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Abstract : Long noncoding RNA (IncRNA) is a type of transcript with length longer than 200 nt and lacks protein
coding ability. It can regulate the gene expression in various forms at different levels by interacting with mRNA |
protein, and miRNA. In recent years, the studies of IncRNA in the occurrence and development of human
diseases, animal growth and development, and plant response to environmental stress have attracted considerable
attention. At present, the researches on the human, animal and plants IncRNAs are mainly performed based on the
IncRNA-sequencing (IncRNA-seq) method. However, the analysis of IncRNA-seq data depends on many software
and most of them are run in the Linux system, which might be difficult for most of researchers. Therefore, the paper
investigates the existing IncRNA-seq data analysis process and constructs the localized IncRNA-seq analysis platform
based on the Linux system. The platform mainly includes the following steps: first, the quality of the original
sequencing data is controlled by the trimmomatic software and obtain the clean data; then, the clean data are
mapped to the reference genome by hisat2 and the transcripts are assembled by stringtie ; further, the quantification

of the transcript is performed by salmon; the coding ability of the new transcript is predicted by four software,
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including CPC2, CNCI, Pfam and PLEK. In addition, two groups of potato sequencing data are taken as an

example to introduce the data analysis process in detail, which can help the related researchers build a localized

analysis platform on the server and carry out data analysis flexibly.
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£ AEZW % RNA (Long noncoding RNA | IncRNA)
Je—2 KR 200~ 10 000 nt Z [A] (1) RNA, 76 4
BN RB MR EY Al b R E AR, BT
IncRNA Y RE T 21, IncRNA Al SCHIF 5T 2 [ 14 41
FES o8 AR . 3 0 e S 241 0 JF ( RNA-
sequencing, RNA-seq) J7 7% % F oligo (dT) i 3K £
A, EZFIH] mRNA 38 5 &4 A poly (A) B LLAY Y
P F mRNA IS5 IncRNA 58 RNA 4385, I
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H AT AFAE R 53 T 2 AT AN RNA —seq £540 4
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T n] S8 1 06 5 % 4H A8 2] IneRNA 8 5E 19 73 #r
PR ARGE FHF A2 R R A BE S T
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Fig.1 Workflow chart of IncRNA analysis
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M PR STAR B Rl 1 5 2 404, Ak 3okt g
tt TopHat2 PR, #X 17, 5 Burrows-Wheeler .15 A
b, SR AL X N AR ER A B UL
PR, Hisat2 1217 3 et fs WA, RS 6 3
BTk 4% MR, B ORT StringTie Al
Cufflinks # F L3522, 55 Cufflinks A I, StringTie iz
AT RE PR | HLAG AR = A v R AL S R 1 e R
Ae1 X TA ZE R RERE R ST
IR AR SCE SR Hisat2 #5177 81 ELXT, StringTie i
Filt s AL %
1.3 HRAEEFMHGEE NN

3 SR A g B 3L Kkallisto . eXpress | Sailfish
H1 Salmon 2512 | T Salmon B A4F 2 AT w55 .
BT TR I N AR AR IR 2 T
IncRNA/RNA-seq FUiHE A 1) 5E 1,

i J 7 L0 16 IncRNA 8 52 / 4t B RE 7 T30
F, AR ST E 1T & 1 2 Fl IncRNA %8 7€
1 ABSEAN R A I RS 25 RA—F, I, 7545
G M HE R IncRNA 558 i HERAPE, Hag, 7
28 PR SRS 0 RE ) O AR PR A S cpe2t |
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AR TN 5 SR AR 1) G ) i
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2.1 N ERZREGIEERIER
6 3T Linux 248 CentOS 7 ( Version:

