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) 6 4~ 2% 521K IncRNA 3R AR BHTIRAE, 4
3] MSTRG.68909.2. MSTRG.39805.1 .
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S 38 3 I 5 0 20 I B R AT AN 4, ROl
SR ARDT G, PR = A 2 ) 4
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[% 45 2 (calcitonin, CT)2—FMZ KM =E, 5
T 240 B 1Y) R 45 22 2 KRR 25 5, 0 5 200 L 7
P, AT A g T o 1 R 8 (Saro-
therodon mossambicus)id: i CT J&, HBH 21 fY
40 5 R, 4 R AR R g ot
KU CT Bk K MIEM. SRS R
(salmon calcitonin, sCT)- g F fi: il £y S5 A Py HHR i
R IEL 55 A L 3 WA Y — RS R . FE AT ALY 8
FhREES =, sCT A YiE o, I AR
[ 45~50 135181 B, sCT PR S A N [ 45 2%
SZARELAT TR I S A a8 R A TG I R A A
Bz B T2 5 R U HEARGE, sCT fighs B
2R 526 (Channa punctatus) Ifil 3% £5 2 & 3140 i
PO A IR PR M W PR W (tartrate-resistant acid
phosphatase, TRACP)Ifi 14, FHH sCT 78 il i i
240 M 5 D T A T RO AR, sCT iR T LR
e DU 68 i (Anguilla anguilla) % B 40 i 5
4 1 FR il (alkaline phosphatase, ALP){% 1, fie ik
HHLIE R, ik, P58 sCT A it i 2 21
FEACIH KT A RZ M, AT R B AR ) PR 4 L
il B A

K 5 4F 4% % RNA (long non-coding RNA,
IncRNA)ZF5 K EE#E 1L 200 nt (1) —ZHE4i S RNA,
F2 AR 1 J0T G ) 5 A1 18 iz St LA B 1] R X 2 5
R, YR dRE, kAR FIERN(RU486) b HE Y e B %
A a7 e ) oAk BRI 2 B e ) e, HPE R
HY IncRNA FRIAKF &4 ARk, FPaX
2255338 IncRNA W] g 5P 510k vk s % B
YR RP, BF5EE M, IncRNA fig 3 e PE4h &
miRNA, LR E A FEIF LIRS 55%5%
S PR n, AN T 2R T R VA AT B
(Flavobacteria cryophilus)), fifiik 2] it 2 57 ik
IncRNA 5 PH 20 5 v 5 22 b G 2 AH O A 1 G i
(LIS AMA A . i 5, Bk FAES 5%
EM Z IG5 ) HES, RIXL IncRNA A {8
Z 5 H A M PO A, TR 68 T B
(Mibrio anguillarum)zy, Py 7 2% i) A - £ 25 8L vp
IRAK4-related IncRNA (IRL)YZEik Fifl, IRL 5
miR-27¢-3p MHEAEH, B98I miR-27¢-3p XK
E SN A OCHE P IRAKA il A, AT 2 fie

PR FUEEAR G IncRNA (AANCR)E Wy
miR-210 FY7E 4 PEPJE RNA (ceRNA), I i
% 0 91K %5 £ (Siniperca chuatsi  rhabdovirus,
SCRV)KCHEEER MITARYZIL, Ml SCRV &
FIE RGO RN Y, et A T, ZEF
5% A 3k #ifj (Megal obrama amblycephala) )L [a] & A4 4=
KHLE A, & B IncRNA 78 86 8] 75 55 T 40 i
(mesenchymal stem cells, MSCs)[n] B8 4fl il 531k
AR E R, FREEH2ZS IncRNA
B R E IR EA CEEH T MAPK {551
P AT I, IncRNA 7EAR2EIRIG R & . Al i
2 HMRSE | Sy S A A R AR AR
Paitk, ABFFTHER IncRNA 1y fa 25 B Q5
P ML RN S, i X T B %)) £ 64T sCT
i T B, B SR AR 2 SR AT R S ALY .
IR LE R P A IncRNA #ETTERE, 0T 4eit
HERk i, k22 73Rk IncRNA, JF3T GO i
B KEGG 38 [ & 4 %) IncRNA MEAT 0281 B I
FOCHE L ) Ih e & 4 BeJm, RIS 9EO0E
i# PCR (Quantitative real-time PCR, qRT-PCR)#%
AR X RN TR 4> 22 5 IncRNA #E 17 F 87K K
D, 5 5% S 2B HR AT S o AHOCSE SR AT 4R
WIREB S B AR 2 IR LR R 2%

