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Transcriptomic analysis unveils alterations

in the genetic expression profile of tree
peony (Paeonia suffruticosa Andrews) infected
by Alternaria alternata
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Abstract

Background Black spot disease in tree peony caused by the fungal necrotroph A. alternata, is a primary limiting
factor in the production of the tree peony. The intricate molecular mechanisms underlying the tree peony resistance
to A. alternata have not been thoroughly investigated.

Results The present study utilized high-throughput RNA sequencing (RNA-seq) technology to conduct global
expression profiling, revealing an intricate network of genes implicated in the interaction between tree peony

and A. alternata. RNA-Seq libraries were constructed from leaf samples and high-throughput sequenced using the
BGISEQ-500 sequencing platform. Six distinct libraries were characterized. M1, M2 and M3 were derived from leaves
that had undergone mock inoculation, while 1,12 and I3 originated from leaves that had been inoculated with the
pathogen. A range of 10.22-11.80 gigabases (Gb) of clean bases were generated, comprising 68,131,232 — 78,633,602
clean bases and 56,677 — 68,996 Unigenes. A grand total of 99,721 Unigenes were acquired, boasting a mean length
of 1,266 base pairs. All these 99,721 Unigenes were annotated in various databases, including NR (Non-Redundant,
61.99%), NT (Nucleotide, 45.50%), SwissProt (46.32%), KEGG (Kyoto Encyclopedia of Genes and Genomes, 49.33%),
KOG (clusters of euKaryotic Orthologous Groups, 50.18%), Pfam (Protein family, 47.16%), and GO (Gene Ontology,
34.86%). In total, 66,641 (66.83%) Unigenes had matches in at least one database. By conducting a comparative
transcriptome analysis of the mock- and A. alternata-infected sample libraries, we found differentially expressed genes
(DEGs) that are related to phytohormone signalling, pathogen recognition, active oxygen generation, and circadian
rhythm regulation. Furthermore, multiple different kinds of transcription factors were identified. The expression levels
of 10 selected genes were validated employing gRT-PCR (quantitative real-time PCR) to confirm RNA-Seq data.
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Conclusions A multitude of transcriptome sequences have been generated, thus offering a valuable genetic
repository for further scholarly exploration on the immune mechanisms underlying the tree peony infected by A.
alternata. While the expression of most DEGs increased, a few DEGs showed decreased expression.

Keywords Tree peony, Alternaria alternata, RNA-Seq, Transcription factors

Background

The tree peony (Paeonia suffruticosa Andrews) is a sig-
nificant traditional ornamental flowering plant. It is
renowned for its edible, medical, and ornamental values
[1, 2], of which ‘Junyanhong’ is a tree peony variety with
high ornamental value. A significant limitation to the
yield of tree peony is the presence of black spot disease
caused by the fungal necrotroph Alternaria alternata.
August is the peak period for the onset of this disease,
and severely affected plants will all wither and their leaves
will fall off in the later stage, which will severely damage
the ornamental and commercial worth of the tree peony,
whether they are grown outdoors or in a greenhouse
[3]. Therefore, this disease presents the greatest threat
in warm and moist environments, creating a year-round
challenge for greenhouse production [4]. Currently, there
is a lack of foundational knowledge regarding the interac-
tion between tree peony and black spot disease. However,
in the jujube-A. alternata system, MYB gene, participat-
ing in lignin synthesis, was up-regulated [5]. The defense
response to A. alternata in chrysanthemum was con-
firmed to be mediated by the signaling pathways of jas-
monic acid (JA) and salicylic acid (SA) [6]. These findings
are consistent with the research results of the tomato
infected with A. alternata pathogen [7]. These pathways
are essential for initiating plant defense mechanisms. For
instance, in the tomato-Meloidogyne incognita system,
the transcription of SA marker genes such as PRI (patho-
genesis-related gene 1) and PR5 were affected [8]. During
the process of A. alternata infection in mint, there were
significant proteomic changes observed as a result of the
defensive action [9]. The pear has developed numerous
mechanisms to mitigate the impact of biological stress-
ors, primarily through PTI [PAMP (pathogen-associated
molecular pattern)-triggered immunity] as well as ETI
(effector-triggered immunity) [10]. A variety of defensive
responses have been triggered in pear-A. alternata inter-
action, involving the generation of ROS (reactive oxygen
species), activation of MAPKs (mitogen-activated pro-
tein kinases), and the biosyntheses of various phytohor-
mones [10]. Amidst the invasion of a fungus, the chitin
in fungi cell walls was degraded by plant chitinase. The
released chitin oligosaccharides were recognized by plant
receptors, thus triggering host immunity. This process is
crucial in the defense mechanisms employed by plants to
counter pathogenic attacks. Meanwhile, chitinase acting
as an effector of immune response can disrupt the integ-
rity of fungal cell wall, thereby resisting the of pathogens

invasion [11]. The transcription of chitinase genes were
induced in male Zizania latifolia when challenged by
Ustilago esculenta [12]. Hence, it is exceedingly probable
that homeotic genes and analogous signalling pathways
are elicited in various other plants. However, the phe-
nomenon has not been comprehensively recorded at the
transcriptome level in tree peony.

RNA-Seq technique, which can generate tens of mil-
lions of reads, is deemed to a more precise detection
and analytical approach at the level of transcription [13],
because the count of reads that align to a specific area of
the genome may directly influence the transcription level
in that area [14]. When applied to Macrobrachium rosen-
bergii hemocytes infected with Staphylococcus aureus,
immune-related genes were found to play a crucial role
in antibacterial function and exhibited particular effects
on gram-positive bacteria [13]. Similarly, the chrysanthe-
mum-Alternaria tenuissima interaction has been shown
that the DEGs excavated were primarily associated with
immune recognition, hormone signalling, cell wall rein-
forcement, ROS production, and photosynthesis. Addi-
tionally, abundant TFs were also uncovered [6]. Finally,
15 JAZ (jasmonate ZIM domain) genes were all down-
regulated in wheat after inoculation with Fusarium spp.,
leading to a strong activation of the JA signaling pathway
[15]. Here, the response induced by A. alternata in tree
peony was elucidated through a comprehensive RNA-seq
analysis. A transcriptomic comparison was carried out
between mock- and pathogen-inoculated leaves of tree
peony, and the DEGs were identified, sorted, and sub-
jected to in-depth analysis. The DEGs were annotated
using seven public protein databases, indicating their
potential involvement in immune recognition, reactive
oxygen species generation, plant hormone signaling, and
arange of TFs from different families were validated. This
experiment has revealed new insights into the genes that
are activated or suppressed during the defense response.
Validation of the transcription patterns of 10 selected
DEGs was conducted using qRT-PCR, thereby confirm-
ing the accuracy and reliability of the transcriptome
sequencing data. Our research findings will enhance the
understanding of the tree peony transcriptomic response
to black spot disease.
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Results

Colony and morphological characteristics of pathogen that
caused black spot in Tree peony

The isolated and purified fungal colonies were nearly
round and covered in thick white aerial mycelium. At the
beginning, the front of the colony is grayish white, and
then gradually changes to dark to bluish brown (Fig. 1B);
the back of the colony appears dark brown to dark brown
(Fig. 1A). After 5 days of culture at 25°C, black and brown
spots appeared within the colony and on the mycelium
surface, forming conidial discs. The fungus grew rapidly
on the PDA medium, resulting in dark brown, villous col-
onies (Fig. 1A, B).

