources and time needed to build a genetic
map using a high-throughput SNP genotyping may be
75% cheaper and 100-fold faster than SSR gel-based
methods.

Because of their different characteristics, SSRs and
SNPs sample different levels of genetic diversity. In
this respect, SSRs have a much higher mutation rate
than SNPs (Hamblin et al. 2007; Coates et al. 2009;
Fischer et al. 2017), because the mutations can be
derived from a variation of the number of repeats,
motif length or motif sequence (Ellegren 2004; Kashi
and King 2006). In fact, the estimation of mutational
rates of SSRs (1 x 107°) is several orders of magni-
tude higher than that of SNPs (1 x 107%) (Li et al.
1981; Kruglyak et al. 1998; Martinez-Arias et al.
2001). Although at the transcriptomic level the
mutation rate of both SSRs and SNPs are lower than
at the genomic level, the mutation rate of SSRs is also
much higher than that of SNPs in the expressed
sequences (Li et al. 2002).

Cultivated eggplants and their wild relatives are
very variable (Vorontsova et al. 2013; Kaushik et al.
2016; Acquadro et al. 2017), with three different
eggplant complexes (Daunay and Hazra 2012; Plazas
et al. 2014; Syfert et al. 2016), and may be an
appropriate material for comparing SSR and SNP
markers for fingerprinting, evaluation of genetic
identities and distances and for studying their rela-
tionships. Although the brinjal (or common) eggplant
(Solanum melongena L.) is the most economically
important, two other cultivated eggplant species exist,
namely the gboma (S. macrocarpon L.) and the scarlet
eggplants (S. aethiopicum L.), which are mostly grown
in sub-Saharan Africa (Lester et al. 1990; Sunseri et al.
2010). Solanum melongena together with its ancestor
(S. insanum L.) and other close relatives, like S.
incanum L., are part of the so-called brinjal eggplant
complex (Knapp et al. 2013). Similarly, the gboma
eggplant together with its ancestor S. dasyphyllum
Schumach. & Thonn. on one side, and the scarlet
eggplant together with its ancestor S. anguivi Lam. on
the other constitute, respectively, the gboma and
scarlet eggplant complexes (Lester and Niakan 1986;
Bukenya and Carasco 1994). Among the latter, the
scarlet eggplant complex is more variable than the
gboma eggplant and four cultivar groups (Aculeatum,
Gilo, Kumba, and Shum) are considered within the
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cultivated S. aethiopicum (Lester and Daunay 2003).
In addition, intermediate forms between the wild S.
anguivi and cultivated S. aethiopicum are also com-
mon (Plazas et al. 2014).

Although independently of the markers used the
three eggplant complexes are often genetically differ-
entiated clearly (Sakata and Lester 1997; Furini and
Wunder 2004; Isshiki et al. 2008; Tumbilen et al.
2011; Acquadro et al. 2017), the genetic proximity and
phylogenetic relationships among them frequently
depend on the markers and plant materials used. In this
respect, there is wide discrepancy in the studies over
which of the three eggplant complexes is phylogenet-
ically basal or genetically more distant to the two
others (Sakata et al. 1991; Sakata and Lester 1997,
Furini and Wunder 2004; Levin et al. 2006; Isshiki
et al. 2008; Weese and Bohs 2010; Tumbilen et al.
2011; Meyer et al. 2012; Vorontsova et al. 2013;
Sarkinen et al. 2013; Acquadro et al. 2017). Regarding
the relationships within the hypervariable scarlet
eggplant complex there have been few molecular
studies evaluating them (Sunseri et al. 2010; Adeniji
et al. 2013; Acquadro et al. 2017), but in general, they
reveal that they present a low genetic differentiation.

Given the lack of studies comparing SSR and SNP
markers in Solanum crops for genetic resources,
breeding and genetic relationships, in this work we
have genotyped a collection of accessions from the
brinjal, gboma and scarlet eggplants with SSR and
SNP markers obtained from the transcriptomes of S.
aethiopicum and S. incanum (Gramazio et al. 2016).
Although genomic markers tend to be more informa-
tive and accurate because are less prone to selection
(Gadaleta et al. 2011), several studies with markers
derived from transcriptome have shown that they are
useful and reliable for phylogenetics and establish-
ment of relationship among and within populations
(Vogel et al. 2006; Castillo et al. 2008; Choudhary
et al. 2009). Our objective is to confirm the potential
utility of these markers as well as to compare them for
fingerprinting, evaluation of genetic identities and
distances, and for the establishment of relationships
among these three groups.

Materials and methods
Plant material

The collection of accessions used in this study
encompasses accessions from different origins (Afri-
can, Asian and European), as indicated in Table 1. All
materials are maintained at COMAYV germplasm bank
(Universitat Politécnica de Valéncia, Spain). Thirty-
nine accessions belonged to the scarlet eggplant
complex and according to Lester and Niakan (1986)
classification key and Plazas et al. (2014), morpho-
logical characterization, belong to S. anguivi (2), to S.
aethiopicum groups Gilo (16), Kumba (7), Aculeatum
(5), Shum (3), or to an intermediate group between S.
anguivi and S. aethiopicum (8). Seven other accessions
used in this study corresponded to the gboma complex,
of which six are of S. macrocarpon and one of S.
dasyphyllum. Finally, one accession of S. incanum and
one S. melongena were used to represent the brinjal
complex. The seeds were germinated following a
protocol which is especially recommended for Sola-
num species that may present dormancy (Ranil et al.
2015).

DNA extraction

Total genomic DNA was isolated from leaves of 3—4
true leaves stage plantlets, according to the CTAB
protocol (Doyle and Doyle 1987) with slight modifi-
cations. The extracted DNA was dissolved in Milli-Q
water and general quality was confirmed in agarose gel
at 0.8%. After a concentration measurement using a
Qubit® 2.0 Fluorometer (Thermo Fisher Scientific,
Waltham, USA), the DNA was diluted at 30 ng/uL for
PCR and High Resolution Melting (HRM)
amplification.