3.10.0-1160.el7.x86_64) #/E R G H #E

I FHZE % AT NCBI £ 405 P2 o 3 £ A 2 44 22
W BN T 4% 500 ) e B 2 %5 ( Phytophthora
infestans )24 h J5 HYFESEALIN AR (PRINA3IS049) , 4k
PR FH B W J7 2 SR UK s 0 0%, 9 - B K
Hlumina HiSeq 2000, H: ', %% 4l SRR3371859,
SRR3371860 il SRR3371861 Jy ¥ A= /1 Th 4% S 1f A
JERYL RO 2 B 24 h S5 Y B S 2 O A, BOHE
SRR3371864 .SRR3371865 Fl SRR3371866 A% HL A
PG RS 0 R AT A R AL B BT AR
R A SO ZBE 4% - hitp . //spuddb. uga. edu/
data/DM_1-3_516_R44 _potato _genome _assembly.
v6.1.fa. gz ; Eh % B 5L DA 73RS SO R 4085 45 hip . //
spuddb.uga.edu/data/DM_1-3_516_R44_potato.v6.1.
hc_gene_models.gff3.gz,
2.2 H®E

SIHTF B EEW LRI 1 AR B
L FHE R A Anaconda, Z£ T Anaconda Y bioconda
THTE AT PR M — B 2 2 4 K 24K IncRNA-seq
W AE R E ok B BOPF, AL S hisat2 | stringtie |
gifcompare , samtools, salmon, gffread, faSomeRecords
PLEK FI trimmomatic &5 , W A A2 i M 18] 1k 2 5% 1
TR T PR EEBL # . Anaconda &2 3% 1Y A
A7TE CSDN % b1 A 1R 2 T g 2R v] flk 2= >
Anaconda ‘L3 5E U , AT GBI RNAseq P48, 6 I
RPN TEAR ] IREE N, a2 40N (455 N i
BENA,$ o ER— S mkn) .

&1 PRSI R EINEER kIR

Table 1 Analysis software used and its functions and sources

BA 2K Thesiik AR A Hbdik E = DTN
Anaconda AR % https : / www.anaconda. com/ download -
sratoolkit e e https ; /github.com/ncbi/ sra—tools/wiki/01.~Downloading—SRA —Toolkit -
effread ez https ; // github.com/ gpertea/ gffread [18]
samtools e 4 https : // github. com/ samtools/ samtools [19]
faSomeRecords R TIE3 https ; // github.com/santiagosnchez/ faSomeRecords -
Trimmomatic JoT i A il hitp : //www.usadellab.org/ cms/index.php? page = trimmomatic [6]
Hisat2 JF 50 ekt https : //www.ccb. jhu.edu/software/hisat/index.shtml 10]
StringTie SR AR I % https : 7/ ccb.jhu.edu/software/ stringtie 11]
effcompare ZH BTG SEATEA https : // github. com/ gpertea/ gffcompare 20]
Salmon A e B

CPC2 B SR A A e 1 TR0
CNCI g SR A Gt g T
Pfam e A S R 1 T
PLEK B S AR G e 71 TR0

http : //cpe2.cbi.pku.edu.cn/; https /7 github.com/gao—lab/CPC2_standalone

[
[
[
https : /7 github.com/ COMBINE—lab/Salmon [12]
[
hitps : /github. com/www—bioinfo-org/ CNCI [
[
[

https ; /sourceforge.net/ projects/plek/files

http ; // pfam. xfam. org
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$ conda create —n RNAseq( Bl#:4% & RNAseq A
)

$ conda activate RNAseq( 3G RNAseq 5% )

$ conda install —¢ bioconda hisat2 ( Z7%% hisat2 %
)

TEAT A Z T, i 2 SG 0 AH I Y PR3, n
H hisat2 B2 0, 75 2SS RNAseq PR35 ( iR
A :conda activate RNAseq) , &1 % 3= 4K 2F th m] 5
BIAEEPREE, n

$ conda create —n stringtie

$ conda activate stringtie

$ conda install —c bioconda stringtie

IR ERAFTCIE B 3 conda %% WaEL R 1
AR S EAT R 8, SRS TE IR 55 A% R AT 2 3%, il
sratoolkit XA T 2 524U .

