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WE: KIEHIS RNA (IncRNAs)E N —Fl0Hr 19 2845 B, FEWFF8 60 280 0 e R0 ) o A i v B AT 21
YEH . RIFFEFH RACE HiAR, X} AR (Esox Lucius)P: HEE Y IncRNAs JE[H Novel01784 AT vk, K15 T
4RI 1328 bp WIFS . FELTM T H CPC2 M CPAT (45 R Bon, %3N AR HA i A R A AE 1. it
Blast HCX T HEMAE 9 Sitalk, HALT sp2 M dbecl0o FERZ 18], MR HALE X REG HA S A lincRNA-
Abcel0o WILTENRL 3T 45 R IR, lincRNA-Abeel0 W RES SR B Tz i . UL A0 M & B FNZORLAR T P, HAR kA
5B ARIT HE AL . YK, X EBES 0 lincRNA-Abeel0 3 MHATE 8 NMAZUT Y qRT-PCR 455 R, 1%
TP B R SR Rk, Rl A 1) 3K SR i R, DB AT REAE U SR A AR bR B AE T . AL,
i % A BES R 126 d B i RNA 43 BS, qQRT-PCR 455 R, lincRNA-Abccl0 43 TR N, 0l G LU 8k 52
2O AR E P 9 Bk . BeJE, FIJH CRISPR/Cas9 i RES. T lincRNA-Abeel 0 578 KE#L . Fyifi— LB 5%
HILFITHAEZE E T 3LRl, RSN IncRNA 78 25 HE 1404k 10 7 FI 443 T 0 o SRk

KR KEEIEGAS RNA; FRMHRIE2%; Esox Lucius; PE54r4k; CRISPR/Cas9

HESHES: S917 X ERAREED: A

K #% 9F 4 #% RNA (long noncoding RNA,
IncRNA)ZFF K E>200 METFIR, HARA W
G B R RE T B AR s RNAU2, KA RS
KW, IncRNAs i BA ZF1E NS, 42455 s~
e ML BN 4ERF RNA R A R E Pk
BPE R BIES 81, JF HaxXse#f &id it 5 DNA |
RNA FIEE 15 A9 A AR FH S B BV e 4k,
IncRNA B0 HTE— RIS b A EZEE
S, Angn R Ak AR A g BT
FHWFFE R, IncRNAs W r] ITEIRIG & & Mo+
K RAEVE P,

ITAESk, B NGS (Next-Generation Sequencing)
(PR e, TEREE frp 2B 7 R IncRNAS,
Hirp— 28 IncRNAs #2517 ¥ it 72
I Feng &PV ¥t 5 (Cynoglossus  semilaevis)

K BH: 2023-11-23; fEITHHA: 2023-12-19.

XEHE: 1005-8737—(2024)01-0059—11

PR 5e 15 ] —4> 537 nt 1) IncRNA (DMRT2-AS),
HF9YS Dmre2 57 750 HAN, I K B IR S
o BE R Gk, TR Dmre2 W SE. L,
DMRT2-AS A] GBS Dmre2 WG S R, 104
Hor bl g BEAE ] 1R B BE (Monopterus albus)
H, ArHT TS AR IR PR & B B Bt IncRNA 1335
B, KB 2901 42555 FKik IncRNA, Hor,
Znf207 YER LOC109958454 Hy#ELELIN, 1E B iy
PEMRE B & BA Rk, JF HHR IR W23
FSH 1 hCG Ry AEME(Cyprinus carpio) igf3
ST R Je, R M R A S AT A e SR AL T
A 124 P2EFFIKA IncRNAs, T A7) GELE i
o 500 oA R iR 2 7 vh e 4 AR AR,
A 177 IncRNAs FORIFFEATE R o BT I %
AN SR AT R 3R AR, SHREE R IneRNA TR
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BT SRR D