SSR genotyping

The identification of SSRs from the transcriptomes of
one S. aethiopicum and one S. incanum accessions
(Table 2) was reported in Gramazio et al. (2016). The
selection of 11 highly reliable polymorphic SSRs was
performed through filtering them for quality parame-
ters and checking their coverage and length in the IGV
visor (Thorvaldsdottir et al. 2013). Primers pairs were
designed using Primer3 tool (v. 0.4.0, http://bioinfo.ut.
ee/primer3-0.4.0/primer3/).
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Table 1 Plant materials used for molecular characterization with SNP and SSR markers of a collection of accessions of brinjal,

gboma and scarlet eggplant complex, including the species and cultivar group and the country of origin

Accession Species/group Origin
Brinjal eggplant complex
MMS577 S. incanum Israel
AN-S-26 S. melongena Spain
Gboma eggplant complex
BBS117 S. macrocarpon Ivory Coast
BBS168 S. macrocarpon Ivory Coast
BBS171 S. macrocarpon Ivory Coast
BBS178 S. macrocarpon Ivory Coast
MM1153 S. dasyphyllum Uganda
MM1558 S. macrocarpon Malaysia
RNLO0367 S. macrocarpon Ghana
Scarlet eggplant complex
ANO5 S. aethiopicum group Gilo Angola
AN39 S. aethiopicum group Gilo Angola
ANG67 S. aethiopicum group Gilo Angola
BBS107 S. aethiopicum group Kumba Ivory Coast
BBS110 S. aethiopicum group Kumba Ivory Coast
BBSI111 S. aethiopicum group Kumba Ivory Coast
BBS114 Intermediate S. anguivi-S. aethiopicum Ivory Coast
BBS116 Intermediate S. anguivi-S. aethiopicum Ivory Coast
BBS119 S. anguivi Ivory Coast
BBS125 S. anguivi Ivory Coast
BBS131 Intermediate S. anguivi-S. aethiopicum Ivory Coast
BBS135 S. aethiopicum group Gilo Ivory Coast
BBS140 S. aethiopicum group Gilo Ivory Coast
BBS142 S. aethiopicum group Gilo Ivory Coast
BBS147 S. aethiopicum group Gilo Ivory Coast
BBS148 Intermediate S. anguivi-S. aethiopicum Ivory Coast
BBSI151 S. aethiopicum group Gilo Ivory Coast
BBS159 S. aethiopicum group Gilo Ivory Coast
BBS170 Intermediate S. anguivi-S. aethiopicum Ivory Coast
BBS180 Intermediate S. anguivi-S. aethiopicum Ivory Coast
BBS181 S. aethiopicum group Gilo Ivory Coast
BBS184 Intermediate S. anguivi-S. aethiopicum Ivory Coast
BBS192 Intermediate S. anguivi-S. aethiopicum Ivory Coast
INRA4 S. aethiopicum group Kumba Senegal
IVIA026 S. aethiopicum group Gilo Spain
MM457 S. aethiopicum group Aculeatum Japan
MMS585 S. aethiopicum group Kumba Senegal
MM1207 S. aethiopicum group Kumba Mali
MM1483 S. aethiopicum group Aculeatum Unknown
PI1413783 S. aethiopicum group Kumba Burkina Faso
RAREGILO S. aethiopicum group Gilo Unknown
RNL0022 S. aethiopicum group Shum Benin
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Table 1 continued

Accession Species/group Origin
RNLO187 S. aethiopicum group Aculeatum Unknown
RNL0252 S. aethiopicum group Gilo Ghana
RNLO0288 S. aethiopicum group Gilo Ghana
RNLO0340 S. aethiopicum group Shum Zambia
RNLO0395 S. aethiopicum group Gilo Liberia
UPV29014 S. aethiopicum group Gilo Algeria
UPV29803 S. aethiopicum group Aculeatum Argelia

The SSRs amplification was performed by PCR in a
volume of 12 pL including 7.21 pL water, 1.2 pL 1
x PCR buffer, 0.6 pL MgCI2 50 mM, 0.24 pL. dNTPs
10 mM, 0.3 pL. 10 pM, 0.06 pL forward primer with
M13 tail 10 uM, 0.24 pL fluorochrome (FAM, VIC,
NED and PET) 10 uM, 0.15 puL. Taq DNA Polymerase
(6 U/uL), 2 pL DNA template 20 ng/uL. The PCR
program used was the following: 95 °C for 3 min for a
denaturation, 30 cycles of 30 s at 95 °C followed by
30 sat65 °Cand of 30 s at 72 °C and finally 72 °C for
5 min for the last step of extension. The PCR products
were subsequently diluted in formamide and
sequenced by capillary electrophoresis through an
ABI PRISM 3100-Avant sequencer (Thermo Fisher
Scientific, Waltham, USA) using a 600 LIZ GeneScan
size standard (Thermo Fisher Scientific, Waltham,
USA). The fragments were analyzed using the
GeneScan software (Thermo Fisher Scientific, Wal-
tham, USA) to obtain the electropherograms and
polymorphisms were analyzed with Genotyper DNA
Fragment Analysis software (Thermo Fisher Scien-
tific, Waltham, USA).

SNP genotyping

The identification of 35 SNPs and primer pairs design
(Table 2) was similar to the one for SSRs as indicated
above by using S. aethiopicum and S. incanum
transcriptomes (Gramazio et al. 2016). Validation of
SNPs was performed through Real-Time PCR in a
LightCycler 480 (Roche, Basel, Switzerland). The
reactions were performed in a 10 pL. volume com-
prising 5 pL. Master Mix 2X, 0.8 uL. MgCl2 25 mM,
0.25 pL each primer, 1.7 pL. water and 2 pL. DNA
30 ng/uL. with the following touchdown PCR pro-
gram: denaturation at 95 °C for 10 min, followed by
55 cycles of 10 s at 95 °C, 15 s at 65 °C (decreasing

1 °C each cycle until 55 °C) and of 15 s at 72 °C,
finally the melting step at 1 min at 95 °C, 1 min at
40 °C, 1 s at 60 °C and rising the temperature at
0.02 °C/s until 95 °C.

