De novo transcriptome analysis of peduncle necking
in cut Rosa hybrida cultivar ‘H30’
B. Lear1,a, A. Marchbank3, N. Kent3, K. Tansey2, R. Andrews2, P. Devlin1, H. Rogers3, A. Stead1
1 School

of Biological Sciences, Royal Holloway University of London, Egham, Surrey, UK, TW20 0EX
of Medicine, Henry Wellcome Building, University Hospital of Wales, Cardiff, UK, CF14 4XW
3 School of Biosciences, Sir Martin Evans Building, Museum Avenue, Cardiff, UK, CF10 3AX
2 School

Abstract
Bent-neck or ‘necking’ is a phenomenon often seen in cut roses, whereby the flower
head droops due to a bending of the peduncle. Necking is thought to be caused by a
blockage of the xylem, either due to an air embolism or an accumulation of contamination,
limiting water uptake to the flower head and causing the stem to bend. Despite the use of
biocides to reduce contamination levels, necking remains an issue for the cut flower sector
and roses continue to die prematurely. As the occurrence of necking varies widely within
and between cultivars, a transcriptome analysis of cut Rosa hybrida cultivar ‘H30’ has been
carried out to investigate the potential molecular mechanisms involved. Peduncle samples
of three stages of necking (straight, <90° and >90°) were sequenced using next generation
sequencing to produce over 100 million reads per stage and 203,565 contigs following
Trinity de novo assembly. Differential expression analysis revealed nearly 2,000
significant transcripts (p adjust <0.05); providing a new resource for further analysis into
the process of necking.
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INTRODUCTION
Roses are one of the UKs most popular cut flowers in terms of sales per stem and have been of
significant cultural importance for centuries (Bendahmane et al., 2013; Hanks, 2015). However,
bent-neck or ‘necking’ is a phenomenon often seen in cut rose flowers, whereby the flower head
droops due to a bending of the peduncle. Necking is thought to be caused by a blockage in the
xylem vessels; either due to an air embolism or an accumulation of contamination at, or within,
the stem end. This limits the movement of water to the flower head and causes the stem to bend
(Bleeksma and van Doorn, 2003). As this phenomenon often occurs within the first few days of
vase life, it is a major cause of customer dissatisfaction within the cut flower industry. Although
this association between bacterial contamination and necking has been widely studied, it is
currently unknown if there are any molecular mechanisms involved in the process of necking
within the peduncle.
De novo approaches allow for transcriptomic studies to be carried on non-model
organisms as they do not require a reference genome. De novo assembly programmes such as
Trinity use a multi-step process with de Bruijn graph analysis to build full length transcripts from
a sample of raw sequenced reads (Grabherr et al., 2011). Koning-Boucoiran et al. (2015) used
Trinity to successfully develop a de novo rose transcriptome and SNP array using Rosa hybrida
petals, whole flowers and young leaves from 12 garden rose cultivars and stressed leaves from
Rosa multiflora. Another extensive de novo transcriptomic study has also been carried out for Rosa
chinensis focusing on mixture 13 different rose tissues under varying abiotic and biotic stress
conditions (Dubois et al., 2012). However, no studies have currently been carried out on peduncle
tissue undergoing necking.

aEmail:

Bianca.Lear.2015@live.rhul.ac.uk

Roses belong to the Rosaceae family, a large family including many important crop plants
such as apple, peach and strawberry. An increase in Rosaceae genomic research over the past 14
years has meant that there are currently genomes available for seven genera, all of which are
available on the ‘Genome Database for Rosaceae’ (GDR), an integrated web resource for Rosaceae
genomics and genetic research (Jung et al., 2004; Jung et al., 2014). The diploid woodland
strawberry (Fragaria vesca) genome was the closest related species available for rose studies
(Shulaev et al., 2011), however the Rosa chinensis cv. ‘Old Blush’ genome has recently been
published (Raymond et al., 2018). This diploid rose genome will therefore be viewed as a new
analysis resource for the tetraploid Rosa hybrida, in relation to the Fragaria vesca and Arabidopsis
thaliana TAIR10 (Lamesch et al., 2011) genomes.
MATERIALS AND METHODS
Plant material
Straight

