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FAR 5 Bt (Pica picay!' ™45 sl i) 3 1 o 3k
PEHLHIEAT TR X Semor R0, @ ad i i 5%
ST W Bl ) G 9% R IR L SR S T AT Y, R
SR A VLV IR A B 5 s R B A S i &
o TC 5 SR SR MR AT, R IV A s 4 e R
5T e RS A LM A . IR EXHTIKLA
| s G LA B RN e IR ANGA £ L S
F1 R 2RO R Y T A 2 PV Ty i RO
WK 53 F A= 25 B F 9% 32 B2 4R pofe Bl R Bt 4% 2 1)
T Aok B A v A I R (G R T, 2 e
A A BT VK 53 7 A 0 2 B AIF 58 403
Ruan U@ b 7K ITITK MHC T 260 11 28 3L
25 R R AR, IF HOX R VYT K R AR I T K (N
sunameri) () B I % s AL AT T IR R EE B T
NG T KA A R T VT AGE 97 AS [ A7 5 s 34 85
(95 3% TRV 35 L . Zhou 24X YT IT KL H 4
HEATIE, Xk A 3 ARIEIK I 2
FPEEEAT I, $RIE KITIT KA IR AGE LML,
S5 SRAUE BRIV IO B2 28 B VLKA S A, i 2
— ANl ST IR . BB R VT LIRS 5% 20 25 1T Y
WFFEAR /D, AR A 1 U 2o 1 W e S 4 1 Oy
PIF R TR R AR R VIV IR S % R G5 1
BUH B 90 2 1 55, & BT K B9 e K 4 328 7 7 19
LA O A, T R e i A I K S
S5 R P A H R, R L R R R R
AKX K M G 3 2R 55 4 T AL R A T HRT i F
FARIA

ARAIF G X AS [ 3) A H VT B  Y H 2 E A 7
mRNA I microRNA Ul JF& F150#r, #4211 2 2
mRNAs Fl miRNAs Kk, %@ PIPEREE A oC 2%
S RIFF A miRNAs, %3 & £FETEE, N
I R e TR PR KR T I R M e R 458 5 FHL

i, Ok — 2 DA A1 JEE R O I YT KR 22 R A
S I RE T R WSRO VTIOR3 3
PE ARSI

1 HRET®

1.1 EIgHisl

2017 4F 11 H, 28 Sl 34 0 gt kv i s B
BTN FAAE, TP EIKREBE 5T BEIR K ol
WFFE O R S K VYT O MR 3 AT 8 . FE AT
FPATIE R, WRITLRBCRET 3 ke
3 Sk HEE R VT VCIK ) M VRAE A, FEAE B L 1,
FH T S0 2 0 BT A I FEAS R 10 mL 19— IR
PETCTR T 50 25 A Sh ) R R, 37 RIRE R et i)
I AFEAEFEFE RNA PRAFE (PAXgene™)P, —20 Ciz
[l S 28 J5 T80 CHMIRIR vKAR A7 22 RNA $21,

x1 KIDIBHEARER
Tab.1 Sampleinformation of Neophocaena
asiaeorientalis used in this study

HEAG S Ml K /em R /kg sr4l
code sex body length body weight group
M1_YFP 3 147 46.7 M_YFP
M2_YFP J 146 45.0 M_YFP
M3_YFP J 145 44.6 M_YFP
F1_YFP Q 134 37.6 F_YFP
F2_YFP Q 139 53.6 F_YFP
F3_YFP Q 141 40.8 F_YFP

A5 ™ K% AR R Sh Y OB A R i L R
AN R RE, AH O A S S0 B 9T 8 U2 IR
il Rt e, HAYE 1993 WA L 2013 51T
(A€ Hr A N R A [ K A B A sl R 4 St £5 461 )
(thAe N R AN E E 55 B 256 645 5,

12 XWHE

121 mRNA XEWHE. MWEMSH  FH
PAXgene Blood RNA 7] £ (QIAGEN, f&[E)M 6
A MREEA RS RNA L R Oligo (dT)R4Ek
&4 mRNAs, ¥ E—215 20 mRNAs HHT Wik
A B By, AR R R BOVE AR AR A
cDNA. %} cDNA #17ARuies & fide ki 4, Jfit
— X B YA T PCR 973 L PCR PR LIS
BIAS 3 B 2 SO, i Agilent 2100 A= 9434F
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1 (Agilent, &) SCE M Be R/ NVFIR B G
RIS, & — L E 200 2485 DY DNA
40k Bk (DNB), 7 BGISEQ-500 “F- 5 (fE KILH,
D B AT