The mycelium is colorless and has no diaphragm, about
2.0~3.1 pm in diameter, conidiophore are clumped,
branched, erect or curved (Fig. 1D). The conidia are
sepia, obovate, pear-shaped or inverted stick shape,
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sepia, with 3 to 8 Transverse septum and 1 to 4 longitu-
dinal septum, the part of division narrows slightly, with a
short columnar beak, with a size of 18.3 to 32.3 umx3.4
to 7.1 um (Fig. 1C). The pathogen of black spot in tree
peony was preliminatively identified as Alternaria alter-
nata according to its morphological characteristics.

Pathogen ribosomal DNA-ITS sequence analysis

The genomic DNA of the isolated strain was amplified
using the fungal universal primer ITS1/ITS4, and a frag-
ment of 534 bp was amplified. The PCR products were
purified and sequenced, and the sequencing results
were submitted to GenBank. NCBI Blast analysis of
the 534 bp fragment revealed that it had 100% homol-
ogy with the majority of Alternaria alternata strains,
such as MW009024.1 (Fig. 2) and MW008981.1 (Fig. 3)
in GenBank. According to the results of morphological

Fig. 1 Characteristics of the colony and morphology of the pathogen responsible for black spot on PDA medium. A: back of colony; B: front of colony;

C: conidia; D: mycelia and conidiophore
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Fig. 2 Sequence alignment of the tree peony pathogen and Alternaria alternata (MW009024.1)
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characteristics, the pathogen of black spot in tree peony
was identified as Alternaria alternata.

Symptoms of tree peony inoculated with A. alternata
causing black spot disease

The disease of healthy tree peony leaves began to develop
24 h after infected with A. alternata. Black circular
lesions, approximately 1.5 mm in diameter, were formed.
By 72 h later, the diameter of the lesions had expanded to
about 8 mm, with villous black-green mycelium clusters
on the surface and obvious black spots on the back of the
leaves. In contrast, there was no significant change in the
mock-infected group.

Transcriptome sequencing and de novo assembly
The main features of the six cDNA libraries (Fig. 4) are
outlined in Tables 1 and Additional file 1: Figure S1. The

amount of raw reads each library varied from ~75 to
~88 M, and the overall count of clean bases sequenced
ranged from 10.22 to 11.8 Gb (Table 1). (Accession ID:
library M1 SAMN40497892, M2 SAMN40497893,
M3  SAMN40497894; 11 SAMN40497889, 12
SAMN40497890, 13 SAMN40497891). After eliminat-
ing reads containing adaptor sequences, and those with
a proportion of unknown bases“N” = 5%, as well as reads
where low quality value bases (<10) accounted for over
20% of the total reads. A total of, respectively 73.70,
78.28, 78.63, 78.19, 68.13 and 78.41 M clean reads were
acquired, equivalent to 11.06, 11.74, 11.80, 11.73, 10.22
and 11.76 Gb clean bases (Table 1). The percentage of
clean reads per library was found to be more than 89.36%
(Additional file 1: Figure S1).



Li et al. BMC Genomics

Query

Sbjct

Query

Sbjct

Query

Shjct

Query

Sbjct

Query

Sbjct

Query

Shjct

Query

Sbjct

Query

Sbjct

Query

Sbjct

(2024) 25:861

121

127

181

187

241

247

301

307

361

367

421

427

481

487

TGAGGCGGGCTGGACCTCTCGGGG TTACAGOC TIGC TGAAT TATTCACOCTTG TCTTTIG

CEEEEEEEEEEE PP EEE R PR e e e e e e
TGAGGCGGGC TGGACCTCTCG 666 TTACAGOCTTGC TG AAT TATTCACCCTTG TCTTTTG

CGTACTTCTTGTTTCCT TGG TGGG TTCGCCCACCAC TAGGACAAACATAAACCTTTTGTA

CEEEEEPEEEEEE PR P e e e e e e e e e e e e ey
CGTACTTCTTGTTTCCTTG6 T666 TTCGCCCACCAC TAGGACARACATARACC TTTTGTA

ATTGCAATCAGCGTCAG TAACAAATTAATAAT TACAACTTTCAACAACGGATCTCTTGG T

CEEEEEETEEEEEEEEE PP e e e e e e e e e e e e ey
ATTGCAATCAGCGTCAG TAACARATTAATAAT TACAAC TTTCAACAACGGATCTCTTGG T

TCTGGCATCGATGAAGAACGCAGCCAAATGOCATAAGTAGTG TGAAT TGCAGAATTCAGT

CEEEEEETEEEEEEEEE R e e e e e e e e e e e
TCTGGCATCGATG AAG AACGCAGCGARATG O ATAAGTAGTG TG AAT TGCAGAATTCAG T

GAATCATOGAATCT TTGAACGCACAT TGCGOCCTT TGG TAT TOCAAAGGGCATGOCTGTT

CEEEEEEEEEEEEEEEE R PP e e e e e e e e e e ey
GAATCATOGAATCT T TG AACGCACATTGOGCOC TTTGGTATTCCAARGGGCATGCCTG TT

CGAGOG TCATTTGTACCCTCAAGCTTTGCTTIGG TG TTGGGCG TCTTG TCTCTAGCT TTGC

CEEEEEETEEEEEEEEE R E e e e e e e e e e e e e ey
CGAGCG TCATTTGTACCC TCAAGCTTTGCTT66 T6 TTGGGCG TCTTGTC TCTAGC TTTGE

TGGAGACTCGOCTTAAAG TAATTGGCAGCCGGCCTACTGGT TICGGAGOGCAGCACAAGT

CEEEEEEEEEEE TP EEE e e e e e e e
TGGAGACTCGOCTTAAAG TAATTGGCAGCCGGCCTACTGGTTTCGGAGCECAGCACAAG T

CGCACTCTCTATCAGCAAAGG TCTAGCATCCATTAAGCCtt tttttCAACTTTTGACCTC

CEEEEEETEEEEEEEEE PP e e e e e e e e e e ey
CGCACTCTCTATCAGCAAAGG TCTAGCATCCAT TAAGCCTTTTT TICAACT TT TGACCTC

GGATCAGGTAGGGATACCOSC TCAACTTAAGCATATCATAAGGCGGGAGGAAAT 534
CEEEEEEETEEEEEETE R e P EE P e e e e e e e e e e e
GGATCAGGTAGGGATACCOGC TGAAC TTAAGCATATCATAAGGCGGGAGGAAAT 540

