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Abstract
Background: Rose is one of most popular ornamental plants all over the world, it is of high economical value and great
cultural importance. However, chilling damage restricts its application in cold area. To elucidate the metabolic response
under low temperature stress, we conducted transcriptome and De novo analysis in Rosa xanthina f. spontanea.

Results: A total of 124,106 unigenes from 9 databases were generated by De novo assembly, with mean length of 661bp
under 4℃ and -20℃ stress (23℃ as control). Functional annotation and prediction of 55,084 unigenes were detected and
67.72% of these unigenes had signi�cant similarity (Blast, E≤10-5) in the public databases. 468 DEGs were involved in three
groups: biological process (64.84%), cellular component (9.38%) and molecular function (25.78%), KEGG analysis suggested
that metabolic pathway, response to plant pathogen interaction, starch and sucrose metabolism, circadian rhythm plant and
photosynthesis antenna proteins were signi�cantly enriched under cold stress.

Conclusions: Our study �rst reported response to cold stress at the transcriptome level in Rosa xanthina f. spontanea, which
can provides a theoretical basis for further studies on the molecular mechanism of cold-resistance in rose. The results was
shown that the expression trend of eight DEGs selected by qRT-PCR analysis at random was consistent with the results of
high-throughput sequencing.

Background
Rose is one of the most ornamental plants, which has high economical value, is very popular with people worldwide. But, due
to lack of cold-tolerance, its planting application was affected by low-temperature in cold region. It was a complex metabolic
process on the formation of cold-resistance in woody plants. Generally, plant growth and development were stopped when
winter arrives, cold-tolerance and dormancy ability gradually formed [1]. And in this process, it will result in variation of
morphological traits at transcriptional/biochemical level, and then to improve the stability of membrane system, which can
be survived safely in winter, such as most temperate woody plants [2].

A transcriptome is a speci�c tissue or cell at a certain stage of development or the sum of all RNA that was transcribed in a
functional state, mainly including mRNA and non-coding RNA [3]. Expression of the whole genome was revealed by abiotic
stress tolerance at the whole transcriptional level. It is of great signi�cance to construct the transcriptional regulatory network
of abiotic stress genome in term of complex regulatory network involved in increasing abiotic stress adaptation and
tolerance[4, 5]. Transcriptome sequencing has already been developed under low- temperature stress in Camellia sinensis,
Populus euphratica [6, 7].

Recently, there are many studies on the transcriptome in rose. Abundant genetic information has been obtained in resistance
and development with respect to transcriptome sequencing by using root, leaf, �ower and fruit of rose as materials [8–11].
The fusion strategy combined with genome and proteome can be provided a certain theoretical basis for resolving the
biological problems of rose in future. Transcriptome sequencing analysis had been studied under cold stress with leaves in
R. multi�ora [12], fruit in blueberry [13] and �oral buds in R. hybrida [14]. So far, the transcriptome information has not been
clari�ed because of its complexity of the formation of cold-resistance mechanisms.

R.xanthina, a wild species of Sect. Pimpinellifoliae belongs to Rosa, which is native to northeast China and west China. In
addition, R. xanthina f. spontanea has with high cold /drought-tolerance and disease-resistance, is an important germplasm
resource in breeding of modern rose [15]. In the present study, we carried out the transcriptome sequencing analysis of R.
xanthina f. spontanea under low-temperature stress, then to clarify the function and metabolic pathway associated with
DEGs, which can provide a certain theoretical foundation for cold-resistance mechanism in rose.

Results

Transcriptome sequencing and assembly
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The original data obtained by sequencing with Illumina Hiseq 4000 were transformed into raw reads by base calling. The
total base number obtained from nine libraries was 64.52 G and the total number of nucleotides was between 5.23 G and
7.59 G in each sample. The Q30 ratio of each sample was greater than 94% and GC content was relatively consistent, around
47% (Additional �le 1). A total of 124,106 transcripts and 55,084 non-redundant unigenes were obtained from nine
databases, respectively. The average length of unigenes was 661 bp and length of N50 was 1470 bp. Consequently, the
sequencing data quality was high and could meet the requirements of subsequent analysis. There were 29,582 unigenes with
the length of 200–500bp accounting for 53.70%, 10,103 unigenes of length 500–1000 bp accounting for 18.34%, 10,112
unigenes ranged from 1000 to 2000 bp accounting for 18.35%, and 5,287 unigenes of length more than 2000bp accounting
for 9.6%, respectively (Fig. 1).

