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Fig.1 Comparison of cumulated mortality rate

in the family of Chinese tongue sole
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Tab.1 Summary statistics for twelve samples of Cynoglossus semilaevis

B fh 4 Yrkh 4 FELEH Uiy a7 It R 415
Sample name Species Family Treatment Raw reads Group
SuU1 g il EF F ARG HEN 93 383 974 CsSU
Su2 7 i VleT S ARG 2N 104 672 142 CsSU
Su3 P GIBRE R RV ) 80 095 718 CsSU
RUI S B & AR L 85 660 884 CsRU
RU2 S HuiF 7 R AL 91 134 342 CsRU
RU3 e 88 B R 43 91 226 452 CsRU
SC1 2 K R TR AN TR 24h 101 900 430 CsSC
Sc2 7 WIER F SRS HEYRTA 24h 104 216 082 CsSC
SC3 e il INEHF F YL A AEIT 24h 100 320,038 CsSC
RCI e 8 B ORI 240 106 581 728 CsRC
RC2 2 TR EZ JEYL A 4EH 24h 105 878 506 CsRC
RC3 g il VIR E R JRYLIE AEYT I 24h 100 828 908 CsRC

1.2 XWHZE
1.2.1 IncRNA i 5]

NG s 88 R IneRNA | H 1] 2 ] R H
PRH 38 « i Fl RNA-QC-Chain 5 fF" Xt J5 4 %5 s
HEAT BRI, 22 BR S Poly-A 3k 1P 31 LA K
RT3 o (i F HISAT2 B0k 45 1 4 43
ST 21 2 1 T 65 2 25 3L R 4 (NCBL % fifi 5
GCF_000523025. 1) |, {#iff Cufflinks % f4:'"") 3
Top v L IR 2 N A S g B AT L e, TF
{8 TACO Bk %of 4% ZEKE it (0 7 A 47 3
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Ho ZBRFEML rRNA tRNA miRNA Hij {4 (% 4% 5%
Ao i Cuffeompare A F % 5% 20 1 B SO A
FOER I, 25 5 S Bt 5 TR (9 2 S A 4 3 T 2R
200 bp (9 HE g B KR PR B o AS AR O i ik
IncRNA, i Fj hmmscan # {4""* 5 Pfam % 3z
JIE T H R R B A A R T RE B e AR . (T
FEELne # {5 Bl 6 IneRNA 1 45 % g
ZBR H AT 2 B RE 1Y % AR, ] RSEM %k
L0 X e SR AR AT A W A BT A SR AR Y
FPKM }/NF 0.5,
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Fig.2 The flow chart to identify IncRNA

1.2.2 AESEEZH IncRNA FihkiE PCA 487

G 4 HIE R 3 AR T AR (]
IncRNA 1385515 B0, 6 10 RO & A9 0070
M5 (PCA) X 12 NHEARY IncRNA 3%k i it
17 BT o
1.2.3 IncRNA W 2ZRHE L0

1 il HTSeq-count 14 G5 i1 B2 BCECH , B
Jei 3 DEseq2 # T RGBT 2H 2 18] (22 57 38
IncRNA, L} adjusted P-value < 0. 01 £ 5 EH
IncRNA 3522 5 Ge 27 8 SO B, flE ] R 15
& Y Heatmaps 4 %5 4 A 5250 2H 1Y BT A 22 5+
FIREEN AT RGeS B R AE R
1.2.4 qRT-PCR 361F2: 73Kk IncRNA

14 A B o AL IEFE 6 22 5 R ik
IncRNA, i 1] Geneious #F B354 (% 2) , fifi
JH qRT-PCR BGiiF 2% 552635 IncRNA

K TaKaRa 2¢ % g & i 7 &, 8 A1 ABI
7 500 fast real-time PCR {¥ #%, % 5% 40 1 /¥ 19
cDNA St , Bk s34 5 1 90 A4 14 308, T e
cDNA PR BEAGH. LA 5 8 B-actin g A 2
HEH, qRT-PCR {9 S B4R 2 40 F - 10wl SYBR
Primix Ex Taq,1 wL IE[51497,1 wL 1 5]47,2
L ¢DNA,6 wL KK, 320 pL, qPCR RHM
S 495 °C, 30 5395 C, 5 5,60 C,
34 5,40 DMEER ; R 58 UG BB TR AR 4 o1
Mro