Data analyses

The molecular marker analysis for SNPs and SSRs
was performed using the software packages Pow-
erMarker (Liu and Muse 2005) and GenAlEx 6.5
(Peakall and Smouse 2012). The following parameters
were calculated using the PowerMarker package:
number of alleles per locus, major allele frequency,
number of genotypes, polymorphic information con-
tent (PIC) values calculated as

n n—=1 n
PIC =1 pI =Y > 2ip},

i=1 i=1 j=it1
where n is the total number of alleles detected, p; the
frequency of the i th allele, and p; the frequency of the
jth allele) (Botstein et al. 1980), expected heterozy-
gosity (H,), calculatedas H, = 1 — Y 1, pi2 (where p;
is the frequency of the ith allele) (Nei 1972), observed
heterozygosity (H,), calculated as the number of
heterozygous alleles/number of alleles and fixation
index (f), calculated as f =1 — (Ho/He) (Wright
1965).

The consensus tree was calculated from the genetic
similarity to illustrate the level of relatedness between
the accessions using the UPGMA method (unweighted
pair-group method using arithmetic averages) (Sneath
and Sokal 1973) and it was reconstructed using the
software TreeView (Page 2001). Branch support on
the phenogram was tested by bootstrap analysis with
1000 replications using the PHYLIP version 3.67
software (Felsenstein 2007). Bootstrap values of 50%

@ Springer



Euphytica (2017) 213:264

264 Page 6 of 18

DVVODIDLLLVOLVVVOVIIDD
DLLVOOILV.LIODIOVOOVIOL
DILOOVOVVVOVVOLLOLLVOVDOVV
DVILLOVOIDLOVOLLLIDD
JOLLODLLIDDDVIDLOVIODD
DVDHLODHOHVOHVVODVDOVVDOL
DOVVOVDIIVOLVLVOLLOL
DDVOLVVVIOOLLLODDLOVD
DOLVIIIOLVVVIOVILVOL
DDDVILVVVIIVILVOOVOODL
OOLLLOLLVDIIVODLOOV
OLLOLVOLVOOLLLVODLLLLVVY
ODLOVVDVLVVLIOVLVVOODOVD
OLVIDLIODOVIIVILLOOVL
JOLVVVDOHLOVVOVOHLOLODOL
JOLLVLVIODDVLVIOLOOVIODOL
ODLLOLVOVOLVLVODODDVOL
OLVOLLLODVOOVVDOVIOIID

JLVOOVOOLOLLIODLLVOOL
ODLLLOVOVVIOODVVOVODLVLVOL
OVOLOODVIOVLLLLYDODL
JOVVDODVOODLOLOLVILLL
JOLLVVVIODLVIOLVIOOVOHY
JLOOVLLLODOLODIVVVDL
IOVVVIILVDVVIIVVVVIDD
DILOOVILLLIODLLIDOLODLLLLL
DVDLVOVVIVVVDVIIVIOVD
DLIDLIIIDLVOLOVILOLD
DVVVOHVVVILIDVVIILIDD

ODVIVV.LVIOLLOVIOLV.LODOD
DODVVDOVVOVVODDVILOOVD
DDOLLOLOODLIODOVLLVVOVOD
OJLLODVVVVILOLVVOLOLVOD
VVOVIOVVDVIILODDODLO
DDVOVVODVOILOLVVOLVVVOL
ODLLVOVOVIVILLVVODLVVY
DLVODODVVILLOV.LLOIDD
DDVIVVIDVIDLIOLIDVIOVY
JVLODOVIOVIIOILIOLIOLLO
DOLOLOLVVOLOVOLIOOLLOL
DDILVVODVDDVVVDVVVODD
DLIDLLOOVOVODDHODVVID
JOLV.LODDDIOLLODILODLVD
DVVIIIDOVVVVLOIOILOOVV
ODLVOLOVOVODLLYVOVODV
DVODHVIIVOHOVVOVODVVDL
OLODLVOLLOVOOVIOVOILOLOL

DDIDLOVOILVVVDLVDIIV
DVLLLYOOVIOLOVIDOLLLID
JOVVDVVIILVOLLVIDOLOD
DVODVOVODOLVODLVVVVD
DLIDLIOVVDOVVDHLODOVOD
IOLIOLVIOLIOLLODOLLOVVOD
DVDOHVODLLOVOOOVOLLOLD
ODLVOIDVLIOVVODDLVO
DVVDVVDVDVLLVVODOVODLVVVVV
DVVOVVVDLODILLODODV
DOVVVILLVIOVVIOVVLVODL

1'T0000™ §'ToWS
1°09920 $'ToWs
'6LyP0 SToWS
1'18160 SToWS
1'L6900 §'ToWSs
1’86660 $ToWS
1'S0S00™ §ToWs
1'980€0 $'7oWS
120090 S'ToWs
1'SSSH0 STows
1’89210 §'ToWs
70910 §ToWs
1'6S120° §ToWs
1'01910° §'7ows
1'8€¥S0” S 7aWs
I'Y1LT0 SToWS
1'62S00 SToWs
1'2€1€0 §ToWs

1°92200 §'TWs
1'699¢0° §ToWs
1'€L100° §'ToWS
L8920 §'7ows
1'10000 S'ToWS
120500 §'ToWs
1'€9100° §'ToWs
['11200° §ToWs
1'€€TI0 §ToWs
1'86810° '7oWS
1'26100° §'7oWs

1021 2906LDNVS
T0DL ¥00S¥DNVS
10DL 0Z€0¥ONVS
T0DL 8LYT0DNVS
1001 058990NVS
10DL $9€120NVS
T0DL 8€98€DNVS
10DL 1,00TDNVS
10DL 8S€L0DNVS
1001 069SLDNVS
T0DL 621290N0VS
TOOL L110LDNVS
10DL 611SIDNVS
2001 0SvPSONVS
10DL 1291LDNVS
T0DL 6998€DNV'S
T0DL 187€8DNVS
10D.L Z8ST8INVS

