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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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Figure 3. Grouping of pomegranate genotypes based on morphological traits based on the Bayesian model
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Figure 4. Cluster analysis of evaluated pomegranate genotypes based on morphological and pomological traits
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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.

KEYWORDS

Lactuca sativa.,, Mannitol, Total phenol content, Total sugar content.
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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
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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 2. Volcano plot of expressed genes in six hours
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the control samples under stress conditions.
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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 OsSAMTs 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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Ammonium transporter proteins (AMTS), co-culture, cyanobacteria, nitrogen fixation, Oryza sativa.
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Table 1. Access code of cyanobacterial strains in the microbial bank of Tabaristan Genetics and Biotechnology
Research Institute, Sari University of Agricultural Sciences and Natural Resources.
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Access code at NCBI scientific name “GABIT strain name row

NR112178/1 Fischerella thermalis GABIT397 Strainl

MK967404/1 Aliinostoc sp GABIT293-1 Strain2

MK503791/2 Aliinostoc Magnakinetifex GABIT327 Strain3

MF115982/1 Neowestieuopsis Persica GABIT391 Strain4

MF631198/1 Desmonostoc sp GABIT310 Strain5

NR_172577/1 Desmonostoc persicum GABIT281 Strain6

MK967413/1 Aliinostoc sp GABIT393 Strain7

MF678820/1 Desmonostoc Persicum GABIT384 Strain8

*: Genetics and Agricultural Biotechnology Institute of Tabarestan (GABIT), Sari Agricultural Sciences and Natural Resources University (SANRU)
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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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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
o en e cons Adyy Job Comd . o i
G Foj S S S oj s & adydib Gilp e Gl e drgm
Fresh weight Dry weight of root Germination ~ Germination .
ofsingleplant  asingle plant Root to stem length speed percentage strain
length ratio
0.46g®© 0.013hij® 0.63gh© 39.33ij@ 8.16h® 100.0a® Control Jys
0.41h®™ 0.014efg® 0.35jkI®8) 18.66mp®© 9a® 100.0a® Strain 1 \ays..
0.63a® 0.007m® 0.84f® 56.33fg® 8.5ah® 100.0a® Strain 2 yeys.. -
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0.61b® 0.0072mn® 0.84f® 51.00gh® 7.2¢© 88.89hc© Strain 5 o4 5. S
0.51d® 0.024p® 1.11de® 69.33de® 8.33p© 94.44ah® Strain 6 5. ©
0.50e® 0.0150e® 0.52hi®° 32.33jk© 9a® 100.00a® Strain 7 vays.
0.49f® 0.020c® 0.86f® 53.869® 8.41h® 97.22a4B) Strain 8 Aagw
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0.387j© 0.006n0® 1.24bcd®® 73.33cd© 8.08h" 80.550ef“® Strain 5 dagu é
0.323m® 0.012jk® 1.23bcd®® 81.00Bch© 6.91cd® 75.00f%) Strain 6 £4..
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0.0322rs® 0.00600p® 0.329j-m*&% 19.001-p® 2.41h© 30.55m® Control s
0.04149® 0.0052pg® 0.1470® 8.009® 2.83gh®° 38.89kICD Strain 1 vays.
0.0365qrs© 0.0049qr® 0.328j-m®“&0 22.33Imn®*® 2.5h© 50.00ij4® Strain 2 vas.. -
0.0249t® 0.0141fgh®® 0.29j-n®A 20.331-0® 2.83gh®© 33.33mI® Strain 3 vay. ;__&
0.0309st®® 0.0149¢f® 0.166n0® 8.46q© 2.75gh®9 52.77hi*® Strain4ve,. S
0.0365qrs© 0.0260a® 0.202mno®" 13.000pg©> 3.66f" 44,44jk®O Strain 5 a4 g. §
0.0306st® 0.0123k® 0.376jk*® 26.33kIm® 3.08¢® 58.33n® Strain 6 Seg.
0.1038p9®W 0.0048qr® 0.273j-0P) 17.66nop®° 2.66gh®° 38.89KkI® Strain 7 vays.
0.0373qr© 0.0130ijke™ 0.397ij® 26.66kIA 3.75fA 58.33h® Strain 8 A« s
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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.

