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Abstract

Abeliophyllum distichum NAKAI is a geographically restrict-
ed tree species, found only in Korea. Genetic variation at 11
isozyme loci was analyzed from 120 individuals. Low level of
genetic diversity was observed (A=1.6, P=36.4%, He=0.098),
which is a typical pattern shown in endemic rare tree species.
Most (94%) of the total genetic diversity was found within
populations and estimated gene flow was moderately high
(Nm=2.29). Ecology and life-history characteristics of A.
distichum coupled with low level of genetic diversity suggested
that there should be a special emphasis on the conservation
study for this species. 
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Introduction

Abeliophyllum distichum NAKAI is a narrowly distributed
rare tree species in the family Oleaceae, which is in a mono-
typic genus found only in Korea. The closest relative of the
genus Abeliophyllum is probably the genus Forsythia as
suggested by its common name white forsythia, but they can be
easily distinguished by several vegetative and floral charac-
ters. A. distichum is a sexually and asexually reproducing tree
species. Based on field observations, however, A. distichum
appears to predominantly reproduce asexually. The greatest
number of A. distichum plants occurs in Gwesan, the middle
part of Korea (Songdukri and Yulgiri populations in this 
study). Several natural populations also have been ascertained
since the latter part of this century. The narrow geographic
range of A. distichum and its small population size confer a
vulnerability to extinction. Furthermore, several potential
threats to the species have been identified, including water
development, recreation, collecting for ornamental trees, and
loss of habitat. In order to save this species from such dangers,
some populations have already been conserved in situ and been
under restoration program. It should be noted that in some
populations, e.g. Songdukri population in this study, there is a
possibility of transplantation from other populations into them
during the restoration. On the other hand, the Forest Genetics
Research Institute of the Republic of Korea has made a plan of
the establishment of an ex situ conservation stand and has
been trying to collect seeds and/or vegetative materials for
reproduction. 

Conservation biology, especially in rare plants, has been
traditionally influenced mainly by ecology (LANDE, 1988;
SCHEMSKE et al., 1994). During the last decade, however,

interest also has focused increasingly on population and evolu-
tionary genetics of plants (FOLK and HOLSINGER, 1991). When
population size is extremely small, genetic variation may be
lost on account of random events (genetic drift). Furthermore,
there is an increased probability of mating among relatives
(inbreeding), which could result in reduced population fitness
(BARRETT and KOHN, 1991). The spatial distribution of alleles
may be another important genetic factor in conservation biol-
ogy. If polymorphisms are distributed evenly over a species’
range, then loss of a particular segment of the population may
not necessarily increase the chance of extinction. If, however,
populations are genetically structured, loss of a particular
group of individuals may result in the loss of potentially
important alleles. Consequently, understanding the genetic
diversity and the structure of a plant species is very crucial to
establishing the strategy for the conservation. In fact, recent
theoretical approaches in conservation biology have combined
the ecology and the genetics of species (VANE-WRIGHT et al.,
1991). 

In the present study, we analyzed isozymes to estimate the
level and the distribution pattern of genetic variation in the
geographically restricted endemic tree, white forsythia, Abelio-
phyllum distichum. This information will contribute to a better
understanding of the genetic diversity and structure of the
endemic rare tree species and could then be used to develop
plans to manage this rare species. 

Methods and Materials

A. distichum is generally known to be distributed in 5 to 6
locations in Korea. Young leaves were collected from 4 popula-
tions that have been known as the central populations of this
species (Fig. 1). In preliminary studies of isozyme analysis,
enzyme activity in young leaves showed the best results. More
than thirty individuals were sampled at each population. 