10D.L189L£DNIS
T10DL L66TSONVS
T0DL 1L6S7ONVS
2001 0£8990NVS
10D1 $8T¥90NVS
10DL 80T8¥DNVS
10DL $2§TTONVS
T0DL LI€LSDNVS
10D 190€20NVS
10DL ¥87§90NVS
2001 26S81DNVS

10DL 0v6LE£DNIS
2001 ¥v0T€DNIS
100L 98901D0IS
T0DL 29S610NIS
T0DL 9L900DNIS
10DL £9SS1DNIS
T0DL €19€20NIS
10DL $€06£D0NIS
10DL 180£2ONIS
0OL 6L£€1DNIS
S0DL 090LTDNIS
$0O.L£0600D0IS
10DL SILPEDNIS
10DL1,68£DNIS
€001 16161DNIS
T0DL ¥9ST1ONIS
10DL S068€DNIS
10DL 6568€DNIS

1001 189L£DNIS
TODL L1€81DNIS
$0OL TI1€0DNIS
10DL ¢rS81ONIS
1001 98012ONIS
10DL 996L£DNIS
10DL 89962DNIS
10DL 1681€DNIS
1001 209L£DNIS
10DL€6€L€DNIS
10DL LTTSEONIS

0v6LE ANS
¥¥0TE dNS
98901~ dNS
795617 dNS
9,900 dNS
L9SST™dNS
€19€T dNS
SE06E dNS
180€C” NS
6LEET™ANS
090L7"dNS
L0600~ dNS
SILYE dNS
1L68¢ dNS
16161 dNS
¥9ST1~ dNS
S068¢™dNS
65S68¢” dANS
SIayIewr NS
189L£dSS
LTE8TISS
TIT€0 ISS
TrS817 9SS
9801¢ 4SS
996L£™4dSS
8996 4SS
1681¢ ASS
709L£7 9SS
€6ELEISS
LTT8EISS
SIayIreut me

— = AN AN AN NN n N < NN O O O

S — AN
— = =

— AN <t v O >~ 0 O

Jowrnid asIoAdy

1ownid premIog

Quouad

jue[d33a projyeos

Juagun
wmordoyiav g

Quagmun
wnupoul "

D

IDIRI

s1owid 9S19A21 pue PIEMIO) dU) PUR ‘(10T ‘Te 32 emeyellH) dwouas jueid33o oyy ur pjoggess Surpuodsariod ay) ((91(g ‘Te 19 olzewreln) puodsariod
Kot yorym 03 seuagtun wnoidoryjap S pue wmupoul g Ay} ‘pjenyIs ore Koy YOIYM UT SWOSOWOIYD 9y} SuIpnjour ‘pasn SISIEW NS PUe WYS oY) JO sonsualoerey) g dqel

pringer

as



Page 7 of 18 264

Euphytica (2017) 213:264

DLVVDDOOVVIODLODODLOLD
JOLVVOLODOVVVLOOVOIIDL
JOLLODLOOVODILODLVIVOD
DVOHLLOLIDOLODODLIODOLD
ODLLLLVVOLLVYVODDOLVD
JOLLVIDDDOVIDOLLOLVVVD
DVIODLODLOLLIOLYIIDVD
OLDIOVIOOVVYVODIIIVIOL
DVOHVIOODOODLLLOLIODLY
DDLVOLVIDOLOVVOLIVVD
JOLLOLOVOVODOLVOVIDDV
OVVLOIVOODLLVOVIDDLVD
ODDOLIOLVOVODLVVIOLOLOD
DLODVOIVVVVILVOVLVOVVDD
OVLODIODOVOLOVOLLLLDD
DVIOLLOLLOVOIDIOOVVOVY
DOVIOOLLODDVOILODLVOVY

OVLODLLLLIOODVVDOODDILOV
OVVODIDLLVODLLODDLVOL
OOLLLVVDLVOOVLLIDOLOD
DLLVIODVVVOLODLLYIOVO
DLIODLOVIDVOLVIOOL
JLOV.LODODVIVODILOLLOL
OLLOVVOLLOLLLYDDIDDOL
OLLVVLODDOLODVV.LVODD
DOVVOLLLIODVVVVVOVVDDD
OLODILODOIVLIOOVVIODV.L
DDIOVVDDVVVILVVIDLVOLL
DOVVOHLYOLVODODVOIVOVD
JOOVVVIDLVVVLVVODIILO
DVVDHODILODODLVOVOV.L
DLOVOOVVVIODLOODOVODD
JLOVVOLIIDVILOOVIOLID
DIDLOLLIOODLOVOLODOVO

1'6STLO §'TWS
1'18€00 §ToWS
1'TEP00™ §'7oWS
1'66T60 S'7oWS
1'Thy00™ §ToWs
I'¥SPLO SToWs
1°06100° SToWS
1’88700 SToWS
['70S00™ §ToWs
'#0100° §'ToWS
['16€00 §ToWs
1'86800 S'ZoWS
["€1000 SToWS
1'€Tr00 SToWs
1'L08C0 §'ToWs
1'€L900 §'TWS
191000 §'ToWSs

T0DL 62€£€90NVS
T0DL SLSS8DNVS
LODL €1€¥9DNVS
1001 ¥66800NV'S
T0DL T6£8¥ONV'S
10DL L61LEDNVS
T0DL 66Tr£DNVS
T0DL SL8SIDNVS
T0DL TSSILONVS
T0DL €€69€DNVS
T0DL €£9970NVS
10DL 8€0S1DNVS
10D1 €889¥ONVS
10OL €I¥11DNVS
10DL 1268LDNVS
10D.L 920€20NVS
1001 989500NVS

€0DL 95¥0€DNIS
1001 81L¥IDNIS
$0OL ¥¥86ZDNIS
10DL SLY6EDNIS
1001 90€¥10NIS
10DL L186£DNIS
1001 STOYIONIS
10DL 016£1D0IS
1001 66v71D0IS
$0OL ¥6TTEINIS
1001 9€¥8€0NIS
10DL 8£¥200NIS
10DL 98SL1DNIS
T0DL 66££TONIS
10DL 0091020IS
1001 2TTIedNIs
S0DL €490€DNIS