H B f(Esox lucius) &40 /R 37 Wi i7g ak 1)
UK Mz, EIWAMETERE)T . AR, E
TR B S U R AR A B f Y T T
T IR A YRR, SR T A R
HURI3 T 1A 2 25Ty it B e e £ 2 K
PR R S e A o S A A R B
FEHH AN 4 A A B R X, A H ATAE B fa B AR
TR vt A7 AE A R Oh e o R DR B 2, X R
32 BT 5 W 7 ¢ A VR I 5 1) 43 W 48 DR AL A
HIZH D SR 4 R ) R £ ] 4 ) A
SEILEE AR, ST ARSI ST B S
A S0P i e S L RAE A B, BT — 1R
PR IncRNA [ Novel01784, M4 ) readcount
value & 891.13, HEPERY readcount value S 0 (B4
KER). VER—FEAER R AL T T, %
IncRNA 7E [ 5E 7 o P 5ok e oAk b VR FH g A
A, AW TCRETFSE T HBE L Novel01784
LR, MRE AL B O AR, 5 HAw 4N lineRNA-
Abccl0, BLAk, 5 T iZ IR TEARIH L H YRk
FBE, I AR EE P i A A I T g . A
WS R IR E IncRNA  7F H BEA £ 51 434k H

(PR PR A 1007 ) B, (] A X it — 25 T J 1 B
Ty S0P Sl R 0 i AR ML BF 5 2 BRI S 85

1 #MBEFE

11 XmHA&

FHF 3 R o B RN 2 23858 40 BT 19 1 B0 ) £ £
A 1 L S A R 5 B TR AR R R ST R A R
A, B S 7 B A W K2 K P S e 2 1 HAT KA
WRG MK PR FE, KIBEHI7E 18~22 C. B
126 d. 188 d i1 320 d fgt 53 1 B S fa iy i . AILEA
BE . MERR . SKE L BE L AR, AREC 3 K
Wit 3 HUfefn, EARA T, 80 CHRAT .

JFH T 25 DR G 06 110 e S 1 R 0 £ AT )
F T 90 R R A IR A PR B AT A W, sk
FHSZREOITE 10~11 °C (T 55 K Ak
1.2 lincRNA-Abccl0 B £ 5 fE

il Trizol ¥ (Invitgen, 3 [E)HRE KA £
126 d I RNA, I Infinite®200 PRO 4> K Jifg
FRASCRIET IR B DK AG I RNA R 5 i . L SE g
T SR AL B A5 20 lineRNA-Abecl0 155
B35 ) (784-0rf-F1/R1 Fll 784-orf-F2/R2)
(F 1), K8 5&3'RACE iH| & B H45 cDNA

*1 FAMRAERBSIY
Tab.1 Primersusedin thisstudy

514912 %K primer name

J¥31 (5'-3") primer sequence (5'-3")

JHi& application

784-orf-F1 ACACTGTTGCTGAATGC AR
784-orf-R1 TCTCTTGCTTTTCTGGC gene cloning
784-0rf-F2 ACTGAGAGCAGGAGGAAA

784-0rf-R2 ACCTCATAATGACCAAGCA

784-3’race-F1
784-3’race-F2
784-5’race-F1
784-5’race-F2

CCAAGACACATAGAGCCGTCTGCCC
CTTCTTGTGGGGAGGGCCCTCAGTA
GTTTGGGCAGACGGCTCTATGTG
AATGGGGAGTTTCTTGGACTTCACA

Qper-F TGAAGTCCAAGAAACTCCCC SR G SE B PCR
784-Qper-R GGCAGACGGCTCTATGTGTC real time quantitative PCR
Actin-F TGAAATCGCCGCACTGGTT e

Actin-R TCCGTGCTCGATGGGGTACT internal control gene

U6-F GAACGCAGTCCCCCACTAC

U6-R TACTTACCTGGCAGGGGAGATAC

GAPDH-F AGGGGCGAGGTTTAGAGCA

GAPDH-R GGATTGGAAAGAAGCACGAGT

784-Crispr-F AAGTCCAAGAAACTCCCCAT G K I

784-Crispr-R ACACTGTTGCTGAATGC mutation detection
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TR HBESEPFEH lincRNA-Abecl0 M TLRE . 335 B i AR #6447 61

J147 PCR, H FasSanPrep 1 PCR ;=4 4li fk i 5
BAETAY TR BROARAA, dEI2E
FEAH R 25445, 47 Sanger W .

