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SUMMARY

This paper estímates the genetic variability 01 7 seed propagaled Chilean populations 01
Castanea saliva Mili. using isozymes and RAPO markers. Out of 17 isozymes loei investigated
41 alleles were detected. 4 RAPO primers generated 37 markers. Low genetic intra populations
variability was estimaled using isozymes (Fis 0.027) and RAPO (Hs=0.02) markers. Although
the geographical distance from populations is considerable the differentiation among them is nol
high: Gst= 0.095 for RAPO and Fst=0.101 for isozymes. Not deviations from Hardy Weinberg
equilibrium was estimaled. even though these populations had received selective pressure
and were introduced recently lo Chile. probably during the 19th with Ihe arrival of European
immigrants. UPGMA analysis. based on Nei genetic distance index and including isozymes data
of previously studied European populations. suggests Portugal as the possible center of origín of
Chilean Chestnut populations. The generated information represents an important contribution to
local managers and authorilies. to determine an appropriate chestnut management. combining
productivity and conservation, economy and ecology.
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ANALlSIS DE LA DIVERSIDAD Y RELACIONES GENÉTICAS
ENTRE SIETE POBLACIONES CHILENAS DE CASTAÑO

(Castanea sativa Mil!.) USANDO ISOENZIMAS y MARCADORES
MOLECULARES RAPD

RESUMEN

Se utiliza isoenzimas y marcadores moleculares (RAPO) para estimar la variabilidad
genética de 7 poblaciones chilenas de castaño (Castanea saliva MilI.) propagadas por semilla.
De 17 loei isoenzimáticos analizados se detectaron 41 alelas; 4 partidores RAPOs generaron
37 marcadores. Se detectó una baja variabilidad genética dentro de las poblaciones usando
isoenzimas (FIS=Q,Q27) y marcadores RAPO (Hs=Q,Q2). Aunque la distancia geográfica entre
las poblaciones es considerable. la diferenciación entre ellas no es alta: G5t=0,095 para
RAPO y Fst=O,101 para las isoenzimas. No se estimaron desviaciones para ley de equilibrio
de Hardy~Wejnberg.aún cuando estas poblaciones habían estado sometidas a presiones de
selección y habian sido introducidas a Chile recientemente, probablemente durante el Siglo
XIX con la llegada de los emigrantes europeos. El análisis UPGMA basado en el índice de
distancia genética de Nei. e incluyendo información de isoenzimas estudiados previamente en
poblaciones europeas, sugieren a Portugal como el posible centro de origen de las poblaciones
chilenas de castaño. La información generada representa una importante contribución a los
silvicultores y autoridades locales para determinar un apropiado manejo del castaño, que
combine aspectos de productividad con otros de conservación, economía y ecología.
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INTROOUCTION

Since immemorial times the Chestnut tree, Caslanea saliva Mili, has represented a
valued productive alternative, both for its fruit and timber. From the antiquity its timber was
recognized for its nobility, used as structural wood, for furniture and fine handicrafts, and in
agneultural applieations (Benedetti and Subiri, 2000). Its Iruits beeame a eurreney in periods 01
shortage. due to its excellent nutrition, reason why special varieties have been developed for the
produetion 01 high quality Chestnuts. oriented to gourmet markets.

Its presence in Chile 90es back to 19th century, when European immigrants introduced
it to the eountry (Benedetti and Subiri. 2000). In Chile Chestnut has been eultivated in the
central and southern area, where some commercial orchards are found. In general, orchards
do not present a defined management, and irrigation, fertilizers and herbicides are not usually
applied. bearing low quality Iruit (Loewe el al., 1994). Contrarily, Chestnut timber presents good
teehnologieal eharaeteristies; no ring-shake deleel has been lound in the eountry (Loewe el al..
1994)

Furthermore, based on the ecological requirements of the species and environmental
eharaeter;sties in Chile, potential areasol approximately 1.400.000 heetaresforthe establishment
01 plantations were determined (Loewe el al.. 1997).

Considering the wide geographieal distribution 01 this species, the diversity 01 the
identified phenotypes (Benedetti and Subiri. 2000) and the eeonomie importanee olthis species,
studies on genetic variability of Chestnut in Chile are needed.