fdi | SOAPnuke (v1.5.2)% {41 38 75 51 K dh o
W KBRS F A 2P A BRI 51 3R A
clean reads. il HISAT2 (v2.0.4)3/4F% clean
reads FEXTRIHCVLTIIR S % FE R 2H(MKK W00000000)
i [l DEGseq (v1.4.5) 4K iE17 25 5% Rk K 4%
BT (] Phyper PREOW EREIY 22 57 ek L I i0E 47
GO Il KEGG & #4#7 .
1.2.2 miRNA XEME. MEMSHT B 1 pg
(9 RNAFE S, FH 15 %58 P 975 Bk Rl 26 g Fi Dk 4
RNA, 43r& N 18~30 nt i) Small RNA, SKf5¥
Small RNA JEj5#E#58] 34k sk -, A
SuperScript 1T 1% %% 5% fif§ (Invitrogen, 3 [E )} Small
RNA #5581 cDNA JfE47 PCR ¢4, fifi 2R PS4
P i 95 i P K [Tl PCR i 9 SCE H Y 25715 - 1l
Agilent 2100 A= /A SR DU B2 AN SCPEC B . SO
1t phi29 FFHVEFT T, TERUEL T 300 2% DL DNA
Y4k 3K(DNB), 7F BGISEQ-500 F-4& FHEATIIF .

BT R T S, i Bowtie2 #FH clean
tags HXT 2 S % SLR 4 AL H A SRNA $edlG e, #
FL X} 5 B clean tags 3] GenBank A1 Rfam £ 4 & 1
(RRE
1.2.3 $MERERFMI miRNA-mRNA B EER S
#r ¥ miRanda. TargetScan 1 RNAhybrid %X
PEHTI miRNAs FYFESEEH, FEFIH GO A1 KEGG
B R AT L R B TR o f ] phyper PRV HE SR
1T GO F1 KEGG 454, 4 MMpred
A4 B miRNA-mRNA 89 A B 4/F .
Cytoscape X F#4 % miRNA-mRNA J#45 /4%
1.2.4 WHEE PCR WiE MMM 22 7%
ik mRNAs Fl miRNAs FHREHLPEIE T 6~ mRNAs
1 6 4~ miRNAs #4732 8 % & PCR BiF, 51
Y dE B W3 2, i#id QuantStudio 3 Real-Time
PCR A% (ABI, %[E)i#41T SYBR Green RT-PCR
S 8 Primer Premier 5.0 #{Fi% 11 PCR 514 .
E$% GAPDH #il U6 snRNA 1EHNZSIEN . 4
FEAA 3R A, IR 2 R

R B K
2 ERE5HH

2.1 EEFMEDKE MRNA Ri&i& 547

M6 MTTITIK ML BAE A TP AT T2 4.82 12
2% raw reads, EBRAGT i reads flEL 751, F4
4.74 {5k clean reads, ALK JEIA 47.42 Gb, Q20 -
124 97.99%, Q30 V¥ 94.33%, BT i &
RAIfo ¥ 6 ANFEAI P E G 5 3 SRS % H N
HHFATIE, KR EDFEAFHAH 6533 J1%
reads (82.7%)A] DARLI Wk 5 2 FE R 20 (% 3).
6 AR clean reads PR RS, HAGH T
15878 > unigenes, 3 K413 B R S (n=22014)
() 72.1%;

Vo Pf 44 2 1 i A L DR 31T KEGG 38 B 40T,
KA 14231 4~ unigenes FEBE] KEGG %4 7,
H pf5 5 #% T (signal transduction) . “f & &R
4 ”(immune system) fl“ PN 43 W & 45 ”(endocrine
system)4% H{E R # R F 2 (K 1a). #E—H0
PrBl, BRI RS PR 1534 1 unigenes &
3 20 A4 WL G b (18] 16)

22 KILIKERmENRERRIEZERSH

Wt 6 AFEAS 1 1009 2 S 2 25040 VA 290 S e 7
HilkAr 26 5 RR o0, U 539 MEFRIK
B:[A DEGs (I 2a), Hh 299 S HEfRLF, 240 4
5 R 4 (Fold Change=2 H. P<0.05), R WLEME
FIVHE M VT VT K R 30 B S AN [ A i TR 3 3k i
(Kl 2b), AN, BT 5 A X Jeta ki gk K
[FIE Y SMCLA il CDAOLG FE[H, 3% 2 NFE[H1EME
PR VLTI B 3k F #R I =7 [loga(fold change)=
0.4]. SMC1A JE 4l 53440 7 rp gH Ik e £ BRI 2
G HY, AT X Gk ERSZ X R TG
X320, X 35 CDA0LG T LA%f% 1 F T 28
H LG 2 f& CD40LET, B4 BF5E W], CD40L
il £ R B G e R AR 1 0 SIS T 40 B 1 R 240
g i 2o

