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ABSTRACT - Incorporating wild germplasm such as S. pimpinellifolium is an alternative strategy to prolong tomato fruit shelf life
(SL) without educing fuit quality. A set of ecombinant inked lines with dis@pant values of Sand weight (FW) werderived by
antagonistic-divegent selection &@m an interspecific oss. The general objective of théseach was to evaluate GenotypeeaY

(GY) and Marker x&ar (MY) interaction in these new genetic materials for both traits. Genotype and year principal effects and GY
interaction were statistically significant for SL. Genotype and year principal effects were significant for FW but GY interaction was
not. The marker principal effect was significant for SL and FW but both year principal effect and MY interaction were not significant.
Though SL was highly influenced by year conditions, some genome regions appeared to maintain a stable effect across years of
evaluation. Fruit weight, instead, was more independent of year effect.

Key words: amplified fragment length polymorphism; plant breeding; plant genetic resources; Solanum section Lycopersicon;
guantitative genetics.

INTRODUCTION et al. 2006)Among themS. pimpinellifolium(the currant
tomato) produces small and high nourishing quality fruits,
Fruit shelf life (SL) is a ripening associated traiand it is easily crossed to the cultivated tomato (Zuriaga
important for determining the tomato fresh marketabilitget al. 2009). Zorzoli et al. (2000) found that some accessions
(Schuelter et al. 2002). Though genetic engineering anflthis wild germplasm had a longer SL than commercial
spontaneous ripening mutants have been used to modifynato varieties, and began a breeding program in the
metabolic pathways involved in prolonging SL, suclsegregating generations of an interspecific cross among
approaches were not commercially well-accepted lgv. Caimanta §. lycopersicum and LA722 6.
consumers (Bartoszewski et al. 2008jild species of pimpinellifolium). Sixteen elite tomato recombinant inbred
SolanunsectionLycopersicorwere included in breeding lines (RILs) with discrepant values of SL and fruit weight
programs as a source of disease resistance and advéFs¥) were obtained (Rodriguez et al. 2006).
environment tolerance genes, and also have valuable Genotypes in multiple environments, such as
genetic variability for fruit quality traits (Galiana-Balaguerdifferent years of evaluation, can react differently to
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environmental variation. Genotyp&'gar (GY) interaction Molecular characterization
is a common feature for quantitative traits, and has been a After transplanting in the field, young leaves were

subject of.gre.at concern for brgeding programs SinceH-E\rvested from three random plants of each RIL and the
may mgdlfy |mport§1nt genejuc paramete'rs such a}?arents. Genomic DNA was extracted with a commercial
heritability and genetic correlation among traits (Kearselyit AFLP profiles were generated according to the

and P°9”i 199_6)' Through the use of molgcular markelg, dard protocol (Blears et al. 1998) with minor changes.
the GY interaction can be further dissected into componentg, (0.375 mg) was digested with 1.25 unitsEaioR|

of Marker xYear (MY) interaction. MYinteractiorhas great and 2 units oMsd in a final volume of 12.5 mL and then

importance in marker-assisted Se'e‘_’“‘?” since it may di_St%tcubated at 37 °C for two hours. Ligation of the digested
the expected results of crop genetic improvement (Liu ﬁtagments to the specific double strand sequences 5 -
al. 2006, Emrich et al. 2008, Backes and Jstergard ZOO@ACTGCGTACCAATTC-B’ (EcoR| adapterfinal

When GY is significant but MY is not, stable genomicconcentrationOOZS LM), and 5’ -BBAGTCCTGAGIAA-
regions underlying a given trait are detected which becorge (Msel ada[:.)terfinaly concentration 0.25 ul\/l)_vvas

highly valuable for breeding programs (Kearsey and POORkhieved by incubation at 37 °C for two hours with 0.75

