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2= MR 7K 6814 I JA1E 48 55 IncRNA #0
mRNA B 5i% K 4] 25 57 ¥
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(1. mF E G B2 W FEBE BRI K W FTIT, AR AR 28 A0y S A s 7™ B R i 5

FROHE E SR, TR T
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2. BREEERS, K RREERETRRB RGO, BiE 201306)

WE: WA RV ESNR ZFE, KEUR—EZAEMFPHRITEL. EHEIUAA
WA BIRERBAE, REERN TG ELE h T #H—F @A 2Lk
A TIE, KAEMF RSN T B NAK BT AT KA £ 7 KK (different
expressed, DE) #y K 4% 3F 4% % RNA(long noncoding RNA, IncRNA) X% A= L H., ¥4,
1z Ji Mlumina 3 0 J7 F &, 38 3T 4 K 400 7 (RNA-Seqs) ot 3 " #L A 4 09 F 52 Fo 97 & 3
TT BB RAFHN LS 2 WM = 78 R4, &% ik4E 8237 4 DE mRNA
%19 573 4~ DE IncRNA, &3t GO zj 7 % & KEGG # B & A A, LR 2R X
REES 5465 BN IERAFTEMXETREE. i, B Fo R XA A
A, HERGT — AP HGEFAREM KXW (EREKF ki 2 1) % DE IncRNAs 7 4=
WEEE., AARIFA—FEAEGEUKARERGEEN N> TFNFRET L%, &
AR - FERAA LY ENAERT, #TAEDYUBETABRARATELT

i

R HEIAE; #HFA; KEFHDRNA; A, AL

FEISES:Q785; S917.4

P 031 22 S A ) R S Y 3t A il K% FLAIL
HIF 58— FLE A i B 22 F 58 e B W5 | 7 e AR
TR SR Z — o R 2 KO HE Sl 4y #0244
IR . &5k AR . Ay MAETE & B AF
TE 0 WP 28 5, T B T AR 22 1) 2
FEAL AN Z2 8 B PR S 33 A2 A B R PR 45 e e
SERZEATHESNPERIA) 2 > B R, X2 Fl
158 20 S R A 38 A TR ) R 2 BILD (genmetiic sex
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12 RET, % . #EMEABUK P I8 4% A 5& IncRNA FT mRNA A4 5 1€ & 9] 4 53 1 1961

T G 3L UK f8, (Mauremys mutica) J2 & [ & 5
M RORIROK FRFH 2R, Tz o e TR E AR AR
HErg . BREEILER A H AN, RIS SR IESE, EE
K B SN 2 B R e ny, FEZ
T BE SR, A R T R AR IR BE s 38 S AROE P 1Y
o 51, ELA I AR 7Y 4 1] P XE (temperature-
dependent sex determination, TSD) #< X, #Xifij, H
TG T B M DL K L S e L M oAk R IS T
KA R AR SRR A ALE ARG R, e,
X v I SO K fRL AR B G B B A P AL, RS
PR R E RO P RS iR R S, AT T
fife HC Aty 0, %5 25 T 22 ESD Wy B 1) 2 ) e LT o

AR, BEE Gt AW os R 1)
K, BRI T 2L GSD ¥y iy 4 5 e
FEH, i sry . dmy. dmw. dmrtl. amhy. gsdfy.
amhr 1l | sdy Fl sox3 HAIGFIETEM:, WTLER M
Ji A SECOR L T, BRItz Ak, 7 ESD ¥ Fb
bR SR E IR ) A DA S L RO T — L T
TR, BN, fELLEA (Trachemys scripta elegans)
W, dmrel FE P 53 Ak i R v 3 30 o L B O 1
PR 2RI, $8R T dmrel JE%)Fh
PR S SR R A (e S TR, 7E TSD Wl
#% fg, (Chelydra serpentine) ', cirbp(cold inducible
RNA binding protein) f& % ¥ 15 i B Xf & & iy 7
BB, 13X kR B cirbp W] LA 50T PERR A9
AR HJE, H AT S I AR K L B R 15 7E B
Nk 480 7K o PR P v 22 S 36 3K DA SR Sl ke s v e
BAEM .

