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Abstract In order to excavate the related resistant genes in kenaf to root-knot nematodes and explore the molecular mechanism of
the interaction between kenaf and root-knot nematodes, based on the obtained gene NPRI related to root-knot nematode from kenaf
by the transcriptome sequencing, the PCR and RACE technology were used to clone the full length of gene NPR! in kenaf, and the
gene was named as HcNPRI in this study. The cDNA of resistant gene HcNPRI to root-knot nematode has a full length of 2 058 bp,
and its gene open reading frame (ORF) is 1 776 bp (Chr: 164-1939), which encodes a protein of 591 amino acids, with an isoelectric
point of 6.02 and a molecular weight of 65.321 ku. This gene has 4 conserved domains of NPRI gene shared by the plants. Real-time
RT-PCR results showed that the expression of HcNPRI gene changed significantly in kenaf after stress of 1 mmol/L jasmonic acid
(JA), 1 mmol/L salicylic acid (SA) and 2 mmol/L ethylene (ET). The gene HcNPRI expression induced by JA and ET was
significantly stronger than that by SA. The expression of HcNPRI gene reached the maximum when it was treated by SA for 12
hours, and the time for the strongest induction response of JA and ET was 6 hours. The induction trend of the three hormones
increased rapidly first and then decreased. Therefore, it is speculated that the HcNPRI gene in kenaf plays a role on the resistance to
root-knot nematodes. The results of this study can provide a theoretical basis for the genetic improvement of kenaf varieties resistant
to root-knot nematode and the prevention and control of kenaf root-knot nematode disease in the future.
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Kenaf (Hibiscus cannabinus L.) is an annual herbaceous fiber crop. As the Malvaceae fiber plant with the largest
planting area in the world (Liao et al., 2018), it is often used to develop adsorbents, high-biomass ropes, textiles,
fibers in recycled plastics, and livestock feed (Ashori et al., 2006; Saba et al., 2015). Compared with other hemp
varieties, kenaf can adapt to multiple ecological environments and soil types, and has a wide planting range (Niu
et al., 2018). Root-knot nematodes (Meloidogyne SPP.) have a wide host range and have been found to involve
more than 5 500 host crops, especially in tropical and temperate regions, causing serious damage to crops
(Jaouannet et al., 2012). In China, root-knot nematode disease in kenaf producing areas has seriously affected the
yield and quality of kenaf. It parasitized on the roots of kenaf, produced rootnodule, and caused root rot, leading
to serious symptoms of stunted growth or accelerated plant death (Tian et al., 2018).

In the process of pathogenic microorganisms infecting plants, plants will secrete R protein encoded by the
resistance gene (R gene), which will trigger a series of defense responses of plants, effectively inhibiting the
invasion of pathogenic microorganisms (Zheng et al., 2018). With the development of bioinformatics, 112 known
R genes and 104 335 predicted R genes have been found in 241 plant species (Hermoso et al., 2013). In 1997,
HS1-pro-1, the first gene resistant to Heterodera Schachtii Schmidt, was cloned (Cai et al., 1997). Subsequently,
several anti-nematode genes such as Cre3, Mi, Gpa2, Hero, Grol-4 and Ma were cloned and validated (Cai et al.,
1997; Claverie et al., 2011), but there are few reports on cloning, isolation and identification of kenaf root-knot
nematode genes. In the early stage of our laboratory, the root-knot nematode resistant kenaf 'Roselle 4391' was
used as the test material. After inoculation with Meloidogyne enterolobii, the resistant kenaf plants were screened
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out, and the plant total RNA was extracted by Trizol method. The gene NPRI associated with root knot resistance
was screened by transcriptome sequencing (unpublished). In this study, primers were designed to clone NPRI
gene with reference to kenaf genome sequence and nucleic acid structure and sequence characteristics of various
root-knot nematodes genes. The 3' and 5' ends of NPRI gene were amplified by RACE method, and the full length
of NPRI gene was obtained after splicing. Based on jasmonic acid (JA), salicylic acid (SA) and ethylene (ET),
which are important signal molecules of disease resistance signaling pathway in plants, the response patterns of
the genes to JA, SA and ET were analyzed according to bioinformatics annotation. It is important to explore the
genes of kenaf root-knot nematodes and breed kenaf root-knot nematodes.