1996). he aim of thi h | both units of T4 ligase in a final volume of 15 mL. The digested-
The aim of this research was to evaluate bot GNgated solution was 1:5 diluted with sterilized waldre

and MY'interactions thqt could modify the genetic effeaﬁre-amplification samples were prepared with 5 mL of this
underlying SL and FW in a set of new tomato genotypes, \ion plus 75 ng of each primer+1 (ECORI+1: 5'-

developed by Rodriguez et al. (2006). GACTGCGTACCAATTCA-3" and Msel+1: 5'-
GATGAGTCCTGAGTRAC-37),0.2 mM dNTPs and 1 unit
MATERIALSAND METHODS of Tag-polimerase in a final volume of 25 nithe PCR
_ _ conditions were 30 cycles of 30 seconds at 94 °C, 1 minute
Phenotypicevaluation at 56 °C and one minute at 72 °C each one. Once pre-

amplified, the solution was 1:10 diluted with sterilized

] Sixteen tomato rec_qmbina_nt inbred Iine_s (RILS%aterThe selective amplification samples were prepared
derived from an interspecific hybrid between Caimasita (it 5 mL_ of this dilution and the same components above

lycopersicumand LA722 6. pimpinellifoliumafter five - o hiioned. In this step, both primers had two additional
cycles of antagonic and divergent selection for fruit SheHucIeotides (EcoRI+3 and Msel+3), with the three

life and fruit weight were field assayed across two Cydefﬁllowing primer combinations being employed:
of crops (Cl and Cll) at the Experimentaaton “José F o )
Villarino” (lat 33° S and long 614, Universidad Nacional -A combination: 5’-GACTGCGACCAATTCAGA/

de Rosario). In both years, seeds of the 16 RILs and thEifTGAGTCCTGAGTRACTA-3'
parents were germinated in seedling trays at the end of - Bcombination: 5-GACTGCGACCAATTCAGC/

June and transplanted in the field after a month in @ATGAGTCCTGAGTRACAT-3’
completely randomized design. Though the number of - N combination: 5-GACTGCGACCAATTCATC/
different genotypes was small, they represent the selecf@é@T GAGTCCTGAGRACAT-3".
extremes for both traits. Therefore, this experiment could  Also, a touch down PCR was used in this step,
be considered as a selective genotypying approach (lstarting with a cycle of 30 seconds at 94 °C, 30 seconds at
2004). 65 °C and 1 minute at 72 °C. During the next 10 cycles the
The total number of plants was 162 in CI, with annealing temperature was reduced in 1 °C per cycle, until
mean of 9 plants per genotype (RILs and parents). Theaching 56 °C. Then, 23 cycles of 30 seconds at 94 °C, 1
total number of plants was 198 in ClI, with a mean of 1lininute at 56 °C and 1 minute at 72 °C each were repeated.
plants per genotype. The total number of harvested fruithe amplified fragments were boiled for three minutes and
was 3114 in Cl (approximately 20 per plant) and 2958 in Clbaded into a 6 % poly-acrylamide denaturing gel. The
(approximately 15 per plant). Fruits at the breaker stagameAFLP protocol, except by the selective amplification
were evaluated for fruit weight (FWh grams) and fruit step, was applied to the DNA of | phage, which was then
shelf life (SL) in days from harvest to the beginning of fruitoaded as a molecular weight marker (MWMjter
softening (Schuelter et al. 2002) electrophoresis the gel was subjected to the silver staining
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procedure. Fragments were identified with a capital lett&oth traits were considered as pleiotropic, which is one of
corresponding to the primer combination and a numbd#ére possible causes of genetic correlation. The Marker x
indicating their relative position in the gel, and theiYear (MY) interaction was estimated by a two-WOVA,
molecular weights were calculated in relation to the MWMn which the presence / absence of the fragment and CI /
Fragments whose sizes varied among 500 and 100 bp wele were the source of variations. The statistical model
considered for statiscal analysis. was:

Satistical analysis Yik = AT+ 0+ T " @) +Ej

The normality of both trait distributions was verifiedWhereYix: phenotypic value of SerW, p: general mean,
with the Shapiro-Wk test (Shapiro an@ilk 1965). Ti- marker principal effecty: year principal effect; + w:
Comparisons among genotypes were made by a one-wWy Interactiong;,: experimental error
ANOVA for each cycleThen, genotype by year (GY)

interaction was estimated by two-w&NOVA, the
statistical model being:

