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a b s t r a c t 

Small open reading frames ( < 100 codons) that are located on 

long noncoding RNAs (lncRNAs) can encode functional mi- 

croproteins. These microproteins are shown to play impor- 

tant roles in different cellular processes, such as cell pro- 

liferation, development and disease response [1–6] . How- 

ever, there are only a few known lncRNA-encoded func- 

tional microproteins in plants. One such microprotein that 

was named PSEP3, was identified in the moss Physcomitrium 

patens by mass-spectrometry analysis. 57-aa PSEP3 con- 

tains Low Complexity Region (LCR) enriched with pro- 

line. We have previously shown that PSEP3 is translated 

in protonemata and gametophores of P. patens , and its 

knockout (KO line) or overexpression (OE line) affects pro- 

tonemata growth [7] . We performed a quantitative pro- 

teomic analysis of the mutant lines with PSEP3 knockout 

and overexpression. 7-days old protonemata of wild type 

(WT line) and both mutant lines (KO and OE) were col- 

lected and used for iTRAQ-based proteomic experiments. 

LC-MS/MS data were processed using PEAKS Studio v.8 soft- 

ware with protein identification based on a Phytozome pro- 

tein database. More analysis of PSEP3 effects on plant growth 

can be obtained in the paper published in Nucleic Acid Re- 

search [8] . 
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pecifications Table 

Subject Omics: Proteomics 

Specific subject area Plant quantitative proteomics 

Type of data Table 

How data were acquired Raw data were acquired with mass spectrometry using Q Exactive HF 

benchtop Orbitrap mass spectrometer (Thermo Fisher Scientific) and iTRAQ kit, 

analysis was performed using PEAKS Software 8.0 

Data format Raw and analyzed data 

Description of data collection The protonemata of WT, PSEP3 KO and PSEP3 OE mutant lines were grown in 

200 ml liquid BCD medium supplemented with 5 mM ammonium tartrate 

(BCDAT) during a 16 h photoperiod at 25 °C [9] . After 7 days of cultivation, 

protonemata were collected for analysis. The experiment was performed in 

three biological replicates. 

Data source location Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry of the Russian 

Academy of Sciences 

Moscow 

Russia 

Data accessibility Data identification number: 10.17632/NNCZRR9Y32.1 Anna Glushkevich, 2021. 

Quantitative proteomic dataset of the moss Physcomitrium patens PSEP3 KO 

and OE mutant lines. 

Direct URL to data: 

https://data.mendeley.com/datasets/nnczrr9y32/1 

Related research article I. Fesenko, S.A. Shabalina, A. Mamaeva, A. Knyazev, A. Glushkevich, I. Lyapina, 

R. Ziganshin, S. Kovalchuk, D. Kharlampieva, V. Lazarev, M. Taliansky, E.V. 

Koonin, A vast pool of lineage-specific microproteins encoded by long 

non-coding RNAs in plants, Nucleic Acids Research, 49, (2021) 10328–10346, 

10.1093/nar/gkab816 

alue of the Data 

• These data are useful for comparative studies of cellular pathways regulated by lncRNA-

encoded microproteins in plants and animals. The list of differentially regulated proteins

identified in PSEP3 mutant lines can be compared with microprotein-regulated genes from

other organisms to shed light on mechanisms of the appearance and evolution of micropro-

teins. 

• These data could be useful for large-scale studies of side effects of CRISPR-Cas9-derived mu-

tations in plants. 

• The presented data can be re-analyzed with databases containing previously unannotated

protein sequences such as other lncRNA-encoded microproteins, transposons, and alternative

open reading frames. It will help to understand the role of microproteins in cellular processes

better. 

. Data Description 

Here we present a quantitative proteomics dataset of PSEP3 KO and OE mutant lines. For the

roteomic experiments, moss protonemata were grown at a liquid BCD-AT medium for 7 days

 Fig. 1 ). We used isobaric tags for relative and absolute quantitation (iTRAQ) for accurate detec-

ion of the quantitative changes at the protein level in mutant lines. The raw LC-MS/MS data

s available in the Mendeley Data database ( 10.17632/NNCZRR9Y32.1 ). The protein identification

nd quantification were conducted using PEAKS Studio 8.0 software. 

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://10.17632/NNCZRR9Y32.1
https://data.mendeley.com/datasets/nnczrr9y32/1
http://10.1093/nar/gkab816
http://10.17632/NNCZRR9Y32.1
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Fig. 1. Overview of the experimental workflow. 

Table 1 

Characteristics of the proteomic datasets. 

