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Abstract. Tomato Solanum lycopersicum L. is one of the main vegetable crops, accessions and cultivars of which are
characterized by a low level of genomic polymorphism. Introgressive tomato breeding uses related wild Solanum spe-
cies to improve cultivars for stress tolerance and fruit quality traits. The aim of this work was to evaluate the genome
variability of 59 cultivars and perspective breeding lines of S. lycopersicum and 11 wild tomato species using the AFLP
method. According to the AFLP analysis, four combinations of primers E32/M59, E32/M57, E38/M57, and E41/M59,
which had the highest PIC (polymorphism information content) values, were selected. In the process of genotyping a
collection of 59 cultivars/lines of S. lycopersicum and 11 wild tomato accessions, the selected primers revealed 391 frag-
ments ranging in size from 80 to 450 bp, of which 114 fragments turned out to be polymorphic and 25 were unique.
Analysis of the amplification spectra placed wild tomato accessions into separate clades. Sister clades included culti-
vars of FSCV breeding resistant to drought and/or cold and, in part, to late blight, Alternaria, Septoria, tobacco mosaic
virus and blossom end rot, as well as tomato accessions not characterized according to these traits, which suggests
that they have resistance to stress factors. In accessions of distant clades, there was clustering on the basis of resistance
to Verticillium, cladosporiosis, Fusarium, tobacco mosaic virus, gray rot, and blossom end rot. The combination of ac-
cessions according to their origin from the originating organization was shown. The primer combinations E32/M59,
E32/M57, E38/M57 and E41/M59 were shown to be perspective for genotyping tomato cultivars to select donors of
resistance to various stress factors. The clade-specific fragments identified in this work can become the basis for the
development of AFLP markers for traits of resistance to stress factors.
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BapumabenbHOCTh F'eHOMAa OT€UYeCTBEHHBIX COPTOB TOMaTa:
naHHblie AFLP-aHanmsa

A.B. Kyaakosa! @, E.A. Apsuenxol, A.B. lllennnkosal, O.H. IMeimnas?, E.A. Axocl 2
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2 (DepepanbHblii Hay4YHbI LLEHTP oBOLLeBOACTBa, noc. BHUNCCOK, MockoBckas obnacTb, Poccus
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AHHoTayus. TomaT Solanum lycopersicum L. ABNA€TCA OOHOW 13 OCHOBHbIX OBOLLHbIX KyNbTyp, 06pasLibl U copTa KOTo-
oW1 XapaKTepU3yTCA HU3KMM YPOBHEM FEHOMHOTO nonMmopdusma. B MHTporpeccrBHOM cenekuyum TomaTa UCnosb-
3y10T POACTBEHHbIE AVKOPACTYLMeE BUAbI Solanum AnA ynydLeHnsa COPTOB MO NPU3HaKaM YCTOMYMBOCTY K CTPECCOBbIM
dakTopam 1 KayecTtBa nnopos. Llenbto paboTbl 6bina oueHKa BaprabenbHOCTU reHOMa 59 COPTOB U NePCNeKTUBHbIX
CeneKUMOHHbBIX NMHWIA S. lycopersicum n 11 gukopacTyLmx BULOB TOMaTa ¢ nomolybto Metofa AFLP. Mo gaHHbim AFLP-
aHanm3a 6bino BbIGPaHO yeTbipe KoMbuHaumm npaimepos E32/M59, E32/M57, E38/M57 n E41/M59, koTopble oTnu-
Yanucb Hanbonee Bbicokumm nokasatenamu PIC (polymorphism information content). B npouecce MmapKupoBaHus
Konnekuun s 59 coptos/nunHui S. lycopersicum n 11 gukopacTywmx o6pasLos ToMaTa 0TO6paHHbIMY NpaiMepamu
BbiABeH 391 ¢pparmeHT pa3mepom oT 80 f0 450 n.H., 13 KoTopbix 114 dpparMeHTOB OKa3anncb NOAUMOPOHBIMU 1 25 —
YHUKanbHbIMU. AHanM3 cnekTpoB amnandrKauuy Bbigennn AnKopacTyLyre obpasLbl TomaTta B OTAeNbHble Knagbl. Ce-
CTPUHCKME Knafbl BKIloYanu copta cenekumnn GegepasnbHOro Hay4yHoro LieHTpa OBOLLEBOACTBA, YCTONUMBbIE K 3acyxe
W/Vinn Xonogy U, YaCTUUYHoO, K GUTOGTOPO3Y, anbTepHapPUO3yY, CENTOPMO3Y, BUPYCY TabauHOM MO3anKN 1 BEPLIVHHON
THUAN N0JAQ, @ TaKXKe He OXapaKTepU30BaHHbIE MO JaHHbIM MPU3Hakam 06pasLibl TOMaTa, YTo NO3BONIAET NPEeANoso-
KWTb HanNMuMe y HUX YCTOMYMBOCTU K CTPECCOBbIM dpakTopam. Y COPTOBbIX 06Pa3L0OB OTAANIEHHbIX KNag NpUCyTCTBYET
KnacTepusaumsa no npusHakam yCToNuMBOCTY K BepTULMANE3y, Knagocnopuosy, dysaprosy, Bupycy TabauHomn mosan-
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BapuabenbHOCTb reHOMa OTeYeCTBEHHbIX COPTOB TOMaTa:
naHHble AFLP-aHanuza