Leaves were stored in refrigerator at 4° C until they were
used for isozyme analysis. Leaves were ground in the phos-
phate-PVP grinding buffer solution of SOLTIS et al. (1983) with
4% PVP and 1% 2-mercaptoethanol. Proteins were separated
in 12% starch gels using the buffer systems of KIM et al.
(1993). Eleven isozymes were screened, of which 8 isozyme
systems were used to resolve 11 putative loci. The isozyme
systems stained were aconitase (ACO, E.C. 4.2.1.3), glutamate
dehydrogenase (GDH, E.C. 1.4.1.3), isocitrate dehydrogenase
(IDH, E.C. 1.1.1.42), malate dehydrogenase (MDH, E.C. 1.1.1.37),
6-phosphogluconate dehydrogenase (6PGDH, E.C.1.1.1.44),
phosphoglucoisomerase (PGI, E.C. 5.3.1.9), phosphoglucomu-
tase (PGM, E.C. 2.7.5.1) and shikimate dehydrogenase (SKDH,
E.C. 1.1.1.25). Genotypes at all loci were inferred based on the
known subunit structures and cellular compartmentalization of
the enzyme (WEEDEN and WENDEL, 1989).

Genetic diversity statistics (percent polymorphic loci P;
mean number of alleles per locus A; gene diversity or expected1) To whom correspondence should be addressed.
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Fig. 1. – Locations of 4 A. distichum populations in Korea that were
sampled for isozyme analysis.

heterozygosity He; observed heterozygosity Ho), deviations from
HARDY-WEINBERG expectations, and NEI’s (1978) genetic identi-
ties were calculated following HEDRICK (1985) and BERG and
HAMRICK (1997) using a computer program BIOSYS-1 develop-
ed by SWOFFORD and SELANDER (1989). 

WRIGHT’s fixation index (F) was calculated for each poly-
morphic locus in every population (WRIGHT, 1922). Out-crossing
rates (t) were estimated using the equation Fe= (1- t)/(1+ t),
which assumes mating system equilibrium (HEDRICK, 1985).
For each population, Fe was estimated by [(He-Ho)/He], where
the calculated values were means over all loci. 

The proportion of total gene diversity found among popula-
tions (Gst) was calculated (Gst=Dst/Ht) by partitioning total
gene diversity for each polymorphic locus (Ht) into diversity
within populations (Hs) and diversity among populations (Dst;
NEI, 1973). 

Gene flow was estimated by Nm = [(1-Gst)/4Gst] α (WRIGHT,
1931; CROW and AOKI, 1984), where Nm is the number of
migrants per generation, and α = [(n -1)/n]2 where n is the
number of populations. 

Results

Approximately 13 isozyme loci were observed from the eight
isozyme systems, but only 11 putative loci were consistently
interpretable and scorable. Of these, Idh, Mdh-1, Mdh-3, Pgi-1,
and Skdh were monomorphic. Three loci (Gdh, Pgi-2, and Pgm-
2) had three alleles, and the remaining loci of Aco, Mdh-2, and
6Pgdh-1 had two alleles. Allele frequencies at 11 loci for each
population are given in table 1.

Estimates of polymorphisms and heterozygosity are given in
table 2. Within populations we detected an average of 1.6
alleles per locus, 36.4% of polymorphic loci, 0.077 of observed
heterozygosity and 0.098 of expected heterozygosity. Genetic
identities between A. distichum populations were high, ranging

from 0.982 to 0.999, with a mean of 0.993 (SD=0.006). The
relatively low degree of population differentiation was observed
(5.8%: see Table 3), which was accompanyed by the moderately
high estimate of gene flow (Nm=2.29). 

Four significant deviations from HARDY-WEINBERG expecta-
tions were found from the 19 tests (Table 1). These represented
deviations at 3 loci scattered over 3 populations. All the signifi-
cant deviations were positive, indicating a deficit of hetero-
zygotes. The mean outcrossing rate (t) was 0.656 (SD=0.127),
ranging from 0.541 to 0.837 (Table 2). 

