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ABSTRACT
Punica granatum L. is a valuable fruit tree that exhibits favorable genetic diversity in Iran.

The investigation of genetic diversity is the basis of plant breeding and is of particular
importance. For this purpose, 38 morphological and pomological traits of 30 pomegranate
genotypes were evaluated over two consecutive years. The results indicated that the
genotypes displayed a high diversity in the studied traits, with the exception of the presence
of anthocyanin in the branch of this year, aril color, fruit size, fruitful flower size, and
intermediate cut of the leaf. The physiological disorder of fruit skin sensitivity to bursting
had a positive correlation with fruit skin sensitivity to sunburn, but it showed a negative
relationship with fruit skin thickness and tree mean yield. A positive correlation was
observed between fruit size and fruitful flower size, and between fruitful flower percentage
and flower position. The results of the principle component analysis revealed that the
characteristics of fruit skin sensitivity to bursting, tree mean yield, fruit skin thickness,
flower position, and fruit shape were the most key traits in determining the diversity
between the studied genotypes. Based on the results of cluster analysis, the genotypes were
divided into three groups, and the first group included genotypes with the lowest fruit skin
sensitivity to bursting and sunburn. Among the cultivars studied, Rabab Malas Fars, Garch-
shahvar, Shahvar-ghasrdasht, and Malas-Yazdi could be considered superior and desirable
cultivars due to their low sensitivity to bursting and sunburn, as well as their high fruit
number and tree yield. The results of this study indicated that utilizing morphological and
pomological traits through detailed statistical analyses can aid in the identification and
selection of superior pomegranate genotypes. This approach can facilitate the improvement
of breeding programs and enhance the productivity of this valuable crop.
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ABSTRACT

Brassinosteroids are steroid hormones that are essential for the growth and
development of plants and play a significant role in plant responses to stress. This
study delves into examining how 24-epibrassinolide influences seedling indices,
physiological and biochemical traits in specific lettuce genotypes under drought
stress. The factorial experiment was conducted using a completely randomized
statistical design with four replicates at the research laboratory of plant physiology,
Faculty of Agriculture, Agriculture and Natural Resources Campus, Razi
University, Kermanshah, Iran in 2023. The experiment included two selected
lettuce genotypes, namely Icy and Romaine, as the first factor. The second factor
comprised seed pretreatment at four levels of priming with 24-epibrassinolide (0,
50, 100, and 150 uM), while the third factor consisted of drought stress at four
levels (0%, 10%, 20%, and 30%) induced by mannitol. The assessed traits
encompassed germination rate, root length, stem length, Relative Water Content
(RWC), total sugar content, total phenol content, and flavonoid content.
Comparative analysis of average traits revealed that the levels of biochemical
traits, specifically total sugar (0.480 mg/l), phenol (460.83 mg/l), and flavonoid
(1.047 ng/l), escalated with higher levels of drought stress. Principal component
analysis indicated that the first two components elucidated 64% of the variations.
The findings suggest that priming with 150uM of 24-epibrassinolide hormone is
advisable to attain the highest seedling indices in lettuce. According to the results
obtained in this research, the Romaine line is introduced as the best line in drought
stress conditions.
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Figure 1. Triple interaction effects diagram for the traits studied in selected lettuce lines under drought stress conditions
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Continue the Figure 1. Triple interaction effects diagram for the traits studied in selected lettuce lines under drought
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Continue the Figure 1. Triple interaction effects diagram for the traits studied in selected lettuce lines under drought
stress conditions.
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ABSTRACT
Rice, as the primary food source for a large portion of the global population, holds

significant strategic importance worldwide. Variations in the availability of
elements such as nitrogen can greatly impact rice production. Nitrogen is crucial
for rice growth, development, and performance by influencing various
physiological and biochemical processes in plant cells. Considering the importance
of the role of nitrogen, the aim of this research was to identify key genes, study
biological pathways, and analyze important protein-protein interactions in rice
under nitrogen deficiency stress. In this regard microarray expression data sets
were extracted from the NCBI database, and differentially expressed genes
between control and stress conditions were identified. Using DAVID online tools,
the molecular functions, pathways, and biological processes related to these genes
were investigated. Cytoscape software was used to construct a gene network, and
ten key genes were identified. The study revealed that signaling pathways and
amino acid production are prominently activated in the initial hours of nitrogen
stress. Under nitrogen deficiency, the expression of genes involved in iron ion
transport and amino acid biosynthesis significantly increases. The synthesis of iron
ion transporters is crucial for photosynthesis in plant leaves, contributing to the
balance and stability of photosynthetic products and leading to changes in the
plant's morphological characteristics and performance. It is expected that these key
genes can be used in breeding programs to deal with nitrogen deficiency stress.

KEYWORDS
Bioinformatics analysis, Gene expression, Iron ion transporter, Microarray, Protein-protein
network.
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Figure 4. Metabolic pathways for down-regulated genes six hours after the beginning of nitrogen deficiency
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ABSTRACT
Cyanobacteria improve soil fertility and organic product productivity by

synthesizing growth-promoting substances, phosphate solubilization, and
biological nitrogen fixation. We investigated the effect of eight various
cyanobacterial strains on the germination-stage development of three different rice
varieties namely Fajr, Roshan, and Tarem. The ammonium transporter (AMT)
gene family was studied because ammonium is the most favored form of nitrogen
that flooded rice can absorb. The majority of the experimental parameters were
considerably impacted by cyanobacteria. In contrast to the qualitative cultivar
Tarem Hashemi, germination characteristics were considerably enhanced when
eight cyanobacteria strains were co-cultivated with two high-yielding cultivars,
Roshan and Fajr. The amounts of nitrate and ammonium were highest in strain 7,
with concentrations of 0.08 pg/ml and 0.010 pg/ml, respectively, out of the eight
strains tested for nitrogen excretion. In silico analysis discovered 12 gene loci and
15 OsAMT isoforms in the rice genome. Examining the OSAMT gene family
members in protein domain-specific databases revealed that all of the examined
genes (excluding OSAMT3;4) include an ammonium-transporting protein domain.
Three groups of OSAMTS were identified based on their gene structures and
evolutionary relationships; each group shared common motif patterns and
exon/intron order. The identification of active and inactive OSAMT genes in
bioinformatic analysis could bring new insights into functional genomics studies of
the rice ammonium transporter gene family, particularly in co-cultivation with
cyanobacteria.
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Figure 1. Primary purification steps of cyanobacteria in the microbial bank of Tabaristan Agricultural Biotechnology and
Genetics Research Institute, Sari University of Agricultural Sciences and Natural Resources.
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Table 2. Analysis of variance Cyanobacteria in rice cultivars.
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. . = * o ¢ - Germination degree of s £ ch
Fresh weight of Dry weight ofa  Root to stem Root Stem Germination percentage freedom ources of change
single plant single plant length ratio length length speed
1.523%* 0.00015%* 4.45%% 16990.24**  28.43 ns 217.63%* 17187.50%* 2 cultivar o8,
0.0093%** 0.000091%** 0.39%* 1944.34%%  240.31%* 2.22%* 339.14%* 8 strain 4, gw
Qg ) 08 I
0.0142%* 0.000099%** 0.16%* 616.16**  16.44 ns 1.65%* 185.72%* 16 Effect of cultivar on
strain
Sy gy
1.29 4.92 12.38 11.22 5.84 5.09 6.91 coefficient of
variation