X e R 25 R R IR EE Y GO Fil KEGG
BTN, BEPE LR I8 B 4R B “DNA
141 545 (regulation of DNA recombination), “{fy,
IR A2 (tryptophan metabolic process) ., “&
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JiE [ b7 (inflammatory response) fl“45%% iz ATP i
%P (calcium-transporting ATPase activity)% GO
FHE T (& 3a); BRI 2R BRI E AR B 4 1
2t 4 7(calcium ion binding) . “ Ji i ”(plasma
membrane) . “ZHIZ5 [ (cell adhesion)F“y P4

xr2

JZ ¥ ”(response to reactive oxygen species)5y GO
ZH ™ (E 3b), R R4V TIaE2E R
K 3¢ B 3d 73l s 1 MEXE FREPE i 4 26 0K
FEIN o BA GETHE CRYHT 20 4> KEGG & H238 #%
299 AMEPE (R dF RIS W E WA T i ek

EPCR3I#MER

Tab.2 RT-gPCR primersfor mRNAsand miRNAS

mRNAs 765 & PCR 5|4

BEHFHS N4 oA EWESII(5-3Y) TSI (5-3")

transcript ID gene name full name forward primer (5'-3") reverse primer (5'-3")
112399840 CCR10 C-C chemokine receptor type 10 TATTCGGCCTCCTTCCACG AGCAGCGACAGCAACCACA
112413934  MAPK13 mitogen-activated protein kinase 13 AACTCTGTTCAAGGGGAAAGATTAC GGGATTTGTGGCAGGGACT
112392762 IL23R interleukin-23 receptor AACTGCTCTGGACGCATCTG AAATAAAGTTTCCTTGGTTGGC
112394907 FOS proto-oncogene protein c-fos CACTCCAAGCGGAAACAGAC GGAAGCCCATGTCATCAGG
112401967  NLRP12 ?ﬁfﬁ&gﬁﬁef‘f‘fz}) YD domains- 1\ ACTAAATGTGTGTGCTGGAG ~ CATTCTTCTCAGGCCAAACC
112393748 IL15 interleukin-15 GTCCAGAAATTCAGACATTAACGA GTTGTTGCCTCTAAGCAGTGG
112391848  GAPpH glyceraldehyde 3-phosphate AGGTCGGAGTGAACGGATTT TTCTCAGCCTTGACTGTGCC

dehydrogenase

miRNAs %2 &= PCR 514

B TS (537

miRNA 7315 ;
unlversal reverse primer

miRNA ID

WHSRTIHI(5-3")
miRNA RT primer (5'-3")

LUERIH(5-3")

forward primers (5'-3')

THFTIHI(5-3)

reverse primer (5'-3')

(5'-3")
. CTCAACTGGTGTCGTGGAGTCG ~ ACACTCCAGCTGGGAG
miR-107b_1 TGGTGTCGTGGAGTCG -\ A TTCAGTTGAGAGCCC CAGCATTGTACA
. CTCAACTGGTGTCGTGGAGTCG ~ ACACTCCAGCTGGGGC
miR-455-3p_6 TGGTGTCGTGGAGTCG () A TTCAGTTGAGTGTATA AGTCCATGGGCA
. CTCAACTGGTGTCGTGGAGTCG ~ ACACTCCAGCTGGGTGG
miR-24 TGGTGTCGTGGAGTCG - o\ ATTCAGTTGAGCCTGTTCC  CTCAGTTCAGCA
. CTCAACTGGTGTCGTGGAGTCG  ACACTCCAGCTGGGTG
miR-34b-5p  TGGTGTCGTGGAGTCG G\ ATTCAGTTGAGCAACCAG  GCAGTGTCTTAG
. CTCAACTGGTGTCGTGGAGTCG ~ ACACTCCAGCTGGGTGG
miR-24-3p  TGGTGTCGTGGAGTCG oA ATTCAGTTGAGCTGTTCCT — CTCAGTTCAGC
. CTCAACTGGTGTCGTGGAGTCG ~ ACACTCCAGCTGGGTC
miR-124¢-3p - TGGTGTCGTGGAGTCG - 0\ ATTCAGTTGAGCCGTGTTC  AAGGTCCGCTGT
U6 ?G%%ATGTGGTCU‘ A AATAATAGCAAGCACTGCCTCA
#®3 mMRNA M., FHEAERENERSH
Tab. 3 Sequencing, assembly and comparison of generated mRNA data
ek URIERL IR B EERIL E N < 5 42 30ic SR O3 2505 e AR OS2 G R E
Coée BE/M /M H/Gb Q20/% Q30/% /% no. of genes
total raw reads  total clean reads total clean bases clean reads Q20  clean reads Q30  clean reads ratio expressed
M1 _YFP 59.93 58.21 5.82 98.02 94.36 97.14 14468
M2_YFP 72.27 70.90 7.09 97.98 94.28 98.11 15058
M3_YFP 101.56 100.27 10.03 98.03 94.43 98.73 15358
F1_YFP 104.16 102.97 10.30 97.89 94.06 98.85 15390
F2_YFP 54.79 53.42 5.34 98.02 94.37 97.50 14546
F3_YFP 89.8 88.44 8.84 98.00 94.50 98.49 15016
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a KEGGif #4328 KEGG pathway classification