ol oSk 3] el o3 e o .
gyt S S S FNg St lginol <o [S3N
L . Molecular Number of Locus Gene name
GRAVY Aliphatic index Theoretical pl h . .
weight amino acids

0481 91.99 6.82 52649.55 498 LOC4336365 OSAMT 1;1
0,539 9373 6.88 52287.21 496 LOC4330008 OSAMT 1;2
0.444 89.60 7.58 53163.20 498 LOC4330007 OSAMT 13
0.569 105.66 8.63 51411.15 486 LOC4339064 OSAMT 2;1
0.490 9836 6.45 53739.83 501 LOC4327434 OSAMT 2;2
0,519 101.93 7.74 52765.58 497 LOC4327433 OSAMT 2;3
0.420 94.38 761 53794.49 498 LOC4324937 OSAMT 3;1
0.649 105.47 6.6 50853.46 479 LOC4334717 OSAMT 3;2
0.557 102.06 6.18 51660.19 480 LOC4329628 OSAMT 3:3
-0.369 76.00 6.56 44460.60 402 LOC4324937 OSAMT 3:4
0.420 94.38 761 53794.49 498 LOC4324937  OsAMT 3;1- like 1
0.420 94.38 761 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 4947364 470 LOC107278274 OSAMTj’;l’ llike
0423 104.98 6.15 33109.42 315 LOC107276876 OSAMT 4;1

1Sub-cellular localization
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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 5'UTR 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.
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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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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.

5l deols oo wlol (@l JUss & S. sclerotiorum (Sagll 4 gl ;5 o plolis alS glay canas, Y Jgus
CytoHubba 43l ;1 eslizl L 1315 5 PA23

Table 1. Ranking of identified hub genes in response to S. sclerotiorum infection following PA23-induced
defense priming in rapeseed using CytoHubba plugin

05 AU 0 3, 5as G 5 oy Of bl 4,
Gene Description and Gene name Ranking Method Gene ID Rank
Glutathione reductase (EMB2360 ,GR, ATGR2) DMNC, MCC BnaC04g26180D 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 1.4
APS reductase 1 (APR1, APR, PRH19, ATAPR1) MNC, Degree BnaA09g20370D 2
Glyceraldehyde-3-phosphate dehydrogenase of plastid 2
(GAPCP-2) MNC, Degree BnaC02g25850D 3
tryptophan biosynthesis 1 (TRP1, PAT1) MCC, MNC, Degree BnaA10g16850D 3.4
Anthranilate synthase alpha subunit 1
(ASAL, TRP5, AMTL, WEI2, JDL1) MCC, DMNC BnaA03g01690D 35
Phosphoserine aminotransferase (PSAT) Degree, MNC BnaC03962400D 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.

scleratiorum 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
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Figure 4. Prediction of potential mMiRNAs 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 (FADSs)
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 (ApFAD-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.

KEYWORDS
Arthrospira platensis, Bioinformatic analysis, Fatty acid desaturase, Genome
analysis, Stress dealing.
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o oMb gk g el il Jolpe da Jolo ) TPUFA)
g () JS=d) 4l o &) oz e S ) (pd50 lgie
gl oy ol (259,40 0005 4 A 9> Lo (13,5
bsg o cal Jolio oul 5 (S0 et g 4 Wl ot g

! Fatty acids
¥ Fatty acid desaturases
¥ Polyunsaturated fatty acids
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FATTY ACID BIOSYNTHESIS
o)