K1, CEPOV THUMN 1 BEPLUMHHON rHUNM nnopa. MokasaHo o6bearHeHne 06pa3LioB COrMacHO UX MPONCXOXKAEHUIO OT Op-
raHu3sauum-opurmHatopa. NpoaemMoHCTprpoBaHa NepPCnekTVBHOCTb NpaiMepHbIX KomouHauuin E32/M59, E32/M57,
E38/M57 1 E41/M59 pna reHOTUNUPOBaHUA COPTOB TOMaTa C Lienbio 0T6opa JOHOPOB YCTOMYMBOCTUA K Pa3finNyHbIM
cTpeccoBbiM dakTopam. BbiABneHHble B HacToAwWeln paboTte KnagocneyudunyHble dparmeHTbl MOTYT CTaTb OCHOBOW
ana paspaboTkm AFLP-mapkepoB and Npr3HaKkoB YCTOMYMBOCTU K CTPECCOBbIM pakTopam.

KnioueBble cnoBa: Solanum lycopersicum; copta TomaTa; reHOMHbI nonumopdunsm; AFLP-mapkepbl; kKnactepusayms.

Introduction

The assessment of genetic diversity, considering the pedigrees
of crop cultivars and associations with important traits, is one
of the foundations of modern breeding. Various methods of
molecular genome analysis are used in the selection of parental
genotypes, as well as in identifying the level of variability both
within a variety and between varieties (Nurmansyah et al.,
2020; Sheeja et al., 2021). Both the entire plant genome and
its particular regions (gene families, specific loci, individual
genes) are subjected to DNA genotyping. Polymorphism data
are used, for example, to develop molecular DNA markers
linked to important traits. Markers are used to search for do-
nors of the corresponding genotypes, as well as to certify va-
rieties and lines (Semagn et al., 2006; Swiecicka et al., 2009).

One of the commonly used methods for assessing plant
genome variability is the AFLP (Amplified Fragment Length
Polymorphism), which is based on the assessment of unique
and moderately repetitive genome sequences, but does not
require the determination of the sequences themselves (Vos et
al., 1995; Karp et al., 1997; Despres et al., 2003). The evalu-
ation is based on selective PCR amplification of restriction
fragments from a total genomic DNA digest (Vos et al., 1995).
The use of AFLP markers is applicable to all species, highly
reproducible, and highly efficient in determining genetic dis-
tances and phylogenetic relationships in taxonomy (Kardolus
etal., 1998; Mba, Tohme, 2005; Arifet al., 2010). The method
has been successfully applied to study wild and endangered
plant species (Zawko et al., 2001; Ronikier, 2002; van Ee et
al., 2006; Manoko et al., 2007; Elameen et al., 2008; Li et al.,
2008; Sanchez-Teyer et al., 2009; Tatikonda et al., 2009). In
addition, AFLP is popular in modern plant breeding and is
used to determine pedigrees, variability, homogeneity, and the
degree of introgression and hybridity of varieties, as well as
to search for molecular markers associated with economically
valuable traits (Mba, Tohme, 2005; Swiecicka et al., 2009; Arif
etal., 2010). Such studies have been carried out, for example,
on wheat (Hassan et al., 2018), barley (El-Esawi et al., 2018a),
peas (D’iachenko et al., 2014; El-Esawi et al., 2018b), pep-
per (Kochieva, Ryzhova, 2009) and potato (McGregor et al.,
2002; Jacobs et al., 2008; Bamberg, del Rio, 2014; Bryan et
al., 2017; Dyachenko et al., 2020).

The AFLP has also been used for genotyping tomato (Sola-
num lycopersicum L.). Thus, with this method, an intraspecific
map of the tomato genome was obtained (Saliba-Colombani
et al., 2000), the transcriptional response of tomato to nema-
tode infection was studied (Swiecicka et al., 2017), and DNA
markers linked to resistance to tomato bacterial wilt (Miao
et al., 2009) and cladosporiosis (Thomas et al., 1995) were
identified. The use of AFLP for comparing the response of

heat-tolerant and heat-sensitive tomato genotypes to mode-
rate heat stress conditions revealed a number of differentially
expressed constitutive genes, presumably determining heat
tolerance and differences in genotype adaptation to elevated
temperatures (Bita et al., 2011).

