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 E. ¥4%£4F %45 RNA (Long non—coding RNA, IncRNA) A& — k¥ F K T 2004582, sV &G R
A4 RNA. IncRNA T % E iz AW Rk, $ra Rk ARk, BEAHAETLZ25 XA, IncRNA
BERABIT# )G o A mbeas IncRNA AR #E &, A A A 33038 % (4 NCBI-SRA 4 ) W 28 338 & 45 280 5> (RNA—seq)
A, Btk IS 8 S R A RS 040 % IncRNA, A ILK 340 2245 F M £ 3% IncRNA, 4 3 IncRNA 3 8251 12

e ko,
KR *; RNA-seq; IncRNA; L0 R HE SRR
FESZES: S831.2 XHERIRERED: A XEHS: 1005-9369(2016)07-0040-08

FhE, SKUR7, HER. GRS RNA R 18 KA LR RIA S IJ]. RIERIKFFR, 2016, 47(7): 40-47.
Li Hui, Zhang Jiyang, Du Zhigiang. Identification of long non-coding RNAs and their tissue-specific expression analysis in

chickens[J]. Journal of Northeast Agricultural University, 2016, 47(7): 40-47. (in Chinese with English abstract)

|dentification of long non— coding RNAs and their tissue— specific

expression analysis in chickens/Li Hui, ZHANG Jiyang, DU Zhigiang(Key Laboratory
of Chicken Genetics and Breeding, Ministry of Agriculture, Key Laboratory of Animal Genetics,

Breeding and Reproduction, Education Department of Heilongjiang Province, School of Animal
Science and Technology, Northeast Agricultural University, Harbin 150030, China)

Abstract: Long non-coding RNAs (IncRNAs), one class of functional RNAs longer than 200
nucleotides, lack of protein coding potential, are involved in a diverse array of biological processes.
LncRNA can affect the expression of phenotype, by regulating gene expression in multiple ways.
Besides its great economical value, chicken is widely used as an excellent animal model, however,
chicken IncRNA research was still lagging behind. Here, we collected public RNA-Seq data sets of
chickens from the NCBI-SRA database. Bioinformatics pipeline and methods were then established for
the identification and tissue- specific expression analysis of IncRNAs in chickens. In total 8 040
transcripts were identified as putative IncRNAs, and chicken IncRNAs tend to have higher expression
levels in neuronal tissues than other tissues. The findings lay the foundation for the further functional
analysis of chicken IncRNAs.

Key words: chicken; RNA-seq; INcRNA; tissue-specific expression
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L4 RNA J2 RNA & Bpfe st Be sl -, AR
HAEY F G . AW R B IneRNA A AE2h
miRNA I Mgk | st 51 8 . i
T A R R 4F, 5 miRNA, mRNA
DNA Je A EAR ], 2 5 RR R Y
EARGTER . A RS 2 A Y R, [H
B, SE AL IneRNA fR5FHER 2, #
PR 2 LR S PES T, Cabili 88X A 24 Ffig 2 sk
Y ML 4T IncRNA $¢ PRk a7, RELAH
78% IncRNA I S s 4 i ke 512, 24 19% 86 11
Gt SR RIS AR S o Li S8 R B/ INRUT
I 45 5 P & 4E IncLSTR (Liver-— specific triglyceride
regulator IncRNA) 520/ ERUAE B A, R4 2LRE
FPEZIA ) IncRNA W] REAEFS & 2 b R HE AR
L7/ BT