Acetyl.Cok Meloosly
: 62.176 { Pymvate metabolom
ol
FAS1 ACP
FaiD
Fas
= v
FASH FiSH FisH FiSH FASH FASN FASH
S o | = -
i Nl NS zic2 B2 222 2]
Fos Fas Fos Fas Fas
3.0x0- Y
- toacetyl 3.0; 3-Oooctanoyl 3.0; ol i  Oxohexad A Tactl] 7 L
S ferl fnl fpl fcpl o 3 o el § FOxooctdecanot-focy]
FASN_|[ FabG FasN | FaiG FASN [ FabG | FASN [ FabG FASH ][ FabG FASN FSH [ FasG
FAs2 || CBRA FAS2 || CBR4 Fs2 |[ CBR4 FS2 |[ cBR4 CBR4 FA52 F&52 |[ CBR4 FabhG
Fas Fas ‘ Fas y—smax Fas rsmax Fas Fas
R)-3-Hy y
(R)-3-Hyh R)-3-Hydh (R)-3-Hy R).3-Hyd ps¢ R)-3-Hydroxy- (R)-3-Hydroxy-
T i QR) 3 Hirory S dock s ] § betadecduogt ecyd
FASN [ Fabh FASH [ Fabh FASH [ Fabh FiSH [ Fabk FisH FisH [ Fabh
FiS1 || Fabz Fis1 | Fabz FAS1 || Fabz FiS1 || FabZ FAS1 Fasl |[ Fabz FabZ
Fas || HTD2 Fes || HTD2 Fas || HTD2 Fas || HTD2 Fas Fas || HTD2
¥
d Ui e e e | PO e e fne Hepadec: trans Octadec-2-enoyl-[ac ]
Fail Fail Fail Fabl Fabl
FASH e FASH ] - FASH J— - FASH |- FiSH FiSH %
FAS1 FAS1 FiS1 FAS1 FAS1 FiS1
= FaiL = Fabl —— [ FalL I = (o Faik
= M Fav L= N Fav = N Fav = N Fav = = M Fav
MECR MECR MECR MECR MECR e o
cenoyl-facy] cenoyl facy]
o = ———O=——<{114102%0 o—{1a102}—»G
Hexanoyl-[scy] Octanoyl-facg] Decanoylfacy] Dodscanoyh-[scy] Totradecanogl- Mo, AT
53314 el decanogh [acy] facp]
FASN |[3.1214) FASN |[3.12.14] 31214 31214
frciewmn Y ¥
enoyl[acy]
o) o o] O [TFast [ Fas | ©
Octanoic acid. Decanoic acid Dodscanoic acid Teimdecammacni-mJ Hexedsranonc acid O acid O acid
p i R P
v b4 | 6213
i |
Ly Unsaturated acy-facy] v

o —— === Giyeerolipid metabolisn
A

‘k Sckaleimin = (At etabolist )
M ~&{ Fattyacid elongation

Fattyacid degradation

(Kanehisa, 2002) KEGG ol5b 5l sl cows 4 iyl Sl 555 33 a8 ais gl e O pn (slasuw] jiiwgn e o) S0

J-ds 4 )l 5, (Racine & Deckelbaum, 2007)
e 3 YLy 2y ¢ schlisie Sl 5y VL 2y

S gie S (S 5ygied g g ol pé sl
5 Layesis jl (5 aidl oo b JLasal (gl 055))
Tola Hgd o a9y LNl g, Glpie 4 bSS
29550 bl Shgrge ol 1 oSy el Jpwlis 51 2Vl
St 1) 0395 Cmj (g o> Ve U (i Gl (San &S
(Kumar et al., 2021; Ratledge & Wynn, 2002) .»>
g YU oblg Arthrospira platensis s 5,
Khan et al., 2005; )s)b 1, Jlsd ¢ slacdalie
Fo il G 4068 ol e sleixe .(Mazo et al., 2004
Wl gy (E miie g 03l LSS 1) s edg8 o yd
(=339 e VIV) a5l (a5 B oo s5ls
(3o > NO) - b (59 2 (Si9 20> V1Y) SlipngyS
Ciferri & ) sib o (035 y= Sig Moy FIA) (Sdxe dlgo g
A4S ales,S i)l5S ol jl 3 (Tiboni, 1985
Oy ol ((6y9 05 diel (claswl & xie platensis
Sl o Jg sl 5 (GLA) Siddgid—y sl cailS iy gl e

