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Supplementary Figure 1: Verification of the existence of two svRNAs encoded by SARS-CoV-2. (A) The amplification and melting curves of the two svRNAs probably maturing from the same precursor named as svRNA-5p and svRNA-3p in five nucleic acid samples from pharyngeal swabs of COVID-19 patients obtained from the Jiangsu Provincial Center for Disease Control and Prevention. The PCR reactions were run on the qTOWER³ 84 (Analytik Jena, Jena, Germany) at 95 °C for 20 s, followed by 40 cycles of 10 s at 95 °C, 20 s at 60 °C. (B) The corresponding amplification and melting curves for stem-loop RT-PCR performed in FFPE explanted lungs from lung transplantation of two COVID-19 patients, svRNAs precursor-transfected 16HBE (human bronchial epithelial cell line) cells, and svRNAs standards, respectively. The PCR reactions were run on the LineGene 9600 Plus (BIOER, Hangzhou, China) at 95 °C for 20 s, followed by 40 cycles of 10 s at 95 °C, 20 s at 60 °C. (C) The stem-loop RT-PCR products purified in agarose gels before pyrosequencing by Tsingke Biotechnology (Beijing, China). COVID-19: Coronavirus disease 2019; FFPE: Formalin-fixed paraffin-embedded; PCR: Polymerase chain reaction; RT-PCR: Reverse transcription polymerase chain reaction; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; svRNAs: Small viral RNAs. 
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Supplementary Figure 2: The secondary structure of svRNAs precursor with the different lengths (from 56 bp to 96 bp), predicted by RNAfold webserver based on minimum free energy, showed that the splicing sites of the two SARS-CoV-2 encoded svRNAs (svRNA-5p and svRNA-3p) were always stable, no matter with the length of svRNA precursor. svRNAs: Small viral RNAs; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2.
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Supplementary Figure 3: 16HBE (human bronchial epithelial cell line) cells were transfected with control endogenous short RNA precursors and svRNAs precursor at the high (H) and low (L) dosage of 40 pmol and 80 pmol, respectively. The heatmaps showed all the RT-qPCR assay analysis on cells at 48 h post-infection of different dosages of short RNA precursors. The intensity of the color scheme was scaled to relative expression values (fold change). However, no obvious dose dependence between svRNA precursor and inflammation reaction at the transcriptional level was observed. svRNAs: Small viral RNAs; RT-qPCR: Reverse transcription quantitative polymerase chain reaction.








Supplementary Table 1: Proposal of six potential svRNAs encoded by SARS-CoV-2.
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These six potential svRNAs derived from the SARS-CoV-2 genome showed significant similarity with those encoded by SARS-CoV-1 in both nucleic acid sequences and virus genome positions via basic local alignment search tool (BLAST) analysis, and served as candidate SARS-CoV-2-encoded svRNAs for further verification. svRNAs: Small viral RNAs; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; SARS-CoV-1: Severe acute respiratory syndrome coronavirus 1; BLAST: Basic local alignment search tool.

Supplementary Table 2: The sequence of forward primers of Poly(A) RT-PCR for the six potential svRNAs encoded by SARS-CoV-2.
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The RNA from nasopharyngeal swabs underwent Poly(A) RT-PCR using the miDETECT A Track™ microRNA (miRNA) RT-PCR Kit (Ribobio, Guangzhou, Guangdong, China) containing the commercial miDETECT A Track™ Uni-RT primer and Uni-Reverse primer, while the forward primers for the above six potential svRNAs encoded by SARS-CoV-2 were synthesized by Tsingke Biotechnology (Beijing, China). The products of the Poly(A) RT-PCR were then pyrosequenced to verify the existence of the above six potential svRNAs derived from SARS-CoV-2 genome. Poly(A) RT-PCR: Poly(A) polymerase tailing followed by reverse transcription polymerase chain reaction; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; svRNAs: Small viral RNAs.

Supplementary Table 3: The primer sequences of SYBR Green-based stem-loop RT-PCR for the two identified svRNAs.
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Total RNA of FFPE explanted lungs was extracted through RNAprep Pure FFPE Kit (TIANGEN, Beijing, China). The stem-loop RT primers and PCR primers for svRNAs were synthesized by Tsingke Biotechnology (Beijing, China). The products of the stem-loop RT-PCR were then pyrosequenced to further confirm the existence of the two identified svRNAs derived from SARS-CoV-2 genome. FFPE: Formalin-fixed paraffin-embedded; RT-PCR: Reverse transcription-polymerase chain reaction; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; svRNAs: Small viral RNAs.