The aims 01 this work were: 1) Evaluate the genetie diversity 01 the Chilean Chestnut
populations using isozymes and RAPO markers 2) Evaluate the possible origin 01 Ch;lean
Chestnut populations analyzing the isozymes data obtained in this study with those previously
published by Villani el al. (1994). This inlormation can be the base 01 a strategy 01 genetie
improvement oriented to plantations with forest and fruit-forest 90als, as well as to define
utilization and germplasm conservation criteria, both basic factors to take advantage of the
potentiality of the species in Chile.

MATERIALS ANO METHOOS

Plant Material

Samples of Chestnut fruits were collected from 30 trees coming from each of seven
populations loeated between the VIII and X Regions 01 Chile. Four 01 the seven analyzed
populations aim at fruit-bearing production, while the three remaining aim at timber productions
(Table W 1). AII plantations were seed propagated.
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Table N° 1
CHARACTERIZATION ANO GEOGRAPHICAL LOCALlZATION OF THE STUOIEO POPULATIONS

Property Name Region County/City
Lal(S); Plantation's Ag. Spacing

Soil TypeLong (W) goal (yea,,) (m)

Tanilboro Viii Coihueca 34° 40' 71° 50' Fruit 50 12 x 12 TrumaO"

Santa Cecilia Viii San Ignacio 37' OO' 71" OO' Fruit 50 10 x 10 Trumao

Trehualemu VIII San Ignacio 37° OO' 7'}!l OO' Fruit 45 - 50 10 x 10 Trumao

El Co~úe IX Villarrica 39' 30' 71" 30' Forest 29 4 ,4 Thin Trumao

las Palmas X Valdivia 40' OO' 73' OO' Forest 41 5,5 Thin Trumao

los Copihues X Valdivia 400 00' 73° OO' Forest 34 4<4 Metamorphic rock

Tres Bocas X Corral 40° OO' 73° OO' Forest 26 3d Metamorphic rack

Source: Modified of Loewe el al. (1994)
~Trumao: volcanic soil.lighl. deep. fertile and with good drainage

Isozymes Analysis

Starch gel electrophoresis was carried out according to the methodology of Villani et al.
(1991). Thefollowing eleven enzyme systems wereexamined (Table W 2): alcohol dehydrogenase
(Adh, E.C.l.l.1.1), diaphorase (Dia, E.C.l.6.4.3), isoeitrate dehydrogenase (Idh, E.C.l.l.1.42),
glutamateoxaloacetatetransaminase(Got, E.C.2.6.1.1), phosphoglucomutase(Pgm, E.C.2.7.5.l),
leueinelaminopeptidase (Lap, E.C.3.4.11.1), esterase (Est, E.C.3.1.1.2) phosphoglucoisomerase
(Gpi, E.C.5.3.l.9), peroxidase (Prx, E.C.l.l1.l.l7), superoxide dismutase (Sod, E.C.l.15.l.l)
and glucose-6-phosphate dehydrogenase (6-Pgdh, E.C.l.l.1.49).

Table N° 2
ENZYMATIC SYSTEMS, LOCI ANO ALLELES NUMBER

Enzymatlc Loci Alleles
systems enzymatic Number

AOH Adh 3
OlA Día 2

IOH
Idh-l 4
Idh-2 2

Got-l 1
GOT Gol-2 1

Gol-3 2
PGM Pgm 2

Lap-1 5
LAP Lap-2 4

Lap-3 2

EST Est-1 3

GPI
Gpi-l 1
Gpi-2 3

6PGOH 6Pgdh 2

PRX Prx·1 3
SOO Sod 1
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ONA Extraclion and RAPO Amplificalion

ONA was exlracled Irom 100 mg 01 nullissue according lo Ooyle and Ooyle (1987) method.
18 RAPO primers, obtained from Operon Technology (Alameda CaliL). were tesled. Four 01 Ihese
(OPM 7, OPT 2, OPK 4, and OPK 19) showed e1ear and reproducible bands were used lor the
analysis (Table N" 3). Amplifications were made in 12.5 ~I 01 reaction volume containing 10 mM
Tris-HCI pH 8; 50 mM KCI; 1.5 mM MgCI, 0.2 mM 01 each dNTP; 0.4 ~M primer; 100 mg/ml BSA:
0.75 Unit ofTaq-polymerases (Boeringer Mannheim. Germany) and 20 ng 01 ONA. The mixture was
overlaid with mineral oil and subjecled to PCR on a Perldn Elmer 480 Thermal Cycler programmed
for an inilial step 01 3 minules al 94oC, followed by 45 cycles at the following temperatures: 94oC for
1minute, 36°C for 1 minute. 72°C for 2 minules and a final slep al?2°C lor 10 minutes. Amplification
products were analyzed on a 1.4% agarose gel stained with ethidium bromide (0.2 ~gll).