FKAEEZRAS RNA (long noncoding RNA, IncRNA)
SRR L 200 M R AR IS L SR AS, A
M xist IncRNA ¢ % B DI BE 1 RNAJG , R B
Z (1 IncRNA B4 % BLAE % ift A 90 o A 442 3 J 22 AR
P R 2 e s 9 — 2L WF 5 R B, IncRNA &
5 /N (Mus musculus) WG & & FIECF & 410,
K40 (Crassostrea gigas) BIVE N HRE FER & B
KA H 1 (Seylla paramamosain) B9 YE 51 43461,
JAE T A 2K IncRNA — EL & 3 ) A #4105
5 B F AT o8 S b PR R & F A DG IncRNAs
IS 53 AT AR 7 U

AT, FRATE Y HH Nlumina HiSeq™
4 000 X 2 M 48 7K #8, fE £ P4 It IncRNAs Il mRNAs
)R IR TG AT T OB AT, 38 i DR A o A 2
SRR, O A AR AT 0 LK O A3 Ak A
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K HE IncRNAs 73, FFHEAT 1A G HEAR B (A
OB URIIE T N S SE 7 S S YLV = i
PERIE R A B 19 73 B 4 L 38t 4% L, oA
TR B i e Y88 IS P 1) R AL 1 114 9 1 2 3L R

1 MRS JrE

L1 #HmEREMS &

S0 T FH AR SR ol A 1 I B K R v I
IK =R BT B BR VLK P RS T R E B 3,
JRR I FBC AL S5, 38 ek Ao ) MR M, EURE
WAL R BEFRE 545 0 4, B TFIRAME, RIEH
£ F-80°C, FT RNA[HEEL, Fribmm, &
F 5 v BT A s 4 S 56 349 492 e [ K R 2R A 5
B Bk YT 2K 7= BiF 5% T ) 8 I 0 vl 4R R EA T, AR
TBURE FH 19 5 M FULK fa #8852 B NGB X1 o

1.2 RNA #2BUH1 RNA-Seq X FE &l &

{# | SV Total RNA Isolation System (Promega,
) MHERRA 2P AR IUE RNA, Bl S LIS R
1A« RNA (rRNA) ) RNA 1 b B4 Fl Bt LS 5
PR W38 i B B sk & LS — i cDNA, PR 1]
RNase H #ll DNA 557 1 JE4755 5% cDNA 5.
AR 1 R P R i 3 3 A R D 1) il /R il O P
b0 - i o i ] Phusion = {4 B DNA R 4 fiff
Universal PCR 5|4 fil Index(X) 514117 PCR )5,
1E Agilent Bioanalyzer 2100 |- i i 5 i 9% ) /& &
PCR(qRT-PCR) PFAili fie & SCPE i ik, R )5 7 1llu-
mina HiSeq 4000™ £ ¢ Fh R4 70 )7

1.3 FRE#T#HIF0 IncRNA 74

FIHH String Tie 2 77 X Fb XF L /4 /5 51] (reads)
AT A %E , DA LK f R D A A o 2 8
AT P80 He S MR 22008, R gffcompare 72
JF 2 2 VR BB W B SR A, ol R R ) B SR AR T
PEFZ R B ) IncRNAs, 454 T 4 Mt 8 ik,
A0, 45 2 B9 W5 BE 1T 55 #% (coding potential calculator,
CPO)"™, ik 4% & 51 (coded non-coded index,
CNCD™ ., % 5 ¥ BE ¥ 4 T. H (coding potential
assessment tool, CPAT)" Fl & 1 it & & £ 45 /&
(protein family database, PFAM)!'Y, M o 1 5 5 A%
W E O 1 R B RNA HR 7 58 H I 2 b 2
1 RNA £ X 4 . 5 String Tie #7115 &4

https://www.china-fishery.cn


https://www.china-fishery.cn

1962 KopE o R 44 45

SCIFE A ) IncRNAs Fl 4 5 55 A /) FPKM B (5 T
AN S 1) SR R T B R R B, AT AR
Shy 15 H A SR AR B R SRR K I HE bR, K A
FE R 5% S AR 1 FPKM i ok 1 582 58 ) FPKM,
FH IncTar #1235 A 50 T E. X IncRNA 3 17 #1 3%
0, FIH IncRNA Fl mRNAZZ 8] f T 4h 7 51 3
BRGSO H e AR MEAL B e, AndEfL B
FH BE B {EAIE T 0.1 B IA Ay 42 IncRNA Sz A HI Y
LAY 38 5 Cytoscape#k I (Cytoscape, JE[H)
X} 22 5 33519 IncRNAs Fl mRNAs #4174 597,
PLSE TE 3 22 R A ELAR Y

