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Abstract:- Even though jatropha holds enormous
potential as a biodiesel feedstock, there are still significant
obstacles that can be overcome before it can be
economically viable in many parts of the world. Jatropha
curcas develops anthracnose due to
Colletotrichumgloeosporioides and it affects each
genotype in a different way. A gene-expression profiling
study was performed with total RNA from two cultivars
of Jatropha curcas that had and did not have a
Colletotrichumgloeosporioides inoculation line in order to
identify potential candidate genes involved in pathogen-
plant interactions. There were 213 significant differential
gene expressions between the wild type 9-1 and RJ127
cultivar lines inoculated with
Colletotrichumgloeosporioides. A comprehensive analysis
of these genes provided information regarding the
signaling system, hormone biosynthesis and regulation,
transcription  regulation, and ubiquitin-mediated
proteolysis. Gene Ontology (G0O:0006952) annotations
were found for nine genes associated with defense
response, six orthologous genes were associated with
pathogen-plant interactions, and 27 transcription factors
were associated with fungus responses. The expression
levels of genes varied among cultivars when infected with
Colletotrichumgloeosporioides, according to gene
expression analysis. Transcriptome analyses were used to
diagnose candidate genes for transcription factors and
structural genes that may be involved in plant-pathogen
interactions in Jatropha curcas leaves of the cultivated
genotypes. These analyses provided new insights into the
defense mechanisms controlling infection associated with
cultivar Jatropha curcas 9-1. The structural genes and
regulators identified here can also be used as efficient
genetic markers for the selection of cultivars with
excessive defense mechanisms.
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I INTRODUCTION

Biofuels existed long before vehicles were invented.
The relatively modest gas and diesel prices have kept them at
the periphery for quite some time. The increase in oil prices,
as well as worldwide initiatives to combat the negative effects
of environmental change, have lent fresh urgency to the
search for spotless, sustainable [1]. Jatropha curcas (J. curcas)
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is a species endemic to Mexico and Central America and a
member of the Euphorbiaceae family [2]. The tropical plant
has extraordinary potential to produce biofuel for energy
crisis mitigation, environmental —management, and
sustainable production management in the future [3]. A
moderately small level genome ~320.5 MB for the RefSeq
version of J.Curcas, available in the NCBI genome J.curcas
Annotation Release 101, which syncs with the J. Curcas
database (JCDB) and contains gene functional annotation,
interaction networks, and expression matrices for use in J.
Curcas functional genomics research [4][5][6][7][8][9][10].
A case of anthracnose was reported on the J.Curcas plant in
2010 and 2011, which was the first known case of the disease
caused by Colletotrichumgloeosporioides (C.
gloeosporioides) on J.Curcas in Korea [11]. C.
gloeosporioides causes anthracnose, a serious Curcas disease,
causing damage to leaves, stems, and fruits, which adversely
affects the production and quality of seeds. Therefore, there
is a limitation to the improvement of the biofuel industry due
to parasitic diseases [12].

Improvements in innovation and strategies have allowed
fast and generally reasonable RNA-Seq dataset generation
over the decades [13]. As a result, RNA-Seq in various model
frameworks has become an undeniably well-known strategy
for transcriptome-wide changes. The development of
information examination has propelled improvements in open
access programs for quality control, mapping, and differential
expression (DE) investigation [14]. NCBI SRA database
contains raw data that can be downloaded from the NCBI
distributed research archive, which gradually transfers
distributed information to openly accessible files.
Researchers can now examine RNA-Seq information with
fewer obstacles, allowing them to make and test theories with
RNA-Seq data that have progressively different logical
foundations.

The present study compares the transcriptomic profiles
of four Jatropha samples from the NCBI BioProjects
PRINA254929 and PRINA254930 data using the Illumina
HiSeq 2500 platform to identify differentially expressed
genes related to resistance and susceptibility of Jatropha to
C.gloeosporioides. Based on these results, we can identify
some candidate genes for the resistance of two different
Jatropha genotypes against C.gloeosporioides, and gain
insight into the mechanism of Anthracnose disease on the two
genotypes of J. Curcas.