The phylogenetics and genogeography of crop wild relatives
are effective approaches to understanding their evolutionary
patterns and unlocking their potential to improve crops. AFLP
genotyping against geographic and climatic indicators has
contributed to the study of the spatial genetics of wild tomato
species S. lycopersicum, S. pimpinellifolium (Nakazato, Hous-
worth, 2011) and S. peruvianum (Nakazato et al., 2012). The
S. lycopersicum and S. pimpinellifolium evolutionary patterns,
including demographic history, dispersal patterns, interspecific
divergence and hybridization, have been shown to be closely
related to the complex geographic and ecological conditions
in the Andes (Nakazato, Housworth, 2011). An AFLP study
of 19 natural populations of S. peruvianum revealed a mode-
rate degree of population differentiation, probably reflecting
partial geographic isolation between tomato species (Nakazato
etal., 2012).

In addition to solving taxonomic and phylogenetic prob-
lems, the AFLP method is used to determine the variability
of tomato varieties. Various DNA marking systems showed
low efficiency for studying the genetic diversity of tomato
cultivars with limited genetic variability. The use of AFLP
in combination with SSR markers to characterize 48 closely
related Spanish tomato varieties made it possible to obtain a
unique fingerprint for each analyzed accession (Garcia-Mar-
tinez et al., 2006).

Cultivated varieties and lines of tomato belong to the species
S. lycopersicum. Compared to wild related species (section
Lycopersicon of the genus Solanum) (Peralta et al., 2008), their
genomes are significantly less polymorphic (20 or more times)
(The 100 Tomato Genome Sequencing Consortium et al.,
2014). Hundreds of genes and loci of quantitative traits linked
to resistance, yield, flower and fruit characteristics, and plant
architecture have been mapped in the genome of wild spe-
cies (Foolad, 2007). Due to the relative ease of crossing with
S. lycopersicum, wild species are actively used in introgressive
tomato breeding to improve economic traits associated with
stress resistance, yield and quality (Hajjar, Hodgkin, 2007;
Labate, Robertson, 2012). For example, sources of varying
degrees of resistance to bacterial wilt are L. pimpinellifolium
(=S. pimpinellifolium) P1127805A, L. esculentum var. cerasi-
forme (=S. lycopersicum var. cerasiforme) CRA66, L. pimpi-
nellifolium P1129080 and L. esculentum AS52 (Chellemi et al.,
1994). In cultivars with purple fruits, the trait of anthocyanin
biosynthesis in the fruit was obtained by introgression from
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the genomes of wild species S. chilense and S. cheesmaniae
(Povero et al., 2011; Maligeppagol et al., 2013).

Thus, the low level of genomic polymorphism of tomato
varieties is combined with introgressive genes/loci associ-
ated with economically valuable traits. Therefore, multilocus
genome mapping methods can presumably separate cultivars
according to useful traits.

Despite the importance of varietal certification and assess-
ment of intervarietal genome variability, there are few studies
on marking the genotypes of tomato cultivars in Russia, and
these are mainly works on genotyping using already known
markers (Shcherban, 2019). For example, a collection of to-
mato varieties and hybrids from the Michurinsky State Agra-
rian University was screened using the P7 molecular marker
to identify donors of cladosporiosis resistance (Shamshin et
al., 2019).

In this study, using the AFLP method, we assessed the
genomic variability of tomato S. lycopersicum cultivars and
lines of domestic and foreign breeding from the collection of
the Federal Scientific Vegetable Center (FSVC) in comparison
with wild accessions of tomato species.

Materials and methods

For the study, 59 tomato S. lycopersicum cultivars and per-
spective breeding lines of domestic and foreign breeding from
the FSVC collection were selected (Table 1). 11 wild tomato
species were used as an outgroup (see Table 1). 34 varieties
of the sample (~58 %) are included in the State Register of
Breeding Achievements Approved for Use of the Russian
Federation for 2022 (https://reestr.gossortrf.ru/). Seeds of
accessions were germinated under standard greenhouse condi-
tions (23 °C/25 °C, 16 h/8 h — day/night). Genomic DNA was
isolated from freshly harvested 5-6 day old seedlings using
the CTAB method (Puchooa, 2004).

