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Abstract

[ Objectives ] To investigate the molecular mechanism of gene differential expression in A. tuberosum under Botrytis cinerea stress.

[ Methods | The leaf of A. tuberosum was inoculated with B. cinerea to induce resistance, then leaf samples were taken at 2, 4, 8, 12 and

24 h, respectively, after inoculation, and used for cDNA-SCoT analysis to detect the gene differential expressions. [ Results] More than 800

bands with length of 100 —1 800 bp were obtained using 60 SCoT primers. A total of 40 differentially expressed EST sequences were screened

out, and 18 non-redundant ESTs with high quality were obtained by cluster analyses of the ESTs sequencing. The results of BlastN showed that

the differential genes of A. tuberosum mainly related to disease defense, signal transduction, and protein metabolism. [ Conclusions] Further

analysis of gene function indicated that brassinosteroid biosynthesis-like proteins, NBS-LRR type disease resistance protein, jasmonic acid in-

duced protein, abscisic stress ripening protein may be involved in the process of the incompatible interaction between the A. tuberosum and

B. cinerea.
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1 Introduction

Grey mould is a major disease that is harmful to Allium tu-
berosum in the world. Tt is caused by Botrytis cinerea significant
fungal diseases in Allium tuberosum. The mycelial growth of B. ci-
nerea had strong adaptability to environmental conditions'''. Grey
mould often causes A. tuberosum leaves to die and rot, which can
not be eaten, directly affecting the yield. Current research on
A. tuberosum grey mould disease focuses on the pathogenic identi-

) communication and control”’ | detection technology"*’

fication
and other aspects, while there is still no report both at home and
abroad about B. cinerea pathogen infecting A. tuberosum, and the
molecular mechanisms.

Start codon targeted polymorphism ( SCoT) markers is Col-
lard and Mackill™ development of a target gene molecular marker
technology. It is based on maintaining plants amplified gene ATG
translation start site flanking sequences, primers were designed
and the genome was amplified. The molecular marker technology
has the primer design is simple, low cost, good repeatability, can
produce traits associated with marked characteristics. Currently
SCoT marking technology has been successfully applied to pea-

IllltS[6 !

! longan"” | mango™ and other plants. But there is still no
research report about SCoT marked technology in A. tuberosum in-
teracted with B. cinerea pathogen. Therefore, we used B. cinerea

pathogens disseminated A. tuberosum for processing, and exclu-
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ding B. cinerea pathogen of A. tuberosum processing plant of its
own age as a control. Using RNA mixing pool reverse transcribed
into ¢cDNA first chain mixing pool, we performed cDNA-SCoT
difference research and obtained the gene information related to
expression of resistance to B. cinerea in A. tuberosum. In this
study, we were intended to provide a reference for exploring the
molecular mechanism of A. tuberosum gene expression under B.
cinerea pathogen stress and A. tuberosum disease resistance breed-

ing.

2 Materials

A. tuberosum varieties healthy seedlings were purchased from
Pingdingshan Academy of Agricultural Sciences. Healthy A. tu-
berosum plants with the same growth were selected, and the leaves
were artificially inoculated with fluid containing B. cinerea patho-
gen, and the same-age plants treated with water without B. cinerea
pathogen were taken as control. Plant leaves were taken at 2, 4,
8, 12 and 24 h after inoculation, respectively, and stored at
—-70 °C after quick-freezing by liquid nitrogen.

3 Methods

3.1 B. cinerea pathogen infection confirmed DNA was ex-
tracted using Ying X-M’s"”) methods, and the presence of B. cine-
rea pathogen was confirmed by PCR amplification. The primer se-
quences used for amplification were F. 5'-CCCTAGTCCG-
GAGATTAGCC-3 and R: 5'-TGGCTCTCATGTTTTCTTCC'".
PCR amplification was performed on Biometra Tprofessional PCR
instrument. 25 wL reaction system was used, including 50 ng tem-
plate DNA, upstream and downstream primers 25 pL, 12.5 pL
and high-fidelity 2 x Goldstar Tag Master Mix, and DEPC treated
water was added up to 25 wL. The PCR amplification procedure
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was pre-denaturation at 95 °C for 10 min. Denaturation at 95 °C
for 30 s, annealing at 50 C for 30 s, elongation at 72 °C for
1 min, and cycling for 40 times; Elongation at 72 °C for 5 min.
At the end of the reaction, 4 pL bromophenol blue was added and
mixed. The 6 pL amplified product was electrophoresed in 1.2%
agarose gel, stained color photographs.

