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Abstract

mainly caused bolletotrichum gloeosporioiiesne of the most common fungal disease, which leads to serioug loss

of rubber production. Therefore, the investigation on disease resistance is of great worldwide significance. In the past
decades, substantial progress has been made on coding gene families related with plant disease resistance. However,
in rubber tree, whether the disease resistance mechanism involves noncoding RNAs, especially long noncoding RNAs
(IncRNAs), still remains poorly understood.

Results:Here, we modeled the developmentldf brasiliendsaf samples inoculated wit. gloeosporioidats
divergent stages, explored to identify the expressed ncRNAs by RNA-seq, and investigated the dominant IncRNAs
responding to the infection, through constructing a co-expressed network systematically. On the dominant IncRNAs,
we explored the potential functional role of INcRNA11254 recruiting the transcription factor, and that IncRNA11041 and
INcRNA11205 probably stimulate the accumulation of corresponding disease responsive miRNAs, and furthef modulate
the expressions of target genes, accompanying with experimental examination.
Conclusions:Take together, computational analyses in silico and experimental evidences in our research collectively
revealed the responsive roles of dominant IncRNAs to the pathogen. The results will provide new perspectives to
unveil the plant disease resistance mechanisms, and will presumably provide a new theoretical basis and candidate
prognostic markers for the optimization and innovation of genetic breeding for rubber tree

Reviewers:This article was reviewed by Ryan McGinty and Roland Huber.

Background: Rubber treeH{evea brasiliensi&ts as an important tropic economic crop and rubber tree anthracn{‘se,

Keywords:Hevea brasiliengin-expressed network, Long noncoding RNAs, microRNAs

Background serious loss of rubber production 8. During the
Rubber tree Hevea brasiliens)jsas one of important evolution, it is believed that plants have evolved to
tropic economic crops is the only source for ever- possess exquisite resistance mechanisms in the biotic
growing demand for natural rubber, which is an stress, and transcriptome profiling is efficient to reveal
important industrial and commercial raw materialJ0, the responses to pathogenst], 43]. In the past de-
46]. It is documented that déeases could cause more cades, great progress has been continuously made on
than 25% loss of rubber yields5f]. Rubber tree an- the metabolic pathways and specific coding genes
thracnose, mainly caused b@olletotrichum gloeospor- including jasmonic acid (JA), salicylic acid (SA),
ioide, is the most common fungal disease and leads tomitogen-activated proten kinase (MAPK) and so on

[1, 35], whereas the whole molecular response mech-
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These years, accompanying with the next-generationat 4000 rpm. The spore solution was adjusted to concen-
sequencing technology, emerging evidences have accuration at 5x 1 CFU/mL with sterile water and was
mulated showing that ncRNAs, which were previously sprayed evenly on the rubber tree leaves. The inoculated
regarded as'dark mattef’ [20], tend to play roles in nu- samples grew at 25 °C and in no lower than 90% humi-
merous biological processesl(), 32] among divergent nity. According to the set time, the samples were col-
species ranging from prokaryote®], fungi [18, 50], ani- lected and were kept in liquid nitrogen immediately for
mals [2], and plants B1, 54]. In general, the definition of RNA extraction. The total RNA was extracted using
NncRNAs is based on sequence length, which dividesnethod of LiCl precipitation R4]. The cDNA libraries
ncRNAs into long noncoding RNAs (IncRNAs) that have were constructed according to the manufacturfsrproto-
more than 200 nucleotides (nt) and the remaining small cols. Sequencing was conducted via lllumina HiSeq 2000
RNAs, including microRNAs (miRNAs), small nucleolar platform. Meanwhile, 5 uninfected leaf samples of Reyan7
RNAs (snoRNAs) and piwiRNAs (piRNAs). In plants, 33-97 as control group were from SRAitps://mww.ncbi.
mMiRNAs are usually documented to participate in respond- nim.nih.gov/srg (SRA IDs: SRR3136159, SRR3136185,
ing to stresses at transcrigihal and posttranscriptional SRR3136188, SRR3136190, SRR3136192).
levels B, 9, 19. These years, InCRNAs are continually
reported to be responsive to biotic or abiotic stressé€)[ Transcriptome profiling and identification of up-regulated
14, 51]. Especially, a recent research has discovered that gesponsive ncRNAs
IncRNA ELENAL1directly influence the plant immunity as- After obtaining raw pairedend reads, quality control
sociated with elf18, a pathogeassociated factor that in- was conducted by both fastqchf{tp://www.bioinfor-
duces defense responsesAmabidopsis[33]. These studies matics.babraham.ackiprojects/fastqc) and NGS QC
indicate that in-depth investigation on putative stress Toolkit v2.3.338]. All sequencing reads maintained
responsive ncRNAs, especialthe INcRNAs, is helpful were aligned to the rubber tree genome released in
for better understanding the disease resistance mech2016 §6] with Tophat2 (v2.1.1) R3]. Cufflinks [49]
anism. However, whether the molecular responseand Stringtie 0] were used in turn to assemble the
mechanism ofH. brasiliensisinvolves IncRNAs, still transcripts and merge the transcripts among different
remains unclear. samples multiple times. The expression levels were

