Table S6. Introduction and reference about our selected features. We collected 16 features and 12 of them are widely used by previous papers. The DoC, NEH, NNH and Age are first used to predict essential genes in this study. The former 14 features were collected for all 21 species. The GO, mE, mEF, and Age were collected only for S. cerevisiae and S. pombe.
	Abbreviation
	Description
	Reference

	DoT
	gene Domain Type
	1[, 2]


	DoC
	gene Domain Conservation
	First use

	DC
	network topology feature, Degree Centrality
	
 ADDIN EN.CITE 

[3-7]


	CCo
	network topology feature, Clustering Coefficient
	
 ADDIN EN.CITE 

[4-7]


	CC
	network topology feature, Closeness Centrality
	
 ADDIN EN.CITE 

[4-7]


	BC
	network topology feature, Betweenness Centrality
	
 ADDIN EN.CITE 

[4-7]


	PL
	Protein Length
	
 ADDIN EN.CITE 

[1-3, 6, 8]


	CAI
	Codon Adaptation Index
	
 ADDIN EN.CITE 

[1-3, 7, 8]


	NP
	The Number of Paralogs for a target gene
	
 ADDIN EN.CITE 

[1-3]


	NS
	The Number of Species which have at least a homologous genes for a target gene
	
 ADDIN EN.CITE 

[1, 3, 6, 7]


	NEH
	The Number of Essential Homologous genes in other species for a target gene
	First use

	NNH
	The Number of Non-essential Homologous genes in other species for a target gene
	First use

	GO
	Gene Ontology
	
 ADDIN EN.CITE 

[1, 3, 9, 10]


	mE
	mRNA Expression level
	7[, 11]


	mEF
	mRNA Express Fluctuation
	1[, 11]


	Age
	gene origin Age
	First use
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Figure S2. The distribution difference of DoC. Differences of average DoC between essential and nonessential genes in the studied 21 genomes. Blue and red bars indicate essential and nonessential genes respectively. 
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Figure S3. The distribution difference of DC. Differences of average DC between essential and nonessential genes in the studied 21 genomes. Blue and red bars indicate essential and nonessential genes respectively.
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Figure S4. The distribution difference of CCo. Differences of average CCo between essential and nonessential genes in the studied 21 genomes. Blue and red bars indicate essential and nonessential genes respectively.
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Figure S5. The distribution difference of CC. Differences of average CC between essential and nonessential genes in the studied 21 genomes. Blue and red bars indicate essential and nonessential genes respectively.
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Figure S6. The distribution difference of BC. Differences of average BC between essential and nonessential genes in the studied 21 genomes. Blue and red bars indicate essential and nonessential genes respectively.
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Figure S7. The distribution difference of PL. Differences of average PL between essential and nonessential genes in the studied 21 genomes. Blue and red bars indicate essential and nonessential genes respectively.
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Figure S8. The distribution difference of CAI. Differences of average CAI between essential and nonessential genes in the studied 21 genomes. Blue and red bars indicate essential and nonessential genes respectively.
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Figure S9. The distribution difference of NP. For each species, the left and right columns indicate nonessential and essential genes respectively. The blue bar indicates the frequency of the genes without paralogs in constrast to the genes with at least one paralog in red.
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Figure S10. The distribution difference of NS. For each species, the left and right columns indicate nonessential and essential genes respectively. The blue, green, yellow and red bars indicates the frequency of the genes with 0~100, 100~200, 200~300 and >300 genomes that have orthologous hits, respectively.
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Figure S11. The distribution difference of NEH. For each species, the left and right columns indicate nonessential and essential genes respectively. The blue, green, red bars indicates the frequency of the genes with 0, 1~8, and >8 essential homologous genes in remain 20 species.
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Figure S12. The distribution difference of NNH. For each species, the left and right columns indicate nonessential and essential genes respectively. The blue, green, red bars indicates the frequency of the genes with 0, 1~8, and >8 non-essential homologous genes in remain 20 species.
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Figure S13. The distribution difference of mE, mEF, and Age in SCE and SPO. The blue and red histograms indicate nonessential and essential genes respectively. The Age 5, 4, 3, 2, 1 from left to right are corresponding to cellular organisms, Eukaryota, Opisthokonta, Ascomycota, and species typical, respectively.