Fig. 3 Sequence alignment of the tree peony pathogen and Alternaria alternata (MW008981.1)
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Fig. 4 The cDNA libraries were obtained from mock- and A. alternata-in-
fectedJunyanhong'tree peony. M: mock infection, I: infection with a spore
suspension of A. alternata. Leaves were collected at 0, 6, 24, 48, and 72 h
post-infection (hpi). Three mock-infected samples (M1, M2, and M3), and
three A. alternata-infected samples (11,12, and 13)

Using the Bowtie2 software, 83.42% of the clean reads
were successfully mapped to Unigenes, with 29.69% of
those being unique reads. The Q20% was over 97.08%,
and the Q30% was over 88.98% (Table 1). In total, 99,721
Unigenes were generated (total length of 126,288,636 bp)
with an average length of 1266 bp, a N50 length of
1935 bp, a N70 length of 1326 bp and a N90 length of
610 bp by assembly with Trinity Software (Table 1). In
total, 16,234 Unigenes (16.28%) were ranging from 200
to 300 nt in length, while 8212 Unigenes (8.23%) had a
length ranging from 300 to 400 nt. Additionally, there
were 3721 Unigenes (3.73%) that fell within the range of
900 to 1000 nt in length, and finally, there were also7516
Unigenes (7.54%) which exceeded a length of 3000 nt
(Fig. 5).
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Table 1 Statistical data for assembled Unigenes
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Samples n 12 13 M1 M2 M3 All-Unigene
Total Raw Reads (M) 81.65 87.60 86.74 86.55 75.53 87.15
Total Clean Reads (M) 73.70 78.28 78.63 78.19 68.13 7841
Total Clean Bases (Gb) 11.06 11.74 11.80 11.73 10.22 11.76
Clean Reads Q20 (%) 97.21 97.19 97.23 97.16 97.08 97.20
Clean Reads Q30 (%) 89.22 89.12 89.24 88.98 89.12 89.19
Clean Reads Ratio (%) 90.27 89.36 90.65 90.34 90.20 89.97
Total Mapping (%) 83.34 83.24 83.05 84.22 83.34 83.30
Uniquely Mapping(%) 2961 2962 29.55 2997 29.83 2953
Total Number 66,136 67,965 68,996 63,533 56,677 63,501 99,721
Total Length (bp) 67,155,745 69,246,398 70,476,430 68,843,185 60,022,898 68,991,657 126,288,636
Mean Length (bp) 1015 1018 1021 1083 1059 1086 1266
N50 1594 1608 1609 1666 1606 1673 1935
N70 1039 1042 1043 1105 1082 1115 1326
N90 438 439 439 488 485 490 610
GC(%) 4153 41.50 4141 40.67 40.90 40.74 40.71
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Fig.5 Length distribution analysis of de novo assembled Unigenes in tree peony

Functional annotation

Transcriptome annotation was performed using Tri-
notate v3.2.2 [16], which utilized BLAST for sequence
homology searches against the SwissProt database,
hmmscan [17] for Pfam database analysis, and associated
with GO, NR, NT, KOG, KEGG databases.

Functional annotation was done using BLAST against
the database of NR, NT, Pfam, KOG, KEGG, GO and
SwissProt (E value<10°). Our results showed that out
of 99,721 unigenes 66,641 (66.83%) were annotated in

at least one database, and 18,138 genes (18.19%) were
annotated in all seven databases. The success rate of
Unigene annotation was 61,818 in NR (61.99%), 45,369
in NT (45.50%), 46,190 in SwissProt (46.32%), 49,194 in
KEGG (49.33%), 50,041 in KOG (50.18%), 47,029 in Pfam
(47.16%), and 34,759 in GO (34.86%) (Additional file 2:
Table S1). On the basis of NR annotation findings, we
counted the proportion of various species in the annota-
tion. The species distribution for the best match of each
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sequence showed that 26.51% of the genes matched Vitis
vinifera, followed by 6.34% for Juglans regia, 3.43% for
Hevea brasiliensis, 3.34% for Nelumbo nucifera, 3.09%
for Theobroma cacao and 57.28% for other species (Addi-
tional file 3: Figure S2).

GO classification of DEGs

A comparison of the transcriptome in mock- and A.
alternata-infected leaves yielded 14,693 DEGs (Fig. 6).
Out of these DEGs, 9,858 Unigenes showed significant
up-regulation and 4,835 Unigenes displayed down-regu-
lation (Fig. 6). The MYB and bHLH transcription factor
families encompassed over 200 and 150 genes, respec-
tively (Fig. 7), while the AP2-EREBP and C3H families
each contained more than 100 genes. The WRKY, NAC,
G2-like, FAR1, and C2H2 families each included nearly
100 genes. Additionally, the mTERF, Trihelix, Tify, SBP,
GRAS, C2C2-GATA, C2C2-Dof, ARF, and ABI3VP1
families each comprised about 50 genes (Fig. 7).

In total, 6,453 DEGs were GO annotated and classi-
fied into three major groups: “biological process’, “cel-
lular component’;, and “molecular function” (Additional
file 4: Table S2 and Fig. 8). Among them, 3679 Unige-
nes were categorized under “biological process’, 3835
Unigenes under “cellular components’, and 5465 Unige-
nes under “molecular function” The identified Unigenes
encompassed a wide array of functional GO categories.
Both “metabolic process” and “cellular process” exhib-
ited a higher number of DEGs compared to others in the
“biological process” category. The groups that were most
abundant were “organelle’;, “cell’; “cell part’, “membrane
part” and “membrane” in the “cellular component” cat-
egory. In the category of “cellular component’, the most
abundant groups were identified as “organelle’, “cell’; “cell

part’, “membrane part” and “membrane” Conversely,
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2000

0
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Fig. 6 The quantity of DEGs identified in MOCK-vs-Inoculation library
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the least abundant groups were found to be “virion” and
“virion part” The Unigenes were predominantly found
in the classes of “binding” and “catalytic activity” in
the “molecular function” category. Contrasting M and
I, a slight amount of DEGs belonged to the categories
‘molecular transducer activity, ‘carbon utilization’ and
‘growth’ (Fig. 8).

We further conducted analysis of the Unigenes using
the KEGG database. Among the 14,693 DEGs identified,
a total of 4958 Unigenes were categorized into five pri-
mary groups encompassing 19 various pathways (Fig. 9).
Within these five primary categories, the largest category
was “metabolism’, which encompassed 6574 Unigenes.
This was followed by the categories of “genetic informa-
tion processing’, “environmental information processing’,
“cellular processes” and “organismal systems’, encom-
passing 1680, 532, 392, and 275 Unigenes, respectively.
Various defense pathways regulated by the main phyto-
hormones JA, SA, and ET were also triggered in defense
response. Many transcription factors, pathogenesis-
related genes, and metabolism-related genes all exhib-
ited differential expression. Additionally, infection with
A. alternata in tree peony led to the down-regulation of
genes involved in photosynthesis.