WWW.ijisrt.com 1135


http://www.ijisrt.com/

Volume 7, Issue 4, April — 2022

1. MATERIALS AND METHODS

A. Raw Data Retrieval From Rna Sequencing

This study used data from NCBI BioProject
PRINA254929 and PRINA254930. To investigate
differentially expressed genes, fresh leaf samples of J. curcas
strains RJ127 and Cultivar 9-1 had been artificially infected
or not with C. gloeosporioides. Following the manufacturer's
recommended protocol, RNA was extracted from control,
induced tissue of susceptible and tolerant lines after 2hr, 24hr,
96hr, and 144hr of infection. To retrieve data from NCBI, we
used SRAToolsKit 2.10.4.

B. Raw Data Processing And Mapping Of Reads To The
Reference Genome

To analyze the raw reads, we preprocessed them in fastq
format before analyzing them further. Trimming the raw fastq
reads was automated using the Trim Galore, which is a
wrapper tool around FastQC and Cutadapt to consistently
apply quality and adapter trimming. Default settings include
trimming all paired-end reads with a Phred score of less than
20, trimming only paired-end reads, and introducing an
[1lumina adaptor sequence for any sequence with a 5 base pair
overlap. This filtered high-quality read data was used for all
downstream analyses. STAR aligner with default settings was
used to align trimmed reads to J. curcas genome (assembly
JatCur_1.0).
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C. Identification And Annotation of Differentially Expressed
Genes (Degs)

Gene model GTF files were generated from combined
transcriptomic sequences by Cufflinks. Each transcript's
FPKM value was calculated across all samples. For each
sample, we used Cuffmerge to obtain a final GTF file. Using
Cuffdiff, we calculated the differential abundance of
transcripts among different samples/sites. In order to identify
the significance of an expression difference, we used p-values
of <0.05 and log2Ratios greater than 1. Our analysis of
significant genes with Gene Ontology (GO) uses Uniprot
database after obtaining locusIDs from Cuffdiff result with
uniprotIDs from the bioDBnet server.

1. RESULTS

A. Transcription Profiles Of Resistant And Susceptible
Cultivars Of J. Curcus Infected With C. Gloeosporioides
In this study, two cultivars of J. curcus reacted
contrastingly to the pathogen C. gloeosporioides. Four
libraries were developed from C. gloeosporioides infected
leaf tissues and non-inoculated leaf tissues to determine
which cultivars are receptive to C. gloeosporioides and to
design quality articulation designs (Table 1).

TABLE 1. CONTROLS AND SAMPLES INFORMATION OF J. CURCUS CULTIVARS

Abbreviation | Tissue Condition Description
Pool A Leaf |9-1 Control (resistant) | A Control was formed by pooling uninfected genotypes of J. Curcas and
tissue from tolerant lines 2, 24, 96, and 144 hours after infection.
Pool B Leaf |9-1 induced (resistant) | The induced tissue of tolerant lines collected after 2, 24, 96, and 144 hours
after infection was pooled as B induced with J. Curcas genotypes showing
tolerance to C. gloeosporioides.
Pool C Leaf RJ127 control A control group was made up of uninfected J Curcas genotypes, and tissue of
(susceptible) susceptible lines was collected after 2, 24, 96, and 144 hours of infection.
Pool D Leaf RJ127 induced The induced tissue of tolerant lines collected after 2, 24, 96, and 144 hours
(susceptible) after infection were pooled as D induced with J. Curcas genotypes showing
tolerance to C. gloeosporioides.

From total RNA isolates, cDNA libraries were synthesized to analyze the transcriptome of J. curcas. Illumina sequencing
platforms were subsequently used to sequence cDNA libraries. Following the filtering and trimming of low-quality reads and
adaptors, clean reads were mapped against the NCBI genome JatCur 1.0. Over 90% of the reads were uniquely mapped. The raw
data and the QC processed data are available in table 2. Short reads assembling software Star aligner was used to assemble these
clean reads. The FPKM method was used to calculate the expression levels of 25,515 genes based on the total mapped reads. An
indication of significant-quality from cuffdiff yields based on p values and FDRs after Benjamini-Hochberg correction was used to
identify response against C. gloeosporioide.