71 9S¥0¢ dNS
71 8IL¥I dNS
IT +¥86C NS
[T SLY6E dNS
IT 90€¥1 dNS
01 L186€ dNS
0T STOPI dNS
0T6€1~dNS
66771~ dNS
¥62C¢” dNS
9¢H8¢™ NS
8€¥C0”dNS
98SL1 dNS
66£€C” dANS
00910 dNS
TCTIE dNS
€790 dNS

O >~ > > 0 0 0 & & &

Jownd 9s1oAdy

Jowind premiog

Qurouad
jue[d339 projyeos

uagmun
wnordonyian -

uadtun
wnupoui *§

plie) IIRIN

ponunuod g dqel,

pringer

As



264 Page 8 of 18

Euphytica (2017) 213:264

or higher were used to indicate support for the
phenogram topology at a node (Highton 1993). The
genetic distance matrix (Nei 1972) among the differ-
ent accessions was calculated with the GenAIEx 6.5
software package for both for SSRs and SNPs. The
correlation between pair-wise genetic distances cal-
culated for both markers was investigated by the
Mantel test (Mantel 1967) of matrix correspondence.

Results and discussion

Validation of the SSR and SNP markers
for fingerprinting

All SSR and SNP markers tested amplified and were
polymorphic in the collection evaluated, although in a
few cases there were missing data. In other studies in
which eggplant SSR markers were developed de novo,
the levels of polymorphism were not as high. For
example, Vilanova et al. (2012) found an 85.5% of
polymorphism in SSRs derived from a genomic library
of S. melongena. A lower level of polymorphism
(56.7%) was detected in the genetic SSRs derived
from a library developed by Nunome et al. (2009),
where 598 out of 1054 markers were polymorphic.
When comparing the SSR and SNP profile of the two
accessions used for obtaining the transcriptomes of S.
aethiopicum (accession BBS135) and S. incanum
(accession MM577) (Gramazio et al. 2016), only one
SNP marker (SNP_14499) was found to be monomor-
phic among the two accessions. This confirms the high
quality of the transcriptome sequences and in silico
analysis performed by Gramazio et al. (2016) and
reveals that both SSR and SNP markers obtained from
in silico analyses of transcriptomes in materials of
cultivated and wild eggplants are reliable and trans-
ferable to related species for being used in genotyping
and fingerprinting. Other studies confirmed the relia-
bility of the molecular markers discovered in silico
from transcriptomes. For example, a set of SNPs
identified in silico from a pepper (Capsicum annuum
L.) transcriptome were validated in 43 pepper lines
and accessions resulting in a rate of 89.9% polymor-
phic markers (Ashrafi et al. 2012). Also 86.7% of a
subset of SSRs identified in silico in a zucchini
(Cucurbita pepo L.) transcriptome resulted polymor-
phic in a set of ten accessions of genus Cucurbita, nine
of which were representative of the diversity within C.

@ Springer

pepo and one accession C. moschata accession
(Blanca et al. 2011). Up to now, few transcriptomes
have been sequenced in genus Solanum and in just a
few of them molecular markers have been identified
and primers pairs designed in silico for a subsequent
validation in a wide range of related materials. An
example is the S. dulcamara L. transcriptome where
the SSR identified in silico were validated in seven
plants and all of them resulted polymorphic (D’ Agos-
tino et al. 2013).

When considering the 11 SSRs, a total of 34
different genetic profiles were found among the 48
accessions evaluated, while for the 35 SNPs, the
number of different genetic profiles was 36 (Table 3).
This confirms the highest discrimination potential of
SSRs compared to SNPs for genetic fingerprinting
(Hamblin et al. 2007; Varshney et al. 2007; Yang et al.
2011), as the number of different profiles obtained is
almost the same with 11 SSRs or 35 SNPs. In this
respect, several authors considered that in order to
obtain a similar genetic power to discriminate indi-
viduals from different populations the number of SNPs
required might be 8-15 times the number of SSRs
(Hess and Matala 2011; Yu et al. 2009).

When considering a combination of both SNP and
SSR markers 47 unique genetic fingerprints were
obtained for the 48 accessions, and only two of them
(both from S. aethiopicum Gilo group) shared the same
genetic profile for the markers that amplified in both of
them. Although in general (Hu et al. 2011; Nandha and
Singh 2014; Thiel et al. 2003) and in the particular case
of eggplant (Mufoz-Falcon et al. 2011) genomic SSRs
and SNPs are frequently more polymorphic than
transcriptome-derived SSRs and SNP, in our case we
have found a considerable level of polymorphism in the
markers we tested. Particularly, the combination of both
SSR and SNP markers has been highly efficient for
genetic fingerprinting. Probably the fact that both types
of markers sample different levels of genomic diversity
(van Inghelandt et al. 2010) increases the efficiency of
fingerprinting when combining both types of markers.

In all cases, accessions sharing a single SSR or SNP
profile corresponded to the same eggplant complex
(brinjal, gboma, or scarlet eggplant complexes)
(Table 3), indicating that both types of markers
provide consistent results. The number of accessions
having a single genetic profile ranged between two and
six for SSRs, between two and seven for SNPs, and
only two when combining both SSR and SNP markers.
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Table 3 Accessions having a shared genetic profile with 11 SSR or 35 SNP markers, or using all of them (11 SNP plus 35 SNP

markers)

Shared genetic profiles Accessions

Species/group

Using 11 SSRs

GP_SSR1 BBS 168, RNL0367
GP_SSR2 BBSI119
BBSI116
BBSI111
GP_SSR3 MM1483, RNLO187
GP_SSR4 UPV29803
BBS148, BBS192
BBS159, RNL0252
BBSI110
GP_SSR5 BBS151, BBS181, RNL0288, RNL0395
MMS585
GP_SSR6 BBS107, MM 1207
Using 35 SNPs
GP_SNP1 BBS117, MM1558
GP_SNP2 BBS180
BBS140, BBS159, RNL0252
GP_SNP3 MM1483
RAREGILO
MM1207
GP_SNP4 AN39, IVIA026, UPV29014

BBS111, MM585, PI413783

RNL0022
Using 11 SSRs plus 35 SNPs

GP_SSRSNP1 BBS159, RNL0252

S. macrocarpon

S. anguivi

Intermediate S.anguivi-S-aethiopicum
S. aethiopicum gr. Kumba

S. aethiopicum gr. Aculeatum

S. aethiopicum gr. Aculeatum
Intermediate S.anguivi-S-aethiopicum
S. aethiopicum gr. Gilo

S. aethiopicum gr. Kumba

S. aethiopicum gr. Gilo

S. aethiopicum gr. Kumba

S.

