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ABSTRACT —This study aimed to evaluate the genetic variability among individuals of a base population

of Eucalyptus grandiand to build a molecular marker database for the analyzed populatiot=uddigptus
grandisbase population comprised 327 individuals fromfGdflarbourAtherton and Rio Clar@ few plants

came from other sites (Belthorpe MAandanus, Kenilwortkabbra, etc.). Since this base population had

a heterogeneous composition, the groups were divided according to geographic localization (latitude and longitude),
and genetic breeding level. Thus, the influence of those two factors (geographic localization and genetic breeding
level) on the genetic variability detected was discussed. The RAPD technique allowed the evaluation of 70
loci. The binary matrix was used to estimate the genetic similarity among individuals using a&coefidient.
Parametric statistical tests were used to compare within-group similarity of the means. The obtained results
showed that the base population had wide genetic variability and a mean genetic similarity of 0.328. Sub-
group 3 (wild materials from th&therton region) showed mean genetic similarity of 0.318AS {om

Coff’s Harbour region) had a mean genetic similarity of 0.322 and was found to be very important for maintenance
of variation in the base population. This can be explained since the individuals from those groups accounted
for most of the base population (48.3% for it). The base population plants with genetic similarity higher
than 0.60 should be phenotypically analyzed again in order to clarify the tendency of genetic variability

during breeding programs.

Keywords: Molecular markers, forest tree breeding and population genetics.

VARIABILIDADE GENETICA ATRAVES DA TECNICA RAPD DE UMA
POPULACAO-BASE MULTIPROCEDENCIAS DE Eucalyptus grandis HILL EX
MAIDEN

RESUMO- Este estudo visou avaliar a variabilidade e distancia genética dentro de uma populacao-base
de melhoramento genético Bacalyptus grandisA avaliagdo da variabilidade genética tem como objetivos
principais analisar a base genética da populagdo-base e montar um banco de dados marcadores moleculares
da populagdo em anélise. Essa populagédo é formada por 327 individuos, principalmente das procedéncias
de Coffs HarbourAtherton e Rio Clao. Devido a het@zigosidade natural dessa populacéao, ela pode ser
dividida em diversas subpopulag¢des, de acordo com a latitude e longitude de origem; e dentro de subpopulacgdes,
em fungédo do grau de melhoramento genético ja realizado do material analisado no Brasil. Isso permitiu
avaliar quanto da variabilidade detectada dentro da populacéo-base foi devido a esses fatores: procedéncia
e grau de melhoramento. A aplicagao da técnica RAPD permitiu avaliar 70 locos polimdérficos, que foram
analisados utilizando-se o coeficiente de Jaccard, o que resultou em matrizes de similaridade genética entre
os individuos. Os dados de similaridade genética posteriormente foram submetidos a analise estatistica. Os
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dados indicaram que a populagdo-base apresenta ampla base genética, com média de similaridade genética
de 0,328. O subgrupo denominado Regido 3, composto por material selvagem da macrorregiao de Atherton,
juntamente com material d&PS da maarregido de Cofs Harbour foi um dos que mais contribuiram

para a ampla base genética da populacdo-base. Foi possivel detectar diferenca estatistica entre as populagdes
selvagens das pcedéncias datherton e Coffs Harbour assim como ergressas mcedéncias e a de Rio

Claro.

Palavras-chave: Marcadores moleculares, melhoramento genético florestal e genética de populacgdes.

1. INTRODUCTION variability in the base populations comprising a
In Brazil, silviculture research started in the early _Eucalyp_tus grangllsmpr_ovement program. Th'?
information, combined with morphological data, will

twentieth centurylts main taget was the production helo infer th i iability of the b lati
of wood to meet the demand at that time due to increasinge pinterthe genetic vanability ot the base population.

nf?ltural devastatign anq the difficglty of replacement 2 MATERIAL AND METHODS
with natural species. Silviculture is mainly based on . ' _
exotic genus such @inusandEucalyptusand is Plant material: The plant material comprised
now known as Intensive Silviculture. Brazil has an 327 individuals of. grandisthat compose a base

invaluable germplasm bank of the gefusalyptus population of forest tree breeding from a forestry company
and several breeding programs of more than 30 yeaf§ the state of Sdo Paulo in Brazil.

duration that may be considered mature for future Those individuals were selected from low (16° -
decisions (FERREIRA and SANTOS, 1997). 19°S) and high latitude (25°-30°S) populatiorsistralia

The application of molecular markers to the study(Table 1). Since variability was studied in the base
of genetic diversity in base populations has gained®©Pulation as awhole, it was also possible to evaluate
ground as an important support to genetic breedinéhe groups formed by the individuals that comprised

programs (KREMER et al., 1994; SEBBENN and SEOANE it. Thus, the parameters latitude and longitude were

