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However, most annotated SPs in all living organisms are currently lacking expression evidence at the protein level and
regarded as missing proteins (MPs). High efficient SPs identification is the prerequisite for their functional study and
contribution to MPs searching. In this study, we identified 72 SPs and successfully validated 9 MPs from Saccharomyces
cerevisiae based on SPs enrichment strategy. In-depth analysis showed that the missing factors of MPs were low molecular
weight, low abundant, hydrophobicity, lower codon usage bias and unstable. The small protein-based enrichment can be used

as MPs searching strategy, which might provide the foundation for their further function research.
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Fig. 1 The distribution characteristics of MPs from S. cerevisiae. (A) The MPs distribution among different protein
length ranges. (B) The proportion of MPs in total annotated SPs.
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Table 1 The 72 SPs identified by enrichment strategy

Protein Function Unique peptide Length (AA) Protein existence
POCOV8  40S ribosomal protein S21-A 1 87 PEI
Q3E754 40S ribosomal protein S21-B 1 87 PEI
Q3E7X9 40S ribosomal protein S28-A 1 67 PE1
P41057 40S ribosomal protein S29-A 7 56 PE1
P41058 40S ribosomal protein S29-B 6 56 PE1
POCX33 40S ribosomal protein S30-A 5 63 PE1
POCX34 40S ribosomal protein S30-B 5 63 PE1
014464 54S ribosomal protein RTC6 2 93 PEI
P05747 60S ribosomal protein L29 2 59 PEI
P05745 60S ribosomal protein L36-A 2 100 PEI
014455 60S ribosomal protein L36-B 2 100 PEI
P49167 60S ribosomal protein L38 6 78 PEI
P04650 60S ribosomal protein L39 2 51 PE1
POCX25 60S ribosomal protein L43-A 9 92 PE1
POCX26 60S ribosomal protein L43-B 9 92 PE1
P31787 Acyl-CoA-binding protein 10 87 PE1
P21306 ATP synthase subunit epsilon 6 62 PEI
P81450 ATP synthase subunit J 3 59 PEI
P81451 ATP synthase subunit K 4 68 PEI
P0I098 ATPase-stabilizing factor 1 86 PEI
P37299 Cytochrome b-cl complex subunit 10 4 77 PEI
P22289 Cytochrome b-cl complex subunit 9 1 66 PE1
P04039 Cytochrome c oxidase polypeptide VIII 1 78 PE1
P10174 Cytochrome c oxidase subunit 7 1 60 PE1
P07255 Cytochrome c oxidase subunit 7A 3 59 PE1
P69850 DASH complex subunit DAD3 1 94 PEI
P69852 DASH complex subunit HSK3 1 69 PEI
P40422 RNA polymerases subunit RP ABC4 3 70 PEI
P22139 RNA polymerases subunit RP ABC5 3 70 PEI
Q92316 Glycosyltransferase subunit OST5 1 86 PEI
Q3E833 EKC/KEOPS complex subunit PCCI 3 88 PE1
Q6Q547 H/ACA ribonucleoprotein complex subunit 3 5 58 PE1

ek
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g1

Q9URQ5  High temperature lethal protein 1 2 78 PE1
P38636 Metal homeostasis factor AT X1 4 73 PE1
Q3E835 MHF histone-fold complex subunit 1 1 90 PEI
Q3E829 MHF histone-fold complex subunit 2 4 80 PEI
Q96VH5  MICOS complex subunit MIC10 1 97 PEI
P80967 Mitochondrial import receptor subunit TOM5 2 50 PEI
P53507 Mitochondrial import receptor subunit TOM7 2 60 PEI
P23059 N-alpha-acetyltransferase 38, NatC auxiliary 2 88 PEI

subunit
Q03919 NEDD8-like protein RUBI 2 77 PEI
Q02820 Non-classical export protein 1 2 58 PE3
P11633 Non-histone chromosomal protein 6B 1 99 PEI
POCTO4 Protease B inhibitor 2 4 75 PEI
Q6Q560 Protein ISD11 5 94 PEI
Q8TGJ3 Protein kish 1 72 PE3
P56508 Protein SNA2 1 79 PEI
P35179 Protein transport protein SSS1 1 80 PEI
Q3E834 Protein transport protein YOS1 2 85 PEI
Q3E762 Putative uncharacterized protein YBR230W-A 3 66 PE4
Q3E7C1 RNA polymerase Il transcription factor B 3 72 PEI

subunit 5
Q3E784 SCOCO-like protein 1 1 85 PEI
Q3E790 Serine palmitoyltransferase-regulating protein 1 80 PEI

TSC3
P40204 Small nuclear ribonucleoprotein G 2 77 PEI
Q6WNK?7  Transcription and mRNA export factor SUSI 7 96 PEI
Q3E764 Translation machinery-associated protein 7 3 64 PEI
P57743 U6 snRNA-associated Sm-like protein LSm3 2 89 PEI
P40089 U6 snRNA-associated Sm-like protein LSm5 2 93 PEI
Q06406 U6 snRNA-associated Sm-like protein LSm6 6 86 PEI
Q60Q546 Ubiquitin-like modifier HUB1 1 73 PEI
043137 Uncharacterized protein YBR085C-A 7 85 PEI
Q8TGU7  Uncharacterized protein YBR126W-A 1 68 PE4
Q3E830 Uncharacterized protein YCR075W-A 2 75 PEI
Q2V2P9 Uncharacterized protein YDRI19W-A 1 66 PE4
Q2V2P4 Uncharacterized protein YILI5S6W-B 2 73 PE3
Q3E7A3 Uncharacterized protein YJL 133C-A 9 74 PEI
Q2V2P2 Uncharacterized protein YKL065W-A 1 73 PE4
Q3E795 Uncharacterized protein YLR361C-A 1 98 PEI
Q3E7AS8 Uncharacterized protein YNL162W-A 1 72 PEI
Q3E841 Uncharacterized protein YNR0O34W-A 6 98 PEI
A5Z2X5 UPF0495 protein YPR010C-A 2 72 PE3
Q3E7B6 V-type proton A TPase subunit e 1 73 PEI
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Fig. 2 Analysis of identified SPs characteristics. (A) Comparison of the annotated and identified SPs in three protein
length ranges. (B) The relationship between percentage of hydrophobic proteins and protein length in the total annotated
and identified SPs. (C) Subcellular localization of the annotated and identified SPs. (D) The CAI distribution of the
annotated proteins, annotated SPs and identified SPs. (E) The instability index distribution of the annotated and

identified SPs. (F) KEGG analysis of the identified SPs.
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Fig. 3 SPs enrichment strategy benefits for MPs identification from S. cerevisiae. (A) PE level distribution of the
candidate and confirmed MPs. (B) Protein-length distribution of identified MPs and comparison of hydrophilic and
hydrophobic MPs between different protein length ranges. (C) The CAI distribution of the total annotated PE1 proteins,
total annotated MPs and identified MPs. (D) Relative ratio of the stable and unstable proteins in total annotated and
identified MPs. (E) The spectrum example for unique peptide from confirmed MPs (Q02820).
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