Table 2. Statistics of Sequence Output Of J. Curcas Cultivars

Samples | Raw reads | Raw bases | Clean Reads | Clean Bases | Valid ratio (base) | GC content (%) | Uniquely mapped
(%)
Pool A | 45280396 4573319996 | 44402527 | 4377837709 95.7% 43% 92.89%
Pool B | 37461637 3783625337 | 36842449 | 3632603350 96.0% 43% 92.40%
Pool C | 51169379 5168107279 | 49898983 5003568089 96.8% 43% 94.12%
Pool D | 38496992 |3888196192| 37317006 | 3678977234 94.6% 43% 91.04%
IJISRT22APR1461 WWW.1jisrt.com 1136



http://www.ijisrt.com/

Volume 7, Issue 4, April — 2022

B. Dges Profiles In Response To C. Gloeosporioides Infection

International Journal of Innovative Science and Research Technology

ISSN No:-2456-2165

» Profile Of Gene Expression In Control Cultivars Versus C. Gloeosporioides Infected Cultivars

A total of 160 significant DGEs were identified between the resistance control the 9-1 cultivar and its inoculated libraries
(PoolA vs PoolB). Out of 104 annotated genes, 101 were up-regulated while 3 were down-regulated. In the comparison between
RJ127 and the inoculated libraries, 116 DGEs were identified out of 83 annotated DGEs, of which 77 were upregulated and 6 were
downregulated (Table 3).

» Dge Profiles Of Both Cultivars In Control Samples
In the comparison between the resistant control and susceptible control, 94 significant DGEs were found out of 58 annotated
DGEs, 46 of which were upregulated and 12 were downregulated in the RJ127 cultivar sample compared to the 9-1 cultivar

sample(Table 3).

» Dges PROFILES OF BOTH CULTIVARS WITH C. GLOEOSPORIOIDES INFECTION

Based on the comparison of the inoculated 9-1 cultivar and the RJ127 inoculated cultivar, 88 significant DGEs were identified
out of 63 annotated DGEs, in which there were 53 up-regulated genes and 10 down-regulated genes(Table 3). Overall, the number
of DGEs was significantly higher in the 9-1 cultivar than RJ127 in Response to C. gloeosporioides Infection.

C. Gene Ontology (Go) Annotation
An outline of the utilitarian categories associated with infection-associated DGEs was developed using the Gene Ontology (GO)
assignments within the UniProt database [ Fig. /b]. A total of 78 annotated DGEs associated with 9-1 and its inoculated libraries had
been classified in the GO database, whereas 63 annotated DGEs associated with RJ127 and its inoculated libraries had been
classified in the GO database. A venn diagram [Fig. /a]that depicted the DGEs results from all 4 pools made it evident that unique
as well as shared DGEs were distinguishable among, and between, sets.

TABLE 3. DGES IN DIFFERENT GROUPS

log2(fol
UniProt d Regulatio log2(fold_change Regulatio log2(fold_change Regulatio
Gene names Accession change) | n (PoolA ) PoolA vs PoolC n  (PoolA ) PoolC vs PoolD n (PoolC
PoolA vs PoolB) vs PoolC) vs PoolD)
vs PoolB
J1CGZ—1431 AOAO67K8D2 | -2.91851 | Down
Q8VYUO -1.71861 | Down
J1CGZ—154O AOAOB7LNKS | -1.62426 | Down
2CGZ213 | AoA67IATA | 142747 | UP
2°C20705 | A0A67KNUS | 1.44722 | UP
J0GAAT0 | Aoao67IQWS | 151161 | UP
WRKY57
S5CFW3;
éCGZ_O33O S50S97 1.54828 | UP
C9EOES8 1.55778 | UP --- ---
30671838 | AoA067K4SO | 156653 | UP
JCGZAOTS | A0ABTIVTS | 157314 | UP
2062109 | A0A067KG70 | 163609 | UP
JCGZ2457 | A0AO67LOCO | 16536 | UP
102 | aoposTavao | 165432 | P
G733 | M0AGTIHRS | 1.68004 | UP
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log2(fol
G UniProt d Regulatio log2(fold_change Regulatio log2(fold_change Regulatio
ENeNAMES | Accession change) | n (PoolA ) PoolA vs PoolC n (PoolA ) PoolC vs PoolD n (PoolC
PoolA vs PoolB) vs PoolC) vs PoolD)
vs PoolB
G710 | poposTLavA | 168064 | UP
K623 | pomosTKAL2 | 170613 | UP
3 0792 | poposTIFe3 | 174402 | UP
10621004 | aomos7LCO7 | 174905 | UP
1002190 | AonosTKFT8 | 1.84620 | UP
WRKY51
JCGZ_1435 | S5CKC9 18522 | UP
3
2062029 | pomos7LIF8 | 185487 | UP
o C729%0 | A0A67LILY | 187466 | UP
G725 | A0AO6TKIVO | 188759 | UP
(G720 | Aoao67L091 | 189331 | UP
o C72 | Aoaoe7Le78 | 1.93896 | UP
JCG2A32T | Aoaoe7KECL | 1.97321 | UP
1070970 | Aopos7LAGY | 1.97504 | UP
20C20205 | Aoao67KV70 | 1.99654 | UP
LOX2
JCGZ_1670 | ADAOG7LAMS | 2.00344 | UP
8
2°C20874 | Aoao67KIPG | 2.08499 | UP
10620927 | Aoaoe7KIYS | 2.10078 | UP
2G2S | A0ABTAHO | 2.11164 | UP
WRKY47
JCGZ_1433 | S5CKC4 211916 | UP
2
WRKY08
JCGZ_0040 | MITNQS5 220164 | UP
0
3 O70T83 | AomosTKFVO | 221122 | UP
éCGZ—O392 AOAO67L6T7 | 223813 | UP
JCGZ2488 | AoAO67LOX2 | 2.24577 | UP
3 070292 | pomos7LCX8 | 227533 | UP
007190 | poposTazks | 2.27653 | U
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log2(fol