Transcription factors and pathogenesis-related protein
genes were mediated through A. alternata infection

The findings from the expression analysis showed that
A. alternata inoculation mediated the transcription of
numerous transcription factors and genes related to
pathogenesis. The expression of the WRKY transcription
factor family was found to be significantly higher in A.
alternata-infected leaves compared to the mock-infected
leaves.

For validating RNA-Seq data, ten Unigenes were fur-
ther analyzed using qRT-PCR (Table 2; Fig. 10). These
Unigenes included six transcription factors and four
pathogenesis-related protein genes (CL6209.Con-
tig3_All, CL7367.Contigl_All, CL11001.Contig7 All,
and Unigene5195_All). Six transcription factors contain
AP2-EREBP (Unigene27620_All), WRKY (CL3108.Con-
tig2_ All), MYB (Unigene30574_All), bHLH (CL6244.
Contigl_All), NAC (CL11763.Contig4_All), and C2H2-
type zinc finger transcription factor (Unigene26849_All).
These genes in the pathogen-inoculated leaves showed
significant up- or down-regulation. The consequences of
qRT-PCR assay demonstrated that our findings were in
concordance with those obtained employing transcrip-
tome sequencing methodology.

The expression of AP2-EREBP, WRKY, MYB, bHLH,
C2H2-type zinc finger, NAC, PR5-like receptor kinase,
Chitinase and PRI0 homologues exhibited a signifi-
cant increase in response to A. alternata inoculation
(Fig. 10A-I), while Lipoxygenase was down-regulated
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Fig. 7 Classification of transcription factor families to which genes belong

(Fig. 10J). The transcript abundance of AP2-EREBP,
WRKY, MYB, bHLH, C2H2-hype zinc finger, NAC and
PR10 homologues increased to a marked maximum after
48 h of the presence of A. alternata inoculum, however,
it subsequently declined (Fig. 10A-F, I). Particularly, the
expression of WRKY and AP2-EREBP were 85 and 44
fold higher, respectively, than the mock-infected tree
peonies at 48 hpi (Fig. 10A, B). The expression of MYB,
NAC, C2H2-type zinc finger, PR10 homologues and
bHLH were respectively 20, 17, 10, 4 and 3 times higher
than those of the mock-infected tree peonies at 48 hpi
(Fig. 10C-E, I). The transcript levels of PR5-like recep-
tor kinase and Chitinase genes was significantly upregu-
lated upon inoculation with A. alternata, reaching peak

transcript abundance at 24 hpi (Fig. 10G, H). Signifi-
cantly, at 24 hpi, the transcript level of PR5-like receptor
kinase gene was 978 fold higher than the mock-infected
plants (Fig. 10G), and Chitinase gene was induced by
about 21 fold (Fig. 10H). The findings from Table 2;
Fig. 10 supported the reliability and stability of RNA-
Seq results. They also suggested that genes implicated in
plant-pathogen interaction and transcription factors are
interconnected, enabling the host to adjust its defense
response effectively.

These genes exhibited significant up- or down-reg-
ulation (P value<0.05). The FPKM data were acquired
through transcriptome sequencing analysis, and the
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Fig. 8 GO functional classifications of DEGs. The x-axis displays DEGs number, while the y-axis depicts annotation of gene function in Gene Ontology
categories. The findings are categorized into three primary groups: biological processes, cellular components and molecular functions

relative transcript abundance was determined using qRT-
PCR analysis.

Discussion

Global transcriptional responses to A. alternata infection
The defense mechanism of tree peony against A. alter-
nata inoculation is not well understood at present.
Advances in next-generation sequencing technology
have now allowed us to identify genes implicated in the
response to A. alternata infection and investigate the
molecular mechanism underlying this process. Approxi-
mately 80% of reads in each RNA-Seq library could be
mapped to known transcripts (Table 1), a higher propor-
tion than the chrysanthemum-A. tenuissima system [6],

likely due to the more comprehensive tree peony tran-
scriptome. The 20% of unmappable reads are likely linked
to unidentified transcripts. The transcripts adjusted by
A. alternata infection were validated using qPCR, dem-
onstrating that RNA-Seq methodology is appropriate
for analyzing induced transcription in the tree peony as
part of its defensive response (Table 2). We identified
14,693 DEGs in the tree peony after inoculation with A.
alternata (Fig. 6). Comparing lettuce-Botrytis cinerea,
Arabidopsis thaliana-B. cinerea and Chrysanthemum-
A. tenuissima transcriptomic studies [18—20], we identi-
fied two commonly induced DEGs in the aforesaid three
systems: Lsa004290.1, Atlg74360 and Unigene7965_
All (Leucine-rich repeat protein kinase gene) and
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Fig. 9 The pathway assignment of DEGs based on KEGG

Table 2 DEGs in‘Junyanhong'leaves in response to mock-infection (M) and A. alternata-infection (1)

GenelD Function Annotation M-FPKM I-FPKM M-Relative |-Relative
level of gene level of gene
transcription transcription

Transcription factors

Unigene27620_All AP2-EREBP 6.10£0.66 46.20£0.93 1.01£0.07 12.63+0.70

CL3108.Contig2_All WRKY 4.04+0.22 32.28+0.66 527+0.79 40.86+2.49

Unigene30574_All MYB 4.70£0.29 15.34+040 1.88+0.33 9.58+0.18

CL6244.Contig1 _All bHLH 409+0.37 60.40+0.20 0.05+0.01 4.194+0.05

Unigene26849_All C2H2-type zinc finger 460+0.16 1347+1.00 1414020 515+027

CL11763.Contig4_All NAC 930+0.79 24.17+0.84 822+0.51 3432+2.71

Pathogenesis-related
gene

CL6209.Contig3_All PR5-like receptor kinase 94.41+£2.50 5072.19+32.72 1539+153 1253.33+59.82

CL7367.Contig1 _All Chitinase 29.09+1.14 211.15+1.59 8.23+0.81 68.52+16.61

CL11001.Contig7_All PR10 homologue 124.63+5.22 1221.53+£6.05 31.53+£291 38255£22.18

