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Abstract. Eutypa dieback of grapevine is a trunk disease that impacts vineyard pro-
ductivity worldwide. Grape germplasm is typically evaluated for resistance to Eutypa
dieback through controlled inoculations in the greenhouse, although the high level of
replication required of this approach (40 plants per genotype) can limit the total num-
ber of genotypes evaluated. An alternative approach is to evaluate naturally infected
genotypes in the field. We rated the incidence and severity of vines with the diagnostic
leaf symptoms of Eutypa dieback and the incidence of mortality among such vines of
973 Vitis vinifera accessions (planted in duplicate) at the US Department of Agricul-
ture, National Clonal Germplasm Repository in Davis, CA, USA, which is maintained
as a living collection for grape research. Across 3 years and spanning a total of
5 years (2011, 2013, and 2015), 120 accessions had leaf symptoms in one or more
years (“susceptible accessions”). Courbu blanc [Davis Vitis identification tag (DVIT)
2313], Frankenthal blanc (DVIT 2115), and Pinot gris (DVIT 0907) were the only ac-
cessions with leaf symptoms each year. Accessions with the most severe leaf symptoms
(a rating of 5 points) were Chasselas Napoleon (DVIT 0375) and Queen of the Vine-
yard (DVIT 0496). We identified susceptible accessions—namely, those related to ‘Chasselas’
and ‘Muscat’—with a shared genetic background, based on a previous single nucleotide
polymorphism genotyping effort of the collection. Especially for grapevine, a long-lived pe-
rennial that is meant to produce a crop for decades, knowledge of susceptible accessions and
their pedigrees can help inform breeding programs and studies on the host response to
infection.

Grapevine is the most valuable and most
widely planted fruit crop in the world. Ap-
proximately 8,000,000 ha of vineyards are in
cultivation worldwide for the production of
grapes fermented into wines or distilled into
brandy. Grapes are also eaten fresh, dried into
raisins, or processed into juice and preserves.
Domestication of cultivated Vitis vinifera

subspecies vinifera dates back to between
6000 and 8000 years ago in the Near East,
from its wild progenitor Vitis vinifera sub-
species sylvestris (McGovern 2003; This
et al. 2006). Although the wine market is
dominated by a few cultivars (e.g., ‘Cabernet-
Sauvignon’, ‘Pinot noir’, ‘Sauvignon blanc’),
thousands of cultivars exist (Reisch et al.
2012). Genetic diversity in the grapevine germ-
plasm can be used to develop disease-resistant
cultivars, thereby minimizing the economic and
environmental costs of disease management
(Cattonaro et al. 2014), especially for grape
diseases that are widespread and for which
fungicide applications are a routine practice to
minimize disease losses (e.g., Grape powdery
mildew).

Among the many diseases of grape, trunk
diseases are particularly detrimental because
the fungal pathogens reside in the permanent,
woody structure of the vine, and these wood
infections are chronic. The causal fungi are
taxonomically diverse, wood-colonizing spe-
cies representing different orders in Phylum
Ascomycota [e.g., Eutypa lata (Class Sordario-
mycetes, Order Xylariales, Family Diatrypaceae),

Neofusicoccum parvum (Class Dothideomycetes,
Order Botryosphaeriales, Family Botryosphaer-
iaceae), and Phaeoacremonium minimum (Class
Sordariomycetes, Order Togniniales, Family
Togniniaceae) and Phylum Basidiomycota
[e.g., Fomitiporia polymorpha (Class Agari-
comycetes, Order Hymenochaetales, Family
Hymenochaetaaeae)] (Lawrence et al. 2017a).
Although the pathogens do not spread systemi-
cally throughout the vine, wood infections that
are localized near fruiting positions damage the
distal shoots, and this impacts both yield and
fruit quality. Because of their cumulative nega-
tive effects on grape yields over time, the profit-
able life span of vineyards with trunk diseases
is severely reduced (Kaplan et al. 2016).

Eutypa dieback, caused by the fungus Eutypa
lata (Pers:Fr.) Tul and C. Tul. (syn. Eutypa arme-
niacae Hansf. and M.V. Carter), is one of the
best-studied trunk diseases, thanks to the original
research of Maurice Carter in South Australia
(Carter 1991). In addition to grape, E. lata attacks
other horticultural crops of economic importance,
including almond, apricot, blueberry, cherry, and
kiwi (Carter et al. 1983). The pathogen is re-
ported from grape-growing regions around the
world (Travadon et al. 2012).