1.3 lincRNA-Abccl0 B 4753 8¢ 71 il

FIH ORF #f4:(https://www.ncbi.nlm.nih.gov/
orffinder/) I lincRNA-Abcel0 B FT I RIEHE, i
J BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi)
Xf H g W2 F A #EAT AR WX, Gl i CPAT
(http://lilab.research.bcm.edu/)f1 CPC2 (http://cpc2.
gao-lab.org/)TE 4 ALl T H Wi Hogm i v sg, DA
Bl TR 1Y B £ Star SERE NS IR
1.4 1incRNA-Abccl0 ZE AR E AR R RIE D

P S SRAF B B 25 4L cDNA Fi B2 7] —
W LLHON IR, 2k f-actin HINZ, 517
S 1, A SYBR Green 1 (KM, HEILE)
il CFX 96 SEif PCR G I R G f M HSU P
3ANEYEEM 3 ML EE, I B R AR
ZWT: 0.6 pL £ 5% (10 umol/L) , 10 pL
2xSuperReal PreMix Plus. 1 pL 50 ng/uL ¢cDNA HI
JG RNA Jili 7K #bJE 2 20 pL, W FEFUNT: 95 C,
5min; 95 °C,30s,65 C,30s, 39 MG, il
figt b, SRJE LA 0.5 C/s BB RIHEZE 95 C,
DASG R 3 F R Sk . 270 s R R ik
. J11 IBM SPSS Statistics 26.0 {4 E474 1%
AEFE, P<0.05 NN ¢ i A Gt
1.5 lincRNA-Abccl0 K £t E i 5 4

TETE T lincRNA-Abcel0 WIRERA N &S,
PNIS B2 R oS B € R Y QS N ol
100 kb 751 . F| F Ensymble (https://asia.ensembl.
org/index.html) (¥ Al AL T BE, WEHFM 1T 11 4
WAERR LA, FE M LncTar (http://www.cuilab.
cn/Inctar) FEZR L 73X 11 NFEK 5 lincRNA-
Abccl0 WAHEAER .

i 3 2 5 2 I AR 2 3 A i A
vk R S ABE, 811 HTSeq (v0.5.4 p3)4kft:
OrFTAEREA T 1T SR RE BRI R A K, DA
FPKM (fragments per kilobase of exon model per
million mapped fragments){E > i & JL K f) % 15
K, TEJG SR, H FPRM>1 (1 3L K k17
I3 o

1.6 lincRNA-Abcc10 B3 48 il 7 iz

15 mg 126 d HBES PP, i A 7= iy
B9 15 BH 4 i B Cytoplasmic & Nuclear RNA
Purification Kit (Norgen Biotek, %)% & 4l i
AN RNA, 38 2 40 A% A4 i 5T 9 S
U6 Fl GAPDH 6 I 41 A 2% F1 40 fifd 5 43 2 208, 51
YIS W 1, IE it qQRT-PCR #E47 3 40 it & £
53T
1.7 lincRNA-Abccl10 BY$B4L S i% 3t

e BRS04 2 775, FIH CCTOP
AU T 3 XA A BN £8 lincRNA-Abeel 0
5 AN TR sgRNA, Filiid CCTOP {456 iE
TR, BT sgRNA S22 48 4 s (g 5t, h
ED#AT A B o
1.8 BEiiEst

Vo520 IR e B A TR P 3 AT WA O .
784-sgRNA 5 Cas9 &R EFVA 1+ 1 IR LIRS,
EERTME 5Smin, I T HEHFHIUE, RS
FOmMAD L, JERKEER) sgRNA/Cas9 RNP
VAW I AR STR 2fts 2 (IR AR, D)
PL 1000 ng/pl (2500w B GE S 20 1 40 a3 i e
[iEL RS
1.9 I

¥ 20 dpf /) FO fa 85~ 268, Wik g, M
1y -G 0 AR B SR B K 4 DNA, PCR 2 i LA
784-crispr-F/R A5¥, 519)F 5 W% 1, ik
% N : 2xTaq PCR MasterMix (TIANGEN KT
201-02) 12.5 uL, b FU#ESIH4 1 ul, 5t cDNA
3 pL, ddH,O #ME % 25 pL, 95 C 30 s, 57 C
30s, 72 C 30 s, 35 ME¥; 72 °C 5 min,
1.2%B G Wi BEE I HEL Pk F Sanger 7 [4E T A9 T.
T (08 ) B A B 2 ) G I 52 1o 7™ 4 o