. aethiopicum gr. Kumba

S. macrocarpon

Intermediate S.anguivi-S-aethiopicum
. aethiopicum gr. Gilo

. aethiopicum gr. Aculeatum

. aethiopicum gr. Gilo

. aethiopicum gr. Kumba

. aethiopicum gr. Gilo

. aethiopicum gr. Kumba

thy i '”r “”oh ”ro »”n»

. aethiopicum gr. Shum

S. aethiopicum gr. Gilo

When considering only SSR or SNP markers, acces-
sions from different groups of the scarlet eggplant
complex (i.e., S. anguivi, the Intermediate S. anguivi-
S. aethiopicum group, and the four groups of S.
aethiopicum) often shared a same profile. Our data are
in agreement with those of other authors who used
AFLPs and SSRs (Sunseri et al. 2010), RAPDs
(Aguoru et al. 2015), and SNPs (Acquadro et al.
2017) and also found that accessions of S. aethiopicum
did not cluster according to the cultivar group. This is
an additional indication that these groups, which are
distinguished on the basis of morphology (Lester
1986; Lester and Daunay 2003; Plazas et al. 2014), are
not genetically differentiated.

SSR and SNP diversity statistics

In general, the diversity statistics for the SSRs had
higher average values than those of the SNPs
(Tables 4, 5). This is common because due to its
nature, the potential variability of SSRs is larger than
that of SNPs (Ellegren 2004; Kashi and King 2006;
Fischer et al. 2017). In our study, the number of alleles
obtained with SSRs ranged between three and seven,
with an average value of 5.00 (Table 4), while for
SNPs it ranged between two and four with an average
value of 2.34 (Table 5). Also, the major allele
frequency was generally lower with SSRs, ranging
from 0.531 to 0.857, with an average value of 0.689,
while for SNPs the values were considerably higher,
with a range from 0.510 to 0.989, and an average value
of 0.851. These values reveal that, despite a having a
great diversity, there is always a major allele with a

@ Springer
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Table 4 Genetic diversity statistics, including major allele
frequency, number of genotypes, number of alleles, expected

polymorphic information content (PIC), and coefficient of
inbreeding (f) for the 11 SSR markers evaluated in a collection

heterozygosity ~ (H,), observed heterozygosity (H,), of brinjal, gboma and scarlet eggplants accessions
Marker Number of  Major allele Number of PIC H, H, f
alleles frequency genotypes
SSR_1 4 0.786 4 0.319 0.354 0.020 0.944
SSR_2 6 0.490 6 0.636 0.679 0.000 1.000
SSR_4 5 0.765 7 0.338 0.379 0.122 0.683
SSR_5 3 0.724 4 0.366 0.422 0.020 0.953
SSR_6 4 0.796 4 0.304 0.339 0.041 0.882
SSR_7 5 0.531 8 0.570 0.625 0.102 0.840
SSR_8 5 0.439 6 0.615 0.672 0.020 0.970
SSR_9 7 0.602 8 0.549 0.587 0.020 0.966
SSR_10 5 0.776 6 0.342 0.373 0.041 0.893
SSR_11 5 0.857 6 0.249 0.259 0.041 0.845
SSR_12 6 0.816 6 0.315 0.326 0.000 1.000
Mean £ SE  5.00 £ 0.33 0.689 £ 0.044 591 £ 0.44 0.419 4+ 0.043  0.456 + 0.046 0.039 &+ 0.012 0.907 & 0.028

frequency over 50%, both for SSRs and SNPs. The
number of genotypes, as occurs for the alleles, was
also higher for SSRs, with a range from four to eight
and an average of 5.91 (Table 4), than for SNPs, which
presented a range from two to five, with an average of
3.14 (Table 5). As a consequence of the larger number
of alleles and lower frequency of the major allele, the
PIC values were generally higher for SSRs, with a
range from 0.249 to 0.636 and an average of 0.419,
than for SNPs, which ranged from 0.021 to 0.386 and
an average value of 0.191. Our results are consistent
with previous works in eggplants, which find similar
values to ours. For example, Vilanova et al. (2012),
using genomic SSRs in a collection of 20 accessions of
S. melongena plus one accession of S. aethiopicum and
S. macrocarpon found similar levels of number of
alleles (4.72) and PIC (0.47) than us. Otherwise, other
authors found lower values of average PIC rate and
number of alleles per locus. For example, Stagel et al.
(2008) found a mean PIC rate of 0.38 and number of
alleles per locus of 3.1 when assessed 11 EST-SSRs in
38 S. melongena accessions. Also, Nunome et al.
(2009) found lower values for the diversity statistics
when they genotyped eight lines of S. melongena using
1054 genomic SSRs (mean PIC value = 0.27, mean
number of alleles = 2.2) and 66 EST-SSRs (mean PIC
value = 0.13, mean number of alleles = 1.4).

