Identification of microsatellites from Geosmithia morbida, the fungus
associated with Thousand Canker Disease (TCD) of Walnut, and their use
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Above: Juglans hindsii affected with Thousand Canker Disease
Corners: Pityophthorus juglandis (Tisserat et al., 2009)

ABSTRACT

Thousand Canker Disease (TCD) is a beetle/fungus complex
that recently emerged as a serious threat to members of the
Juglandaceae. The walnut twig beetle and Geosmithia fungus were
once apparently restricted to a small area of the southwestern U.S.,
but in the past decade or so expanded rapidly across the entire
western U.S. Geosmithia species are often associated with bark
beetles, but G.morbida is a new species with no previous genetic or
genomic information. In order to obtain this information, microsatellites
were developed as tools to track the genetic identity and diversity of
the Geosmithia associated with TCD in Juglans spp. Seventeen
microsatellite regions were selected for preliminary screening against a
panel of DNA from 12 highly diverse G. morbida isolates. Thirteen loci:
GEO679, GEO3416, GEO3896, GEO12473, GEO7713, GEO6823,
GEO194, GEO223, GEO1851, GEO4045, GEO2849, GEO12289, and
GEO 2514 amplified consistently producing, in all, 45 alleles from 11
isolates. So far, the most polymorphic locus was GEO12473,
producing at least 8 alleles. We observed an average of 4 alleles per
locus. Of the 11 isolates for which we had clear results, each had a
unique genotype (haplotype). This result was not surprising because
the isolates had been selected previously for genetic diversity at their
Internal Transcribed Spacer (ITS). Eventually we expect to genotype
over 150 isolates of G. morbida and evaluate their spatial genetic
structure in relation to host and disease virulence. These are the first
microsatellites ever described for this important family of fungi.
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U.S. TCD Distribution

Above: Distribution of TCD in the western US. In summer,
2011, TCD was discovered in eastern Tennessee.

for characterizing its genetic diversity.
Colleen Hartel, Jadelys Tonos, Whitney Johnson and Keith Woeste

Introduction

Thousand Canker Disease (TCD) affects trees of the genus Juglans. It is caused
by a beetle/fungus symbiotic complex that can quickly lead to tree death. TCD has
spread during the last decade through most of the western United States and was
recently discovered in Tennessee. Many species of Juglans are valued for their
wood products as well as their nuts, but Juglans nigra, which is highly susceptible
to TCD, is especially important to forest landowners in the eastern U.S.. TCD
could have a devastating effect if allowed to spread throughout the range of J.
nigra. The fungus associated with TCD is Geosmithia morbida, a newly
discovered species that remains largely unstudied. Other than its relationship with
TCD and the beetle Pityophthorus juglandis, not much is know about it. To better
understanding how TCD has emerged and spread, and how it affects infected
trees, we have begun to explore the genome of G. morbida, beginning with a
characterization of its genetic diversity.

Methods and Materials

PCR used to amplify desired regions

« Used designed primers in a three primer method that
used forward, reverse and M13 primers simultaneously.

« This method produced a fluorescently tagged product
for genotyping.

Genotype results analyzed

« The genotyped results where analyzed to identify
alleles in the genome.

« These alleles, which were highly polymorphic, will
help us identify the rel sh mong fungal
isolates and relate isolate haplotypes to etiology
disease.

()13 Comaar | o 52100 | s | S0 s g 734 0 11
ame | Advanced L
Open Assertly | [N L oot «
% = T

e L

RedTyoe Gl

0 T

B ST T AT AT LT AT AT AT ACTR A AT ACHR A G G £

R REREREREREEHR
L —-— EEE HEERrREREEEREEREDR i
Ll S A R N A i

it |

11053 1853 b

microsatellite
Polymorph_ism

Above: Screenshot of Tablet software used to locate microsatellites. Over
13,000 contigs were examined for suitability for primer development.

Screenshot of results from the

genomics center opened in
GeneMapper

Note: One allele per locus due
to haploid nature of the fungus

Results

Thirteen loci, GEO679, GEO3416, GEO3896, GEO12473, GEO7713, GEO6823, GEO194,

Allele

GEO0223, GEO1851, GEO4045, GEO2849, GE012289, and GEO 2514, used in the PCR procedures
amplified consistently. They produced 51 alleles from 11 G. morbida isolates. Each isolate had a unique
haplotype, probably because the isolates had been selected previously to provide maximum genetic

diversity at their Internal Transcribed Spacer (ITS). Of the thirteen loci, GEO12473 was the most

polymorphic.
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Any member in the genus Juglans can be affected by G. morbidia; however, different
members experience varying degrees of damage. Juglans nigra, a particularly valuable hardwood in
the United States, is devastated by TCD. By exploring the associations between haplotypes of G.

morbidia and disease patterns such as virulence and host preference, insight can be gained into
which haplotypes are most likely to affect J. nigra.

G. morbida is highly genetically diverse, indicating that its association with P. juglandis is
probably longstanding, thus TCD is probably not a new disease. High levels of diversity in G.

morbida indicate a diploid (sexual) stage of the fungus is present, though it has never been

observed. This further indicates that the fungus is native and that it will adapt to changes in host and

host environment. This will make control of G. morbida more difficult.

Forestry and Natural Resources, Purdue University.
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