Grapevines are infected by the sexual
spores (ascospores) of E. lata, which are re-
leased during rain events from fruiting bodies
(perithecia) produced on a range of woody
hosts (Trouillas and Gubler 2010), and are
transported by wind to susceptible pruning
wounds (Carter 1991). Ascospores germinate
within the xylem vessels beneath the cut sur-
face of the wood (Carter 1960). Enzymes and
toxic fungal metabolites produced by E. lata
degrade the wood; the fungus uses structural
glucose, xylose of hemicellulose, and starch
as nutrients (Rolshausen et al. 2008). Infec-
tion is associated with the development of an
internal wood symptom known as a lesion or
canker, which appears as a dark-brown dis-
colored section of wood, sometimes shaped
like a V, radiating from the center of the
wood out to the bark (in a cross section of the
wood). Wood cankers are thought to result
from a combination of the soft-rot type of
wood decay caused by E. lata and host re-
sponses to infection [e.g., phenolic com-
pounds concentrated in the wood near the
infection court (Galarneau et al. 2021) and
vessel occlusion (Rudelle et al. 2005)]. The
leaf symptoms of Eutypa dieback are unique
in that the shape of the leaf can change from
a typical fan-shaped vein orientation to one in
which the veins grow in parallel, resulting in
flattened leaves or cup-shaped leaves. The
margins of leaves on symptomatic shoots
may also be necrotic (brown) and/or tattered.
Flower inflorescences, if they form at all on
symptomatic shoots, dry completely and die
(Moller and Kasimatis 1978). Shoots growing
from an infected fruiting position are more
and more stunted each year, until the shoots
die or no shoots grow from the fruiting position—
hence the term dieback. The pathogen does
not colonize leaves. Instead, leaf symptoms
are thought to be a result of the actions of
toxins metabolites produced by E. lata, which
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are translocated from infected wood out to
the shoots (Lardner et al. 2006).

Grape cultivars vary in susceptibility to
Eutypa dieback, based on comparisons of the
severity of leaf and/or wood symptoms (Dubos
1987; Moisy et al. 2017; P�eros and Berger
1994; Sosnowski et al. 2007a, 2022; Travadon
and Baumgartner 2023; Travadon et al. 2013).
Some resistant cultivars have a high rate of
lignin and suberin deposition in the wood
(Munkvold and Marois 1995) or high concen-
trations of lignin (Rolshausen et al. 2008). The
differential expression of genes associated with
enzymes of the jasmonic acid, salicylic acid,
and phenylpropanoid pathways has been associ-
ated with severity of leaf symptoms, in compari-
sons between resistant and susceptible cultivars
(Cardot et al. 2019).

Overall, reports on the resistance of grape-
vine cultivars to Eutypa dieback, based on
field observations of plants under natural levels
of disease pressure, are rare and limited to
France and Australia (Dubos 1987; Loschiavo
et al. 2007; Sosnowski et al. 2022). Unlike con-
trolled inoculations in the greenhouse, field
evaluations of cultivar resistance take into ac-
count the complex interactions among the path-
ogen, host, and the environment, which can
cause resistant cultivars to show high levels of
disease under different environmental condi-
tions (P�eros 1995). Phenotypes based on leaf
symptoms allow for repeated observations over
time, unlike phenotypes based on wood symp-
toms, which rely on destructive sampling of
sections of the woody canopy that take over a
year to retrain (canes, spurs, cordons). Further-
more, controlled inoculations in the greenhouse
typically require the propagation of a minimum
of 40 replicate plants per genotype and an incu-
bation period of up to 1 year postinoculation
(Travadon and Baumgartner 2023), which can
limit the total number of genotypes examined.
Thus, the objective of this study was to rate ge-
netically diverse germplasm accessions origi-
nating from around the world—based on the
incidence and severity of diagnostic leaf symp-
toms of Eutypa dieback and the incidence of
mortality of symptomatic vines—in the field in
the US Department of Agriculture (USDA)
grape germplasm collection, in Winters, CA,
USA. As this collection was genotyped with
single nucleotide polymorphism (SNP) markers
previously (Myles et al. 2011), our Eutypa-
dieback phenotypes contribute to the fur-
ther characterization of this important re-
search resource.

Materials and Methods

The USDA–Agricultural Research Service
(ARS), National Clonal Germplasm Repository
in Davis, CA, USA maintains a publicly avail-
able, living collection of 973 domesticated
wine and table-grape accessions, which are
grown for cultivar evaluation and breeding
by USDA scientists, university scientists, com-
mercial nurseries, and horticulturists. The vine-
yard is located at the Wolfskill Experimental
Orchard (WEO), in Winters, CA, USA (lat.
38.50204�N, long. 121.97911�W). At the start
of the study, each accession was represented by

two adjacent vines, both of which were propa-
gated originally from cuttings taken from the
same vine. All accessions are grafted onto
St. George rootstock (established in the 1980s;
> 25 years old at the time of the survey). The
vines are head-trained and cane-pruned, al-
though not with the precision of a commercial
vineyard. There are sufficient shoots for re-
searchers to gather leaf and fruit samples, but
canopies do not have canes of uniform length
or number. Vines are pruned each year in the
first 2 weeks of March. Rainfall data for this
study, specifically during the rainy season
(from 1 Oct to 31 May), were recorded at a
California Irrigation Management Information
System weather station (cimis.water.ca.gov;
Winters #139), located �100 m from the
collection.

