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Summary

The inheritance of DIA isozymes in American and Chinese
Castanea species was analyzed using agarose isoelectric focus-
ing and the single-tree-progeny method. Two alleles at three
DIA loci were found to be codominantly inherited. Genetic
variation at Dia1 was detected in C. pumila, and C. seguinii, at
Dia2 in C. dentata, while genetic polymorphism at Dia6 was
detected in C. pumila only. Additional DIA alleles were detect-
ed in samples of natural populations. Diaphorase expression at
cathodic loci was tissue specific and detectable in cotyledonary
tissues mainly. 
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Introduction

The genus Castanea contains several species, including the
American chestnut (Castanea dentata [MARSH.] BROKH) and the
chinkapin (C. pumila [L.] MILLER), which are susceptible 
to chestnut blight. The pathogen (Cryphonectria parasitica
[MURRILL] BARR.) was introduced into North America at the
beginning of this century and has destroyed mature American
chestnut populations and severely affected the closely related
chinkapin. Taxonomic studies indicated that chinkapin is one
species comprised of two botanical varieties, C. pumila var.
pumila and var. ozarkensis (ASHE) TUCKER (JOHNSON, 1988). C.
pumila var. pumila and C. dentata are sympatric over a large
portion of their ranges, while C. pumila var. ozarkensis is
limited to the Ozark mountains (JOHNSON, 1988). 

Considerable efforts have been made to transfer blight re-
sistance from Chinese chestnut (C. mollissima BL.) into Ameri-
can chestnut in order to combine resistance with the desirable
growth and form qualities of the American chestnut (BURNHAM,
1988; HEBARD, 1994). Any effort to restore Castanea species to
eastern North American forests would have an increased chan-
ce of success if the genetic diversity of each species is known.
Allozymes have been used extensively in studies of the genetic
diversity, geographical variation and germplasm conservation
in natural forest tree populations, because of their codominant
nature and low sampling costs (HAMRICK et al., 1992).

The inheritance of several polymorphic isozyme loci has been
examined in American and Chinese chestnut species using con-
trolled crosses and the single-tree-progeny method (GILLET,
1991; HUANG et al., 1994a and b). The single-tree-progeny
method, a procedure used for species where controlled crosses
are not available, proved successful for isozyme genetic studies
of chestnut species (HUANG et al., 1994a). However, an under-
standing of the variability and inheritance of diaphorase (DIA)
isozymes in these Castanea species has been lacking. The name

“diaphorases” or dihydrolipoamide: NAD oxidoreductase (EC
1.8.1.4) has been applied to several enzymes which catalyze the
oxidation of either β-NADH or β-NADPH in the presence of an
electron acceptor such as 2,6-dichlorophenol-indolphenol
(WHITE and WHITE, 1997). DIA has been reported as a tetra-
meric enzyme in Castanea sativa MILL. (FINESCHI et al., 1990),
and Quercus petraea (MATT.) LIEBL. (ZANETTO et al., 1996),
although dimeric and monomeric forms have been described in
several other species (WENDEL and WEEDEN, 1989; MURPHY et
al., 1990). Our objective was to study the inheritance of DIA
variability in American and Chinese Castanea species to
establish additional isozyme markers for our continuing efforts
to evaluate the genetic diversity and population structure in
the genus Castanea (DANE and HUANG, 1997; HUANG et al.,
1998).

Materials and Methods

Single-tree-progeny families derived from C. pumila var.
pumila, and C. seguinii DODE, maintained at the Piedmont
Substation of the Alabama Agricultural Experiment Station
System, and C. pumila var. ozarkensis from Arkansas were
used for genetic analysis (Table 1). Open-pollinated seeds were
randomly harvested from each parent tree. Single-tree-progeny
families derived from C. dentata, maintained as trees at the
Wagner Research Farm of the American Chestnut Foundation
in Meadowview, VA, were kindly provided by F. HEBARD as
dormant buds. C. dentata, C. henryi, populations, and C.
mollissima cultivars were analyzed using open-pollinated
seeds. Enzymes were extracted from diploid (2n=2x=24) cotyle-
donary tissue or dormant buds using a 2% glycine extraction
buffer (pH 8.6) and assayed for DIA using precast agarose iso-
electric focusing gels (pH 3 to pH 7) and the staining protocol of
WENDEL and WEEDEN (1989). Chi-square tests were used to
determine the goodness-of-fit of the segregation ratios to the
expected relationships of progeny genotypes (GILLET, 1991).