G UniProt d Regulatio log2(fold_change Regulatio log2(fold_change Regulatio
ENeNAMES | Accession change) | n (PoolA ) PoolA vs PoolC n (PoolA ) PoolC vs PoolD n (PoolC

PoolA vs PoolB) vs PoolC) vs PoolD)

vs PoolB
o C728 | A0A067Kx45 | 2.30864 | UP
2C7O10L | popos7Lad9 | 231447 | UP
éCGZ—1965 AOA067JYJ8 | 2.3289 | UP
WRKY28
JCGZ 0709 | S5CFS7 2.33565 | UP
1
o CAOM | Aoaoe7iTw | 2.34832 | UP
3 C7870 | oao67Kx47 | 23508 | UP
o C7932 | Aoao67KRX2 | 2.37089 | UP
2 C793 | A0A67KHSO | 2.41079 | UP
2 CAM | moaoe7as | 2.42250 | UP
o C20T0 | oao67LEPT | 25308 | UP
10620044 1 noaoe7aTI6 | 2.62832 | UP
PAL4
JCGZ_0745 | AOAO67KCD4 | 2.71673 | UP - -t - -
2
1067 0281 | AOATGTLOW |, 35759 | up
G714 | A0ABTKAGT | 3.0316 | UP
30202 oaoe7Len | 3.16631 | UP
10622495 | A0AB7KXSO | 3.36643 | UP
%CGZ—1444 AOA067JXI1 | 3.38977 | UP
2CGZA0L | Aoao67LOMO | 3.30243 | UP
1062108 | Aoao67LHA4 | 345701 | UP
10622007 | oao67azT2 | 357000 | UP
30624518 | Aoao67LDLO | 361511 | UP
20621894 | Aoa067av70 | 3.99563 | UP
3070902 | popos7KTIL | 42537 | P
2CGZO75T | AOAOBTKNYS | 452088 | UP
107207 | poposTK136 | 477342 | UP
o O72%0 | ponos7Le77 | 512327 | P
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log2(fol
G UniProt d Regulatio log2(fold_change Regulatio log2(fold_change Regulatio
ENeNAMES | Accession change) | n (PoolA ) PoolA vs PoolC n (PoolA ) PoolC vs PoolD n (PoolC
PoolA vs PoolB) vs PoolC) vs PoolD)
vs PoolB
o C7% | Aoaoe7LeEG | 530230 | UP
3 C729% | AoA67INLY | 3.04133 | UP 9.04184 Up
JCGZ_1894
2
JcGZ 1804 | ADAGBTIVFO | 373651 | UP 400984 Up
4
071 | ponosTina0 | 3538 | P 370795 Up
G205 | AonosTL2R? | 2.27356 | UP 3.53599 Up
207220 | poposTK243 | 2.95120 | UP 3.12113 Up
2 C7P08 | A0A067IKKS | 2.70873 | UP 2.85497 Up
CLAL
JCGZ_2301 | AOAOBTLHXL | 2.29141 | UP 284838 Up
2
2 CAA24T | AoAO67KIB2 | 166776 | UP 2.46842 Up
2C20 | Aoaoe7IGE3 | 273234 | UP -2.77065 Down
5 O707L | Aopos7KCSS | 183993 | UP -3.28346 Down
20620408 | aoaoe7L3VA | 221330 | UP -3.86326 Down
écc;z_1739 AOAO67LMZ1 | 2.91394 | UP 2.17882 Up -2.69737 Down
éCGZ—1581 AOAO67L2E4 | 2.11219 | UP 2.45413 Up -2.28623 Down
2C2A4L | A0A67IB04 | 149165 | UP 155317 Up
10622384 | A0AOB7LFLS | 1.60033 | UP 14277 Up
WRKY07
JCGZ_1668 | MITGBS 174768 | UP 161453 Up
4
20071089 | noaoe7LEAS | 177871 | UP 245938 Up
)06z 1828 | Aoao671zG6 | 1.78904 | UP 1.76848 Up
20022005 | Aoa067IRTS | 1.80388 | UP 171348 Up
2072021 | popos7iTUS | 181124 | UP 164682 Up
2oCZA03 | Aoaoe7LTTE | 182742 | UP 1.71468 Up
20621138 | A0A067KGNO | 1.84507 | UP 161488 Up
3 O7OL | Aonos7LCT3 | 184923 | P 182433 Up
2020877 | Aop067KMO6 | 1.87745 | UP 168813 Up
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log2(fol
G UniProt d Regulatio log2(fold_change Regulatio log2(fold_change Regulatio
ENeNAMES | Accession change) | n (PoolA ) PoolA vs PoolC n (PoolA ) PoolC vs PoolD n (PoolC
PoolA vs PoolB) vs PoolC) vs PoolD)
vs PoolB
o CAFH | AoA67IBVO | 191043 | UP 171733 Up
207207 | pop06TINGT | 2.01654 | UP 151071 Up
7°C7=1587 | noaos7LADO | 2.0847 | UP 1.99865 Up
1002210 | Aop0sTIMRL | 2.15307 | UP 217196 Up
o C7%0 | Aoaoe7KZI1 | 2.16436 | UP 2.72198 Up