Surveys were conducted in early May
2011, 2013, and 2015, when the leaf symp-
toms of Eutypa dieback are most apparent on
new green shoots between budbreak and
bloom. Each duplicate vine per accession was
examined for the presence of the following
diagnostic leaf symptoms of Eutypa dieback:
dwarfed, zigzag-shaped internodes; stunted
shoots with deformed, cupped leaves that
may also have a yellow (chlorotic) or bronzed
appearance; leaves with necrotic and tattered
margins; and scorched flower inflorescences
(Rolshausen et al. 2015). For vines with these
leaf symptoms, symptom severity was rated
on a scale of 1 to 5 points, as follows: 1 point5
normal-size leaves and shoots, but some leaves
have necrotic (brown) margins; 2 points 5
normal shoot length, but some leaves are
dwarfed and/or have necrotic margins;
3 points 5 stunted shoots with dwarfed
leaves, but no leaves with necrotic margins;
4 points 5 stunted shoots with dwarfed leaves,
and some leaves dwarfed with necrotic mar-
gins; and 5 points5 no shoot growth or stunted
shoot that grew and then died (Travadon and
Baumgartner 2023). The number of symptom-
atic vines that later died (i.e., incidence of mor-
tality) was recorded. We defined vines with
diagnostic leaf symptoms of Eutypa dieback
(as just detailed) as susceptible accessions.
Other trunk diseases were also present in the
vineyard, based on previous isolations of
Botryosphaeria-dieback pathogens (Neofusi-
coccum mediterraneum, N. parvum) and
Phomopsis-dieback pathogens (Diaporthe am-
bigua, Diaporthe ampelina) from vines that did
not have the diagnostic leaf symptoms of
Eutypa dieback, but instead had dead fruiting
positions and/or stunted shoots (Fujiyoshi et al.
2021). Vines that had been retrained from the
base of the trunk, as evidence that the canopy
may have had trunk-disease symptoms previ-
ously and was thus retrained, were noted, but
were not considered symptomatic of Eutypa
dieback unless they also had diagnostic leaf
symptoms.

At the start of the study, in May 2011,
wood samples were collected from a subset
of 20 accessions with leaf symptoms to con-
firm the presence of E. lata at the vineyard
site. As the germplasm collection exists to
preserve the accessions in perpetuity, it was
not possible for us to sample the wood in a

way that compromised the collection of leaf
and fruit samples for other grape research.
Because confirming infection by E. lata re-
quires destructive sampling of the wood (and
thus destroys all shoots growing distal to the
wood that is cut away), samples were col-
lected only from vines that had shoots with
leaf symptoms growing from multiple woody
parts of the canopy. In this way, we collected
a wood sample from which symptomatic
shoots grew, without cutting away all of
the vine’s shoots. From the wood samples,
16 pieces of wood (4 × 4 × 2 mm) were sur-
face-sterilized in 0.6% sodium hypochlorite
(pH 7.2) for 15 s, and rinsed twice in auto-
claved, distilled water for 30 s per rinse. From
the 16 pieces of surface-sterilized wood, two
sets of eight pieces were plated onto two petri
plates with potato dextrose agar (PDA)
amended with tetracycline (1 mg/L), and
1% malt extract agar amended with beno-
myl 50WP (4 mg/L) and streptomycin sul-
fate (100 mg/L). Plates were incubated at
25 �C in darkness. Within 2 weeks of incu-
bation, fungal colonies with morphological
characteristics of E. lata were subcultured
onto new PDA plates and further hyphal-tip–
purified for identification.

At the end of the survey, we ranked sus-
ceptibility further based on the following ob-
servations and corresponding scores of a
susceptibility index (summing to a total of 10
for the most susceptible): 1) the recurrence of
symptoms during the 3 study years (1 point
for 1 year, 2 points for 2 years, 3 points for
3 years), 2) the presence of leaf symptoms on
both duplicate vines per accession (0 point
for one vine, 1 point for both vines), 3) death
of at least one of two duplicate vines per ac-
cession (0 point for no mortality, 1 point for
death of one or both vines, in a survey year
after symptoms developed), and 4) leaf symp-
tom severity (ranging from 1 to 5 points, as
defined earlier).