Here, in our study, we modeled the development Hf measured using FPKM (fragments per kilobase of
brasiliensis(Reyan#33-97) leaf samples being inoculated transcript per million mapped reads). Ballgown was
with C. gloeosporioideat different stages, accomplished used to examine the responsive expressed coding
the assembly of their transcriptomes, and explored togenes (RGs), along with responsive expressed noncod-
identify the expressed ncRNAs strictly i, brasiliensis ing RNAs (RncRNAs) 17, 39], with FPKM >0.1 and
leaves. Furthermore, we systematically explored the domFC >2 (fold changes between our inoculated sample
inant INcRNAs responding to the pathogen through con- series and control ones) (Additional filé: Table S1).
structing a co-expressed network. Additionally, on the To identify the ncRNAs, three steps were conducted
dominant IncRNAs, we investigated the potential func- as follows: 1) Longest transcripts of individual genes or
tional role of INcRNA11254 with the transcription factor potential RNAs were selected and annotated by NR
(TF), and examined the possibility that In\cRNA11041 anddatabase with BLASTX; 2) Longest transcripts were
INcRNA11205 stimulate the accumulation of correspond- scanned against InterPte signatures, provided by mul-
ing disease responsive miRNAs, and further modulate thetiple different databases and applications, along with as-
expressions of target genes, accompanying with experisignments of GO (Gene Ontology) and KEGG (Kyoto

mental verifications. Encyclopedia of Genes and Genome4p]; 3) Any given

query with an above hit in last two steps was excluded
Methods and coding potentials of the remained sequences were
Plant materials, inoculation, cDNA library construction calculated by CPC (Coding Potential Calculato4].

and sequencing

The inoculated samples were adopted in the same condiPhylogenetic analysis, pathway assignment, RNA-protein
tion at 4 continuous stages (initial inoculation, 1day pair predication, motif detection and miRNA binding sites
after inoculation, 3 days after inoculation, and 5 daysscan

after inoculation) of the immature leaves fronHevea Considering the close evoluinary relationship betweefR.
trees (Reyan+#33-97 planted at the experimental planta- communisand H. brasiliensis(both belong to Euphorbia-
tion of Hainan University, Danzhou, Hainan, China). cea¢ (Fang, et al. 2016) and their well-sequenced genomes
Before inoculation, an appropriate amount of mycelium (from RefSeq; https://www.ncbi.nlm.nih.gov/refse we

of C. gloeosporioidesas cultured in PD liquid media for used the homologs of these two species to calculate the
2 days and the conidia were collected by centrifugationnonsynonymous substitution rate (Ka) and synonymous
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substitution rate (Ks) by KaKs_Calculator using the modelTable 1 Preliminary results in transcriptome profiling and
of MA [58. The homologs were detected by BLASTN noncoding identification

(Overlap> 0.7, E < 1e-3, Identity> 0.8). Pathway assignmentsame Number
were conducted by KAAS http://iwww.genome.jp/kegg/  Mapping ratios oD 90.1%
kaag using the BBH (bi-directional best hit) method. 1D 90.4%