Supplementary Table 4: The potential sequence of svRNA precursor with different lengths for RNAfold web server to predict the secondary structures.
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The sequence of the two verified mature svRNAs was shown in red. svRNAs: Small viral RNAs.

Supplementary Table 5: The GEO accession IDs, sample characteristics, and experiment types of the nine datasets associated with COVID-19.
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COVID-19: Coronavirus disease 2019; GEO: Gene Expression Omnibus; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2.

Supplementary Table 6: The sequence of primers for genes of the characteristic expression profiling of COVID-19.
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Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and 18S rRNA were considered as reference genes for normalization. COVID-19: Coronavirus disease 2019.

Supplementary Table 7: The sequence of primers for 23 cytokine genes covering most of the members of the cytokine storm potentially associated with COVID-19.
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Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and 18S rRNA were considered as reference genes for normalization. COVID-19: Coronavirus disease 2019.

Supplementary Table 8: Differential analysis of the characteristic expression profiling in the lung tissues between the two COVID-19 patients and the controls.
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The differential expression level was shown through the average FC between the two COVID-19 patients and the controls. Specifically, FC>1.5 (red) and FC<0.66 (green) were considered as up-regulated and down-regulated in COVID-19, respectively.
COVID-19: Coronavirus disease 2019; FC: Fold changes.

Supplementary Table 9: The differential expression analysis of the 23 cytokine genes in the lung tissues between the two COVID-19 patients and the controls.
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The differential expression level was shown through the average FC between the two COVID-19 patients and the controls. Specifically, FC>1.5 (red) and FC<0.66 (green) were considered as up-regulated and down-regulated in COVID-19, respectively.
COVID-19: Coronavirus disease 2019; FC: Fold changes.

Supplementary Table 10: The sequences of sense and antisense ssDNA to form the DNA templates for T7 RNA synthesis.
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The precursor of the two verified SARS-CoV-2-encoded svRNAs and control endogenous miRNA precursors were synthesized by in vitro transcription using T7 RNA polymerase with synthetic DNA templates obtained from Tsingke Biotechnology (Beijing, China). The sequence of T7 promoter region was shown in red. The sequence of the mature short RNAs was shown in blue. The mature svRNAs (svRNA-5p and svRNA-3p) and control were also synthesized by Tsingke Biotechnology. miRNA: MicroRNA; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; ssDNA: Single-stranded DNA; svRNAs: Small viral RNAs.
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svRNA sequence

(5'

→

3')

Genome

position, nt

Sequence of  forward primer

(5'

→

3')

caaaaggttggtatgcaaaagta

17044-17066 5'-CAAAAGGTTGGTATGCAAAA-3'

aagaaatcactgttgctacatc

27019-27040 5'-AAGAAATCACTGTTGCTACA-3'

caagagtgtgttagaggtacaa

27454-27475 5'-CAAGAGTGTGTTAGAGGTAC-3'

aatggagaacgcagtggggcgc

28358-28379 5'-AATGGAGAACGCAGTGGGGC-3'

aaagatctcagtccaagatggt

28577-28598 5'-AAAGATCTCAGTCCAAGATG-3'

aggaactgggccagaagctgg

28612-28630 5'-AGGAACTGGGCCAGAAGCTG-3'
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svRNA sequence

(5'

→

3')

Genome

position, nt

Sequence of stem-loop RT primers for svRNAs

(5'

→

3')

Sequence of forward and uni-reverse

primers (5'

→

3')

aagatctcagtccaagatggt 28578-28598 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACCATCT AAGATCTCAGTCCAAGATG & GTCGTATCCAGTGCA

aggaactgggccagaagctgga 28612-28631 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCCAGCT AGGAACTGGGCCAGAAGCT  & GTCGTATCCAGTGCA
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NO. Sequence

Length

(Bp)

Minimum free energy

(kcal/mol)

1 5'-AAGAUCUCAGUCCAAGAUGGUAUUUCUACUACCUAGGAACUGGGCCAGAAGCUGGA-3' 56 -16.8

2 5'-AAUGAAAGAUCUCAGUCCAAGAUGGUAUUUCUACUACCUAGGAACUGGGCCAGAAGCUGGACUUCC-3' 66 -16.8

3 5'-GGUAAAAUGAAAGAUCUCAGUCCAAGAUGGUAUUUCUACUACCUAGGAACUGGGCCAGAAGCUGGACUUCCCUAUG-3' 76 -16.8

4 5'-GUGACGGUAAAAUGAAAGAUCUCAGUCCAAGAUGGUAUUUCUACUACCUAGGAACUGGGCCAGAAGCUGGACUUCCCUAUGGUGCU-3' 86 -17.9

5 5'-UGGUGGUGACGGUAAAAUGAAAGAUCUCAGUCCAAGAUGGUAUUUCUACUACCUAGGAACUGGGCCAGAAGCUGGACUUCCCUAUGGUGCUAACAA-3' 96 -21.1
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GEO accession