$ mkdir sratoolk (|44 sratoolk A3 )

$ cd sratoolk ( iF A sratoolk H %)

$ curl —O https:/ftp—trace.ncbi.nlm.nih. gov/sra/
sdk/current/sratoolkit. current — centos _ linux64. tar. gz
( T #2YHEGE Linux AR Y sratoolkit ?ﬁﬁ:)

$ tar xvf sratoolkit. current — centos _linux64. tar. gz
( SCfit 40 )

$ cd sratoolkit.3.0. 1 - centos _linux64/bin ( it A
bin H %)

$ echo export PATH = § PATH./../sratoolk/
sratoolkit.3.0.1—centos_linux64/bin >> ~/.bashrc ( fit
BHINE ¢ K sratoolk HIEAEEAT)

$cd . (&M E—H3R)

$ source ~/.bashre (it &)
2.3 HEERSTRIE

R D5 A EAE 43 B, AT ST — A SRR (i
localplatform ) F T & /> 73 A1 Ui F2 T 7 A= 19 250 40 119
Fii

S0, JrCUE I RS A ) o A i R H N R S
PERY T

$ wget https ://sra —downloadb. be —md. ncbi. nlm.
nih. gov/sos5/sra — pub — zq — 14/SRR003/371/
SRR3371859.sralite. 1 (" #kJ5U4A 0 7 450418 )

$ wget https ://sra —downloadb. be —md. ncbi. nlm.
nih. gov/sos5/sra — pub — zq — 14/SRR003/371/
SRR3371860.sralite. 1

$ wget https ://sra —downloadb. be —md. ncbi. nlm.
nih. gov/sos5/sra — pub — zq — 11/SRR003/371/
SRR3371861/SRR3371861.sralite. 1

$ wget https ://sra —downloadb. be —md. ncbi. nlm.
nih. gov/sos5/sra — pub — zq — 11/SRR003/371/

SRR3371864/SRR3371864.sralite. 1

$ wget https ://sra —downloadb. be —md. ncbi. nlm.
nih. gov/sos5/sra — pub — zq — 11/SRR003/371/
SRR3371865/SRR3371865.sralite. 1

$ wget https ://sra —downloadb. be —md. ncbi. nlm.
nih. gov/s0s5/sra — pub - zq - 14/SRR003/371/
SRR3371866.sralite. 1

$ wget http :/spuddb.uga.edu/data/DM_1-3_516
_R44_potato_genome_assembly.v6.1.fa.gz( 7 35t
43

$ wget http :/spuddb.uga.edu/data/DM_1-3_516
_R44_potato.v6.1.hc_gene_models. gff3. gz ( T E NG <
)

$ gzip —d DM _1-3_516_R44 _potato__genome _
assembly.v6.1.fa. gz ( FE K 41 S H45)

$ mv DM _1-3_516 _R44 _ potato _ genome _
assembly.v6.1.fa PotatoGenome. fa ( #53& [Fl 24 SC 4 5 iy
%M PotatoGenome.fa )

$ gzip —d DM_1-3_516_R44_potato.v6.1.hc_gene
_models. gff3. gz ( 1R SCAFAf R 4)

$ mv DM_1-3_516_R44 _potato.v6.1.hc_gene _
models. gff3 Potatogenome.gff3 (FEBE L EAT4)

$ gffread Potatogenome.gff3 —T —o Potatogenome.
gtf (TERESCAR e 4 )

S AR sratoolkit BRARE T 2R ) R G
WP B AR fastq #% 53X | trimmomatic #X /4% #4 4k
Je B RS e A3k A 7 SR A ], N Rt o3 i is
LT PIS %

$ /../sratoolk/sratoolkit. 3. 0. 1 — centos _ linux64/
bin/fastq—dump /localplatform/ SRR3371859. sralite. 1
——split-3

$ trimmomatic PE - phred33 - threads 10 /
localplatform/SRR3371859. sralite. 1 _ 1. fastq /
localplatform/SRR3371859. sralite. 1 _ 2. fastq /

localplatform/SRR3371859. sralite. 1 _ 1. clean. fastq /
localplatform/SRR3371859.sralite.1_1.unpaired.fastq /
localplatform/SRR3371859. sralite. 1 _ 2. clean. fastq /
localplatform/SRR3371859. sralite. 1 _2. unpaired. fastq
AVGQUAL:30 1>samplel.QC.log 2>&1