1 Results and Analysis

1.1 Total RNA extraction and identification of kenaf

The total RNA of kenaf was extracted, and whether the total RNA of kenaf was qualified was tested. The
OD160/OD7g of the compound was 2.07, indicating that the total RNA extracted from kenaf samples was qualified.
The total kenaf sample extracted from the test sample is RNA, and two clear bands can be seen (Figure 1), without
obvious dragging, indicating that the total kenaf RNA in the sample has not been degraded significantly, and the

extraction is successful, which can be applied in subsequent experiments.
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Figure 1 Electrophoresis identification results of kenaf RNA
Note: M: DL2000 DNA Marker;1, 2, 3, and 4 are the four repeats for of total RNA of kenaf

1.2 RACE amplification of 3' end and 5' end of root-knot nematode HcNPR1 gene in kenaf

According to the known kenaf gene fragments, 3’ end primers and 5' end primers (RC564-NPR1-RT1/
RC564-NPR1-RT2) were designed for amplification (RACE technique). Kenaf stem and leaf RNA was used as
template to perform PCR twice, and finally the corresponding instruments were used for detection. Analysis of the
resulting images showed that RACE amplification at the 3' end of HcNPRI gene yielded a band of about 930 bp,

and RACE amplification at the 5' end yielded a band of about 820 bp (Figure 2).
M 1 2

3000 bp

1 000 bp

500 bp

Figure 2 Results of HcNPRI-3’RACE and 5’RACE product by agarose electrophoresis
Note: M: DL10000 DNA Marker; 1 is the result of 3’RACE agarose electrophoresis; 2 is the result of 5’RACE agarose
electrophoresis
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1.3 Amino acid sequence analysis of kenaf root-knot nematode HcNPR1 gene and its encoding

The sequencing results of 5’RACE and 3'RACE sequences were spliced with DNAman software, and the full-length
NPRI gene sequence was obtained by removing the vector sequence. The total length of HcNPRI sequence was 2
058 bp, the open reading frame was 1 776 bp (Chr: 164-1939), the total length of HcNPRI sequence was 591 amino
acids, its isoelectric point was 6.02, and its molecular weight was 65.321 Ku. The usage of four bases was as follows:
A=26.35% [468], T=25.62% [455], C=22.58% [401], G=24.45% [452], uncertain base = 0.00% [0], (A+T)=51.97%
[923], (C+G)=48.03% [853]. Kenaf HcNPRI gene encodes 19 amino acids (colorless amino acids). The highest
repetition frequency was leucine (73), followed by alanine (54) and aspartic acid (48). The lowest repetition
frequency was glusteine (13) and methionine (12). By type, there were 279 non-polar amino acids (47.21%), 134
uncharged amino acids (22.67%), 91 positively charged amino acids (15.40%) and 87 negatively charged amino
acids (14.72%). According to this judgment, the number of non-polar amino acids in HCNPR1 numbered protein is
much higher than that of polar amino acids, so it is speculated that the hydrophobicity of HCNPR1 protein is stronger
than that of hydrophilicity (Figure 3).
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Figure 3 cDNA nucleotide sequence and deduced amino acid sequence of HcNPRI gene
Note: Numbers at left mean sequence of nucleotide and amino acid; The red part of the sequence indicates the non-coding region of
the gene
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1.4 Secondary structure and domain of kenaf HcNPR1 protein

The secondary structure of HCNPR1 protein was predicted by GOVIV online program. The results showed that the
secondary structure of HcNPR1 protein was mainly composed of a-helical structure, random coil and folded
extension chain. Among them, a-helix accounted for 49.58%, random coil accounted for 39.76%, and extended band
accounted for 10.66%. Therefore, the most important secondary structures of kenaf HcNPR1 were o-helix and
random coil (Figure 4). NCBI analysis of the conserved domains of HCNPR1 protein showed that the gene contained
the conserved domains common to plant NPR1 proteins such as ANK (ankyrin repeat), BTB POZ NPR plant
domain, DUF and NPR1-like C (Figure 5).