Based on SNP genotyping of the V. vinif-
era collection at the WEO, a previous study
identified accessions with identical genotypes,
parent-offspring relationships, and sibling rela-
tionships (Myles et al. 2011). We assume that
our records of accession names and their
corresponding Davis Vitis identification tag
(DVIT) numbers (unique identifiers that are
searchable in the GRIN-Global database) match
those reported by Myles et al. (2011), and that
the SNP genotypes for the accessions are
accurate. As such, we report identical SNP
genotypes and inferred first-order relationships
among accessions that developed leaf symp-
toms (susceptible accessions) during the course
of our study. We assume the accuracy of the
cultivar names associated with the accessions,
but we reference their DVIT numbers through-
out, in case cultivar names are not accurate.

Results

Of the 973 wine and table-grape acces-
sions we surveyed, diagnostic leaf symptoms
of Eutypa dieback were present in at least 1
of 3 study years for 120 accessions (Table 1).
Leaf symptoms were most widespread in
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2011 (90 accessions), compared with 2013
(28 accessions) and 2015 (35 accessions).
Among the 120 accessions with leaf symptoms
in $ 1 study years (susceptible accessions),
both vines were symptomatic for 46 accessions
and both vines of 12 accessions died (all be-
tween 2011 and 2013). Of the 90 susceptible
accessions in 2011, 63 did not show symptoms
again in 2013 or 2015. There were only seven
newly susceptible accessions in 2013. Of the
35 susceptible accessions in 2015, 23 were
newly susceptible accessions and six had
shown symptoms previously in 2011, but not in
2013. Susceptible accessions with the most se-
vere leaf symptoms (a rating of 5 points) were
Chasselas Napoleon (DVIT 0375) and Queen
of the Vineyard (DVIT 0496). The majority of
susceptible accessions had a symptom severity
rating of either 3 points (52 of 120 accessions)
or 4 points (58 of 120 accessions). Corbu blanc
(DVIT 2313), Frankenthal blanc (DVIT 2115),
and Pinot gris (DVIT 0907) were the only ac-
cessions that had leaf symptoms in all 3 study
years.

In 2011, we confirmed the presence of E.
lata in the vineyard from the few susceptible
accessions that also had sufficient canopy
growth to allow for sampling (i.e., cutting
away) woody tissues without also cutting
away all shoot positions. Based on growth of
E. lata in culture from internal wood cankers
visible in these wood samples, the following
20 susceptible accessions were confirmed in-
fected: Austrian Seedless (DVIT 1650), Black
Kishmish (DVIT 2055), Chasselas Musque
(DVIT 0374), Chasselas Rose (DVIT 0376),
Corbu Blanc (DVIT 2313), Frankenthal blanc
(DVIT 2115), Ghula Dari (DVIT 2039),
Husseine (DVIT 0420), Khalili (DVIT 2084),
Muscat St. Laurent (DVIT 0471), Oki di Boi
(DVIT 0877), Orange Muscat (DVIT 2167),
Pinot gris (DVIT 0907), Queen of the Vineyard
(DVIT 0496), Rizamat (DVIT 2338), Seeded
Thompson (DVIT 1334), Tannat (DVIT 0973),
Thompson Seedless (DVIT 0535), Tokay
(DVIT 2157), and White Calabrian (DVIT
2391).

Winter rainfall, starting 18 months before
our first set of symptom ratings in May 2011
and up to our last set of symptom ratings
in May 2015, was as follows: 58.7 cm (from
1 Oct 2009 to 31 May 2010), 61.2 cm (from
1 Oct 2010 to 31May 2011), 34.9 cm (from 1 Oct
2011 to 31 May 2012), 35.3 cm (from 1 Oct 2012
to 31 May 2013), 26.5 cm (from 1 Oct 2013 to
31 May 2014), and 34.0 cm (from 1 Oct 2014
to 31 May 2015). Thus, the two winters leading
up to our first study year in May 2011 had the
greatest total rainfall, which—afterward, in the
winter of 2011 to 2012—decreased by half and
remained consistently low for four consecutive
winters.

The 17 most susceptible accessions were
as follows, based on susceptibility index rat-
ings $ 7 points (from highest to lowest):
Queen of the Vineyard (DVIT 0496), Corbu
blanc (DVIT 2313) (Fig. 1), Terret blanc (DVIT
0765), Pinot gris (DVIT 0907), Chasselas Rose
(DVIT 0376), Fileri (DVIT 1044), Frankenthal
blanc (DVIT 2115) (Fig. 1), Green Hungarian
(DVIT 0748), Husseine (DVIT 0420), Olmo

034-26 (DVIT 1805), Rhazaki Mavro (DVIT
0555), Rizamat (DVIT 2338), Siar (DVIT 0522),
Muscat St. Laurent (DVIT 0471), Romania
(DVIT 0595), White Calabrian (DVIT 2391),
and Vitis vinifera L. subsp. sylvestris (DVIT
2426) (Fig. 1). These 17 highly susceptible ac-
cessions had symptom severity ratings ranging
from 3 to 5 points.