Results and Discussion

Nuts from several Castanea species showed polymorphic DIA
zones, some with tissue-specific expression. Single or five-
banded patterns were found at at least three loci. Segregation
at the most anodic locus, Dia1, was detected only in two
species, C. pumila vars. pumila, and ozarkensis and C.
seguinii, confirming the tetrameric nature of the isozyme and
concurring with results observed in the European chestnut
species, C. sativa MILL. (FINESCHI et al., 1990). Chi-square test
results listed in table 2 are consistent with the hypothesis that
one locus with at least two codominant alleles control the
variants of the isozyme phenotypes (Figure 1). Results from
one single-tree progeny test (Table 2: 8 to 18) caused rejection
of the expected relationship between observed and expected
offspring phenotypes, which can be attributed to chance alone.
Additional alleles were detected in single tree progenies of both
species at low frequencies. No variation at the Dia1 locus was
detected in the other Castanea species. C. dentata showed the



129

aa phenotype, while the bb phenotype was found in C.
mollissima cultivars (Table 1) and C. henryi. Variation at the
other loci (DIA2-DIA5) was observed in C. dentata, C. pumila
var. pumila and ozarkensis, C. seguinii and C. mollissima.
Clear segregation patterns could only be detected at the Dia2
locus in C. dentata, which can be explained by the presence of 2
codominant alleles expressing tetrameric variation (Table 2).
Lack of clear-cut segregation patterns at DIA2 to DIA5 in the
other species could be attributed to developmental and environ-
mental effects.

Tetrameric variation at the Dia6 locus was detected only in
nuts of C. pumila var. ozarkensis. The quantitative single-tree-

progeny test (GILLET, 1991) could be used for one population
sample only, where many nuts had been collected from a small
population of Ozark chinkapin trees in Newton County, AR,
and was indicative of two codominant alleles at one Dia6 locus
(Table 2). All other Castanea species expressed the aa phenoty-
pe in cotyledon tissues. Expression of cathodic diaphorases was
tissue specific, mostly absent from vegetative tissues (DANE,
unpublished results), but clearly expressed in cotyledonary
tissues.

Our focus has been to assess the geographic variation and
genetic diversity differences of wild American Castanea popula-
tions in order to effectively determine conservation strategies
for these species. Knowledge about the presence and inher-
itance of additional allozymes should afford an increased
understanding of the diversity of Castanea species and provide
additional molecular markers for the assessment of gene flow
between these populations. 
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Table 1. – Source, origin and sample size of Castanea plant material. 

Figure 1. – Diaphorase isozyme banding patterns in C. pumila var.
pumila (single tree-progeny test) with the Dia1 aa genotype evident in
lane 11 & 15, Dia1 bb in lanes 1–3, 7, 12, and the heterozygous geno-
type in lanes 4–6, 8–10, 13, 14, and 16.



Summary

During 1990, a ramet of a clone was observed bearing a
small proportion (18 %) of hermaphroditic strobili, in a 12 year-
old clonal seed orchard of black pine (Pinus nigra ARNOLD),
located in central west of Peloponnesos Greece. There are indi-
cations that this anomaly is genetically controlled. However
research is now in progress to delineate if and how the charac-
teristic is inherited.
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In nearly all the gymnosperms male and female strobili occur
on the same tree. The male strobili are borne in clusters at the
base of the twig bud, and the female strobili are borne in
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Table 2. – Genetic analysis of DIA isozyme loci using single-tree-progeny in Castanea species. 
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groups of one and usually more conelets at the apex of the bud.
The female conelet consists of an axis upon which ovuliferous
scales are arranged. On the upper face of the ovuliferous scales
of the conelet are located two ovules with inverted their micro-
pyle faces towards the axis of the conelet. However there have
been various anomalies of the patterns of organization of the
female strobili known to occur. (ZOBEL and GODDARD, 1954;
DORMAN, 1974).