2 HREHMH

2.1 lincRNA-Abccl0 &Y 52 B F0 3% 1A $5iE

FIH RACE £ ARRIGH Novel01784 =K A
1328 bp, (i FHAKMM 9 S Yk 18322407~
18323807 Z[H], T sp2 Fll Abcel0 FEH ZE], I
HHJ5m—5, WP LncRNA &, K Hm 4
A lincRNA-Abcel0 (B 1a. b),
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a 1 GACAGCACTG ATGAAGGTAT GAAGCTGAAA TGGTTATTTT GTATATTATT TTGTGCACCT
61 TATAGTTTTC CGCCTGTGIT GCTTTATGCC TTCTTGTGGG GAGGGCCCTC AGTAATATAG
121 TACTTAATTG CTTTCAATGT TGAGCCAATC AACCATCTTC CTATAAAGGG TGTGTGAGTC
181 AGCTTGATGT ACAGCACTGA TGAAGCCTGA GTGCAAATCC TCTCTCAGTA CTAGAACTAA
241 AACCAAGCTG TGAAGTCCAA GAAACTCCCC ATTAACCTTC AGGACAGAAT TTGGTCGAGG
301 CATAGATCAT GGAACGTTGG TAAAGCATTG AAAGTTCTCA AGAGCACAGT GGGCTCCATC
361 ATTATGAAAT GGAATAGGTT TTGAATGACC AAGACACATA GAGCOGTCTG CCCAAACTAA
421 ATAACCGGGC AAGAAGGGCC TTGGTTAGGG AGGTGACCAA ATACCCAATG CAGAGAGAGT
481 AGAACCTACA AGAAGGACAA CCATCTTTGC AGCACTCCCA TCATTCAGGC CTTTTTAGTA
541 GAAGGACTAG ATGGAAACCA GTCCTGAGTA AAAGGCATAC GACTTGCTGC CTGAAGGACT
601 CTGAGAGCAG GAGGAAAAAT ATTATCTGGT CCGATGATAC CAAACTATAT GCCAGAAAAG
661 CAAGAGATAT ATCTGGTGAA ACCAAAGTGC TGCTCATTAT CTGTCAAATA CCATCCATAC
721 AGTGAAGCAT TGTGGTAGGA GCATCATGCT ATTGGGATGC TTCTAAGCAG CTGAGACTGG
781 TAGATTGGTC AGGATAGAGG GAAGGATGAA CAGAGCAAAA TAAAGAGTTC CTAGGAGAGA
841 ATCAGATCCA GGGTGTACAG GACCTCAGAC TGGGGCAACA CGCACAGTCA CAAAGCACAC
901 AGCAAAGATA ACACTTGAGT GGCTTCAGGA TAGGTAAAGG TCGCAGTTCA CCGATGCTCT
961 CCACAGAATC AGAGCTTGAG AGGATGTACA AGGAAGAATG GGAGAAACTG CCCACCTCCA
1021 GGTGTGCCAA GCTGGTATAG ACTCAAAGCT CTAACCATTG CCACAGATGC TTCAACAAAA
1081 TAATGAATAA AGGGTCTGAA TGCTTATGTA CATGAGATAT TTCTGTTTCT TATAATTCCA
1141 TAAATTGTCA TATGTCTACA AATTTGTTTT TGCTTGGTCT TTAATGAGGT ATTTATTTAA
1201 TTTGATTGAG TATAAATTGT TATGTGCTGG ATGTGAAGAG TCCTAATTTG TTTTATATGG
1261 GATGACTATT GCGGAAAGGA CATATTTCTT GGAATAATTA TTTGTTCTAC AAAAAAAAAA
1328 AAAAAAAA

LG09: 18322703-18323809
§—>3

b sp2 incRNA-Abccl0 Abccl0
T )
i —_— ) ()
1436 bp 184 bp
3 —5

K1 EBES A lineRNA-Abceel 0 75 X 45 7R 18]
a. 2K lincRNA-Abccl0 41K 1328bp; b. lincRNA-Abccl0
T LA 3 5 PR A 25 R A v P 4o
Fig. 1 Schematic diagram of sequence and structure
of lincRNA-Abccl0 in Esox lucius
a. The full-length of lincRNA-Abccl0 is 1328 bp. b. The

genomic location of lincRNA-Abccl0 and its
neighboring genes in the genome.