@ Springer

The expected heterozygosity (H,) was, on average,
higher for SSRs (0.456) than for SNPs (0.224), and
much higher than the observed heterozygosity (H,),
which had average values of 0.039 for SSRs and 0.025
for SNPs. The much higher values for H, compared to
H, result in high levels for the fixation index (f), with
average values of 0.907 for SSRs and 0.837 for SNPs.
In fact, for some SSR and SNP markers, the f value
was 1, and so all materials were homozygous for these
loci. Our values are similar to those obtained by others
with SSRs and SNPs in common eggplant collections
(Mufioz-Falcdn et al. 2009; Vilanova et al. 2012, 2014,
Ge et al. 2013; Augustinos et al. 2016). Although it is
known that cultivated brinjal eggplant is fundamen-
tally autogamous (Arumuganathan and Earle 1991;
Pessarakli and Dris 2004; Daunay and Hazra 2012) our
results also provide evidence that gboma and scarlet
eggplants present a reproductive system similar to that
of brinjal eggplant.

SSR and SNP-based genetic relationships

Genetic identity values among groups within each of
the eggplant complexes had high values, both with
SSR and SNP markers (Table 6). Not surprisingly,
low values of genetic identities have been obtained
between S. incanum and S. aethiopicum groups, as
markers were selected for polymorphism between the
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Table 5 Genetic diversity statistics, including number of (H,), observed heterozygosity (H,), and coefficient of inbreed-
alleles, major allele frequency, number of genotypes, poly- ing (f) for the 35 SNP markers evaluated in a collection of
morphic information content (PIC), expected heterozygosity brinjal, gboma and scarlet eggplants accessions

Marker Number of  Major allele Number of PIC H, H, f

alleles frequency genotypes

SNP_38959 2 0.926 3 0.128 0.138 0.021 0.849
SNP_38905 2 0.714 3 0.325 0.408 0.041 0.902
SNP_11564 3 0.723 4 0.386 0.433 0.043 0.904
SNP_19191 3 0.929 4 0.130 0.135 0.020 0.851
SNP_38971 2 0.949 3 0.092 0.097 0.020 0.793
SNP_34715 3 0.959 3 0.078 0.079 0.000 1.000
SNP_00907 3 0.911 3 0.157 0.165 0.000 1.000
SNP_27060 2 0.739 3 0.311 0.386 0.043 0.890
SNP_13379 2 0.949 3 0.092 0.097 0.020 0.793
SNP_23081 2 0.531 3 0.374 0.498 0.041 0.920
SNP_39035 3 0.724 4 0.373 0.425 0.020 0.953
SNP_23613 2 0.854 3 0.218 0.249 0.042 0.836
SNP_15567 2 0.698 3 0.333 0.422 0.021 0.952
SNP_00676 2 0.696 3 0.334 0.423 0.043 0.899
SNP_19562 2 0.724 3 0.320 0.399 0.020 0.950
SNP_10686 4 0.888 5 0.198 0.206 0.061 0.709
SNP_32044 2 0.745 3 0.308 0.380 0.020 0.947
SNP_37940 2 0.745 3 0.308 0.380 0.020 0.947
SNP_30643 2 0.967 3 0.061 0.063 0.022 0.662
SNP_31222 3 0.918 3 0.148 0.153 0.000 1.000
SNP_01600 3 0.750 4 0.325 0.385 0.042 0.894
SNP_23399 2 0.980 2 0.039 0.040 0.000 1.000
SNP_17586 2 0.949 3 0.092 0.097 0.020 0.793
SNP_02438 2 0.969 3 0.058 0.059 0.020 0.662
SNP_38436 3 0.929 4 0.131 0.135 0.020 0.852
SNP_32294 2 0.946 3 0.098 0.103 0.022 0.793
SNP_14499 2 0.989 2 0.021 0.021 0.021 0.000
SNP_14015 2 0.792 3 0.275 0.330 0.042 0.876
SNP_39817 2 0.949 3 0.092 0.097 0.020 0.793
SNP_14306 3 0.878 4 0.202 0.219 0.082 0.634
SNP_39475 2 0.980 2 0.039 0.040 0.000 1.000
SNP_29844 2 0.948 3 0.094 0.099 0.021 0.793
SNP_14718 3 0.949 4 0.096 0.098 0.020 0.796
SNP_30456 2 0.510 2 0.375 0.500 0.000 1.000
SNP_13910 2 0.966 3 0.064 0.066 0.023 0.661

Mean £ SE 234 £ 0.09 0.851 +£0.022 3.14 £ 0.11 0.191 £ 0.021 0.224 £+ 0.027 0.025 £ 0.003 0.837 £ 0.031
transcriptomes of two accessions of these taxa (Gra- eggplant complexes have been larger than the between
mazio et al. 2016). When considering each of the eggplant complexes identities. For example for the
eggplant complexes, the genetic identities within brinjal eggplant complex, the within complex genetic

@ Springer
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identity (i.e., between S. incanum and S. melongena)
has been 0.810 for SSRs and 0.588 for SNPs, while the
range for genetic identities with other eggplant
complex groups has been between 0.045 (S. melon-
gena vs. S. macrocarpon) and 0.439 (S. melongena vs.
S. anguivi) for SSRs and between 0.107 (S. incanum
vs. S. aethiopicum group Gilo) and 0.565 (S. melon-
gena vs. S. macrocarpon) for SNPs (Table 6). Amaz-
ingly, in this case, the genetic identity between S.
melongena and S. macrocarpon has been largest with
SNPs and lowest with SSRs, reflecting that different
levels of genetic diversity are sampled by both
markers (Ellegren 2004; Kashi and King 2006; Fischer
et al. 2017). In the case of the gboma eggplant
complex, the within complex identity has been very
high, with a value of 0.935 for SSRs and 0.911 for
SNPs, and it has ranged between 0.045 (S. melongena
vs. S. macrocarpon) and 0.229 (S. macrocarpon vs.
Intermediate S. anguivi-S. aethiopicum) for SSRs and
between 0.343 (S. incanum vs. S. dasyphyllum) and
0.753 (S. macrocarpon vs. S. aethiopicum group
Shum). For this complex group the genetic identities
with other complex groups have been much larger
with SNPs than with SSRs (Table 6). Finally, for the
scarlet eggplant complex the within complex identity
has ranged between 0.704 (S. anguivi vs. S. aethiopi-
cum group Aculeatum) and 0.970 (S. aethiopicum
group Gilo vs. S. aethiopicum group Kumba) for
SSRs, and between 0.859 (S. anguivi vs. S. aethiopi-
cum group Kumba) and 0.976 (S. aethiopicum group
Gilo vs. S. aethiopicum group Kumba) for SNPs; when
considering genetic identities with other groups it has
ranged between 0.098 (S. incanum vs. S. aethiopicum
group Shum) and 0.439 (S. melongena vs. S. anguivi)
for SSRs and between 0.107 (S. incanum vs. S.
aethiopicum group Gilo) and 0.753 (S. macrocarpon
vs. S. aethiopicum group Shum) (Table 6). In this case,
the genetic identities of scarlet eggplant with the
brinjal eggplant have been larger than with the gboma
eggplant with SSRs, while the contrary occurred with
SNPs. Overall, these results provide evidence that
important differences exist among SSR and SNP
markers for genetic identities among groups. This may
have important consequences for the establishment of
relationships among eggplant complexes based on
genetic profiles, as depending on the markers used the
results may be very different.