Y Mtk K S5FE T cell growth and death

&K 513 transport and catabolism
RMUREYE— A% A Y cellular community-eukaryotes
YR cellmotility

{554 T 5+ HEAEH signaling molecules and interaction
15542 signal transduction

Bz % membrane transport

3% transcription

£ #1515 replication and repair

8. BN 5HS# folding, sorting and degradation

H#1% translation

5 B R T4k Z /X8 metabolism of cofactors and vitamins
BRI amino acid metabolism

${Ri4f carbohydrate metabolism » HpER
é}%%ﬂé% & global and overview maps cellular processes
AR A S glycan biosynthf‘:sis and metabolism WO E kb
B/Li lipid metabolism environmental
SR ﬁiﬁlﬁﬁj ;nilrlgy metabolis(rin information processing
metabolism of other amino acids N .
N ) . . . || E258 t1
HAt R R AR 4 )-8 AR biosynthesis of other secondary metabolites ffnﬁfo%}%o%::in;
ZHRICH nucleotide metabolism it metabolism
SR A YR AR 51 xenobiotics biodegradation and metabolism RS

TEAFEEIZE/CH metabolism of terpenoids and polyketides
AL RS digestive system

¥ aging

HPBE RS immune system
43Ik Z 4L endocrine system

& # development

2 ZHE nervous system
JBHE B G5 sensory system
FRIE5E W environmental adaptation
HEM R SE excretory system

B R4S circulatory system ! | ! |

organismal systems

0 500 1000 1500 2000
FER¥E number of genes
b KEGG3#E % = % KEGG pathway enrichment
1fil/MRIELTE platelet activation o SRR
a4k F155 38 chemokine signaling pathway ® gene m umgi or
NODFEZ A (551 1% NOD-like receptor signaling pathway | () ® 59
FNE-17{5538 % IL-17 signaling pathway - o ® 136
Th17488434% Th17 cell differentiation |- ® @ 213
FeyR /S M7 BEA/E A Fe gamma R-mediated phagocytosis o @ 29
T H M2 AR(55 8 # T cell receptor signaling pathway |- ) @ 67
140 i N B2 32 %% leukocyte transendothelial migration - ®
CRIBEE R Z {5 5 ¥ C-type lectin receptor signaling pathway - PY Qf& Q value
Th1FNTh240 434 Thl and Th2 celldifferentiation | Y 0
AR A Vi A5 40 A natural killer cell mediated cytotoxicity | °
tollFE3Z {45518 B toll-like receptor rsignaling pathway| ® 1.0e-36
B2 14553 B cell receptor signaling pathway | ®
PLIFALHEAI R % antigen processing and presentation | Py 2.0e-36
& Ifil 4 9 33% 2% hematopoietic celllineage |- PY
FceRI{i5 5@ % Fe epsilon RI signaling pathway | PY 3.0e-36
FEHTg AR 3B S R 4% intestinal immune network for IgA production | PY
#Mak 55 ¥ If 4% 5% ]2 v complement and coagulation cascades g 4.0e-36
RIG-TREZAA(5 558 % RIG-I-like receptor signaling pathway | PY
I DNARRR 142 cytosolic DNA-sensing pathway |- . . . . .
0.80 0.85 0.90 0.95
B £ rich ratio

F 1 KEGG il J U B 532 (a) F 9% R 48 KEGG i % & £ (b)