3.2 RNA extraction and reverse transcription TRIzol rea-
gent was used to extract the total RNA from A. tuberosum leaves,
and 1.0% agarosol gel electrophoresis was used to detect the in-
tegrity of RNA, an ultraviolet spectrophotometer was used to de-
tect the purity and concentration of RNA. Equal amounts of total
RNA of leaf samples at each time period were mixed to construct
the corresponding RNA mixing pool. According to the operating
instructions of M-MLV reverse transcriptase kit, the first strand of
c¢DNA was synthesized by reverse transcription using mixed pool
RNA as template, diluted 10 times with deionized water, and
stored at —20 C for later use.

3.3 ¢DNA-SCoT amplification and PCR detection Primers

1" Luo et al. ™.

were designed according to Collard and Macki
The primer was synthesized by Sangon Biological Engineering
(Shanghai) Co. , Ltd. A SCoT molecular-labeled primer was used
as the upstream primer, and a 3’ side anchored primer ( GGC-
CACGCG TCGACTAGTAC) was used as the downstream primer.
PCR amplification was performed using the mixed first strand ¢D-
NA of the treated and control samples as the template. The ¢cDNA-
SCoT PCR amplification system was 25 pL: high-fidelity 2 x Gold-
star Tag Master Mix 12.5 pL, 10 pmol/L upstream and down-
stream primers each 1pl, and the cDNA template was 1 pL, and
DEPC treated water was added up to 25 pL. The A amplification
procedure of cDNA-SCoT PCR was: pre-denaturation at 95 °C for
10 min. Denaturation at 95 °C for 30 s, annealing at N °C for
1 min (N C = Tm value of SCoT primer decreased by 7 °C),
elongation at 72 °C for 2 min, 38 cycles in total; it was extended
at 72 °C for 8 min. PCR amplification was performed using 1.5%
agarose gel electrophoresis.

3.4 Recovery, cloning, sequencing and analysis of differen-
tial fragments After PCR products were electrophoreted by aga-
rose gel, the treated and control samples were selected to amplify
the bands between 100 and 1 800 bp with different expression, and
the bands were recovered and purified by agarose gel recovery kit.
The target fragment was connected with TaKaRa’s PMD18-T vec-
tor, and the strain of Escherichia coli DH5«a was transformed to
perform blue-white spot screening. The positive bacteria solution
was identified by PCR and sent to Sangon Bioengineering ( Shang-
hai) Co. , Litd. for sequencing. With BioXM2. 6 software for se-
quencing for sequence splicing, after the sequence submitted
NCBI Blast (http://www. ncbi. nlm. nih. gov/blast) for homology
retrieval, using Amigo website ( hitp://amigo. Geneontology.

org/ cgi-bin/amigo/go. cgi) to functional annotation analysis.

4 Results and analysis
4.1 B. cinerea pathogen detection The DNA of A. tuberosum

leaves before and after infection with B. cinerea was extracted,
and the target fragment was obtained of the plant after infection
with B. cinerea by PCR, which was not found the target fragment
in the leaves of the plant no infection with B. cinerea (Fig.1).
The target fragment was recovered and purified for bidirectional se-
quencing, and the obtained sequence length was 789 bp, which
was completely matched with the corresponding section of ITS of
B. cinerea pathogen rDNA published on NCBI, and it was con-

firmed that A. tuberosum were infected with B. cinerea pathogen.
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Note: M: DL 2 000 marker; CK* ; positive control; CK ™ ; negative con-
trol; 2, 4, 8, 12, and 24 h: sampling time after infection; CK, ,
CK,, CK¢, CKg, and CK,;: controls in corresponding to sampling

time.
Fig.1 PCR detection for healthy and infected leaves of Allium tu-
berosum

4.2 RNA extraction and reverse transcription As shown in
Fig. 2, the band type of RNA was complete and its brightness was
clear, indicating that the RNA was of good quality. The
0D,/ 0D, value of the RNA samples was between 1. 80 and
2.00 by ultraviolet spectrophotometer, indicating that the RNA ex-
tracted was of high purity. As can be seen from Fig. 3, the disper-
sion bands of the products after reverse transcription of total RNA
were evenly distributed and of good quality. The results showed
that the total RNA and reverse transcriptional products obtained

met the experimental requirements.