2005). The base populations are characterized foftlso used as a joint griterium to separate those' regions
crossings of superior individuals aimed at obtainingt€"MedAtherton region and Cofs Harbour region.

gene groups or gene sets by recombination in order  The heterogeneous composition of base population
to find new combinations of interest. also allowed to study other levels of comparison, such
Molecular information on genetic similarity may as. (1_) wilo_l materia_ll (vx_/ithout.selection), and improved
allow keeping genetic variability in the course of an material (with selec'tlon n Bra2|.l) froAtherton and Cék i
improvement program to evaluate the redundancy an5|arbour; (2) breeding populations (from Seed Production
deficiency of germplasm collections. This is possiblefb‘reas - S.FA. and Clonal Segd Orchards - CS0) frgm
through the generation of data on the efficiency Oflmprov_ed Cofs Harbourmaterla_l; and (3) sub-popglatlon
the collection process, and maintenance, managemem) m wild Atherton (Bble 1).The aim of such comparisons

and expansion of a bank germplasm (PHILLIPS et a1 Was to verify possible differences in the genetic basis
1993: NEWBURR and FORD- LLOYD, 1993) of sub-populations as a result of differences in the degree

of genetic improvement and provenances.
RandomAmplified Polymorphism DNARAPD)

has been widely used in the geBusalyptuso identify Wild Atherton accesses were divided into three

clones (LANGE et al., 1993), to study genetic diversityzl)J t;'gégl:g;S;f:{%reo:?olv’:#:;%r;‘u%ﬁﬁg?oiupb_lgx:s

to obtain better hybrid combinations (MURO-ABAD o
composed by individuals from Paluma and Mount Spec,
et al., 2005), and to construct molecular maps

(GRATTAPAGLIA and SEDERERORBSS andOTLs 5 O°S1eS T e same provenanes, sub oroup
maps (GRATAPAGLIA etal., 1995), to evaluate genetic P y

L o and Mount Lewis. Sub-group 3 was composed b
variability between individuals (CAIXEX et al., 2003). Atherton. Rifle RangeNogdeclloa Mount Oarl?danus y

Therefore, in the present study we used moleculaRevenshoe, Wild River, Herberton, Tinaroo Creek Road,
markers (RAPD) as a tool to evaluate the genetiand Davis Creek Road provenances.
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Table 1 —Sub-populations forming the population base.Number of plants per each sub-population, percentage of participation
of these sub-populations in the base population, latitudes and longitudes frdunstitadia regions where they
were collected

Tabela 1 -Composicao das subpopulagdes que formam a populagdo-base. Seguenodeimdariduos de cada subpopulacéao,
a porcentagem de participagdo na populagdo-base e as latitudes e longitudes dos locais de origem na Australia

Sub-populations N°. of plants Participation (%) Latitude E Longitude S

Rio Claro 17 5.2 25° to30° 152°39’ to 153°08’
Wild sub-group 1Atherton region 13 4.0 18° 52’ to 19 03’ 146° 07’ to 146° 08’
Wild sub-group 2-Atherton region 14 4.3 16 ° 35’ 145° 16’ to 14517’
Wild sub-group 3Atherton region 68 20.8 17° 03'tol7° 42’ 145° 24'to 145° 37’
Wild material - Cof’'s Harbour region 19 5.8 25° to30° 152239’ to 153°08’
S.PA. - Atherton region 08 2.4 16° to 19° 145° 16’to 146°08’
S.RA. - Coff’s Harbour region 158 48.3 25° to 30° 152°39’to 153°08’
C.S.0. - Coffs Harbour region 30 9.2 25° to30° 152°39’to 153°08’

The study also included a total of 17 individuals loci; and 51.8% showed higher polymorphism, with
selected from Rio Claro Experimental Station, seed lotan average of 5 polymorphic loci per primire most
2094 (ex Companhia Paulista de Estradas de Ferropolymorphic one was OPX7, with 8 assessable
Sao Paulo-Brazil. The seeds from this lot were collectegbolymorphic loci. Grattapaglia and Sederoff (1994)
in Australia from a single tree with excellent size andobtained similar results with a population mageof
vigor, known as “Nhcent tree” (Ferreira, personal oral grandis In the present work, from a total of 128
communication). polymorphic RAPD loci, only 70 loci with better quality
of amplification were analyzed, corresponding, on average,

DNA extraction, RAPD reaction and . .
. to approximately one marker for 22 cM of the linkage
electrophoresis: The procedures used were those .
map for the species.

proposed by Williams et al. (1990) and modified by Grattapaglia
and Sederoff (1994) f@&ucalyptus grandispecies. 3.2.Satistical Analysis of groups