<90°

>90°

Figure 1. Stages of necking for RNA sequencing
Three stages of necking were sampled, straight (control), <90° and >90°. For each stage of
necking, 2cm sections were cut just below the flower head as shown by the dashed white lines.
Rosa hybrida cv. H30 stems were grown and harvested in Naivasha, Kenya and transported to the
UK via air freight. After a 24 hour rehydration period, stems were re-cut to 47cm and leaves on
the lower 25cm of stem removed. Stems were arranged in bunches of 10 and placed in vases
containing a sachet of commercial flower food, made up to 1 litre with tap water. Vases were held
at a constant 21˚C for the duration of vase life, with a 12 hour light cycle (15-20 µmoles-2 sec-1).
For each stage of necking (straight, <90˚ and >90˚), 2cm stem sections were cut using a sterile
razor blade and flash frozen in liquid nitrogen (Figure 1). Samples were taken within 5-8 days of
vase life, as the stages appeared, and stored at -80˚C for RNA extraction. Vase life and sampling
for replicate 1 was carried out in November, with replicates 2 and 3 repeated in October of the
following year.
RNA extraction and sequencing
Samples were ground to a fine powder in liquid nitrogen using an autoclaved pestle and mortar.
For each stage, three stem sections were ground to produce one pooled sample. This was
repeated for each of the three replicates to form nine samples. Total RNA was extracted from each
pooled sample using the extraction method devised by Jazi et al. (2015), adapted for use with
1.5ml microcentrifuge tubes. Genomic DNA contamination was removed from the RNA samples
using the RapidOut DNA removal kit (Thermo Scientific) following the standard protocol. All
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samples were quality tested using a Qubit fluorometer and then sequenced using an Illumina
NovaSeq 5000 to produce paired-end reads for each sample.
De novo transcriptome workflow
Bioinformatic analysis was carried out using the Advanced Research Computing at Cardiff
(ARCCA), a supercomputer running Unix. This was accessed remotely using MobaXterm Personal
Edition v10.2 (https://mobaxterm.mobatek.net/), with Unix scripts written and edited using
Notepad++ v7.3.3 (https://notepad-plus-plus.org/). Files were uploaded to the server and
managed using the FTP software FileZilla Client v3.34.0 (https://filezilla-project.org/).
The quality of the raw paired-end reads was assessed using the quality control tool
FastQC v0.11.2 (http://www.bioinformatics.babraham.ac.uk/projects/fastqc/). Forward and
reverse reads from each sample were then assembled into a reference transcriptome using the
Trinity software package v2.3.2 with default settings (Grabherr et al., 2011). Timmomatic v0.35
was run as part of the Trinity pipeline to remove low quality reads and bases from the data
(Bolger et al., 2014). The de novo transcriptome was annotated by running a blastx alignment
against Fragaria vesca (Hawaii_1.0), Arabidopsis thaliana (TAIR10) and Rosa chinensis (Old Blushv2). Alignments were performed using Blast+ 2.2.29 (Altschul et al., 1997) with an e-value cut off
of 10-5.
Transcript quantification was performed using RSEM v1.3.0 (Li and Dewey, 2011). Reads
were first mapped against the de novo reference transcriptome using Bowtie v1.0.0 (Langmead
et al., 2009) following default parameters, before ‘isoform’ level counts were produced for each
sample. The count tables were then uploaded onto the Galaxy web platform, available at
usegalaxy.org (Afgan et al., 2016), for differential expression analysis using the edgeR tool
v3.20.7.2 (Robinson et al., 2009). A likelihood ratio test was used in line with traditional edgeR
pipelines, and a Benjamini and Hochberg (1995) p-value adjustment method was applied at a
threshold of 0.05 to reduce the false discovery rate. Default trimmed mean of M (TMM)
normalisation and filtering parameters were also applied to the data. Contrasts were made
between each of the stages to produce three lists of statistically up and down regulated
transcripts (>90 vs. Straight, <90 vs. Straight and >90 vs. <90).
Gene Ontology analysis
Functional annotation for the Rosa chinensis genome have been completed using InterProScan to
provide gene ontology (GO) terms and are publicly available through GDR (Jung et al., 2004).
Using this resource, the differentially expressed transcripts lists produced through edgeR
analysis were matched with their GO terms through the Join two files tool v1.1.1 on Galaxy. GO
terms were then grouped using a simplified version of the TAIR GO-slim categories available
through the TAIR website (Lamesch et al., 2011).
RESULTS
Millions of good quality paired-end reads were produced through the RNA extraction and
sequencing of rose peduncle tissue for each of the three stages of necking. Replicate 1 samples
were sequenced at a greater read depth, prior to replicates 2 and 3, as seen by the higher read
counts for replicate 1 samples (Table 1). The ARCCA supercomputer enabled this large amount
of sequencing data to be assembled into a Trinity transcriptome of 203, 565 contigs with unique
identifiers. Through a blastx analysis, a total of 67.3% of these contigs were aligned to either rose,
arabidopsis or strawberry (data not shown). As expected the rose genome provided the largest
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amount of hits to the de novo assembled transcripts, with 25% and 11% more hits than
arabidopsis and strawberry respectively (Figure 2).
Table 1. Total number of paired-end reads in millions per sample
Stage

Replicate 1

Replicate 2

Replicate 3

Straight

62.5

23.5

27.0

<90

73.5

27.7

25.0

>90

51.6

22.6

26.1

Values are shown to 3 significant figures.