14 EFRIESIHMEREINGE TR

B[R 2 0k HL oA N () A2 (a4 SR, A
PR R IR BT AR A 5 i PR Ak o BLIL Rk
EIMNEYEER, AFREF R ME
SRBEFATEIEE, WHEYEELZN
FE 7 35 5 48 Fl DE Seq R 4 3 4 7 e A 4 i =2
[6] i 22 5 & 3k JE A (differentially expressed genes,
DEG) 1 DE IncRNA., DE Seq % 4 3 T 1 — 3 43
A RS RURAf 2E 2 A A2 W 2 S Ak 2 ) 1 25 5 33k
B, ARG, AT 2 54550 | Fold
Change | =2 H 48 1% & Bl % (false discovery rate,
FDR) < 0.01 {F 4 i % mRNAFI IncRNA 2% 5 %k
MIBRIER S teAh, S TR DEGIRE, 2T COG.
GO. KEGG. KOG, Swiss-ProtFll NR % #i J2¢ %f 3
K EAT T Xt . FlH top GO R #4439, %F DEG
17 GO & HE 4 Hr, H KOBAS 4 3k # 17 KEGG

T A TR
1.5 DE mRNAs #J qRT-PCR 73 #f

fif 1 10xSYBR Green Master Mix (Promega)
i i qRT-PCR X Bl AL £ 10 1~ mRNABEAT 73 #r
(& 1o 1 H gapdh F:HAEH NS 3 K KT #%
YRR RS, M 27 Ik o i i sk AR
KA, R E 3 FITEE., KN
Jir & mRNAs F1NZ 105917751

2 4R

2.1 RNA-seq I FF15%514H 3

X BOREAS 3] ARG SR B SLAR HRUE RNA, i
[lumina HiSeq™4000 V- &5 i 17 & Sk ¥, %
B3INMEYEESE . SIS 956 208 280115
1 0] ¥ 51 (clear reads), BP £ H 3k 15 465 914 500
A~ reads, 8L 3R1E 490 293 780 4 reads, [
— BEfIC i i 1Y reads Z S5, B AL R F] 76 545 4>
mRNAs(& 1-a), 4% 17 892(23.378%) > & I §%
SEASHI 58 653(76.63%) IHTHIHE A, IKAP, RNA-
seqs Jfi %] T 148 072 4~ IncRNA(/#] 1-a), Hrff
5 71% 114 4% 5 A 6] IE 2 £ RNA(long intergenic
ncRNAs, lincRNA), 7.4% 9 5 XK £ 4 7S RNA
(antisense-IncRNA), 20% B P & F K 4% JE % 15
RNA(intronic-IncRNA) I 1.5% B9 1E 4K 8 Ak 9 15
RNA(sense-IncRNA)(I&] 2). #4872 9 IncRNAs H
R T B A IncRNAs, mRNAs 1Kl 75~

F1 ZBEAASIMEF

Tab.1 Primers and sequences used in this experiment

H0 feature HEH gene name

IEME4  forward primer

JIA5I4  reverse primer

mRNA ddx25 TAACCATTTGGCATTTCTACGAGT CAGATAATAATTGGAACCCCCG
tdrd9 GCCACCTCCTCTACCCTTACCG CACTATTGATGCCTCTTCTGACCA
nrsa2 CTTGAAGTGCGAGCCAGATGA TGCCCAGTAACCAGAAGGATAGA
vasa TATCACCTGTAGGACCTCCAAACC GGAAGAGCAAATGATGACCCCT
piwill TGACTGATAAGATGCGTAGCGATT TTGCCTTGTTCATTTGGATGC
piwil2 AGAAATAACAAGAGAAGCCGCCA TCCCCAGAGTTCCCCACCTA
rad5la CTGCTGCTGCTAAAGCCAAAG CAAACATTCAAAATCCCTCAAACA
tdrd1 AACAAGGCGAATGGAACAAAGA  CTCCCACGGATACGGAAACA
tdrd7 GTTTCGGTAAGGGTAGAGGAGGT GATGCTGTATTGTGGCTGAGAGAT
stra6 GCTCCCTTGCTTACGATGACTT GATTCCAAACACTGCTGCCAC