Selection of Primers: Arbitrary primer The analysis among individuals in the registierton
screening was performed with 27 ten-base primers (Opercand Cof s Harbour showed no significanfeience between
Technologies IncAlameda, California). For selection the genetic similarities in these regional{fé 2), showing
of the polymorphic primers, the OPN kit and part of that both materials have genetic variabffiince individuals
the OPX kit (OPX1- OPX7) were used. Only polymorphic of different levels of improvement were found within
loci between 5,001 and 1,500 bp, according to Laddepopulation of these regions, theeliénce between Citsf
1 Kb standard were considered. Harbour anétherton was more evident when wild materials

isti ; ; ; r mpared.
Statistical Analysis: RAPD is a dominant are compared

marker scored considering band presence (1) and band When comparing the wild materials from both
absence (0). Only polymorphic loci were analyzed withAtherton and Cdfs Harbour regions, it was possible
the NTSYS2.02 (Rohlf, 1993)The similarity matrix,  to see significant differences, with the individuals of
obtained by Jaccamltoeficient, was used in analysis theAtherton population being less similar among each
of variance, and thEukey test when necessgrgrformed  other (genetic similarity mean = 0.327, n = 95) than
by the SAS software (&tisticalAnalysis System) to those of Cdf s Harbour (genetic similarity mean = 0.345,

5% of significance. n =19) (Rble 2) These results indicate that #htherton
region is also an interesting alternative for future seed
3. RESULTSAND DISCUSSION collections, while many Brazilian reforestation companies

dedicated to reforestation with Eucalyptus traditionally
selected material from Cio$ Harbourin addition, the

From 27 primers screened (kit OPN and OPX fromCoff’'s Harbour material proved to be less adapted to
1to 7), 14.8% did not present any amplified productthe environment where it was introduced in some aspects,
and 11.1% did not show clear results, thus hinderinguch as being more susceptible to cancer in some regions
loci evaluation; 22.2% showed up to two polymorphic of Brazil (Moura et al., 1992).

3.1. Markers
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Table 2 —Coeficient of variation (C.\W6) andTukey test analysis (significant at 5%) of the comparisons between the
different sub-populations

Tabela 2 -Coeficiente de variacdo (C.96) e esultados do teste deRey (a 5% de significancia) das comparacdesesntr
as diferentes subpopulagdes

Sub-population Genetic similarity mean C.V.(%)
Rio Claro 0.416a 28.05
Coff’s Harbour region 0.329b
Atherton region 0.325b
Wild sub-group 1-Atherton region 0.388a 27.12
Wild sub-group 2-Atherton region 0.339b
Wild sub-group 3-Atherton region 0.318c
Coff’s Harbour wild material 0.345a 28.50
Atherton wild material 0.327b
Coff’s HarbourS./A. 0.322a 29.11
Coff’s Harbouwild material 0.345b
Coff’s Harbour S./A. 0.322a 28.98
Coff’s Harbour C.S.O. 0.363b
Atherton improved population 0.319a 27.11
Atherton wild material 0.327 a

Values followed by a common letter indicate that the treatments did riet dif5% by th&ukey test.

The high mean genetic similarity found among were superior in variability to the wild sub-populations
individuals from Rio Claro (0.416) not only showed from both regionsAtherton and Cdfs Harbour
their lower genetic variability but also their monoprogenic However only in the Cdf s Harbour region the di#frence
history. Although the recombination that took place was significant at 5% level. Similar results were obtained
after the introduction of this material in Brazil might by Pigato and Lopes (2001) in four generations of
have favored an increase in variabilitye Rio Claro  Eucalyptus urophyllavith continued improvement
material is still quite inferior in terms of genetic variahility of these materials. The higher similarity mean observed
compared to the remaining sampled material, significanty@mong wild sub-population individuals could be explained
differing from both Cdfs Harbour andtherton regions. by the fact that: 1) the wild natural material was compared
) ) to a smaller number of related plants; 2) natural
. Nevertheless, R_'O Claro is one Of_ the mOStpopulations are under human pressure; 3) crossing
utilizedprovenances in forest tree breeding by large&nances are higher in breeding fields than under natural
private paper and pulp companies in Brazil, mainly in.5nhditions because original barriers, such as poor
clonal programs, because the plants show high vigogistribution of the individuals within the population,
and productivityHowever that material has a reduced high distance between individuals, and exploration
genetic variability caused by the high degree of inbreeding¢ 5reas normally used for seed collection are not found.
among individuals (half-sib descendants), and highrpese factors lead to the conclusion that inbreeding
rustincidenceRuccinia psidi) problems observed reduces the variability between individuals. When plants
in many companies (MELLO etal., 1997). are introduced, recombination is favored by reduced
Comparisons between wild and improved sub-distance between individuals. Recombination is a balanced