55 =0 AR hisar2 51, R hisat2 FAF 535
W6 A BT 5 Y B L X B 2 2 5L A GE
samtools AR SCAFAR Y sam #4609 bam ;

$ hisat2_extract_splice_sites. py Potatogenome. gtf
> Potatogenome.ss ( PR 5)

$ hisat2 _ extract _ exons. py Potatogenome. gtf >

Potatogenome.exon ( T@@:’%&? 5] )
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$ hisat2-build —p 16 ——exon Potatogenome. exon
——ss Potatogenome. ss PotatoGenome. fa genome _tran
(MRS

$ hisat2 ——dta —x /localplatform/genome_tran —1
/localplatform/SRR3371859.sralite. 1 _1.clean.fastq —2
/localplatform/SRR3371859.sralite. 1_2. clean. fastq =S
/localplatform/SRR3371859.sam ( ]3] Lb Xt)

$ samtools sort — @ &
SRR3371859. bam /localplatform/SRR3371859. sam
(M Hefl)

S0 R stringtie B 3E T LUF fir 4 43 31 %
6 PREADEATHESRA AL SR R T A REA 5% 5%
ARIATEIE, HA mergelist. txt SO R 75 N FEAS 21 2%
JE Y gif SCHEAFR

$ stringtie —p 8 —G /localplatform/Potatogenome.
gtf —o /localplatform/SRR3371859.¢tf —1 SRR3371859
/localplatform/SRR3371859.bam ( % AN £ %% )

$ stringtie ——merge —p 16 -G /localplatform/
Potatogenome. gif — o /localplatform/localplatformstringtie _
merged. gtf /localplatform/mergelist. txt ( 7% ARG IF)

A R gffcompare SR IEAS 2258 5 0O 5%
A GRS VERCTE B -

$ gffcompare —r/localplatform/Potatogenome.gtf—G—o
localplatformmerged/ localplatform/ localplatformstringtie
merged. gtf

FNA R HT salmon BT XS 7S ASREAR 73 51 #EA T
Fe sk AR i, 8 120 R AT W A SRAE R A
FEAS WP R 238 5 SCAF (ocalplatform_Transcript. count )
AT B sA R 28 5 3Rk W

$ gffread —w /localplatform/localplatform _ total _
ense.fa —g /localplatform/ PotatoGenome.fa/localplatform/
localplatformmerged. annotated. gtf ( 3BT A5 % SF A 11
Jr31)

$ salmon index —t /localplatform/localplatform _

- o /localplatform/

total _ense.fa —i /localplatform/localplatform_transcripts
_index (F & EKF| )

$ salmon quant —i /localplatform/localplatform _
transcripts _ index — — validateMappings -1 A -1 /
localplatform/SRR3371859.sralite.1_1.clean.fastq =2 /
localplatform/SRR3371859.sralite.1_2.clean.fastq —o /
localplatform/SRR3371859. quant ( & i)

$ salmon quantmerge ——quants /localplatform/ * .
quant — — column NumReads - o /localplatform/
localplatform_Transcript. count (K 6 4~FEAS 1) & 1 45
R IFAE—TCF)

bl i LT R A RIBCHAM B 7 K 8

GESY

$avk’'$2 == 0&&$3==0&&$4 ==0&&
$5==0&& $6 == 0&& $7 == 0 {next} 1’
localplatform _ Transcript. count > localplatform _
Transcript_count2 ( i R 76 75 AR th Rk 5 4454 0
% SRAS)

$ awk’'$ 1 | ~ /Soltu/" localplatform_Transcript_
count2 > temp. ixt && mv temp. txt localplatform _
Transcript_count3 ( Fi 5T ()54 A% )

$ awk’NR>1 {print § 1}’ localplatform_Transcript
_count3 > first _ column _ localplatform _ Transcript _
count3 (ZREUHT 56 AR 1) 1ID)

$ awk’'NR>1 {print $ 5, $ 6, $ 10} localplatformmerged.
localplatformstringtie_merged.gtf.tmap >localplatformstringtie_
merged. gtf. tmap2 ( FREUIT A 4 SEA K 1D Fh i Fi
XESY)

LR first_column _localplatform_Transcript_
count3 Fll localplatformstringtie_merged. gtf. tmap2 , 38 X
W AR SN BT K BEEAE B, IRAFTESCHF Novel _
transcript_exon_length A EIAR T .