— Beta turn —— Alpha helix ~—— Random coil — Extended strand

et
I T T T T T 1
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Figure 4 Secondary structure of kenaf HcNPR1 protein
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Figure 5 Conserved domain structure prediction of HcNPR1

1.5 Comparison of amino acid homology and phylogenetic analysis of kenaf HcNPRI gene

The amino acid sequence of the cloned kenaf root-knot nematode HcNPRI gene was compared with that of other
crops obtained from NCBI website (Figure 6). It was found that kenaf HCNPR1 protein and NPR1 protein of most
species shared BTB/POZ domain and NPR1-like C domain. Some sequences in the BTB/POZ domain of most plant
species are relatively conserved and contain several identical amino acid sequences.

The NCBI database was searched, kenaf HcNPR1 protein and other 30 species NPR1 protein were phylogenetic
analyzed and the evolutionary tree was constructed (Figure 7). The results showed that all the proteins were
roughly divided into five groups. Kenaf HCNPR1 was grouped with Hibiscus Syriacus, Gossypium raimondii and
Gossypium australe. The phylogenetic relationship between kenaf HCNPR1 protein and other species showed that
kenaf HCNPR1 was more closely related to Hibiscus syriacus.

1.6 Response pattern of kenaf root-knot nematode HcNPR1 gene to hormone

The RNA of kenaf seedlings treated with three hormones was extracted at each time point and reverse-transcribed
into cDNA. Real-time PCR was used to analyze the response level of HcNPRI gene to the three hormones. The
results showed that the expression of HcNPRI gene in kenaf was significantly changed after jasmonic acid (JA),
salicylic acid (SA) and ethylene (ET) stress, and the effect of jasmonic acid and ethylene on HcNPRI gene
expression was significantly stronger than that of salicylic acid (Figure 8). The expression of HCNPR1 induced by
ethylene and jasmonic acid was significantly higher than that of salicylic acid. The change trend of NPR1 gene
expression after treatment with the three hormones was basically the same, which rapidly increased to the maximum
value within 6~12 h and then decreased. At 12 h of salicylic acid treatment, the maximum expression of HCNPR1
gene reached 20 times of that at 12 h of control (Figure 8C), while the most intense response time of jasmonic acid
and ethylene induction was at 6 h, which were 150 times and 580 times of that at 6 h of control, respectively (Figure
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8A; Figure 8 B). All three hormones can induce the expression of HCNPRI gene, and the response of HCNPRI gene
to the three hormones is obvious in the early stage of induction.
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Figure 6 Comparison of the homology between the deduced amino acid sequence of Kenaf HcNPRI and other plant NPR]

Note: Hibiscus syriacus (KAE8687845); Theobroma cacao (ADI24348.1, XP_007012790.2); Beta vulgaris (ABM55236.1);
Artemisia_annua (QAV82482.1); Gossypiumaustrale (KAA3468271.1); Gossypium raimondii (XP_012477254.1); Gossypium
hirsutum (XP_016729110.1); Durio zibethinus (XP_022732648.1); Herrania umbratica (XP_021277363.1); Hevea brasiliensis
(XP_021668477.1); Manihot esculenta (XP_021597891.1); Ricinus communis (XP_025012251.1); Populus alba (XP_034913315.1);
Jatropha curcas (XP_012076961.1); Citrus clementina (XP_006451500.1); Populus trichocarpa (XP_002308281.1); Populus
deltoides (AEY99652.1); Pistacia vera (XP_031275482.1); Populus euphratica (XP_011003334.1); Juglans regia
(XP_018845440.1); Ziziphus jujuba (XP_015889353.1); Carica papaya (XP_021896795.1); Solanum tuberosum (XP_006357709.1);
Vitis vinifera L. (XP_002281475.1); Quercus lobata (XP_030953055.1); Morella rubra (KAB1209347.1). The same as below
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Figure 8 Expression characteristics of HcNPRI gene under different stress treatments
Note: The small letters in the figure indicate significant differences at the p<0.01 level; the red font indicates
a value whose relative expression is less than O
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2 Discussion