WZHEH  internal reference gapdh CCGTGTTCCAACTCCCAATG GGCAGCCTTCATCACCTTCTT
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log10 (FPKM+1)

mRNA IncRNA
R
type
(@)
S — fE{f RNAmRNA
- KAEIEAID  RNA IncRNA
— 4|
<:
gd—'
Y23
to
i)
® 2
1 \ I.II.Il.l..I.l....... o, I
246 81012141618202224262830>30
sk AKE (x10%)/bp
transcript length
(b)
B — {5ff RNAmRNA
= KHEIESTE  RNA IncRNA
< 1wt
SE
X 3
mﬁ/o
5
=
|||.I|.|I.I|.|-.|.. priging ey PR

1 357 911131517192123252729
AT HEA
exon numbers

©

B 1 FUW IncRNA 1 mRNA BHHEEE ST
(a) IncRNA fll mRNA )%, (b) T # IncRNAs 1 mRNAs [ £
FE 434, (c) IncRNAs Fl mRNAs (14 & 7 % F 4 #i
Fig. 1 Comparison of features of predicted
IncRNAs and mRNAs

(a) expression of IncRNA and mRNA, (b) length distribution of pre-
dicted IncRNAs and mRNAs, (c) exon number distribution of IncRNAs
and mRNAs
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105 192 (71%)
100 000
75 000
Ee-
50 000
® 2
29 654 (20%)
25000 t
10 963
(7.4%)
0
1 2 3 4
K8 EgmAY RNA
IncRNA

2 TUMEY IncRNAs B4 &
1. K 5L A (] 4E 4w BY RNAs, 2. )k LK FEIE4mID RNAs , 3. N &
FEFEERID RNAs , 4. IE XKE IS RNAs; F55 N EFE
AT B IncRNA (1) EE 4]

Fig. 2 Statistics map of predicted long
non-coding RNAs

1. long intergenic ncRNAs(lincRNAs), 2. antisense-IncRNAs, 3. intronic-
IncRNAs, 4. sense-IncRNAs; the number in brackets indicates the pro-

portion

94 038 bp, FIJK N 959 bp; IncRNAs Y K i
41 201~40 653 bp, ~F-¥4J24 800 bp (/4] 1-b). mRNAs
1972140 B8 2.74, IncRNAs 424 41 i
THE N 2.47(K 1-¢),

22 T EEFREIEFRNEE

4 Tllumina HiSeq™4000 - & FF 15 #Y %
P25, Wi f5ECE ki & (Fold Change=2,
FDR <0.01) A2 R R IR U8 2 55 R IE 0 RNA,
A BT 8 237 1~ DE mRNA Sy P4 i) i ] 2
R, ALFE 5 249 AT 4 1) 3L DXL FN 2 988 A 14
PR 5L, Horp, A 4237 1 mRNA MiffE2E %
KM 1045 . [, & &M 95731 IncRNA
P50 18] 35, ELEE 7 597 A4S HEVE R 7] IncRNA
F 1 976 4~ ME PE Ml 1] IncRNA, H rh 9 444 4~
IncRNA [ i I 22 5 3k M8 1 10 f% . b4h, AHEE
TR P2 S A, RS54 5249 Al
2988 1~ mRNA LM ~iE, & 759711976 4
IncRNA #3564 AR (8 3-a), KILEER T
IncRNAs F1 mRNAs [ AH {81 2% 5 23515 L (K] 3-b)o

T IR UEDN P 2 SR TR, ARSI BE B
BEHL T 10 /> 25 55 Rk L 17 qRT-PCR 5 i .
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1964 KopE o R 44 3%

8000 r

0O ESU N
7000 down-regulated
m Fiks FR

6 000 | ™ up-regulated
5000 r

4000 |

BH/A
count

3000 r

2000 r

1000 r

mRNA lcnRNAs

@

® IncRNA %3k 7] IncRNA up-regulated

% IncRNA F£iEX T IncRNA down-regulated
20 mRNA ik 1]  mRNA up-regulated

¥ mRNA %A il mRNA down-regulated

m A% unchanged
o
e
=
§
:& = “ae
® D
iy 2
W
®
% -
&

20 . . . ,
-5 0 5 10 15
FEAR () FR 1A mEHE A e
log2 (FPKM)
(b)

3 BREFIEE E FKIA IncRNAs F1 mRNAs #9534
(a) D HLAR X TR S 4 5 A b 98 0 R 9 22 53 27X IncRNAs 1 mRNAs FU4CR,  (b) 22 51 K38 #Y IncRNAs Al mRNAs ) 1l ]
Fig. 3 Analyses of differentially expressed IncRNAs and mRNAs in ovaries and testes

(a) numbers of up- and down-regulated differentially expressed IncRNAs and coding transcripts in ovary compared with testis, (b) volcano plots of dif-

ferentially expressed IncRNAs and mRNAs

ZER Mo, X Se R A M I Y R R
(%] 4-a) 55 AP o3 radi 5 (18] 4-b) A —F,
ddx25 . tdrd9 . nr5a2 . vasa. piwill . piwil2 ., rad5la
I tdrd) TEKE H P IR IK K HLR T stra6 7851
o RBRE.