SSR and SNP pair-wise genetic distances among all
individual accessions displayed a moderate

correlation (r2 =0.529; b =0.341; P < 0.0001)
(Fig. 1). However, it is evident from Fig. 1 that there
is a difference in the relationship between both
markers depending on the value of the SNP genetic
distance. In this way, for values of SNP genetic
distance below 70, the correlation is much higher
(r2 = 0.592; b = 0.534; P < 0.0001) than for values
for SNP genetic distance above 70 (r2 = 0.080;
b = 0.045; P = 0.0047). This shows that, for the
materials used, when genetic distances based on SNPs
are low to intermediate (i.e., within complexes), SNPs
and SSRs provide similar levels of information, while
when the genetic distances are higher (i.e., among
complexes), SNPs provide better resolution, as SSR-
based genetic distances seem to reach a saturation.
This different performance of both types of markers is
very likely due to the much higher rate of mutation of
SSRs compared to SNPs (Hamblin et al. 2007; Coates
et al. 2009). In this way, when certain levels of
phylogenetic distance are reached, the SSR alleles
seem to have diverged so much that they are not good
to establish relationships based on phylogenetic dis-
tance. This has important implications for phyloge-
netic and germplasm conservation studies.

Cluster analyses

The topology of the SSR-based and SNP-based
phenograms is different (Fig. 2). In other studies, the
results obtained on the relationships among the three
eggplant complexes depended on the markers used
(Sakata et al. 1991; Furini and Wunder 2004; Levin
et al. 2006; Isshiki et al. 2008; Weese and Bohs 2010;
Meyer et al. 2012; Sirkinen et al. 2013; Vorontsova
et al. 2013; Acquadro et al. 2017). Although in both
cases three major clusters are identified, correspond-
ing to each of the three eggplant complexes, in the
SSR-based phenogram the gboma eggplant complex
cluster is basal to the brinjal and scarlet eggplant
complexes, while in the SNP-based phenogram the
brinjal eggplant cluster is basal to the gboma and
scarlet eggplant complexes. Amazingly, Acquadro
et al. (2017), using genomic SNPs found that the
scarlet eggplant complex cluster is basal to the brinjal
and gboma eggplant complexes. In our case, because
markers used here were selected for polymorphism
between expressed sequences of one accession of each
of S. incanum and S. aethiopicum (Gramazio et al.
2016), it was expected that the largest distance in the

@ Springer
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Fig. 1 Relationship
between SNP (X-axis) and
SSR (Y-axis) pair-wise
genetic distances among 48
individual accessions of the
brinjal, gboma and scarlet
eggplant complexes

100

SSR Genetic Distance

50

100

SSR-based phenogram

S melongena

S. incanum

S. anguivi

S aethiopicum gr. Gilo

S sethiopicum gr. Shum

S aethiopicum gr. Kumba

Intermediate
S anguivi-S. aethiopicum

S aethiopicum gr. Aculeatum

S dasyphytium

S macrocarpon

Fig. 2 UPGMA hierarchical clustering consensus phenograms
based on Nei (1972) genetic distances for the brinjal (S.
melongena and S. incanum), gboma (S. macrocarpon and S.
dasyphyllum) and scarlet eggplant (S. aethiopicum and S.
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anguivi) complex groups according to SSR (left) and SNP
markers (right). Bootstrap values (based on 1000 replications;
expressed in percentage) greater than 50% are indicated at the
corresponding nodes
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tree should have been between the clusters of brinjal
and scarlet eggplants, but this was only true for SNP
markers (Fig. 2). This provides evidence that SNP
markers may provide better resolution than SSRs
when evaluating phylogenetic relationships among
Solanum taxa not belonging to the close primary
genepool. When considering the scarlet eggplant
complex, in both phenograms the wild S. anguivi is
basal to the other groups, although the other groups
present a different clustering pattern depending on the
markers used (Fig. 2).

Conclusions

The transcriptome-derived SSR and SNP markers
have been highly polymorphic in the eggplants
collection evaluated and proved useful for genetic
fingerprinting. As expected, SSRs were on average
more informative than SNPs, but a similar number of
fingerprints were obtained with 11 SSRs and 35 SNPs.
Both SSR and SNP markers confirmed the high
fixation index of the eggplant materials and clearly
distinguished the three eggplant complexes. However,
different results depending on the type of marker were
obtained for the relationships among eggplant com-
plexes, indicating that they sample different levels of
genetic variation. In this respect, SSRs and SNPs
presented a moderate correlation for low to interme-
diate values of SNP pair-wise genetic distance, but a
low correlation for high SNP genetic distances. This
suggests that both markers are complementary in the
information provided, although SNPs seem more
appropriate to evaluate materials genetically distant
in the eggplant complexes. This information will be
useful for eggplants germplasm management, phylo-
genetic and relationships studies, as well as for genetic
fingerprinting and breeding.
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