**: Significant at 5% and 1% probability levels ,ns: Not significant
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Figure 2. Measurement of germination parameters A: Germination percentage B: Germination rate P: Stem length T:
Root length C: Root to stem length ratio J: Dry weight H: Fresh weight.
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Table 3. Interaction effects Strain and cultivars on germination parameters
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Fresh weight Dry weight of a8lw 4 root Germination Germination strain
of single plant a single plant Root to stem length speed percentage
length ratio
0.46g® 0.013hij® 0.63gh© 39.33i© 8.16b® 100.0a® Control Jyus
0.41h™ 0.014efg™® 0.35jk1PP 18.66mp™ 9a® 100.0a Strain 1 Vag.
0.63a" 0.007m® 0.84f® 56.33fg® 8.5ab™ 100.0a Strain 2 Yaz. .
0.55¢© 0.016d 0.81f® 53.66g® 6.8cd” 77.77ef® Strain 3 e ’}
0.38jk® 0.01119 0.25k-0"® 13.60pq®™ 6.5de®™ 83.33cde™ Strain 4 ¥4, 8
0.616® 0.0072mn" 0.84f® 51.00gh® 7.2¢9 88.89bc© Strain 5 deg. 2
0.51d™ 0.024b" 1.11de®™ 69.33de™ 8.33b 94.44ab® Strain 6 £49. “
0.50¢® 0.015de®™ 0.52hi®® 32.33jk© 9a® 100.00a® Strain 7 Vg
0.49f® 0.020c® 0.86" 53.86g® 8.41b® 97.22a“® Strain 8 Axg.
0.408i® 0.016d 0.72Fg® 44.00hif® 6.66cde™® 66.67g© Control ;s
0.460g™ 0.013ghi® 1.57a® 92.00a 8.58ab™ 86.11cd® Strain 1 Vege
0.3441® 0.004r” 1.28bc®” 85.66ab™? 8.08b™ 86.11cd® Strain 2 Ya g .
0.310n 0.0111® 1.366® 88.00ab™? 6.25¢© 75.00£®° Strain 3 Yap. *
0.377k® 0.0101 0.221-0" 11.33pq® 8.58ab™ 86.11cd® Strain 4 fa,5.0 E
0.387;© 0.006n0® 1.24bcd®© 73.33cd© 8.08b™ 80.55def* Strain 5 b4y é
0.323m® 0.012jk® 1.23bcd®© 81.00Bcb© 6.91cd® 75.00£50 Strain 6 $4,9.
0.3431® 0.005qr® 1.00e® 63.33¢f® 8.16b® 88.89bc™ Strain 7 Yage
0.2070™ 0.007mn® 1.16cd” 74.66cd© 8.16b™ 88.89bc™ Strain 8 Aag
0.0322rs 0.00600p™ 0.329j-m“5) 19.001-p® 2.41h© 30.55m®™ Control s
0.0414q® 0.0052pq™ 0.1470® 8.00¢” 2.83gh®® 38.89k1P) Strain 1 Vag
0.0365qrs© 0.0049qr™ 0.328j-m“5) 22.33lmn*® 2.5h© 50.00j“P) Strain 2 Yz .
0.0249t® 0.0141fgh® 0.29j-n" 20.331-0® 2.83gh®® 33.33mI® Strain 3 a5, :}
0.0309st™ 0.0149¢f® 0.166n0™ 8.46q" 2.75gh®9 52.77hi*® Strain 4 fag. .§
0.0365qrs© 0.0260a* 0.202mno™” 13.000pq“” 3.66f* 44.44jk®9 Strain 5 deg. §
0.0306st™ 0.0123k®™ 0.376jk“® 26.33klm™ 3.08¢® 58.33h® Strain 6 $4,g.
0.1038p9™ 0.0048qr™ 0.273j-0” 17.66n0p®° 2.66gh® 38.89k1D Strain 7 Yayg.s
0.0373q" 0.0130ijk> 0.397ij®™ 26.66k1™ 3.75(% 58330 Strain 8 Ay
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1: Cultivar Fajr 2: Cultivar Roshan 3: Cultivar Tarem Hashemi *Lower-case letters: comparison of the average interaction effect before cutting *Capital
letters (power): comparison of the average of different cyanobacteria strains after cutting at the level of each cultivar.
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Table 4. Physicochemical characteristics of OSAMT gene family.

Shope padls Sl padles S S g5l alais G iy dplyelalas G5 o O el
GRAVY Aliphaticindex  Theoretical pI Molecular Number of Locus Gene name
weight amino acids

0481 91.99 6.82 52649.55 498 LOC4336365 OSAMT 1;1
0539 93.73 6.88 52287221 496 LOC4330008 OSAMT 1;2
0.444 89.60 758 53163.20 498 LOC4330007 OSAMT 1;3
0.569 105.66 8.63 5141115 486 LOC4339064 OSAMT 2:1
0.490 98.36 6.45 53739.83 501 LOC4327434 OSAMT 2;2
0519 101.93 774 52765.58 497 LOC4327433 OSAMT 2;3
0420 94.38 7.61 53794.49 498 LOC4324937 OSAMT 3;1
0.649 105.47 6.69 50853.46 479 LOC4334717 OSAMT 3:2
0557 102.06 6.18 51660.19 480 LOC4329628 OSAMT 3;3
0369 76.00 6.56 44460.60 402 LOC4324937 OSAMT 3:4
0420 94.38 7.61 53794.49 498 LOC4324937  OsAMT 3:1- like 1
0.420 9438 761 53794.49 498 LOC4324937  OsAMT 3:1- like 2
0.546 93.99 6.06 34717.40 326 LOC107277383  OSAMT 3;1-like3
0.586 97.17 6.66 49473.64 470 LOC107278274  OSAMT 3:1- llike 4
0423 104.98 6.15 33109.42 315 LOC107276876 OSAMT 4;1

1. Sub-cellular localization
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Figure 3. Evaluation of the amount of nitrogen, nitrate and ammonium excretion including the measurement of A)
nitrogen, B) ammonium, P) nitrate.
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Figure 5. Gene structure analysis and phylogenetic tree of OSAMT family members. Different colored areas indicate the
existence of different motifs and their positions in each protein. Green areas indicate exons, while black lines indicate the
location of introns.
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Figure 6. Transcriptome expression profile (RNA-seq) of OSAMT gene family members in different developmental
stages (A) and nitrogen/phosphorus deficiency (B). Decreased expression is shown in yellow and increased expression is
shown in blue.
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ABSTRACT

Sclerotinia stem rot (SSR), caused by the soil-borne fungus Sclerotinia sclerotiorum, adversely
impacts seed quality in rapeseed (Brassica napus) causing a 10-20% reduction in crop yield.
The biological control agent Pseudomonas chlororaphis PA23 can protect rapeseed from the
deleterious effects of the hemibiotrophic fungus S. sclerotiorum by inducing systemic
resistance. However, little is known about the molecular mechanisms underlying defense
priming and its regulatory processes. In this study, we amid to identify the protein-protein
interaction (PPI) networks, with a particular focus on potential hub genes, gene ontology (GO),
Kyoto Encyclopedia of Genes and Genomes (KEGG), and regulatory network analysis
including hub genes promoter analysis and miRNA prediction in canola plants pre-treated by
PA23 in the presence of S. sclerotiorum using transcriptome data. Using the computational
algorithms of the CytoHubba plugin in the Cytoscape platform, nodes with the highest
interactions within the gene network were identified as hub genes, which are mainly involved in
the maintenance and retrieval of metabolic pathways and photosynthetic activities, controlling
cellular oxidation/reduction (redox) status, biosynthesis of aromatic amino acids and plant
hormones, activation of MAPK-mediated defense signals, regulation of sulfur assimilation and
cysteine biosynthesis. Using clustering analysis based on the IPCA algorithm in the Cytocluster
plugin, functional modules effective in defense priming against SSR infection were identified.
These modules were primarily involved in the biosynthesis of aromatic amino acids and the
production of defensive metabolites in the shikimate pathway. The promoter analysis of SUTR
region of hub genes identified various cis-regulatory elements (CREs), such as auxin signaling-
responsive motifs involved in regulating defense responses against S. sclerotiorum infection.
Prediction of miRNAs targeting hub genes, using the web-based psRNATarget program,
revealed that miRNAs belonging to the families miR172, miR395, miR6028, miR6029,
miR6032, miR6035, miR166, miR156, miR396 and miR824 play key roles as regulatory
elements in the gene expression network of hub genes. These findings can aid in establishing
biological control systems for plant disease management and protection of agricultural systems,
as well as in advancing the fundamental mechanisms for developing disease-tolerant varieties.

KEYWORDS

Biological control, canola, differentially expressed genes, microRNAs, protein interaction networks,
RNA sequencing, Sclerotinia stem rot.

© 2024, by the author(s). Published by Payame Noor University, Tehran, Iran.