BiE AP EARIGE, shfe sk it k&
JE AR o K5 2l W) Al AL R SR 410 7 (RNA-
seq) BHE AT o BT A AR PE (4 NCBI-SRA i
JE)H RNA-seq £0dE, i AEYIE B¥FB, Bk
IAE N F RS 2l ) b & 4 R it IneRNA™ Y, 0
Paralkar 25 | ] NCBI-SRA %45 % H A\ RNA-seq %
Pi, KA1 10945 IncRNA; Ly ZF| F NCBI-SRA %k
a2 BLURNA-seq $it4fi, &4 29 837 4% IncRNA'",
XNVE N E LT YAy, BAAENAE

e AR AR s R . AR, N AR
IncRNA I BEAfF 5% fif UL iR 16", A< i 5 F1 FH NCBI-
SRA ¥ ) th X RNA-seq 3048 , i 2B W15 H 2%
F-BWI I IncRNA J3 51 85 R FrfiE 2 21 3258
FRSEPE, X IncRNA THAERF Y 295 Kefil

1 #RE %

L1
1.1.1 RNA-Seq#k#

BT 5E BT B 3 2Ok U T NCBI-SRA
Ensembl 8¢ 23 L5048 %2 5 b RNA-seq Z04f (0
7% 1) K UE F NCBI-SRA (http://www.nchi.nlm.nih.gov/
sra/?term=) B0Ha E , 317 44 109 S RNA-seq 54
PEREAS, ARG . /DI el SRR AR
Pzg o MEL ERE . OFFRE. CBE. MIE. BB .
M. Bl S, 450 . BRI 16 Fhi 212
1 RNA-seq B8 K PLOJR A, Primitive streak) .
HH (Ith5 % & #, Hamburger Hamilton stages)6 .
HH11, HH14, HHI16, HH19, HH28, HH38 % 8
FIASTH] RS AR RNA-seq $dis (L3R 1) WS HEH
HAE B X4 (ftp://ftp.ensembl.org/pub/release— 75/
fasta/gallus_gallus/dna/) FN 3 PR 21 33 B SC 4 (fep://
ftp.ensembl.org/pub/release— 75/gtf/gallus_gallus ) 3 &
5T Ensembl £4 122 .

#1 %IEIBIncRNA B RNA-Seq £i#7
Table 1 Public RNA-seq data used for IncRNA identification

M5 pLTiES HLEL RNA-seq FEASL NCBI-SRA
D Chicken breed No. Tissues No. RNA-Seq samples Accession

1 251 12 24 ERP003988

2 PRI, 1 24 SRP017597

3 JEG 8 24 SRP016501

4 JERG 5 5 SRP015997

5 JERG 8 16 DRA000567

6 PRI 1 8 SRP030116

7 EX 1 8 SRP023130

JBL Total 70 109 > RNA-seq $ifikeA

112 A9 &S8R4t

FastQC, RNA-seq Z4 i & #5145 Cutadapt,
RNA-seq £ 15 9143k (Adaptor) BY V%5 ; Tophat2,
FPHIEX; Bowtie2, #EV KRGS/ Cufflinks

BATAL, A A . AT AR . A
AN 0] 25 57 Gk S AT AR BT offread , BHPRIEINZH
RSO, CPC(Coding Potential Calculator) , %
fith VB BE T 90 " Blastn (v2.2.26) , ¢ A H X,
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IncRNA B4 5 9F .
12 FiE
1.2.1 IncRNA & &

F) F XS RNA-seq Z 4 8 o A= W {5 B2 FBU A
B IncRNA" 2, HAKGRFEANT

@ RNA-seq ¥d AL B, i FH FastQC % {4 5t
AR 1 H ) RNA-seq £04li, Cutadpt S5 8K F 25
% reads H adaptor FIANER 2 A 91145

@ 5ZFILHEA Xt ] TopHat2 24, LA
Ensembl ZCHfa 2 HPow i i PR 25 SCA R 5 R 41 3 S
NS HEBMEAS N,

@ ¥ A Cufflinks 246 F ] Tophat2
BAF LR A RN AP, R s

@ e AR 1E . A% ORI R A E
B, 0 cufflinks ZX A4 cuffeompare BEHE 4B 45 51
(merged.gtf L) H class_code 2 “u” % S A (R 3
RV R R e A ), [RIEE 3 Cufflinks T34
HH SR A reads B A BE, BIBR reads 81 75 B/ T 3 11
KRR SR A

