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ABSTRACT - TheAmazonian ticuma palnfAstrocaryum aculeatunproduces edible €it, traditionally consumed in indigenous
communities and increasingly in urban centers. The species is incipiently domesticated and little studied, despite its growing
economic importance for smallholder farmers and gatherers. Studies on the mating system are required for the conservation and
use of the speciegénetic esouces. Our objective was to estimate mating system parameters oftheapalm using micsatellite

markers. Plants ofllprogenies of a spontaneous populationevgenotyped with eight masatellite loci and the mating system
parameters estimated. The population outcrossing rate was estimated at 0.978, and ranged from 0.774 to 1at the family level. The
estimates of the cozlation of paternity (0.176 and 0.205) suggest a lawbpbility of full-sibs within psgenies. licuma palm s a
predominantly allogamous species and the open-pollinated progenies consist predominantly of half-sibs.

Key words: Astrocaryum aculeatunpalm domestication; miosatellite markers; outossing rate; characterization of genetic
resources.

INTRODUCTION and quality traits (e.g., fruit size, pulp yield, taste, fiber
and oil content). Only part of the plants in spontaneous

TheTucuma palmAstrocaryum aculeatur® Mey,, populations bear fruit with characteristics that meet
Palmae) is native to Braziliskmazonia and also found in consumer preferences; additionallmany plants are
Guyana, Peru, and Colombia (Henderson 1995). Thmmproductive or very tall, making fruit harvest difficult
species is common in areas that are deforested or to sqi@ehroth et al. 2004). iHin the genetic variability available
degree degraded under anthropogenic influence. The tlivnnatural populations, shorter genotypes with high fruit
pulp of tucuma fruit is rich in starch, oil and beta-carotengjeld, good pulp consistency and taste can be selected
and highly esteemed as food by the Cerirabzonian (Schroth et al. 2004). These tucuma genotypes can be
population, where its economic importance for smallholdgrlanted in secondary forests or in agroforestry
farmers and gatherers is growing (Lopes et al. 2009). agrosilvopastoradr in monoculture systems.

The species is almost exclusively exploited by extraction = Co-dominant molecular markers have been
today although smallholders are starting to plant it, ansluccessfully used in genetic studies of numerous plant
the variability in spontaneous populations is great for yielspecies (Alves et al. 2003, Seoane et al. 2005, Karasawa et
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al. 2007, Rodrigues et al. 2008, Missio et al. 2009). Thes@s performed in a thermocycler (Eppendorff) in two steps:
markers can also provide information on the outcrossirg initial denaturation (94 °C, 2 min.), annealing (mBg77 -
rate in tucuma progenies that will help define strategies 68 °C, 20 sec. and the other primers 52 °C, 20 sec.), 25
selection and conservation of plant genetic resources. Tamplification cycles (94 °C, 10 sec.) and a final extension
use of molecular markers in tucuma progenies obtainée2 °C, 30 sec.), and 2) denaturation (72 °C, 15 min.),
from natural populations facilitates the estimation o&nnealing (50 °C, 20 sec.), 20 amplification cycles (94 °C,
parameters of the mating system and only requires tfé sec.) and final extension (72 °C, 30 min.). The fluorescent
collection and germination of randomly selected progeniggoducts were analyzed in an automated sequencer (Mega
from fruiting plants in the population (Ritland 2002). Thes®ase 1000) at the Molecular Biology Thematic Laboratory
aspects permit a relatively simple and rapid study of the the National Research InstituteAmhazonia — INR, and
mating system of perennial species where no informatidhe allele size (bp) estimated with the program Fragment
on the genetic control of morphological characteristics Brofiler and the molecular weight marker#J0-ROX (GE
available, as in the case of Tucuma palm. The purposekddéalthcare, England).
this study was to estimate parameters of the mating system Estimates of mating system parameters were obtained
in tucuma palm progenies using microsatellite markers. according to the mixed mating and correlated crossing
models (Ritland 2002) using the program Multilocus