Data on drought and cold resistance, resistance and sus-
ceptibility to diseases (late blight, Fusarium, Verticillium,
cladosporiosis, alternariosis, Septoria, tobacco mosaic virus,
gray rot, blossom end rot) were partially taken from the State
Register of Breeding Achievements (http://reestr.gossortrf.
ru/), as well as kindly provided by the originators of the va-
rieties and Ph.D. I.A. Engalycheva.

AFLP analysis was carried out according to the standard
protocol: hydrolysis of 350 ng of genomic DNA of each ac-
cession with restriction enzymes EcoRI and Msel followed
by ligation with EcoRI and Msel adapters (Vos et al., 1995).
Selective amplification was performed in two stages: (1) pre-
amplification (denaturation at 94 °C for 30 s, primer annealing
at 56 °C for 30 s, synthesis at 72 °C for 1 min, 24 cycles) with
adapter primers EcoRI+1 and Msel+1 (Vos et al., 1995) with
one selective nucleotide (A) at the 3’ end; (2) amplification
with primers EcoRI+3 and Msel+3 with three selective nucleo-
tides at the 3’ end. The results were visualized in a denaturing
6 % polyacrylamide gel using a LI-COR 4300 gel analyzer
(LI-COR operator manual; LI-COR, USA). The experiment
was carried out in one repeat for each combination of primers.
The polymorphic information content (PIC) index for each
primer combination was calculated according to Botstein et
al. (1980) and Krishnamurthy et al. (2015).
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Molecular panels of AFLP fragments were documented in
the form of binary matrices (Excel program). Based on the
constructed spectra and matrices, variety-specific DNA mar-
kers were identified, coefficients of pairwise genetic similari-
ty/difference between accessions (GS) and genetic distances
(GD=1-GS) were calculated, cluster analysis was performed
(Neighbor Joining method; method of principal coordinates,
PCA) and groups of genetically similar accessions were de-
termined (PAST software package) (Hammer et al., 2001).
Analysis of the genomic structure of the population of the
studied accessions was carried out using the Structure v.2.3.4,
which makes it possible to identify common genetic blocks
and their ratio in each accession (Pritchard et al., 2000; Hubisz
et al., 2009).

Results

Since up to 80 % of the standard AFLP spectrum can serve as
markers for the detection of genetic polymorphisms, and the
effectiveness of AFLP depends on primer combinations (Vos
et al., 1995), primer/enzyme combinations were selected and
tested for multilocus AFLP analysis of tomato accessions.
On a sample of five tomato accessions, seven combinations
of primers EcoRI+3/Msel+3 were tested, differing in the
composition of selective nucleotides at the 3" end: E32/M59
(E-AAC/M-CTA); E32/M57 (E-AAC/M-CGG); E38/M57
(E-ACT/M-CGGQG); E41/M59 (E-AGG/M-CTA); E32/M61
(E-AAC/M-CTQG); E38/M47 (E-ACT/M-CAA); E38/M59
(E-ACT/M-CTA). It was shown that the use of combina-
tions of E32/M59, E32/M57, E38/M57 and E41/M59 gives
a polymorphic, well-differentiated spectrum with an optimal
number of fragments.

Four selected primer combinations were used to label
59 8. lycopersicum cultivars/lines and 11 wild tomato ac-
cessions. As a result, 391 fragments 80—450 bp in size were
detected, of which 114 (29.2 %) fragments turned out to be
polymorphic (Table 2). The primer combination E41/M59
was the most effective: 47 out of 67 obtained fragments
were variable. At the same time, the E32/M59 combination
corresponded to the largest number of fragments unique for
individual accessions (11 out of 25 found) (see Table 2). In
case of the combinations E32/M61, E38/M47, and E38/M59
(the number of obtained fragments was 31, 24, and 41, respec-
tively) no polymorphic and unique fragments were identified.
The PIC value ranged from 0.367 (E32/M57) to 0.658 (E41/
M59) (see Table 2) with a mean value of 0.504, indicating
that a large number of polymorphisms can be detected using
the E41/M59 primer pair.

Based on the results of the AFLP analysis, a dendrogram
that clearly divided the tomato accessions into clusters I and I1
was constructed (Fig. 1).