This is an open access article under the CC BY 4.0 license (http://creativecommons.org/licenses/by/4.0/).

https://cropbiotech.journals.pnu.ac.ir/



=) oblE Gigldw )

(FV=AR) VE¥ 50l Y by oS o)l omd o Lo

DOI: 10.30473/cb.2024.71791.1973

<<&5&A5}3: dlox

2813057 el8d dilolw (SLA s  Sbgig)y (L e oudild 9 J3 40w (S ilw S
Sclerotinia sclerotiorum yf »

Y -
928525k p9a8 del> e ¢

oS
SV Al e dle s e sl SClETOtinia sclerotiorum ssbs 26 b s 45 (SSR) sy Sl il Sty
s Sl Jole 3y . (Brassica napus) 15 s i cudS Al 4 e WJsase 3 Shes slops Yo
3 Tt B e DA 51 IS oS (S anslis Ll L ol a5 Pseudomonas chlororaphis PA23
e 4 b3 (b3 350 6 S e cnl ol 53 Caslis gl J S S 55l Jls L s ls &5 0 520 S. SClEFOtiOrUM
58 N3 s 2550 PA23 (68U s I 58 s Sl oalinad LS oS 53 205 (sla Sl il aalllas 5 55 ol )
bi s ozl (HUb genes) suls' slads : 58 o5 o (PPD) (i sy (S0 glaaied (o L G
ot 5 S 05 S o Gib 3l sediS GaSE ) 5 abacd s Sla e (Gene Ontology) Laoj
S Saill Jn 53 PA23 Loss Jles (2o IS olS el 5l g e Sledbl 4 S olaolS (2Spa 2 53 LMIRNA
L (Nodes) _4lae S Cytoscape ,ij3le 5 ;> CytoHubba w538 slulowe slagn; S 5l eslisul L 1w, SClETOtIOrUM
St 5 B 5 Baes 8 s ks S b0 Use s 5 S o byl b SR A3 (e
5 Sl aial (gladd s ¢ Johor (0CAOK) (sl /0 il lonS| omsy J 28 (353 b 5 (ST plin sl e
O s gy 5 58 g O gedeand a5 MAPK & il (s sladlasely 3ladled ( ALST slalsny s
bes 1 53,5k sladsste Cytocluster <555 53 IPCA o & 5l ealitl b aSed suipad po ol (o Azl
oy ol (gl o Dl a1 il 2 St e 3 25 sl b A5 5 el il gl 52 pm 5
(CRE) o o ;olie STUTR 4l 53 6l (clod5 g5, 5155 520 SSR 1, s PA23 i ol s
25 gl S, sclerotiorum S0 le , obs Sl S 53 1) ST Olsply 4 ey (Slacisse il o
<WMIRNA pSRNATarget ;e oy sl 5l oslizal b iy (2Spn S slady b &S LLmIRNA - oty
miR156 miR166 miR6035 miR6032 miR6029 miR6028 miR395 miR172 slaesl sl 4 Gleze
Sl s b iiSa ol Cotlid 55 b me IS la0S Ol oS s Lol ol Ol g 4, miR824 ; miR396
5 S Glas ey Cu e Cr (S5 sn IS Slaptns anu 5 4 Ll s SSR 26 Ss T il 5 1518 es sl

Ao dxs 5 1) (Soloy 4 Jareis glaa 5 sll S il Sl 5 S SKaS ol5 Glapins 5l Bl

S5 slely
IS (B S et et 0l b 203 WRNA 55 RNA b J15 abiis Sl il Sty
T3S (K5 4

(rreeeee Y-00AA 1S )
S

ol 4ol

(S S5 g Mg wdige 09)5 bolial N
e g 5yaliS pole olRuily (559l 0uSiiily
I S IR SN

(85ogliS oaSily (( Sy olS eg)S Ll ¥
Qi b mlie 5 (655laS pgle el
Ol Mo

J9L..m o 5
L;)!nUo 4ol
Taheri@asnrukh.ac.ir :asbl|,

VY ¥IVD il s g )b
A VR VR R SOR O O

:Wlie ()l 4 sl
{VFT) dobssarms gl poid g alSin o5yl
P gy Sl elal g (SF b leds
Sclerotinia LS el alls )
OlS (oygldcun; ole acllad sSClerotiorum

P2V (V) V¥ el
(DOLI: 10.30473/cb.2024.71791.1973)

ol g ply oKl lis ) 235O VFo¥ Ll o B riggi 4y leie et ol Lzl 5>

Ll e guss gla)l L J 5l eslatul 5 o0 yuiiie Creative Commons Attribution (CC BY 4.0) 450 cov dllie oe.l

(http://creativecommons.org/licenses/by/4.0/)
https://cropbiotech.journals.pnu.ac.ir/



£ VY 50l BV ole O oyled qop)lea Jlo (slh; (LS (gygldcun; cals 4 pis

osM e 2,6 -l (Hossain et al., 2023 (5,550 allis)
Cabgasil Cygo 4y Cawl B YUl (IS U5
LSS A 36 0)d g 5 pdS @ plal (AT
clply o clacél a5 b4l 51 g (Tian et al., 2020)
95955 Cmols WS o 0335 1S (S99,
Hossain et al., (sy5,— aJlio) 3 15 (63,8, saio
2 5 s 5 K sy o)l ol L (2023
o=l 9y ol 5 el oad samlie g8 ol (Sogll 45 >
g Somoon i Glye F38> Copo 4]y 5 )lon
sLsul (Kabbage et al., 2015) 5,5 o nd il
lasl den Siin (Shy i (lau) bodg
.(Bolton et al., 2006) +iL .- Sclerotiniaceae
OSee 9 2B e dLoul Cighe 4> (L > A
Khangura et ) asle 655 35 Jlo cpsis> (¢l cul
Gl ) S ilew sl (LSl gy ol 5l (al., 2015
sialS cel ol ol amd o Gialial oYk (slaoygn
=13 JAS gy S plsie 4 (gl cutS izl
.(Derbyshire and Denton- Giles, 2016) 35 .o
S 5 o @y Shjee aiely s 40 505 (55w ]
5 Cow s elyj slaog i 5l eolaiwl b (6 low
158 elgl cuzs” (Wu et al., 2016) cul 3550, 2l
oly (54 yo 4y (yg e g o L) e o s pglie
Wuetal., 2013; ) cwl SSR 58 ¢ (6 i 51y
L, .(Barbetti et al., 2014; Bastien et al., 2014
S P81 53 pylie mdhy p)5 3929 pie (i
Lietal, 2006; ) Soop oluglines 5 o0 cois
FoSde 2Mol (Wu et al., 2013; Wu et al., 2016
0 yianS dialy ol a Ll dnlge codgae bl o
o (Sily a yomie g5U8 (il ey (Sl

Jb ol bl ol (lon cu e g Lo 25 )8
5 G b ol ol dwled b @l 3l s &
Slsie 4 (Seishm S ne s sl 5
$509iS @Y gaze jl cblis (4l Cgllae (05l
& iy o .(Duke et al., 2017) cul ouds ¢ jlas

2. Sclerotia

400
(—€9y 05 yegmw lsic 4 Brassica napus d3ls
elaslag 4l (e (LS o) Wy 5l Aoy VY
Jb g cpe UK (Hajduch et al., 2006) col ool
FAO, ) siwa gy 45b opl Lol Bausi]y |l
3pSlae Jwily 1 sgdle o3 Jpamo o) (2022
P (o d YO L ¥e) o 5YL al pfgy doyd YU
ol hie o))yl fgy cslaails sl b duglie
o lizeo o 5 Ol bylyd 4 ()85ls g Jpae
13 Jsamme oyl EtS 5 o Il & ol 00
oy g Lialsél ooy oo lais 4 o]
Zomorodian et al., ) 5,5 ), 8 a5 3,50 9,
P 23l el b 33 3939 b Jlo ol b (2011
ols 5l (g i a lizren oL ol epglie
d=los cn o il (S el b i) len
Sclerotinia sclerotiorum g,L8 J; 15" ¢lj s,Lon
Sy Jole olgic 4 a8 0EL . (Lib.) de Bary
3ySlos (ialS 1 09de (SSR) "Lisg Sl a8l
ESatz oot ) ol 89y CabsS g CuaS Jpae
Aggarwal et al., 1997; ) s> - )|, 8 35U cov
Solaie ©bMas! ;| (Saharan and Mehta, 2008
9 Bl (Srwg (slay (Sdwg e S s
Solbes o=l J =36 plew ol (sl gk (Sawg
;las (Jahan et al., 2022) cowl o osltwl > ,)B
e aaly .l 45 Jolite dutw Syl o]
Cewl (LB g Couwl odils iy yad S jlow opl Gl (ol
518 03901 1y ags 5 4S5 alS &568 s 5l i
o Ol @B ol plilon Cools p Fse Jelge
(g o)l 0154y o5 (slam 5l A )5 o bl
oS diz p 3)S o)Ll eSSl (sl gy 5 el SIS
2y oMbl o5 )lew (2] pof ol 2l g8
35y g B Jelos g pois (pblejle (SisSa jogad
JsSLo bl S el b e 00l 8L} T olislows
ol 005 asidie JolS job @ e o oljis)low

1. Sclerotinia stem rot



Sclerotinia sclerotiorum yly 3 15 cl6y ailob Wl > 2Sg5g) slogS andald § (55 4 (il o 1898 32,b (098 9 52l \

Atkinson ) sl o (Jobo 0)l53d 5 pgo ¢ JsSsS il
and Urwin 2012; Muthamilarasan and Prasad