yy-linolenic acid

L asbae gldlud opn glanwl sy el bl
Seigdl)] sl 5l YVLC-PUFAS) wily jles 0505
5 (V003 EPA) syl S_35ililjo50] (¥ F0b ARA)
Oy ol 455 (YYF03 DHA) gl 501555 55 pus
Connor et al., 2007; Zarate et ) cowl 05,5 Bglazo 345
Slatudsi wd o )sl glial 5l oS 5 ol (al., 2017
o3lpls slajlw Gl olgmie dn (B5b g o390 olie
aloa 5l eon 2> JUK—w la JsSUse slan_5gil56S0)
Ll i L 3680 5 b ylS guo 5 e 5HSL g s
@Iyl S 1 egde (Abedi & Sahari, 2014) 1S
VLC- (ol 090> (Nejo 58 slacalld 5 (oot
Kaur et al., ) as,ls (8548 4385 > age Liis WPUFA
.(2014; Schuchardt et al., 2010
it glis Lagl jl Jols (Shss slagés) 5 olale
sialS 4 ar g b bl il o WVLC-PUFA gols Lol
5 Labyd (ig58lig; (Sostl izman g (g il Conax
a3 el ol sl 23Sl ol gbie 2 gLl

)y Very-long-chain polyunsaturated fatty acids



49 WY 5ol &Y by O o)led qead)lon Jlo (ol plalS (ygldcany ale 4 i

— oM (Kargiotidou et al., 2008) ol oais )35
bgw oS )3 GMFADS ¢, 8551 dws 03,5 jogels b ]
il Lol )3 Lugd OMe glasd ooy plp 5> Cenglie
S sy, cuas (Singh et al., 2011) ol 4l
 gbdlps o ladul gdaw &5 FADS (dlgie 4 33
(micen (Zarate et al., 2017) 5l (S S o pulais
walisee gla s U dblie oUly slgs o FAD lacyj
sobdnr |y lisslon Joslgs g Loy oy o Siid (559 e
Dominguez ) oS pebas calises sbadisS 5 a5 b6
et al., 2010; Hajiahmadi et al., 2020; Singh et al.,
G lsee Lo slopus ;3 FAD glay5 o oplpls (2011
o=l g0 S e Lal LaPUFA W)y gl ) e il
o) 3yShes g 6yl L Giliste Sluogad o)y i,
2 Sloysilsn Lo by, jlesliiwl b doySey 5 o)
38> Sy sl 1y e lg3 o Arthrospira platensis
g5 0255 18 Gezmed 9 Joho )3 LFAD Joe puslSia
g 29 sl ol 9 0f JLsl lllae ot 4

A lgen ccalisie (sladigS )3 dieus )l slacgilie

OBIR (b 09)

A. platensis Clpgsj 0 FAD oolgls sl o lwlids
NIES-39 4 L ;| A. platensis j| sk slaals g8 b
Lo calisee bLE 3 w,ue ¢ KCTC PCC NIES-46 C1
o=l il By (Seesss SleMbl il o ol 5 (g5l
asllas > bl o o yiwd 3 5 Cud 02 slaoll ;o ladslis
L o) JeelS” Jlgs5 as” A, platensis C1 Ss i, pgi pols
CP019998.1 wyiwd S L g 5k i ygaben £/F )5 Jobo
ol poif ol gl 485 )15 b)) 5)90 0l piia
(https://www.ncbi.nlm.nih.gov) NCBI o5 oL 51 C1
GeneMarks ol s 5 gl |

(http://exon.gatech.edu/genemark/genemarks.cgi)

S, 5l ool

by odds &S sla gy deb (LOmsadze et al., 2018)
ol gl gl dm do e 3 808 Ll pgis
Galaxy p,ady slaylpl il oslizwl b FAD a3l slacl
poi lym wolaisl edls oKL o(https://usegalaxy.org)
0l s (g3, Slas (ped 0dd cblis Jlg g ui adle Cl
(PF10520) 4 FA_desaturase (PF00487) FAD
oLSSL o) sla oy > FA_desaturase 2 (PF03405)

u.oLu Jlf 05)4.0 uﬁ)f )l)ﬁ M .))9.4 ‘E—10 441.“.\:1 L: D.)‘.)