There were eight sets of accessions with
identical SNP genotypes (20 total acces-
sions), among the 120 susceptible accessions
(Table 1). The following three pairs of acces-
sions with identical SNP genotypes also share
the same berry skin color, identical susceptibil-
ity index ratings, and identical leaf symptom se-
verity ratings for leaf symptoms present in
the same study year: Austrian Seedless (DVIT
1325) and Austrian Seedless (DVIT 1650),
Memory of Queen Elizabeth (DVIT 0458) and

Rhazaki De Crete (DVIT 0501), and Olmo
035-58 (DVIT 1814) and Olmo 035-50 (DVIT
1813). The following two pairs of accessions
with identical SNP genotypes also share the
same berry skin color and identical susceptibil-
ity index ratings, but had slightly different leaf
symptom severity ratings, and/or leaf symp-
toms were present in different years and on one
vs. both accession vines: Chardonnay (DVIT
0816) and Pinot Musque (DVIT 1117), and
Chasellas Rose Royal (DVIT 2158) and Her-
mitage (DVIT 1099). Orange Muscat (DVIT
2167) and Tokay (DVIT 2157), which share
identical SNP genotypes and the same white
berry skin color, had different susceptibility in-
dex ratings because the latter had leaf symp-
toms present in more years and mortality was
seen in one of two accession vines. Of the eight
susceptible ‘Chasselas’ accessions, four share

Fig. 1. Leaf symptoms of Eutypa dieback on susceptible accessions. (A) Cup-shaped, dwarfed leaves
(some leaves also with brown, necrotic margins) on stunted shoots of Austrian Seedless [Davis Vitis
identification tag (DVIT) 1650]. (B) Dwarfed leaves on stunted shoots of Frankenthal blanc (DVIT
2115). (C) Stunted shoots and scorched flower inflorescences of Corbu blanc (DVIT 2313). (D) Stunted
shoot, with short internodes and zigzag shape, of Vitis vinifera L. subsp. sylvestris (DVIT 2426).
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the same SNP genotype [Chasselas Hs 14-33/4
(DVIT 2310), Chasselas Jababert (DVIT 2120),
Chasselas Musque (DVIT 0374), and Chasselas
Rose (DVIT 0376)], along with Van Der Laan
(DVIT 0543). Chasselas Hs 14-33/4 (DVIT
2310), Chasselas Jababert (DVIT 2120), Chasselas
Musque (DVIT 0374), and Van Der Laan
(DVIT 0543) (all of which have the same white
berry skin color) had leaf symptom ratings of
either 3 or 4 points, with symptoms present in
the same study year. Compared with these four
accessions of the same SNP genotype, Chasse-
las Rose (DVIT 0376) (which has a different
rose berry skin color, presumably from a ge-
netic mutation that is not associated with an
SNP marker) had a greater susceptibility index
rating as a result of the presence of leaf symp-
toms in 2 of 3 study years, and also because
mortality was seen in one of two accession
vines. Despite identical SNP genotypes and
white berry skin color, Seeded Thompson (DVIT
1334) and Thompson Seedless (DVIT 0535)
had different leaf symptom ratings (2 and
4 points, respectively). These two accessions
share the same SNP genotype with Sahebi
(DVIT 0508) (which has a different rose berry
skin color), but Sahebi (DVIT 0508) had leaf
symptoms in a different year.

Inferred parent–offspring relationships were
identified among 11 pairs of susceptible acces-
sions (Table 2). The large set of identical SNP
genotypes, including four Chasselas accessions
[Chasselas Hs 14-33/4 (DVIT 2310), Chasselas
Jababert (DVIT 2120), Chasselas Musque (DVIT
0374), and Chasselas Rose (DVIT 0376)] and
Van Der Laan (DVIT 0543) accounted for 4 of
the 11 pairs, and is a parent or offspring of
Buckland’s Sweetwater (DVIT 0363) and
Muscat St. Laurent (DVIT 0471), and identi-
cal SNP genotypes Orange Muscat (DVIT
2167), Tokay (DVIT 2157), and Perla Di
Csaba (DVIT 0487). Chasselas Napoleon
(DVIT 0375), which was one of two suscepti-
ble accessions with the greatest leaf symptom
rating of 5 points, has a parent–offspring rela-
tionship with Buckland’s Sweetwater (DVIT
0363). Queen of the Vineyard (DVIT 0496),
which had the greatest leaf symptom rating of
5 points and was the only susceptible accession
with the highest susceptibility index rating of
9 points, has a parent–offspring relationship
with identical SNP genotypes Memory of
Queen Elizabeth (DVIT 0458) and Rhazaki
De Crete (DVIT 0501).