RNA-protein pairs were predicted by catRAPID4]. The

motifs matched to the INcRNA were detected by MAST 30 90.3%
(http://meme-suite.org/tools/mast In rubber tree, the b 90.4%
miRNAs were previously identifiedZ9], and all the miR- Number of transcripts 81,569
NAs were listed in Additional filel: Table S2. Potential Number of Coding Genes 35,441
binding sites were conducted by an online toolkit psRNA- a1d Noncodings RNAs
Target (ttp://plantgrn.noble.org/psRNATarget Details of Coding Genes (Genes) 32,347
tools and databases we utilized in this study were summadHit on NR 32,272
rized into Additional file 1: Table S3. Hit by InterPro 22,996
Noncodings (Noncoding RNASs) 3094

Real-time gRT-PCR, relative expression calculation

In inoculated samples and non-inoculated control leaves
at divergent stages, transcriptional levels of IncRNAsassigned to a given functional annotation by either NR or
and representative genes were measured by real-timénterPro. Ultimately, for 3107 ncRNA candidates retained,
guantitative reverse transcription PCR (gqRT-PCR) atafter calculation of corresponding coding potentials, 3094
divergent stages, respectively. Three independent biosequences were identified as expressed ncRNAs in rubber
logical replicates for each condition were carried out, for tree leaves.

two times. First-strand cDNA was synthesized from 8 Evidences accumulate that the ncRNAs are in corres-
DNase-treated total RNA (Thermal reversed first-strand pondence with genome complexity7]. Therefore, a bet-
cDNA synthesis Kit) and 50 ng cDNA was taken as tem-ter characterization on their sequence components is of
plate for PCR. Relative expression (RE) was calculategreat significance. We assumed that the sequence com-

using the 2 “; method. ponents of coding transcripts would exhibit differently
with ncRNAs. Coincided with our assumption, firstly, on
Construction of mesophyll protoplast system the length distribution for transcripts of coding genes

Mesophyll protoplast system refers to the transient meso-and ncRNAs, we found the average transcript length of
phyll protoplast expression system. The transient meso-expressed ncRNAs was ~ 500 bp, whereas that of coding
phyll protoplast system could be applied to analyze genggenes was 1.7 Kb, obviously longer than ncRNAs
function of rubber tree, a perennial plant for which the ap- (Fig. 1a). Moreover, on the exon number distributions,
plicable transformation system was limited. In our study, majority of ncRNAs tended to contain less introns, and
we used our improved method to isolate high quality rub- a small proportion of ncRNAs were possessed of mul-
ber tree mesophyll protoplastsH[7]. The transient expres- tiple exons (Fig.1b). On the GC content, average GC
sion of exogenous DNA constructs in this mesophyll content of coding transcripts was 41.54%, relatively
protoplast system was observed by using green fluoresceritigher than that of ncRNAs, 37.77%.

protein, and was detected by immunoblot. In addition, it has been reported that the expression
levels of ncRNAs are usually 30-folds to 60-folds lower
Results and discussion than those of mMRNA inArabidopsis thaliana[51]. Con-
Identification and characterization of expressed ncRNAs sistently, in rubber tree leaves inoculated with. gloeos-
in infected rubber tree leaves porioides it showed that ncRNAs expressed at relatively

To investigate the response dynamics of rubber tree tolow levels, in comparison with coding genes in infected
pathogens, we generated transcriptome-sequencing dataselsaves (Figlc) and control (Additional file2: Figure S1).
of H. brasiliensisleaves infected withC. gloeosporioides Besides, among the ncRNAs, about 4% of 3094 expressed
(Methods). In transcriptome pofiling, the corresponding ncRNAs were small ncRNAs ranging from 85 nt to 197 nt;
mapping ratio to the genome of individual sample was 90.168% were IncCRNAs located at the intergenic regions
90.3, 90.1, 90.4% (Tahl¢ and the assembled transcriptome (lincRNAs); 28% were IncRNAs overlapped with coding
yielded a total of 35,441 uniquely expressed sequences, ilgenes at sense strand or antisense strand (Ed.