1 2

Note: 1: total RNA in control; 2 total RNA in B. cinerea treatment.
Fig.2 Detection of total RNA from Allium tuberosum leaf

4.3 cDNA-SCoT analysis of differentially expressed genes in
Eighteen ESTs with

unique functions were obtained after eliminating the duplicates.

A. tuberosum infected with B. cinerea
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Among them, there are 14 EST sequences of predictable functions
and 4 EST sequences of unknown functions (Table 1). According
to the classification criteria of plant gene function proposed by Be-
van et al. '"”' | the genes with known functions were analyzed. The
comparison results showed that there were the most genes related
to disease resistance, including brassinolide synthesis protein,
NBS-LRR resistance protein, jasmonic acid induction protein,
cysteine protein, ketoacyl coenzyme A synthetase enzymes. This
indicated that after A. tuberosum was infected by B. cinerea patho-
gen, the resistance immunity program in plant body started a se-
ries of response responses, which were expressed as the diversity
of mRNA response in gene, and it also indicated that the resist-
ance mechanism of A. tuberosum to B. cinerea was a complex
process which was co-regulated by multiple genes.

S Discussions

SCoT technology is a new target molecular marker technolo-
gy based on translation initiation site. It is a molecular marker
technology with PCR reaction as the core, and its core is primer
design. In this study, we used SCoT labeling technology to ex-
plore the molecular response involved in the interaction between
B. cinerea and A. tuberosum, obtained multiple ¢cDNA frag-
ments differentially expressed or preferentially expressed in A.
tuberosum , and preliminarily analyzed the regulation mechanism

of B. cinerea pathogen infection.
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Note: M DL 2 000 marker; 1: ¢cDNA in control; 2: ¢cDNA in B. cinerea
treatment.

Fig.3 Detection of reverse transcription product cDNA

Table 1 Comparison of Homology between differential expression genes and the documented genes in GenBank

Primer ID Primer sequence (5'-3") Length //bp

Homology gene

Accession number Function category  E value

SCoT3 CAACAATGGCTACCACCG 1264  Hypothtical protein

XM002453818. 1

Unknown Function 0

SCoT8 CAACAATGGCTACCACCT 1214 Zea may full-length ¢cDNA clone ZM_BFc0102G24 mRNA  BT067619. 1 Unknown Function 0

SCoT11 CAATGGCTACCACTAGCC 680  Abscisic stress ripening protein NM001154231. 1 Defense response 1. 00E-169
SCoT14  CCATGGCTACCACCGGCC 1561  GSDL-motif lipase EU964074. 1 Energy metabolism 0

SCoT22 ~ ACAATGGCTACCACTACG 405  60S ribosomal protein .31 mRNA EU958292. 1 Protein metabolism 2. 00E-115
SCoT26 ~ CAACAATGGCTACCAGCC 1085  Nucleobase-ascorbate transporter XM003569812. 1 Defense response  2.00E-108
SCoT28 ACCATGGCTACCACCGGC 566  Brassinosteroid biosynthesis-like protein NM001112090. 1 Signal transduction 3. 00E-88
SCoT30 ACGACATGGCGACCCACA 976  Zea may full-length ¢cDNA clone ZM_BFc0059G16 mRNA  BT055258. 1 Unknown Function  1.00E-72
SCoT36 AACCATGGCTACCACCAC 272 Jasmonate induced protein X82937. 1 Signal transduction 2. 00E-05
SCoT38 CACCATGGCTACCACCAT 942 NBS-LRR type disease resistance protein EF155654.1 Defense response 0

