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ABSTRACT.— A general overview of the hypo-
virulence research program at the Connecticut
Agricultural Experiment Station is presented.
Through a team effort the group hopes to make
rapid progress to find the best way to use hypo-
virulence for the biological control of chestnut
blight in the United States.

Any discussion of American experience with
hypovirulence in chestnut blight properly begins, I
think, in the 1930's when Robert Frost wrote a
poem:

Will the blight end the chestnut?
The farmers rather guess not.
It keeps smoldering at the roots
And sending up new shoots
Till another parasite
Shall come to end the blight.

Our work on hypovirulence began in 1972 with
cultures very kindly sent to us by J. Grente. Ameri-
can chestnut seedlings were inoculated in the green-
house with French and American virulent strains of
Endothia parasitica ( Murr.) P. J. & H. W. And.,
with French hypovirulent strains, and as pairs with
each other. We found that the French strains alone
and in pairs behaved as described by Grente ( 1965)
and Grente and Sauret (1969a, b) ( Anagnostakis
and Jaynes, 1973). The two pairings of an American
virulent strain with a French hypovirulent were not
clear. One of the trees died and the other showed

extensive fungal growth, but no wilting, even after
100 days. The tree wound was heavily calloused and
isolations of E. parasitica were made from this
tissue before the trees were sterilized to satisfy
plant quarantine requirements. In retrospect, our
choice of strains was far from ideal. The reisolated
strain looked like the original French hypovirulent
when grown on agar media in the lab, and single
conidia spread on agar yielded a variety of colony
morphologies, as was reported for the original
( Grente and Sauret, 1969a, b). In 1972, our work
was done under a plant quarantine permit which did
not allow field tests, but since our results looked
promising, we were granted permission in 1973 to
conduct experiments on field grown trees at our
Experiment Station farm. Neal Van Alfen and
Richard Jaynes made many paired inoculations of
American virulent strains with the reisolated hypo-
virulent strain and got better disease control than
we had first experienced. A blight canker on a field
grown tree usually has a shrunken appearance when
the tree has been girdled by fungal growth. A canker
inoculated with a hypovirulent strain stops enlarg-
ing, and the tree forms callus, giving the wound a
swollen appearance. When one of these healed
cankers is sampled around the periphery the re-
covered strains are usually predominately hypo-
virulent.

Tests with strains identifiable by nuclear genes
( Puhalla and Anagnostakis, 1971) proved that
hypovirulence is determined by genes in the cyto-
plasm of E. parasitica and that these determinants
are transferred from strain to strain in the host and



on agar media in the lab. Biochemical tests run by
Peter Day revealed the presence of double-stranded
ribonucleic acid ( dsRNA) in the cytoplasm of hypo-
virulent strains but not virulent strains. This is the
genetic material of most fungal viruses. All of this
work was published (Van Alfen, et al., 1975) and we
turned our attention to American chestnut trees in
the forest. Richard Jaynes tested 42 kinds of native
and exotic woody plants for susceptibility to disease
caused by virulent or hypovirulent strains of E.
parasitica. These included plants from 17 different
families. The only plants showing any growth of the
fungus were American chestnut (Castanea dentata
[ Marsh.] Borkh.), "Crane" Chinese chestnut (C.
mollissima Bl. ), "Eaton" chestnut (C. mollissima
hybrid), and a Connecticut Japanese-American-
Chinese hybrid chestnut (Jaynes et al., 1976). We
then obtained permission from the Plant Protection
and Quarantine Division of the USDA for the next
step.

Our work then diversified: to the real world of
sprout clumps of American chestnut trees in heavily
wooded areas; to more work on the growth and
behavior of our virulent and hypovirulent strains on
synthetic media in the laboratory; and to more bio-
chemical tests for dsRNA and a search for the
presence of virus-like particles in our cultures of
E. parasitica.