3 e Loty (il S5 (g 51 (2013
L LacgSue b badye Jsslo slagSll Lol 250
Lo JsSge b (MAMPS/PAMPS) 156 logy olss
Dangl, 2006; )°,s Sl
ala_wlg 4y 5 (Muthamilarasan and Prasad, 2013
Robert-) $9-5 00 JyiS" 90592 oloyply sloasud
(Seilaniantz et al., 2011a
S. sclerotiorum g,Ls o 1518 oLS jiiSpny 5o
Sy i 2lislen ) JSge Jolos (S cuenl
5 (sl 03lgd o Ly ol e pginSyy & atuly
Chittem et ) 4 4ol L acdalio ol jew

Jones and

el clmgunly slalS gjlo ogas 5 fal., 2020
el o jascie SSR Sagll ply 5 1518 olS S
lnylypl dlaly a0 25 Slglio slaaSas o
Wigd oo i (SA) Silodls dpusl Loguas g0 )90
Xu ) 85l jis (Sogll oyl ade p olS cunglio <l y

Do 45 Gl 04 asuie e (et al., 2021
o) 4y Caglia 38 ol 3 AIGDSLL 3l o5 ol
I3 (e U (slasssS A5 Gl L 1y 8
1S o Ll Glgewls e LialS g SA glgiore
.(Ding et al. 2020)

SLoeasilly e (220 53 (LBl & K
) JyS Josloe ol S o )3 s ot
Cnglio S )lors el jo 0l 1 0gMe 15,08
JL oS 53 1) ol alels Wl alalgy Spatumes
s 295 lasel oloapusl )y See iz S
Pal and McSpadden ) siiws olowd g0 (0350
Pseudomonas chlororaphis .(Gardene, 2006
A plsas el g JyuS Jele S PA23
ool laaiss > S, sclerotiorum ., jl S5l
olllas (Fernando et al., 2007) ¢l B. napus

S. quiiwe yobb ay PA23 4 S slesly lis L8

4 Microbial- or pathogen-associated molecular patterns
5. Effector molecules

Ceglio LAl L 1 )lony—f slop—usl)lg S
Iy olesee oL slapiilSe lals ;0 oot
A yoe el aibolw LAl
s OMes 4 ol Sy 9 S la STy
.(Pieterse et al., 2014) g 0 )3 lows
W Jos b Iy 659l oyt dawly 4 0jg el
SLamesillo S5 Glp uSuagin Sl sla s ]
bl L S loy b olojan ol (slo S o Sl
2 Sonsr Cnglia sill 13" Sojglgnr S8 Jolge
Mol Jl5" Sy S, sclerotiorum g,Ls a_le
oy Lol 18U aden jl e Jp58 (slapiass
Frle slapslleo 3 Grioren 5 (lje GlalS
e S. sclerotiorum 4 B. napus sla i Soa
sl (698 Glom 4 plie SIS 30> mlie slox]
slmosly pLesl L T gl wlidcnn 3, S0s,
9 P09y (Y )‘ J._¢>l> dl_!bo.)‘.) )_A.‘a) Omics
9 ok glaaSles (o L Sy plgilie
il (gl s Jelgs 4 olS sl (il e
1) LS L[5Sy 0555y 53 sl (a3
asllao 3 g, ! ;| (Pazhamala et al., 2021) 4 a>
Siedsn Jole 3l (o lp 2509 nl S 8>
&b g9, ,» Pseudomonas chlororaphis PA23

b g WS oo ool

A edlawl S, sclerotiorum z,B oy 5 IS olS el
9 13 el gty S8 Jole gl w0 b adlllae ()]
P ke p5 g e (g o S oy olulid
Sl Rl Glsis 4 () S8 Glapiugs Aoy
Jacl slaaSog, 5l esliil g obowd (sla il

a1l 4 (aLS b lon Copto

=€ 9085 b 35 plp > LBy sla)Sgile 5l (S
sl 5 Blseasy, glge sbml (LS 5 01)

1. Defense priming
2. Biocontrol agents (BCAs)
3. System biology



Al VY 50l BV ole O oyled qop)lea Jlo (slh; (LS (gygldcun; cals 4 pis

Sl 4 pglie disu ) 5 Y guamo drwgi S (Sudo
2w o 138 30 (g)low (pl o pie 5 S. sclerotiorum
o3 L5 LSS5 Ll ) plals

SRR (ol 9
= wlobw gl JUis & 15157 0LS 3 &8 olays bl o
ole S. sclerotiorum  $se 1 Jgbo ;5 PA23 ;) Juols
{Duke et al., 2017) sl (logoFC>1) s plaie
L)l Gl (55 o ol e 08 ololis
e dabiy 4 oad CBl glag§ o GRS ea 2
http://string-db.org a5 y w3l 4 STRING
b Sl (PPI) (o9 (oS ot Cand 9 25 39
o PPL o ¢ QS o p 45l a3 (10 oyl o
5 olwlid Caa b dylg (Y/V+/) aswws) Cytoscape
» CytoHubba 45938l 51 cadS clayf (saina s,
o3lawl b cuwl jaB 5g38] -y .0 edlazwl Cytoscape
lolid 5 (gas) & cilisee Slule slagt oSl ]
aslllas > .(Chin et al., 2014) 5jlb,0 (ulS sla s
e N deol (wpp sl g Ml oy 5l
MCC «_Le> ;I CytoHubba slwlxe o5 ,0 X!
153 845 4Lwlis MNC 3 DMNC DEGREE
S ooy pl Ly Lngl ln i Spny 2l
U1 e, KEGG o8l 51 i ool L et )
4ol jlg 4 ooliiuwl dudynj (abonion (51 yne
slayy; wlid siws sl STRING o p o
2! (MF) " J5Slo 5y Slae ) Joiiio o s2,18
o2l ol (BP) ' Sojgdam aul b 5 (CC) " Jho
gl 1 aSdn ) slaf anddes sl i
odlatwl b 48w oalazwl Cytoscape > CytoCluster
b 1) 8 slao S wdliseo (sl oSl |l
wiys SN 5 ol adllas s (Li et al., 2017) &5 o

5. Subnetwork

6. Kyoto Encyclopedia of Genes and Genomes
7. Molecular function

8. Cellular component

9. Biological process

o slac gl xiyy 3 )b il sclerotiorum
Poritsanos et al., ) s 25 o )/, 8 a Lo 3y50 (2,8
9 Duke 4 sJls ,>.(2006; Zhang et al., 2006
PPAZ3 a0l o Loy gl V1Y) oo
slaccdl S, sclerotiorum joas pic 5 ol
RNA-) RNA U Jlss jl edliwl b B. napus Sy,
sgmd> 48 Ab pasdie L85 )1 (o) p 3)90 (sEq
S hwgoa i Ll el 8 clay s PA23
I ST slaassS g ales 5l sclerotiorum
|, (SAR) (LS| Syoanges Cangliio <@l o (ROS)
il s S8 Jole ol (Jlo gl b ol tals
LS. sclerotiorum L st e J—li5 o 0gM e
) oss blas Sllze o5 sloasis (gilwodlel
obe b 2begj cpingh ool 22 &5 w20 8 Jlos!
L o mly ool 13 SAR oyl 0 Gl > plate
1 SleMbl adllae oyl Lal eins Ll PA23
O o (SigSe g 3,8kes ¢ gpmme slaj oy
S aalllas ;3 11 0ls @) 0ss Sy celagg pbo b
24 slete glo boad ololis sy oll
53901 4 &wb 5> (Duke et al., 2017) L3 adllas
5 oslil Ly PA23 elés aibol Wl JLss 4 SAR
DS o2y a8 gy 00 glwlis RNA-seq sy
A5 (yg2me S5 s 2D s (PP) g
lolis wimsls aSes glael ulo b1y Jols oyt
g ol 0,5bes cenlS (slo s ol I u i3
2 Llagl o3, Shes (i g Laj plos Ly Jolss 5
N85 05 sy 0350 liasdign Slojpmne
polis pogad )3 (sisio SlMb] 55 by cul 909
sLagul L Loy (590 (slasj (CRES) " goais
L 45 oge CRNA Tg oo ppizman s &l slb
D)l (S e 5yl 4 gl ) 5y sl
Slolas Ll JoSlo zulss ggamme o b0d ulolis
SleMbl aslg e )5 lapmolS (S ery > (£

1. Hub genes

2. Protein-Protein interaction
3. Cis-regulatory elements

4. MicroRNAs



Sclerotinia sclerotiorum yly 3 15 cl6y ailob Wl > 2Sg5g) slogS andald § (55 4 (il o 1898 32,b (098 9 52l \4l

DS oy 4 cpl () JSKW5) Ab waw 5 Cytoscape
Ll JLss 4y SSR (Sogl ay sy 3 &5 ol
ol Ll b Ll IS olS )3 PA23 slés aibels
53 05,650 ke 1 eolawl b s o ylis 1y wilasly
Ot b g4l slangy o by g dlge p 00l