RESULTS AND DISCUSSION

Phenotypic characterization

o= U+T 4+ + 1. * +g. . . . . .
Vi = HATi+ @+ T 0 + i Both traits had a normal distribution according to

whereYj.: phenotypic value of Sar FW p: general mean, Shapiro-WIk’s test (W> 0.95, ns). Mean values of the SL
T;: genotype principal effect, Uj: year principal effact, and FW and their corresponding(narrow sense heritability)
w: GY interactiong,: experimental error are shown ifmable 1. Diferences among genotypes and

Narrow sense heritabilityhf) of both traits and the among years were highly significapt< 0.01) A greater
genetic correlation among them were calculated from thegoportion of non-additive variance was found for SL
mean square &NOVA andANCOVA respectivelyonly indicating that random drift of genic frequencies would
including the 16 RILs for Cl and Cll (Kearsey and Poorlave contributed more significantly to determine the
1996). genotype and phenotype of these RILs. Howeasrit

For the molecular characterization, &fLP profiles  was verified by thé? value, differences for SL are still
were firstly compared among plants within genotypes (RILleund among RILs. Nevertheless, the genetic variability
and parents). Only replicated fragments were retaifeed. for SLwas smaller than faW. Given that values &R were
analyze each primer combination, the total number dlifferent among cycles of evaluation either foréBidw,
amplified fragments, the number of polymorphic fragmentsn important effect of year variances could be detected.
and the polymorphism percentage were calculated. The Though no RIL had a weight similar to ‘Caimanta’,
polymorphism was expressed as the presence or absesigaificant differences among lines were found for this
of a given fragment. Polymorphic fragments present inteait. RILs 1, 3, 4, 14, 15, 16 and 18 had the highest values
given genotype were assigned 1, and those absent wineFW, while RILs 6, 7, 8, 9, 10,11 12 and 13 had the
assigned 0. Thg? (Chi-square) test was used to verify thdowest. RIL5 had an intermediate FWery close to that of
1:1 mendelian segregation of each polymorphic fragmetite R (Caimanta x LA722) (10.08 + 1.56 g according to
(Kearsey and Pooni 1996). Fragments showing a distortRadriguez et al. 2006). Regarding the fruit shelf life (SL), it
segregation were discarded in further analysis. For easlas not possible to unequivocally identify two well
combination of pairs of fragments segregating 1:1x?he defined groups as it was for FWwvo of these lines (6 and
test was applied to analyze the independence among th@&nrepresented fixed transgressive variants, in the sense
Associations among the polymorphic fragments showingported by d&icente and’anksley (1993) because they
the expected segregation and FW and SL traits wehave SL mean values higher than LA722 (the parent with
detected by thANOVA single point analysis (Liu 2004). the longest SLAlong five cycles of selection, Rodriguez
The presence / absence of each polymorphic fragmesital. (2006) detected a considerable proportion of additive
was the source of variation and p < 0.05 was consideredriance for FWwhich allowed having a significant
the mark of significant differences among the mean valymsitive and negative response to the selection in the set
of the trait in the group of RILs. TheZRalue was used to of lines compared to the measMalue. Genetic correlation
evaluate the percentage of phenotypic variance explainashong FW and SL was too low in both cycles of evaluation
by the effect of the fragment. The fragments associated(@m02 and 0.08, respectively), so that it could be neglected.
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Table 1. Mean values of the 16 tomato Recombinant Inbred Lines (RILs) and their pasetasiym lycopersicurav. Caimanta and
S. pimpinellifoliumLA722) for fruit shelf life (SL, in days) and fruit weight (FWh g) in two crop cycles

SL FW

Genotype I cn I cn

cv. Caimanta 1330 + 443 1423 +3.56 11023 £ 15.56 98.96 + 12.34

LA722 18.95+532 2024 +4.23 0.98 £ 0.02 0.87+0.01
LI 2124+3.67 17.81 £ 345 2210+ 146 27244345
L3 25.00+5.68 18.28 + 436 15.50 + 1.89 20.99 £ 2.45
L4 16,59 + 3.65 15.84 £ 321 12,16+ 2.45 18.82 + 3.65
Ls 17.26 + 4.87 23.51 + 546 8484234 8.34 4+ 2.66
L6 31284624 21.83 4346 2.01+0.09 1.98+0.10
L7 2150+ 4.67 16334323 2.68+0.96 408+ 146
L8 28.22 % 5.45 31114487 2314033 1.98 4 1.02