Figure 2. Number of overlapping homologous genes
Comparison of blastx alignments against Arabidopsis (TAIR10), Fragaria vesca and Rosa chinensis.
(%) percentage of total identified. E value cut off of 10-5.
Just under 2,000 differentially expressed transcripts were identified using edgeR at a robust p
adjusted threshold of <0.05 (Table 2). The >90 vs Straight contrast provided the largest amount
of statistically up and down regulated transcripts, with 1,103 in total; over double that produced
by the <90 vs Straight and the >90 vs <90 contrasts which produced 473 and 384 respectively.
Across all contrast groups more statistically downregulated than upregulated transcripts were
discovered (Table 2).
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Protein binding and protein metabolism show the highest amount of differentially
expressed genes for the molecular function and biological process gene ontology categories.
Similar trends can be seen in most of the GO sub categories for up and down regulation between
the two contrasts (>90vStr and <90vStr). (Figure 3)
Table 2. Differential expression counts
<90 vs Straight

>90 vs Straight

>90 vs <90

Up regulated

220

481

184

Down Regulated

253

622

200

p adjusted value <0.05

Molecular Function

Biological Process

Figure 3. Gene ontology categories of the differentially expressed genes
Gene ontology comparison for >90 vs Straight and <90 vs Straight up and down differentially
expressed genes.
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DISCUSSION AND CONCLUSIONS
Rosa hybrida peduncles at three stages of necking were successfully sequenced to produce
millions of high quality reads (Table 1). The freely available web resource usegalaxy.org (Galaxy)
and the ARCCA supercomputer were used in combination to process the high memory workloads
of the de novo pipeline (Afgan et al., 2016). Unlike supercomputers such as the ARCCA, Galaxy
does not require knowledge of unix script but instead has a preloaded set of ‘tools’ within a userfriendly interface and is therefore highly accessible and reproducible. However, using unix
command can give you greater control over the set up and parameters, and larger jobs such as
the Trinity de novo assembly exceeded Galaxy runtime limits and were therefore completed
through the ARCCA.
The blastx alignment of the de novo reference transcriptome to the Fragaria vesca genome
provided hits for 59.1% of the contigs (data not shown; e value cut off 10-5). This is in line with
the transcriptome study by Koning-Boucoiran et al. (2015) who found that 60.7% of their rose de
novo transcripts mapped to strawberry genes, and therefore provides validation for the success
of the de novo assembly produced in this study. Alignment of the reference transcriptome to the
Rosa chinensis genome however provided hits for 66.5% of the contigs. This presents a great new
resource for Rosa research and allowed for as many as 16, 724 more contigs to be identified
(Figure 2).
As a similar amount of differentially expressed genes can be seen for the <90 vs straight
and the >90 vs <90 contrasts (Table 2) and comparable trends can be seen between the >90 vs
straight and <90 and straight contrast in figure 3; it can be determined that the <90 stage dataset
represents a successful mid-point in the necking process. This is important as early stage necking
roses can be hard to categorise, and due to the destructive sampling process it was unknown if
those selected for this stage would go on to progress into full necking. This stage is also of
particular importance as if there are molecular processes underlying necking, this early stage
rather than late stage necking is most likely to include genes causative to necking rather than
those present as result of the necking process. Differences between this early stage necking (<90)
and later stage necking, full necking (>90), as shown in the >90vs<90 contrast, will therefore be
of interest and require further analysis.
Gene ontology and pathway analysis programmes such as DAVID, AgriGO, KEGG and
Mapman can be used for the next stages of analysis to easily identify significant pathways and
patterns within the dataset (Kanehisa and Goto, 2000; Du et al., 2010; Huang et al., 2009; Thimm
et al., 2004). However, these are not yet compatible with the new rose genome identifiers in their
default setup. Carrying out a blastx alignment against a widely used model genome such as
Arabidopsis thaliana or older genomes such as Fragaria vesca therefore currently remains
necessary for using these tools in further study of the differential gene lists.
In conclusion, a successful de novo transcriptome has been produced for Rosa hybrida and
provides a huge new resource for studying peduncle necking. However, further analysis of the
differentially expressed transcripts is needed and may lead the identification of novel molecular
mechanisms linked to this process.
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