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We believe RNASeqand smallRNA profiling of trees with 
NBF has the ability to provide insights into the NBF 
phenomenon 4. Genetic elements either responsible for or 
influenced by the NBF and its epigenetic changes should 
exhibit differential expression. Shoots from Nonpareil and 
Carmel almond trees exhibiting BF and from control 
NonPareil plants without BF will be collected from trees at 
all four seasons. RNA -seq and sRNA-seq will be performed. 
Specific sequencing and assembly of almond chloroplast 
and mitochondria also may help in identifying the problem.

After quality filtering and trimming of sequencing reads, 
the two main analysis routs  for the reads are alignment 
with an assembled genome or assembly into a de -novo 
transcriptome and alignment to itself. Genome alignment 
will nearly always give a better result though de -novo 
assembly/alignment may be enough to achieve our goals .

We identified an orchard in Yolo county that has Carmel trees of the 
same age showing trees with severe BF and those with little to none. 
Bud, leaf, and branch tissue was collected in spring of 2019. Next 
generation Illumina RNA -seq and miRNA -seq (micro RNA) was 
performed on a selection of the samples. 

From this, we were able to obtain ~73.4 million raw RNA-seq reads 
and ~244.4 million raw miRNA-seq reads over multiple replicates. 
These were then processed and de -novo assembled and differentially 
expressed genes found (ones hopefully associated with BF). However, 
these results are only the start to giving strong candidate genes and a 
complete RNA profile. Therefore, sampling was performed again in 
fall of 2019 after a second round of buds appeared on the same 
trees. Sequencing of these samples is underway. This additional 
information, as well as the incorporation of public datasets, should 
help build a better picture of the issue .

DNA-seq has been carried out though low quality data is making its 
use limited. At this stage, it appears that the almond genome has 
been sequenced in Spain and Australia, but the genome information 
is not yet available in public domain. Low quality data can often be 
salvaged if it can be used in conjunction with a genome . However, 
until either the almond genome becomes available or we produce 
our own we are investigating de -novo approaches. 

We have assembled the almond chloroplast genome and are in the 
process of annotation. Assembly was performed using related 
species and additional resources as reference. The mitochondrial 
genome assembly is also underway. However, it has been hindered 
by its size (>100kb) and need for additional sequencing .

The immediate goal of this work will be finding differences in the RNA 
profile between normal and bud failure expressing almond trees. This 
will hopefully lead to genetic markers or altered (“resistant”) cultivars. 
We are also actively looking for relatively young orchards willing to let 
us sample Carmel and Nonpareil trees exhibiting bud failure.

In California almond orchards, two  types of bud failure (BF) 
disease have been recognized, infectious bud failure (IBF, 
caused by Prunus necrotic ringspot virus) and  noninfectious 
bud  fa ilu re  (NBF, a  gene tic d isease ). While  IBF is on  a  pa th  
toward  becom ing under con trol, we  still need  a  fu lle r 
understand ing of NBF be fore  p roper m anagem ent 
approaches can  be  deve loped . 

Noninfectious bud  fa ilu re  or “crazy top” has been  known to  
occur in  a lm ond  trees for seve ra l decades1. It m anifests as 
a  dea th  of vege ta tive  buds and  can  be  iden tified  th rough  a  
m ore  open  canopy, 4 to  7 day de lay in  b loom , and  a  gene ra l 
reduction  in  p roductivity.

NBF is a  gene tic d isorde r, a s evidenced  by its inab ility to  
spread  though  gra fting, and  is like ly associa ted  with  DNA 
m ethyla tion  and  age  of the  tree /cu ltiva r2.  The  underlying 
issue  is still unknown. It is like ly tha t the  gene (s) involved  in  
the  deve lopm ent of dorm ant buds in to  shoots m igh t be  
d iffe ren tia lly regu la ted  or sim ply fa il to  express because  of 
silencing. It is  a lso  possib le  tha t ep igene tic changes trigge r 
expression  of a  transactiva tor tha t m ay cause  p rem ature  
p rogram m ed ce ll dea th .
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Objectives

The  occurrence  of BF appears to  be  linked  to  repea ted  or 
extended  exposure  to  h igh  tem pera tu res. An  olde r tree  
would  thus be  m ore  like ly to  show sym ptom s. Tota l 
exposure  am ount m ay a lso  transfe r th rough  clona l 
p ropaga tion . In  Ca liforn ia , cu ltiva rs ‘Nonpare il’ and  ‘Carm el’ 
a re  m ore  like ly to  exh ib it BF the  issue  than  othe r 
com m ercia l cu ltiva rs.  Curren tly, se lecting from  a  “h igh  
qua lity” m othe r b lock will not solve  the  issue  as nurse rie s 
cannot iden tify trees p rone  to  BF. What is needed  is a  
be tte r understand ing of NBF a t the  m olecu la r leve l. 
Knowledge  of the  a ffected  genes m ay provide  an  
opportun ity to  deve lop  m olecu la r m arke rs tha t he lp  
iden tify trees p rone  to  BF sym ptom s using m olecu la r te sts 
or an tibody-based  assays. When  a lm ond  transform ation  
technology is op tim ized , it m ay be  possib le  to  ed it the  
a lm ond  genom e  using CRISPR system  to  p reven t onse t of  
NBF.

1. Extract and  sequence  sm all RNA profile  of a lm ond  trees exh ib iting 
non infectious bud  fa ilu re .  

2. Conduct b io in form atics ana lysis of the  sm all RNA fraction .

Average raw read counts over replicates with SE bars


	Slide Number 1