Functional annotation of unigenes
Based on Nr, Swiss-prot (a manually annotated and reviewed protein sequence database), Pfam (protein family), KOG
(Clusters of Orthologous Groups of proteins), KEGG and GO databases, which were used to annotate all unigenes with
comprehensive gene function information. In the present study, a total of 37,303 unigenes were successfully annotated in R.
xanthina f. spontanea database, which were shown all of 67.72% (55,084). Furthermore, Fragaria_vesca presented the
highest frequency in the annotation results with a total of 19,964 comments, accounting for 53.52% of all the sequences,
followed by Nelumbo nucifera (9.0%), Prunus persica (3.27%), Phaseolus vulgaris (3.13%), Vitis vinifera (2.78%) and Prunus
mume (2.36%)(Fig. 2 and Additional �le 2).

A total of 31,258 (56.75%) unigenes were assigned to GO terms in the cellular component, molecular function and biological
process categories that were further classi�ed into 50 GO terms (Fig. 3 and Additional �le 3).

Within the cellular component, a total of 22,417 DEGs were assigned under 4℃and − 20℃ stress (23℃ as the control),
which indicated the union of all the DEGs were mainly related to the nucleus, cytoplasm, integral component of membrance
and chloroplast. With regard to the molecular function, most of the DEGs were enriched for molecular function, protein
binding and ATP binding. In the biological process, biological process, regulation of transcription and DNA–template were
mainly involved.

To identify the metabolic pathways during cold stress of R. xanthina f. spontanea leaves, 21,992 DEGs were mapped to the
KEGG database, and the top 19 KEGG pathways signi�cantly (p-value < 0.05) enriched were shown in Fig. 4 (Additional �le
4). Among these pathways, carbohydrate metabolism (2596, 11.80%), translation (2325, 10.57%) and folding, sorting and
degradation (2036, 9.26%) were the most extensively over-presented pathways. In addition, the metabolic pathways were
related to environmental adaptation, transport and catabolism. Overview, amino acid metabolism, translation and signal
transduction were involved in almost every aspect of plant life. Furthermore, it was demonstrated that high-informative and
wide coverage were obtained from transcriptome sequencing of leaves in R. xanthina f. spontanea, and can be used to
analyze the gene products of metabolic pathways and information processing pathways at the molecular level.

DEGs in response to low-temperature stress
In our studies, the amount of unigenes expression among three libraries under low-temperature (23℃, 4℃ and − 20℃)was
used to carry out comparative analysis of differences, which was shown signi�cantly difference (Padj < 0.05, Fig. 5). 358
DEGs (3031 up-regulated and 3891 down-regulated); 42 DEGs (867 up-regulated and 1763 down-regulated); 279 DEGs (2869
up-regulated and 2872 down-regulated) responded to low-temperature stress within the 23℃, 4℃and − 20℃ were detected,
respectively. And there were 1536 common genes between T1 vs T2 and T1 vs T3; 3977 common genes appeared in T2 vs
T1 and T2 vs T3, and 1068 common genes existed in T3 vs T1and T3 vs T2 (Fig. 5; 23℃, 4℃and − 20℃ was labeled as T1,
T2 and T3, respectively). Otherwise, 468 DEGs had been present in above three groups, which can be associated with cold-
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tolerance in single petal R. xanthina f. spontanea. Therefore, it was essential to utilize GO functional enrichment analysis and
KEGG pathway enrichment analysis of the DEGs.

GO enrichment analysis of the common DEGs
In the study, to reveal which biological functions are signi�cantly related to the common DEGs we obtained, a GO functional-
enrichment analysis was carried out via the agriGO website with a p score cut-off of 0.05. The results indicated that the DEGs
were involved in biological process, cellular component and molecular function occupied 64.84%, 9.38%, 25.78%,
respectively. Consequently, most DEGs were signi�cant correlated with some biological functions. And we found the DEGs
were classi�ed into 83 biological process, mainly focused on transcriptional regulation, DNA-template; transcriptome,
response to chitin, response to abscisic acid, response to cold, response to water deprivation, ethylene-activated signaling
pathway and response to wounding. As to cellular component, the DEGs were involved in chloroplast, chloroplast thylakoid
membrane, integral component of plasma membrane, etc. With respect to molecular function, the DEGs mainly focused on
transcription factor activity, sequence-speci�c DNA binding (Fig. 6 and Additional �le 5).