wolw! o (Connor et al., 2007; Kaur et al., 2014)
A. (Lupatini et al., 2017) 4 slas jl Jol> ls
Oewlo gloie o YL glls o el g 5l e platensis
2 e S tIA) BB by (p5 Ve e 3 p)5 (e VF) B3
(PS5 V e S (e +/YV) BI2 pooling (o5 V-
ilate &y ity ol (2,5 V00 33 55 o YY) K oyl
JB Sl ()5 St g g Cutlyy Juad (oldlee
L Y¥/o ;) Arthrospira y yig)l Stk (slg—i>e 3 455
BATIONO ) ceul 00 salite (5,5 Vo v o o) Lo YYV/E
sl 5 (2% €167 0) Seolly sl ol biaoe | Sl
5) (6 teS (Slgizmo ol o 4y g (A VY/F (C18: 2n-6) gt
S gioll 4wl (C18: 3n-6) S_aid-Lol5 ol
St yro Syl ¢ (C18:10-9) Sl syl (C16:10-7)
Jel>s 5 4 350 (Diraman et al., 2009) .l .- (C14:0)
33Lie (gols Ldg ol a5 onls lis aiel (gladgnl CuS' 5
byl (ZAND) Slobigls 4l (slan il I YL
(FX1AE) 5] (FEIAY) Crmg) (AFIOF) sV (-0IYY)
s 5 (A510A) 39,5 dIF) oS SXIVY iy
Khan et al., 2005; Mazo et al., ) sl o (~¥/V0)
(2004
iy sl zolaw a8 wiled S O3l (6l Olallas
5 Seidois Slopad )b 5 S bl
Golio 5, Slos Lais g 0391 (b slid Slasee) (obowdon

Alonso et al., 2003; Lee et al., ) 5)b SKiws s
3 il glil e a0l 3 st oS conline ol o) (2016
& sbed LSkl )3 ofgan (ame lpes 4 Fuly
2 5 Seisden blie uslie 5,Slos Lais oyl by wad oo
el Gl el by Joho (sl o
S o ay sl S L Shos ) (glosin i
2K Gl wal U (o g (e ilie
Chi et ) 5,05 00 pLosl FAD (sla gy buwgs ¢ Sg0 )90
olels (Jlis olsue 4 (al., 2011; Lee et al., 2016
k95 JB cuglio @3 FAD (5 oo i b (K paas5
Aloaly (Lt oy (i 48 yme 53 (58,5518 5l e
9 FAD2-3 5 > ol oL .(Dominguez et al., 2010)
ay slasalS 3 )5 g by i lalys > FAD2-4

1 Single and poly unsaturated fatty acids
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Schultz ) (/http://smart.embl-heidelberg.de) SMART
o=l slasl 3 —olaid] sla e joas (et al., 2000
oL 9 DNA sla Jlgs (v JSCs) s 4l 55 edlgsls
Cl sl Jol8 poi 5l Lagys ol aa bgye (0959095
P93 2 S5 sy bl o Ly g 9 el Sl
o395 328 Clhogad a b (6N Spl Lyl
, ProtParam asb; jl eslaiwl Ly ApFAD (sl gy
(https://web.expasy.org/protparam) ExPasy oLl

WA e e (Gasteiger et al., 2005)

Query seq.
Specific hits

oLSL 5l 30 Arabidopsis thaliana > FAD (sl gy
Garcia-) (https://www.arabidopsis.org) TAIR sl
&l S lsis a4 ¢ gl el (Hernandez et al., 2002
E < e b Wyl pgsj pln > BLASTD (slagoine plos]
L ord olwlis FAD (slapiSy 8,5 |5 goxiue 590 1670
3 336 L g ) )5 sl g g 5as plesl g, 93 0
Al coles jd WNad Blo gwd Cygo 4 JolS aolaid!]
Pfam (slad by jl odliil U 5 ol ()5 e 9 JolS” Jls

o(Bateman et al, 2004) (http:/pfam.xfam.org)

Non=-specific GntB_guanitoxin
hits
Superfanilies Membrane-FADS-1ike superfamily
| FA_desaturase superfamily |
Query seq.
Specific hits
|
Non-specific
hits |
Superfanilies | Membrane-FADS-1ike superfamily |
L FA_desaturase superfamily |
1 F-3 S0 s 10 150 17s 20 Zis 250 27
! L L 1 T SR e A S e Wi S e e e B e ey e |
Query seq. n
Specific hits
|
Non-specific {
hits |
Superfanilies Membrane-FADS-1ike superfamily | ‘
FA_desaturase superfamily ]
1 m 150 200 260 68
Query soq. putative di-iron lisands 4 4 AA AN
Specific hits
¢
Non-specific PLN0O3198
hits