Table 3
RAPO PRIMERs USEO ANO NUMBER OF MARKERs sCOREO

Sequence Number of
Scored bands

Primer
(S'- 3') scored bands

molecular weight
range

OPM7 CCGTGACTCA 12 475-1273

OPT2 GGAGAGACTC 8 525-1230
OPK4 CCGCCCAAAC 13 271-1538

OPK19 CACAGGCGGA 4 984-1476

Data Analysis

Isozymes

Isozymes were progressillely numbered from the mast anodally migrating one. Data were
statistically processed using software BIOSYS-1 (Swofford and Selander, 1989) and POPGENE
(Yeh el al., 1997). The percentage of polymorphic loci (P) and the number of expected (He) and
observed (Ho) heterozygotes were calculated.

Genetic differentiation within and between the Chilean populations was estimated by F
slatislics (Fst. Fit and Fis) (Weir and Cockerham. 1984) using FSTAT software (Goudet. 2000).

In arder to determine the possible origin of the Chilean chestnut, F-statistics analysis was
also used to compare isozymes dala of Chilean populations with isozymes data of European
chestnut populations (Italy, Portugal. Spain and Turkey) previously published (Villani et al ..
1994). Cluster analysis olthe dissimilarity matrices, based on Nei (1978) geneticdiversity index,
was performed and the results summarized as UPGMA analysis. A Wagner troo was generated
to highlight lhe genetic distance between Chilean and European populations. Mantel test was
curried out to corre/ate genetic and geographic distances.

RAPD

The band indicated with the prímercode and lhe molecularweighl (bp)were read considering
presence (=1) and absence (=0). For RAPO markers, being dominant, the null homozygotes can

Volumen 14 N°' AbnI200fl/1J9



ASSESSMENT OF GENETIC OIVERSfTY ANO GENETIC RELATIONSHIPS AMONG SEVEN CHtLEAN CHESTNUT (Caslanea saliva
Mili.) POPULATIONS USING ISOZVMES ANO RAPO MARKERS

be identified by the absence of any amplified product and the frequency of the two alleles at a
RAPO locus could be calculated lrom Ihe Irequency 01 null phenotypes (q') and p=l-q.

Bands with extremely low recessive frequeneies (q2<3/n) were exeluded from the analysis
(Lynch and Milligan, 1994).

Using lhe software POPGENE (Yeh el al., 1997), a sel 01 measures 01 intra and inter genelic
population stalislics were calculaled: percenlage 01 polymorphous loci (P), tOlal genelic diversity (Hl),
genetic diversity within population (Hs) and genetie differentiation among populations (Gst). Cluster
analysis based on Nei (1978) genelic distance values was periormed using UPGMA method. To
validate the correspondence of genetie and geographie distances, a Mantel test was carried out.

RESUlTS

01 17 isoenzyme loci investigaled 41 alleles were detected while the lour RAPO primers
used generated 37 markers. Tables' 4 and 5 show the genetic diversity values of the seven
Chilean Chestnut populations obtained respeetively with isozymes and RAPO data.

Table N° 4
GENETIC DIVER51TY VALUE5 BA5ED ON 150ZYME5 DATA

Single Population
Shannon's loei polymorphic Ho He Fis

informatlon index (%)
Tres Bocas 0.43 (0.27) 52.9 0.217 (0.053) 0.236 (0.054) 0.081

Tanilboro 0.41 (0.30) 70.6 0.242 (0054) 0242 (0051) 0.001

Las Palmas 0.40 (0.40) 47.1 0.192 (0.051) 0.225 (0061) 0150

Santa Cecilia 0.35 (0.29) 58.8 0.180 (0,042) 0.196 (0.045) 0.082

El Coigüe 0.40 (035) 58.8 0.242 (0.058 0232 (0.053) -0001

Trehualemu 0.37 (026) 64.7 0209 (0.042) 0.213(0043) 0.021

Los Copihues 0.43 (0.39) 58.8 0.239 (0.056) 0.234 (0.057) -0012

AII poputatlons Fis Fl Fst
0.027 (0082) 0.125 (0.072) 0.101(0.036)