Unigene5195_All Lipoxygenase 1382.60+10.79 584.83+4.03 3914743227 120.40+57.86

Lsa016859.1, At4gl7500, Unigenel7395_All (ERFI).
In the present research, we also excavated two types of
DEGs. Specifically, the expression of twenty-five Leu-
cine-rich repeat protein kinase genes was induced, while
seven gene expression was inhibited (Additional file 5:
Table S3). All four ethylene-responsive transcription
factor (ERF) genes were up-regulated, including three
ERF1 and one ERF2 (Additional file 6: Table S4). At the
initial stages of lettuce-B. cinerea, A. thaliana-B. cinerea
and chrysanthemum-A. tenuissima interactions, genes
engaged in the ET pathway play a pivotal role in defensive

reaction. This discovery was also verified in the interac-
tion between tree peony and A. alternata. The analysis of
RNA-seq dataset revealed that a multitude of genes were
significantly related to the plant response within 6-72
hpi, including those associated with SA, JA and ET path-
ways (Fig. 11). A more detailed discussion on selected
genes within these pathways will follow.
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Genes related to pathogen recognition affected by A.
alternata inoculation

Plant innate immunity depends upon the recognition
of conserved microbe-specific molecules, known as
PAMPs/MAMPs (Pathogen- or Microbe-Associated
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inoculation with A. alternata. Genes associated with signaling pathways for
up and arrow purple down represents separately up- and down-regulation of

Molecular Patterns), by PRRs (pattern recognition recep-
tors) situated on the cell surface [21]. PRRs can be either
RLPs (receptor-like proteins) or RLKs (receptor-like
kinases), playing critical roles in perceiving pathogen
invasion [22].
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It has been well documented experimentally that sev-
eral RLKs are involved in certain host-microbe inter-
actions [6, 20, 22]. Our RNA-seq data confirmed the
differential expression of multiple RLKs in the chrysan-
themum-A. tenuissima, lettuce-B. cinerea interaction,
consistent with previous findings [6, 20]. The LRR-RLKs
(leucine-rich repeat RLKs), a type of PRR, exert a crucial
and indispensable influence in various immune responses
in plants [6, 23].

In A. thaliana, BRII (Brassinosteroid Insensitive 1)
encoding an LRR-RLK recruits BAK1 (BRI1-associated
receptor kinase 1), which is another LRR-RLK, and they
form a heterodimer [24]. BAK1 functions as a negative
regulatory factor in the induction of cell death by micro-
bial infection [25]. Bakl mutants increased susceptibility
after inoculation with B. cinerea, because programmed
cell death was triggered. The transcription of ten BRI
genes  (CL1230.Contigd All,  CL1230.Contigll_All,
Unigene31363_All, Unigene27001_All, CL1230.Contig9_
All, Unigene27896_All, CL4790.Contigl_All, CL4790.
Contig2_All, Unigene27106_All, CL1230.Contig2_All),
two BAKI1 genes (CL11629.Contig5_All and CL11629.
Contig4_All) was modulated by A. alternata infection
in the DEGs (Additional file 7: Table S5 and Fig. 11). In
the chrysanthemum-A. tenuissima interaction system,
four BRI1 genes (Unigenel8133_All, Unigenel5368_
All, Unigene55939_All, Unigene29292 All) and six
BAK1 genes (Unigenel4705_All, Unigenel6709 All,
Unigene27008_All, Unigene36228_All, Unigene37501_All
and Unigenel6958_All) were detected in the mock- vs.
pathogen-inoculation contrast [6]. Moreover, it was
observed that the BRI-like gene Lsa034184.1 was up-reg-
ulated, while no presence of BAKI genes was detected in
the interaction of lettuce with B. cinerea [20].

Previous research showed that SERKI1 (Somatic
Embryogenesis Receptor Kinase 1), one additional LRR-
RLKs, positively regulates host defense response to fun-
gal infection [26]. SERK1 was found during Magnaporthe
grisea inoculation and exposure to different defense
signaling molecules [26]. Two SERK (Somatic Embryo-
genesis Receptor Kinase) genes, Unigenel4416_All and
Unigene22508_All, were detected in the chrysanthemum
infected by A. tenuissima [6]. Previous research showed
that one additional LRR-RLKs, we detected five SERKs
(CL7324.Contig2_All, CL1080.Contig3_All, CL1080.Con-
tig2 All, Unigene21635_All, CL1080.Contig6_All) dur-
ing RNA-seq analysis of A. alternata inoculated tree
peony. All these five genes were down-regulated except
for CL1080.Contig6_All (Additional file 5: Table S3 and
Fig. 11). Collectively, these data suggested that LRR-RLKs
played an important role in conferring resistance to A.
alternata inoculation in tree peony. The rapid activa-
tion of these genes could be how tree peonies recognize
pathogens and initiate an appropriate defense response.

Page 12 of 19

ROS genes regulated by A. alternata infection

MAMPs can trigger defense responses and an oxida-
tive burst, leading to rapid generation of ROS. These
are largely produced from plasma membrane anchored
NADPH (nicotinamide adenine dinucleotide phosphate)
oxidases, known as rboh (respiratory burst oxidase
homolog) in plants [6, 27, 28]. It has been determined
that rbohD and rbohF play an essential role in the accu-
mulation of ROS in A. thaliana, demonstrating their
importance in plant defense response [29]. In the chry-
santhemum-A. tenuissima system, rbohD (Unigene 300_
All) and rbohF (Unigene45792_All) were all detected [6].
The lettuce rbohD (Lsa002796.1) expression was induced
48 hpi with B. cinerea, while rbohF (Lsa018309.1)
remained unaffected [20]. Four tree peony rboh genes
were all upregulated: Unigenel2350_All (rbohD),
Unigene28605_All (rbohF), Unigene2268_All (homologue
of rbohF) and Unigene20126_All (rbohD), in the MOCK-
vs. pathogen-inoculation contrast. (Additional file 8:
Table S6 and Fig. 11). Similar gene up-regulation has
been documented in lettuce [20] and chrysanthemum [6]
in response to pathogen infection.

Genes related to photosynthesis were mainly suppressed
by A. alternata infection

Twenty-seven out of 34 detected DEGs involved in
photosynthesis were downregulated, and seven genes
(CL603.Contig28_All, CL1718.Contig2 All, CL11724.
Contigl2 All,  Unigene4054_All,  Unigene29717_All,
CL517.Contig23_All, CL6952.Contig2_All) were upregu-
lated (Additional file 9: Table S7). The response is simi-
lar to findings in other plant-pathogen interactions, such
as chrysanthemum-A. tenuissima [6], lettuce-B. cinerea
[20] and lettuce- Verticillium dahlia [29] interactions, as
well as in other documented interactions between plants
and pathogens [30-34]. According to the GO analyses,
another process down-regulated in the tree peony is the
circadian rhythm. The Unigenes we identified related to
circadian rhythm (Additional file 10: Table S8) may play
vital roles in activating defense genes during fungal infec-
tion. For example, CL11161.Contigl2 All, involving in
Circadian rhythm-plant interaction, was down-regulated
in DEGs (Additional file 10: Table S8). Similar gene sup-
pression by pathogen infection has also been observed
within other species, for instance, lettuce [20], A. thali-
ana [35] and chrysanthemum [8]. In the A. thaliana-B.
cinerea interaction system, the oscillating expression of
core clock components was moderated, potentially indi-
cating manipulation of plant defense response by patho-
gens. This is because certain defense-related genes are
influenced by circadian rhythm [36].
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Genes linked to JA, SA and ET signaling pathways affected
by A. alternata infection