1 WS

11 #HmilE

0T 6 20 £8 [RK (16.33+1.30) cm, ATE(52.21+
7.24) gl RAE T I AR 4 B T I My B R K i i 7
B I . SEGTF LR HRRAT 68 B T SUAFR 1000 L
(E#2 1.6 m, &5 0.6 m)iY PE #irh, /KIEZ1H PE 4
Y 172, WKESE 3 d GhE 27, /KR 14~16 C),
eI 12 h s 12 h, FRE | 8:00 FI R4
4:00 5 M FIE A A Ak (A M 24 R f AR R 1Y) 3%)

AT 73 15 B S 4 (SD) 5 X BR41(CG), F4 3
ANEE, TS sCT (LEEMEY R
BRRAT], 4ifE=97%; EHEH 2 ngke k),
Xof REH I R S TR AR R A R K . 15 24 h ),
YA REPLRSE 3 BB, ZifaZ: 300 mg/L MS-222 (3-
B R LB, TR, <7 R0
TR, JaHRe 280 CLHA7 H B HLHEEL,
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1.2 & RNA$REUK cDNA E—H# &R

#% 18 Trizol(Invitrogen, Carlsbad, CA, USA)%
PR 2 RNA, i 1.5%35 R W EE K F K
FRZ R 72 AL 53 AT T RNA Y S8 38 1k Bk B,
FRYE PrimeScript Rtase 7] & (TaKaRa)ii B 45,
H 1 pg B RNA RS U —5E cDNA, I ORAF
F—20 C k4 #5 H(QRT-PCR HiIE)
1.3 XEMEMNEF

PR G HEHY RNA Ak ZAUNER ) A8
FEAR A A7 PR F S Wi s 2Hi P (RNA. sequencing,
RNA-Seq) FISC R4 o EBRGHEFE G A RORE A
RNA (rRNA depletion), ¥Jh¢ A B i%E 2200 P 4% 3k
Ph ¢cDNA SCERPEE4H A RS A 2x150 bp (PE
150) i ML 47 SCPEA o ffi ] Tlumina HiSeq
4000 HEATECG Y o
1.4 iR R 53

¥ Mlumina HiSeq 4000 & [ 5 2 (1) 5 b5 &
1G85 45 Base Calling #5460 5 4G 10 7 e 51 %%
o CutAdapt T RER &AL T5 5% . KRBT K
SN A 2 B3 1 1) 132 v Bt o AR A i FASTQC
0.10.1 (http://www.bioinformatics.babraham.ac.uk/
projects/fastqe/)7EZ T H #E A7 i B 45 i) 70 A o i
hisat_2.0.4 #EATHEA4 LEXT
1.5 # 5% IncRNA it

FIFH StringTie _1.3.0, #3114 FPKM (fragments
per kilobase of exon per million fragments mapped)
KWiE IncRNA (3R KAKF, HHEAZ: FPKM=
cDNA fragments/[mapped fragments (millions)x
transcript lengths (kb)]. i o B B A 5 A 19
Clean 3245 it 5 3 41 2 (1) 7% s 4 A SR A 44 R
12 K, R A R K R GA K. BB T AW

mRNA FI/NT 200 bp BFE#ASS, H CNCL 2.0
(Coding Potential Calculator)#1 CPC_0.9-r2 (Coding
Non-Coding Index) & 4 X F & ) §% 5% A it 47
IncRNA T, ] 5 o G B ¥ i 1 7% i 47 910 Ry
i % IncRNA . 7F i i & B2 1, Ll log,|fold
change|=1 1E N AR ] 22 7 KI5 IncRNA 1 i
VERIE, P<0.05 BAZ T X, /1 edgeR #
17 IncRNA 25 RIRHr, 3RAF PSR i ] B9 22
5 IncRNA, A5 AR R IR A
1.6 GO IR KEGG B&EH