Inferred sibling relationships were identified
among nine pairs of susceptible accessions
(Table 3). Monukka (DVIT 0462), which ac-
counted for three of nine pairs, is an inferred
sibling of Khalili (DVIT 2084) and Lal
Sorkh (DVIT 0442), and the identical SNP
genotypes of Sahebi (DVIT 0508), Seeded
Thompson (DVIT 1334), and Thompson Seed-
less (DVIT 0535). The highly susceptible ac-
cession Queen of the Vineyard (DVIT 0496) is
an inferred sibling of Perla Di Csaba (DVIT
0487). The highly susceptible accession Rizamat
(DVIT 2338) is an inferred sibling of Lal Sorkh
(DVIT 0442) and Tabyrn (DVIT 0969).

Discussion

During 3 years over a 5-year period, we
conducted visual observations of the germ-
plasm collection of 973 wine and table-grape
accessions maintained at the USDA-ARS
National Clonal Germplasm Repository in
Winters, CA, USA. Our survey identified
120 accessions with diagnostic leaf symptoms
of Eutypa dieback in at least 1 of 3 study years.
These field observations in this northern
California collection complement previously
published surveys conducted in Australian
and French vineyards and germplasm collec-
tions (Dubos 1987; Sosnowski et al. 2022).

Compared with observations of fungal foliar
diseases of grapevine, for which symptoms

develop within days or weeks of infection of
the leaves (e.g., powdery mildew), the leaf
symptoms of Eutypa dieback develop$ 1 year
after infection of woody tissues. Thus, we do
not know when the symptomatic accessions
were infected before 2011. The susceptible ac-
cessions we examined were each represented
by two adjacent vines within the vineyard, and
one or both vines of 12 accessions died during
the course of the study. Because all vines were
subjected to natural infections by ascospores of
E. lata, it is possible that accessions with more
severe symptoms were under a greater level of
inoculum pressure. However, all vines were
more than 25 years old at the time of the study.
Furthermore, there is not, typically, a disease
gradient or aggregated spatial pattern of

Table 2. Susceptible accessions with parent–offspring relationships.i

Name Parent–offspring
Barbableu (DVIT 0348) Muscat Hamburg (DVIT 0860)
Black Kishmish (DVIT 2055) Kara Dzhidzhigi (DVIT 2322)
Buckland’s Sweetwater (DVIT 0363) Chasselas Hs 14-33/4 (DVIT 2310)

Chasselas Jababert (DVIT 2120)
Chasselas Musque (DVIT 0374)
Chasselas Rose (DVIT 0376)
Van Der Laan (DVIT 0543)

Buckland’s Sweetwater (DVIT 0363) Chasselas Napoleon (DVIT 0375)
Chasselas Hs 14-33/4 (DVIT 2310)
Chasselas Jababert (DVIT 2120)
Chasselas Musque (DVIT 0374)
Chasselas Rose (DVIT 0376)
Van Der Laan (DVIT 0543)

Muscat St. Laurent (DVIT 0471)

Chasselas Hs 14-33/4 (DVIT 2310)
Chasselas Jababert (DVIT 2120)
Chasselas Musque (DVIT 0374)
Chasselas Rose (DVIT 0376)
Van Der Laan (DVIT 0543)

Orange Muscat (DVIT 2167)
Tokay (DVIT 2157)

Chasselas Hs 14-33/4 (DVIT 2310)
Chasselas Jababert (DVIT 2120)
Chasselas Musque (DVIT 0374)
Chasselas Rose (DVIT 0376)
Van Der Laan (DVIT 0543)

Perla Di Csaba (DVIT 0487)

Hunisa (DVIT 0418) Red Roumi Tanta (DVIT 2260)
Lal Sorkh (DVIT 0442) Sahebi (DVIT 0508)

Seeded Thompson (DVIT 1334)
Thompson Seedless (DVIT 0535)

Malta Seedless (DVIT 2327) Sahebi (DVIT 0508)
Seeded Thompson (DVIT 1334)
Thompson Seedless (DVIT 0535)

Memory of Queen Elizabeth (DVIT 0458)
Rhazaki De Crete (DVIT 0501)

Queen of the Vineyard (DVIT 0496)

i Inferred from analyses of single nucleotide polymorphism (SNP) genotypes by Myles et al. (2011).
Sets of accessions with identical SNP genotypes are grouped together. Accession names and Davis
Vitis identification tag (DVIT) numbers are as listed in GRIN-Global (www.ars-grin.gov).