9290 (Sugy SBUES Wy (ool o Sl LS e

el oas odls i V Jgds s Lol clasuie
LDEG o b ot ol c0lS sl g5 LS oy
2y ol Gl Gl o edly LS Y S )
yLSar g Duke adllae 5l 005 45 55 Canm) ol
ol Ll IS (clapyg 48 sl 5L (¥-1V)
9 099 St dalid lalS any o (Liily &y
Al &5 ) (Sl laaily ) 390 ¥ S35 Lo
LIl do 5 ol b Joles (VL ax o b 31 S5 sl
Sl 3 i YLy Sl & ol 53 oLl S
L8 slagl jop 50 oy plo b gl iiSeny
ol 5,38 5

ol S laj 5l (So ) g el
555615 w2351 48 15l _o BNAC04G26180D wors
8 25 o i3] (5 o 35 1, (GR) 55,
2 S 5 95 398 g 13 355045 03 Lo
sy S 5 i) Jlb slotisS b 55
aJlis) 5yl sape p (redox) Jokw (slal/ amwlips]
3 los S ©ldlas (Couto et al., 2016 gy,
Ll g oL Sluyely » (osLgls Al jogas
ol 48,5 g e (clm S o 4 Canglie
Ghanta et al., 2011; Cheng et al., 2015; )
Ja5 1 GR w51 5,8des . (Kiinstler et al., 2019
G5l 3 ol §) clisbls (gl GSH 4 GSSG
Gkl Sotann (oluiST Canglio (]38l 5 gl
ol 639y SA dlauly 4 PR (el (gjl Jlud
.(Chen et al., 2007)

3. Glutathione reductase

B yj 3 3929m sLao)S (sineg)S sl IPCA
A ) dded ya sl i e S eola ]
LA5 wyp KEGG (sl ys 538L (sl STRING

(G La) pgean slacisse (lulid Ca
Ensembl Plants g, (e gy 5l oolitol b Ll
£ 4ol 51 1IKb  Jlgs (http://plants.ensembl. org)
5 gl 0ad ool by S'UTR aes 5 i3
suite. http://meme- L, 5| 4, Tomtom 3! 5l
ol adlis CRE olelis (4l org/tools/tomtom
3 s 15l ol (Gupta et al., 2007) . odlazl
03y oLSL ol wll o 1y Jlais] slacasge

ole o)) 51 4S5l 43| JASPAR CORE 2022

<0.1 §<0.01 e G E 9P polie ailil b placisge
Sl Gt olwlid Cops w3 ol
Ls s oyl 42 GOMo il jl s Glsssl (clacagige
5 odlar ol http://meme-suite.org/tools/gomo
.(Buske et al., 2010)

o ol Jleas] cLamiRNA - Llolis (¢l p
@9 = e gl ol Ly a8 sla)
(http://plants.ensembl.  org) Ensembl  Plants
51 138 oais ad b gLamiRNA s gzl ysoul
(https://www.mirbase.org/) miRbase 5,
L oalS sla s g dunlie ¢ g 05 gl il
Sloslarwl Lo 1518 ou 5 asli_s sl amiRNA
psRNATarget (http:/lantgrn.noble. 5,
LamiRNA plas” a5 sy lis org/psRNATarget/)
o o ()1 JEiS e San saj L
45 0yl Cytoscape )38l p 5 a4 4

9 Sbasl
555 oS s Lulih 9 PPI 45

S bl oy (PPI) (g (S o2y 48
9 STRING jl oslal U g ploie ol L olayy;

1. Identifying Protein Complex Algorithm
2. S'untranslated region



vy VY 50l BV ole O oyled qop)lea Jlo (slh; (LS (gygldcun; cals 4 pis

ol 55 cs3lnilan 6o {TOMV) (5525
4595 53 )b oedsl = 0 ol 29— o9
Solanum habrochaites S. _isg S5y34 65
4 ol 5l s 05 cél Knapp & D.M. Spooner
s (e iz pL3)) 3 03108 jobo
1 odlisw]l TOMV Cigae ply jd a5l cdadlxe
Pelham, 1966; Spooner et al., 2010; )
Cawl 0 yasuiie oyied (Ishibashi et al., 2007
Uit Gl Sen TIM-barrel oolgls (sl 115 5 4
5 (TUMV) o3l Silige (g & gl )3 Slodos
o5 o=l 9y o=l 5! «(Rubio et al., 2019) ausl awsls
Gl 3 Cmglie Jl s @ie o Olgis 4 Wy

9 BS54 3 S ln oo 4

BnaW&&OD
Bnacm?a_anon 2l
< @’@

Bnecoﬁﬁsmn i

S, BnaA03g57920D 4, BnaC03g44420D

a5l o TIM barrel pogd Jols 45 S 0 S|,
TIM-barrel gg ;Y oll 0dlgls (clo gy () Jgi>)
Selglio 5 riwgd sbgwl wlal ) oo (B
L5 A ] ilsn (slo 5 | aglge 5o kS
oS oM (B, i cod )b oS s oBye
TIM- g5 Y5l o2lgls (laitisry il sl
g bos 3 Loy, ol Coenl snias )L barrel
Sl (g 5imgs b 5 (Sglie Sl ypue L5k
oldles jwlwl 4 (Kazemi Oskuei et al., 2017)
JUo5=C > Tm-1 gy o Cawl oA oo (LB
Sl owSgym ol sl o TIM-barrel (yesd (sl 55
Slige ogms Slwailor ol 4 Jlail G b

Bnacwmn

c{’a;??siaabmw

BnaC08Y08770D. | /. BMWZGOD _ B'mmn =\
anacméﬂﬁm _ Bnacmii'iOBSOD _
BnaAOTIZE000 BnaC04g56710D
BnaC08g31260D

<l s 4 S. sclerotiorum  Ssgll a4 gl 13 (S5 jo,8) o Lials o (S5 jaw)

ol b olayys PPI aSus WY JS

AYIAY S ot Slasd 155k FFY 2 U dliss D1 10,5 slass) Cytoscape I3l 5 jl oolazwl L PA23 I fols  clds ailobus
(oI9Sl WS15 o JOVY 1 oal ddigd (o pd VAN tdasuin puue Job

Figure 1. PPI network of up-regulated (green) and down-regulated (red) genes in response to S. sclerotiorum
infection following PA23-induced defense priming, using Cytoscape software. Network details: Number of
Nodes: 59; Number of Edges: 363; Average Number of Neighbors: 12.89; Characteristic Path Length: 1.98;

Clustering Coefficient: 0.577; Network Density: 0.234.
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1. Phosphoserine aminotransferase

2. 3-phosphohydroxypyruvate

3. 3-phosphoserine

4. Phosphorylated pathway of serine biosynthesis (PPSB)
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Figure 2. A subnetwork of hub genes and their interactions with other genes in response to S. sclerotiorum
infection following PA23-induced defense priming using the CytoHubba plugin. (magenta: hub genes, black:
up-regulated genes, and green: down-regulated genes). Network details: Number of Nodes: 48; Number of

Edges: 337; Average Number of Neighbors: 14.042; Characteristic Path Length: 1.747; Clustering
Coefficient: 0.623; Network Density: 0.299.
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Table 1. Ranking of identified hub genes in response to S. sclerotiorum infection following PA23-induced
defense priming in rapeseed using CytoHubba plugin

03 P 0 3, 8es Sy o yo5! Of bl 4,
Gene Description and Gene name Ranking Method Gene 1D Rank
Glutathione reductase (EMB2360 ,GR, ATGRZ) DMNC, MCC BnaC04926180D 1
Aldolase-type TIM barrel family protein DMNC, MCC BnaC03g44420D 1,2
Aldolase-type TIM barrel family protein MCC, DMNC BnaA03g57920D 1,2
3-phosphoshikimate 1- carboxyvinyl transferase
(Belongs to the EPSP synthase family) DMNC, MCC BnaC04g56880D 14
APS reductase 1 (APR1, APR, PRH19, ATAPR1) MNC, Degree BnaA09920370D 2
Glyceraldehyde-3 -pho(sgl/l;l}t)ec %eilzlgfdrogenase of plastid 2 MNC, Degree BnaC02g25850D 3
tryptophan biosynthesis 1 (TRP1, PATI) MCC, MNC, Degree BnaA10g16850D 34
Anthranilate synthase alpha subunit 1
(ASA1, TRPS, AMT1, WEI2, JDL1) MCC, DMNC BnaA03g01690D 35
Phosphoserine aminotransferase (PSAT) Degree, MNC BnaC03g62400D 5
tryptophan synthase beta subunit 1 DMNC BnaA10g09090D 5