2.3 i DEGs B9 GO ;i %%

X T mRNA #55p A, BIL B T 75.59%
(8237 41~"|Y 6 226 1) 1) DEG(# 2). M NR % d#
EAR R BN R %2, K55 6200 (9.58%)
A, BRILZ AN, 7E COG, GO, KEGG, KOG K&
Swiss-Prot £ #f J& 43 5l 7 B 15 3 1 307 (20.99%) .
4106 (65.95%). 2 949 (47.37%). 3 288 (52.81%).
3 039 (48.81%) > DEG. iX 4 106 /> DEG £ GO
R R 3 KIS, 60 A~F 20, 3 KK
(D6 35128 301 3 0 o HE ) 2 2ok R v ) 40 o R
(GO: 0009987), 4t A 2H 1%+ i 4t A (GO: 0005623)
o T I RE R 4 S (GO: 0005488) (& 5-a).

B, FRATFIH GO R4tk — 58 T
iR DEGs A Dihe, MERE2Z: 523519 4 106
A~ DEG ', £ 35/ DEG S#EMA X%, Hri 18
AT BP B p s 38 (female-highly expressed gene,

https://www.china-fishery.cn

FEG), 17 MEXEHE A (male-highly expressed
gene, MEG), f1 251~ DEG 5 H b, Hrp
12 FEBR B P Rk, I3 ATERI S P Rk
A 44 FEG f1 18 1~ MEG 5 A HLRIL & 4
B A K (B 5-b),

2.4 It DEGs B KEGG BB E&E ST

2 949 /> DEG 4 i KEGG & 431, £
241 22 W E MRS, Hrh s 5PER
EH AKX (B 6-a), BEHEN KEGG il i K ik
o< MaAFAEFH (65 4> DEG), “WL3h & F 40 i B 42
[ 98 15 (60 /> DEG), ‘£ i P e {4k 32 {4 41 |
YEH” (58 1 DEG) Fl“# WAk (57 4~ DEG)( 6-a).
SEHGERE TR 4 E M A T 5 (R O-value 2 /)N)
YT 20 ™38 B HEAT A0 b, A5 RERW, 1 3 A&
25 PP BRI EL 2 L “pS3 R Tk iR
FZE RN RO REAI A OC . WA, Bk
B4 Fh 5k R A SRR, Blanclsh &
S0 M B SR AR Y . “TGF-beta ff 5B %", “'%
P A A SR (] 6-b). BLIE 316 4~ DEG
(168 /1~ FEG il 148 4~ MEG) 25 11X 20 M 35
1) KEGG i #§ i 12 (& 6-b)o
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12 RET, % . #EMEABUK P I8 4% A 5& IncRNA FT mRNA A4 5 1€ & 9] 4 53 1 1965

120 - = HEPERKNHFA  male-mRNA
mm MEPERIE P FE AR female-mRNA

100 +
o 3 I
_.'E\’Tg 80
IH s 60
K
'H'Rﬂ% 40 +
20 +
0
1 2 3 4 5 6 7 8 9 10
NG N
different mRNASs
(@)

= MEVERIA# A female-mRNA
4.0 r wm HEERAEETA  male-mRNA
3.0

2.0
1.0 ﬂi [

FHX R IL &
relative expression

1 2 3 4 5
AR Y 3 S A
different mRNASs

(b)

6 7 8 9 10

4 j&jT qRT-PCR 3&iE mRNAs B3R IE
(a) B M1k 1% 1) mRNAs £ 1k & ¥ {6 (FPKM {H), (b) ##il qRT-
PCR 11 Bifi HL Bk 3 19 mRNAs 19 A0 % 1k, K& BH KR HF
Y +F5 #E W% 2 (SE), 1. ddx25, 2. tdrd9, 3.nr5a2, 4. vasa, 5. piwill,
6.piwil2, 7. radSla, 8. tdrd1, 9. tdrd7, 10. stra6
Fig. 4 Verification of the mRNAs by qRT-PCR