Superfanilies |

Membrane-FADS—-1ike superfamily |

PLN03198 superfamily
FA_desaturase superfamily

- hd » i

150 175 200 %5

ey = Di-iron lisands 4 4 A S m
Specific hits
Non-specific PLN02220
hits |
Superfanilies Membrane-FADS-1ike superfamily ‘
| FA_desaturase superfamily
100 150 200 0 386
o putative di-iron lisands A A A A
Specific hits Deltal2-PAOS- 1)
Non-specific PLNG2598
hits
Superfanilies

Membrane-FADS-1ike superfamily ‘
FA_desaturase superfamily

- » 5 G G i

Query seq.

Di-iron ligands 4 4 A AN
T

150

175 20 2 250 270
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hits
Superfanilies Membrane-FADS—1ike superfamily j
| FA_desaturase superfamily |

t s 10 154 200 = EQ a5 36
fdory:80q s Putatise di-iron lisands
Specific hits

¢

Non-specific PLNO3198
hits
Superfanilies

PLNO3198 superfamily
| FA_desaturase superfamily

l I Membrane-FADS—-1ike superfamily ‘ ‘
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CNNPromoter_b «_oby jl ool —wl L s58bgl
(softberry.com/berry.phtml?topic=  cnnpromoter_b)
g s S )8 slwlid 5)s (Umarov & Solovyev, 2017)
S0 Foeon (1P 2 L §3es (sodall polie g
b ccas Vere iVl asl 85 s o L ADFAD
de Jong et ) (pepper.molgenrug.nl) PePPER 4ol s S8
S L] S (S igagn 9 (5 (i 19

(string-db.org) STRING Vv12.0 asby L pigys ugp
Seog-gy leMbl ywlul 5 4 (SzKlarczyk et al., 2016)

oobl ;2 APFAD Loy (Gl JBgn gilwanmd
RNA-seq sesls

o RNA-seq slaosls 359 pie @) dogi b pols adlllas
Ol oSl el i bl yd 5 Wlg el (slogj (olod
Arabidopsis ,» ADFAD 5 y» (lys Slg)l opy S
Lyly 5 5 sl FAD clapyj Sl Jmalby g s ool
Sigol g loyw oSl o Sid (5)98 (Jaree Gl 5
byye FPKM jslio jglaie ool (dlp 85 )13 2Ll 2590
Py jl ddizee (So5odgn lul)d 3 0 2 lw 4
EMBL-EBI ,> ELIXIR o3ls oL L ;> Expression Atlas
(Moreno et al., 2022) (ebi.ac.uk/gxa/experiments)
polie 4y 5 @WFPKM yolie ol alsye jo i 2l sl
ol Ol 4 barpe ()l 4 mpw i gl g 00d L 10G2
Chenetal., ) o oslawl TBtoOOIS 3810 5 51 55 edlgsls
(2020

£Fragments Per Kilobase of transcript per Million mapped reads

oo Cbli> slpiign g (Sobje—Lud by
APFAD (slacriig

o gyl g3 55 0dlgls cpl (clacl ol pon 4 w5
Rlwen (25035 Ghgy bl (Suishd balyy (b))l
MEGAX 58l o3 o 5l oyl i 1,55 Voo« LY(N)
bl glym a b edlawl (Kumar et al., 2018)
3= LRAPFAD > o0 e blos  Zgy lacadse
(Multiple Em for Motif Elicitation) MEMEal
.(Bailey et al., 2009) c.é,5 1,8 oslawl 540

20 a5l Slyudi 9 (S (ol G (255

APFAD oslgils glac!
ko Slos APFAD (laiyiiion (35 swlid s (215
ot ) slaplSe 5 (Sifsdom slaail b ¢ Jo-SUse
CELLO2GO 4l 35—,k jl APFAD (sl ay5sy
Yuet) s i (cello.life.nctu.edu.tw/cello2go/)
o 13 dcen 5l ey e lyseis 5 S (@1, 2014
N ¥ y9iud o le APFAD sL—a(y555
ety 4 0o N 5T el gogus % y90 M 59 i
NetPhosBac o G 5,k

(&

services.healthtech.dtu.dk/services/NetPhosBac-)

(Miller et al., 2009)0.5< |y ,lide L (/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 4.l 4