4l qPCR 75 B9 Ce 8, 2R HIAH X & 7 1Y
2788 AT 3 R A A B, B Mean =
SE 3R, f# [ Prism version 7. 0a Stit %4t

Bl TREA 2 22 S T AR
1.2.5 L IncRNA JL&38 7047

{4 IR 2 P B IncRNA FIE A
S R 1 2 K5 7K P40 BT IncRNA F4a i 2L [ 11
ik, A perl IS IncRNA A1 25 6% 3k [X]
(1) 4% 3K /K F- Z [8] ) Pearson #H ¢ & %o i
DAVID 1 KOBAS {417 D i B o i o

2 4k

2.1 FBEHE IncRNA g1 51

X2 O B B SR 4H B0 42 A0 B 4R A
4 584/ IncRNA JEN, 185 5 714 EfEA, Xt
IncRNA F1 gt 3 A A SEASFRAE T 7 LR34 , 45
RE/R,IncRNA 1) GC & 2K TSI (K 3
a) ;IncRNA [ 54N T H £ T4 L (& 3
b) ;IncRNA 5 A3 K R F 4 55 4 (& 3
) ; IncRNA {34 F ik (IR T 4 i 2L [ (& 3
d).
2.2 ¥iBEE IncRNA RiEKE PCA S#F

0 R A% i 3 5 53 7 i (PCA) X
W 4 S 4 (CsSU, CsSC, CsRU
CsRC) 11y 12 FEA (SUL, SU2 . SU3,SC1,SC2 .
SC3 RUI .RU2 RU3 . RCI ,RC2.RC3) #E 17 Hb#%
G38Te W 4 BN, A a4 (PCL AT PC2) JF
ZEZ IR 98. 1% ,F M AT A & T T A FEA
) IncRNA (45 . BLAh, 12 AR B g i 2 5T
TR T B R R — 2, R B i A I )
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F®2 ZWATERIW
Tab.2 Primers used in this study

KAEIESi S RNA IncRNA

IEA 5|4 Forward Primer

J2 81514 Reverse Primer

Inc_MSTRG. 3538. 10
Inc_MSTRG. 398.5
MSTRG. 1648. 1
Inc_MSTRG. 5697. 1
Inc_MSTRG. 15174. 1
Inc_MSTRG. 2920.9
Inc_MSTRG. 17735.2
linc_MSTRG. 15378. 1
Inc_MSTRG. 15001. 1
linc_MSTRG. 16516. 1
Inc_MSTRG. 16915.2
Inc_MSTRG. 17031. 1
linc_MSTRG. 15376. 1
line_MSTRG. 15229. 1
linc_MSTRG. 15228. 1
linc_MSTRG. 9032. 1
Inc_MSTRG. 9860. 1
Inc_MSTRG. 3988. 1
Inc_MSTRG. 11713. 1
linc_MSTRG. 8260. 22
linc_MSTRG. 8260. 21
Inc_MSTRG. 191.2
linc_MSTRG. 8275. 1
linc_MSTRG. 8260.7

TCAGAGTTTGAACAACCGCAACC
AAACAGTCGCACCAACTGAACTG
TGGAGAGCAGTCTGATGGACATG
AAAATCACCGCAGCTTTCACAGT
GTAGGGTGAAGAGCAGAGGACTG
GAGAGTGGAAGTCCTGCATCACT
CTGCTCATCCTCACCTATGCTGT
TCTGGGACTGGTGTACATGAAGC
CCAATCAGGTCAGGCAGAGAGAA
TGTGTCTGTGCCTCATGTCAAGA
GAACCTTTTCACCGATGGAGCTG
TGGGCCTGGACTCCTTTTAAACA
GGAATTTGCCGACGCATTTCAAC
GCATTGAGCATTGAGGCAGGATT
TCGATGTACTGAGGGAGCGAAAG
GATCGGACTTCCTGGAAGAAGCT
AGGCACAAGGATATCAACCAGCT
CATTCTTCTCGGAGCTCCAGACA
TTCCCAAAACCCTGGAGGAGTTT
TCTGTGCCAAGTGTTTAGGTCCA
CGACCACTGTGATGACAAACCTG
TCTGGTTGGAGAGGTTGTGTGTT
TGATGAGACACACACCAACCTGT
TCTGTGCCAAGTGTTTAGGTCCA