NPRI1 (Nonexpressor of pathogenesisrelated gene I), also known as NIMI, plays a central regulatory role in
plant disease resistance and is the key in plant disease resistance signaling network. NPRI gene overexpression
has been found to improve disease resistance in a variety of plants (Cao et al., 1994). NPRI gene also plays a
regulatory role in many plants, such as Theobroma cacao, wheat (Triticum aestivum L.) and cotton (Gossypium
SPP) (Shi et al., 2010; Zhang et al., 2013), but there are few studies on cloning, isolation and identification of
kenaf resistance genes. In this study, according to kenaf genome sequence, primers were designed to clone
NPR1 gene, and the full length of NPR1 gene was cloned by RACE method and named HCNPRI. HCNPRI
gene has both conserved domains common to plant NPR1, and ANK (ankyrin repeat) sequence and
BTB POZ NPR plant domain play an important role in the function of NPRI gene (Michacly and Bennett,
1992). By analyzing the NPRI gene in other species, the function of kenaf HcNPRI gene can be predicted. For
example, the NPR1 gene in Theobroma cacao also has 591 coding amino acids, which can participate in SA-JA
signal crosstalk, proving that JA responds to 7cNPRI gene expression (Shi et al., 2010). In Cabernet Sauvignon
Grapevine, NPRI gene has 584 coding amino acids. In terms of the regulation of defense related genes,
overexpression of NPRI gene improved salt tolerance, but had no effect on drought tolerance (Zhang et al.,
2013). Can be predicted accordingly, through kenaf HCNPRI genes may affect a certain signaling pathways,
thereby indirectly defense conditions outside the damage, it is also possible under the stress of the outside
environment, through regulating its trace chemical activation HCNPR1 gene expression, to enhance their
defense system directly and reducing plant injury. These predictions are expected to be confirmed in subsequent
studies.

In the process of evolution, plants have formed a set of defense systems that activate the expression of defense
genes in vivo through various signaling molecules, thus showing resistance to adverse environment. The
signaling molecules related to this mainly include salicylic acid, jasmonic acid, ethylene and abscisic acid
(Wang et al., 2011). Based on the fact that jasmonic acid (JA), salicylic acid (SA) and ethylene (ET) are
important signal molecules of disease resistance signaling pathway in plants, this study analyzed the response
pattern of this gene to JA, SA and ET. The results showed that the expression of HcNPR1 gene was significantly
up-regulated in kenaf after jasmonic acid (JA), salicylic acid (SA) and ethylene (ET) stress. But the gene's
response in the three kinds of hormone, jasmonic acid and ethylene induced response the strongest for 6 h, and
salicylic acid in response to the most intense time in 12 h, in three kinds of hormone regulation pathway
HCNPRI genes play an important role, can through the complexity of network signaling pathways involved in
biological stress signal conduction.

In the process of evolution, plants have formed a set of defense systems that activate the expression of defense
genes in vivo through various signaling molecules, thus showing resistance to adverse environment. The
signaling molecules related to this mainly include salicylic acid, jasmonic acid, ethylene and abscisic acid
(Wang et al., 2011). Based on the fact that jasmonic acid (JA), salicylic acid (SA) and ethylene (ET) are
important signal molecules of disease resistance signaling pathway in plants, this study analyzed the response
pattern of this gene to JA, SA and ET. The results showed that the expression of HcNPR1 gene was significantly
up-regulated in kenaf after jasmonic acid (JA), salicylic acid (SA) and ethylene (ET) stress. But the gene's
response in the three kinds of hormone, jasmonic acid and ethylene induced response the strongest for 6 h, and
salicylic acid in response to the most intense time in 12 h, in three kinds of hormone regulation pathway
HCNPRI genes play an important role, can through the complexity of network signaling pathways involved in
biological stress signal conduction.

3 Materials and Methods

3.1 Experimental materials and reagents

Kenaf 'Roselle 4391' was donated by the Institute of Hemp, Chinese Academy of Agricultural Sciences.
RevertAid Premium Reverse Transcriptase was purchased from Thermo Fisher; LA Taq was purchased from
TaKaRa; SuperReal PreMix Plus SYBR Green was purchased from Tiangen Biotech Co., Ltd. Trizol extraction
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kit and column DNA glue recovery kit were purchased from Sangon Biotech (Shanghai) Co., Ltd. All three
phytohormones were purchased from Shanghai Yuanye Biotech Co., Ltd.