2.2 LincRNA-Abccl0 4% 59 8 11 il

4TI A5 2 (1) SR 45 SR 4T BLASTP Hexf,
iR WoR Lk X BMEM & A, IFH lincRNA-
Abcel 0 BB 200 nt, #14FIKHA IncRNA .
AN, Bl fE L B T H. CPAT Fl CPC2 X
lincRNA-Abccl10 Wt HE S #4753 4, DL A
i 5 A i RE S1 1Y Star 2P (XM_010876119.5) K
TR, 45 H R lineRNA-Abcel 0 WERRSS B4 H
A gmts, dE—HE UL lincRNA-Abccl0 M IncRNA
(£ 2, %3).

& 2 CPAT Mih4miLeE N BN 4R
Tab.2 Coding capability prediction results of CPAT

HE K 44 P bR i TERE

gene name coding label coding probability
lincRNA-Abccl10  E4mH% non-coding  9.503438524333e-5
Star 4if% coding 0.99999999741106

& 3 CPC2 [ if 4% 5 Bt /1 il 45 R
Tab.3 Coding capability prediction results of CPC2

HE K 44 Pk AR i TERE

gene name coding label coding probability
lincRNA-Abccl0 AESTS coding 0.00781535
Star 481 non-coding 0.946954

2.3 lincRNA-Abccl10 By H A RIE ST

) B-actin NS LA, il it qQRT-PCR 43 5l
W lincRNA-Abcel 0 FF A BEM) #4126 d 188 d F1 320
d WImG. WLA. B MR, SRR EE L B RFIE
A XS Rk i .

126 d 45 B, lincRNA-Abcel 0 78 M £ 5
BRIk & W TR 8L(P<0.01), 1 7E HAh
A, AUEMEA LA A R R R (E 2a).
188 d FI%EJE IR, lincRNA-Abeel 0 {E5P §rp i35
IR I S TR L (P<0.01), i HiAth 4l 21
TEME B I . B R ULIA 2 B R RS, TEME
01 Sk BRI ULIA) H 2 B 2 8 (J] 2b). 320 d 1Y
SER IR, lincRNA-Abcel0 {E5P i 2855 545
e B 25 TR $1.(P<0.01), 7E HAthgH 2 rp, fEMEfR
P, B, WLRRTE i Rk (B 2¢). EXAR
] & 7 B 10 1 R v o R X 3 38 o R AT LR A 43 AT
gh R WOoR K E A B AR W R R, B
lincRNA-Abccl0 5w T L — AR &
A 3 R B (P<0.01) (8 2d).

qRT-PCR 145 H 56 1H lincRNA-Abccl0 75 1A KE
Mo fa i OP S SRk A, ER . LR HE
B RSk B b Rk AR AR, T SRR S IR 2OR
#ik,

