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ABSTRACT

Introduction: Cereals are the primary source of energy for human consumption as well as animal feed. Throughout their lifecycle, cereals
are exposed to a wide range of both biotic and abiotic stresses that often lead to significant yield losses, impacting both the quality and
quantity of their yield. Consequently, safeguarding their productivity, particularly by resistance against biotic threats such as fungi and
oomycetes, is crucial. A variety of proteins play key roles in specialised molecular signalling pathways that enhance the stress resistance of
cereals. To this end, maintaining cereal productivity by controlling plant diseases, particularly fungi and oomycetes, is of critical
importance. LysM motif-containing proteins play significant roles in plant innate immunity, symbiotic interactions, plant-pathogen
interactions, and cell wall biosynthesis. However, the evolutionary pathways and functional diversity of these protein families remain
largely unknown in the major cereal crops.

Materials and methods: In this study, a comprehensive genomic analysis was conducted on LysM motif-containing gene families across
seven major cereal species, including Avena sativa, Oryza sativa, Triticum aestivum, Sorghum bicolor, Hordeum vulgare, Zea mays, and
Secale cereale. Bioinformatics tools were employed to detect genes and proteins featuring the lysin (LysM) motif. Target genes were
selected through screening processes using multiple software platforms and predetermined parameters.

Results: A total of 106 LysM motif-containing genes were identified across seven selected cereal genomes. These genes exhibited
considerable structural diversity and displayed a wide range of chromosomal distribution patterns. Phylogenetic analyses classified LysM
motif-containing genes into three distinct subfamilies, indicating both evolutionary conservation and lineage-specific adaptations. Further
analyses of LysM motif-containing genes revealed significant synteny and collinearity among the cereal species, suggesting evolutionary
relationships and the functional conservation of LysM motif-containing genes. Gene structures and conserved motif analyses revealed the
functional diversity of LysM motif-containing genes. Analysis of cis-regulatory elements indicated that LysM genes are involved in
responses to both biotic and abiotic stresses, particularly in response to pathogen recognition and signalling pathways.

Conclusion: The findings of this study demonstrate that LysM motif-containing genes exhibit evolutionary dynamics and play important
functional roles in cereals. Therefore, LysM motif-containing genes hold great potential in molecular breeding programs aimed at improving
cereal crops to resist both biotic and abiotic stresses. The results of this study improve our understanding of the molecular mechanisms
involving LysM motif-containing genes and highlight their potential applications in breeding strategies for improving stress resistance and
productivity in cereals.
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Table 1. List of LysM-containing genes in cereal crops, with gene names prefixed by the initials of their respective genus and species.

Gene ID o yiws oLy Name sl Gene ID o yiws oLy Name ol Gene ID o yiwss olas Name 5
AVESA.00001b.r3.4Cg0000874 AsLysM 1 HORVU.MOREX.r3.4HG0417740 HvLysM 5 SECCE3Rv1G0199300 ScLysM 7
AVESA.00001b.r3.1Ag0000585 AsLysM 2 HORVU.MOREX.r3.5HG0485860 HvLysM 6 SECCE3Rv1G0187730 ScLysM 8
AVESA.00001b.r3.1Cg0000119 AsLysM 3 HORVU.MOREX.r3.5HG0502740 HvLysM 7 SECCE4Rv1G0254310 ScLysM 9
AVESA.00001b.r3.1Cg0001175 AsLysM 4 HORVU.MOREX.r3.6HG0538650 HvLysM 8 SECCE1Rv1G0025800 ScLysM 10
AVESA.00001b.r3.1Dg0000552 AsLysM 5 HORVU.MOREX.r3.6HG0538670 HvLysM 9 SECCE4Rv1G0217420 ScLysM 11
AVESA.00001b.r3.1Dg0003441 AsLysM 6 HORVU.MOREX.r3.6HG0574360 HvLysM 10 SECCE5Rv1G0346570 ScLysM 12
AVESA.00001b.r3.1Dg0003613 AsLysM 7 HORVU.MOREX.r3.6HG0574410 HvLysM 11 SECCE6Rv1G0388480 ScLysM 13
AVESA.00001b.r3.2Dg0001145 AsLysM 8 HORVU.MOREX.r3.6HG0604320 HvLysM 12 SECCE6Rv1G0446410 ScLysM 14
AVESA.00001b.r3.3Ag0000420 AsLysM 9 HORVU.MOREX.r3.6HG0619000 HvLysM 13 TraesCS3A02G276600 TaLysM 1
AVESA.00001b.r3.3Ag0002191 AsLysM 10 HORVU.MOREX.r3.7HG0663400 HvLysM 14 TraesCS3B02G310800 TalLysM 2
AVESA.00001b.r3.3Cg0002441 AsLysM 11 HORVU.MOREX.r3.7HG0749800 HvLysM 15 TraesCS3D02G276800 TaLysM 3
AVESA.00001b.r3.4Ag0001228 AsLysM 12 0s10g0485500 OsLysM 1 TraesCS4B02G387000 TalLysM 4
AVESA.00001b.r3.4Ag0002462 AsLysM 13 0s0190546000 OsLysM 2 TraesCS5A02G551300 TaLysM 5
AVESA.00001b.r3.4Ag0002656 AsLysM 14 0s0290769200 OsLysM 3 TraesCS7A02G560400 TaLysM 6
AVESA.00001b.r3.4Cg0001057 AsLysM 15 0s03g0699600 OsLysM 4 TraesCS7B02G486800 TaLysM 7
AVESA.00001b.r3.4Cg0003634 AsLysM 16 0s0690208800 OsLysM 5 TraesCS7D02G549400 TalLysM 8
AVESA.00001b.r3.5Ag0000178 AsLysM 17 0s0690625200 OsLysM 6 TraesCSU02G126200 TaLysM 9