KEGG pathway enrichment analysis of the common DEGs
In order to more precisely investigate variation of metabolic pathways in leaves during low-temperature stress, statistical
pathway enrichment analysis for the DEGs was carried out based on KEGG database and 293 DEGs under low-temperature
stress were assigned to 85 different KEGG pathways (p < 0.05). It consisted of four signi�cant enriched pathways, which was
plant-pathogen interaction, starch and sucrose metabolism, plant circadian rhythm and photosynthesis-antenna proteins,
respectively (Table 1 and Additional �le 6). When the temperature reached 4℃ and − 20℃, most DEGs in plant-pathogen
interaction and starch and sucrose metabolism pathways were down-regulated. In addition, the genes in plant circadian
rhythm pathway were approximately the same with down-regulated and up-regulated. However, seven DEGs in
photosynthesis-antenna proteins pathway were shown up-regulated.

Table 1
Summary of KEGG pathway functional annotations for the common DEGs

Pathway ID code The number of DEGs in metabolic
pathway

Number of the common
DEGs

T2-T1 T3-T1

Up down Up Down

Plant-pathogen interaction ko04626 32 6 26 4 28

Starch and sucrose metabolism ko00500 21 4 17 3 18

Circadian rhythm - plant ko04712 8 3 5 4 4

Photosynthesis - antenna
proteins

ko00196 7 7 0 7 0

 

qRT-PCR validation of the DEGs
Based on the results of transcriptome annotation under low-temperature stress, eight DEGs were screened relating to cold-
resistant (Fig. 7 and Additional �le 7). The expression fold change was analyzed by the use of qRT-PCR before and after low-
temperature stress. The results indicated that the expression of these PGR5 CHLH BBX24 STN7 EXPA8 LRR-RLK and
CIPK12 unigenes were up-regulated, one of bZIP60 was down-regulated, which the same trend was observed in analysis of
high-throughput sequencing. Consequently, these genes mentioned above may be a direct correlation with cold-resistant in R.
xanthina f. spontanea, and the results further con�rmed reliability of our transcriptome data.
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Discussion
In view of the lack of the whole genome-wide data in non-model plants, high- throughput transcriptome sequencing
technology can determine each transcriptional fragment sequence and rare transcript, which can also carry out
transcriptome analysis for any species, there is no need to understand genetic information of the species. Thus, it is crucial
to study non-model plant. In the present study, the transcriptional databases we obtained was compared with known protein
databases (Nr, Swiss-Prot, COG, KEGG), according to the principle of “gene structure is similar, function is homologous”. As
the support of powerful bio-informatics platform, the functional genes were annotated. So far, it has been sequenced
successfully from the previous reports in non-model plants [23–27], which provides abundant genetic data sources for plant
functional genomics. High-throughout sequencing was performed on the leaves of R.multi�ora under low-temperature stress
using Illumina Hiseq TM 4000 and a total of 55,084 unigenes were identi�ed. Of these unigenes, 37,303 unigenes (67.7%) had
functional annotation contrasted with Nr database, and the most frequent plant was Fragaria_vesca, indicated 53.5%. The
results consistent with those from the previous studies [12, 28], which occupied 32.8% in R.multi�ora and 64.6% in
R.beggeriana Schrenk, respectively.

In the present study, down-regulated genes are more than up-regulated under 4℃ and − 20℃ in R. xanthina f. spontanea.
Previous studies [12] has suggested that up-regulated genes were more than down-regulated with low-temperature stress
(4℃), but the results were different (-20℃). Therefore, it was essential to con�rm the conclusion that high cold-resistance
derived from DEGs up-regulated in future. And, our studies indicated that the whole DEGs of up-/down-regulated under − 
20℃ stress were less than 4℃ stress. In contrast to previous studies [12], the results we obtained were not fully concordant
maybe the difference of materials, a large number of related genes were expressed by cold signal in the early stage of low
temperature in R. xanthina f. spontanea.

In the present study, it belonged to biological process (67.8%) by GO functional enrichment analysis among the assigned
DEGs of three common groups when response to low-temperature stress in R. xanthina f. spontanea. The results were mainly
focused on regulation of transcription, DNA-template, transcription, response to chitin, response to abscisic acid, response to
cold, response to water deprivation, ethylene-activated signaling pathway, response to wounding etc., indicating that the
DEGs response to low-temperature stress were mainly involved in the biological process of stress and signal transduction.