3.2 Hormone induction treatment

The experiment was carried out in the nursery of Plant Protection Institute of Hainan Academy of Agricultural
Sciences. The cultured soil (red soil: compound fertilizer: coconut bran=1:1:1) was sterilized at 120°C for 2 h, and
kenaf seeds were watered in time after sowing. When the leaves grew to 4~5 true leaves, they were transferred
to culture bottles and soaked in 200 mL of 1 mmol/L jasmonic acid medium, 1 mmol/L salicylic acid medium and
2 mmol/L ethephon medium, respectively. After 0, 6, 12, 18, 24, 48 and 72 h, samples were taken and frozen in
liquid nitrogen (-80°C).

3.3 Identification of HcNPRI gene in kenaf root-knot nematodes

Based on the previous transcriptome data and disease resistance expression profile data, the Unigene sequences
associated with kenaf resistance to Meloidogyne enterolobii were screened from the resistant/susceptible
differentially expressed genes, and the annotation results were Contig sequences of NPRI gene. Primers were
designed based on the Contig sequence (Table 1), and the full-length NPRI gene was cloned by RACE method.

Table 1 Primers used for cloning HcNPRI gene

Primer name Sequence Remarks

5’adaptor GCTGTCAACGATACGCTACGTAACGGCATGACAGTGGGIIGGGIIGGGIIG Joint primer

3’adaptor GCTGTCAACGATACGCTACGTAACGGCATGACAGTGTTTTTTTTTTTITTTTTTT

5.3’outer GCTGTCAACGATACGCTACGTAAC

5.3’inner GCTACGTAACGGCATGACAGTG

NPR1-F1 GAGGGGGTATACGGTGTTACACGTTGCT 3’RACE specific primer
NPRI1-F2 GCTGCAATGAGGAAAGAGCCTAAGATTATAGTT

NPR1-R2 AGGCAACGGTCTCACTTTTCCGGTAT 5’RACE specific primer
NPR1-R1 CAACCATCGTCAACGCAAAGGCAA

NPR1-RT2 CCACATCATCTGAATCCAAT

NPR1-RT1 ACCCTCTTTCAGCAGCA

3.4 Total RNA extraction from kenaf
Total kenaf RNA was extracted with Trizol extraction kit of Sangon Biotech (Shanghai) Co., Ltd. For details,
please refer to the instructions. Genomic DNA was removed with DNase I for use.

3.5 First-strand cDNA synthesis

Reagents were added to 0.2 mL PCR tube: 5 puL total RNA, 1 puL random primer, 1 pL ddH>O, and warm bath at
70°C for 5 min. Ice bath for 2 min; Centrifuge and add reagents: 2.0 uL 5X First-Strand Buffer, 0.5 pL 10 mmol
dNTP, 0.25 pL Rnase inhibitor, 0.25 pL Reverse Transcriptase and 10.0 uL Total volume: 42°C for 60 min, 72°C
for 10 min.

3.6 3'RACE amplification of kenaf root-knot nematode Hc/NPR1 gene cDNA sequence

Nested PCR amplification was carried out using 3'adaptor as reverse primer and cDNA as template. The reaction
process consisted of two rounds. The first round of reaction system was as follows: 12.5 pL 2X GC Buffer I, 0.5
pL 10 uM RC564-NPR1-F1, 0.5 pL 10 uM 5.3'outer, 4 uL 2.5 mM dNTP, 1 puL c¢cDNA, 0.2 uL 5 U/uL Tag
enzyme, 6.3 uL ddHz0. The reaction procedure was as follows: pre-denaturation at 95°C for 3 min, denaturation at
94°C for 30 s, annealing at 58°C for 30 s, extension at 72°C for 60 s, 33 cycles, and repair and extension at 72°C
for 7 min.

The second reaction system is as follows: 25 uL 2X GC Bufferl, 1 pL 10 uM RC564-NPR1-F2, 1 pL 10 uM
5.3"inner, 8 uL 2.5 mM dNTP, 1 pL first-round PCR dilution product, 0.5 pL 5 U/uL Taq enzyme, 12.5 uL. ddH2O.
The reaction procedure is the same as the first round.