ATTTCCAGAGCAGACCTGAGACC
CTCCTCATGCCAGTTCCTTCAGA
TTCATCTTGGCGGCAGAATGTTC
GACGCTGCTGCACATGAATAGAC
CTCTGTAACTGGGTGCTAGGCTT
ACACGACATCTGTGGGGAAGAAA
AGACCTGCAGCATCCTAGGAAAG
CCCCAGTCCAACTACATGTCCAT
CCCCATACTCTGCATCACTCACA
CCACAACTCTCATGTCAATGCCC
GGCAAACGTAGTCCCTTTCGATG
ACATACTGCATCCTCGACGTGAA
TAGAACTGCCGTACACACACACA
TCGATGTACTGAGGGAGCGAAAG
GCATTGAGCATTGAGGCAGGATT
CGGCTAACGTAAGACTGTCTCGA
ACGAGAGAACAAGATCTGGGAGC
TGAGATTTGGCTGACGGAGAGAG
CTGAGGTTCCTCTGAGGTCCATG
CTGGACATGGTTCTTGCTGGAAC
TGTCTTGTCCCCAACATGTTTGC
TGATCTGGCTACTCCTCTGGCTA
GGACATCAATGGTCTGTGCCAAG
AAGACACCTGGACTTCCTTGGAC

2.3 Z=5B3FRiE IncRNA piFik

f8i 1 DEseq2 X 4 41 tb %% (CsRU vs CsSU,
CsRC vs CsSC, CsRC vs CsRU, CsSC vs CsSU) i
1722 543K IncRNA AT . a8l 5 FFs, 7E
iR 4 A, IR 2 032 2% R kiR
IncRNA, Hirr, CsRU A1 CsSU Y HLAz o7 v, 20
VEF) 818 4~ 22 5225k IncRNA,529 4 IncRNA 7
CsRU {3158 i3 = T CsSU; 7 CsRC Al CsSC
FIEE B2 23 B v, L B gk 3 813 /\%#?EJ_
IncRNA ,213 > IncRNA £ CsRC fyF i, B F
F CsSC; 7E CsRC A1 CsRU 1 Heasg o0t ,/\)ﬁ%i
] 261 4 2% 573k IncRNA, 135 4> IncRNA 7£
CsRC 35k B2 5 T CsRU; 7E CsSC I CsSU
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AILE B2 2 B v, AL 2 2] 140 A%#%‘%L
IncRNA,59 4~ IncRNA 7£ CsSC I F X B &5
T CsSU,
NV 22 533K IncRNA TEA 6] S50 2640
Hﬁ%‘%ﬁﬁf XF 4 AL 2 F U #1) IncRNA
PRI (K 6 a) , K A G e 4E IR 1Y
?nﬁ%% 55 R R T BRI R AR
FAML o RIS, SRyt — 2B S0 AN ) 20 LAY 22 57
ik IncRNA Z [a)p95E & , A THI 7 CsRU vs CsSU,
CsRC vs CsSC, CsRC vs CsRU, CsSC vs CsSU [t
BCEH AR 0 25 533K IneRNA F i 4E RRUET ([51 6
b) SR BRI TERITERTA 4 HILE P A
)22 57235 IncRNAs,,
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3 LncRNA FiRRERBLLE D