RlLe L9 14.97 + 3.46 16.60 421 245+ 0.94 2134087
L10 2137+5.69 2097521 2574043 4024126
Lil 18.59 + 3.56 18.04 + 3.67 3.69 + 0.96 3.0+ 0.87
L12 18.53 +2.67 1629+ 1.86 1.93+0.87 3.234+1.05
L13 14.97 + 146 14.47 +1.65 3.08+0.87 3.26+0.96
L4 17.67 + 4.86 11424321 2124+ 409 2577+ 4.65
Lis 10.63 + 3.54 14.95 + 4.08 12,45 + 3.56 19.15+3.76
L6 15.30 £ 3.76 16.96 + 3.86 11,46+ 2.54 16.96 £ 2.65
L18 23124423 2297+ 4.65 10.52 4 1.43 18.15 + 3.54

W 0.13 £ 0.06 0.20 % 0.10 0.76 + 0.09 0.9240.12

h? narrow sense heritability, CI: first crop cycle, CII: second crop cycle.

In respect to the G¥teraction (Bble 2), the sources of adjustedto 1:1 (B6, N18, B36, B25, B38, B23, B394:L0)
variation genotype, year and interaction were all significaxid not show an independent segregation but formed an
for SL(p < 0.05). For FWhe efects of genotype and year important linkage group, which is a common fact when
were both significant (p < 0.05), but the interaction amongdealing with interspecific hybridizations (Lecomte et al.
these dkcts was not significant &ble 3).These results 2004). For this group, B36, B38 and B39 were carried by
indicate that, even though both traits are affected by yelaA722, while N18 and\10 were carried from Caimanta.
variations; the ranking of RILs according to FW wad-or analysis of association, just N18, B36, B38 ahd
maintained across both cycles. On the other hand, thvere considered since they segregated independently at
ranking of RILs according to SL changed both cycles dhis linkage group and were differentially contributed by
evaluation. Caimanta and LA722Another group was formed by B4,

Table 2. Two-way analysis of variance for evaluating the genotype x year (GY) interaction for fruit shelf life

Source of variation df Sum of Squares Mean Square F value P
Genotype 15 9915.03 661.00 6.97 0.0001
Year 1 6126.14 6126.14 64.67 0.0001
GY Interaction 15 4422.01 294.80 3.11 0.0002
Error 298 28327.26 94.74

Total 329 48790.44

Adjusted R?: 0.36.

Molecular characterization and QTL sdetection (55.7 %) of the seventy detected polymorphic fragments
did not adjust to the expected proportion 1:1. Therefore

Amplifications with the three primer combinationsthe frequency of distorted segregation was high, which
revealed a total of 97 fragments, of which 70 (72 %) weieuld be due to the low number of RILs under characterization
polymorphic among the characterized RILs. Thirty ninéTanksley 1993). Eight of the polymorphic fragments that
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Table 3. Two-way analysis of variance for evaluating the genotype x year (GY) interaction for fruit weight

Source of variation df Sum of Squares Mean Square F value P
Genotype 15 1011079.20 67405.28 93.54 0.0001
Year 1 3150.72 3150.72 8.94 0.0365
GY Interaction 15 7768.95 517.93 1.47 0.1299
Error 298 105376.57 352.43

Total 329 1127374.87

Adjusted R%: 0.85.