MATERIAL AND METHODS Mating System Program - MR (Ritland 2004), based on

Of the 11 open-pollinated progenies, nine had 2#e probabilities of Expectation Maximization (EM) and
plants, one 24 and one 21, totaling 270 plants. The progenigwton-Raphson (NR). The following parameters were
were collected from plants of a spontaneous populati@stimated: i) multilocus population outcrossing rai (
on the Najatuba farm, on the left bank of the Igarapé single locus population outcrossing ratg);(iii)
Taruma-Acl, Manaugymazonas, Brazil (lat 02° 522.1"  outcrossing rate of related individuals, (- t); iv)
S, long 60° 0611.6” W). The fruits were harvestedApril  correlation of the estimate toff,); v) correlation of paternity
2006 and germinated in the Palm Oil akgro-enegy (rp); and vi) correlation of selfingrg). The individual
Laboratory of Embrapamazénia Ocidental. multilocus outcrossing ratd,{) was estimated by the

Leaf samples of the mother plants and progenigsethod of moments (MME). The standard deviation of
were collected and packed in plastic bags with silica gektimates was estimated by 1000 bootstrap resamplings.
for further analysis. DNA was extracted at the Laboratorigesampling units were plants of a progeny for the
of Plant BiotechnologyUniversity Center Nilton Lins, individual outcrossing rate of a progeny and among
ManausAM, with the modified CRAB method (Murray progenies for the population outcrossing rate.
and Thompson 1980). After extraction, the genomic DNA  The coefficient of coancestry among plants within
was quantified in agarose gel 0.8 % (w/v), stained witprogenies €,) was estimated from the correlation
ethidium bromide, and observed under UV light, based @moefficient of relatedness among plants within progenies
comparisons with molecular mass standards of 50, 100 &figy), as  proposed by Ritland (1989):
200 ng mL! DNA lambda phage (Invitrogen). £,=0,25 (1 + F)[43 + (Gt 1, 82)(1 + 7)1, where s is the

The microsatellite loci were amplified at thpplied selfing ratgs=1-7,). In diploid species, the coefficieflt,
Evolution LaboratoryFederal University oAmazonas, s nalf the codifcient r, (Lynch andwalsh 1998):
Mgnaus, Brazil. Six microsatellite loci were amplified WithOXy: #,/2. The effective size of variandi, — 0.5/
prlmers developed for peach palBe€tris gassipagdy estimated according to Cockerham (1969).
Billotte et al. (2004) mBg41, mBg58, mBg62, mBg66, mBg77,
and mBg91, and two by Martinez et al. (2002), Bgl7 a
Bg55, and transferred to Tucuma palm. The PCR reactircF;?nESUI‘TS AND DISCUSSION
contained: 4.0 mL de DNA (10 ng mi); 1.0 mL buffer The multilocus population outcrossing ratg) (vas
Tpl0X; 1.0mMLdNTP (2.5 mM); 1.0 mL MgggP5 mM); 1.0mL  0.978 for both algorithms (EM and NR) used to maximize
reverse primer (2.5 mM); 0.5 mL forward pring2/5 mM);  the likelihood function, with a standard deviation of 0.024
0.5 mL fluorescent primévi13 Hex or Fam (5 mM); 0.2 mL in the estimate obtained by EM and of 0.077 by N&b(&
EasyTaq DNApolymerase (5 U mt) (LGC Biotecnologia, 1). Hence, the estimates do not differ statistically from
Sao Paulo, Brasil) and 0.8 miili-Q H,O.Amplification  one, indicating that the progenies originated by outcrossing
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Table 1. Estimates of inbreeding, relatedness and mating system éktwmcaryum aculeatunpopulation in ManausAmazonas

Outcrossing rate

Estimate
Method MME

Family 1 - ¢, 0.948 (0.149) [25]

Family 2 - ¢, 1.036 (0.052) [21]