Fig.3 The comparison of IncRNA genes and coding genes

4e+050CA —
o (s 3
SC2 4 CsRU CsSC vs CsSU -EE Bown
3e+05 - u CsSC i Up
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‘N; Rg?) ) 600
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(a). 225315 IncRNA 4K FPKM JZUCRZEIA]; (b). 225K 1K IncRNA ZERLK
(a). Hierarchical cluster analysis of differentially expressed IncRNA of the four groups; (b). Venn diagram of the number of differentially

expressed IncRNA between contrasts

6 ZRFRIE IncRNA 547
Fig.6 Analysis of differentially expressed IncRNA in the RNA-seq library comparisons

2.4 FBEE IncRNA HRIZERFERINBEER
{1 4% 2% 35 43 A Al ceRNA G B0 T
IncRNA 7E 2t 25 A rh T AR BE I 7 IncRNA
DT 2 1) 2K I 5] 14539 A0 LA T 5%
Z (14 157 D IFEAESEH 382 AN AL ) , Hid o
WS L rh 274 Db R, A
IncRNA X1 A #E 3L R AT DO R R, 4 2R (&1 7)
WoRIEFRB R L E A F] 127 A~ GO & H, Hh
H: ¥ 151 F2 (biological process) T 58 ™, 40 i 4
43 ( cellular component ) T 33 4~, 43 T I fig
( molecular function) ' 36 />, {HAAF =W &, H
& 2R GO & H . s I

(immune response, GO: 0006955 ) . il ¥ Sz M
(response to stimulus, GO:0050896) . 20 LA 115
P (eytokine activity, GO:0005125) flig&fk A1 15
P ( chemokine activity, GO 0008009 ) 4%, [A]H A
i GO THREG R E 7 8 IncRNA (£ 3) ,
HHER YR T 14,
2.5 Z5B3FiE IncRNA HJIEIE

1 qPCR 4 77 7 36 1IE 57 126 B 1 2 57 ik
IncRNA fR3R8EX iy &l 8 W1, fifi JT] gPCR 46
I 24 /> IncRNA 22 53 Rk K1 o Hr 45 R 5
RNA-seq (173 4 AR H A — 2, U B i 18 22 57
ik IncRNA fy 86 & HLSE Al SE Y

x3 REINEME TFBEHHIXE IncRNA

Tab.3 The key IncRNA of Cynoglossus semilaevis under Vibrio harveyi infection

KEEIE S RNA IncRNAs JEERE Degree GO %5 GO ID GO £ H#Fr GO name
linc_MSTRG. 16107 18 G0 ;0006955 immune response
linc_MSTRG. 15347 14 GO 0006955 immune response
linc_MSTRG. 15118 121 G0:0006954 inflammatory response
linc_MSTRG. 15732 21 G0 :0006954 inflammatory response
linc_MSTRG. 17133 99 G0 ;0006954 inflammatory response
linc_MSTRG. 17225 94 GO 0006954 inflammatory response
line_MSTRG. 9953 130 G0:0006954 inflammatory response
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Fig.7 Functional annotation of the potential targets of IncRNA
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IncRNA J&— 25 N JEPE RNA, & Al DL 45 5
Pk, TTTSZ A= otk o ACF9E i 2T IncRNA
PRI A S5 20 5000 Hh AR A5 K i 1) IncRNA JE A
i I BRI A A AR A5 T R IR GC 5t e 1 3
PRIZL XA o 22 5 PR R b i 35 PR
GC % 5 T IncRNA; IncRNA £l % 4) 7,
IncRNA H 40 it T (5 (14 HU 0328 2 T A 3 A
SRR BT R A - K T 5, IncRNA
BIR B A M R A 87 50H 19 4085 3% 5 ; RAN
S I A5 L TR 1 F 24 22 15 B R T IncRNA,
RIS EERAL . @ 3T IncRNA 145 it 5
PRIEASRRIE (1) LA A5 VLT, IncRNA JEASRRPE AT
B FLAEE W R R ST