Table N° 5
GENETIC DIVER51TY VALUE5 BA5ED ON RAPD DATA

Single Populations
Shannon's Nei's gene Polymorphlc loci

information index diversity (%)

Tres Bocas 0.41 (0.26) 0.274 (0.189) 7838

Tanilboro 0.44 (0.26) 0.298 (0.189) 81.08

Las Palmas 0.42 (0.27) 0.291 (0.196) 7838

S. Cecilia 0.47 (0.25) 0.324 (0.183) 81.08

El Coigüe 0.49 (0.22) 0.333 (0.169) 89.19

Trehualemu 0.46 (0.23) 0.309 (0.172) 83.78

Los Copihues 0.46 (0.24) 0.313 (0.171) 81.08

Al! populations Hs Ht Gsl
0.34 (0.02) 0.30 (0.02) 0.095
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A higher percentage 01 polymorphic loei were obtained using RAPO markers (range lrom
731081%) compared lo tha! obtained using isozymes markers (range between 47 and 71%).

Comparable genetic diversity values were obtained analyzing the single populations with
both markers. In generallow intra population diversity and low divergence between populations
were obtained respeclively lor isozymes (Fis = 0.027 Fst = 0.1 O) and RAPO (Hs = 0.34 Gst =
0.095) markers. Higher values 01 the Shannon's inlormation Index were obtained using RAPOs
than isozymes markers. Nei genetic diversity values obtained using RAPO mar1<ers varied
between 0.274 and 0.313; the observed average heterozygosity values obtained using isozymes
ranged belween 0.180 and 0.239. A moderate devialion Irom the Hardy Weiber equilibrium was
observed only in three populations (Santa Cecilia, Tres Bocas, Las Palmas).

Figures N° 1 and 2 show the results 01 the UPGMA cluster analysis based on Nei (1978)
genetic diversity index using, respectively, isozymes and RAPO data. In the dendrogram based
on isozymes data (Figure N' 1). two main groups are identified, one ineluding Las Palmas
and Los Copihues populations, the other ineluding Santa Cecilia, Trehualemu. Tres Bocas. El
Coigüe, with Tanilboro being intermediate between the two groups. Cluster analysis based on
lhe RAPO values gave differenl indica!ions; Los Coplhues appeared lhe mosl differentlaled
population; the other populations were grouped in two main clusters. ene including Tres Bocas,
Tanilboro and Las Palmas, and the other ineluding Sanla Cecilia, El Coigüe and Trehualemu
(Figure N° 2).

Low genelic distances values among pepulations were observed fer both markers.

Mantel test performed between genetic distance and geographic distance showed a low
but significant correlabon (r =0.5333 and p =0.019) lor isozymes analysis, while RAPO data
underlined the absence 01 correlation between genetic and geographic distances (r = 0.007, P
= DA7).

Genetic differentiation was also estimated between Chilean and European populations
analyzing the present isozymes data with those previously published (Villani el al.. 1994).

The variability intra (Fs) and among (Fst) populations were low when the Chilean
papulations were pooled with Portuguese (Fst = 0.100) or Italian populations (0.115) while
higher values 01 differenliation were observed pooling the Chilean populations with the Spanish
(0.150) or the Turkish ones (0.174) Table N' 6. The UPGMA cluster analysis (Figure N' 3)
performed with European (Villani el al. 1994) and Chilean populations showed three major
eluslers; one grouping the Chilean (C) and the POrluguese (P) populations; one grouping the
Italian (1) populations and the third one grouping the populalions lrom Spain (E) and Eastem
(Te), Central (Te) and Westem Turkey (Tw) populalions.
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PGMA DENDROGRAM BASED ON NEI (1978) GENETIC OISTANCE VALUES
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Figure N° 2
UPGMA OENOROGRAM BASED ON NEI' (1978) GENETIC D1STANCE VALUES

Table N' 6
F ·STATlsncs VALUES FOR CHESTNUT POPULATIONS

Fis Fit Fst

Chile 0.027 (0.082) 0.125 (0.072) 0.101 (0.036)

