Functional genomics analyses of the resistance/susceptible response in chestnut seedlings to
Phytophthora cinnamomi infection
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Summary
Due to availability of resistant Asian and susceptible American and European chestnut species, Castanea is ideally suited for studying plant-Phytophthora cinnamomi
(Pc) interactions. We employed a genetic approach to map resistance to Pc in interspecific crosses using resistant Chinese chestnut, Castanea mollissima
(‘Mahogany’ and ‘Nanking’ resistance donors), and susceptible American chestnut, C. dentata (multiple parents). Five cohorts for three hybrid crosses (BC1 and BC3)
phenotyped for severity of root symptoms in 2013-2014 were genotyped by sequencing and used for linkage map construction/QTL mapping. Altogether 17 QTLs were
detected with eight parental maps. Of these, a major QTL signal in the middle of LG_E (qPcE.2) was associated with resistance to Pc in all crosses. Using markers
anchored to the C. mollissima genome v1.0 assembly, we designed a set of 47 SSR markers associated with resistance to Pc within the three LG_E QTL intervals.
These markers are available for testing their predictive power in breeding material by TACF. To facilitate candidate gene discovery within QTL intervals, we initiated
a functional genomics study by analyzing gene expression and metabolic profiles in chestnut roots interacting with the Pc zoospores. In a pilot experiment we
challenged with Pc one-year-old NK5 plants (Nanking-derived F2 cross) and harvested root tissue at eleven time-points post inoculation. Non-inoculated plants were
used as controls along with inoculated Chinese and American chestnut seedlings. Plants were monitored for progression of root rot symptoms and the three most
resistant and three most susceptible plants were chosen for RNAseq analysis and metabolite profiling at three time points (2, 4 and 8 days). Catalogs of expressed
genes and metabolites were generated for differential gene expression analysis and reconstruction of metabolic pathways activated in response to pathogen attack.

Overlapping QTL intervals on composite LG_E and LG_K
Five cohorts for three hybrid crosses between C. mollissima and C.dentata
derived from two Chinese chestnut sources of resistance, ‘Mahogany’ and
‘Nanking’, were phenotyped in two locations (Seneca, SC and Pegram,TN)
for resistance to P. cinnamomi and genotyped by sequencing.

High-throughput transcriptome and metabolome analyses
Based on two-year phenotypic data, Nanking-derived F2 cross NK5 (WW70
WW67) segregated for resistance to Pc ~3:1 (75% resistant vs. 25% susceptible
plants). Therefore, 25 seedlings were used for treatment with Pc zoospores to
ensure that at least 3 susceptible seedlings are available for RNAseq and LC/MS.

ü Altogether, 17 QTLs
associated with
resistance to Pc detected
ü Most consistent signalsLG_E and LG_K
ü Major QTL detected in all
crosses – in the middle of
LG_E
ü 47 SSRs spanning LG_E
QTLs developed for
testing in TACF and
European chestnut
breeding programs

ü Disease progression was
documented at every time
points.
ü Final assignment to
phenotypic groups done
after 30 days of treatment
ü Three most resistant and
three most susceptible
individuals retained for
analyses
ü Transcriptome (RNA) and
metabolome (M) datasets
generated for 24 samples

Inoculation with P. cinnamomi zoospores
In the end of vegetative season (middle of September) one-year-old plants
were inoculated with P. cinnamomi zoospores in liquid media. One plant
was used as non-inoculated control. First visible root rot symptoms recorded
5 days after inoculation. Total duration of experiment - 30 days.
ü liquid media (1.5% non-sterile soil
solution)
ü two P. cinnamomi isolates (from
Chestnut Return Farms, Seneca SC)
ü zoospores released from agarose
plugs (12 x2=24 plugs per tub)
ü 11 time points – 1,2,3,4,5,6,7,8,15,30
days after inoculation
ü control – non-inoculated plants – time
point “0”
Baiting bioassay
ü 10 leaf disks
(Rhododendron
grandiflorum) on surface
of aqueous
solution(replaced every 3
days)
ü Pc growth - in PARPH-V8
selective medium for 2430h at 25 C in dark
ü Examined visually under
microscope
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Integrated metabolome and transcriptome profiling
Altogether, 7639 mass features were identified using nontargeted massspectrometry. Of these, 626 unique compounds were retained after screening
for repetition and multi-adducts. About 20% of metabolites were hydrolyzed
tannins. 7 compounds were significantly overrepresented in resistant plants.
RNAseq analysis

.
Molecular weight distribution of
compounds across samples

Superpathway of hydrolyzed tannin
biosynthesis in roots reconstructed from
metabolite profiles. Hydrolyzed tannins
exhibit direct toxicity against a wide
variety of microbes, fungi and oomycetes.

Volcano plot of susceptible (left) vs.
resistant NK5 individuals (right)
Variation between replicates was high.

ü 941.6 M raw reads in total
ü 871.8 M reads retained
ü 22.1 – 26.5 M clean reads per
sample after normalization
ü alignment against annotated
C. mollissima v1.0 assembly;
ü featureCounts program
identified 120,623 potential
genes in a gff3 file; only 10% of
assembled RNAseq transcripts
assigned to genes because of
gene/exon specification
ü de novo transcriptome
assembly – 59.1 M normalized
unique reads
ü 626,495 assembled transcripts
ü 407,659 assembled genes
ü identification of ORF or
clustering by % of identity (this
work is in progress)
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