ID

Sample Types

Sample size (SARS-Cov2

infection Vs. Healthy control)

Experiment types

GSE1152075  430 Vs. 54 RNA-Seq

GSE163151 138 Vs. 11 RNA-Seq

GSE156063 93 Vs. 100 RNA-Seq

GSE159787  98 Vs. 53 RNA-Seq

GSE151764 34 Vs. 17 RNA-Seq

GSE150316 23 Vs. 14 RNA-Seq

GSE155241 3 Vs. 3 RNA-Seq

GSE147507 2 Vs. 2 RNA-Seq

GSE163426  Tracheal aspirate 8 Vs. 12 RNA-Seq

Nasopharyngeal

swabs

Lung tissues
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Genes Sequence (5'

→

3')  of  forward primer Sequence (5'

→

3')  of  reverse primer

BST2 CACACTGTGATGGCCCTAATG GTCCGCGATTCTCACGCTT

BTN3A1 AAAGCACAAGAGTGAAGCTCC TCCTCTGGTCCTCAGAAACAA

C1QB AGGTGAATCGGGAGACTACAA CACTGCGGGGCTCATAATTG

CXCL10 GTGGCATTCAAGGAGTACCTC TGATGGCCTTCGATTCTGGATT

CXCL11 GACGCTGTCTTTGCATAGGC GGATTTAGGCATCGTTGTCCTTT

DDX58 CTGGACCCTACCTACATCCTG GGCATCCAAAAAGCCACGG

EIF2AK2 TGGAAAGCGAACAAGGAGTAAG CCAAAGCGTAGAGGTCCACTT

EPSTI1 ACCCGCAATAGAGTGGTGAAC GCTATCAAGGTGTATGCACTTGT

HERC6 CCCTCAGTGGGCGTAATGTC AGAGCGATTGTCTCCAAATGTG

IDO1 TCTCATTTCGTGATGGAGACTGC GTGTCCCGTTCTTGCATTTGC

IFI27 TGCTCTCACCTCATCAGCAGT CACAACTCCTCCAATCACAACT

IFI44 GGTGGGCACTAATACAACTGG CACACAGAATAAACGGCAGGTA

IFI44L

TCTGCCATTTATGTTGTGTGACA	

CAGGTGTAATTGGTTTACGGGAA

IFI6 GGTCTGCGATCCTGAATGGG TCACTATCGAGATACTTGTGGGT

IFIH1 TCGAATGGGTATTCCACAGACG GTGGCGACTGTCCTCTGAA

IFIT1 AGAAGCAGGCAATCACAGAAAA CTGAAACCGACCATAGTGGAAAT

IFIT2 AAGCACCTCAAAGGGCAAAAC TCGGCCCATGTGATAGTAGAC

IFIT3 AAAAGCCCAACAACCCAGAAT CGTATTGGTTATCAGGACTCAGC

IFITM1 CCAAGGTCCACCGTGATTAAC ACCAGTTCAAGAAGAGGGTGTT

IFITM3 ACTGTCCAAACCTTCTTCTCTC AGCACAGCCACCTCGTGCTC

ISG15 CGCAGATCACCCAGAAGATCG TTCGTCGCATTTGTCCACCA

ISG20 TCTACGACACGTCCACTGACA CTGTTCTGGATGCTCTTGTGC

LY6E

CAGCTCGCTGATGTGCTTCT	

CAGACACAGTCACGCAGTAGT

MX1 GTTTCCGAAGTGGACATCGCA

CTGCACAGGTTGTTCTCAGC	

OAS1 TGTCCAAGGTGGTAAAGGGTG CCGGCGATTTAACTGATCCTG

OAS2 AGGTGGCTCCTATGGACGG TTTATCGAGGATGTCACGTTGG

OAS3 TCTGAGACTCACGTTTCCTGA CACTGTTGAGGAGGGTAGAGTA

RSAD2 TTGGACATTCTCGCTATCTCCT AGTGCTTTGATCTGTTCCGTC

SAMD9 ATGGCAAAGCAACTTAACCTTCC CCATTCACGTCTTGTTCAGTCA