o C79%0 | RanHRY 230741 | UP 1.92321 Up
WRKY27
JCGZ_2699 | SSCKF6 231891 | UP 171705 Up
0
2 C7%7 | AoA67LADS | 2.32451 | UP 2.38589 Up
10620395 | pomos7LEZ5 | 2.35703 | UP 1.87669 Up
o C71980 | AoA67KYX4 | 2.41251 | UP 256576 Up
GRASI7
JCGZ_0078 | AOAO6TL3E6 | 2.53187 | UP 1.85568 Up
,
107087 | popos7KIQL | 3.10243 | UP 2.36395 Up
70020980 | oaoe7L249 | 3.42307 | UP 3.20016 Up
WRKY54
JCGZ_2047 | S5CKDA 4.05806 | UP 3.42691 Up
2
1G22 | A0A06TIMQS | -4.62991 Down
20020055 1 aoavs7iGTs | 454832 Down | -
2062009 1 Aoaos7LOKI | 355157 Down | -
20622398 | poasTIMTY | -3.05669 Down
2062064 1 oave7LIVL | 263614 Down | -
DHAR
JCGZ_0658 | RIQAK3 -2.40991 Down
9
2072905 | pomopTIRUL | -2.18077 Down
2CGZ2078 | A0A067LBB3 | -2.16355 Down
2002249 | AoA0B7LIXS | -1.97304 Down
70620020 | A0m067LDY6 | -1.86521 Down
o O71070 | ponoe7Lass | -1.6963 Down
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log2(fol _ ) i
Generames | WIPIOL | hange | (oo | 1920000 | o Fpeln | 5204 e | ponc
PoolA vs PoolB) vs PoolC) vs PoolD)
vs PoolB
HCGZI05 | A0m067K203 | 15609 Down
0070332 1 noaoe7igss | 154494 Up
2 C7-0%8L | Aomoe7KIWT | 1.69431 Up
o C729% | aoave7KaYE | 173078 Up
106225901 pomosTawDs | 1.73781 Up
o C7107 | Aoave7KIG2 | 1.75928 Up
2070922 | aoaoe7KzZAG | 1.92552 Up
307192 | A0A067KBES | 1.95642 Up
2 CAPT | oaoe7LOAT | 2.00783 Up
(0710 1 aoace7izrs | 22488 Up
00622245 | A0A0BTIQKE | 2.28603 Up
2021832 | aoaos7KCA2 | 2.30001 Up
367033 1 aoacs7iD10 | 257497 Up
307230 | pomo6TiHES | 2.72935 Up
30775 | Aoaos7K2B0 | 276153 Up
20020254 1 poaoe7LATT | 27958 Up
3072482 | A0A067LIQD | 3.19224 Up
20670889 1 Aoaoe7KKT2 | 3.78448 Up
20620219 1 aoave7LEVL | 4.03899 Up
RHF G9DD71 288633 Down
ICGZ 255 | pongeraHgn | 223663 Up
ICGZ 2154 | popo67iNs | — 223891 Up
ICGZ_1209 | popoe7KIXT | — 225554 Up
ICGZ 2610 | popoe7arimo | — 230378 Up
ICGZ18% | popoeravi | — 243708 Up
ICCZ 2602 | poposrompa | — 247485 Up
ICCZ LT | popoarians | — 249398 Up
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log2(fol _ ) .
Generames | WIPIOL | hange | (oo | 1920000 | o Fpeln | 5204 e | ponc
PoolA vs PoolB) vs PoolC) vs PoolD)
vs PoolB
éCGZ_1017 AOAOETLGI0 | - 2.50453 Up
éCGZ_OOGG RANSK? 2.55145 Up
éCGZ_2109 AOAOBTKICS | 2.58763 Up
éCGZ_2110 AOAOG7KIDY | - 2.63856 Up
%CGZ_0686 RANFRS 2.67368 Up
%CGZ_0777 9A0A067 KGW | 2.69994 Up
JHLO6P13.1
6 62 o616 | ESNUCS 2.70501 Up
4
%CGZ_1547 AOAOGTLBY7 | - 2.73333 Up
éCGZ_0477 AOAOGTKT36 | 2.81096 Up
;CGZ_1609 AOAOG7LBIL6 | — 2.93859 Up
%CGZ_OGGO AOAOG7LCES | — 2.97213 Up
J5CGZ_O781 AOAOGTKR22 | - 2.98905 Up
iCGZ_2632 AOADTIIAT | —— 3.09123 Up
éCGZ_2176 AOAOB7IMRA | - 3.1424 Up
éCGZ_OgOO AOAOBTKHES | - 3.19027 Up
écez_0721 2A0A067 KMZ | 3.20441 Up
éCGZ_2687 AOAOG7LO086 | - 3.23976 Up
;CGZ_0563 AOAOBTLHUS | - 3.34604 Up
J5CGZ_0119 AOAOGTLIS2 | — 3.39571 Up
éCGZ_2189 AOAOBTIEES | 3.42101 Up
SAM
;cez_2247 K9UUNG 3.45222 Up
;CGZ_OO?S AOAOBTKSIO | - 3.58836 Up
;CGZ_1232 AOAOBTKASS | - 3.61842 Up
éCGZ_0086 AOAOBTKSBE | - 3.62234 Up
%CGZ_O463 AOAOBTLIKA | 3.65871 Up
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log2(fol _ ) .
Generames | WIPIOL | hange | (oo | 1920000 | o Fpeln | 5204 e | ponc