Our RNA-seq data revealed the presence of a collection
of genes associated with the JA, SA and ET signaling
pathways, JAZ, MYC2 (transcription factor MYC2); TGA
(transcription factor TGA), PRI; ETR (ethylene receptor),
CTRI (Raf-like protein kinase constitutive triple response
1), EIN3 (ethylene-insensitive protein 3), ERFI and ERF2
(Additional file 6: Table S4 and Fig. 11), with varying lev-
els of transcripts after A. alternata inoculation. JAZ pro-
teins repress the JA-signaling pathway by inhibiting the
expression of JA-responsive genes through suppressing
transcriptional regulators such as MYC2. This role plays
a crucial part in the plant resistance to both biotic and
abiotic stresses. The degradation of JAZ repressors elimi-
nates the inhibition of JA-signalling mediated by JAZ,
thereby facilitating the transcription of JA response genes
[36]. JA and SA are key phytohormones which are essen-
tial for protecting plants from pathogen infections [37].
Here, many DEGs involed in JA signalling pathway, for
example the expression of JARI (Unigenel0364._All) and
MYC2 (Unigene28661_All, Unigenel8397 All, CL6096.
Contigl _All, CL1547.Contigl_All, CL1547.Contig2 All,
CL11641.Contigl4 All and  CL11641.Contigl3_All)
were all obviously induced, but the expression of JAZ
(Unigene42074_ All) was suppressed. In A. thaliana,
TGAs are important regulators of gene expression in SA-
mediated plant immunity, PRI are SA-responsive genes
[38]. We detected TGA (CL966.Contigl9 All) and PR-1
(Unigene21511_All, Unigene21510_All, Unigenel4741 _
All and Unigenel4213_All) were all up-regulated. Inter-
estingly, the transcription of NPR1 remained unchanged
significantly. The ETRs in A. thaliana, along with CTR1,
negatively modulate ET signal transduction [39]. When
ethylene is present, ETRs and consequently CTR1 are
deactivated, leading to reduced phosphorylation and
increased accumulation of EIN2, which undergoes pro-
teolytic cleavage, resulting in the release of EIN2-CEND
(the C-terminal domain). Then EIN2-CEND moves to
the nucleus, where it indirectly triggers the activation
of essential transcription factors, EIN3 and EIN3-like
(EIL), playing a crucial role in ethylene signaling [40].
Subsequently, this process leads to the activation of eth-
ylene responsive genes. In this study, many DEGs related
to ethylene, such as ETR (CL804.Contig3_All), EIN3
(CL10811.Contigl_All), ERFI (CL2975.Contigl_All) and
ERF2 (Unigene27620_All) were all up-regulated, while
CTRI (CL2204.Contig3_All and CL10777.Contig7 All)
were all down-regulated. Signaling of key defense phyto-
hormones (JA, SA, and ET) was also notably stimulated
in lettuce following B. cinerea inoculation [20]. In conclu-
sion, a large amount of genes involved in the JA/SA/ET
signaling pathways are crucial in the defense of tree peo-
nies after A. alternata inoculation.
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Transcription factors responding to A. alternata infection

Transcription factors play a central role in activating
defense response genes. They can specifically combine
cis-acting regulatory elements in defence gene promot-
ers to regulate the transcription of target genes, play-
ing an important part in the defense of plants against
pathogenic invaders [6, 41]. In this study, we identified
six transcription factor classes (AP2-EREBP, WRKY,
MYB, bHLH, C2H2-type zinc finger and NAC) among
the DEGs that responded to A. alternata infection.
In A. thaliana, AtWRKY6, AtWRKY40, AtWRKY4l,
AtWRKY46, AtWRKY70 and AtWRKY53 are all involved
in defending against pathogen attacks [42—-46]. Specifi-
cally, AtWRKY46, AtWRKY70 and AtWRKY53 have over-
lapping and synergistic roles in the basic defense of plants
[34]. The coexpression of AtWRKY40 and AtWRKY18
increased the sensitivity of A. thaliana to both patho-
gens (P syringae and B. cinerea) [47]. Our data detected
a single WRKY copy (CL3108.Contig3_All), identified as a
homologue of AtWRKY40, which was transcribed promi-
nently began 6 h post-inoculation with A. alternata,
especially at 48 hpi, the induced expression reached the
highest (Additional file 11: Table S9 and Fig. 10). Another
WRKY (CL8806.Contig3_All, homologous to AtWRKY33)
(Additional file 11: Table S9 and Fig. 11) was also up-reg-
ulated by A. alternata infection (Fig. 10). In A. thaliana,
the transcription of AtWRKY33 is pivotal for defense
toward Botrytis cinerea [48). Therefore, it was speculated
that WRKYs (CL3108.Contig3_All and CL8806.Contig3_
All) might be involved in the defence response against A.
alternata. Transcriptional activator AtMYBI1S5 is capable
of activating the transcription of genes for plant defense
[49]. In this study, it was observed that one MYB copy
(Unigene30574_All), which is homologous to AtMYBIS,
showed up-regulation in response to A. alternata inocu-
lation (Additional file 12: Table S10 and Fig. 10). AtERF2
has been associated with the induction of defense genes
in numerous research studies [50-53]. The expression
level of one ERF copy (Unigene27620_All, homologous to
AtERF?2) increased significantly at 48 h after A. alternata
inoculation (Fig. 10). Transcription factors belonging to
the bHLH, C2H2-type zinc finger, and NAC families were
found to be highly expressed in tree peony leaves after A.
alternata inoculation. Many studies have emphasized the
importance of five families of transcription factors (AP2-
EREBP, WRKY, MYB, bHLH, and NAC proteins) in their
role in plant responses to pathogens [54—62]. In short,
clearly, a large variety of genes was induced after the tree
peony leaf was infected with A. alternata. The response
involved interactions among transcription factors,
pathogenesis-related genes, and genes within the JA/
SA/ET signaling pathways. It is speculated that the tree
peony has evolved effective strategies to defend them-
selves against pathogen invasion in their struggle for life.
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Understanding the characteristics of these genes would
help clarify the molecular mechanism behind tree peony
defense response toward A. alternata infection. Conse-
quently, this could help identify potential candidate genes
for targeted genetic modification of tree peony.