M e e (et al., 2019

y Neighbor joining
yPhosphorylation
v N-nitrosylation

£ Sumoylation
sN-glycosylation
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IS e 5 SBlall 5Lt (sln sl cmizpan 3k
P o5 4 ADFAD (slaiss (GRAVY) Siibgyin
5 (ADFAD-1 ,5) Y- YT Ls (APFAD-2 ,3) A4/F 351 e
st (ADFAD-5 j3) < /YYY s (ApFAD-2 j3) —+/-¥5
Sty izmam g Witig ol 0091 Sl (S o8 s
(Rao et al., 2008)  lawxe (sla i a9l , Legl

sl e

APFAD (sl (piiig y (guiainb g (Soijelsd bulg,
ez 41y kel ADFAD (gla iy (JolSS Ll aslllas
dogy) 5 )0 (F-L50l (1&g, ¥ L) Omega Lol atws
2 (B9 V L FAB2) M w0 54,5 —CrtR
AV 09, 5 15 (oS gym ¥ Jols First) jlea Ly ad
¥ ASs) ol Gl ) elie chiige slagSl (Sesld
LS?‘—" First aiwy a4y Joﬁ.g).,o db&ﬁ»ﬁ do .(y 9 all
sl YV oV & slacadse jl gloads cbles (56X
09,5 40 bgayye GLaAPFAD 45 Jls > widg 245
LSl (g 93 2 53 (Y Jgda g o g AT JS)
«_A)HA_:I_QUL.J}Q p_u).vsu_as);o.&_wu’.’l_wtw
9y guac LQ('J)) (e WD 5 9\‘ H Y dl}bub.:yo
e 5 NS g0 (59,5 L-CrtR 09,57 51 192l
s Las e oSiiunl slo (g b o (65l b canlis
¥ JSKE) 290 293 Cadige o8 3 7 9 ¥ oled (slacisse
053l a S Histidin Box 1 & o ke casge (o g call
Sla Doy ded > 1S (0 Sles glo i 5 (S
y9—a> APFAD oslgls clacl aan > cwl ApFAD

sl

Cblis jlun (3)Sles (i a2 (S5 jsbas
Al )3 3550 S0 g imal (bl Ceond )3 390 duw 0k
2wl ADFAD (layiisyy plod )3 (sdens'5:)S slecsl
(g ¥ IS5 5 ¥ Jgio) 83

A. platensis pg—3 ;0 ADFAD 53 oolgils slas! o lwll
st lionivsSs 308 Sluogas 3 s
g (o955 oo PFAD (55 03lgls St (b))
Slacsy CoshsS i3 glaio 4y 151 LB JsSlse bl S,
i Sl Jiw e Slie (dine 3200 5l (ST
caliseo (sladisS ) odlgils pl og3f adllas S ol eluil e
Michaelson et ) Arabidopsis . jl <ol 3, 9 &L
Hajiahmadi et ) pa5 (Chi et al., 2011) L. (al., 2009
slasd>s, (Chen et al., 2019) gz, (al., 2020
(Tonon et al, 2005)Thalassiosira pseudonana
i e (sladeS o (Jia et al., 2022) Schizochytrium sp.
L .cuwl 485 & ys0 (Tang et al., 2018) Aspergillus ¢z,
Sl ool o pgi5 pol adlas 13 9)ls g 45 (ko
» @l i S FAD (55 03lgls slasl (gprine jdlato &
aliseo (sla i d Cuoglie doul yizmen 5 (gdne dgo el
5 SIS sl ly Bis 85 )13 (awyp 3)90 )b
e gy A dlawy (JolS olaid] e W8l 0)lge 5
Ll A platensis C1 p555 ;5 APFAD o5dlls ()| S5
() Jga) wad