Wild tomato accessions were grouped into two clades of
cluster I: accessions 1 to 7 (including representatives of wild
tomato species and a wild accession of S. lycopersicum) were
separated into clade A; accessions 8—11, including wild ac-
cessions of cultivated species (S. lycopersicum var. succentu-
riatum, var. humboldtii, var. cerasiforme and var. pyriforme)
fell into clade C. Clade C was sister to clade B, consisting
of seven S. lycopersicum cultivars (accessions 12—15, 17, 18,
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Table 1. Tomato accessions used for AFLP analysis and their resistance to various stresses

Accession (species, cultivar or line; Cold / Late blight/ Blossomendrot/ Verticillosis/  Alternaria /
cat number TGRC (LA), VIR (k) or SBR¥) Drought Fusarium Gray rot Cladosporiosis  Septoria / TMV
1S. peruvianum LA1278;2S. cheesmaniae LA0421; 3S. galapa- R/R n/n n/n n/n n/n/n

gense LA1044; 4S. pimpinellifolium var. racemigerum LA2348;
5S. pimpinellifolium LA1578; 6S. pimpinellifolium k-1018

7S. lycopersicum LA1673; 8S. lycopersicum var. succenturiatum S/S n/n n/n n/n n/n/n
k-732; °S. lycopersicum var. humboldtii k-2912; 1°S. lycopersicum
var. cerasiforme k-342; 11S. lycopersicum var. pyriforme k-2911

20sennia Rapsodia 8153507* R/R S/n RR/n n/n n/RR/RR
TMagnat 9154078, “Charovnica 9553320 R/R  RR/n RR/n nin RR/RR/RR
8Chernomor 9553287% "Raduzhnaia vdova 9154081%

24perst 9608141%

15Do|gon05,k8456311# ...................................................................... R/R .......... RR/n .............. RR/n ........................ RR/n .................. RR/RR/RR .......
16Revansh 9705233%; “Monah 9154082% Gurman 9900616%; R/R  S/n RR/n nin RR/RR/RR
2%Shtambovyi Alpatieva 905a w/n*

17Yunonag359147# ............................................................................. R/R .......... RR/RR ............ S/n .......................... RR/n .................. RR/RR/RR .......

zoGela 9608 133# .................................................................................. R/R .......... RR /n .............. RR/n ........................ n/n ..................... RR/RR/S ..........

21-|-a|,5m an97052 3 5# ........................................................................... R/R .......... RR /n .............. RR/n ........................ n/n ..................... S/ 5/5 ...............

22R05,nka9359149# ............................................................................. R/R .......... RR/R .............. RR/n ........................ R/n ..................... RR/RR/RR .......

zsArgoggmgoz# .................................................................................. R/S ........... S/n ................. S/n .......................... n/n ..................... RR/RR/S ..........
Gruntovyi Gribovski 4500237% 'Otradnyi 8006741¢ R/R S/n RR/n nin RR/RR/S
27Kam ela 9900640# ............................................................................. R/R .......... R/n ................. RR/n ........................ n/n ..................... RR/RR/ R R .......

30Dubravag401288# ........................................................................... R/R .......... MR/MR .......... RR/n ........................ n/n ..................... RR/RR/S ..........

323ych,e5erdce9810228## ................................................................. 5/5 ........... S/n ................. S/n .......................... n/n ..................... RR/RR/S ..........

33H0h| Oma 9609982 e S/S ........... RR /RR ............ S/n .......................... n/n ..................... n/n/n ..............

34RosovylBUt0n8355731#”## ............................................................. S/S ........... S/n ................. S/n .......................... n/n ..................... n/n/n ..............

35Me d ova,a Kaph a8262258#### ......................................................... n/n .......... RR /n .............. RR/RR ..................... n/s ..................... n/n/RR ............
plaiskii Oranzhevyi 94639316 R/R n/n RR/RR n/RR n/n/n
37BOka”8262335# ............................................................................... R/R .......... n/n ................. RR/S ........................ n/RR .................. n/n/n ..............
38Rozovylna5hw/n# ............................................................................ R/R .......... n/n ................. RR/S ........................ n/s ..................... n/n/n ..............
3950dru2hestv08456314# .................................................................. R/R .......... RR/n .............. RR/S ........................ n/n ..................... RR/RR/RR .......
00rganza 9350003% 127020 RIN/rin) w/n® R/R n/RR RR/S n/RR n/n/RR
41Komee\/5k"8262334# ...................................................................... R/R .......... n/n ................. RR/S ........................ n/s ..................... n/n/RR ............
“2Malinovyi Silach 8653837%%; “Garmoshka 85569475%  R/R  n/RR s;s nis n/n/RR
“Kopilka Zheltaia w/n*

45LM29819W/n# ................................................................................ R/R .......... n/RR .............. n/RR ....................... RR/RR ................ n/n/RR ............
461P-296-19 w/n'; 7G-67-19 F, win; ¥G-68-19F, wnt; R/R n/RR n/s RR/RR n/n/RR
49G-69-19 F, w/n*

soV,km99253767# ............................................................................... R/R .......... S/n ................. RR/n ........................ n/n ..................... RR/n/n ............
52CherryUkramSk|eW/n# .................................................................... R/R .......... n/RR .............. RR/RR ..................... n/RR .................. n/n/RR ............
SiCherry Zhelto-oranzhevye w/n': Red Cherry w/n®; R/R n/RR RR/RR RR/RR ninin
>Black Cherry LA4451

