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INTRODUCTION
Our Hypothesis is that divergent DNA methylation profiles exist between
almond × peach interspecific hybrids exhibiting non-infectious bud-failure (BF)
and those that are bud-failure-free (no-BF).

Rationale
• Non-infectious bud-failure (BF) is an age-related disorder that negatively

affects almond production by reducing the number of viable vegetative buds
and therefore indirectly affecting yield.1 BF has been observed in several
productive almond cultivars.

• DNA methylation is an epigenetic signature in genomes that has been
associated with aging and age-related disorders in other biological systems2

including almond.
• Almonds exhibit BF while peaches do not, despite being closely related and

cross compatible (both members of the Prunus genus)3

• Almond trees from the cultivar ‘Carmel’ are especially susceptible to bud
failure2 discouraging its cultivation at large scale.

Justification
• No tests or biomarkers for early detection of BF currently exist, putting

popular/important almond cultivars at risk4 and affecting growers.
• In our group, DNA methylation has been proposed as a biomarker due to its

heritability in almond germplasm, the association of its trends with aging,
and evidence of connection to BF collected in other almond germplasm.

• Hybrids may reveal information about bud failure since there should only be
one copy of the (epi)allele(s) contributing to BF development in hybrids with
BF because the disorder is not observed in peach.

OBJECTIVES
1. Generate DNA methylation profiles and calculate whole-
genome, weighted-percent methylation in each sequence context
(CG, CHH, and CHG) in almond × peach hybrids discordant for
BF exhibition.
2. Identify regions of differential methylation (DMRs) in almond ×
peach hybrids with BF compared to those without using both the
peach and almond genome sequences.
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RESULTS
• Coverage alignment ranged from 9x to 17x in almond, 5x to 10x in peach, and unmethylated

cytosine conversion efficiency was >99.7% for all sequenced libraries.

• Weighted percent methylation is higher for BF hybrids in the CG and CHG contexts (Figure 2 A-C), but
lower in the CHH context (Figure 2D).

• BF hybrids showed higher overall methylation with respect to alignment to almond genome than no-BF
hybrids but lower overall methylation with respect to alignment with the peach genome (Figure 2D).

Table 2. Annotation of the differentially methylated regions using the almond and peach genome annotation files.

Table 1. Global DNA methylation profiles in each of the methylation contexts for the hybrids in the two alignments
analyzed in this study. Hyper and hypomethylation are in the BF context compared to the no-BF.

Figure 1. A ‘Carmel’ almond tree with severe non-infectious bud failure symptoms (photo by Joe Connell, UCANR)

Figure 3. Circos plots that show enrichment of hyper (red) and hypo (blue) methylated DMRs in the CG, CHG, and CHH 
contexts for both the almond and peach alignments. 

FUTURE DIRECTIONS
•Some of the observed DMRs may be parent-specific in their inheritance; future DMR identification will
involve both parents (‘Carmel’ and ‘40A-17’) as well as additional almond × peach hybrid progeny (∼40
individuals).
•Some of the DMRs we identified are large enough to contain whole genes. We will perform quantitative
reverse-transcriptase PCR to investigate differences in expression of these genes between hybrids with and
without BF.
•The almond reference genome used in this study is from the cultivar ‘Nonpareil’ however the almond
parent for the hybrids is ‘Carmel’. A ‘Carmel’ reference genome would be informative since almond
cultivars are very distinct, and ‘Carmel’ is highly susceptible to BF.2

Figure 2. A comparison of weighted genome-wide percent methylation in the three contexts (A-C) and overall (D) between hybrids 
discordant for BF and the almond and peach genomes 

CONCLUSIONS
No divergent genome-wide DNA methylation was seen between BF and no-
BF hybrids. This does not discount that some specific DMRs may play a role
in BF exhibition in almond.
Discoveries: Many significant DMRs were found (thousands!), which contrasts with previous studies
exclusively performed on almond germplasm.
Significance: This work has identified numerous novel DMRs, which some may have implication with the
exhibition of BF in almond × peach Interspecific hybrids . These results will inform subsequent studies on BF
in almond to inform almond breeding and production, as well as the study of aging in perennials.
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ggplot2 v. 3.3.3,

genomation v. 1.20,
GenomicRanges v. 1.40
and circlize v. 0.41.29-18
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MATERIALS AND METHODS
Almond × Peach Germplasm Collection
• ‘Carmel’ Almond × ‘40A-17’ Peach
• Six progenies were analyzed 
• Discordant for BF-exhibition (3 vs 3)
• Sampled at 3 years old
• Planted in Wolfskill Orchard (UC Davis)
• Leaves were the source of DNA

• Chromosomes 7 and 8 showed enrichment of hypomethylated DMRs in the CG context in both the peach
and almond alignment (Figure 3C, 3F).

• Hypermethylated DMRs are most common in the CG context in both alignments (Table 1); these DMRs are
also more likely to contain genes (Table 2).

• DMRs in the CG context are more likely to be in the 3’ UTR, while DMRs in the CHH context are more likely
to be in the 5’ UTR (Table 2).
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