PoolA vs PoolB) vs PoolC) vs PoolD)

vs PoolB
%CGZ_2641 AOAO67IF8S | —-- 3.68785 Up
éCGZ_1867 E2CXJ0 — — --- 3.77831 Up
%CGZ_0755 AOAO67KCN2 | —-- 3.86772 Up
%CGZ_1851 AOA0S7KAHL | —-- 3.88523 Up
iCGZ_2069 AOAO67IRS? | —-- 4.00472 Up
%CGZ_0142 AOA067L934 | - 4.03707 Up
iCGZ_0484 AOAOSTKTED | - 4.06179 Up
éCGZ_2553 AOAOG7IX93 | - 4.08249 Up
iCGZ_BM AOAOG7KDF3 | —- 411712 Up
iCGZ_1563 RANT7L5 — — - 4.11958 Up
%CGZ_1583 AOAO67LBD6 | --- 4.15701 Up
éCGZ_lOll AOAO67LN77 | —-- 4.2811 Up
WRKY35
éCGZ_2168 S5CH50 4.30072 Up
éCGZ_2444 AOAQ67JZ76 | --- 4.40172 Up
;CGZ_1138 AOAO6TKTI2 | - 4.45745 Up
iCGZ_1028 AOAOG7LPIO | --- 4.5021 Up
;CGZ_0215 AOAOBTKVCS | --- 4.62141 Up
%CGZ_ZOSO AOAO67IMZO | —-- 4.62345 Up
iCGZ_2164 AOAO67JEHY | —-- 4.84044 Up
éCGZ_2227 AOAO67K3CE | --- 4.86939 Up
;CGZ_1248 AOAO67KEZ9 | --- 4.90456 Up
;CGZ_0348 AOAO67KURO | —-- 4.96825 Up
;CGZ_0714 AOAO67KBHA | --- 5.24689 Up
icez_zzse AOAOGTLES? | - 5.31491 Up
choz_0077 AOAOGTLAIE | - 5.35103 Up
écoz_zlzs AOAOGTIALS | - 5.40441 Up
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log2(fol
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PoolA vs PoolC