Virion and virion part responding to A. alternata infection
The GO classification indicates categories like “virion”
and “virion part” (Fig. 5). When A. alternata infects
plants, it can produce virus-like particles [63, 64], which
may be involved in the infectious mechanism of the dis-
ease. A. alternata, specifically the Japanese pear pathot-
ype, is known to produce a host-specific virus called A.
alternata chrysovirus 1 (AaCV1). This novel mycovirus
has dual effects: it hampers the growth of the host fun-
gus while making it ‘hypervirulent’ to the plant [63].
Currently, effective and environmentally friendly con-
trol measures for tree peony black spot disease are lack-
ing. Mycovirus-mediated attenuated strains represent an
important biological control method. Numerous fungal
viruses have been discovered and identified in various
plant pathogenic fungi [65-69]. These findings may offer
a new approach for biologically controlling tree peony
black spot using low-virulence fungal viruses.

Materials and methods

Experimental plant

Tree peony ‘Junyanhong’ was acquired from Shenzhou
Peony Garden (Luoyang, China). Potting was conducted
using 25 cm diameter plastic flower pots enriched with a
mixture of peat soil, vermiculite and perlite in a 2:1:1 vol-
ume ratio. The plants were cultivated at a temperature of
25 °C during the day and 15 °C at night, with an 14 h/10 h
day/night cycle, and 60% relative humidity.

Isolation of pathogenic fungi

By using the conventional tissue block isolation method, a
pathogenic strain was isolated from the tree peony leaves
with naturally occurring black spot disease. The diseased
leaves collected from the field were rinsed with tap water.
A small piece of tissue at the junction of diseased and
healthy position on the leaf was cut, and immersed in
70% alcohol for 10 s, and then transferred to 0.1% mer-
curic chloride (HgCl,) solution for 3 min to perform dis-
infection. The tissue pieces were then violently shaken in
sterile water for 5 min, repeated 3-4 times, and placed
on sterile filter paper. After draining the excess water,
they were inoculated into the pre-prepared PDA medium
(generally a 9 cm petri dish), placed at a constant tem-
perature of 25£1°C for 2-10 days, and their growth was
regularly observed. When a black mold layer appeared in
the colony, it indicated that spores had been produced.
A small amount of spores was selected in the ultra-clean
workbench and a freehand section was made, which was
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observed under an optical microscope. After determin-
ing the spore morphology of the fungus, the spores were
washed with sterile water and a single spore was selected
and purified under the microscope. The purified strains
were stored on PDA bevels and kept in refrigeration at
4°C for future use.

Traditional morphological identification of pathogen

The purified strains were inoculated on a PDA plate and
incubated in an incubator at a temperature of 25°C, with
a relative humidity of 70% and alternating light and dark
cycles (12 h/12 h) for 5 days. The morphology and color
of the colonies were observed and recorded. The myce-
lia were selected with an inoculating needle to prepare
slides. The morphology of conidium and conidiophore
was observed under an optical microscope, and the size
of spores and diameter of mycelia were measured.

Ribosomal DNA-ITS sequence analysis of pathogen

The above strain will be inoculated onto PDA medium
(25°C, dark) and allowed to grow for 3 days. Subse-
quently, the mycelia will be gently scraped off using a
sterile blade. The collected mycelia will then undergo
genomic DNA extraction using the “E.Z.N.A.TM Fun-
gal DNA Mini Kit” (OMEGA). ITS region of rDNA was
amplified and sequenced using primers ITS1 (5'-TCCGT
AGGTGAACCTGCGG-3') / ITS4 (5'-TCCTCCGCTTA
TTGATATGC-3’) [70]. The optimal reaction system had
a volume of 50 pL, including DNA template 2 pL, 2xES
Taq Master Mix 25 pL, primer 2 uL, ddH,O 19 pL. The
PCR conditions included an initial denaturation at 94 °C
for 1 min, followed by 35 cycles of denaturation at 94 °C
for 30 s, primer annealing at 58 °C for 30 s, and exten-
sion at 72 °C for 1 min, with a final extension at 72 °C for
5 min.

Amplified PCR products were detected using 1% aga-
rose gel electrophoresis, and the specific band of expres-
sion was excised, purified, and sent to Beijing Qingke
Biotechnology Co., Ltd. for sequencing. The sequenc-
ing results were analyzed online using the BLAST tool
in NCBI to search for known sequences with high
homology.

Inoculation

A spore solution containing 10° spores per ml was pre-
pared by adding 0.1% Triton X-100 serves as a surfactant.
The plant leaves were pierced with a sterile needle, and a
drop of spore solution (10 pl) was applied to the wound
[6]. MOCK-inoculation of the control was performed in a
similar manner, but with 10 pl of sterilized distilled water
droplets instead of the fungal suspension. The inoculated
plants were placed in a dark environment with 100%
relative atmospheric humidity at 25 °C for 24 h, followed
by exposure to cool-white fluorescent lamps at a light
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intensity of 130 umol m™2 s™! for 14 h per day. Leaves
from three plants per treatment were collected at differ-
ent time points [0, 6, 24, 48, and 72 hpi (hours post-infec-
tion)] and pooled for RNA-seq analysis.

RNA extraction

Six individual libraries (M1, M2, and M3; I1, 12, and I3)
were obtained. Leaves from plants were collected and
divided into libraries M (mock-inoculated) and I (patho-
gen-inoculated). Total RNA was extracted using the
modified CTAB method as recommended by the manu-
facturer [71]. RNA quality was assessed utilizing the 2100
Bioanalyzer (Agilent Technologies) with criteria of RIN
(RNA Integrity Number)>6.5 and 28 S:18 S>1.0. RNA
concentration was measured with the NanoDrop spec-
trophotometer (Thermo Fisher Scientific Inc., Wilming-
ton, DE, USA). The OD260/0D280 and OD260/0D230
were within the range of 1.8-2.0 and not less than 1.8,
respectively. Total RNA extracted from each of the
three sampled plants was mixed together in equimolar
amounts (at least 10 pg) [6].

Construction of cDNA library for sequencing

The total RNA was treated with DNase I (RNase-free;
TaKaRa, Dalian, China) to remove any residual genomic
DNA. Messenger RNA was captured using oligo(dT)
beads, subsequently cleaved into 200-bp sizes with a
fragmentation buffer. cDNA was initially synthesized by
random hexameric primers. Subsequently, it was further
synthesized with the assistance of RNase H and DNA
polymerase 1. The synthesized double-stranded cDNA
underwent an end-filling process, followed by phosphor-
ylation at the 5’ ends and addition of a single A (adenine)
nucleotide to the 3’ ends. Subsequently, it was ligated to
the bulbous connector with a protruding “T” at the 3’
end. Transcriptome sequencing was conducted utilizing
the BGISEQ-500 sequencing platform (BGI, China).

