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Abstract: The ubiquitin / proteasome system plays an important role in plant growth and development, morphogenesis
and disease resistance. Recent studies have shown that some pathogens can mimic the host plant ubiquitin / proteasome
system components to achieve their own purposes. Ubiquitin-conjugating enzyme is the second enzyme in the
ubiquitination process and is indispensable for the plant ubiquitin/proteasome system. Previous studies showed that
there are 48 predicted ubiquitin-conjugating enzyme genes in rice genome. In order to preliminarily elucidate the
functions of rice ubiquitin-conjugating enzyme genes in plant disease resistance, bioinformatic, RNA-seq and qRT-PCR
methods were used to analyze characteristics and expression patterns of rice ubiquitin-conjugating enzyme gene family.
Phylogenetic tree analyses indicate that the 48 rice ubiquitin-conjugating enzyme genes can be divided into 3 groups, 7
sub-groups in total. Protein domain analysis showed that ubiquitin-conjugating enzyme genes mainly consist of a big
ubiquitin-conjugating enzyme catalytic domain. Expression analysis in silico suggested that most of the rice ubiquitin-
conjugating enzymes can be induced by blast fungus infection. Plant cis-acting elements analysis indicated that four
pathogen resistance cis-acting elements and one hypersensitivity reaction cis-acting element have high distribution in the
promoter region of the 48 rice ubiquitin-conjugating enzyme genes. RNA-seq data from compatible and incompatible
monogenic rice after rice blast fungus infection showed that 44 rice ubiquitin-conjugating enzyme genes were expressed
at 36 hours after treatment, among which more than 50 % were highly expressed genes. QqRT-PCR analysis showed that
expression of some ubiquitin-conjugating enzyme genes can be induced by the inoculation of rice blast fungus both in
compatible and incompatible monogenic rice. However, in incompatible rice the expression of rice ubiquitin-conjugating
enzyme genes tends to be inhibited after rice blast fungus inoculation.

Key words: rice; ubiquitin-conjugating enzyme; ubiquitin/proteasome system; bioinformatics; Magnaporthe oryzae;
RNA-seq; qRT-PCR
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Fig. 1. Phylogenetic tree of rice UBC gene family.
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Table 1. Expression pattern of rice UBC gene family in silico.

ik F I #E Expression inducing factors

ii e 9 T 1R Ehia it # i HER Bl IS S FERMEILT B
Blast fungus infection Salinity stress Abscisic acid Gibberellin Cytokinin Chitin oligosaccharide
OsUBCI + + + + + +
OsUBC2 + + + + + +
OsUBC3 + + n n + n
OsUBC4 + + + + + +
OsUBC5 + + + + + +
OsUBC6 + + + + + +
OsUBC7 + + n n + n
OsUBC8 + + + + + +
OsUBCY n n + + + +
OsUBCI10 + + + + + +
OsUBCI1 + + + + + +
OsUBC12 + + n n + n
OsUBC13 + + n n + n
OsUBC14 n n + + n +
OsUBC15 n n n n n n
OsUBC16 + + + + + +
OsUBC17 + + + + + +
OsUBCI8 + + + + + +
OsUBCI19 + + + + + +
OsUBC20 N N N N N N
OsUBC21 N N N N N N
OsUBC22 N N N N N N
OsUBC23 N N N N N N
OsUBC24 + + + + + +
OsUBC25 N N N N N N
OsUBC26 + + + + + +
OsUBC27 + + + + + +
OsUBC28 + + + + + +
OsUBC29 + + + + + +
OsUBC30 + + + + + +
OsUBC31 + + n n + n
OsUBC32 + + + + + +
OsUBC33 + + + + + +
OsUBC34 + + + + + +
OsUBC35 N N N N N N
OsUBC36 N N N N N N
OsUBC37 + + n n + +
OsUBC38 + + + + + +
OsUBC39 N N N N N N
OsUBC40 + + + + + +
OsUBC41 + + n n + N
OsUBC42 + + + + + +
OsUBC43 + + + + + +
OsUBC44 + + + + + +
OsUBC45 + + + + + +
OsUBC46 + + + + + +
OsUBC47 + + n n + N
OsUBC48 + + + + + +

CHTRFETNE SRR 0" R T EE  NT RS TEE T A .
‘+7 , Inducible; ‘n” , No related data; ‘N’ , Unavailable.
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Fig. 2. Cluster analysis of cis-element in the promoter region of rice UBC genes.
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Fig. 3. Saturation analysis of rice RNA-seq data.
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Fig. 5. Expression level of rice ubiquitin-conjugating enzyme genes after Magnaporthe oryzae inoculation.
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