SCoT42 CAACAATGGCTACCACCA 533 3-ketoacyl-COA-synthase XM003558615. 1 Energy metabolism  1.00E-55
SCoT45 ACCATGGCTACCAGCGTC 934 Chitinase AJ010397. 1 Defense response 7.00E-31
SCoT48 CCATGGCTACCACCGCCT 547 Endo-1,3-beta-glucosidase XM003569714. 1 Energy metabolism 3. 00E-57
SCoT49 CAACAATGGCTACCACGA 1045  Cystein proteinase inhibitor EU965568. 1 Protein metabolism 5. 00E-137
SCoT52 ACAATGGCTACCACTGGC 968  Cyclin-like F-box NM001154502. 1 Protein metabolism 0

SCoT54 ACAATGGCTACCACTGCG 851 Zea may full-length ¢cDNA clone ZM_BFC0177122mRNA BT086526. 2 Unknown Function 0

SCoT56 CCATGGCTACCACTACCG 704 Proline-rich protein gene AF331851.1 Protein metabolism 1. 00E-36
SCoT57 CAACAATGGCTACCACGG 517 Beta4 tubulin(tub4) L10635. 1 Immune response 2.00E-179

Brassinolactone (BR) is a phytosterol hormone substance and
has important functions in plants. Studies have proved that BR can
regulate plant physiological metabolism, improve crop quality and
yield, and regulate processes of plant growth and development' ™.
In terms of improving plant stress resistance, BR can increase leaf
area, chlorophyll content and soluble protein content of wheat
growing under drought conditions'™'. SOD and CAT activities of
peanut leaves under drought stress were increased' ™’ | proline con-

tent of Apricot dalmatians was increased, and its drought resist-

097 It can be considered that

ance was significantly enhanced
when A. tuberosum leaves were infected by B. cinerea, BR urged
the generation of stress signal, induced a series of disease-resistant
substances in the plant to enhance the resistance of the plant, so
as to inhibit the growth of pathogenic bacteria. Therefore, these
genes related to plant defense response are preferentially ex-
pressed, which can be used as target genes to improve disease re-
sistance of A. tuberosum, so as to further explore their functions.

NBS-LRR gene is an intracellular receptor protein gene that
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contains nucleotide binding site (NBS) and leucine-rich repeats
(LRR), and is the most important class of disease-resistant
genes'"”!. In recent years, there have been many reports on the
studies on the homologous sequences of NBS-LRR resistance
genes. For example, some homologous DNA fragments of such re-
sistance genes have been obtained from rice'™®’ | soybean'"’ and
other plants, which have become candidate genes for resistance
genes. In this study, the NBS-LRR resistance gene was obtained
by using the cDNA-SCoT difference analysis technology, which in-
dicated that after the infection of B. cinerea pathogen, A. tuberos-
um could rapidly activate the defense system and improve the ex-
pression of some resistance genes through its own regulation ability
to resist the invasion of foreign bacteria.

In addition to the above related genes, many genes related to
biological and abiotic stress were also found in this study, inclu-
ding a-tubulin, B-tubulin, ABA stress mature protein, 60S ribo-
somal protein, proline-rich protein, jasmonic acid-induced protein
translation initiation factor eif-2b « subfamily, endogenous 1,3-3-
glucosidase enzymes. Accordingly, it is speculated that there may
be a mechanism of external stress resistance involved in protein
metabolism, signal transduction and other joint effects in A. tu-
berosum, and whether the expression of these genes will affect and
to what extent affect the resistance of A. tuberosum, or whether it

is the resistance gene of A. tuberosum, still need further study.

6 Conclusions

Using the ¢DNA-SCoT method, we successfully isolated 18
high-quality differential gene fragments, and performed homology
comparison and functional classification between the 18 differential
gene fragments and non-redundant database BLAST, mainly invol-
ving energy metabolism, defense response, signal transduction,
protein metabolism and other aspects. In this study, we
established the mixed CDNA-SCOT difference library of A. tubero-
sum leaves at different time points from 2 to 24 h after B. cinerea

infection.
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