2.4 lincRNA-Abcc10 Ay #8 £ & i

TEWIE T lincRNA-Abecl0 WEEH 407 B,
TEZ IR ER 100 kb JEENERT S
lincRNA-Abccl0 FHARINEEDT . H3RAF 11 ASFE[A,
AL T lincRNA-Abcel0 iR RTT = BERR 45 &
GBI 10 (Abecl0) . BRARZHEIRE I L45
(Mrpl45). LARARZHERE T L4 (Mrpl4). WAS/
WASL tHEAEHE A KGR A 2a (wipf2a). HEH
1% PR BRI VAL B (ptpdal) . 75 5Ll Zhtil &
M2 (sp2). IX BEIRE M al 5 1a (col9ala). WL
R 1 M2a (myom2a) . 5 4% & WL L & B3I 25 44 15§,
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0.04 - 0.04 N /i male 0.015
ar: b o I i male
'g T (= J female é l [ M female
£ 003 g
% I % 0.010 -
E 002} k|
e 54
b I8 0.005 |
H L H
K 0.01 ®
b
Eg 0 i o} [ =l —1 1 E 0 1 e L I L
P F &L P F ¥ DS
§f LT E TS S 3% TS P
¥ & @e@ § & ¢ ¢ s N
ZHA tissue ‘% ZH4 tissue é%
0.008 0.04 *
o ¢ B /f male . d | . 1
2 [ Hf female 2 i mal
3 ] male
g 0.006 | ** % 0.03 1 :|; 1 Mk female
o [0}
o (]
fe 0.004 - § 0.02 .
= = 1
;HE 0.002 - [ _,*E 0.01
: : L A
O % 2 & \\ - 126 188 320
gg_%o&. &@&}& && d Q&Vié & \@*o& 59 @ B HA/d time
LA N §
. %
ZH 2 tissue i
[ 2 JH qRT-PCR #: lincRNA-Abccl0 T PR 045 20 21 o 4 38 35 4 AF
a. 126 d ARSI LLLUN lincRNA-Abeel 0 #3635, b. 188 d FHIBEM (LT lincRNA-Abeel 0 WIZRTX; ¢. 320 d HI RS £
YU lineRNA-Abcel 0 43K, d. LineRNA-Abcel 0 18 FABE ) ta AN [/ % 7 B Btk i v ARG 23k
Fig. 2 Expression of lincRNA-Abccl0 in Esox lucius tissues by qRT-PCR
a. Expression of /incRNA-Abccl0 at 126 d. b. Expression of /incRNA-Abccl0 at 188 d. c. Expression of
lincRNA-Abccl0 at 320 d. d. Relative expression of /incRNA-Abcc10 in gonads at different stages.
R BB 1 (T « WA 25 25 AR M K 2 £ %4 lincRNA-Abcc10 BEE LR
(npepps)%ﬂ?ﬂﬁ]ﬂ@ Pl T2 T St 2 ?(socs 7)o Tab. 4 lincRNA-Abccl0 target gene predict
. S 3 T ) W e IS5 A e H—Ab45 4 A B AE
ﬁji?{jﬁ ﬁj{)\u Mllqu‘ LncTar Xﬂ‘ lincRNA-Abccl0 candidate genes approximate binding normalized binding
5 0 5 75 8 A B DR EAT I A LR, I — % fec enerey Hoc cnerey
i ¥ . . GV Abcel0 ~57.18 -0.0701
=} He(normalized binding free energy, ndG) Mrpiss 5033 0,065
WY IncRNA-RNA H A AR AE o ) HH X AR 1, .
- wipf2a —52.81 —0.0498
ndG fEB/NEESRE o AR IR lincRNA-Abecl0 5 ipial 30.6 00492
Abcel0 FENHY ndG {ERMRIEZE N iR/, 5p2 5147 ~0.0483
—0.0701 o ‘#yiﬁéfﬁ Abccl0 ﬂﬁ'ﬁjﬂ lincRNA- col9ala —62.26 —0.0476
Abccl 0 FHEIEH (3 4). myom2a ~49.29 ~0.0464
IS FEAWFFE T lincRNA-Abecl0 K ILARIT Igsn ~46.53 ~0.0426
B 11 D IERIFE A B A UP 8 126 d. 188 d A1320d Mrpl4 —36.50 —0.0403
Hii 2k . 45 R R, lineRNA-Abecl0 B i) [H] npepps ~42.40 ~0.0390
socs7 —41.47 —0.0344

ROBS R T U, I H Mrpl4 Fl Mrpl45 16 P A B
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B S WES I, 5 lincRNA-Abeel0 351520
L, M AbcclO. npepps. Sp2 F myom2a TEFTH
IR 52 F9M, 5 lincRNA-Abeel 0 26 A8 M 1,
HCAth JEE PR O 5 g 3Rk IO A A e i 3
(E 3),

100 -l /incRNA-Abccl0
-@- mrpld5
—— abccl0
80 V- npepps
—o— mrpld
@ sp?
5 60 O myom2
=
40
20
0
0 126 188 320

it /d days

K3 ST RNA-seq 7 M 755 H) lincRNA-Abceel 0
5 LRI AT B P A 1 IRE A £ B B A B R R ki
Fig. 3 The gene expression patterns of lincRNA-Abccl0

and its neighboring genes in ovary of Esox lucius at
3 timepoints by RNA-seq analysis

2.5 lincRNA-Abccl10 &Y 3F £ Bl E {3

FIH IncLocator Tl lincRNA-Abccl0 V.40 i
FEAETE NS o DA P BRE ) £ B B 4] 20 B O
¥ 5 RNA, 4381 U6. GAPDH i lincRNA-Abccl0
) PR 3R D o 25 TR 7R, lineRNA-Abecl0 F4
i NZ GAPDH FEAEANMF ik, 7E4ii
¥ v IR KA R, 4R IS U T4
B Rk . NI, lineRNA-Abecl 0 853 i 1E 40
LB (18 4).
2.6 lincRNA-AbcclO Bips i B & 57

FIFH CRISPR/Cas9 i AR lincRNA-Abccl0
RAFRA M (lincRNA-Abec10+/-), it T 3 AR
JEORHE ] lineRNA-Abeel 0 BS54 - H  i J6
H), KIHA—1 sgRNA (sgRNA2)JEA R (1K
5a) o, lincRNA-Abccl0+/— 1) g E BN,
sgRNA B9 — ANt C FFHin eV, It HG M
) ARk 35 20 10 S 0 P A R, L AR T 0 IR OE R
( 5b, 5¢).