populations from both regions were made when assessittf®yY of restoring population structure, as well as previously

possible variability loss after generationsgrovement, ~ affected variabilitywhat could explain why breeding
Although wild sub-populations are not composed bymaterlals showed hlg_her_genetlc variabilithe fact _
the same individuals that originated from the improvedthat Cof’s Harbour region is where most factors causing

sub-population, they can be used as reference Iregam"@éructural inbalance are found could explain thg higher
the variability level found in the original region, since Ifference between wild and S\Psub-populations.
they originated in the same provenance and thus present The fact is that the majority of the wild sub-population
the same basic genetic matedaicording to the results, individuals are half-sibs, which contributed to a genetic
the Seed Productigkrea (S.FA.) improved populations  variability bottleneck. It was observed that when similarity
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between individuals within group was taken by excludinghigh genetic erosion occurring in only one generation
only one individual from each familyhere was an of high selection intensityn the base population,
increment of 2.08% in variabilityneaning a similarity  variability was reduced by 9.6%. The participation of
decrease from 0.345 to 0.338. The exclusion of onghe C.S.O. sub-population in the base population was
individual from each family was not sufficient for the only 9.2% (&ble 1) and therefore that reduction did
new group to present variability higher than that ofnot afect its general variabilityrhe maintenance of
the S.PA. material (mean of 0.322) but allowed the this material in the base population also shows an
estimation of genetic variability loss by one selectionadvantage, i.e., a putative increase in the alleles frequency
of half-sibs. However, the selection of half-sibs shouldrelated to interesting silvicultural characteristics, as
be conducted only when no other option is availablea consequence of the high selection intensity applied
or when the material is not designed for recombinatiorto those characteristics. On the other hand, the
in tree breeding programs, such as commercial plantatioparticipation of S.FA. in the base population was much
cloning. more expressive (48.3%) and, consequghtysimilarity

Wild material from thétherton region available mean found m_nthm S.R.was very close to the total
base population.

for analysis in this base population is also made up
of a reduced number of individuals (8 ). This is because  Wild Atherton material was divided into three sub-
only plants fromAustralian high latitude regions were groups (sub-group 1, sub-group 2, and sub-group 3)
introduced. Low latitude regions have recently beenmaccording to location @ble 1). Sub-group 3 showed
included in forest tree breeding programs developedhe highest variability among individuals, with a mean
by private companies. Those individuals are part ofof 0.318. The superiorityof this region in genetic
recombination of 17 elite trees frohustralia that  variability could be attributed to the more adequate
underwent low intensity selection in a APAt this climate and altitude conditions f&r grandisspecies
level of improvement, recombination is greatly favored,and higher forest densityhe population species
leading to increased variability structure in the region is more balanced due to a higher

The genetic similarity results obtained for that ppllen ﬂOVY all.o'wed in these conditions, encouraging
higher variability

group emphasize the role played by recombination in
forest tree breeding programs in promoting the use  Sub-group 3 differed significantly at 5 % level

of variability, further supporting the notion that data of significance from the similarity average found in
on genetic similarity between individuals may be usedsub-groups 1 and 2. Sub-group 1 region has large forest
to establish S.R.s, which would be more adequate fragmentation, which can lead to an increment in
for adaptation in different environments. Similar resultsinbreeding rate. This can be explained by the low variability
were obtained by Xavier et al. (1997) who concludedfound in sub-group JAnother hypothesis is that sub-
that before making any intervention through intensivegroup 1 has been poorly sampled due to the difficulty
selection to establish Seed Orchards (S.0.), it isn collecting seeds from an area that is less homogeneous
necessary to improve local adaptation through rapidand less structured

mass selection cycles in &P, or even in Seed Collection Sub-group 2 shows an intermediate genetic similarity
Areas (S.C.As). The practice allows creating local races

. S o : of 0.339, significantly different from sub-groups 1 and
fadapted to.dlfferent edaphoclimatic conditions |nvolved3_ Latitudes lower than 17°, as is the case of this sub-
in a breeding program.

group, is adverse to adjustment to a denser forest,
In order to examine the genetic variability lossesleading to the formation of forest fragments, which

along the selection process, two different breedingchange the structure of the population due to pollination

levels were compared for the €afHarbour material:  difficulty. Despite these factors, the genptipulation

a lower improvement selection intensity (&.pand structure is still better than in region 1.

a hlgher_lmprovement se_lectlon intensity (C.S.O.)_. The The analysis of the 327 individuals composing

comparison made possible to observe a reduction q

11.3% in genetic variability between two different improvedt e base population shqwed higher level of similarity
. . than that observed by Gaiotto et al. (1997). These authors
populations. Clonal Seed Orchard material presenteJI

worked with 121 families in a populationefUrophylla
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