$ awk’{print $ 1","}~ first _ column _ localplatform _
Transcript _ count3 > first _ column _ localplatform _
Transcript_count3_2

$ awk’{print $ 1",", $ 2, $ 3}’ localplatformstringtie _
merged. gtf. tmap2 > localplatformstringtie _merged. gtf.
tmap2_2

$ grep —Ff first_column _ localplatform _ Transcript _
count3_2 localplatformstringtie _merged. gtf. tmap2_2 |
awk '{print $ 0} ' > test.txt

$ awk’{$ 1=$ 1; gsub (/,$ /, "", $ 1); print}’
test.txt > Novel_transcript_exon_length

AL AR FRORT 1 KRERTET
200 B85 A ( Novel _transeript) , I H 3k HUH 51
1% EL (Novel_transcript.fa) , #£17 J5 2286 H Bidm S g
T .

$ awk’($2>1 && $ 3>=200) {print $ O} Novel _
transcript_exon_length > Novel _transcript_exon_length

2
$ awk’{print $ 1}’ Novel_transcript_exon_length_2 >
Novel _transcript
$ faSomeRecords localplatform_total _ense.fa Novel
_transcript Novel_transcript.fa
SUE BT RV AE X A 7 BRI B i
BRI WL A AT 2 1 B g A BE ) T«
(1) KM CPC2 #4721 BT iy E
$ mkdir cpc2result

T
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$ CPC2.py —i /localplatform/Novel_transcript.fa —
o /localplatform/ cpc2result/Novel _transcript_cpe2

R 485 H S04 Novel transcript _ cpe2. txt )
“coding_ probability " %1 7] £ & & > S A 1) G 5%
AETT .

(2) K] CNCI B4 7 85 1 5 S bt RE 3 7500 -

$ mkdir CNClresult

$ python CNCI. py - /localplatform/Novel _

transcript.fa —o /localplatform/CNClresult/ CNCI_novel
_transcript_result —m pl —p 50

AHELE A CNCIL index T4 “ index” %] 0] A
BRANFFARMMIEE ST . A TR A s,
N8 E R Ry “ve”  BI“—m ve”

(3) 2RI Plam BAFREAT 8 F1 502 65 AE 7 000«

$ mkdir Pfamresult

$ transeq/ localplatform/Novel _ transcript. fa /
localplatform/Pfamresult/Novel _ transcript _ AA. fa -
frame =1

$ pfam_scan.pl —fasta /localplatform/Pfamresult/
Novel _ transcript _ AA. fa - dir /PfamData/ - out /
localplatform/Pfamresult/ Pfam_novel _transcript_result

2E L4 Pfam_novel _transcript _result “ seq id”
G AR A seAS B A 1 B B BE 0, BRI i 28
“seq id” FFATETE G SR A RIEAE IncRNA

(4) >R H PLEK R 047 25 1 53 2 % R 7 75000 .