OSa s €95 ke edlas cpl 3 00 n e @S Bilae
Acyl-CoA desaturase (FAD2) Omega _J.Ls ApFAD
s (FAB2) CrtR_beta-carotene-hydroxylase (First)
s—obaid! y 03 x5 wlel » Sphingolipid desaturase
0l (Y Jorz) 8 (oLlid Lyl ) (89—
S-S (moie APFAD (la Sy 1 (sotie (oliondoSesd
5-hS YN0 b (APFAD-5 ,3) YWYV 5l s ying JoSse 59
(1) S Syl adass pyolie gy yuiio (APFAD-4 1) (5l
) M L (ApFAD-8 ,3) /Y8 | ADFAD L sy
bl slacnSon 351 sl b g e (APFAD-1
2l cunlo a5 waly (b 1y V5 i pl polie (45Y~) o
oL palie (¥ Jgz) dmd e (L5 ) Wiy ol 5]
3 i 0ad ololis GWAPFAD I Z8Y 0~ 5 (Il) ()bl

Lo ou9 s ol (99 )bl odims (L5 &8 A oy ¥

byl (S5 Slasuie ¢ gyl Sils 5 pg3s 50 o0d ololis FAD (slay; cond Y Jgoa

O Saogd O Curdgo DNA ol o5 eb NCBI > (ow siuwd dwlini
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 APLC1_0651
delta-9 desaturase, desC; Stearoyl-CoA desaturase (Delta- 788338..789801 1464 ApFAD-3 AJ002065.1




0

Wt 5ol FV by O o)led qoadylea Jlo 2l OlalS (6ygldcumnj (oole 4 5t

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
delta12 Qosaturases desA OMEGAS FATTY ACID 1430411434223 1282 ApFAD-6 X86736.1
stearoyl-CoA desaturase (delta-9 desaturase) 2236276..2237088 813 ApFAD-7 APLC1_2346
Delta6 Fatty Acid Desaturase (Delta6-FADS)-like 2397108..2398214 1107 ApFAD-8 APLC1_2499
Uy ol S 2535 5 0 ololis ADFAD (sla iy (olhordsSo 3 Sluogas Y Joua
i ) i P and uaéla& ua:.l.w l “. QI9 jlo Ml.ﬂ.w O PU
G Nes o3 oWan EY Pl Kol bl o JeNle O y
Domain Protein type i hati i 27152 Protein oo Gene
g5 Aliphatic  Instability MW R symbol
- . pl length Protein id
GRAVY index index (Da) (aa)
CrtR_beta-
FA_desaturase_2 carotene- ApFAD-
(PF03405) hydroxylase: 0.151 101.73 43.74 8.9 34889.59 301 EKD10288.1 1
FAB2
FA_desaturase Omega 6; ApFAD-
(PF00487) FAD? -0.046 89.49 42.28 6.56 41842 356 UWU45967.1 2
FA_desaturase
= Acyl-CoA )
Eg%“gg desaturase; 0.208 96.37 27.78 7.27 3140651 270  CcAmosieel “PEAD
(PF08557) First
Sphingolipid )
FAzgﬁf)a;Z‘B?)e—z desaturase; 0.181 98.26 40.69 6.48 4215473 368 AcNesis1  “PRAD
FAB2
FA_desaturase
b Acyl-CoA
(LPIEI%O4I§E)S' desaturase; 0.222 96.74 28.41 7.27 31376.48 270 AAD00996.1 ApFSAD-
(PFO8557) First
FA_desaturase Omega 6; ApFAD-
(PF00487) FAD? 0.063 91.03 42.05 7.8 40928.39 351 CAA60415.1 6
FA_desaturase
= Acyl-CoA
(LPIEI()CiO‘lgé)é desaturase; 0.208 96.37 27.78 7.27 31406.51 270 UWU47577.1 ApF7AD-
(PFO8557) First
Sphingolipid N
FATP"E%""SFE?SS)E—Z desaturase; 0.191 97.99 4115 6.29 4205752 368 UWU47727.1 ApFSAD
FAB2
APFAD (cla gy 53 0dd i odd cblas slacaise (o651 Ciliasuin Y J,»
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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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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
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BAS74829.1 cyclin-B1-1 isoform X2
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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

O. sativa japonica \Y s,les pgjges,S b i s slodiss Y JSWG



Bgldygs g5 dw 5 Oryza cilisee Lo5 o35l 1> 56 clacdpbio S) cades iw )y i), Sod g Slwlw WYy

Duplication depth Reference chromosome Collinear blocks

1 0sR498G1221091800.01.T01
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3 G45 BAT16266.1 ORUFI12G06530.1
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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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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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