volving 81,569 transcripts. Among the uniquely expressed

sequences, 32,272 sequences were annotated with motexploration of dominant responsive up-regulated ncRNAs
than one hit against NR database and 22,996 sequence&3apturing the related expression patterns of genes under
with at least one hit by InterPro. 32,347 sequences werdifferent conditions are effective for revealing functionally
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Density plot in infected series

Fig. 1 Characterization of expressed transcripts from coding genes and noncoding RNAs (ncRNAs) in infecteal lsamgpifedistribution for

transcripts of coding genes and ncRNAs in boxplosxon number distribution for transcripts of coding genes and ncRNAs in histograms,

Density plot for average expressions of coding transcripts and ncRNAs in our infected seriesisalagdé&ation of identified expressed ncRNAs
A

related ones 45, 55. In transcriptome profiling (Methods), significance measuremengf]. In module “turquois€’, top
3445 up regulated uniquely dease responsive expressedb% nodes possessing highly significantly related partners
sequences were obtained, including 3154 RGs and 29lvere selected and defined as hub ones, indicating their
RncRNAs. Accordingly, based on multiple gene expressiordominances. Finally, we obtained 67 hub RGs and 5 hub
profiles, we deciphered the underlying correlation rela- RncRNAs (Fig.2c), revealing the dominant responsive
tionships between individual RncRNAs and RGs usingroles of ncRNAs to the pathogen, associated with coding
Pearsors correlation coefficient. The resulting correla- genes.

tions were generated to a weighted correlation network, On the identified hub RGs, most of them were
with each node representing a RncRNA or RG, and theassigned to the functions involving response mecha-
highly connected ones were assigned into modules by theisms (Additional file 1: Table S4), such as MAPK
soft-threshold method 28]. The co-expressed network signaling pathway, inferring the remarkable roles of
was confirmed to possess a reliable scale-free propertgetected hub RGs. Furthermore, compared with non-hub
with evaluated S (G) > 0.7. Consequently, the network wafkGs, we found that hub RGs explored lower nonsynon-
resulted into 9 modules (represented by different colors inymous substitution rate and stronger purifying selection
the heatmap; Fig2a). Nodes in module‘turquoise€’ were pressure (Methods; Figed). Collectively, the detected re-
found to be related with the responses to the pathogenmarkable roles related to response mechanisms and the
mostly R>0.58;P<0.05; Fig2b) through the trait-based stronger purifying selection proved the dominance of hub
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and IncRNA11205 stimulated the quick accumulation of RNA may be more or less resistant to degradation. Sev-
corresponding responsive miRNAs, which further modu- eral features of RNA that are central to their analysis of
late the expressions of their target genes during the rethe data are also factors that affect degradation,
sponse to the pathogen. including the length of the RNA, whether it is highly-
Generally, in response to abiotic and biotic stress,structured, whether it is capped and polyadenylated,
the involvement of miRNAs has been previously re-whether it is packaged for transporgtc. It therefore
ported, regulating their target genedlB, 47]. Notably, seems likely that a number of important variables differ
in our study, the reported disease associated miRNAdetween the control study and the present study, and the
in tropical plant leaves 13, 21, 27, 44] were also found resulting RNA-seq data may not be directly comparable.
to play significant roles in response to the pathogen inl would recommend that the authors repeat their experi-
rubber tree, associated with the IncRNAs. Our func- ments and generate their own control data under pre-
tional predications of IncRNAs associating with miR- cisely the same conditions as their treatments. It would
NAs and the experimental investigations probably be advisable to harvest all plant samples together,
provide new insights into the response mechanism ofmock-treat the controls alongside their treatments and
rubber tree and facilitate deeper understanding on theextract RNA at the same time. It is also important to
dynamic roles of IncRNA in the complex plant disease show that the quality of the extracted RNA is similar be-

resistance. tween all samples. Additionally, it appears that each
treatment condition represents a single replicate. Repli-
Conclusions cates are explicitly mentioned in the gRT-PCR section, so it

Facilitated by high-throughput sequencing technology, must be assumed that they were not performed for the
tremendous progresses have been made in the functiorRNA-seq experiment. This represents another considerable
of plant ncRNAs. Here, based on the analyses in silicasource of uncertainty.