J - 3 PR R KR 38 B8 P2 (http://geneontology.
org)if 17T GO ERES- T, W5 IncRNA fITIEE, Jf
X IncRNA #E17 GO g 2K 41T, % Z 51
H W) 2% 33 B2 (biological process, BP). 4l il 24 43
(cellular component, CC) Fl 3& A 19 4> 1 T g
(molecular function, MF)i#F4 744 o F) FH 5 #BHE A
55 WA @ R4 5 (KEGG) B JE (http://www.
kegg.jp/kegg) #1715 5 B = 40 M, #E T e
FIDhREIE ¥, MAZIEET P {E(Q value)<0.05 A,
TR ZINBIAE R E E &
1.7 qRT-PCR Wi £ % &iLH IncRNA

JHEF RNA-Seq 455, FEHLIEHL 6 1~25 5% IncRNA,
¥ Primer Premier 5.0 #4514y, FH
analytikjena-qTOWER?2.2 A% % & PCR {47
WIESEE . Bl AL ERE YR A R AR
Mo AFER, SIWMERILER 1. NSRRI
18S rRNA . qRT-PCR ## SYBR® Premix Ex
Taq' ™ (TliRNase H Plus)is il £ (TaKaRa)if B #E47
AR, SFEMIRE 3 NEE, ARSI
ARG (E>90%; R™>0.990), PCR #2517
Uvalices

*1 X#HRFAASY
Tab.1 Primer used in thisstudy

51#¥ 4 FR primer name

B4 (5'-3") forward primer (5'-3")

TSI #(5'-3") reverse primer (5'-3")

MSTRG.39805.1 GGAACCCTTTAGTCTAAG CTATGATACAGTAGGAGATC
MSTRG.48032.2 TGCCATCAGAACAGCCTAA GGAAGCATTGGAGTGAACAT
MSTRG.100239.1 CGGACCATTATGTTCAGAG TGATTACCATTGTCGTGTG
MSTRG.121429.1 CCTGCTTCCTACAATCACA GCCCATAATGACACCAGAA
MSTRG.9137.1 CAGCGATTTAGGGAGGTCTA GCATGTTGGATCTCTGTGTT
MSTRG.92554.2 CTCTAAGGTTGTAGCAGTTGT GGCAAGACTCCATGAAGAT

18S rRNA

CTTAGAGGGACAAGTGGCGTTCAGC

CACGAGTGGGGTTCATCGGGTT
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H¥E qRT-PCR MY CAH, R 27kt
FLAAE S PSR A X SRR . Ir S B 2 DY
{EhRMEZE (X £SD, n=3)#/K, ffifH SPSS 19.0 ()
AR T 243087 (One-Way ANOVA)#: & Duncan’s
ZE AL, BT 45 SR Rk A PR R TR b LT
KX TFHEFKFE, & P<0.05, £RAEEES,
A P<0.01, W25 %,

2 HRE5HH

21 MEFHBRE LS

ST ZH (SI-1. SI-2 1 SI-3)FI%} R ZH (CG-1 .
CG M CG-3)My i i &)y £ fuff 21 27 5% S5 21 )y 41 3K
4 75.48 Gb Clean Data, M5 4% & A0 508 i B %
Fe X2 SR W 2, #FE 5 ) Clean Data 335 3|
11.38 Gb, Q30 Bl FE FH 43 HLIITE 97.99% L4 |, ¥ 4%
FEAN Y Clean read 5 MT % 3L K 4H #E47 1% %71 HE X,
XS8R I TE 85.97% LA I o 45 WA /s I P 4
P Ay, AT LR AT IR SR M
2.2 IncRNA £RRiESH

S 2H 50 FRAH (A Y 25 Rk IneRNA 12
WRI TR WA 1, R ER, [ — IncRNA
FE R — 2L P9 By Rk AR — B, AN A FEAR (1] 22
SR G X AH L, SEERA IncRNA BYRIA7K
AR, HTFIEEIER IncRNA £ T L%
A1) IncRNA

1E logo[fold change|=1, H P<0.05 B44F,
Pi-lg(P {H) YL R, LU log, (55078 1k, fold
change, FC)MHEAL PRI 122 553215 IncRNA kK
IR, ABESE I L 25 7 5 1 IncRNA 4t

847 4, Hih 247 4 IncRNA |4, 600 % IncRNA
TR 2), He, k225 IncRNA 4 5
A VIAIDE: MSTRG.68909.2 LA racl
= H3 MAPK {5538 #%(04010)F1 Wnt {55 #%
(04310); MSTRG.121429.1 #3£[X LOC110524573 &
£ 3] MAPK 15 51 #(04010); MSTRG.9137.1 &It
FL A LOC110533847 & 4E 31| Wnt {551 #£(04310);
MSTRG.39805.1 3L K LOC110490697 % MR
% H B2 (plexin-B2); MSTRG43721.1 # 3%
LOC110492264 {1 #3145 2 1455 (GO: 0005509)
e, I H & 4 24505 510 #(04020).
23 E=5RFIE IncRNA HEREM GO EBEF
KEGG E&EH#