Sl Molecular Plant Breeding 2022, Vol.13, No.24, 1-10
[ ——— http://genbreedpublisher.com/index.php/mpb

The PCR products were recovered by cutting glue, connected to the pMD18-T vector, and transformed into
competent cells (SK2301) by heat shock. The positive clones were selected and sequenced by Sangon.

3.7 5'RACE amplification of the cDNA sequence of kenaf root-knot nematode HcNPR1 gene
Using specific primers RC564-NPR1-RT1/ RC564-NPR1-RT2, the cDNA was obtained by terminal C method.
After RNase H and TdT treatment, the cDNA was amplified by nested PCR.

There are two rounds in the reaction process. The reaction system of the first round is as follows: 12.5 pL 2X GC
Buffer I, 0.5 uL 10 uM 5'adaptor, 0.5 plL 10 uM NPR1-RT1, 4 uL 2.5 mM dNTP, 1 pL cDNA, 0.2 uLL 5 U/uL Taq
enzyme, 6.3 uL ddHz0. The reaction procedure was as follows: pre-denaturation at 95°C for 3 min, denaturation at
94°C for 30 s, annealing at 68°C for 30 s, extension at 72°C for 60 s, 33 cycles, and repair and extension at 72°C
for 7 min.

The second reaction system is as follows: 25 pL 2X GC Buffer I, 1 pL10 pM 5.3'outer, 1 pL 10 uM NPR1-RT2, 8
pL 2.5 mM dNTP, 1 pL first-round PCR dilution product, 0.5 pL 5 U/uL Tag enzyme, 12.5 pL ddH»0. The
reaction procedure was the same as in the first round.

The PCR products were recovered by cutting glue, connected to the pMDI18-T vector, and transformed into
competent cells (SK2301) by heat shock. The positive clones were selected and sequenced by Sangon.

3.8 Full-length splicing and sequence analysis of Hc/NPR1 gene in kenaf root-knot nematodes

The 5'RACE sequence and 3'RACE sequence were spliced by DNAman software, and the full-length NPRI gene
sequence was obtained by removing the vector sequence. DNAstar software was used to analyze the full-length
sequence of NPRI gene. Then use NCBI BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi) online software to
retrieve the sequencing results, use in the NCBI site BLASTX to compare HcNPR1 protein sequences. Protein
sequences with >90% similarity was downloaded for phylogenetic analysis. The secondary structure of NPR1
protein was predicted by the online program GOVIV (http:/npsa-prabi.ibcp.fr), and the conserved domain of
NPR1 protein was analyzed by NCBI. The homology and phylogenetic tree were constructed by DNAman
software.

3.9 Quantitative PCR analysis of HcNPR1 gene of kenaf root-knot nematodes

The total RNA extracted from kenaf was transcribed, and the reaction procedure of 20 pL reverse transcription
system was as follows: 85°C for 5 s, 42°C for 30 min, and 4°C for termination. Fluorescence was quantified using
a CFX-96 Touch instrument. Using the above reverse transcription cDNA as template, reaction system was 20 pL,
upstream and downstream primer sequences were 0.7 uL each (Table 2), cDNA template 2 pL, RNase-free ddH>O
6.6 uL, 2XSuper RealpreMixplus 10 pL. Each treatment was repeated three times. The reaction conditions
included 40 cycles of pre-denaturation at 95°C for 15 min, denaturation at 95°C for 10 s, denaturation at 60°C for
20 s, and extension at 72°C for 20 s. The melting curve was generated from 65°C to 95°C. The CT value was

JWAVAY
CT method, and the results were mean

obtained. The relative gene expression differences were analyzed by 2
+SD. SPSS 23.0 statistical analysis software was used for data processing, and t-test was used for quantitative

comparison. p<0.05 was considered statistically significant.

Table 2 The primers used in this paper

Primer name Sequence Application

N-f3 TACGGTGTTACACGTTGCTGC NPR1 gPCR target gene primer
N-13 CTTCCCTTCCTCGGTTGATTTA NPR1 qPCR target gene primer
A-F1 GATATTCAACCCCTTGTCTGTG gqPCR internal reference primer
A-R1 CTTCTGACCCATCCCAACCAT gqPCR internal reference primer
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