and experiment examinations, we performed compre- Authors’ response: Thank you for the comment.
hensive investigation on dominant IncRNAs responding Firstly, in our study, the inoculated samples were adopted
to the pathogen and explored their functional roles. Des-in the same condition at 4 continuous stages (0D to 5D) of
pite this, functions of dominant IncRNAs were still not the immature leaves from Hevea trees (Reya33-97

fully uncovered, especially for the INcRNA MSTRG.12513planted at the experimental plantation of Hainan Univer-
and IncRNA MSTRG.10753. To better understand the sity, Danzhou, Hainan, China). Considering that the mock
complex disease resistancerdymics, more efforts are still control samples without inoculation in exactly same condi-

in need including more experimental approaches, in-depthtion were not used in RNA-seq, the inoculated samples at
investigations, and continuedxplorations in the transgenic 4 continuous stages were cross-referenced. Moreover, given
rubber tree with disease resistance abilities. Overall, decithat the inoculation lasting 5 days (0D to 5D) covers differ-
phering INcRNAs responding to the pathogen is of greatent leaf development stages, we used the data from SRA
significance to unveil the molecular mechanism of diseasedatabase (Reyan33-97 planted at the experimental
resistance, presumably providing a new theoretical basiplantation in Danzhou, Hainan, China; covering different
and candidate prognostic magks for the optimization and leaf development stages) to reduce the negative effect from

innovation of genetic breeding for rubber tree the leaf development. By computational analyses, using
RNA-seq data from public database together with our data
Reviewers comments not only enabled us to identify the candidates of long cod-
Reviewefs report 1 ing RNAs, but also helped us to examine the dominance
Ryan McGinty among the co-expression relationships. Just as you pointed
Reviewer comments: out, in the control study, prior to leaf harvest, the trees had

Major recommendations: The authors compare RNA-been tapped every three days for two years, whereas our
seq data generated from their infected leaf samples tteaves were harvested from rubber tree without being
RNA-seq data from a mock control group downloadedtapped. For experimental verifications were used to exclude
from the NCBI Short Read Archive (SRA). This represenfslse positives from computational data analyses as much
the greatest weakness in the study. The RNA extractioas possible, we think the tapping did not affect the reliabil-
methods used by control study (which were found onlyty on IncRNAs identification and their responsive roles,
after following several links) appear to be different thaneven if it would affect the expression of IncRNAs. Indeed,
those used in this study. Additionally, the control studythe consistent gRT-PCR results in the inoculated leaves
provides details on handling of the leaf tissues prior toconfirmed the expression patterns of the IncRNAs we iden-
RNA extraction, and this information is absent in the tified in computational analyses. In this study, to ensure
present study. This is especially concerning, because RNe data reliability from a single replicated RNA-seq, we
tends to be quickly degraded, and different species ekplicitly mentioned the replicates of qRT-PCR in this
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section. Here again, to ensure the robustness of the resultAuthors’ response: Thanks for the comment. In the
we independently resampled the inoculated leaves, witlphylogenetic analyses, gene pairs, which are usually homo-
three more replicates and re-conducted the gRT-PCHRogs between close species, are used in examining the selec-
verification. The result showed that, although the rela-tion pressure[58]. In our analyses, we used the homologs
tive expression levels differed, the expression patterns liftween R. communis and f H. brasiliensis, for their close
the IncRNAs (IncRNA11254, INcRNA11041 evolutionary relationship (both belong to Euphorbiaceae) as
INcRNA11205) were similar with our original gRT-PCR documented (Fang, et al. 2016). We have provided more de-
results. Collectively, we think our result is reliable. Thetails onpages 7 and 8.
gRT-PCR results on the resampled inoculated leaves wereFigure legend 4 mentions @&esophyll protoplast sys-
summarized into Additional file4: Figure S3. tem” which is not mentioned anywhere in the Results
It would also be advisable to report more details on theand Discussion section. What is it and why was it used?
experimental methods used. For example, there is no in- Authors’ response: Thanks for the comment. Meso-
formation provided on the inoculation with C. gloeospor-phyll protoplast system refers to the transient meso-
ioides, simply that it was inoculated. phyll protoplast expression system. It has become a
Authors’ response: Thanks for the suggestion. An powerful tool for rapid gene functional analysis, and
appropriate amount of mycelium of C. gloeosporioidest has been used successfully in several plant species.
was cultured in PD liquid media for 2days and the Moreover, the transient mesophyll protoplast system
conidia were collected by centrifugation at 4000 rpm.could be applied to analyze gene function of rubber
The spore solution was adjusted to concentration atree, a perennial plant for which the applicable
5x 10° CFU/mL with sterile water and was sprayed transformation system was limited. In our study, we
evenly on the rubber tree leaves. The inoculated samplesed our improved method to isolate high quality
grew at 25°C and in no lower than 90% huminity. Ac- rubber tree mesophyll protoplastib7]. The transient
cording to the set time, the samples were collected anelxpression of exogenous DNA constructs in this meso-
were kept in liquid nitrogen immediately for RNA extrac- phyll protoplast system was observed by using green
tion. We have added the details in the manuscript onfluorescent protein, and was detected by immunoblot.
page 6. We have provided more details about Mesophyll
The method of RNA extraction cites a paper from 1963protoplast system opages 8 and 9.
which may be the original reference for using LiCl to ex- In addition, the text names a number of tools and da-
tract RNA, but is not useful as a current protocol fortabases without explaining their content or purpose, or