Discussion

Several recent reviews of the literature on plant allozymes
indicate that endemic and narrowly distributed plant species
tend to maintain lower levels of genetic variation than more
widespread species (HAMRICK and GODT, 1989; HAMRICK et al.,
1992). In the extreme cases, some rare and endangered plant
species showed no polymorphism at loci encoding isozymes
(WALLER et al., 1987; LESICA et al., 1988; SOLTIES et al., 1992).
A. distichum maintained similar genetic variation to other
endemic plants as well as endemic woody plants. For instance,
the mean genetic diversity values for 100 endemic plant
species were P=26.3 and He=0.063 (HAMRICK and GODT, 1989),
whereas those for A. distichum were P=36.4 and He=0.098. On
the other hand, those for 26 endemic woody plants were
P=26.3 and He=0.056 (HAMRICK et al., 1992). Because Abelio-

Table 1. – Allele frequencies at 11 loci for 4 natural populations and 
X2-tests for deviation from the HARDY-WEINBERG proportions in 
A. distichum.

*, p < 0.05; **, p > 0.01
The fixation index is given only by a minus sign (heterozygote excess) or
by a plus sign (heterozygote deficiency). 
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Table 2. – Estimates of genetic diversity within 4 populations of A. distichum (standard errors in parentheses).

A = the mean number of alleles per locus; P = the percent polymorphic loci (A locus is considered polymorphic if the frequen-
cy of the most common allele does not exceed 0.95); Ho = observed heterozygosity; He = the heterozygosity expected under
HARDY-WEINBERG; t = outcrossing rate estimated from population structure data.

Table 3. – NEI’S (1973) gene diversity estimated within and among populations at 6 polymorphic loci in A. distichum.

phyllum is in a monotypic genus, comparisons of its genetic
diversity with either more widespread or less-threatened
congeneric species were precluded. 

The low level of allozyme variation in A. distichum could be
explained by several scenarios. Two possibilities might be
responsible for the species’ evolution. One is the fact that the
progenitor(s) of A. distichum might contain limited genetic
variation, or that very little genetic variation might have been
acquired during speciation (e.g., COLE and BIESBOER, 1992).
Alternatively, the species might have gone through severe
bottlenecks later in its evolutionary history (e.g., ZABINSKI,
1992). Unfortunately, without historical information and
detailed phylogenetic inference, the relative likelihood of these
scenarios cannot be distinguished. Indeed, both processes
might have made some contributions to the low level of genetic
diversity observed in this study. Information on the level of
genetic diversity in the species of the genus which are assumed
to be the closest relatives of Abeliophyllum (i.e., Fraxinus and
Forsythia) and the phylogenetic relationships of A. distichum
with those species may provide some clues for a better under-
standing of the evolutionary history of A. distichum.

The historical range and past population numbers of A. disti-
chum are unclear. In contrast to many endangered plant
species, whose ranges have been dramatically reduced and
whose populations have declined in size and number, the
discovery of some populations of A. distichum late in this
century suggests that it has always been a local endemic. Thus,

it seems unlikely that recent reduction in range or population
size is sole cause of the low level of allozyme diversity in this
species. 

Estimates of outcrossing rates for four populations of A.
distichum are not high (mean t=0.656). This result suggests
that some proportion of the seeds may result from selfing or
biparental inbreeding. Thus, the small amount of genetic varia-
tion found within A. distichum may be attributed in part to its
mating system; the small amount of genetic variation within
populations is associated particularly with selfing species and
also with animal-pollinated mixed-mating species (HAMRICK