$ mkdir PLEKresult

$ python PLEK. py —fasta /localplatform/Novel _
transcript. fa —out /localplatform/PLEKresult/PLEK _

novel _transcript_result —thread 30

25 B4 PLEK _novel _transcript _result 2 — %]
i 7R 24 “ Non-coding ” | 3% B XF N /) §% 5% A Ky
IncRNA

gi b i DL B R o R ] LAR A B A
IR AR AL, AR T DU F Y IncRNA TR0 245
o BETLLEGR WFEE TR R 0 F 75 %
AR 2% S 3K o e, O 1B AN )RR A E) 22 S R Gk Y
IncRNA , DA X 47 IncRNA 3 26 35 ¥ 35 P4 9 ) 4%
BT RO E R B 2 i R N 7 B AN
I 55 gt BIVAT 58 B, PRHGAS SO FREA T R
3 S REE
IncRNA 14 A Sl AP 7K P9 200 4% 1 7,
e S5 AR EY SR, TERXT
IncRNA BT FEH IR D9 35 B2 0F 58 i, 3l 3d IncRNA
FASCICHEAAE PubMed 4 2 Hh A L AG 3R 58 433

B SCEE (FREF) 2024.7) T TLAR K B4R SCEE SR 1Y
#Eit 6 000 4%, HHET, T IncRNA/RNA-seq J5
WE e 2E R IncRNA 48 7R BB R} 2 R) i
PRI o BB (HE R ZH 5 & X IncRNA 2T

Xﬂlﬂfé/a\aﬁi’xﬁ:,%? Linux RFME T —&
ATLAAN IncRNA/RNA-seq #1428 IncRNA 94
oAk 4y M G F AR cpe2'™ | eNertt
Pfam' ™ F1 PLEK""® DU R 514 547 e s A 2 15 i
T, 3275 IncRNA %52 OMERATE . 12 DURR K 14 1 38
FF Y IncRNA (19558 , R AR - 5 1T [ 15 FH
T Y IncRNA BIBIFSE . T340, LA B i sk 2R B
T R N ZE M), A0 J s B o i A, f 466 o ik
U8 TP H LR dH%E TR R S AR i g ) T
85 g — 25 BT R FHA A 00 5 FH 2 DA G PR AR 32 1 7
JIAS RIS Bt o B R v v e B SCAR B AR B Y
R A 1D 55 | PR AR SCE SR o T A B, 2
AT UL SCAS b B A 1 8 9k (A0 awk SO
AOEETHL) | RIS B AH DG 5 & A6 A 1 IR 55 7 4 e 4
WM&, R AR AT

S B R B9 AN IncRNA/RNA-seq B % &
IncRNA (197 Hiu £ 43 B7 7 5 A7 76— 22 19 Jm B
FEARIAE T R E BN Linux #0EEA)
REMETE Ml 55 A 4 7 (o) SR B AR 121 T

27 CHK ( References )

[ 1]ZHOU Bailing, JI Bachua, SHEN Congcong, et al. EVIncR-
NAs 3.0: An updated comprehensive database for manually
curated functional long non-coding RNAs validated by low-
throughput experiments| J]. Nucleic Acids Research,2024,
52(D1) :D98-D106. DOI. 10.1093/nar/gkad1057.

[2]JALILI V, AFGAN E, GU Qiang, et al. The Galaxy plat-
form for accessible, reproducible and collaborative biomedic-
al analyses; 2020 update [ J ]. Nucleic Acids Research,
2020,48(W1) : W395-W402. DOI. 10.1093/nar/ gkaa434.

[3]TORRE D,LACHMANN A, MA“AYAN A. BioJupies: Auto-
mated generation of interactive notebooks for RNA-Seq data
analysis in the cloud [ J]. Cell Systems,2018,7(5) :556—
561. DOI; 10.1016/j.cels.2018.10.007.

[4]SUN Zhifu, NAIR A, CHEN Xianfeng, et al. UCIncR; Ul-
trafast and comprehensive long non-coding RNA detection
from RNA-seq[ J]. Scientific Reports,2017,7;14196. DOI,
10.1038/s41598-017-14595-3.

[5]ZHAO Qi, SUN Yu, WANG Dawei, et al. LncPipe: A Nex-
tflow-based pipeline for identification and analysis of long
non-coding RNAs from RNA-Seq data[ J]. Journal of Genet-
ics and Genomics,2018,45(7) :399-401. DOI. 10.1016/].



5 4 1]

T 25 BT Linux REUME IncRNA-seq A= ¥I1{5 B2 R A HTE & 329

jgg.2018.06.005.