O WEKEMINDFEHBIE., fitkE=
200 MZHBRANSNE T8 H =2 BRI RS KA S
Lo o

© Zf v RE T o KF class_code 2 “u” (B[ K&
A AR EREMFE SEA) | reads B 35 8 KT F 3.
KR T4 T 200 ME TR HAN 2 7% H =2 i 5%
AP IUE DA CPC I, gt v REPEAG 15 2
GRASTEREVEr, B CPCITALTS) . CPCIEALTS I3/
TR T 1 A 5E N IneRNA

@ 4 If IncRNA £ 4 . f#FH Blastn 5044, &
BIHME e—value /N TET le-11, MEEE, 53
7 20 RNA-seq £ H IncRNA™
122 RLHFF A ESHT

PL Cufflinks ¢ £ 10 " Cuffdiff (http:/cole—

trapnelllab.github.io/cufflinks/cuffdiff/index.html) % {4
Xt IncRNA A 5 #50 #r, 45 245 F£ A H IncRNA 3%
ik &5 8B, JF LA FPKM (Tragments per kilobaseof
exon per million fragments mapped ) A7 B0V i H &1k
AR
IncRNA ZHZURE L7087 LA IncRNA 2 ZURR Sk
215 1H (The tissue specificity, Ts{H )z, BI—Fp
AP IR IncRNA KA (FPKM) 5 BT A 4121
% IncRNA 235 f SRR Fo A1)

2 HEREAH

21 =EFEAEERNEEG IncRNA

IncRNA J&— K R T 200 ML TR . kb
HEEAGSINEER RNA 700 AT IncRNA K
I AP I RERE A, £ IncRNA i 18 J7
P, WE— RNk IncRNA JifiE 451 . @t LR
FA A B F I NCBI-SRA #0464 Hh 7 21 109 43911
RNA-seq B3 & HE4 IncRNA,  FF1E)52E IncRNA $5
fES3HT

O 52 %L HFH X . R Bowtie2 fll
Tophat2 ZEHART 7 41 109 4548 RNA-seq BURFEAAE
A ST, 1550454 RNA-seq B8l Hoxt #1225 3%
[H2H reads %% .

@ HFARPHE . K Cufflinks 3K 44X+ Tophat2
SRR LR S5 R AR DR, 4541 RNA-seq £
S HEEI N

@ B A . W1 I e cuffeompare FEH 73
485 i class_code & “u” DA M reads 78 55 =3 19
FE AR RS A, 1534 4 RNA-seq £ (1)
RTER A K

@ BCEARK RSN R H B K =
200 MEAFIRATERRL A, [R) I g A7 R0k e s P
PERS IR, TS B 80 H =2 KRR seAE fE 2k
M, AR RAE RS R

© b RE TN . HA L RE 5 & A
Tl S AR 245 0 IneRNA SCHEAEBE O 0 class_code
“u”. reads B Hi =3, KJE=200 ML IR HAME
FHH =2 R R S A Y S5 S A CPC AR A
2 i Vs RE VPN 15 2 g A9 TR BE DR 23, B CPCIPAL AR
5% o CPCIPANAR 73 <—1 MR T B R sk A HE h
IncRNA .

AT H] T X IncRNA 4l 4E (L3 2), it
11 180 4% IncRNA . i J§ Blastn £ {4, 1% & B e—
value<=le— 11", &3 74 IncRNA #(H5 4, 1558
040 2539 IncRNA
2.2 33IncRNA F 5l &5 1

N T f#XS IncRNA FEA RS S5 FF AL, 0B
J A 8 040 45X IncRNA Bt IR 34 | JPSIEE . 4h
A BOR AT AN ZEMFHE, 5 Ensembl £
FEH BB 15 675 2009 2 1 4 S 56 R (fip://ip.
ensembl.org/pub/release— 75/gtf/gallus_gallus ) A 5 J¥
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G ZERRFEAE OB Pea R (1~28 S YL@k, ZFW YLt ih) 4G 4340,
22.1 #IncRNA ¥ & kA Hp 1~5 5 Ry k2, 5 a%559.02%; W