and GODT, 1989). For instance, mean genetic diversity values
(He) are 0.074 for selfers and 0.090 for animal-pollinated
mixed-mating species (HAMRICK and GODT, 1989), both slightly
lower than that found for A. distichum. But comparisons based
on indirect estimates of outcrossing should be viewed with
some caution because population substructuring will produce a
positive inbreeding coefficient. Such substructure is commonly
found in clonally reproducing species such as A. distichum
(BERG and HAMRICK, 1994). In addition, in clonal plants, there
is not necessarily a correlation between population size, in
terms of ramet numbers, and genetic variation. Regardless of
ramet numbers, populations of clonal plants consisting of few
genets are subject to similar evolutionary processes of genetic
drift and inbreeding (ELLSTRAND and ELAM, 1993). Such
processes have potentially negative consequences: random
genetic drift may lead to loss of genetic variability in the
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absence of gene flow and inbreeding may cause inbreeding
depression. If a clonal species is self-incompatible, populations
with few genets may face reduced seed set because of mate
scarcity (BYERS, 1995). The spatial arrangement of genets,
irrespective of genet numbers, may also have important effects
on a species’ sexual reproduction and mating system. For
example, animal polinators most often move pollens between
near neighbors (HEINRICH, 1975). If a population consists of
large clones with little or no interdigitation, pollinators may
seldom transfer pollens between genets (HANDEL, 1985). If the
species also has a genetic incompatibility system, sexual repro-
duction may be severely limited. Consequently, a clonal plant
may have low level of genetic diversity and/or population sub-
structures to an extent. In order to provide evidences for the
issues above mentioned, future investigation should be focused
on the mating system, the clonal structure and patterns of allo-
zyme diversity of A. distichum in a population.

The degree of genetic differentiation among populations of A.
distichum was much lower (Gst=0.058) than those reported for
other plant taxa which were reviewed by HAMRICK and GODT

(1989) and HAMRICK et al. (1992). For example, mean Gst
estimated from 52 plant species of endemics was 0.27 (mean
number of populations per taxon examined=11.9), and that of
18 endemic tree species was 0.14 (mean number of populations
examined=8.5). Our estimate of Nm (the number of migrants
per generation: 2.29) would explain the current amount of
genetic differentiation among populations of A. distichum.
Although the pollination biology of the species has not been
documented, based on its floral morphology and field observa-
tions, it appears that pollination is predominantly insect-
mediated. As a consequence, the low level of genetic differentia-
tion and the relatively high value of Nm were somewhat
surprising, since most of the populations we studied here might
be distant enough from each other to make gene flow by pollen
or seed dispersal highly unlike. Only the two populations
(Songdukri and Yulgiri) located in Gwesan-gun of Choongpuk
province may be in close proximity to allow even low levels of
gene flow. The low level of genetic differentiation in A. disti-
chum populations may be attributed in part to the artificial
gene flow via seeds and/or seedlings. Actually, as described in
introduction, some individual trees of populations such as
Songdukri were supposed to be transplanted from other popu-
lations during the restoration program performed in the 1980s.
In addition, the polymorphic loci investigated here might be
inappropriate to detect population differentiation. In all
polymorphic loci, the frequency of a single common allele was
predominantly high in all populations, while the frequencies of
remaining alleles were very low (i.e., all the polymorphic loci
showed minor polymorphisms) and only two population-specific
alleles were investigated at two loci, Gdh and Pgm-2 (refer to
Table 1). These distribution patterns of alleles might contribute
to making the Gst values lower. 

A. distichum is a prime candidate for the conservation
studies, because it is a monotypic genus. Such taxonomic
distinctness has been suggested as an important priority for
conservation efforts (HOLSINGER and GOTTLIEB, 1991). Particu-
larly, the deficiency of genetic variation within populations of
A. distichum observed in this study may preclude adaptation of
this species to environmental changes and thus should increase
the chance of extinction of this species, although some tree
species may have survived from severe population bottlenecks
accompanying loss of genetic diversity with few ill effects
(SIMON et al., 1986; MOSSELER et al., 1992; ZABINSKI, 1992).
Genetic hazards are implicated in the species extinction
process at two levels. At the individual level, genetic homozygos-
ity caused by inbreeding could result in a depression of fitness