Fig. 1 KEGG pathway functional classification (a) and enrichment of unigenes involved in the immune system pathways (b)
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Fig. 2 The bar chart (a) and volcano plot (b) of differentially expressed genes in female
and male Neophocaena asiaeorientalis transcriptome
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WURE 1824k myosinco mplex |- @ Qvalue EHEAU KR response to reactive oxygen species - Qvalue
AEMIMRUED R IREMA R tryptophan catabolic process to kynurenine - . 032 AALHH R response to superoxide -
SABARANE dynein complex - @ 424 AL response to oxygenradical - 02
WIS TR endoplasmic retculum calcium on homeostasis |- . 24 FEBYREBLA amyloid-beta binding |- -
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¢ d
o L SRS - K
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5L sphingolipid metabolism |- .2 A . naural ille oell med L ° o2
T4 T3 A 54 oytokine-cytokine receptor interaction - @) X 541K mineral absorption. |- o O
Fuglk phagosome | @ o5 CGMP-PKGAi 3§ cGMP-PKG signaling pathway |- @ (34
FARA AN 09 I natural kiler cell mediated cytotoxicity [~ ° o CAMPS lH AMP signaling pathway |- @ o 12
Th174153ETh17 cell differentiation - ) @10 JBHLIH {5 5l B chemokine signaling pathway |-~ @ [ BY
FeeRM SfiBk Fc epsilon RI signaling pathway |- ° BRI vascular smooth muscle contraction |- )
BURDA i34 phospholipase D signaling pathway [~ ® QfEL apelinf{ 43884 apelin signaling pathway |- ° QfEL
VEGF{ 5 B VEGF signaling pathway |- ° Qvalue Ak B and cascades [~ . Q vdu; L
IS pancreatic secretion |- ° IiL/MERGE plateleta ctivationg- )
EEMAH tryptophan metabolism - 02 JBBIEHF circadian entrainment [~ ° 02
NF-xBfi§ 5 il NF-kappa B signaling pathway I JEBEABZEAY cholinergic synapse [ °
LA {530 2% prolactin signaling pathway |- SRS R, ovarian steroidogenesis |- . 03
FNEMAE phenylalanine metabolism [~ 04 BYHHASZAASE S8 B4 B cell receptor signaling pathway .
B MR calcium signaling pathway G- VLS A AR regulation of actin cytoskeletondp- 04
S 3/ IV BRI S £k 1K proximal tubule bicarbonate reclamation [~ 06 B4 gastric acidsecretion [~
B R miner alabsorption [~ . FET- ferroptosis - 05
HERRIO-BOBk 14 M mannose type O-glycan biosynthesis |- BRI taste transduction [
ARSI collecting duct acid secretion |- e 4T HARS % (1345 regulation of lipolysis in adipocytes |-
e ipi ism - i L L L . A FRIGWALFRML vitamin digestion and absorption |- L L L i
003 0.04 005 006 0.07 0.03 0.04 0.05 0.06
BH 2 rich ratio BEZ rich ratio

A 3

KATIT M 22 7 6K L H ) GO il KEGG B4/

a. WEIR ;3% DEGs GO & %43 17; b. Mifw T3k DEGs GO & #4347; c. MifwiF %5 DEGs KEGG & & 43#7;

d. HEfwiT#£ ik DEGs KEGG & &4 1T
Fig. 3 Go and KEGG enrichment analysis of female (F_YFP) and male(M_YFP) Neophocaena asiaeorientalis
differentially expressed genes
a. Go enrichment of up-regulated DEGs in F_YFP; b. Go enrichment of up-regulated DEGs in M_YFP; ¢. KEGG enrichment of
up-regulated DEGs in F_YFP; d. KEGG enrichment of up-regulated DEGs in M_YFP.

A D 07 2 TR BE DR W 2 A T A A AR SRS
% (focal adhesion) . #4k[H F15 5 i % (chemokine
signaling pathway). F#MA& 5 EE Ifil 243X (complement
and coagulation cascades)FIL3}IEE FH 40 B 429857

2% 7= A= 1) IgA(intestinal immune network for IgA
production) . # g1t} (sphingolipid metabolism) .

Th17 41 534K(Th17 cell differentiation) 1A N2 R
{5} (phenylalanine metabolism)%5 i #% (& 3c). 240
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(regulation of actin cytoskeleton)Z5# (/%] 3d).

ZE 5 RIRFEN IR /M K LA 49 1> DEGs &
LB s, Horp 23 M EMIRES, 26 2 MER LT
(% 4). KEGG @ ¥ &# 23 MHifk4F DEGs
AT 8 AU A DG #(Q<0.05), A 442%
SR FEH (ILTR, CyclinB, p38, P15)# & 4

FoxO {55 . 26 M IfEfRLf DEGs % & 4
T 4 S PEA G (Q<0.05), A 6 M EFEIAEE
H(IGF1, SGK, GPCR, ITGA9, BCR, VWF)#} i 4
#| PI3K-Akt {55 @B (R 5). MAb, HLHE #%
NIRRT Hippo {5518 3% 78 M P VTR I
WP (1B 4)

x4 KIIIKEERERBEXESRIEER
Tab. 4 List of differentially expressed genesrelated to immunity in female
and male Neophocaena asiaeorientalis transcriptome