56CherryRoseW/n#### ......................................................................... R/R .......... n/RR .............. RR/S ........................ n/RR .................. n/n/n ..............
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data from AFLP analysis

Table 1 (end)

Accession (species, cultivar or line; Cold/ Late blight/ Blossom end rot/ Verticillosis/  Alternaria /
cat number TGRC (LA), VIR (k) or SBR®) Drought  Fusarium Gray rot Cladosporiosis  Septoria / TMV
57|nd IQORoseW/n#### .......................................................................... R/R .......... n/RR ............. RR /RR ...................... n/ RR .................. n/n /n ..............

58TrOI a L RR /RR ...... S/S ................ 5/ R R ......................... S/ RR ................... n/n /n ..............

sgopE F16 W/n s R/R .......... n/n ................ RR /n ........................ n/n ..................... n/n /n ..............

602emb38262336# .............................................................................. R/R .......... n/RR ............. RR/RR ...................... n/RR .................. S/n/RR ............

GlDeBara O . O ranzhevy|98033 2 7##### .................................................. R /R ........... M R/n ............. S / S ........................... n / 5 ..................... R R/ n /RR .........

62L27120W/n# .................................................................................... n /n ........... n /n ................ R R/RR ....................... n /RR ................... R R/n/RR .........

63MoneymakerLA2706 ........................................................................ n/n ........... RR/n .............. R R/RR ....................... n /RR ................... n /n/RR ...........

64A1 ”ou ndLA2463 ............................................................................. n /n ........... n /n ................ R R/n ......................... n / RR ................... n / n/RR ...........

65Ma Zerom . 1 ”:2 W/n#### .................................................................... n /n ........... n /n ................ R R/ RR ....................... n / RR ................... n / n/n .............

66WhlteBeau tYLA24 6 4A ..................................................................... n /n ........... n /n ................ R R/n ......................... n / RR ................... n / n/n .............

67Hemz17063 GLA4345 ..................................................................... R /R ........... n /n ................ R R/n ......................... n / n ..................... R R/ n /n ...........
Black-Jack 8457464"" SPaul Robeson LA4450; n/n n/RR RR/RR RRR RR/n/n

70Christmas Blueberry w/n*

Note. Abbreviations: w/n — without number; n — no data; R - resistant (<0.5 score), RR - relatively resistant (0.5-1.0), MR — moderately resistant (1.1-2.0);
S - sensitive (>2.0). Late blight (Phytophthora infestans de Bary A); Fusarium (Fusarium oxysporum (Schlecht.) f. sp. lycopersici (Sacc.)); Verticillosis (Verticillium
alboatrum and V. dahliae); Cladosporiosis (Cladosporium fulvum Cooke); Gray rot (Botrytis cinerea Pers); Alternaria (Alternaria solani Sorauer); Septoria (Septoria
lycopersici Speg); TMV - Tobacco mosaic virus.

* According to SBR (State Register of Breeding Achievements; http://reestr.gossortrf.ru/), TGRC — Tomato Genetic Resource Center (https:/tgrc.ucdavis.edu/)
or VIR (The N.I. Vavilov All-Russian Institute of Plant Genetic Resources).

1-70Numbering of accessions (used in Fig. 1-3).

# FSVC; #* LLC ‘Agrofirm Poisk’; ### LLC ‘Research Institute of Vegetable Breeding, LLC ‘Agrofirma GAVRISH’; #### LLC ‘Breeding company GAVRISH’;
##H### || C ‘Breeding and seed-growing company ‘Gisok’; LLC Agrofirma ‘Demetra-Sibir’; & MONSANTO HOLLAND B. V.; &L C ‘Agrofirma Aelita’; 4&&& || C ‘Pre-
mium seeds.

Table 2. Results of AFLP analysis of tomato species, cultivars, hybrids and lines

Primer combination PIC Number of fragments

Tota| ....................................... po|ym Orp hlc pcs (%) ............ Umqu e ..................................
E32/M59 ..................................... 0481109 ......................................... 20(180)” ...........................................
E32/M57 ..................................... 036714216(”2) ................................. 9 ............................................
E38/M57 ..................................... 05” ....................................... 73 ........................................... 31(425) ................................. 2 ............................................
E41/M59 ..................................... 0658 ...................................... 67 ........................................... 47(701) ................................. 3 ............................................
Tota| ............................................ I 391”4(355) ............................... 25 ..........................................

and 29; see Table 1, Fig. 1). Clade D (intermediate position
between A and B+C) combined 14 tomato varieties/lines.
The two clades of cluster II, in turn, were divided into two
subclades each (see Fig. 1).