Chile-Portugal 0.024 (0.033) 0.122 (0.043) 0.100 (0.016)

Chile-Italy 0.024 (0.021) 0.131 (0.036) 0.115 (0.026)

Chile·Spain 0.036 (0.026) 0.180 (0.024) 0.150 (0.025)

Chile-Turkey 0.044 (0.019) 0.211 (0.033) 0.174 (0.033)

142 f Ciencia e Investigación Forestal· Instltuto Forestal I Chile



V Loewe: e Ma"IOfl'. M Gonzalez; M ehefubim. P_ PoIleglOnr F V~lani: M Casaso~. S. BenedetlJ

OISCUSSION ANO CONCLUSIONS

This study on Chilean populations indieated a rather low degree 01 intra populations'
genetic diversity and Jow differentiatien ameng them. 80th isozymes and RAPOs mari<ers,
despite their different nature revealed comparable genetie structure ef the Chilean populatians.

In faet isazymes are ca dominant, the number of loei analyzed is limited and the variation
i5 detected only in the coding loci, while RAPOs are dominant and provide a large number af
anonymous loei but probably loeated on non eoding sequence (Le Corre el al., 1997). This
agreement found between isozyme5 and RAPO markers was also notices in studies of various
species (Hai9 el al., 1994; Yeh el al.. 1995; Le Corre el al.. 1997; Huan9 el al., 1998).

The genet;e strueture 01 Chilean populations could ind;cate that the seed sourees used
for the plantations were derived lrom ralher heterogeneous populations and not Irom lew highly
selected genotypes. The low intra population genetic variation as well as the moderate deviatian
from the Hardy Weinberg equilibrium found in some populations eould be interpreted as a result
of: (i) relatively recent establishment of the populations whieh did not have enough time to
evolve and adapt to different environmental conditions present in different Chilean regions and
not being submitted to strong selective pressure by human action; (ii) introduetion from a rather
small part of the European Chestnut distribution area whieh results in populations with a genetic
structure not completely representative of the genetic diversity present in the majn species
origin area.

Compared to the European Chestnut populations the Chilean appear to be less variable
(Villani el al., 1995: 1999) and the lowest genetie distanee values lound belween Chilean and
Portuguese populations could suggest that Chilean populations have probably originated lrom
the seeond ones.

This hypothesis is also supported by the genetie strueture analysis: the lowest Fst
value was found between Chilean-Portuguese populations, the Fst values increases when the
Chilean populations are compared with the Italian, Spanish and Turkish populations. Aeeording
to sorne palynological and historical records Portuguese populations seem to represent one of
the European Chestnut refugia or seeondary diversification eenters (Villani el al.. 1990: 1999).
In facl. apparently, the woody species survived the last glaciation in a minimum of three places,
one in east Turkey, a second in west Turkey and a third in the Iberian Peninsula, which would
correspand to the origin of the Chilean populations, conferring them different characteristics
from the rest of the European populations.

The generated information represents an important contributian to local managers and
authorities whose main objective is to extend the cultivation af Chestnut to areas potentially
appropriate for the species requirements (climate, soil, altitude, etc.). If the cultivation were
going to be developed considering sustainability criteria. knowledge on the genetic diversity and
the adaptive potential of the populations used would be an essential part af it.

Oifferent approaches could be proposed to delineate an integrated conservation and
exploitation strategy. One of the possible strategies could be to test the Chestnut genetic

Volurr-.en 14 N" 1. AbnI2008114)



ASSESSMENT Of GENETIC OIVERS/TY ANO GENETIC RELATIONSHIPS AMONG SEVEN CHllEAN CHESTNUT IC,nr..n.~ sativ..
MiIl.1 POPULATIONS USING ISOlYMES AND RAPO MARKERS

resources present in Chile in different geographic regions, possibly through comparative field
trials where it would be possible to detect differenlial adaplation and production capacity within
Ihe Chilean gene pool.

Another aptian would be to explore the possibility to increase the genetic diversity of
the Chilean populations through the introduction of material genetically representative of the
European Chestnut populations that have not been explored so faro Comparative field trials could
be used to test the adaptive potential of this material in the Chilean environmental conditions.
Such approach should be a prerequisite for a correct exploitation program both for fruit and
wood production and to define with scientific basis how Chestnut management could be applied
appropriately. combining productivity and conservation, economy and ecology.
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