1 40/fi%% nucleus I 45 cytoplasm

1.0 T
g 08
8
=
S 06
2
S o4t
02
GAPDH U6 lincRNA-Abccl0
FH gene
&l 4  F|H qRT-PCR 447 lincRNA-Abccl0 15 FABEH
P14 SIV. 240 2 A7

BT IR, Us Ve N A% N2, GAPDH 1E N 4R A 2.
Fig. 4 The subcellular localization of /incRNA-Abccl0
analysis in Esox lucius cell by qRT-PCR
Following nuclear cytoplasmic separation, the U6 was used as
internal reference of nucleus, while GAPDH was used as
internal reference of cytoplasm.

3 iFig

JUEAEAS RNA (ncRNAs)YE ki [H 2 1k il
Y8, T B %) S SR Y R A R A W R e Y
HEAEHC LIRS, (HRZ%0 ncRNAs 1F
FEAREE TP AE AT A B9 micro RNA (miRNA) I,
R D, BRI A E miRNAs 2 53,
JESZ ST miRNAs 5 H 0 35 PRAH BAR A9 4
FHLEINO SR, 5 miRNAs AR, IncRNAS
PR SFPERAG, X HL7E B B rp ) 2 IR T A 5T 18
AR B T 7EPEM 534k & H5A/EHISE, IncRNAs
X TFR B RE . AN L B B AR R e
o7 25 5 TR P S I R 2k ke 3] T 1 U A
FHUTOL BRI, X BERIF ST AR A AN LK
XPREE A Y R b 25 R 3R IneRNA 4741
Y 5E, W BRZ XHHRE IncRNA YRR SRR, A
9B IAE 1 BEA £ 45 8 8 — 371 IncRNA
(lincRNA-Abccl0), Fit—H T f# IncRNA FEREH
b D Re A AR A T 020 1 LA

HPE IncRNAs B9%R &S, 5 H 4 oA FE K (5]
IncRNAs . 7 F IncRNAs ., iF X 1z X IncRNA,
EAMR T, FrE M IncRNA i F sp2 5
Abcel 0 FER Z 8] HIF B Abecl0 FERA{UA 176 bp,
ISR AEIE IS RNA R4k Ha s N
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lincRNA-Abccl10
a 110 210 784 1772
| |
] ! i
Exon 1 Exon 2
889 1

sgRNA 1 AGGCATAGATCATGGAACGTTGGTAAAGCATTGAAAGTTCTCAAG
AGCACAGTGGGCTCCATCATTATGAAATGGAATAGGTTTTGAATG

sgRNA 2 ACCAAGACACATAGAGCCGTCTGCCCAAACTAAATAACCGGGCA
AGAAGGGCCTTGGTTAGGGAGGTGACCAAATACCCAATGCAGAG
AGAGTAGAACCTACAAGAAGGACAACCATCTTTGCAGCACTCCC
ATCATTCAGGCCTTTTTAGTAGAAGGACTAGATGGAAACCAGTCC
TGAGTAAAAGGCATACGACTTGCTGCCTGAAGGACTCTGAGAGC