Family 3 - ¢, 1.038 (0.013) [25]

Family 4 - ¢, 1.046 (0.032) [25]

Family 5 - ¢, 0.986 (0.098) [25]

Family 6 - ¢, 1.055 (0.012) [25]

Family 7 - ¢, 1.090 (0.000) [25]

Family 8 - £, 1.022 (0.051) [25]

Family 9 - ¢, 1.283 (0.035) [24]

Family 10 - ¢, 1.111 (0.110) [25]

Family 11 - ¢, 0.774 (0.171) [25]

Method EM Method NR

Multilocus outcrossing rate - 7, 0.978 (0.024) 0.978 (0.077)
Unilocus outcrossing rate — £, 0.978 (0.019) 0.984 (0.035)
Biparental inbreeding/endogamy - ¢, — f, -0.001 (0.023) -0.007 (0.070)
Correlation of the estimate of t- 7, 0.276 (0.071) 0.444 (0.320)
Correlation of the estimate of multilocus p—r7, 0.176 (0.037) 0.205 (0.044)
Correlation of t between loci - Selfing rate due to uniparental inbreeding/endogamy — r, 0.898 (0.003) 1.200 (0.500)
Selfing rate due to biparental inbreeding/endogamy— 1 — 7 0.102 -0.200

Number of pollen donors — 1/r, 5.682 4.878

Selfing rate —§=1-7, 0.022 0.022

Parental fixation index — F' 0.000 (0.000) -0.112 (0.055)
Coancestry within progenies - 6y, 0.133 0.119

Effective size of variance -Aj, 3.748 4.188

[ ]—number of plants per progeny; ( ) standard deviation .