(a) mean value of expression (FPKM value) of randomly selected
mRNAs, (b) relative expression of randomly selected mRNAs by qRT-
PCR. Values are presented as meanststandard error (SE), 1. ddx25,
2. tdrd9, 3.nrS5a2, 4. vasa, 5. piwill, 6. piwil2, 7. rad5la, 8. tdrdl,
9. tdrd7, 10. stra6

2.5 DE IncRNAs B9 %0 £ X F0)

J T WFT DE IncRNAs 7E % 0 48 7K M 51 43
I ER, FA10 1L T DE IncRNAs 11 B #2288
(] KL, M E Y 4 630 AN =X H#E 3L Y (4 609

APETERE); 2986 4 2R (2 965 A #E T
B3, WM TS 5MRAT . BTN, M
P E 5 b 55 A Bl 3 B AH JC Y IneRNAs B X
N 114 ASHEE, 7F3X 28 DE mRNAsH,  HH i
AN 2 [R]85 1 B 3 R 5E 77.19%, T Y
I = B s AR FH 0 A 00 R TR A 0l R 9.65%
1 13.16%. A ERMZE, —1 IncRNA A] LL 512
mRNA FHEAEH], XEH—1 IncRNA A L2 5
PR ZF mRNA fUEIL . GO ThfeERELs LR,
IncRNA JIii 5K 1 sz =0 0 56 B A9 /i 40 45 GO R &
(terms) 73 234 B 45 8 5 8 mRNAZZ (8] (1) 43 A7 465 2
ML, FZA R 3R, Bl R
UM R T FINRE” . 4530 & SRR B e
1) 368 %A 43 0l oy 20 Ak R L A M RN B A (18] 7-b,
d). KEGG HRBZEHR WoR, 4609 4 IncRNA JIi 5
L DA w0 R B 245 AR IR AR H A A3 49 4>
terms, HoHf 32 E A JE <M 1K (60 1~ DEG).
“JJL3h 2 11 40 M 4R 1 IR 4% (59 4> DEG) Fl IR i%
R (57 4 DEG)( 7-¢)o 2 965 4> IncRNA JZ =,
SILRP RS 1911 4 KEGG %143 49 4 terms,
Horp s AR R A Y2 < BB 3E (53 4> DEG).
“WL3h & 1 40 10 B 22 98 157 (50 > DEG) Fil“N &
YEFH”(50 41> DEG)(J& 7-¢).

3 iR

H NI FL B Y Je ik b e vk e s 5L B sry
PR BLLIOR™, P BTG XAE S 28 a2k,
PR FRAT 2 h 8858 T — R 9 ME il e i A
ol M il P i e L Y AN T 6 (Oryzias latipes)
Y dmyldmrtlbY SKEE KA, 4538 (Gallus
gallus)™ F12F 4 5 85 (Cynoglossus semilaevis) *
5 7 G o R B MM e g L dmrel, ARV
I (Xenopus laevis) W Y £ {4 3% 81 () M 1 e o 5
dm-w"" UL K AE B R 0 (O. luzonensis)™ Fl{H
] &% (0. dancena) "1 1 gsdf Fl sox3™, AR WF5Y
W R BT, IR RBLA 8 237 M ERK
K H mRNA S5 i [ 25 A (151 3). GO Hl KEGG

®2 EFRENROERFIRGLE

Tab.2 Overview of differentially expressed coding transcripts annotation.

R RILHE A COGIER GOER: KEGGUERE KOGIER: Swiss-prot7EF NRYERE PrA R
DEGs COG-annotation GO-annotation KEGG-annotation KOG-annotation Swissprot-annotation  NR-annotation _all-annotation
/A 1269 3810 2930 3115 2963 5490 5493
number
B H/% 23.10 69.36 53.34 56.71 53.94 99.96
percentage
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1966

%

K=

1 44 %

43 M 3 B — 2L DEGs, 1 ddx25.
vasa. piwill . piwil2. rad5la. tdrdl. tdrd] Fl
stra6 TE < BPBE 20 JL Js E o 54 L <R A 5 Y O Bk
MM . “KETRB MM ET &5 M5
R 5 A DG Y B b W R R (B S, 7). L,
IncRNAs AJ B 1 — >4 22 1) IncRNA -mRNA [
2%, Ak /A e RO SR AR 2 SR IR A
Lt[:% %H:%%E’J, WK, wrsa2 25 720
B R A 2 A5 T8 MEME R R B R

tdrd9 . nr5a2.