PoolA vs PoolB

Fig I: Gene ontology distribution: Gene ontology
distributions for DGEs of J curcas related to plant physiology
of the molecular function, cellular component, and biological
process. Figure la: Venn Diagram of DGEs genes in all 4
pools. Figure 1b: Gene ontology distributions for DGEs of J

PoolC vs PoolD

PoolB vs PoolD

Figure a

Fig 1: Gene ontology distribution

curcas. A gene may be associated with several GO terms.
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D. Go Terms For Defense Response Gene Ontology
(Go:0006952)
Gene Ontology term GO:0006952 was assigned to nine
genes for defense response. Five DGEs were annotated when
9-1 cultivar and its inoculated libraries were compared. When

comparing RJ127 cultivar and its inoculated libraries, | DGE
was annotated with GO:0006952. A total of two DGEs were
annotated for both controls and 4 genes for both infected
cultivars (Fig. 2).
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Fig. 2: DGEs of Gene Ontology [GO:0006952]:DGE distribution for

E. Pathway Enrichment Analysis

Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathways were identified according to DGEs with a corrected
p < 0.05. A total of 72 KEGG pathways were significantly
enriched, of which 17 were enriched when 9-1 cultivar and its
inoculated libraries were compared, 46 were enriched when
RJ127 cultivar and its inoculated libraries were compared,
while 33 were enriched in control samples for both cultivars
were compared e.g. 9-1 cultivar compared with RJ127
cultivar without inoculation, while 31 were enriched both
cultivars with C. gloeosporioides Infection i.e. 9-1 cultivar
compared with RJ127 cultivar with inoculation were
compared, while 5 are enriched all the time (fig. 3). DGEs

l

|Number of Orthology

r

fungi.

5
ICGZ_18942 JCGZ_18944 n
4
3
JCGZ_18737
2
1
JOGZ_25989
o
-1
JCGZ_18945 -

JCGZ_18946

JOGZ_01313

Unknown

JOGZ_ 15401

JCGZ_13243

1004 5A°2100d

GO0:0006952 to understand the defense response against

related to 'Plant metabolism' (KOO01100) had the highest
representation, followed by DGEs for 'Secondary metabolite
biosynthesis' (KOO01110), then those for 'Plant-pathogen
interactions' (KO04626), 'Plant hormone signal transduction'
(KO04075), 'Phenylpropanoid biosynthesis' (KO00940), and
'MAPK signaling pathway — plant' (KO04016).

These findings suggest that J curcus has adapted a range
of molecular defenses that prevail in disease, and C
gloeosporioides contamination causes predominant changes
in numerous metabolic pathways. The process is clearly
complex and is likely to be regulated by a number of
pathways, such as the plant-pathogen interaction.

IKegg Pathways and Orthology |

8
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Fig. 3:KEGG pathways and Orthology
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F. Dges Involved In Plant-Pathogen Interaction

Based on fig. 4, there were 4 gene orthology WRKY?33,
WRKY22, CML and KCS were significantly upregulated
when 9-1 cultivar and its inoculated libraries were compared
however CML is downregulated when RJ127 cultivar and its
inoculated libraries were compared. The related KEGG map

International Journal of Innovative Science and Research Technology
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id is KO 04626.When we were looking resistant control with
susceptible control comparison, there WRKY33 and RBOH
were significantly upregulated and HSP90A was
downregulated. While we compared -cultivars with C.
gloeosporioides Infection CML is upregulated in 9-1 cultivar.
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Fig. 4: KO:04626 related orthology regulation