Filtering and assembling high-quality reads from raw data

Raw reads were cleaned via removing adaptor sequences,
reads with more than 5% unknown bases (N), and those
with low quality value bases (<10) accounting for over
20% of the read. The filtered “Clean Reads” from each
library were then assembled de novo utilizing Trinity
software [72] to generate Unigenes, which were saved in
FASTQ format. Unigenes were derived from the cluster-
ing and redundancy elimination of assembled clean read
segments (also called transcripts) using the TGICL (TGI
Clustering Tools) [73]. To examine multiple samples, the
preceding step should be repeated using TGICL for fur-
ther Unigene analysis. All acquired Unigenes were col-
lectively called “All-Unigenes” They were divided into
two types: the first type consisted of clusters, resulted
from further elimination of redundancy, the same cluster
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contained a quantity of Unigenes exhibiting a high simi-
larity (over 70%) (beginning with “CL’ representing a
cluster, followed by their respective gene family ID).
Another type comprised singletons (beginning with
“Unigene”), referring to unclustered, separate Unige-
nes. The clean reads were mapped to the assembled
unique gene utilising Bowtie2 for comparison [74, 75].
The FPKM value (Fragments Per Kilobase of transcript
per Million mapped fragments) is the quantitative index
for gene expression level [76]. Differential gene expres-
sion between pathogen- and mock-inoculated plants was
determined by performing a calculation on the log2 ratio
of the two FPKM values.

Identification of DEGs

DEGs were detected using the DEGseq, DEseq2 meth-
ods [77, 78]. P-values were adjusted to g-values using two
methods outlined by Benjamini Y et al. [79] and Storey
J et al. [80]. P-values were corrected by FDR (False Dis-
covery Rate). In this research, we identified DEGs based
on the criteria of gq-value<0.05, FDR<0.05, and |log2
Ratio|>1.00 between pathogen- and mock-inoculated
samples. Transcriptomes in mock- and A. alternata-
infected leaves were de novo assembled and annotated
using Trinity and Trinotate, respectively. Unigenes of
tree peony compared with the following seven databases,
inclusive of NR, SwissProt, KEGG, GO, KOG, Pfam and
NT. All Unigenes were annotated by comparing them
with genes annotated in these databases. For plant tran-
scription factors, we first identify the open reading frame
(ORF) of Unigene using getorf. Next, we compare the
ORF to the transcription factor protein domain using
hmmsearch (data from TF). Finally, we utilize the char-
acterization of the transcription factor family described
by PlantTFDB to enable identification of Unigene capa-
bilities. Enrichment analysis was conducted based on GO
and KEGG pathway gene function annotations, utilizing
the phyper function in R software (https://www.r-proj-
ect.org).

qRT-PCR verification

The transcription of 10 selected genes was verified using
qRT-PCR. The pooled and unpooled samples collected
at various times were analyzed separately by qRT-PCR.
First-strand cDNA was synthesized utilizing the Prime-
Script™ RT reagent Kit with gDNA Eraser (Code No.
RR047A, TaKaRa, Japan). The primers (given in Table 3)
were designed using Primer5.0 software. qRT-PCR was
conducted utilizing the TB Green® Premix Ex Taq™ II Tli
RNaseH Plus (TaKaRa, Code: No. RR820A) on CFX96
Real-Time System (Bio-Rad). The tree peony GAPDH
gene served as the internal reference for data normaliza-
tion [81]. The GAPDH primers were as below: F: 5'-GG
TTGATCTCACTGTTAGGC-3’; R: 5-TCAGACTCCT
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Table 3 Primer sequences for gRT-PCR to validate the transcriptome sequencing data
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Gene ID

Primer F (5’-3")

Primer R (5’-3')

Basic annotation

Unigene27620_All
CL3108.Contig2_All
Unigene30574_All
CL6244.Contigl
Unigene26849_All
CL11763.Contig4_All
CL6209.Contig3_All
CL7367.Contig1
CL11001.Contig7_All

Unigene5195_All

_All

_All

GATTCAACGTGTATCAAAAGAGGGCT
CATCCAACGCAACTACTCTCCAACC
TTTTGACCGTTGAGATGAGGGGAC
TGCTTCTTATACAACCTCTCTACAT
ATGAGTCTTGGGCTTTCCTGTCG
ACAAGATATGTTCATGTTCCTCCAGA
GCCGTTGCAGTTACCAGTCTCAC
GAGTCCCAGGCTACGGTGTCATTAC
ACTCGATGCTGGTTATTGTCTGG

AAGAGTGTTTTACCAAGCAAATCCT

CCATTCGCTTGACCATTTCAGTGC
ATTTCAGTTGTTGCTTGGTTTAGGC
TTTTCTTTTTTGGACCCTTCAGGCT
CTCTCTCTCCAGCAGGACATCA
CTTGATGCTGCTATCTCGTGTCG
TAAATTTGGCCTTATCCCGAACTTG
GTTTGCAGCACATTACTTCATCTCC
GCCTTTGGTTGTAGCAGTCCAGATT
GTTCTTTCTTCGCCTTCCTTGTT

CATTCATCTCCGGCAGTGGTAGTAC

AP2-EREBP transcription factor

WRKY family transcription factor

MYB family transcription factor

bHLH transcription factor

C2H2-type zinc finger transcription factor
NAC transcription factor

PR5-like receptor kinase

Chitinase

pathogenesis-related (PR) 10/ Bet v1
protein homologues

Lipoxygenase

CCCTACAAG-3' [70]. Each 20 pl reaction included 10
puL of TB Green (2x), 0.3 uM of gene-specific primers,
and 8 ng cDNA. The qRT-PCR reactions were conducted
under the following conditions: 95 °C for 30 s, followed
by 40 cycles of 95 °C for 5 s, 55 °C for 30 s, and 72 °C for
30 s. The transcription abundance is represented by the
mean=standard error (SE) of three replicated measure-
ments. Relative transcription level of each gene was cal-
culated utilizing the 2722 method [6].

Statistical analysis

The obtained data was analyzed with one-way analysis
of variance using IBM SPSS version 19.0 (SPSS Inc., Chi-
cago, IL, USA) to determine any significant differences.
Graphs were drawn using SigmaPlot 14.0 (Systat Soft-
ware Inc.) and Microsoft Excel 2021.

Conclusions

In the present study, we performed the first transcrip-
tome analysis of tree peony leaf and presented a compari-
son of DEGs related to the interplay between tree peony
and A. alternata. The research findings significantly con-
tribute to the current sequence databases of tree peony,
providing a solid foundation for further exploration and
characterization of gene transcription patterns in the
dynamic interaction between tree peony and A. alter-
nata. Most DEGs detected were found to participate in
recognition of pathogens, ROS detoxification, and the
signalling of phytohormones. Furthermore, transcrip-
tion factors belonging to five different families were also
discovered, this will help us understand more about the
immune mechanisms involved in the defense response of
tree peony to A. alternata.
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MAPKs Mitogen-Activated Protein Kinases
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