IncRNA 2 /e R 20 A= W ) S e IR 45 0T 58 I
Sz o AEBEE fh b R P A SR A R AE A
SEOG AL Ay N AE HE B 2 842 AN 3 433 A~ R
IncRNA, Jf 3 i qPCR 3k 15 22 5 3R K 8 K
IncRNA, B J5 A A7 2% 58 $2 AR 0 6 3 3 4%
IncRNA TE BB AR 1) plk3 F sytl0 HP 5 4%
PERIE SN A S . 3 TF IncRNA 782 i 3 )
o U1 R b i B 58 R WL 4GB, AR BIF 5T G o
IncRNA 22 33K 7047, ik i 2 032 22 73k
ik IncRNA, {HIHER AR, PURE R IRE R
ZIE 25 IncRNA S0 H 5 T K28, x sz i
IncRNA FI B 5P 5 7 1 50 IR 2 10 g ) 22
SAEEVRR ., EIREHrh, ST REH
KZREL, K Hy 285 4~ IncRNA 5 274 /> 4 fith S
I FTREAAAE 14 539 Fpdlbak &, Hdr, 160 4~
SRR R, R EW NG5S ok
P FVEY) A BGOSR, A 3 SRR RN g
B R R RE T B RE, B W il-1B. ccl20
ccl28 . YU 221 Bl il-18 e R 7E 2 3 5 3 T
BEYTNET 8 h B Sk BRI AR (1 ik 2 B 35 v,
B il-18 J& PR TE 2 Y o ) G 2 7 225 v 473 i A T 2
VR . SCHUTYSER 252 BF5t % 1 LPS . i
WA T TIE v #BEEIE S ccl20 FEH Rk, b
J&i ccl20 FEPIFESRAE R 5 CD4 + T 41 i
. BEAk, ccl28 3 H i o #a b K %2 f& CCR3
1 CCRI0 8745 B 40 T 40 fe ™ . whox
SEIRFI T A5 IncRNA ] RETE F HE 1 i S g
JAE AR R T E AR
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IncRNA 75y N2 PR 45 R MLIEE A 2 25 7 I
PYEAETEM M A SR M5 85 IncRNA
AIBIFTEATIAL F-400 28 B B, AR 52 M 20 0 8 e o
% AR R AR Y IneRNA, 38 5 HE#5y
Hr, Bl vk i n] BB 5 U ZE 9N R AE G Y 22 S
IncRNA il 1 3R I3 M ARA5 274 -k 19 4
FEIN JE D RETE RO et 7 A5 A 1 B A
JV 24 H Y S 4 IncRNA, W J5 SRS ceRNA [0 2%
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Identification and characterization of long non-coding RNAs from
Cynoglossus semilaevis based on transcriptomics

XU Hao'*?, XU Xiwen'?, ZHOU Qian'”, CHEN Songlin'"”

(1. National Laboratory for Qingdao Marine Science and Technology, Laboratory for Marine Fisheries Science and Food
Production Processes, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071,
Shandong , China; 2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 3. Key
Laboratory of Sustainable Development of Marine Fisheries, Minisiry of Agriculture and Rural Affairs, Qingdao 266071,
Shandong , China)

Abstract: Long non-coding RNA (IncRNA) plays an important role in the regulation of epigenetics,
transcription, and post-transcription. To understand the regulation mechanism of immune response to Vibrio
harveyi, we performed IncRNA identification and differential expression analysis from RNA-seq data. We
obtained a total of 4 584 IncRNA loci, containing 5 714 transcripts in this study. The comparison of basic
characteristics between IncRNA and the coding gene showed that the GC content of IncRNAs was lower than
that of coding genes, and single exon genes number was greater than that of coding genes, and the average
transcripts length of IncRNAs was longer than that of coding genes, and the average expression of IncRNAs
was slightly lower than coding genes. We screened 818, 813, 261 and 140 differentially expressed IncRNAs
by differential expression analysis in four comparisons of Cynoglossus semilaevis groups ( CsRU vs CsSU, CsRC
vs CsSC, CsRC vs CsRU, CsSC vs CsSU), respectively. Additionally, we preliminarily analyzed the
expression patterns and the relationship of differential expression of IncRNAs from those four groups. Through
co-expression analysis, a total of 14 539 types of interaction relationships were detected between 285 IncRNA
and 274 coding genes. We performed GO annotation and screened 7 key IncRNA. The qRT-PCR confirmed
that the expression patterns of IncRNAs were consistent with their expression levels bases on transcriptome
data. This study provides some of reference data for studying the role of IncRNA in the immune response
against V. harveyi.

Key words: Cynoglossus semilaevis; Vibrio harveyi; IncRNA; immune response; differentially expressed
IncRNA
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