Based on a KEGG pathway enrichment analysis, all of the common DEGs were annotated in functional categories of plant-
pathogen interaction, starch and sucrose metabolism, plant circadian rhythm and photosynthesis-antenna proteins. The
results consistent with previous reports, all the DEGs were assigned to starch and sucrose metabolism and plant-pathogen
interaction under 4℃ stress in R.beggeriana Schrenk [28]. In the present study, four KEGG metabolic pathways enriched have
been proved to be related with cold-resistance in different plants. However, there exist similarities and differences in terms of
expression levels for the DEGs contrast with previous studies, and it is essential to further study for its regulatory
mechanism.

Conclusions
Our study �rst reported response to cold stress at the transcriptome level in Rosa xanthina f. spontanea, which can provides
a theoretical basis for further studies on the molecular mechanism of cold-resistance in rose. In the present study, a total of
37,303 unigenes were successfully annotated in R. xanthina f. spontanea database, and the results consistent with those of
previous studies involved in R.multi�ora (32.8%) and in R.beggeriana Schrenk (64.6%), respectively. The expression of these
PGR5 CHLH BBX24 STN7 EXPA8 LRR-RLK and CIPK12 unigenes were up-regulated, one of bZIP60 was down-regulated in
Rosa xanthina f. spontanea. The expression trend of eight DEGs selected in this study may be bene�t for further studies on
cold tolerance mechanisms in rose and other plants.

Methods
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Plant materials and low-temperature treatment
R. xanthina f. spontanea was collected from Liaoning Research Institute of Cash Crops, Liaoyang, China (41.5°N, 123.8°E),
and its information in details was from Help Me Find (https://www.helpme�nd.com/gardening/l.php?l=2.46960.1). Cutting
propagation were performed in the greenhouse, annual cutting seedlings with same growth vigor and management
conditions, in which were placed variable temperature (23℃) climate chest one week ago (6h light, 8h darkness and 70%
relative humidity), and dropped 2℃ per hour till to 4℃, -20℃, respectively. Keep this temperature for 12h, then heat up 2℃
per hour to 23℃. The blades were quickly placed in liquid nitrogen, and stored at -80℃ refrigerator. All the experiments were
repeated three times.

RNA extraction, library construction and sequencing
Total RNA was extracted using trizol reagent (Invitrogen, CA, USA) following the manufacturer's procedure. The total RNA
quantity and purity were analyzedby Bioanalyzer 2100 and RNA 6000 Nano LabChip Kit (Agilent, CA, USA) with RIN number > 
7.0. Approximately 10 ug of total RNA representing a speci�c adipose type was subjected to isolate Poly (A) mRNA
puri�cation with poly-T oligo-attached magnetic beads (Invitrogen, CA, USA). Following puri�cation, the poly(A) or poly(A) + 
RNA fraction was fragmented into small pieces using divalent cations under elevated temperature. Then the cleaved RNA
fragments were reverse-transcribed to create the �nal cDNA library in accordance with the protocol for the mRNA-Seq sample
preparation kit (Illumina, San Diego, USA), the average insert size for the paired-end libraries was 300 bp (± 50 bp).Then the
paired-end sequencing was performed by an Illumina Hiseq 4000 (LC-Bio, China) following the vendor’s recommended
protocol.

De novo assembly, unigene annotation and differential expression
analysis
Firstly, De novo assembly, functional annotation and classi�cation of the unigenes were performed, cutadapt [16] and in-
house perl scripts were used to remove the reads that contained adaptor contamination, low quality bases and undetermined
bases. Then sequence quality was veri�ed using FastQC (http://www.Bioinformatics. babraham.ac.uk/projects/fastqc/),
including the Q20, Q30 and GC-content of the clean data. All downstream analyses were based on the clean data with high
quality. De novo assembly of the transcriptome was performed with Trinity 2.4.0 [17]. Trinity groups transcripts into clusters
based on shared sequence content.

All assembled unigenes were aligned against NCBI non-redundant protein sequences (Nr) database
(http://www.ncbi.nlm.nih.gov/), GO (http://www.geneont ology.org), SwissProt (http://www.expasy.ch/sprot/), KEGG
(http://www.genome.jp/ kegg/) and eggnog (http://eggnogdb.embl. de/) databases using DIAMOND [18] with a threshold of
E value < 0.00001.