because deleterious recessive alleles are likely to be exposed
(BARRETT and KOHN, 1991). At the population level, loss of
alleles could reduce long-term adaptive flexibility under
changing environmental circumstances (ALLENDORF, 1986;
LANDE and BARROWCLOUGH, 1987). Both short- and long-term
changes would reduce the fitness of populations and result in a
lowered census size and genetically effective size. These events
could increase the likelihood of extinction even in the absence
of further external threats to the population. When taken these
into consideration, it is an urgent task to establish the proper
strategy for the conservation of genetic variation of A. disti-
chum. In particular, ex situ conservation is of particular impor-
tance for this monotypic genus because of its small numbers
and limited distribution. Nonetheless, experimental manipula-
tions designed to assess ecological conditions, which is critical
for in situ persistence, should not be neglected.

Some authors, however, have questioned the utility of
genetic studies for conservation purposes. SCHEMSKE et al.
(1994) pointed out that parameters such as genetic diversity
often are given undue priority in conservation programs. They
also suggested that genetic studies are useful for the conserva-
tion of rare plants only when there are clearly defined reasons
why the study will aid in the implementation of successful
management programs. SCHEMSKE et al. (1994) demonstrated
the case that demographic studies could provide the most
useful information for conservation. Whatever the general
merits of their arguments, it is difficult to apply them to clonal
and/or partially clonal plants such as A. distichum. For the
clonal plants, preparation of the detailed demographic data
without analyses of the genetic structure of populations may be
impractical. For instance, we cannot determine whether a
population of ramets consists of single or multiple genets.
Thus, for the clonal species, genetic studies should be prerequi-
site to demographic studies. However, from a management
point of view, we should not overlook the importance of basic
demographic data such as pollinator requirements for seed-set,
numbers of flowering and non-flowering individuals, fruit and
seed set, and morph frequencies at the different sites. Any
recovery plan for a species requires knowledge of such data to
figure out whether a species is already recovering, is declining,
or appears to be stable (SCHEMSKE et al., 1994). For A. disti-
chum, these basic studies are still lacking. As a consequence, in
order to develop more efficient strategy for the conservation of
A. distichum, we should make an effort to accumulate more
data on demographic and/or ecological characteristics. 
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Efficiency of Early Testing in Pinus sylvestris L. Grown Under
Two Different Spacings in Growth Chamber
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Abstract

An hypothesis in designing early tests was that mimicking
the limiting factor occurring later in a rotation would improve
the genetic correlations between early and late measurements.
Seedlings belonging to 30 open pollinated families of Scots pine
(Pinus sylvestris) were therefore grown for three growth
periods at two spacings, wide and dense (9 and 36 plants per
box with an area of 0.188 m2), in the growth chamber to mimic
the competition for light. The wide spacing was replicated in
another experiment with the same parents, and the seedlings
were grown for two growth periods. Eight growth chamber
characters were jointly evaluated with 20-year-old tree growth
characters in four field trials with the same parents as in the
growth chamber trials. The field trials were located in central
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2) Department of Forest Genetics, SLU, P.O. Box 7027, S-75007 Uppsa-
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Sweden, and established with full-sib families. The additive
genetic correlations between growth chamber characters and
height in field tests were none or weak. The correspondence
between the results from wide and dense spacing in the growth
chamber was strong. Moderate genetic correlations between
growth chamber characters estimated in two different experi-
ments, established with seed collected in two different years,
were probably due to differences in mating in the seed orchard.
The additive genetic correlations for height between field test
sites were in the range 0.26 to 0.99. The raised hypothesis that
mimicking the competition for light by a dense spacing would
improve the genetic correlation between early and late
measurements was not supported for the tested range of
growth chamber conditions. Therefore, this study does not give
any support for use of early tests in operational forest tree
breeding, although other experiments have resulted in high
correlation between field and growth chamber experiments.

Key words: Pinus sylvestris, early tests, juvenile-mature correlations,
growth trait, genetic correlation.
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