AVESA.00001b.r3.5Ag0002639 AsLysM 18 0s06g0729900 OsLysM 7 Zm00001d013983 ZmLysM 1
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AVESA.00001b.r3.5Ag0003154
AVESA.00001b.r3.5Cg0000177
AVESA.00001b.r3.5Cg0001296
AVESA.00001b.r3.5Cg0002725
AVESA.00001b.r3.5Cg0002923
AVESA.00001b.r3.5Dg0002651
AVESA.00001b.r3.5Dg0002778
AVESA.00001b.r3.6Ag0000257
AVESA.00001b.r3.6Ag0001180
AVESA.00001b.r3.6Cg0003177
AVESA.00001b.r3.6Dg0000863
AVESA.00001b.r3.7Ag0001053
AVESA.00001b.r3.7Dg0000077
AVESA.00001b.r3.Ung0000231
HORVU.MOREX.r3.1HG0044770
HORVU.MOREX.r3.3HG0287750
HORVU.MOREX.r3.4HG0335820
HORVU.MOREX.r3.4HG0409440

AsLysM 19
AsLysM 20
AsLysM 21
AsLysM 22
AsLysM 23
AsLysM 24
AsLysM 25
AsLysM 26
AsLysM 27
AsLysM 28
AsLysM 29
AsLysM 30
AsLysM 31
AsLysM 32
HvLysM 1

HvLysM 2

HvLysM 3

HvLysM 4

0s09g0452200
0s0990548200
051190548600
0s11g0557500
Sobic.001G126100
Sobic.001G214200
Sobic.001G536100
Sobic.002G222500
Sobic.002G286700
Sobic.004G076100
Sobic.004G311600
Sobic.010G079100
SECCE6Rv1G0388400
SECCE5Rv1G0330570
SECCE5Rv1G0367960
SECCE6Rv1G0412060
SECCE5Rv1G0375240
SECCE6Rv1G0402670

OsLysM 8
OsLysM 9
OsLysM 10
OsLysM 11
SbLysM 1
SbLysM 2
SbLysM 3
SbLysM 4
SbLysM 5
SbLysM 6
SbLysM 7
SbLysM 8
ScLysM 1
ScLysM 2
ScLysM 3
ScLysM 4
ScLysM 5
ScLysM 6

Zm00001d015884
Zm00001d018201
Zm00001d020691
Zm00001d021447
Zm00001d027325
Zm00001d027533
Zm00001d032656
Zm00001d033621
Zm00001d036338
Zm00001d037151
Zm00001d043467
Zm00001d043516
Zm00001d045832
Zm00001d048521
Zm00001d053120
Zm00001d053695

ZmLysM 2
ZmLysM 3
ZmLysM 4
ZmLysM 5
ZmLysM 6
ZmLysM 7
ZmLysM 8
ZmLysM 9
ZmLysM 10
ZmLysM 11
ZmLysM 12
ZmLysM 13
ZmLysM 14
ZmLysM 15
ZmLysM 16

ZmLysM 17
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Figure 1. Phylogenetic tree of the LysM motif-containing proteins in cereal, using the Maximum
Likelihood method based on the Jones-Taylor-Thornton model for amino acid substitution.
Bootstrap values (500 replicates), indicating the frequency with which related taxa grouped
within the same clusters, are displayed alongside the branches.
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Figure 2. A) Relationship between Cis-element of the promoter of LysM-containing genes from
upstream 2000 bp sequence to the transcription start site. The element with the different color
codes represents motifs associated with hormonal and stress stimuli. B) Phylogenetic
relationship, exon-intron and UTRs organizations of LysM-containing genes.
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Figure 3. Distribution and gene duplications of LysM-containing genes. Each colored bar
represents a chromosome as indicated. Gene names are labeled on the basis of their positions on
the cereal’s chromosomes. A. thaliana genome has been used to compare synteny and

collinearity with those of cereals.
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Figure 4. Protein-Protein Interaction network of specific LysM-containing proteins.
Arabidopsis and cereals genes are shown. Cereals genes name are shown in the picture. The
thin and thick lines represent the high and the weak interactions.
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