RNA extraction from plant material. why they were used in this context. The manuscript as
Authors’ response: Thanks for the comment. We have written requires a lot of prerequisite knowledge, and
updated the reference. should be changed to be more easily understood by a

And, as mentioned above, it is unclear how the plantbroader audience.
material was grown, acquired and/or handled prior to Authors’ response: Thanks for the suggestion. To
RNA extraction. The experiments are not repeatable fronprovide more prerequisite knowledge, we have sum-
this level of detalil. marized the descriptions of tools and databases we
Authors’ response: Thanks for pointing it out. The utilized in the study into Additional file 1: Table S3.
samples were adopted in the same condition at 4 conAnd we also have polished the manuscript to make it
tinuous stages (OD to 5D) of the immature leaves frommore easily understood.
Hevea trees (Reyan33-97 planted at the experimental  Minor issues: There are numerous grammatical issues
plantation of Hainan University, Danzhou, Hainan, in the text.
China). The inoculation with C. gloeosporioides was car- Authors’ response: Thanks for the comment. We also
ried out in an inoculation room by the sprayer. The inoc- have polished the manuscript.
ulated samples grew at 25°C and in no lower than
90% huminity. According to the set time (initial inocu- Reviewers report 2
lation, 1 day after inoculation, 3 days after inoculation, Roland Huber
and 5days after inoculation), the samples were col- Reviewer commentsThe authors propose 2 types of po-
lected and were kept in liquid nitrogen immediately for tential mechanism of action for the identified IncRNAs,
RNA extraction. We have added the details in theone being a natural antisense transcript (NAT) INcRNA to
manuscript onpage 6. the RPP8 gene, and two IncRNAs interacting with miRNA.
Minor recommendations: In several areas of the textThe authors show that all 3 IncRNAs exhibit elevated rela-
the experimental logic is not explained. Why was the gentive expression levels in response to infection. Interestingly,
ome of R. communis chosen for comparison the genomerefative expression levels for the IncRNA11041 and
H. brasiliensis? INcRNA11205 appear to be elevated initially and drop
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at the 3day point, whereas IncRNA11254 (RPP8 antiAdditional files
sense) appears consistently elevated for the first 3 days

| think it would be interesting for the authors to com- Additional file 1: Table S1.Sample information for our datasets and

. : datasets from public databas@sble S2.115 miRNA of rubber tree usgd
ment on E)OSSIble reasons for this. in our studyTable S3.Descriptions of the tools and databases used in
Authors’ response: Thanks for the comment. Colleto- | the studyTable S4.Functional annotations for identified hub responsijve

trichum employs multistage hemibiotrophic infection| coding genes. (XLS 58 kb)
strategy to the plant$36]: the fungus initially grows bio- Add.itional file 2 Figure Sl.Dengity plot for average expressions
trophically inside Iiving epidermal cells after melanized coding transcripts and ncRNAs in control group samples (Methods).