F T RIS IncRNA 22 3L R 4140 Atk o, Siit m@wiﬁmmAﬂﬁmm 5 0.05%, %45 5%

38 IncRNA {EAS R e

RO . 8 040 45X IncRNA 55 45 2 19 25 it ik P9 76 4% 2 A B A9 20 Al R AL (O

Qe itEoL (LR D), 458 REVRG IncRNATES  K12), BIERGE AR 1T B2 IncRNA™,

F2 BIncRNAXIEER

Table 2 Information on IncRNAs identified in chickens

RNA-Seq %k HEXF Reads 5% F SRR SN AR

g 40 SAE ¥
A5 /ﬂf‘/\ No. RNA-seq No. of reads %?{ZKﬁ[ No. unannotated No. transcritps IncRNA %t
ID No. tissues No. transcripts . . No. IncRNAs
samples mapped transcripts filtered
1 12 24 1655 220 483 398 408 100 533 12269 3436
2 1 24 693 680 487 107 030 8813 1189 652
3 8 24 1284339 577 360 496 103 508 18 563 4885
4 5 5 354 031 476 92239 21076 1 406 376
5 8 16 442770 759 184 294 23019 1942 1207
6 1 8 131 113 251 58171 4512 665 150
7 1 8 226 364 389 157 248 26 920 1615 474
1500
<
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Fig. 1 Chromosomal distribution of chicken IncRNAs
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Fig. 2 Chromosomal distribution of chicken protein coding genes
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222 IncRNA 53] ¥ F 454

R T RS IncRNA 781K B (IncRNA 4% 4h i 7
FE K BE 22 A ERAE , 4831 X8 IneRNA 41 K B
8 040 4% IncRNA JF UK A A i 0 DL IR 3, 45 2R3k
B IncRNA J32 41 1< 2 4 P 7E 500~2 000 bp, i
IncRNA 250 61.3% ., 15 675 553925 111 4 i 3 [H P

G E A3 A 5 00 UL P 4, 45 SR 36 B2 1 4 A i TR
JF 3 K B Z2 4 TR AE 500~3 000 bp, i 2 1 4 5 5L
MB63.6% . 43 HTT R IncRNA I 2 11 40 5
FEEEAEIHE , R IE IncRNA JEHIPEHK B R
1 461 bp, XS A g i 5L R ¥ 91 1y 81 - 25 K R
2592 bp.
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Fig. 3 Length distribution of IncRNAs
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Fig.4 Length distribution of Protein—coding genes

8 IncRNA 91 2. F 345 4

AT f# S IncRNA 4h 8 RO 0L, G113
IncRNA #7485, F5 388 (A gt 5L 8 40 i T8
FL# . 8 040 2% IncRNA 4 58 - 50534 155 0L UL &L 5,
ZE R LB IncRNA AN TR 2R L2, A4
IncRNA E.4% 60% , KT 7148 F A IncRNA
AL 1%, WG A gmSEE R 538 IncRNA 151 .
FHURHE X B s, XS8R gt 2 R AR F 744k
BrEL, HEARSIENEES55%(ILE6); {2
A 6% gt ILH AN FHH R 2,
2.3 I5IncRNA HLFRMERIES

IR, THFL 3 IncRNA A B S 41 2 ik
FRSEVES T O T A IncRNA ZHEU R kBT, A

223

AF 5 16 B — 21 A 55 JR XS 12 Al 41 20 RNA-seq 04
(ERP003988) (L 4E RN . #ies . BHE. /M. T
Fefii . GOE . BRIE . BERE . ORFRE . K. MRE .
WLAE L2, RERP L2347 2 1> RNA-Seq B9 #
A, RSP HTY IneRNA 4R GA

2.3.1 &4 IncRNA # &

A 41 RNA-seq £ 4 4t & i Hh 3 346 4579
IncRNA . A5 E e84 Ti1% 4 RNA-seq £ds &
Pl 2 20 IncRNA 55, & 304 i 21 2
IncRNA £ AR (WL 3) .