P, a4 IR %S log, FC
gene name description gene ID (F_YFP/M_YFP)
W f R IR FE[H female preferred genes
IL2 I 414 3 -2 interleukin-2 112399755 445
PIGR RAPEBRTE %K polymeric immunoglobulin receptor 112403452 3.52
IGBP1 e EERE 1454 1 immunoglobulin-binding protein 1 112410976 1.81
1L22 F 4 i/ & -22 interleukin-22 112394330 1.78
BDKRB1 Bl Z#/ik5Z{& BI bradykinin receptor 112409628 1.74
HSPB6 PR FLFE [ beta-6 heat shock protein beta-6 112392298 1.63
IGH G RRE A ESE immunoglobulin heavy chain BGI_novel_G000046 1.60
p38 p38 MAP J#iff mitogen-activated protein kinase 112413934 1.55
CPLA2  J{/E#iIERE A2 cytosolic phospholipase A2 112391289 1.49
IL7R FAN -7 21K interleukin-7 receptor 112414006 1.46
IL17F FIZHAEAY 2 -17 324K interleukin-17F 112413991 1.31
JAM2 43 F 2 junctional adhesion molecule 2 112390937 1.24
PLPP3 Wi IR BR W R 3 phospholipid phosphatase 3 112407066 1.20
AAP a-2-Pi 3% & alpha-2-antiplasmin 112394520 1.18
CCR10 C-C #afbHF324K& 10 %! C-C chemokine receptor type 10 112399840 1.11
COX2 IR A 2 cyclooxygenase-2 112403598 1.08
IL23R H YA -23 Z{K interleukin-23 receptor 112392762 1.07
CyclinB A 2243 3455 5 v 4t i B JU1 22 2 B mitosis-specific cydlin B 112393128 1.07
TEAD FE B4R T transcriptional enhancer factor 112414044 1.07
RAET1 2 F R 4 %% 5% W) 1 retinoic acid early transcript 1 112395609 1.04
CFL2 B4 -2 cofilin-2 112411171 1.02
SHC1 SHC 41k # 1 1 SHC-transforming protein 1 112415046 1.01
P15 20 A 0 8 T MR SRR T cyclin-dependent kinase inhibitor 112415059 1.01
MEIR 3353 X male preferred genes
CRK JEJEEFEIR C-crk proto-oncogene C-crk 112401625 4.24
CFB #MARF B complement factor B 112395373 3.65
ITGA9 a9 A% integrin alpha9 112401332 2.32
F10 #E LA F X coagulation factor X 112401492 2.19
MYLK WUEREE (M 2853/ myosin-light-chain kinase 112411806 2.07
BCR MBI Z R B-cell receptor B BGI_novel_G000385 1.84

(¥4 to be continued)
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(8t# 4 Tab. 4 continued)
P o IR 25554 log, FC
gene name description gene ID (F_YFP/M_YFP)
MR35 3 1 male preferred genes
PRKG1 cGMP K1 5 % 8 1| cGMP-dependent protein kinase 1 112399588 1.81
DDX3X  ATP fK#i?: RNA f#iEf DDX3X ATP-dependent RNA helicase DDX3X 112396076 1.74
P3H3 A A TR f =R 3-XUIN 4§ 3 procollagen-proline 3-dioxygenase 3 112403679 1.73
RAC3 Rac # H ras-related C3 botulinum toxin substrate 3 112410198 1.71
IGF1 [ & ZREE KX T 1 insulin-like growth factor 1 112391070 1.65
BCAR1 FLIRIEDUMESLZ HEPU L A 1 breast cancer anti-estrogen resistance protein 1 112393343 1.56
PIGR RAGEPERRFE M2 polymeric immunoglobulin receptor 112403513 1.39
IL15 M2 3 -15 interleukin-15 112393748 1.32
GPCR G EAMBZIK G protein-coupled receptor 112397450 1.32
FOS JFE LR B c-fos proto-oncogene protein c-fos 112394907 1.29
TFPI HLH T #2447 tissue factor pathway inhibitor 112400874 1.26
PTGIR B FI R Z Z K prostacyclin receptor 112415247 1.23
TAZ T AHIS FE M transcriptional co-activator with PDZ-binding motif 112415931 1.15
VWF I3 1M &2 % T von Willebrand factor 112391767 1.14
F9 #E 1ML A F 1X coagulation factor IX 112404539 1.14
CLDN4  ZHEEHEN 4 claudin-4 112401114 1.13
SGK I35 /4 K7 5 25 T 3% serum/glucocorticoid-regulated kinase 112400904 1.09
ECSCR N Kz i S Mk T 15 T endothelial cell-specific chemotaxis regulator 112404324 1.07
NCR3 KR ANME R 1 fnk % 3Z 4 3 natural cytotoxicity triggering receptor 3 112395470 1.06
NLRP12  NOD #£%{& 12 NACHT, LRR and PYD domains-containing protein 12 112401967 1.02
x5 KIIIKEERERBREXESREIEREE®E
Tab.5 Significantly enriched pathways of DEGsrelated to immunity in female
and male Neophocaena asiaeorientalis transcriptome
WIS Bl % Qi
pathway ID pathway name gene Q value
U Al S e PR 4 B S0 B8 38 % immune pathways enriched for female preferred genes
k004068 FoxO {558 FoxO signaling pathway IL7R, CyclinB, p38, P15 4.50E-02
ko04659 Th17 43534k Th17 cell differentiation IL23R, 1L22, I1L2, p38, IL17F 5.22E-03
ko04672 e IgA WG IE S PE M 4% intestinal immune network for IgA production  1L2, CCR10, PIGR, IGH 1.01E-03
k004650 H SR AV A S0 40 He 5 natural killer cell mediated cytotoxicity RAET1, ODF3L1, SHC1, IGH  4.13E-03
k004664 FceRI {553 #% Fc epsilon RI signaling pathway CPLA2, p38, IGH 1.68E-02
k004657 HAE-17 {5 5% IL-17 signaling pathway COX2, p38, IL17F 1.76E-02
ko04625 C HIBEEE R Z R {5 5 C-type lectin receptor signaling pathway IL2, p38, COX2 3.29E-02
k004666 FeyR M-SR MEVEH Fe gamma R-mediated phagocytosis PLPP3, CFL2, IGH 4.50E-02
T i S e DR B ) 9 8 38 % immune pathways enriched for male preferred genes
k004662 PI3K-Akt {55 # PI3K-Akt signaling pathway IGF1, SGK, GPCR, ITGAS, 4.03E-02
BCR, VWF
ko04610 MR 5 EE P08k KL complement and coagulation cascades VWF, CFB, TFPI, F10, F9 1.89E-03
ko04672 e TgA BB S BE M 4% intestinal immune network for IgA production  1L15, PIGR, BCR 2.34E-02
ko04611 I /PR platelet activation VWF, PRIKGL, CRK, MYLK, 1.90E-02