G. Tfsrelated To C. Gloeosporioides Responses

TF families, such as WRKY (a conserved N-terminal
sequence of WRKYGQK in conjunction with TF a Zn finger-
like motif), NAC (a (N-acetyl cysteine), AP2/ERF

(APETALA2/ethylene with a Zn finger-like motif.), bHLH
(basic (homeodomain-leucine helix-loop-helix), HSF (heat
shock transcription factor) play vital roles in regulating plant
resistance mechanisms under abiotic stress.
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Fig. 5: TFsResponse Against C. gloeosporioides
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In the present study, when 9-1 cultivar and its inoculated
libraries were compared, 17 TFsfrom 4 families and one TF
from an unknown family were detected. The RJ27 cultivar
and its inoculated libraries showed seven TFsfrom four
families. A comparison of resistant control with susceptible
control revealed five TFsfrom three families and three from
an unknown family. When inoculated libraries of the 9-1
cultivar were compared with inoculated libraries of the RJ127
cultivar, nine TFsfrom three families were identified. Figure
5 illustrates the expression of the related TFsin J.curcus
induced by C.gloeosporioides.

IV.  DISCUSSION
The pathogen Colletotrichum is one of the most

important causes of anthracnose on trees, grasses, and a range
of other types of plants[15]. There have been few studies of

J.Curcus for disease resistance mechanisms against C VI.

gloeosporioides that could provide insight into anthracnose
[16]. In this study, gene expression levels were compared
between two cultivars of J.Curcas leaves subjected to
C.gloeosporioides infection and those grown without the
pathogen. A total of 308 DGEs were identified.

In plants, inborn resistance is activated by means of the
reaction of PRRs (pattern-recognition receptors) to PAMPs
(pathogen-associated molecular patterns), along these lines
giving the principal line of inducible pathogen-related
molecular PTT (PAMP-triggered immunity), further it triggers
MAPK (Mitogen-activated protein kinase) signaling pathway
that activates defense genes for antimicrobial compounds. In
our study MAPK signaling pathway genes, those responsible
for early/ late response of pathogen infection and cell death
due to pathogen attack were upregulated in 9-1 J. curcas
cultivar. In RJ-127 cultivar genes related to stress adaption
signaling and defense response activated by ethylene
signaling were upregulated when both cultivars were infected
by C.gloeosporioides. Expansion in the cytosolic Ca2+
fixation also acts as a controller for the creation of receptive
oxygen  species and  limited customized cell
death/hypersensitive reaction. Ca2+ fixation genes from
plant-pathogen interaction induced stomatal closure were
upregulated in inoculated 9-1 cultivar.

Plants can incite transcription factors to DNA groupings
as a technique for changing in accordance with natural and
abiotic stresses [17]. Pathogen-reaction qualities, for
example, WRKY, assume urgent jobs in plant reactions. The
WRKY family has been recognized in the plant realm, and
diverse WRKY families are found in higher plants [18]. The
transcript investigation uncovered that the WRKY transcript
gets upregulated because of saltiness, parchedness, salicylic
acid (SA), methyl jasmonate (MeJa), and the collar rot fungus
Macrophomina[19]. Similarly, AP2/ERF transcription factors
assume critical jobs in plant development, improvement and
reactions to biotic and abiotic stresses [20]. In this study,
certain DGEs encoding WRKY and AP2/ERF transcription
factors exhibited different expression patterns, and we found
that WRKY transcripts were accumulated in response to C.
gloeosporioides(Fig. 5).
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V. CONCLUSIONS

Using Illumina sequencing technology, a total of 25,515
genes were obtained and annotated. Analyzing the DGE
library provided comprehensive, valuable information
regarding the defense mechanism against anthracnose in J.
curcas. The expression pattern analysis using RNA-Seq
suggested the following: WRKY transcription factors,
calcium-binding protein CML and KCS; 3-ketoacyl-CoA
synthase upregulation activated defense-related genes
induction in 9-1 cultivar which contributes to defense
mechanism. Overall, our data provide valuable new clues and
information about the C. gloeosporioides induced
anthracnose in 2 different cultivars of J. curcas, and further
study on the anthracnose-related genes will be helpful in
elucidating the defense mechanism of J. curcas.
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GO: Gene ontology

SRA: Sequence read archive

DGEs: Differential Gene Expression
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