sgRNA 3 AGGAGGAAAAATATTATCTGGTCCGATGATACCAAACTATATGCC

b AT GGAATAGGTTTT GAAT GACICAA GACACATAGAGCCGTCT GCCICAAACTAAATAACCGGGCAAG

_‘ - 0 T TS U 110 - 120
AAGGGCCTTGGTTAGGGAGGT GACCAAATACCCAATGCAGAGAGAGTAGAACCTACAAGAAGGA

130 ] 140 150 160 om0 180

c CATTAT GAAAT GGAATA GGTTTT GAAT GAICCAAGACACATA GAGCC GTCTGCICCAAACTAAATA

sgRNA 2 — —
ACCGGGCAAGAAGGGCCTTGGTTAGGGAGGTGACCAAATACCCAATGCAGAGAGAGTAT AACC

¥l 5 CRISPR/Cas9 RGN T 0 HBLN i lincRNA-Abeel 0 W&

a. 5] lincRNA-Abcel 0 17 55 sgRNA /R &l lincRNA-Abeel 0 HIAM G T LA ()57 B @R, lineRNA-Abceel0 1)
sgRNA 1 N (0 F i 7R, sgRNA2 WELLE TR IR, sgRNA 3 R4 (05 iR, b, BFAE RYSE 27 06
c. FEPRI AL A M P IEIE . by ¢ FPLLE KN sgRNA FF 5.
Fig. 5 CRISPR/Cas9 system-mediated modifications of lincRNA-Abcc10 in Esox lucius
a. Schematic of sgRNAs targeting the /incRNA-Abccl0 site. The exons of lincRNA-Abccl0 are shown in yellow squares,
sgRNA1 of lincRNA-Abcc10 is shown in blue font, sgRNA2 is shown in red font, and sgRNA3 is shown in green font.
b. Sequencing peak map of wild-type target sites. c. Sequencing peak map of gene editing target sites.
Red area is sgRNA sequence in figure b and figure c.
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Cloning, expression and knockout model construction of a novel
lincRNA-Abccl0 genein northern pike (Esox lucius)

WANG Shunzhe, YANG Qian, LIU Yinghui, LIU Yi, WANG Yongchang, ZHANG Junjie

College of Life Science, Xinjiang Agricultural University; Xinjiang Key Laboratory of Biological Ecological Adaptation
and Evolution in Extreme Environments, Urumgqi 830052, China

Abstract: Long non-coding RNA (IncRNAs) are involved in various biological processes, including sex
differentiation. However, most studies on IncRNAs are limited to mammals, and a few studies are available on
their functions in teleost fish. In this study, the sex-specific gene Novel0l784 was identified using 126-day-old
gonadal transcriptome data from northern pike (Esox lucius), and the full-length 1328 bp sequence was cloned
using RACE. The results of CPC2 and CPAT analyses showed that the gene did not encode proteins. BLAST
alignment analysis revealed that it was located on chromosome 9, between the sp2 and Abccl0 genes. Based on its
location, it was named lincRNA-Abccl(. Transcriptome analysis was used to analyze the expression profiles of
lincRNA-Abccl0 and its adjacent 11 genes in the ovaries of northern pikes at 126, 188, and 320 d. The results
showed that lincRNA-Abccl0 was downregulated over time, and Mrpl4 and Mrpl45 were downregulated at all time
points, similar to the expression pattern of lincRNA-Abccl0. According to the gene annotations for Mrp/4 and
Mrpl45, lincRNA-Abccl0 may be involved in the regulation of ion transport, follicular cell development, and
mitochondrial activity. Second, the qRT-PCR results of lincRNA-Abccl0 in eight northern pike tissues at three
stages of showed that on day 126, the expression of lincRNA-Abccl0 in the female ovary was significantly higher
than that in the testis, whereas in other tissues, it was only slightly expressed in the male muscle. On day 188, the
expression of /incRNA-Abcc10 in the ovaries was significantly higher than that in the testes. In other tissues, it was
slightly expressed in the liver, kidney, and muscle of female fish and in the head kidney and muscle of male fish.
At 320 d, the expression of copyright Abccl0 in the ovaries was significantly higher than that in the testes. Other
tissues included the brain, intestines, muscles, and kidneys of male fish. According to the comparative analysis of
the relative expression in gonads at different developmental stages, the results showed that with the continuous
development of the northern pike, the expression of lincRNA-Abccl0 at each stage decreased significantly
compared to the previous period. It has also been suggested that it plays an important role in early ovarian
differentiation. Additionally, through the isolation of nuclear RNA from 126-day-old northern pike ovaries,
qRT-PCR results showed that /incRNA-Abccl0 was distributed in the cytoplasm and might regulate the translation
level of adjacent genes in a cis or trans manner. Finally, a /incRNA-Abcc10 mutation model was established using
the CRISPR/Cas9 technology, which laid the foundation for further studies on its gene function. This study
provides new insights into the roles of IncRNAs in fish sex differentiation.
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