Hrb, BFIEZHZ H IneRNA B e 22, h1 143

gy HUYCRAREMZ . DL N ORI, O
JUEOFFE L BENE . REE . OBRME . BRE, ML M
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LA IncRNA i /b, AW 189 4% (L3 3),
232 A IncRNA 2847 & ik 45 M 57

WA T AEXS IncRNA 214 3684 Sk, ()
Cuffdiff B F T B AR L 20 B 4% IncRNA R ik .

&5

IncRNA M2 FE B

Fig. 5 Distribution of exon numbers of IncRNAs

WA SCHREE BE IncRNA VRS o ik, 1A

BEFP LU B 45 IncRNA HEURIBFE R PE{E (The

tissue specificity, TsfH), HGITE AL R

PEFRIR IncRNA £
B
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Fig. 6 Distribution of exon numbers of

protein—coding genes

#3 IBEAL IncRNA
Table 3 Total number of IncRNAs

B AeEhs N i PN

GHE RE

Kidney Sciatic nerve Cerebellum Hypothalamus Cerebrum Heart

JlE  BRWE MUE JIx M

Liver Lung Adipose Spleen Proventriculus Breast muscle

IncRNA 1143 1009 966 889 749

687

633 565 513 506 232 189

IncRNA 2 ZURE S5 RGA B (Ts {8 248 —Fh 4l
211 IncRNA 26355 (FPKM) (5 B 12 Fhgl 21 oAl
[i] IncRNA Fik i B L] . YRl SR AR h— 2%
IncRNA 1 Ts {H55 T 11, FIRX 2% IncRNA {UFE I
HAREAhIL, B IncRNA FRIH R H L H 5
RSt YA ZUREA T — % IncRNA 11 Ts {EH7E
0.8~1.0 Z [A]f}, FEHHIK 2% IncRNA £ I 2H ZUREAS v
TR S T HMALREA P UL IncRNA Rk
1, BRI IncRNA FEPAgnm e 21 Fe ik B

FEIR AT IR XG 12 Fh 41213 346 5% IncRNA £ 41
RSt , SR (L 4) . REz . B, /D
ki R B 2 SRR S 3K IncRNA S 4 2,
PG O NE . BN L ERE . OBE . KL R
PRE, EIGERAEZ, Hrd, AAEpaRisR
15 IncRNA 5 Ak B #1128 IncRNA Bl ok, 24
34.30%; HRWPNE. BEE . ME . B, PR
. /N BLP . O BB . K, AR
W pILZHLR

*4 HBEALAIncRNAEBRMEREHE

Table 4 The number of IncRNAs with tissue—specific expression patterns

a1 18 IncRNA B FE S 7 fit e
Tissue Total No. No. tissue-specific 10 09-10 0809 Proportion
AEMIZ Sciatic nerve 1009 346 332 0 14 34.30
I Kidney 1143 247 235 3 9 21.60
/M Cerebellum 966 200 200 0 0 20.70
T i Hypothalamus 889 189 184 3 2 21.30




- 46 - P/ | A S A N s S 4 5547 %
81 418 neRNA 3K B SR 11 He5EE IncRNA
Tissue Total No. No. tissue-specific 10 09-10  0.8-09 Pﬁf ttm(%

roportion

E Heart 687 134 121 3 10 19.50
JELIE Spleen 506 129 99 10 20 25.50
JHiE Lung 565 123 93 10 20 21.80
JI&Wi Adipose 513 95 84 7 4 18.50
Kk Cerebrum 749 93 69 6 18 12.40
JFIE Liver 633 65 54 7 5 10.30
JIiRH Proventriculus 232 51 48 1 2 22.00
JigIL Breast muscle 189 37 28 4 5 19.60