On the graph constructed by the method of principal com-
ponents, the analyzed cultivars formed three diffuse pools of
genotypes, where, as in the dendrogram, a group of wild ac-
cessions stood out, and tomato varieties/lines were clustered
in a similar way (Fig. 2). There was a clear division between
clusters I and II (according to the dendrogram). Wild acces-
sion 11 (S. lycopersicum var. pyriforme) was the closest to
subclade B varieties/lines.
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It was interesting to analyze the possible relationship
between the clustering of cultivars and accessions obtained
from AFLP data and resistance to various biotic and abiotic
stresses.

Varieties/lines of tomato included in cluster I (clades B, D)
are the result of breeding by the FSVC (except accession 34).
All of them are resistant to cold and/or drought, while acces-
sion 34 is susceptible. A similar situation is observed in the
case of resistance to blossom end rot, Sepforia and Alternaria.
All clade B accessions are resistant to tobacco mosaic virus, as
are half of clade D accessions (the other half are susceptible).
Six accessions of clade D and five accessions of clade B are
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Fig. 1. Dendrogram based on AFLP data for cultivated and wild tomato accessions.

According to Table 1, the accessions are numbered (1-70), and resistance to late blight (LB), Fusarium (FU), Verticillium (VE), cladosporiosis (CL), alternariosis (AL),
Septoria (SE), tobacco mosaic virus (TMV), gray rot (GR), blossom end rot (BR), cold (C) and drought (D) is indicated. The degree of resistance of the accessions
is given according to Table 1: n - no data, S - susceptible, R - resistant, RR - relatively resistant, MR — moderately resistant. Boxes mark accessions: wild (green),
foreign breeding (pink), breeding of LLC ‘Breeding company GAVRISH’ (blue); the rest are breeding of the FSVC.

Coordinate 3

-0.04

-0.08

-0.12

-0.16
-0.20 -0.16 -0.12 -0.08 -0.04 0 0.20
Coordinate 1

Fig. 2. PCA plot of AFLP data for 70 cultivated and wild tomato accessions.

The numbers correspond to the numbering of accessions in Table 1. The distribution of accessions by clades is shown in accordance with the
dendrogram in Fig. 1: clades A and C are highlighted in green, B in black, D in lilac, E in dark blue, F in orange, G in blue, H in pink.
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Fig. 3. Genomic structure of 59 cultivated and 11 wild tomato accessions according to AFLP analysis (k = 3).

According to Table 1, the accessions are numbered (1-70), and the resistance to late blight (LB), Fusarium (FU), Verticillium (VE), cladosporiosis (CL), alterna-
riosis (AL), Septoria (SE), tobacco mosaic virus (TMV), gray rot (GR), blossom end rot (BR), cold (C) and drought (D) is indicated. The degree of resistance of the
accessions is given according to Table 1: n — no data, S - susceptible, R - resistant, RR - relatively resistant, MR - moderately resistant. Boxes mark accessions: wild
(green), foreign breeding (pink), breeding of LLC ‘Breeding company GAVRISH’ (blue); the rest are breeding of the FSVC.

resistant to late blight; the remaining accessions of these clades
are susceptible to this disease.

Accessions of subclades E and H, with the exception of
one uncharacterized accession (62), are characterized by re-
sistance to cold and drought; in subclades F and G, four and
three accessions are resistant, respectively. Subclades E and F
are distinguished by resistance to blossom end rot, gray mold
and cladosporiosis (except for single susceptible or uncharac-
terized varieties). About half of subclade E accessions are
resistant to Verticillium and Fusarium. Most of subclade H ac-
cessions, as well as two groups of the subclade F, are resistant
to Fusarium. Subclade G accessions have resistance to late
blight (see Fig. 1). Almost all subclade H accessions originated
from the FSVC. Accessions of foreign breeding (except for 55
and 40) stand out in subclade F, clustering together with ac-
cessions of breeding of LLC ‘Breeding company GAVRISH”.

The study also included an analysis of the population struc-
ture of 70 tomato accessions, which revealed common genetic
blocks and their ratio in each accession. This distributed the
analyzed accessions into clusters. In total, 16 options for the
number of subgroups (k) from 3 to 18 were analyzed. The best
result (LnLike =—12363.6) was obtained for k= 3.