(TSB1, TRPB, TRP2, ATTSB1)
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Figure 3. Gene ontology enrichment and KEGG pathways of hub genes using STRING in response to S.
sclerotiorum infection following PA23-induced defense priming in rapeseed
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Table 2. Clustering analysis of subnetwork of expressed hub genes in response to S. sclerotiorum

infection following PA23-induced defense priming in rapeseed using the IPCA algorithm in the

CytoCluster Plugin
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Table 3. Conserved motifs identified in the promoter region of hub genes using MEME tool
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Figure 4. Prediction of potential miRNAs involved in regulating the expression of hub genes in response to
S. sclerotiorum infection, following PA23-induced defense priming in rapeseed using the psRNATarget tool
(orange triangles represent miRNAs, and purple circles represent miRNA target genes).
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ABSTRACT

Arthrospira platensis (Spirulina) is a valuable photosynthesizing prokaryote with
numerous industrial and food applications. Fatty acid desaturase enzymes (FADs)
are responsible for the production of monounsaturated and polyunsaturated fatty
acids. In the present study, the genome of A. platensis C1 was investigated using
bioinformatics methods in order to identify ApFAD genes family. A total of 8
ApFAD genes were identified in Spirulina genome and classified into Omega,
Sphingolipid, CrtR_beta-carotene-hydroxylase and Acyl-CoA groups. Four
conserved histidine motifs that are essential for binding to the di-iron structures
and catalytic activities were identified. Investigation of post-translational
modifications of ApFAD proteins revealed a wide range of glycosylation and
phosphorylation changes. Evaluation of FAD gene promoter regions revealed
different types of cis-regulatory elements responsive to phytohormones and stress
conditions, especially in Omega (ApFAD-6) and Acyl-lipid (4ApFAD-3)
desaturases. Also, protein-protein interaction networks showed the relations
between ApFADs and genes involved in dealing with stresses through the
biosynthetic process of secondary metabolites and electron transfer. Analysis of
RNA-seq data of orthologous genes in Arabidopsis showed the potential of Omega
and Acyl-lipid genes, such as ApFAD-3, ApFAD-6 and ApFAD-7, in response to
various environmental stresses. In general, the results of this study can contribute
to a more complete understanding of the function of FAD genes in Spirulina and
lay the basis for the transgenic study of these genes with the aim of increasing the
content of unsaturated fatty acids, improving the nutritional value of oils, as well
as promoting the stress tolerance of plants.
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Arthrospira platensis, Bioinformatic analysis, Fatty acid desaturase, Genome
analysis, Stress dealing.
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(softberry.com/berry.phtml?topic=  cnnpromoter_b)

9 bS8 Hlwlid 350 (Umarov & Solovyev, 2017)
SLe0) Fsesn I8 0 L 52,5 (oelaS polis g
gl e Vere odYb anl (8,3 s o b ApFAD
de Jong et ) (pepper.molgenrug.nl) PePPER a4l oS
oLl ol gls ol s ool (al., 2012
S sla) | (S Pgegn 9 (55 elid i g2

(string-db.org) STRING v12.0 a sy L &g gy
onSswo5 gy leMbl wlwl 4 o (Szklarczyk et al., 2016)

ool = APFAD sl (Gl gy (g5lwans

RNA-seq ooty
&l RNA-seq (slaodld 3959 pic & dogi b s> adllas )
Ol s 5l e lises i baslyid )3 Uyl (sl 5 ol
Arabidopsis p» ApFAD (5 y» slys Soleiy) oy 5oy
byly b 2 a8 FAD slayys Sl Joliyy b eolaiwl
byrpe FPKM jslie yglate cnl sl 85 )18 (2bj)l 3590

pr—iiy il (Sojstom bl 5 0f o L 4
EMBL-EBI ;> ELIXIR o5 oLl ,> Expression Atlas

(Moreno et al., 2022) (ebi.ac.uk/gxa/experiments)
wlie 4 55 FPKM polis ol als po 55 3 gl il
ol Ol 4 bgrpe (Sl 4 maw i sl g 0 i log,
Chen et al., ) s odlawl TBtools ,l38ls, ;1 55 edlgls

(2020

A. platensis pgij ;0 ADFAD g5 eolgils slacl o luwll

2 oarigS b Slooguas ol s
e csmgiy obie 2 FAD (55 0l Silates (215
bty oS Ll sbiie 4151 B Jge ol
Cr2 sl i e Splie (cwdine )b I (S
calisee adisS ) odlgls oyl 05] adllas WS alyd gluilyue
Michaelson et ) Arabidopsis |3 jl ()| Jasls 5, 9 (LS
Hajiahmadi et ) pa_3 (Chi et al., 2011) Lgw (al., 2009

6. Fragments Per Kilobase of transcript per Million mapped reads

oas e blis GLbui e g sSaiiiobed bl
APFAD lagsdigy

ol gl 13 S FAD odlgls gy sla Jlgs
Sl gl 3 55 02lgls ol (clacl ol yon 0 250
Slen (08035 o9y elel 2 (SBfskd bl (o)
MEGAX J# p5 b Jl sl @ S5 100+ 1, '(NI)
bl gl a s eolar wl (Kumar er al., 2018)
s LaAPFAD 3 i cbilis 5y, clacigge
(Multiple Em for Motif Elicitation) MEMEa_ .l 5
[(Bailey et al., 2009) c.é,5 1,8 oxlazwl 3)50

39 Anz i 5l oy Sl g (I (ol gt 205
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CELLO2GO 4 by 3 ,b 5l ApFAD (sl a s,
Yu et ) &s w i (cello.life.nctu.edu.tw/cello2go/)
oo den 3l s ot Ol 51 S (al, 2014
N gl ygind Sla APFAD (g,
et 4 g gSISN g T el goges ¢ ygmdljg st
NetPhosBac s, ' G 5,k
services.healthtech.dtu.dk/services/NetPhosBac-)
(Miller et al., 2009)0.5< Jo—uils jJudo Lo (/1.0
PredNTS
(kuratal4.bio.kyutech.ac.jp/PredNTS/index.php)

GPS-SUMO (Nilamyani et al., 2021)
(Zhao et al., 2014) (sumo.biocuckoo.cn/index.php)

Choudhary ) (proglycprot.org) ProGlycProt 4l 4
W Gy (et al., 2019

Foo9y 4l )0 (w0l polic jdo (o) p
30 ol bolgy Jhiw g ADFAD solgils slayj
2 lag Sl S s 4 bge (g9 4l
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5. N-glycosylation
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ol First aiws 4 boyye sla gy dad (o 5 Al
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LSl g 93 2 )3 (Y Jgaz 5 0 IV JSUS)
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¥ JS3) 392 395 e 55N 13 F 5 T ojled slacise
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Sla gy den > o0lS (0 Sloe o sy (S
y5—a> ApFAD oslgls sliicl aon > cusl ApFAD
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2lwlid AFAD (sl (3559 plad ) o o528 sle]
(g ¥ IS8 9 ¥ Jgaz) Wi

LacS_ls3, (Chen et al., 2019) g, {al., 2020
{Tonon et al., 2005) Thalassiosira pseudonana
@iz sladss o (Jia er al., 2022) Schizochytrium sp.
L .ol 485 &0 (Tang et al., 2018) Aspergillus ¢ )&
bz (gladie) 3 gl Sulriy Olsli8 Cuonl 4 4295
«Seba oy cpl JolS poi5 pole adllas 3 29yl g 5 ¢ xino
2 @l Q15 S FAD (55 0l sl (ggomine pslaio 4
ca liseo (gla i 4y Cuoglie Dol piseed 5 (gdae dlgo ol
9 SIS slaJlg Bl | G 85 )18 oy 390 i)l
ol e Adliw ¢ JolS  olad] ped 48 5)la0
wlwlis 4. platensis C1 pos5 y3 ApDFAD ogally (4,55
() Jgi) W
09 95 Sl adllae ol 3 00 n st ol Bl
Acyl-CoA desaturase (FAD2) Omega « JoLs ApFAD
s (FAB2)CrtR_beta-carotene-hydroxylase  (First)
s=obaid! yed 2595 wlel » Sphingolipid desaturase
0ls3 (1 Jga) W (alwlid Udg el 53 (59—
A5 (aptn APFAD (b5 ) (oo (alowdsS 8
oS ¥Y/NO b (ApFAD-5 1) YAYY jllaySgp JsSs0 (39
(pI) S xSl 5ol alais y33lao gy yuxio (APFAD-4 1) (5l
) M (ApFAD-8 ,5) #/¥2 5| ApFAD (sl 1&gy 5
i Loy 381 Jl i) b og: yeita (APFAD-1
2B cunle oSl L )Y 51 i pI ol (£5Y~) o
a3l palie (¥ Join) dme Lt ) Sy cnl 51
5) s ons alolid cLAPFAD 3 Z5Y.0~ 3 (IT) ¢ lubb
Lo g0 ol 09 Jlubl siad ol &S A oy -
I oSl 5 SOl 3Lt slo ol onizpan A3k o
» <y 43 ApFAD (sla 59,y (GRAVY) Sl
5 (ApFAD-1 1) Y+ VYW s (ApFAD-2 ,5) A/¥R s3g000
=iy (ApFAD-5 13) +/YYY U (ApFAD-2 ) —+/-¥¢