tdrd] 25 T KE T BB 243 8, stra6 N

ZHTWRET,
E?‘% 5 RAE B 558 PR Y D fiE

X 55 56 i A 4 T8 T I s ]

NG [30-31]

S AR — A0 X 3 6 S DA A B W DK

APy e

biological process

SRRy

cellular component

molecular function

JiR R B A ) D R v A ) 2 D RE A
Bk .
IncRNA J& TAEGi 5% %A, 15 mRNA A,
— WA T BAE B o (H R T S AR 1
SER B, IncRNA TE U & F1 73 A5G B i 45 A
TR A N BRI Y fERE A (Lar-
imichthys crocea) "', IncRNA MSTRG.24346 5 K
B A 1) P DR i S TR dmre] BEESAHIE, FLAH
KMt %, T IncRNA 1] B HoA%: 51 404k b
EE AR Y, R IR AE R &K B IncRNA |2 2
5T SR R P E R 2 S RS T R AR
GRS, (AT ESD €472 IncRNA
A W) 2= D Re A AR GE B . TEARBRSE T, K
E-NNER e

percentage of genes

TR S

0 1

metabolic process
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Fig.5 Annotation summary and classification of differentially expressed coding transcripts of ovaries and testes

(a) histogram of GO classification of differentially expressed coding transcripts, (b) GO enrichment cluster diagram of differentially expressed coding

transcripts; red denotes high expression functional classification, while blue denotes relatively low expression term; within the parentheses after each

term tag is the number of genes with significant differences contained in the term
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Fig. 6 KEGG classification of differentially expressed coding transcripts annotation

(a) top 20 enriched KEGG signal pathways with differentially expressed coding transcripts, X-axis represents KEGG enrichment factor, Y-axis repres-
ents enrichment significance of differentially expressed coding transcripts in the KEGG pathway, (b) female-highly expressed genes (FEGs) and male-
highly expressed genes (MEGs) involved in the top 20 enriched KEGG signal pathways
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Fig. 7 Annotation summary and classification of target genes by cis- and trans-acting of IncRNAs

(a) and (c) histogram of GO classification of differentially expressed coding transcripts annotation which targeted cis- and trans-acting of IncRNAs,

(b) and (d) histogram of KEGG classification of differentially expressed coding transcripts annotation which targeted cis- and trans-acting of IncRNAs
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Identification and analysis of IncRNAs and mRNAs involved in sex regulation in
Asian yellow pond turtle (Mauremys mutica)

ZHU Yanyu '?, LIU Xiaoli', WANG Yakun', LIWei',
HONG Xiaoyou', ZHU Xinping ", XU Hongyan "**
(1. Key Laboratory of Tropical & Subtropical Fishery Resource Application & Cultivation of Ministry of Agriculture and Rural Affairs,
Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380, China;

2. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: Sexual dimorphism is widespread in animal kingdom and has been a hot topic in biology for a long time.
In particular, the sex of the Mauremys mutica is determined by incubation temperature, however, the molecular
mechanism of temperature response is still unclear. In order to understand the molecular mechanism of the sex
differentiation of turtles, this study made a preliminary comparative analysis of the sex-differentiated IncRNAs and
their target genes in the transcripts of M. mutica. First, the Illumina deep sequencing platform was used to
perform comparative transcriptomics analysis of the testis and ovary of M. mutica by RNA-Seqs and screened to
identify male and female differential transcripts. A total of 8 237 differentially expressed mRNAs and 9 573 differ-
entially expressed IncRNAs were screened. Through GO functional annotation and KEGG pathway enrichment
analysis, we found that these differential transcripts were mainly involved in the sex differentiation and gonadal
development of turtles. In addition, a series of target genes related to reproductive development (gonad develop-
ment and sex differentiation) regulated by DE IncRNA were obtained through the analysis of cis- and trans-
effects. This study provides clues for further elucidating the temperature-dependent sex differentiation mechanism
of M. mutica, and especially, it lays the foundation for further exploring the use of the sex determinants of turtles
to conduct research on animal sexuality control breeding techniques for turtles.

Key words: Mauremys mutica; transcriptome; long noncoding RNA (IncRNA); sex determination; sex differenti-
ation
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