B11 and B35. The first two fragments were carried byarying among cycles but agreeing with the lack of
Caimanta while B35 was contributed by LA722. Both B4ransgressive segregant individuals for this trait. B4 was
and B35 were considered for association analysis sinpeesent in those lines having higher FW values and absent
they were contributed by different parents. in those having lower ones. This fragment was associated
Two fragments associated to Slere detected in to FW on Cl and Cll with high Rvalues (greater than 0.70
the first cycle of evaluation and five fragments associated both cycles). Lippman arichnksley (2001) reported at
to SL were detected in the second cycle of evaluatideast 5 majoQTLs associated to fruit weight. Given the
(Table 4). Only one of them (N18) was significant in botlhigh markers’ conservation amohgcopersicorsection
cycles of evaluation but had a? Ralue quite different (Paterson et al. 1991), it should be postulated that most of
among years (29.00 % vs. 44.72 %). This fact might ibe QTLs detected in this research agree to those already
attributable to the high environmental influence proper afescribed.
each year on SL, as previously discussed. Howevesin A small number of fragments displaying pleiotropic
values of the groups of lines in which N18 was present effects were detected. B36 and B38 showed simultaneous
absent were similar across yearalfle 4).The shortest association with FW and SL in the second cycle of
SL parent Caimanta carried N18, which could explain thevaluation, so that they would have pleiotropic effects
transgressive segregation fixed in some lidesording over both traits though less marked than the previous
to deVicente andranksley (1993), any parent having thementioned, and also year-dependent. Hence, the low
lowest value for a given trait could carry alleles that enlarggenetic correlation among FW and SL detected by classical
it, but such genes would only express in an adequajeantitative methods and above discussed could be
genetic background when recombining with the genes froexplained by this weak molecular association. Even so, it
the other parent. This fact would have occurred with thg@ould be remarked that B36 and B38 both carried by LA722
QTLs prolonging SL that are contributed by Caimanta arate linked with N18 carried by Caimanta and also associated
marked by N18. When N18 combined with QTLs contributetb SL but not to FW Thus, an early recombination event
by LA722 such as B36 and B38, SL had the highaektes. in that chromosome region might explain the higher genetic
Though these fragments were only significant in ClI, thegorrelation detected in the Beneration (Rodriguez et al.
also prolonged SL. The other fragments contributed [006) but not noticeable in the RILs.
Caimanta (B21 anéi25) had an expected performance since The two-wayANOVA to detect marker x year
they were associated to a reduction in SL. Since differeimteraction for FW and SL showed that N18 maintained
markers were associated to SL in both cycles, the expresdibe significant effect on SL whereas both the year principal
of distinct genes according to environment conditionsffect and the interaction were not significanalgle 5).
would be the main cause of GY interaction. This statemeAs it was above mentioned, both the year principal effect
is supported by the fact that the marker N18 maintaineohd the interaction were significant in the two-WOVA
the same effect over both cycles. when RILs were included as the source of variation. This
Fruit weight had the greatest number of associatentrasting result would indicate that if the whole genome
fragments. In the first cycle of evaluationABLP had a is tested, there is a joint dependence of genotype and
significant efect on FWwhile 8 were associated to AW  year in determining the SL expression. On the other hand,
the second cycl&ll fragments had an expectededt, when the genome is dissected in chromosome regions
i.e.those carried by Caimanta increased FW while thosgghly involved in the expression of SL, such as those
carried by LA722 reduced FWoweverthe mean values marked by N18, the genetic variation for SL is independent
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Table 4. Association among Mendelian segregAfLP and fruit shelf life (SL, in days) and fruit weight (F\W g) in two crop
cycles

Trait Fragment Size (bp) Origin Significance R’ Fragment Effect
(%) Presence Absence
SL(CI) B21 230 Ca%manta P =0.0403 26.74 17.42 22.78
N18 250 Caimanta P=0.0314 29.00 23.87 17.90
B36 150 LA722 P =0.0306 29.24 21.73 16.70
SL (CIn) B38 130 LA'722 P =0.0352 27.96 21.66 16.74
NI18 250 Caimanta P =0.0046 44.72 23.05 16.56
A25 240 Caimanta P =0.0067 41.90 16.33 22.34
B4 460 Caimanta P <0.0001 79.80 21.69 4.92
B35 180 LA722 P =0.0009 55.64 5.23 18.89
FW (CI) B36 170 LA722 P =0.0082 40.36 3.76 15.68
B38 200 LA722 P =0.0087 39.89 3.80 15.65
Al0 390 Caimanta P =0.0015 52.42 17.01 3.75
B4 460 Caimanta P <0.0001 70.06 15.66 4.07
FW (CII) B35 180 LA722 P =0.0023 49.67 4.25 13.77
N36 130 LA722 P =0.0093 39.39 4.70 13.19
A10 390 Caimanta P =0.0065 42.20 12.26 3.47

R?: percentage of phenotypic variation explained by each associated fragment, CI: first crop cycle, CIL: second crop cycle.