PTGIR
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2.3 MM K miRNA RIEIE ST

/5 mRNA WP HHE REAS, E— 2B 058
VWK miRNA FEBERE P ) ek il . 25
M F )5, M1 YFP, M2 YFP., M3 YFP,
F1 _YFP .F2 YFP FIF3 YFP43il3iifs T 23227777
(96.39%) . 23773796 (97.19%) . 23168825 (97.56%) .
23371998 (96.33%).23102270 (97.02%)F1 23071513

(96.20%)%% clean tags (£ 6). EHTE 6 MHEM T
JLUET 457 DMRSFIFHIR 528 BT A, MR R
VTR R 2 R 20 5080 47 2% 57 3R R S R 4
PAET 160 2533k miRNAs (DEMs), f4%
114 /> miRNAs, HHH 97 4~ DEMs 7E#EPER
TLILK B335, 63 4~ DEMs 7EMEM K ITIT K
W R

a PI3K-AKT signaling pathway

N

i antigen

FoxO signaling pathway
SALRIPY oxidative stress ’

Yt 5DNABER

-7
- .7 { resistance & DNA repair

T s
N | > > A
e -® /. gy
#41LHEF chemokines / - \ ~ S
#k .
omones A
b Hippo signaling pathway

i FUHTRAE pro/anti-inflammatory
- —). —»-_} ‘)z_ Lo ‘l\ 4% proliferation
. > \L > | qgUEA tissue Tepair

FaA4ERF homeostatic maintenance

K4 KILILRPIPE M PI3K-Akt-FoxO {5 53 % (a) Fl Hippo {5 53 #% (b)
TEMEPE vs Bt b 4L, 1R DEGs F4Ltad3ic, TR DEGs gk G hric.
Fig. 4 Major changes of PI3K-Akt-FoxO signaling pathway (a) and Hippo signaling pathway (b) in female and male Neophocaena
asiaeorientalis blood transcriptome
Expression of up-regulated DEGs is marked as red and down-regulated DEGs as green in female vs male comparison.

&6 mMIRNAWF. HHEAXRIENERSH

Tab. 6 Sequencing, assembly and comparison of generated miRNA data

ARG  BURIFIIEGE P clean BT BTE /% I UET I /% b o LX) B b L /%
code raw tag count tag count Q20 of clean tag  percentage of clean tag  mapped tag percentage

M1 _YFP 24098082 23227777 98.7 96.39 21091855 90.8
M2_YFP 24460272 23773796 98.4 97.19 21908371 92.15
M3_YFP 23749060 23168825 98.6 97.56 21446295 92.57
F1_YFP 24263384 23371998 98.5 96.33 21841706 93.45
F2_YFP 23811996 23102270 98.6 97.02 21533329 93.21
F3_YFP 23982483 23071513 98.5 96.20 21206194 91.92