. . | (JPG 9 kb)
appressoria breach the host cuticle and cell wall and fi- Additional file 3: Figure S2.0verviews of aligned reads for INCRNA

nally it enters a destructive necrotrophic phase in which mMsTRG.10753, IncRNA MSTRG.12513, IncRNA MSTRG.11041 and IncRNA
host tissues are destroyed by cell-wall-degrading enzyme4/STRG.11205 using Integrative Genomics Viewer (IGV) with covergge of
During the process, plants have also established a con1—pzrdbasel'r;lsamp'e 1D being Ehow'l" (PG 653 kb) _—

. . : _ : .1 Additional file 4: Figure S3.The relative expressions by real-time
plicated 'mmfme d?fense SyStem during F:O eVOI_Utlon with quantitative reverse transcription PCR (qRT-PCR) in re-sampled hon-
pathogens, including PAMP-triggered immunity (PTI)| inoculated control (CK) and inoculated samples (INF) of (A) INCRNA11P54, (B)
and effector-triggered immunity (ET||)6], involving nu- IncRNA11041 and (C) InNcRNA11205. Values were presented as the mean =
merous metabolic pathways It is believed that plants SE of three independent experiments and * indicated significant differepces.

> - ) : (P<0.05) (PDF 15 kb)

have de_veIOped branch pom_ts and mt_eractlons _Il’l the Additional file 5:  Figure S4.The relative expressions of miRNAs in
metabolic pathways controlling the biosynthesis ang rubber tree mesophyll protoplasts. (A) The relative expressions of
accumulation of related hormones and antimicrobial | MRNA397 in r(tllbber tree ;nesgphy" plr?tolr)ﬂa(st)s or\]/ere>|<pressing .

B cRNA11041 (Inc11041+) and control (ctl). (B) The relative expressjons o
compOL_mds_ so that a sustained defe_nse response CaﬁﬂRNA395 in rubber tree mesophyll protoplasts overexpressing
be maintained [22]. In our computational analyses, | incRNA11205 (Inc11205+) and control. (PDF 12 kb)
INcRNA11254 probably participate in the response mech-
anisms through interaction with proteins, whereas,_M,brevi‘,jItions
INcRNA11041 and IncRNA11205 play their roles, associFPKMEragments per kilobase of transcript per million mapped reads;
ated with miRNAs. The difference on 3days after inocylncRNA: Long nqncoding RNA; NAT: Natur_al antisen;e t_ranscript; o
lati f th INcRNA ibl lts f thei ncRNA: Noncoding RNA; gRT-PCR: Real-time quantitative reverse transcription
a ion o ese nc S pOSSI y results rom_ elrPCR; RE: Relative expression; RG: Responsive expressed coding gene;
different functional roles during the above complicatedRncRNA: Responsive expressed noncoding RNAs; TF: Transcription factor
host-microbe interactions. We have provided this discus-
sion in the manuscript orpage 14. Acknowledgements o . .

ﬁe thank Dr. Nan Ding and Dr. Lin Xia from Chinese Academy of Science for

The authors postulate that the presence of IncRNAllZO eir valuable discussions and comments.
and IncRNA11041 may lead to faster accumulation of re-
sponsive miRNAs (miRNA397 and miRNA395 respectrunding
ivel h rv wWn r lation of tar n Brs work was supported by grants from the Department of Science and

ely). a_s they observe do egulation o ta.get genes echnology of Hainan Province (Grant No. 2017CXTD002) and National
these miRNAs. .Howeve.r, they dO not try to directly ProvRaural science Foundation of China (Grant No. 31160151).
such accumulation. | think additional efforts to demon-

strate that this is indeed the mechanism of action wouldAvailability of data and materials _
greatly strengthen the paper. The sequencing datasets during the current study are available from the
corresponding author on reasonable request.

N

Authors’ response: Thanks for the suggestions. By
gRT-PCR, we respectively detected the expression mfhors’ contributions
miR397 in rubber tree mesophyll protoplasts overexpresdH, HC, LH: Initiated and designed the comparative transcriptome analyses

. + : roject; YH: Processed and analyzed the data, and wrote the manuscript; ZX
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