[6]BOLGER AM, LOHSE M, USADEL B. Trimmomatic; A
flexible trimmer for Illumina sequence data[J]. Bioinformatics,
2014,30( 15) :2114-2120. DOI; 10.1093/bioinformatics/
btu170.

[ 7]CHEN Shifu,ZHOU Yanging, CHEN Yaru, et al. Fastp: An
ultra-fast all-in-one FAST(Q preprocessor [ J ].
2018,34 (17) ;1884 -i890. DOI; 10. 1093/bioinformatics/
bty560.

[8]KIM D,PERTEA G, TRAPNELL C, et al. TopHat2; Accu-

Bioinformatics ,

rate alignment of transcriptomes in the presence of inser-

tions, deletions and gene fusions [ J]. Genome Biology,

2013,14(4) :R36. DOI: 10.1186/gb-2013-14-4-136.
[9]DOBIN A, DAVIS C A, SCHLESINGER F, et al. STAR:

Ultrafast universal RNA-seq aligner [ J].

2013,29(1) :15-21. DOI: 10.1093/bioinformatics/bts635.
[10]KIM D, LANGMEAD B, SALZBERG S L. HISAT; A fast

Bioinformatics,

spliced aligner with low memory requirements[ J|. Nature
Methods, 2015, 12 (4) : 357 -360. DOI. 10.1038/nmeth.
3317.

[11]PERTEA M, PERTEA G M, ANTONESCU C M, et al.
StringTie enables improved reconstruction of a transcriptome
from RNA —seq reads [ J ]. Nature Biotechnology, 2015,
33(3):290-295. DOI; 10.1038/nht.3122.

[12]PATRO R, DUGGAL G, LOVE M I, et al. Salmon
provides fast and bias-aware quantification of transcript
expression| J ]. Nature Methods, 2017, 14 (4) ;417 - 419.
DOI: 10.1038/nmeth.4197.

[13]KANG Yujian, YANG Dechang, KONG Lei, et al. CPC2;

A fast and accurate coding potential calculator based on

sequence intrinsic features [ J ]. Nucleic Acids Research,
2017,45(W1) : W12-W16. DOI; 10.1093/nar/ gkx428.

[14]SUN Liang, LUO Haitao, BU Dechao, et al. Utilizing
sequence intrinsic composition to classify protein-coding and
long non—coding transcripts [ J ]. Nucleic Acids Research,
2013,41(17) :el66. DOI; 10.1093/nar/ gkt646.

[15]MISTRY J, CHUGURANSKY S, WILLIAMS L, et al.
Pfam; The protein families database in 2021[ J]. Nucleic
Acids Research, 2021, 49 (D1 ) : D412 - D419. DOI. 10.
1093/ nar/ gkaa913.

[16]LI Aimin, ZHANG Junying, ZHOU Zhongyin. PLEK:. A
tool for predicting long non-coding RNAs and messenger
RNAs based on an improved k-mer scheme [ J]. BMC
Bioinformatics,2014,15.311. DOI. 10.1186/1471-2105-
15-311.

[ 17]GAO Liangliang, BRADEEN J M. Contrasting potato foliage
and tuber defense mechanisms against the late blight patho-
gen Phytophthora infestans [ J ]. PLoS One, 2016, 11(7) :
€0159969. DOI; 10.1371/journal.pone.0159969.

[18]PERTEA G, PERTEA M. GFF Utlities: GffRead and
gffcompare[ J]. F1000Research, 2020, 9. 304. DOI. 10.
12688/11000research.23297.2.

[19]LI Heng, HANDSAKER B, WYSOKER A, et al. The
sequence alignment/map format and SAMtools [ J]. Bioin-
formatics,2009,25(16) :2078-2079. DOI; 10.1093/bioin-
formatics/btp352.

[20]PERTEA M,KIM D, PERTEA G M, et al. Transcript-level
expression analysis of RNA-seq experiments with HISAT,
StringTie and Ballgown[ J ]. Nature Protocols,2016,11(9) ;
1650—-1667. DOI. 10.1038/nprot.2016.095.