X255k IncRNA #UIELH PETT GO TIREST
Mr B2 A 243 #E(BP) . 4 4H 43 (CO) Al 4y
FIIHE(MF) 3 K2k H. ik BLASTx HXf, 762
LN 2 PP R T 8309 NEEIN, B R 25 M
Ve L 15 DM 10 Mo EhRe. o,
A R AR SR | 1Bk (RS TR
AN GRS AL A B AR | B A ARG 43
YR BT RN BT REEAE; T UIRE AR SR B A S .
TIIfe. BATIRES & e 4565 (4 3).

FIH KEGG #5424 22 7 323K IncRNA #iL I
IR & SE B A G B, LA P<0.05 SN BIME, e HHT
20 A E B ENESEEEIE 4) 8512 RY], ZR
IncRNA $E 5L (] 3= 800 B A0 it e 3 A QIHIE % | E
S BU6E TRP S IE A . /MG . AR FRAES
filh . BB IR FE . ARVC il % Fl NF-kB 155
WPEAE . Ho, B AR M/ MRS fE Y IncRNA

R2 BHARFRANFHEER

Tab. 2 Information of transcriptomic reads of each sample

4 5 %H pERiE S BB =30 fT HoXT 50275 B2 1 1Y reads FU(HEXTALER)
group total read G clean base B 43 /% Q30 mapped reads (comparision efficiency)

SI-1 75841578 11.38 98.11 66484165 (87.66%)

SI-2 90352240 13.55 98.38 77672604 (85.97%)

SI-3 87054418 13.06 98.38 76792719 (88.21%)

CG-1 84319514 12.65 98.59 72864251 (86.41%)

CG-2 83602640 12.54 98.10 71937217 (86.05%)

CG-3 82017856 12.30 97.99 71369583 (87.02%)
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SI-1
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Fig. 1

SI-3
1

CG-1 G2 CG-3
IncRNA 22 57 R IK R A5 7

MSTRG.143807.3
MSTRG.1 37868.1
MSTRG.66959.1
MST RG.139.1
MSTRG.93560.1
MST RG.52167.3
MST RG.82341.1
MST RG.121 429.1
MSTRG.116067.1
MSTRG.14143.22
MSTRG.42130.2
MSTRG.9137.1
MST RG.102066.4
MST RG.103630.1
MST RG.88718.1
MSTRG.71380.1
MSTRG.55681. 1
MSTRG.64513.2
MST RG.122367.1
MSTRG.70414.3
MST RG.62822.1
MSTRG.60092.1
MSTRG.21583.1
MSTRG.56392.6
MST RG.31708.4
MSTRG.137889.1
MSTRG.137831. 1
MSTRG.140384.2
MST RG.48032.22
MSTRG.122453.2
MSTRG.137867.1
MSTRG.137851.1
MSTRG.137835.1
MSTRG.134557.3
MSTRG.137826.1
MSTRG.82244.1
MSTRG.33050.1
MSTRG.961 64.2
MSTRG.64513.3
MSTRG.14281 7.2
MST RG.95256.2 2
MSTRG.25218.1
MSTRG.84132.3
MSTRG.102467.4
MST RG.94070.1
MST RG.7 7264.3
MSTRG.109506.3
MST RG.27472.2
MSTRG.90693.1
MSTRG.88126.1
MSTRG.51731. 1
MSTRG.19923.2
MSTRG.118000.22
MST RG.146310.1
MSTRG.64513.19
MSTRG.134959.9
MSTRG.67226.6
MSTRG.34879.3
MSTRG.14143.25
MSTRG.13511 7.2
MST RG.55288.2 2
MSTRG.61416.1
MSTRG.56227.1
MSTRG.119097.3
MSTRG.61418.1
MSTRG.140859.24
MSTRG.64513.7
MST RG.70414.6
MST RG.70414.7
MSTRG.96576.3
MSTRG.64513.6
MSTRG.145856.4
MST RG.64513.1 1
MSTRG.141 43.45
MSTRG.32990.1
MSTRG.135075.2
MST RG.54042.1
MSTRG.131412.1
MSTRG.68909.2
MST RG.99563.1
MSTRG.54139.1
MSTRG.649.1
MSTRG.14143.21
MSTRG.34882.1
MST RG.26272.3
MST RG.47882.1
MSTRG.82828.4
MSTRG.54047.3
MSTRG.39805.1
MST RG.3201.1
MSTRG.1 35022.2
MSTRG.30234.1
MSTRG.56231.3
MSTRG.33764.2
MSTRG.134805.1
MSTRG.451 76.1
MSTRG.54041.9
MSTRG.128951.2
MST RG.130845.1
MSTRG.132627.3