b)) (S5 Slaseie g gyl Sia i) peis )3 0ad plolis FAD (layy; cad WY Jgia

O Sumog PP CurBgo DNA sl Oj eb NCBI ;5 (ow guwd duwlicd

Gene description Genomic position  DNA length (bp)  Gene symbol NCBI locus ID
fatty acid desaturase; CrtR_beta-carotene-hydroxylase 304166..305071 906 ApFAD-1 AFXD01000010.1
Delta-12  acyl-phospholipid ~ desaturase; OMEGA-6
FATTY ACID DESATURASE 600352..601422 1071 ApFAD-2 APLCI1_0651
delta-9 desaturase, desC; Stearoyl-CoA desaturase (Delta- 788338..789801 1464 ApFAD-3 AJO02065.1
9 desaturase
delta-6 desaturase (D6d) 833310..834461 1151 ApFAD-4 FJ752023.1
delta 9 fatty acid desaturase, acyl-lipid desaturase 1138073..1138438 813 ApFAD-5 AF002252.1
delta-12 desaturase; desA; OMEGA-6 FATTY ACID
DESATURASE 1432941..1434223 1282 ApFAD-6 X86736.1
stearoyl-CoA desaturase (delta-9 desaturase) 2236276..2237088 813 ApFAD-7 APLCI1 2346
Delta6 Fatty Acid Desaturase (Delta6-FADS)-like 2397108..2398214 1107 ApFAD-8 APLCI 2499
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U gyl Sl 2y P 53 0ad oLl APFAD (sl yiig p (olons S0 b Sluogas Y Jgua

Juwgi s s .. J
o ol el A 09 9]’ dwlis 45 b
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Domain Protein type Js Aliphatic  Instability ) MW Protein o symbol
. - pl length Protein id
GRAVY index index (Da) (aa)
CrtR_beta-
FA_desaturase 2 carotene- ApFAD-
(PF03405) hydroxylase: 0.151 101.73 4374 8.9 34889.59 301 EKD10288.1 ;
FAB2
FA_desaturase Omega 6; ApFAD-
(PF00487) FAD? -0.046 89.49 42.28 6.56 41842 356 UWU45967.1 5
FA_desaturase
e Acyl-CoA
(PF00487), desaturase; 0.208 9637 2778 727 3140651 270 CAA0siee.1  PFAD-
Lipid DES First 3
(PF08557)
Sphingolipid
FA_desaturase 2 "4 rase; 0.181 98.26 40.69 6.48 42154.73 368 ACN65115.1  APFAD-
(PF03405) 4
FAB2
FA_desaturase
e Acyl-CoA
(PF00487), desaturase; 0.222 96.74 28.41 727 31376.48 270 AAD00996.1  APFAD-
Lipid_DES First 5
(PF08557)
FA_desaturase Omega 6; ApFAD-
(PF00487) FADD 0.063 91.03 42.05 7.8 40928.39 351 CAA60415.1 p
FA_desaturase
e Acyl-CoA
giﬁi()églzj)é desaturase; 0.208 96.37 27.78 7.27 31406.51 270 UWu47577.1 APF;ID-
(PF08557) First
Sphingolipid
FA_desaturase 2“4 rase; 0.191 97.99 41.15 6.29 4205752 368 Uwu4riera  APFAD-
(PF03405) 8
FAB2
ApFAD L;Lhu».f.»9).x 2 ol Lf“‘"L)‘“" ol cbslas dLﬁw?c dﬁi” 9 Slasin -Y' JS"’?
dige o)l E- o Job PN & slwaime
Motifs No. value Width Sequence Annotation
1 l‘f)(()‘E' 3 50 RIVVVFHCTWFVNSATHKFGYQTYQSNDNSKNCWWVALVTYGEGWHNNHH gl:egf)‘;nﬁll
2 3'?)2]5' 3 50 WSHMGWMLREIPADADVPRFTKDINEDPVYLFLQNYFIPIQVALGVVLYL
2.10E- N-terminal
3 0 7 21 HDITHRSFSRNKWVNYLLGHT His Boe ]
4 4%2'3' 4 41 WKFRHTLLHHTY ADIPGRDPEQWGDELVRLSPSVEYRWY
5 3%‘;'3' 2 50 SWRIGHNQHHKY TNRMELDNAWQPWRKEEYQNAGKFMQVTYDLFRGRAWW His-Box II
6 3"(‘)‘;'3' 5 41 NWLVGGINYHIVHHLEPAIPWYNYRKAAPILAEVCEEYGYP His-Box IV

A5 L wlis (ApFAD-8 o ApFAD-4) 1 JsSii |
Yoono o Slis GLFAD 1359250 (odpiuns slacidse
H/Q(X)2— 5 H(X)2-3HH H(X)3-4H L asS) L,
Lo 0sigm ol 95008 cadld 5 wiloas (3155 3HH
oo sk 1 gl sl L 4 Jlas) dawlye,
Alonso et al., ) 3,5 o &g 00 cblas sl
(2003

wlmoligy cilisee gladigS LLolSs Llg, adllas >
sanliio e ooy (5> 9 (55 (Sadeislian
195 e aisS (o (alSS Lalgy (oypr s 98 0
B9 9 55 s Sles L dail) > gaiadl SleMb
A8 ol 48

2 aS oas cblis  oaiwd obaylid e ool &8ly o
o bl )3 ohag 4 bsy cul (Jole 3 Sles pulais
Y (s doxs (Diaz et al., 2018) Lgd o (Jaro
2 b ol ApFAD sl pigy plod ) (Y caige)
SLaoBsr > kS (B idge) ¥ (s a5 Jbs
(Y Jois) M5 o yiws (ApFAD-6 3 ApFAD-2) (%!
! 4l > dd (V cadge) ¥ pdsiund da> (piad
hgzlos dud=uwl 09,5 b baspe (slaopigy (S8
2 b Sw i (ApFAD-7 4 ApFAD-5 (AApFAD-3)
dl.nm».f 3O (5’ g.n.uyo) ¥ O A s uJL.>
5 (ApFAD-1) ;M uSg0n 55, SLu—-CrtR Omega
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bologS sl 1) g sl 35 1> FAD (slaig y (NJ) (Sl (350355 (o) Shoe 3 oyt g )55 Ve e

sMEGAX )58l p i

b ot Bosn e ) 4l His-BOX 1 plgied Y ojlad cige g 351 3 )8 pancio yudS 2 )3 (29 laciipe sl () 255 ool
so7o & (bl (asuio APFAD (gl 1Ss s o 1) His-BoxX oids clblas 4l jlos 2939 Canige o (gly ol yiw (sWsSe) )y ()
rom| Lmoj Slaw g g4 odind LS 3 Bl jeomo g digel (clol S cbles e Sl (090

Ldgyul 33 APFAD (cla 59 Jldlos 53 ot cblis ¢ (03,Slae pdiund dmy oy F Jass

s Box 1 Box 2 Box 3 Box 4
4y dwl . . . . R - . . B . o
e Sy Copnlge Sy Copnlge Sy CopnBge Sy Copndge
Sequence Position Sequence Position Sequence Position Sequence Position
ApFAD-1 HDASH 68-88 - - - - HLIHH 224-264
ApFAD-2 HDCGH 88-108 HNQHH 119-168 - - HIPHH 276-316
ApFAD-3 RLITH 61-81 - - HNNHH 182-231 - -
ApFAD-4 HDGNH 89-109 - - - HTVHH 293-333
ApFAD-5 RLITH 61-81 - - HNNHH 91-140 - -
ApFAD-6 HDCGH 89-109 HNQHH 120-169 - - HIPHH 277-317
ApFAD-7 RLITH 61-81 - - HNNHH 182-231 - -
ApFAD-8 HDGNH 89-109 - - - QTVHH 293-333