In most situations we can now cure a given canker
on a tree and we are making progress in understand-
ing the nature of hypovirulence. We know that:

1. Transmissible hypovirulence is a disease, or a
group of diseases, of the fungus, producing reduced
pathogenicity in the host, but not necessarily
reduced vigor as a saprophyte;

2. It is controlled by genetic determinants in the
cytoplasm;

3. These determinants are probably on, or as-
sociated with, dsRNA;

4. All hypovirulent strains examined so far by
Peter Day and Allan Dodds contain dsRNA (Day
et al., 1977);

5. Allan Dodds has shown that in at least one
strain the dsRNA is all encapsulated in virus-like
particles, each surrounded by a lipid membrane
( Dodds, 1979).

We now have hypovirulent strains from France,
Italy, and North America, and American strains
with hypovirulence derived from many of these
sources. There is great variation in culture mor-
phology and host pathogenicity among these
strains, and this is one of our reasons for consider-
ing hypovirulence to be a group of diseases of the
fungus with similar end results, as far as the tree is
concerned (Elliston, 1979).

Our method of inoculating hypovirulent strains
into cankers is to remove several ( four to six) plugs
of bark around the circumference of the canker and
fill the hole with mycelium of one or several hypo-
virulent strains in Difco potato dextrose agar
(PDA). The filled holes are then covered with mask-
ing tape (brown paper tape with an adhesive) to

keep them from drying out (Puhalla and Anagno-
stakis, 1971). A field test with about 400 trees has
been in progress since this past summer. The results
of one season are very encouraging (Jaynes and
Elliston, 1979).

Since we have had instances where a given hypo-
virulent strain would not cure a given canker, we
started looking for a genetic system which would
prevent successful hyphal anastomoses between
strains, and therefore prevent transfer of hypo-
virulence determinants, which are all cytoplasmic. I
have found and described ( Anagnostakis, 1977) a
system of vegetative incompatibility in E. para-
sitica controlled by at least six nuclear genes. Viru-
lent strains, and normal strains isolated from hypo-
virulent strains can be paired in the laboratory on
Difco PDA medium. If they are not compatible, the
colonies will not merge and a ridge of asexual fruit-
ing bodies ( pycnidia) will form between them, along
the barrage. Strains within any given group simply
merge with each other on the agar and the hyphae
anastomose. So far we have found 46 compatibility
groups. In the host there is some evidence that a
given hypovirulent strain will most easily cure a
canker caused by a virulent strain in the same
compatibility group, but that it can cure cankers
caused by strains in some other compatibility
groups as well, perhaps more slowly. Some of the
field data of Jaynes and Elliston give more informa-
tion on this, and controlled host tests with several
hypovirulent strains and representative virulent
strains from all of the compatibility groups are in
progress.

In spite of the evidence from our Italian col-
leagues that blight is not presently a problem in
Italy due to the natural spread of hypovirulence, we
have seen no evidence that this biological control is
spreading in our New England forest test plots. I
have isolated ascospores from cankers cured with
French-derived American hypovirulent strains and
never found hypovirulent strains among the result-
ing clones. It may be that sexual reproduction
somehow excludes the dsRNA or virus-like par-
ticles. Workers in the early 1900's in this country
reached the conclusion that ascospores ( which are
airborne after discharge) are the primary source of
new infections. J. Grente and T. Turchetti have told
us that sexual reproduction is very rare on healed
(hypovirulent) cankers in France and Italy. If hypo-
virulence cannot spread via ascospores, then a
vector may be required. It is possible that some
vector, such as a bird or an insect is responsible for
the rapid spread of the curing strains in Italy, and
that these vectors are not present here. We have an
entomologist, Kenneth Welch, working with us now
to consider this problem.

At the same time, Allan Dodds is working to
purify and characterize Endothia viruses, and
trying to find out if they are in fact associated with
hypovirulence. Peter Day is continuing biochemical-
genetics studies. John Elliston is studying the
physiology and phenotypes of our hypovirulent



strains and doing field experiments on control and
spread with Richard Jaynes. I am continuing my
work on vegetative incompatibility and making
controlled crosses of the fungus to gain more genetic
information.

We hope that with this team effort we will make
rapid progress in finding the best way to use hypo-
virulence for biological control in the United States.
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