3 it

Bt AP B AR R, K 8 Wi sk 4l 5k
AW A o T2 T8 4 (41 NCBI-SRA)
RNA-seq $t4ls , @t AEW R B % F B O I fEA
F/IN B HT 2L sl b & 4 H R IneRNAM Y 2% i
IncRNA ZE W) f5 Bar AR M &, —MHm LTS
LA D RNA-seq Bl i ; @) reads LLXF, #%
SEARPE; @ KRIRIENARTFERRIEE A, @ 2
BRI /N 200 M TR IR B A ® %
LVERETII , FRASMEE IncRNA 5. Hip, #3¢
A Gt Vs RE TN Inc RN A AE W15 2% o i DG i A
BR o ASHIE T i FH ) 5 S AS G S 05 e 1 4R 4 CPC
Sk B EE P A SRR i TE R L g 6 VR R I
PR CPC R —FR AR A S i S v R T T,
W I A O R TR R AR blastx FUXT, KRR
SEAR S A GRS HEA: W22 P HNFRAEAE 38 2 S HE )
L AR VEAL B A RSV BE , A T RE T
HERf R R e AR FE A R L 50H % 3% RNA -
Seq ¥t , LAY B 2FT-BAE B RVE I & 18
tH 8 040 %% IncRNA. Paralkar 5% F| F] NCBI-
SRA B4 e vh A Y RNA-seq B0, 48 1 109 4%
IncRNA; Ly 2 # ] NCBI-SRA %4 2t il RNA-
seq K0 E , A& 29 837 2% IncRNA'";  Zhou %5 F] F
NCBI-SRA 504 2 i RNA-seq B, & i 6 621
2% IncRNA™'; 2 25 vp FI] il RNA- seq %% $8 &
IncRNA HRIE# /D

AR Y B AR BE S A AU BE IncRNA 7971

B, (HUADRS METR I IncRNA 5 5 45 F4 Rl 4 B V5
AP AEAE RHE "™ 7E Inc RNA Ji PR 45 44) 01 25 LS 75
OOy . e, i A R AR R
FETR RIS, U SRS PR B B ) e A R
Oy EESEACTIE BAMERE SR A, 2 IncRNA 515 3
U, U] S R B SR A R S RV BB, MR X 40 B
P 2 b 3 DR RN AR G A S R, oo G HER 2 22
b B, H B E W A P 15 B2 T
Ja RG> F A 2F R B B0 0E , PR 2 HAMIF 5
IncRNA ZEP)2# T B,

Billerey EEWFGE RN 4R IneRNA 7R & YL o (R
B A, H 153 @R Aii 2 mife X G @ik sy
Mt/ FRIUH 525 1 4 5 58 AR (e £ 1k 53
AR o Ponjavie FEF5T A B, Bl IncRNA FRA H
HE MR EREAN . IncRNA TEJF 5454 5
mRNA HASTA], U0 IncRNA 34K B /N T 26 11 b
I RS- K HLA BT B0 i /D 8 g
HNE TR ARBFFERA, X IncRNA 551 5 A
55 7L 3h ¥ IncRNA J¥ 51 45 ¥4 FRAE S 0L, B3
IncRNA T G {0 R )3 A7 5 08 25 1 Zhn i Ik [R] e (6 44 4y
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5L PR 2 K HL AN B 750 38 /0 09 28 11 S b
KRR FEL

FE# IncRNA T 5EIR A, HORE S UG R B4
YRS S IR Y Inc RNA TR & 8RR SR Y)
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PEFIE A IncLSTR, & 0 AT 52 1) /1N B E Ao i H
M= RS, SR SRR M 3K IncRNA 1] BB
R A P RIEEE A Y6 AR 08
JEAS 12 FPZH 2 IncRNA ZH R ik il , R IALH
e BE L NI ATE EE I 2 43k R S b
IncRNA 3¢ %, HUOEONE . BAE . BiiiE . N8 .
KM FFE. BRE, BALAZ i, FIEG
12 P B B AR S 2658 IncRNA, AT REFEAL
LU R TSI
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