09)5 i 0 FAD sl piig s o] Cauwds =l el
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Omega 6 09/5 dlm&ijg),; 2 Lm‘_'j O\)‘,,a u:);YL FLe «dg
0955 Sl gy copimen (g O JS5) b 8l Ly pnsl
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2 SNl glaades | ladye slasl (piomen 255 o
WLV 05,8 (F JS5) 50d gy 09,5 TV 5 TTT (la oS
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Molecular Function

moxidoreductase activity

= palmitolcic acid delta 12
desaturasc activity

= siearoyl-CoA 9-desaturase
activity

= acling on paired donors, with
oxidation

® linolcoyl-CoA desaturase
activily

miron ion binding

Biological Process

m lipid metabolic process

® carboxylic acid metabolic
process
= cellular lipid metabolic process

= fatty acid biosynthetic process

® unsaturated [atty acid
biosynthetic process

= Biosynihesis of secondary
metabolites

= Lipid glycosylation

Cellular Component

= membrane
= thylakoid
= plasma membranc

sk il (glm3 Slas g Uy rand Sels o, > ADFAD (gla5s559.; (Gene Ontology) 55 selis et 31T 51 ol glis 1 S5
(I w5 sl g (Sidan clld ( JoSlge 5 Slas oo (o ppuns 5
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ABSTRACT

The global algae market was valued at USD 19.8 Billion in the year 2021
and it is expected to reach USD 36 Billion in 2028 by Compound Annual
Growth Rate (CAGR) of 10.5%. Eukaryotic green algae and Gram-negative
prokaryotic cyanobacteria are widely used in pharmaceutical, food,
cosmetic, aquaculture, poultry and biofuel industries. Algae are also used in
agriculture based on sustainable development by facilitating increased
access to nutrients, maintaining organic carbon and soil fertility, increasing
plant growth and crop yield, and stimulating soil microbial activity.
Heterocyte-forming cyanobacteria, which have acclimated to diverse
environmental conditions, represent a unique subset of photosynthetic
prokaryotes capable of nitrogen fixation via the nitrogenase enzyme system.
In addition, green algae and cyanobacteria by producing metabolites such as
growth hormones, extracellular polymeric substances and antimicrobial
compounds play an important role in their colonization in the phyllosphere
and rhizosphere of plants and the proliferation of microbial and eukaryotic
communities in the soil. Currently, the development of the consortium of
cyanobacteria with bacteria or fungi or microalgae and biofilms based on
them has expanded the scope of using algae. This review focuses on the
application of algae in the production of crops and the protection and
management of natural resources, the challenges of using algae and their
commercial aspects in agriculture.
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ABSTRACT

The rice (Oryza sativa) is part of the Poacea family and is one of the most important crops in
the world. In this project, the presence of synteny in the clusters involved in the biosynthesis
of secondary metabolites is known in the rice plant with 11 different species of Oryza and 3
related species. Genome sequences of all studied species were received from the NCBI
database, and then the genes involved in the biosynthesis of secondary metabolites, which
were located in the specific clusters were retrieved from the planti smash database. All genes
were selected to align against 13 other species to identify sequences which similar to rice gene
clusters using blastn tools. To map the genes of each species with the genome of the same
species, gmap software was used. In the last step, gene blocks with synteny were identified
using MCScanX software. According to the results, the existence of synteny in the clusters
was proven in O. rufipogom, O. punctata and O. sativa indica species. After identifying the
common regulatory factors of gene clusters, it is possible to regulate the expression of all gene
clusters simultaneously to produce more content for the final products. On the other hand, due
to the Co-inheritance of the genes located in each cluster, it could be possible to transfer

desirable gene clusters by producing substitution lines that carry that gene cluster.
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AS73030.1 OPUNC01G21920.1 ORUFI01G24500.1 OsR498G0101479800.01.T01 OB01G31350.1 OBART01G21780.1
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5 BAS73039.1
5

5 BAS74828.1

OPUNCO01G22040.1 ORUFI01G24550.1 OsR498G0101482200.01.T01 OB01G31360.1 OBART01G21840.1

OsR498G0101482200.01.T02

OPUNC01G22090.1 ORUFI01G24600.1 OsR498G0101485500.01.T01 OB01G31370.1 OBART01G21890.1
OPUNC01G33260.1 ORUFI01G37590.1 OsR498G0102161700.01.T01 OB01G43100.1 OBART01G34240.1

ORUFI01G37640.1
OPUNC01G33340.1 ORUFI01G37660.1 OsR498G0102166500.01.T01 OB01G43210.1 OBART01G34320.1

BAS74829.1 OPUNC01G33350.1 ORUFI01G37690.1 OsR498G0102167000.01.T01 OB01G43230.1 OBART01G34330.1
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BAS73030.1 OPUNC01G21920.1 ORUFI01G24500.1 OsR498G0101479800.01.T01 OB01G31350.1 OBART01G21780.1
c 3 OPUNCO01G22040.1 ORUFI01G24550.1 OsR498G0101482200.01. T01 OB01G31360.1 OBART01G21840.1

Duplication depth R
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OsR498G0101482200.01.T02

OPUNC01G22090.1 ORUFI01G24600.1 OsR498G0101485500.01.T01 OB01G31370.1 OBART01G21890.1
OPUNCO01G33260.1 ORUFI0IG37590.1 OsR498G0102161700.01.T01 OB01G43100.1 OBART01G34240.1
c.6 ORUFI01G37640.1

BAS74828.1 OPUNCO01G33340.1 ORUFI01G37660.1 OsR498G0102166500.01.T01 OB01G43210.1 OBART01G34320.1
BAS74829.1 OPUNCO01G33350.1 ORUFI01G37690.1 OsR498G0102167000.01.T01 OB01G43230.1 OBART01G34330.1
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BAS73030.1 receptor-like protein EIX2

BAS73034.1 cytochrome P450 72A15

BAS73034.13  cytochrome P450 72A15

BAS73036.1 cytochrome P450 (CYP72C)-like

BAS73039.1 inactive protein kinase SELMODRAFT_ 444075
BAS74819.1 cytochrome P450 94B3

BAS74821.1 cytochrome P450 94B3

BAS74823.1 cytochrome P450 94B3-like

BAS74828.1 UDP-glycosyltransferase 87A1

BAS74829.1 cyclin-B1-1 isoform X2
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Duplication depth Me Collinear blocks
0 BAS88313.1

1 BASS83161 | ORUFI04G06600.1
1 BAS88317.1 1

1 BASS83261 | ORUFI04G06670.1
1 c17 | BASS83301 | ORUFI04G06730.1
1 BASS83321 | ORUFI4G06750.1
1 BAS88333.1

1 BASS83381 | ORUFI04G06810.1
1 BASS8341.1 |

1

\_BAS88343.1 / ORUFI04G06860.1
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03 3,5os
BAS88313.1 tropinone reductase homolog At2g29360
BAS88316.1 primary amine oxidase-like
BAS88317.1 primary amine oxidase-like
BASS88326.1 UDP-glycosyltransferase 92A1
BASS88330.1 UDP-glycosyltransferase 92A1 isoform X1
BAS88332.1 0s04g0271800
BAS88333.1 UDP-glycosyltransferase 92A1-like
BAS88338.1 UDP-glycosyltransferase 92A1
BAS88341.1 UDP-glycosyltransferase 92A1-like
BAS88343.1 hypothetical protein
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1 0sR498G1221091800.01.T01

1

3 BAT16263.1 0sR498G1221094300.01.T01 OPUNC12G05450.1 ORUFI12G06510.1
3 G45 BAT16266.1 ORUFI12G06530.1
3 BAT16268.1

3 BAT16271.1 0sR498G1221096000.01.T05 OPUNC12G05490.1 ORUFI12G06590.1
3 > BATI7819.1 < OPUNCI2G15450.1 ORUFI12G18850.1
3 BAT17828.1 OsR498G1221952800.01.T01 ORUFI12G18970.1
3 C.46 BAT17830.1 OPUNC12G15520.1

3 BAT17831 1 0sR498G1221956000.01.T0O1 OPUNC12G15530.1 ORUFI12G18980.1

\ BAT17835.1 ) OsR498G1221957900.01.T01 OPUNC12G15570.1 ORUFI12G19020.1
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O. sativa japonica
O. punctate

O. sativa indica
O. rufipogon
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BAT16257.1 mannose/glucose-specific lectin
BAT16260.1 mannose/glucose-specific lectin
BAT16263.1 3-aminomethylindole N-methyltransferase-like
BAT16266.1 cytochrome P450 76M5-like
BAT16268.1 3-aminomethylindole N-methyltransferase
BAT16271.1 putative methyltransferase At1g22800, mitochondrial
BAT17819.1 serine carboxypeptidase-like 3
BAT17828.1 cytochrome P450 81D1
BAT17830.1 Cytochrome P450 family protein, expressed
BAT17831.1 uncharacterized protein
BAT17835.1 aspartic proteinase nepenthesin-1
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