On the graph, the genomic structure of the studied 70 tomato
accessions is presented in the form of various ratios of three
blocks (Fig. 3). All accessions of wild species, including ac-
cessions of S. lycopersicum, fell into cluster II. An analysis
of the correlations between the distribution of accessions by
clusters and the traits under consideration (see Table 1) showed
atendency to combine accessions in terms of resistance to gray
rot, blossom end rot, Fusarium, cladosporiosis, and Septoria
(cluster I). Cold and drought resistant accessions are presented
in large numbers in all three clusters. Resistance to Alternaria,
Septoria, and TMV proved to be the most typical for cluster I
(see Fig. 3). Also, half of the varieties in cluster II are resistant
to blossom end rot, and a third of the accessions are resistant
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to late blight. Cluster III accessions were characterized by
different variants of resistance; we can assume clustering
on the basis of resistance to TMV (11 out of 16 accessions),
as well as susceptibility to gray rot. Except for accession 40
(cluster III), all tomato accessions of foreign breeding were
identified in cluster I. The accessions of the LLC ‘Breeding
company GAVRISH’ were distributed similarly (four acces-
sions — cluster I, three accessions — cluster I1I) (see Fig. 3).

Discussion

In this study, using the AFLP method, we analyzed 11 wild and
59 cultivated (S. lycopersicum) tomato accessions, mainly of
domestic breeding (see Table 1). It should be noted that data
on resistance to various diseases (Gossortreestr, originators)
are unknown for some analyzed cultivated and wild accessions
studied. The species S. lycopersicum (wild accessions 7—11
in Table 1) comes from the humid tropics of South America
and is a classic example of a cold-sensitive crop (Rick, 1976).
The remaining wild species used (accessions 1-6 in Table 1)
grow in different climatic zones of South America, from the
tropics of the Amazon basin to deserts along the coast and the
cold high mountains of the Andes (Nakazato et al., 2010). This
suggests that accessions 1-6 are resistant to cold and drought,
and accessions 7—11 are sensitive to these stresses.

Each of the 70 accessions was characterized by a specific
range of fragments obtained using a combination of four
primer pairs (see Table 2). The efficiency obtained (391 frag-
ments, including 114 polymorphic fragments) was compa-
rable with the results of other studies. For example, an AFLP
analysis of 21 tomato varieties with four primer combinations
revealed 298 fragments, including 159 polymorphs (Suliman-
Pollatschek et al., 2002). The percentage of polymorphic
fragments obtained by us (29.16 %) also fit into the known
data on different crops — in a number of studies it varies from
17.4 to 78.3 % (Kim et al., 1998; Vetelainen et al., 2005).
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Analysis of the obtained AFLP data using various bioinfor-
matic methods distributed the studied tomato accessions in
a similar way (see Fig. 1-3). Wild tomato accessions isolated
themselves into a separate group (see Fig. 2, 3) or divided into
clades within cluster I (see Fig. 1). In the dendrogram, acces-
sions 1-6 (tomato species except S. lycopersicum) constituted
a separate clade A, and 8-11 (various wild S. lycopersicum
accessions) constituted clade C (see Fig. 1). At the same time,
accession 7 (S. lycopersicum LA1673) did not combine with
811, but entered the subclade with red-fruited accessions 3—6
(S. pimpinellifolium, S. galapagense), which may indicate
a probable interspecific introgression. Sister clades B and D
consisted of S. lycopersicum cultivars, for which resistance to
drought and/or cold was shown (see Fig. 1). This, on the one
hand, confirms our assumptions about the possible resistance
of wild accessions 1-6 taken for analysis to drought/cold, and
also suggests this trait in accessions 7—11. Cold/drought resis-
tance in more than half of the samples of clusters [ and II (see
Fig. 1) allows us to assume the presence of such resistance in
varieties for which there are no data. In addition, the results
may indicate the presence of traits of resistance to abiotic
stresses introgressed from wild tomato species in the genome
of varieties of both clusters.

A fairly clear grouping of accessions by origin shows the
effectiveness of the analysis and, at the same time, helps to
trace possible links in the pedigree of varieties both from one
originator and between breeding centers.

Conclusion

Thus, using AFLP genotyping of selectively neutral regions
of the genome of S. lycopersicum cultivars/lines and wild
tomato species, clustering of accessions was shown accord-
ing to resistance to biotic and abiotic stress factors, as well
as according to origin from different breeding centers. The
prospects of AFLP with the set of primer combinations chosen
in this study for genotyping tomato varieties in order to select
cultivars with resistance to various stresses were demonstrated.
The obtained clade-specific fragments can become the basis
for the development of specific molecular markers associated
with economically important traits. Sequencing polymorphic
AFLP fragments that underlie differences between accession
clusters, mapping them on the genome, and assessing the
variability of such regions among the analyzed varieties may
be promising for obtaining STS markers.
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