PSEP3 KO dataset PSEP3 OE dataset 

Number of MS/MS scans 45815 54029 

Peptide-Spectrum Matches 17784 27862 

Peptide sequences 11170 16724 

Protein groups 2710 2873 

Proteins 3461 3511 

 

 

 

 

 

 

 

 

 

 

In total, we identified 2710 protein groups supported by 17748 peptide-spectrum matches

(PSMs) in PSEP3 KO mutant plants ( Table 1 ). 56 protein groups were differentially expressed

(FC > 1.2, P < 0.01), 21 of these were upregulated in comparison to wild type plants (Tables

are available on Mendeley Data, 10.17632/NNCZRR9Y32.1 ). The distributions of peptide lengths,

coverage, protein mass and peptide number in analysed samples are shown at Fig. 2 . According

to our previous study [8] , the overexpression of PSEP3 induces cell death in 48 h. Therefore,

we studied the effect of short-term PSEP3 overexpression in mutant lines using the β-estradiol

induction system [10] . We analyzed proteomic changes in 4 h after PSEP3 induction with β-

estradiol. In total, we observed 2873 protein groups supported by 27862 PSMs in this sample

( Table 1 ). We identified 167 differentially expressed protein groups (DEPs) after induction of

PSEP3 overexpression (Tables are available on Mendeley Data, 10.17632/NNCZRR9Y32.1 ). 

http://10.17632/NNCZRR9Y32.1
http://10.17632/NNCZRR9Y32.1
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Fig. 2. Quality control metrics of the proteomic datasets. ( A ) The length distributions of peptides; ( B ) Protein sequence 

coverage distributions; ( C ) Protein mass distributions and ( D ) Distributions of the unique peptide numbers. 

Fig. 3. Principal component analysis (PCA) of wild type with PSEP3 KO ( A ) and PSEP3 OE ( B ) mutant samples. Wild type 

shown by orange and mutants shown by blue. The PCA analysis included all protein groups and was performed in the 

Python library sklearn. 
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Principal component analysis (PCA) based on intensities of all identified protein groups is

hown in Fig. 3 . 

We found that some photosynthetic proteins were downregulated in PSEP3 KO plants but up-

egulated in PSEP3 OE plants (Tables are available on Mendeley Data, 10.17632/NNCZRR9Y32.1 ).

uch DEPs as catalase, xyloglucan endo-transglycosylase and metacaspase-4-related protein

ownregulated in PSEP3 KO plants, whereas dynamin-related protein 1C was upregulated in

http://10.17632/NNCZRR9Y32.1
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PSEP3 OE plants. These proteins are involved in antioxidant defense, cell wall structure, cell

death and organelle functioning [11–13] . 

2. Experimental Design, Materials and Methods 

2.1. Plant material 

The moss Physcomitrium patens subsp. patens (“Gransden 2004”, Freiburg) of wild type and

PSEP3 KO and OE mutant lines produced earlier using CRISPR/Cas9 technology [7] were used

in this study. The moss protonemata were grown in 200 ml liquid BCD medium supplemented

with 5 mM ammonium tartrate (BCD-AT) during a 16 h photoperiod at 25 °C for 7 days [9] . 

2.2. Protein extraction and trypsin digestion 

Proteins were extracted with the phenol extraction method [14] . Samples were homogenized

in 3 ml ice-cold extraction buffer (500 mM Tris–HCl, pH 8.0, 50 mM EDTA, 700 mM sucrose,

100 mM KCl, 1 mM PMSF, 1 mM DTT), followed by 10 min incubation on ice. The 3 ml of ice-

cold Tris–HCl (pH 8.0)-saturated phenol was added, and the mixture was vortexed and incubated

for 10 min with shaking. After centrifugation (10 min, 5500 × g, 4 °C), the phenol phase was

collected and re-extracted with a 3 ml of extraction buffer. Proteins were precipitated with 8 ml

of ice-cold 0.1 M ammonium acetate in methanol overnight at −20 °C. The samples were cen-

trifuged (10 min, 5500 × g, 4 °C) and pellets were rinsed with centrifugation (10 min, 5500 × g,

4 °C) by ice-cold 0.1 M ammonium acetate in methanol three times and with ice-cold acetone

once. The resulting pellets were dried and dissolved in 8 M urea, 2 M thiourea and 10 mM Tris.