Cluster analysis of IncRNA differential expression

Fe1kE expression level
1.0

0.5

-1.0

-1.5
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Fig. 3 GO annotation of target genes of differentially expressed IncRNAs
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XU i S B AR 2R 0T e i il 2 4

IncRNA ZE35 1952 1097

iRk &t thiamine metaboliam |- °
RAEA BN TRPEE P45 inflammatory mediator regulation of TRP channels | @
Il /PR IEAL patelet activaton -
&M R hematopoietic cell lineage
#1222 3% [ F neurotrophin signaling pathway

B EES

statistics of pathway enrichment

PRIk EL9% amcebiasis |- FLF B
DRk glutamatergic synapse |- g.en; 151umber
B )& B Jf# synthesis and degradation of ketone bodies @50
JE & 5 PRk A primary irmunodeiciency | : 7105 0
RS BR A= H)4 i), ubiquinone and other terpenoid-quinone biosynthesis -
B Hi & 444 5 insect hormone biosynthesis - p value
£ asthma - l 03
BULERRE A OERER (ARVC) arthythmogenc right ventricular cardiomyopathy (ARVC) [ 0.2
R YA R fulale biusyrlthesis - @ 01

B 432 A {5 538 B cell receptor signaling pathway [®
B A2 5238 B glucagon signaling pathway [@
FEIE R O BRI central carbon metabolism in cancer [®

PRI 4 hepatitis C [ @
NF-kappa Bf55-f % NF kappa B esignaling pathway [ @®

B SF I glioma

0.1 0.2
‘BB F rich factor

K4 225K IncRNA WL KEGG {55 i 704r
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Effects of salmon calcitonin on the expression of INCRNA in rainbow
trout (Oncorhynchus mykiss) scales
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Abstract: Fish growth and development, reproduction regulation, immune regulation, and many other life activities are
regulated by long non-coding RNA (IncRNA). As a polypeptide hormone, calcitonin plays an important role in
regulating calcium metabolism in vertebrates. Notably, salmon calcitonin (sCT) has the highest biological activity.
To explore the effect of sCT on the expression level of IncRNAs in the skeletal tissue of teleosts, intraperitoneal
injection of sCT was administered to young rainbow trout (Oncorhynchus mykiss), and their scales were collected
24 h after the injection. The IncRNA expression profile was analyzed using high-throughput sequencing
technology and bioinformatics methods. A total of 847 differentially expressed IncRNAs, including 247
upregulated and 600 downregulated IncRNAs, were identified in the scales of rainbow trout administered with sCT.
Six IncRNAs were randomly selected for quantitative real-time PCR (qRT-PCR) analysis; the results of which
indicated that the expression pattern of these IncRNAs aligned with the RNA-Seq results. GO annotation revealed
that the target genes of the aforementioned differentially expressed IncRNAs were mainly annotated in the
functions of transcription regulation, transportation, signal transduction, membrane, cytoplasm, metal ion binding,
and nucleotide binding. KEGG pathway enrichment analysis showed that target genes of the differentially expressed
IncRNAs were significantly enriched in thiamine metabolism, inflammatory mediator regulation of TRP channels,
platelet activation, glutamatergic synapse, neurotrophin signaling pathway, arrhythmogenic right ventricular
cardiomyopathy (ARVC), and NF-kappa B signaling pathway. Accordingly, five IncRNAs (MSTRG.68909.2,
MSTRG.39805.1, MSTRG.121429.1, MSTRG.9137.1, and MSTRG.43721.1) and their target genes might participate
in the molecular regulation of O. mykiss calcium metabolism, and identification of these genes could provide a
valuable dataset to elucidate the molecular regulation of bone metabolism in fish.
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