Table 3. Susceptible accessions with sibling relationships.i

Name Sibling
Chardonnay (DVIT 0816)
Pinot Musque (DVIT 1117)

Gamay Bourgogne (DVIT 0734)

Chasselas Tompa (DVIT 0378) Muscat Hamburg (DVIT 0860)
Lal Sorkh (DVIT 0442) Rizamat (DVIT 2338)
Monukka (DVIT 0462) Khalili (DVIT 2084)
Monukka (DVIT 0462) Lal Sorkh (DVIT 0442)
Monukka (DVIT 0462) Sahebi (DVIT 0508)

Seeded Thompson (DVIT 1334)
Thompson Seedless (DVIT 0535)

Perla Di Csaba (DVIT 0487) Orange Muscat (DVIT 2167)
Tokay (DVIT 2157)

Perla Di Csaba (DVIT 0487) Queen of the Vineyard (DVIT 0496)
Rizamat (DVIT 2338) Tabyrn (DVIT 0969)
i Inferred from analyses of single nucleotide polymorphism (SNP) genotypes by Myles et al. (2011).
Sets of accessions with identical SNP genotypes are grouped together. Accession names and Davis
Vitis identification tag (DVIT) numbers are as listed in GRIN-Global (www.ars-grin.gov).
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symptomatic vines documented in the literature,
but rather symptomatic vines are distributed
randomly within a vineyard (Munkvold et al.
1993). Also, eight sets of susceptible accessions
with identical SNP genotypes, which are
planted in different locations in the vineyard,
had identical or similar symptom severity rat-
ings. In other words, it seems unlikely that vari-
able inoculum pressure within the vineyard and
during the study years was a limiting factor for
E. lata infections. As such, we assume that the
accessions reported here with leaf symptoms
are indeed the most susceptible accessions in
the germplasm collection. Because we con-
firmed E. lata infection among 20 susceptible
accessions, based on isolations of the pathogen
in pure culture from wood samples, spores of
the pathogen may originate from within the
vineyard, although we did not see stromata in
the vineyard. Spores may also originate from
nearby apricot accessions or native tree species
(e.g., Salix spp.), from which we isolated E.
lata previously (Travadon and Baumgartner
2015).

The variability we found in the incidence
of symptom expression among study years
(ranging from 28 vines in 2013 to 90 vines in
2011) highlights the importance of conduct-
ing multiyear studies when evaluating a phe-
notype associated with disease resistance/
susceptibility. Although E. lata causes chronic
wood infections, and thus one might expect an
infected vine to develop leaf symptoms consis-
tently each year, symptom presence can vary
over time (Sosnowski et al. 2007b); symptoms
may be present one year and then absent the
next. Although disease incidence was less at
our study site than that of all study sites exam-
ined in all study years by Sosnowski et al.
(2007b), we had a similar observation of greater
disease incidence (i.e., more susceptible acces-
sions) with greater rainfall in the winter rainy
season 18 months before the first set of symp-
tom observations we made in May 2011.

Given the destructive sampling required
to reveal the wood symptoms of Eutypa die-
back, and the fact that our study site was a
living germplasm collection for grape re-
search, we could not sample all 973 acces-
sions each year for the presence/absence of
E. lata. Although we characterized vines as
susceptible accessions based on the diagnos-
tic leaf symptoms of Eutypa dieback, we can-
not discount the possibility that they may
have also been infected by other pathogens.
Indeed, we isolated from other vines in the
same vineyard Botryosphaeria dieback patho-
gens and Phomopsis dieback pathogens, as
part of a previous study (Fujiyoshi et al.
2021). These dieback-type trunk diseases
share canopy symptoms in common, so we
focused on a phenotype specific to Eutypa
dieback.

We found 21 sets of susceptible acces-
sions sharing common genetic backgrounds,
based on inferred parent–offspring relation-
ships (12 sets) or inferred sibling relation-
ships (nine sets) in analyses of their SNP
genotypes, which were published previously
(Myles et al. 2011). For example, there were
eight susceptible accessions related to ‘Chasselas’