Table 5. Two-way analysis of variance for evaluating the marker x year (MY) interaction among fragment N18 and the fruit shelf life

Source of variation df Sum of Squares Mean Square F value P
Marker (N18) 1 267.04 267.04 15.59 0.0005
Year 1 8.07 8.07 0.47 0.4981
MY Interaction 1 0.45 0.45 0.03 0.8725
Error 28 479.59 17.13

Total 31 755.15

Adjusted R%: 0.37.

of the year variation. This fact agrees with the hypothesitetected a significant interaction which agrees with the

previously proposed; i.e. the chromosome region markéigher stability among years for this trait compared to SL,

by N18 and contributed by Caimanta had a high influen@es well as the higher’Ralues of their respective models.

in determining SL though it greatly interacted with otheAs an examplélable 6 shows the two-w&NOVA for B4.

chromosomic regions contributed by LA722, and also witfihe year principal effect was evidenced by the differences

the environmental conditions proper of each yedich in mean values for FW that RILs showed according to the

provokes the broad phenotypic (though limited genotypigresence / absence of the associated markers among cycles

variability observed for this trait. of evaluation, but the ranking of RILs by FW was conserved
For FW none of the bifactorial models (neither thosén Cl and CII.

using RILs nor those using markers as a source of variation)

Table 6. Two-way analysis of variance for evaluating the marker x year (MY) interaction among fragment B4 and the fruit weight

Source of variation df Sum of Squares Mean Square F value P
Marker (B4) 1 1508.50 1508.50 87.54 0.0001
Year 1 62.36 62.36 3.62 0.0675
MY Interaction 1 50.17 50.17 291 0.0990
Error 28 482.50 17.23

Total 31 2103.53

Adjusted R%: 0.77.
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CONCLUSIONS by environmental conditions proper of each year of

: : evaluation but some chromosomic regions appeared to
Tomato fruit shelf life appeared to be prolonged b¥n o
. aintain a stable effect across two crop cycles. On the
genes carried by both parents (the shortest aridripest . . .
. ) . . contrary fruit weight was more independent of yedeef
shelf life genotypes), which explains the transgressiv

segregation detected in some RILs and in early segregatfoﬁn fruit shelf life.

in the K for this trait. Fruit shelf life was highly affected

Marcadores moleculares detectam regioes genomicas
estaveis condicionantes de vida de prateleira e peso de
fruto em tomate

RESUMO - A incorporacgéo de germoplasma selvagem tal como S. pimpinellifolium é uma estratégia alternativa para prolongar

a vida de prateleira de frutas do tomate (VP), sem reduzir a qualidade de frutas. Um conjunto de linhas puras recombinantes com
valores discrepantes de VP e peso (PE) foi derivado por selecao antagdnica divergente de um cruzamento interespecifico. O
objectivo geral desta pesquisa foi avaliar a interacao gendtipo x ano (GA) e marcador x ano (MA) neste novo material para ambas

as caracteristicas. Os efeitos principais de gendtipo e de ano e a interacioaBlestatisticamente significativas para. \tR

efeitos principais de gendétipo e de ano foram significativos para PE, mas ndo a interagdo GA. O efeito principal marcador foi
significativo para VP e PE, mas o efeito principal de ano e de interagdo ndo. Embora VP tenha sido muito influenciado pelas
condicdes de ano, algumas regides do genoma pareceram manter efeito estdvel em anos de avaliagéo. Peso de frutos, em vez disso,
foi mais independente do efeito ano.

Palavras-chave: amplified fragment length polymorphism; melhoramento genético vegetal; recursos gerglaosimsecao
Lycopersicongenética quantitativa.
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