SAMD9L AGTCTCGGTTTCCTATGAGAAGT ATTCCAAGCAACGGGATGTAG

SERPING1 GGGATGCTTTGGTAGATTTCTCC GAGGATGCTCTCCAGGTTTGT

STAT1 ATCAGGCTCAGTCGGGGAATA TGGTCTCGTGTTCTCTGTTCT

TNFSF10

TGCGTGCTGATCGTGATCTTC	GCTCGTTGGTAAAGTACACGTA	

TNFSF13B GGGAGCAGTCACGCCTTAC GATCGGACAGAGGGGCTTT

XAF1 GCTCCACGAGTCCTACTGTG GTTCACTGCGACAGACATCTC

GAPDH

ACAACTTTGGTATCGTGGAAGG GCCATCACGCCACAGTTTC

18sRNA

CGCAGCTAGGAATAATGGAATAGG GCCTCAGTTCCGAAAACCAA
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Cytokines Genes Sequence (5'

→

3')  of  forward primerSequence (5'

→

3')  of  reverse primer

CXCL1 AGTGGCACTGCTGCTCCT TGGATGTTCTTGGGGTGAAT

CXCL2 CTGCTCCTGCTCCTGGTG AGGGTCTGCAAGCACTGG

CXCL3 CGCCCAAACCGAAGTCATAG GCTCCCCTTGTTCAGTATCTTTT

CXCL5 AGCTGCGTTGCGTTTGTTTAC TGGCGAACACTTGCAGATTAC

CXCL6 AGAGCTGCGTTGCACTTGTT GCAGTTTACCAATCGTTTTGGGG

CXCL8 TTTTGCCAAGGAGTGCTAAAGA AACCCTCTGCACCCAGTTTTC

CXCL9 CCAGTAGTGAGAAAGGGTCGC AGGGCTTGGGGCAAATTGTT

CXCL10GTGGCATTCAAGGAGTACCTC TGATGGCCTTCGATTCTGGATT

CXCL11GACGCTGTCTTTGCATAGGC GGATTTAGGCATCGTTGTCCTTT

CXCL16CCCGCCATCGGTTCAGTTC CCCCGAGTAAGCATGTCCAC

G-CSF GCTGCTTGAGCCAACTCCATA GAACGCGGTACGACACCTC

GM-CSF TCCTGAACCTGAGTAGAGACAC TGCTGCTTGTAGTGGCTGG

IFNA1 AGAAGGCTCCAGCCATCTCTGT TGCTGGTAGAGTTCGGTGCAGA

IFNB1 CTTGGATTCCTACAAAGAAGCAGC TCCTCCTTCTGGAACTGCTGCA

IFNG TCGGTAACTGACTTGAATGTCCA TCGCTTCCCTGTTTTAGCTGC

IFNL1 CACATTGGCAGGTTCAAATCTCT CCAGCGGACTCCTTTTTGG

IL1A TGGTAGTAGCAACCAACGGGA ACTTTGATTGAGGGCGTCATTC

IL1B AGCTACGAATCTCCGACCAC CGTTATCCCATGTGTCGAAGAA

IL2 TACAAGAACCCGAAACTGACTCG ACATGAAGGTAGTCTCACTGCC

IL27 ACCGCTTTGCGGAATCTCA AGGTCAGGGAAACATCAGGGA

IL6 ACTCACCTCTTCAGAACGAATTG CCATCTTTGGAAGGTTCAGGTTG

Tumor-

necrosis

factors

TNFA CCTCTCTCTAATCAGCCCTCTG GAGGACCTGGGAGTAGATGAG

Transforming

-growth

factors

TGFB CTAATGGTGGAAACCCACAACG TATCGCCAGGAATTGTTGCTG

GAPDH

ACAACTTTGGTATCGTGGAAGG GCCATCACGCCACAGTTTC

18sRNA

CGCAGCTAGGAATAATGGAATAGG GCCTCAGTTCCGAAAACCAA

Reference

genes

Chemokines

Colony-

stimulating

factors

Interleukins

Interferons
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Genes

Patient-1 Vs.

Controls

Patient-2 Vs.