and that the species is allogamous. High outcrossitNR, indicating minor variation in the individual outcrossing
estimateshave been found for other palms, e.g.rate. Outcrossing rates at the multilocus individual family
Astrocarium mexicanuifieguiarte et al. 1992). The singlelevel () did not differ from 1.0, except for family 1t.,(=
locus population outcrossing ratg) (was estimated at 0.774 + 0.171), suggesting variation for self-
0.978 + 0.019 by EM and at 0.984 + 0.035 by NR. Thimcompatibility Seoane et al. (2005pared that significant
differences between the estimates of the single-locus acatrelations of self-pollinations or variations in individual
multilocus population outcrossing ratg £ty were -0.001 outcrossing rates may indicate the existence of self-
+0.023 (EM) and -0.007 = 0.070 (NR) and statistically ndhcompatibility in the species. Other factors are also
different from zero, indicating absence of crosses betweemphasized, e.g., populations structured in families and
relatives in the populatioAccording to Ritland (2002), flowering asynchronywhich may contribute to or cause
for low levels of selfing § < 0.2), the correlatiorbetween the occurrence of variation in individual outcrossing
loci (rg) corresponds to the inbreeding fraction due toates. Lowl, estimates indicate that selfed plants are
uniparental inbreeding and to the selfing fraction due t@andomly distributed among the progenies and there was
biparental inbreeding (1rg)). The correlationt between no tendency of some mother plants to generate more plants
loci indicates that selfing contributes with 89.8 % of théy selfing or by crosses than others.
inbreeding by EM and with 100 % by NR, indicating a low The paternity correlatiorr), which indicates the
proportion of biparental inbreeding, in agreement with theroportion of plants generated by biparental crosses, that
absence of crosses among relatives. is full-sibs (Ritland 1989), was low (0.176 £ 0.037 by EM
The estimate of the correlation of selfimg,(which and 0.205 + 0.044 by NR), revealing randomness in the
represents the probability of finding a plant generated Iprocess of cross-pollination, with few correlated
selfing in a progeny where there is another also generat@adssings. This result also indicated that most progenies
by selfing,was 0.276 £ 0.071 by EM and 0.444 + 0.320 byvere from crosses of different pollen sources; the number
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of pollen donors (X}) was estimated at 5.7 (EM) and 4.9infinite size, the effective variance size would range
(NR). Seoane et al. (2005) found between 4.5 and 9 effectivetween one (1) and four (4); 1 would represent a selfed
pollen donors in a study diuterpe edulisThe low progeny 2 full-sib progenies and 4 half-sib progenies
estimates of correlation of paternity indicate a high numbéGiudice Neto et al. 2005). The effective size of variance
of pollen donors (Ritland 1989). was estimated at 3.75 (EM) and 4.19 (NR), indicating that
The fixation index of mother plantgq ) estimated the genetic representativeness in the progenies is expected
for the progenies was 0.0 (EM) and -0.112 (NR), indicating be close to that expected in randomly mated progenies,
absence of inbreeding in the mother plants from which thehich agrees with previous results indicating that the
seeds had been collected. Ritland and Jain (1981) explaipedgenies are predominantly half-sibs.
that the negative value of , by the NR method, is a The Tucuma palm is predominantly allogamous and
subterfuge of the algorithm due to the higher than expectdte open-pollinated progenies generally consist of half-
frequency of heterozygous genotypes, unlike in the casis. In spontaneous Tucuma populations the variability
of the EM algorithm, where the estimators are restrictddr traits such as growth rate in height, yield, and fruit
to values between zero and unity only quality is considerable (Lopes et al. 2009). Information on
The mean coefficient of coancestry within progeniethe mating system of natur&lstrocaryum aculeatum
(ayy) was 0.133 (EM) and 0.119 (NR), close to the expectgubpulations is extremely useful to guide programs for
values in half-sib progenies (0.125). This coefficient is genetic conservation, domestication and breeding of
measure of relatedness that indicates the probability thadpulations (Oliveira et al. 2003).
two randomly sampled alleles in two plants are identical
by descent. The coancestry in the progenies of the stLﬁgKNOWLEDGEMENTS
population means there is a probability of 13.3 % (EM)or ~ The authors wish to thank the Financiadora de
11.9 % (NR) that two alleles sampled in two plants of thEstudos e Projetos (FINEP) and FundacaAmearo a
same progeny are identical by descent. Knowing theesquisa do Estado Amazonas (RPEAM) for funding
coefficient of coancestry is also important to estimate ththe project CTIARM - Process 01.06.0380.04 and the
effective variance size (), which measures the genet@onselho Nacional de Pesquisa e Desenvolvimento
representativeness of progenies compared to the refere(CRPq) for funding the project BIGRM - Process 553254/
population. In samples of progenies of a population &005-7 and granting the first author a scholarship.

Determinacao do sistema reprodutivo do tucuma-do-
Amazonas com marcadores microssatelites

RESUMO - A palmeiraAstrocaryum aculeatuproduz futos comestiveis, utilizados na alimentacao por populagées indigenas,

tradicionais e urbanas. Esta espécie € incipientemente domesticada e pouco estudada apesar de sua importancia econémica para
pequenos produtores e extrativistas. Estudos do sistema reprodutivo sdo necessarios para conservagdo e uso dos recursos
genéticos da espécie. O objetivo foi estimar parametros do sistema reprodutivo do tucuma-do-Amazonas usando marcadores

microssatélites. Plantas dé progénies de uma populacédo espontanea foram genotipadas com oito locosodsatétites e 0s

parametros do sistema de cruzamento estimados. A estimativa da taxa de cruzamento populacional foi de 0,978, enquanto ao nivel
de familia variou de 0,774 a 1,283. Os valores da correlagcao de paternidade, 0,176 e 0,205, indicam baixa probabilidade da
ocorréncia de irméaos completos dentro das progénies. O tucuma-do-Amazonas é predominantemente alégama e as progénies de

polinizacdo aberta sdo constituidas predominantemente por meio-irmaos.

Palavras-chave:Astrocaryum aculeatumdomesticacdo de palmeira; ntdores microssatélites; taxa de azamento;
caracterizagao de recursos genéticos.
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