[Chasselas des Bouches du Rhone (DVIT 2112),
Chasselas Napoleon (DVIT 0375), Chasselas
Rose Royal (DVIT 2158), and Chasselas Tompa
(DVIT 0378); and identical SNP genotypes
Chasselas Hs 14-33/4 (DVIT 2310), Chasselas
Jababert (DVIT 2120), Chasselas Musque
(DVIT 0374), and Chasselas Rose (DVIT 0376)]
and four susceptible accessions related to
‘Muscat’ [Muscat Hamburg (DVIT 0860),
Muscat Ottonel (DVIT 0861), Muscat St.
Laurent (DVIT 0471), and Orange Muscat
(DVIT 2167)]. ‘Chasselas blanc’ is reported
as highly susceptible to Eutypa dieback (Dubos
1987; Moisy et al. 2017; P�eros and Berger
1994). Although it is not clear whether the sus-
ceptible accessions Muscat St. Laurent (DVIT
0471) and Orange Muscat (DVIT 2167) are
identical to clones of cultivars examined in
other studies, ‘Muscat St. Laurent’ and ‘Orange
Muscat’ are offspring of a cross involving a
parent ‘Chasselas’ (Lacombe et al. 2013;
Raimondi et al. 2020; Schneider et al. 2008).
It is possible that susceptibility of ‘Muscat
St. Laurent’ and ‘Orange Muscat’ was inher-
ited from the susceptible ‘Chasselas’ parent,
but future studies on the genetics of host re-
sistance to Eutypa dieback should validate
this hypothesis. Similarly, ‘Muscat Ottonel’,
resulting from a cross of ‘Ingram’s Muscat’
and ‘Chasselas blanc’, is reported as suscep-
tible by Dubos (1987). We confirmed the
susceptibility of Chasselas Jababert (DVIT
2120, syn. ‘Chasselas blanc’) and Muscat
Ottonel (DVIT 0861); ‘Ingram’s Muscat’ is
not part of the collection. The presence of
other accessions related to ‘Chasselas’ and
‘Muscat’ in the collection that did not develop
symptoms suggests that not all cultivars with
‘Chasselas’ and ‘Muscat’ parentage are suscep-
tible to Eutypa dieback.

With no leaf symptoms among 90% of
the germplasm accessions we surveyed, it is
difficult to pinpoint sources of resistance in
the V. vinifera germplasm, based on our find-
ings. From a comparison of the results of
published surveys, some cultivars reported
previously as resistant to Eutypa dieback also
did not develop leaf symptoms in our survey,
albeit among accessions with the same culti-
var names (but not necessarily the same gen-
otypes) as those in published surveys. For
example, we found no leaf symptoms on acces-
sions of cultivars that are reported as resistant
in separate field surveys in France [‘Merlot’,
‘Semillon’, and ‘Sylvaner’ (Dubos 1987)] and
in South Australia [‘Muscadelle’ and ‘Ughetta’
(Sosnowski et al. 2022)]. In previous controlled
inoculations in the greenhouse, we identified
Merlot (DVIT 0826) and Primitivo (DVIT
1342, syn. ‘Zinfandel’) as resistant to Eutypa
dieback (Travadon and Baumgartner 2023).
Neither Merlot (DVIT 0826) nor Primitivo
(DVIT 1342, syn. ‘Zinfandel’) had leaf symp-
toms in our survey of the germplasm collection,
thereby verifying the results of a phenotyping
assay conducted in the greenhouse on plants
propagated from cuttings of these exact vines.
Similar controlled inoculations have identified
the Serbian cultivar Prokupac as resistant to
Eutypa dieback (�Zivkovi�c et al. 2023). Indeed,
accessions of ‘Prokupac’ (PI 364249 and PI

245964) present in the germplasm collection
did not develop symptoms during our survey.

The comprehension of which accessions
are susceptible to Eutypa dieback (and of
their pedigree relationships) is essential infor-
mation for exclusion of susceptible germ-
plasm from future breeding programs. We
found that some of the most susceptible ac-
cessions had inferred first-order relationships
[based on a previous SNP genotyping effort
(Myles et al. 2011)] with other susceptible ac-
cessions. Furthermore, accessions that we
found to be susceptible—Thompson Seedless
(DVIT 0535), Lal Sorkh (DVIT 0442), and
Queen of the Vineyard (DVIT 0496)—were
identified previously as among the most highly
connected accessions within the germplasm
collection (Myles et al. 2011). We reported pre-
viously on the susceptibility of ‘Thompson
Seedless’ compared with other V. vinifera culti-
vars (namely, ‘Cabernet Franc’), based on con-
trolled inoculations in the greenhouse (Travadon
et al. 2013). Because ‘Thompson Seedless’ is
part of the parentage of most seedless cultivars
of table grapes planted in the southern San Joa-
quin Valley of California, USA (e.g., ‘Autumn
King’, ‘Crimson Seedless’, ‘Scarlet Royal’), our
field observations further emphasize the impor-
tance of acknowledging disease susceptibility in
table-grape breeding programs. After all, Eutypa
dieback and other trunk diseases have a signifi-
cant negative impact on table-grape production
in California, USA (Baumgartner et al. 2019),
and trunk diseases are also widespread in the
other top two grape-producing states in the
United States: Washington (Travadon et al.
2022) and New York (Baumgartner et al. 2013;
Lawrence et al. 2017b; Rolshausen et al. 2014).
Furthermore, knowledge of susceptible germ-
plasm is an important study tool for addressing
fundamental research questions of host responses
to infection by E. lata, at the transcriptomic level
(Cardot et al. 2019) and at the biochemical and
anatomic levels (Fleurat-Lessard et al. 2013).
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