Differentially expressed unigene analysis Salmon [19] was used to perform expression level for unigenes by calculating
transcripts per million (TPM) [20]. The DEGs were selected with log2 (fold change) > 1 or log2 (fold change) <-1 and with
statistical signi�cance (p < 0.05) by R package edgeR [21]. Next, GO and KEGG enrichment analyses were again performed
based on the DEGs by perl scripts in-house.

qRT-PCR validation
The leaves of R. xanthina f. spontanea were collected and treated at 23℃, 4℃ and − 20℃, 10 DEGs selected at random
were used for qRT-PCR validation. Total RNA was extracted by using polysaccharide polyphenol Plant RNA Isolation Kit
(N1005, Biobase Technologies Co., Ltd, ChengDu, China), and reverse transcription synthesis cDNA was performed adopting
TUREscript 1st Stand cDNA Synthesis Kit (Aidlab Biotechnologies Co., Ltd, Beijing, China). Primers were designed using the
Beacon designer 7.9 software for qRT-PCR and listed (Table 2). The qRT-PCR assays were performed on the Analytik Jena-
qTOWER2.2 (Germany) with the2×SYBR® Green SuperMix (DF, China),and ampli�ed with 1 µL of cDNA template, 5 µL of 2
×SYBR Green Super Mix, and 0.5 µL of each primer, to a �nal volume of 10 µL by adding water. The ampli�cation program
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consisted of one cycle at 95°C for 3 min, followed by 59 cycles of 95°C for 30 s and 60°C for 30 s. The relative expression
levels were calculated by the 2−△△CT method [22].

Table 2
The primers used for qRT-PCR in this study

No. Gene ID Code Forward primer (F) Reverse primer (R)

1 TRINITY_DN25157_c0_g1 PGR5 AGGGCACAACCCATGATGAA TTCGGCTCTTAGACAAAGGCAA

2 TRINITY_DN31568_c1_g5 CHLH AGATGAGCCAGTTGAACAGAA AGTAGGAGCCTGAAGCATTG

3 TRINITY_DN27059_c1_g3 BBX24 CAATAGCCTCTCTGCCAACCA GGTGGCTCTACGCTACTTGTT

4 TRINITY_DN30314_c0_g1 STN7 CCAGATGGGTTACTCGGCTAA GACTTCTTCTTAGGCTTCGTTTCC

5 TRINITY_DN30720_c0_g10 EXPA8 GGGTCTTGTTACGAAATGCGATGT CAGAAGTTGGTGGCGGTGAC

6 TRINITY_DN32852_c1_g1 LRR-
RLK

GGACCGAGACCTCAATGCTAAGA TCCTGGTGCTAATGTGAGTGTTCT

7 TRINITY_DN29285_c0_g3 CIPK12 CGAAGAACAACCCGCTCCTCCTC CGCCCTCGTCGGTCTTGATGT

8 TRINITY_DN31926_c0_g6 bZIP60 TCTTCGTCGTCGTCGTCATC TTCATCAGCATGTCCTCAACCT

9 Actin   CCTCTATGCCAGTGGTCGTACAA GCCAGGTCAAGTCGCAGAATG

10 18s   CAACCATAAACGATGCCGA AGCCTTGCGACCATACTCC

Abbreviations
DEGs: Differentially Expressed Genes; KEGG: Kyoto Encyclopedia of Genes and Genomes; qRT-PCR: Quantitative Real-time
PCR; GO: Gene Ontology
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Figure 1

Length distribution of the assembled unigenes in R. xanthina f. spontanea.Non-redundant unigenes were obtained with the
length of corresponding gene size ranged from 200bp to more than 2000bp
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Figure 2

Species distribution of the BLAST hits for each unigenes based on NR database.
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Figure 3

GO enrichment analysis of the assembled unigenes. The unigenes were classi�ed into three main categories: biological
process, cellular component and molecular function
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Figure 4

KEGG pathway functional category of the unigenes assigned in R. xanthina f. spontanea
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Figure 5

Venn diagrams of DEGs assembled under low-temperature stress across four sets of comparisons expressed as T3 vs. T1,
T2 vs. T1, T3 vs. T2 and T1 vs. T2 vs.T3, which T1 (control), T2, T3 was noted as 23℃, 4℃, -20℃, respectively (Padj<0.05)
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Figure 6

GO enrichment scatter diagram of the DEGs. The number of genes in each category is equal to the dot size. The dot color
represents the corrected p-value



Page 16/16

Figure 7

qRT-PCR analysis of expression levels of randomly selected genes in R. xanthina f. spontanea along with corresponding
results under 4℃, -20℃ and 23℃ stress, respectively. Standard errors (SE) bars are shown within each of the columns
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