Proteins were quantified by Bradford protein assay (Bio-Rad, Hercules, CA USA). The 100 μg of

proteins were reduced by 5 mM DTT for 30 min at 50 °C and alkylated by 10 mM iodoacetamide

for 20 min at room temperature. Proteins were dissolved in 40 mM ammonium bicarbonate

and digested by 1 μg sequence-grade modified trypsin (Promega, Madison, WI, USA) at 37 °C
overnight. The reaction was stopped by adding trifluoroacetic acid (TFA) to the final concentra-

tion of 1%. 20 μg of each sample was desalted by Empore octadecyl C18 extraction disks (Su-

pelco, USA) and then was dried in a vacuum concentrator. iTRAQ labeling (Applied Biosystems,

Foster City, CA, USA) was conducted according to the manufacturer’s manual. Proteins were la-

beled with the iTRAQ tags as follows: wild type - 113-115, PSEP3 KO - 116,119,121 ones; wild

type (with estradiol) - 113, 114, 116, ОЕ РЕР 3 (with estradiol) - 117,118, 121 ones. Samples were

mixed, vacuum dried and dissolved in 1% TFA. The mixture was desalted on SCX extraction disks

(Supelco, USA): columns were washed by 0.1% TFA and eluted by 5% ammonium hydroxide in

80% acetonitrile. Each sample was dried in a vacuum concentrator and dissolved in 3% acetoni-

trile with 0.1% trifluoroacetic acid. 

2.3. Liquid chromatography and mass spectrometry 

LC-MS/MS analysis was conducted as described in our previous studies [15 , 16] . Peptides

were separated on Acclaim PepMap 100 C18 (75 μm × 50 cm) (Thermo Fisher Scientific).

Reverse-phase chromatography was performed with an Ultimate 30 0 0 Nano LC System (Thermo

Fisher Scientific), which was coupled to the Q Exactive HF benchtop Orbitrap mass spectrometer

(Thermo Fisher Scientific) via a nanoelectrospray source (Thermo Fisher Scientific). Peptides in

5 μL of loading buffer (3% (vol/vol) acetonitrile, 0.1% (vol/vol) TFA in Milli-Q deionized water)

were loaded on a trapping column PepMap 100 C18 (0.1 × 20 mm) (Thermo Fisher Scientific)

at a flow rate of 5 μL/min for 6 min. NanoLC pump mobile phases were: A – (2% (vol/vol) ace-

tonitrile, 0.1% (vol/vol) formic acid in Milli-Q deionized water; B - (80% (vol/vol) acetonitrile,
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.1% (vol/vol) formic acid, 19.9% (vol/vol) milli-Q deionized water. Peptides were eluted from the

rapping column with a linear gradient: 5–28% B for 90 min; 28-45% B for 20 min, and 45–

00% B for 7 min at a flow rate of 350 nL/min. After each gradient, the column was washed

ith 100% buffer B for 5 min and reequilibrated with buffer A for 10 min. Peptides were an-

lyzed on a mass spectrometer, with one full scan (375–1400 m/z, R = 120,0 0 0 at 20 0 m/z)

t a target of 3 ∗10 6 ions and max ion fill time 50 ms, followed by up to 15 data-dependent

S/MS scans with higher-energy collisional dissociation (HCD) (target 1 ∗10 5 ions, max ion fill

ime 100 ms, isolation window 1.2 m/z, normalized collision energy (NCE) 32%), detected in the

rbitrap (R = 30,0 0 0 at fixed first mass 100 m/z). Other settings: charge exclusion – unassigned,

, > 6; peptide match – preferred; exclude isotopes – on; dynamic exclusion – 60 s was enabled.

.4. Protein identification and quantification 

Tandem mass spectra were analysed by PEAKS Studio version 8.0 software (Bioinformatics So-

utions Inc., Waterloo, Canada) [17] . The custom database was built from the Phytozome database

. patens combined with chloroplast and mitochondrial proteins (33,053 records) (Supplementary

le 1). The database search was performed with the following parameters: a fragmentation mass

olerance of 0.05 Da; parent ion tolerance of 10 ppm; fixed modification – carbamidomethyla-

ion; variable modifications – oxidation (M) and acetylation (Protein N-term). The resulting pro-

ein list was filtered by a 1% false discovery rate (FDR). 

PEAKS Q was used for iTRAQ quantification. Normalization was performed by averaging the

bundance of all peptides. Median values were used for averaging. Given that iTRAQ quantifica-

ion typically underestimates the degree of real fold changes between two samples, differential

rotein screening was performed using a fold change ratio � 1.20 (for upregulated DEPs) or

 0.83 (for downregulated DEPs) and Significance � 15. Protein significance analysis was per-

ormed in PEAKS 8.0 (Bioinformatics Solutions Inc., Waterloo, Canada) [17] . A two-tailed t-test

as used for calculation of significant differences in protein ratios ( P < 0.05). 

.5. Statistical analysis 

Two-component principal component analysis (PCA) was performed based on standardized

ntensity iTRAQ values of each protein group in the samples using the scikit-learn Python pack-

ge [18] . Standardization and decomposition were performed in the scikit-learn package with

efault parameters. The columns "Coverage (%)’’, “Avg. Mass’’ and “#Peptides" from PEAKs re-

ult tables were used for analysis of quality control metrics of the proteomic datasets. Peptide

engths were counted as differences between Start and Stop peptide positions. Visualizations

ere made in Python using module seaborn 0.11.1 [19] . 
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