Controls

BST2 NA NA

BTN3A1

4.55 2.46

C1QB

5.11 5.96

CXCL10

0.71 1.53

CXCL11

16.98 4.94

DDX58

0.36 0.39

EIF2AK2

9.16 3.72

EPSTI1

4.33 1.01

HERC6

0.91 0.72

IDO1

3.28 5.36

IFI27

9.85 19.04

IFI44

4.80 2.61

IFI44L

5.32 5.17

IFI6

2.07 1.08

IFIH1

0.49 0.72

IFIT1

3.11 3.94

IFIT2

28.67

NA

IFIT3

6.97 1.54

IFITM1

2.25 4.16

IFITM3

0.42 0.74

ISG15

9.18 5.40

ISG20

1.93 1.29

LY6E

0.63 0.42

MX1 NA

0.64

OAS1

1.26 0.85

OAS2

1.14 0.76

OAS3 NA NA

RSAD2

15.14 2.65

SAMD9

0.53 0.14

SAMD9L

1.28 2.67

SERPING1

11.91 10.69

STAT1

127.22 24.18

TNFSF10 NA NA

TNFSF13B

0.62 0.77

XAF1

19.69 7.40
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Cytokines Genes

Patient-1 Vs.

Controls

Patient-2 Vs.

Controls

CXCL1 1.96 0.36

CXCL2 1.25 0.89

CXCL3 0.97 1.67

CXCL5 1.71 1.55

CXCL6 1.53 0.44

CXCL8 0.65 2.08

CXCL9 4.71 1.75

CXCL10 0.71 1.53

CXCL11 16.98 4.94

CXCL16 2.77 1.17

G-CSF 5.80 1.51

GM-CSF 9.26 3.18

IFNA1 0.14 0.53

IFNB1 1.59 0.93

IFNG 2.54 6.64

IFNL1 4.78 3.52

IL1A 1.59 1.86

IL1B 1.37 0.35

IL2 0.57 0.04

IL27 NA NA

IL6 NA NA

Tumor-necrosis

factors

TNFA 1.09 0.39

Transforming-

growth factors

TGFB 1.02 1.01

Chemokines

Colony-

stimulating

factors

Interferons

Interleukins
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Precursors

ssDNA

strand

Sequences of sense and antisense ssDNA for DNA templates

Sense 5'-TAATACGACTCACTATAGTAAAATGAAAGATCTCAGTCCAAGATGGTATTTCTACTACCTAGGAACTGGGCCAGAAGCTGGACTTC-3'

Antisense

3'-ATTATGCTGAGTGATATCATTTTACTTTCTAGAGTCAGGTTCTACCATAAAGATGATGGATCCTTGACCCGGTCTTCGACCTGAAG-5'

Sense

5'-TAATACGACTCACTATAGGAGCTTATCAGAATCTCCAGGGGTACTTTATAATTTCAAAAAGTCCCCCAGGTGTGATTCTGATTTGCTTC-3'

Antisense 3'-ATTATGCTGAGTGATATCCTCGAATAGTCTTAGAGGTCCCCATGAAATATTAAAGTTTTTCAGGGGGTCCACACTAAGACTAAACGAAG-5'

Sense

5'-TAATACGACTCACTATAGGGTAGAGGGATGAGGGGGAAAGTTCTATAGTCCTGTAATTAGATCTCAGGACTATAGAACTTTCCCCCTCATCCCTCTGCCCT-3'

Antisense 3'-ATTATGCTGAGTGATATCCCATCTCCCTACTCCCCCTTTCAAGATATCAGGACATTAATCTAGAGTCCTGATATCTTGAAAGGGGGAGTAGGGAGACGGGA-5'

miR-361

precursor

miR-625

precursor

precursor of

svRNAs
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Coronavirus svRNA sequence (5'

→

3') Genome position, nt

SARS-CoV-2 caaaaggttggtatgcaaaagta 17044-17066

SARS-CoV-1 caaaaggtcggcatgcaaaagta 16974-16996

SARS-CoV-2 aagaaatcactgttgctacatc 27019-27040

SARS-CoV-1 aagagatcactgtggctacatc 26891-26912

SARS-CoV-2 caagagtgtgttagaggtacaa 27454-27475

SARS-CoV-1 caggagtgtgttagaggtacga 27333-27354

SARS-CoV-2 aatggagaacgcagtggggcgc 28358-28379

SARS-CoV-1 aatggaggacgcaatggggcaa 28207-28228

SARS-CoV-2 aaagatctcagtccaagatggt 28577-28598

SARS-CoV-1 aaagagctcagccccagatggt 28426-28447

SARS-CoV-2 aggaactgggccagaagctgg 28612-28630

SARS-CoV-1 aggaactggcccagaagcttc 28461-28481