24 EBRZFEFEF miRNA BREHHT HXZR, 258 EBR, A 190 %7 miRNA-mRNA £ i
FF R FE SR EIERAS ) DEMs S =i WL ZR, 45 30 B J11¥ DEMs A1 136 4~%F L
A HE L RO % miRNA il mRNA Z A EAE  #mCR M) DEGs, #E—0iik T 45 X 550
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1) miRNA-mRNA #[E X R, {145 13 4~ DEMs
37 AN N ] O FR Y S EAH OC DEGs o il i %)
ARFM A 136 4~ DEGs #17 KEGG & 54T,
KA 6 KisHZS 5 T RBERN, RIFMAE S EE
K ML/ (platelet activation), H AR A5
A T 09 240 M9 B P (natural killer cell mediated
cytotoxicity) .PI3K-Akt {5518 % (PI3K-Akt signaling
pathway). Ras {5518 (Ras signaling pathway)#l

B 558 #K (K 5),

T FIRFRAS 1) DEMs FI 9 #E#H2% DEGs, 2
HH T miRNA-mRNA S5 [, 45 5100 & B,
miR-24 . miR-103 ., miR-455-3p 6. miR-107b_1I .
miR-15a-3p 1 . miR-34a-5p . miR-140-5p 1 .
miR-140-3p_3. miR-18a-3p 2 fEMEME KITITIK+
¥ #3K, miR-34b-5p, miR-18a-3p 3. miR-124c-3p
A miR-24-3p FEMEME K VTIT KR iR E(E 6).

5 e P R VLV AORE BE P miRNA. 2 [i] 3 6 19 255 ]
@R ACE 1A miRNA, SEEFACE T miRNA, 2067 SR e i, (07 P b .
Fig. 5 miRNA target pathway networks in female and male Neophocaena asiaeorientalis comparison
The orange diamond represents up regulation of miRNA, the green diamond represents down regulation of miRNA,
the red square represents immune pathway, and the cyan square represents other pathways.

25 QRT-PCR iF

T R UE bR SR AL S 1) 25 SRR
mRNAs Fl miRNAs [ 5E¢, FPLEERE: 6 4>
DEGs #il 6 I~ DEMs #17 qRT-PCR 331iE(&l 7), 47
WILL GAPDH F1 U6 snRNA 1ER NS, S0
ZER LI, X mRNAs Al miRNAs () #5805

F SR B FP A2 2R — 2, XIS T Ay Al SEdt:
3 Wig
I A D e R G AR, #5 2 Bh Se e i

TR SRR, 25 e KA G By 4 A i
PSR N IR B o 38 5 LIRS S AL T 5E AT LA
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BCARI1

NRXN3
LIFR
miR: p_6

SLIT3
CNRIP1
Sp
HRM?2
SPATA46
EML1 ITGA11
LOC112391704 A9
miR p 1 miR- p.3 miR-1 2
LOC112390895 PRG3
FOS KANK3 SHROOM3 LOC112400874
R 2
1
mi 3p
mlziip

K6 MEREPT MR VIV HE A miRNA. FHE ] 6 £ 5]
P (035103 198 miRNAs, SE3EHMAE T miRNAs, @@ RBETIHIER, o@RBNELHRER.
Fig. 6 miRNA and target genes network in femdle and male Neophocaena asiaeorientalis comparison
The orange diamond represents up-regulated miRNAs, the green diamond represents down-regulated miRNAs,
the blue circle represents down-regulated genes, and the red circle represents up-regulated genes.
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a RT-PCR BB RNA-s
MAPKI3 IL23R CCRIO ¢ “
e, __—=— 8msg WEa40; —en 70305 5 US4 — o 7101 8§
g 1 o 1787 ZEas[ pomams 10%EE Hiaf g e [ 0ES
Ko sr pLmHeSD ge gl RE3D| e KLl [ 108 4 8
28 | 15 R & & East [ 10205 & &gl [ Joex &
v L 1420 &p207 10155 o, m;O.G' _04gg
%84 T :%Eﬁg ﬂﬂ&%g 10105 @ ggo@- g
B 2T 11 &S & o5l 4005 < DG 102 M <
ﬁ"’éo o % ﬁ‘égﬁg 0.00 & Z f@"’éo"g o ®E
) Mt female 7 male ) Mt female 7 male ) Mt female  # male
Bas( 0 som s BEos ML J030m & BE 5 MRPI2 106 &
R E20r m3%SD | w0l E &KE o0 n=3,5#8D 102574 F i % n=3, %SD los %%
ﬁa ’ 'H'%a {5‘5‘ T '020{%& ﬁ‘aﬁ' _04{%’54
O 515 0L O I5F rtE OF TR
B8 ot 0EF HWE w0} (0b= g g 10T IBeE=F
grof =2 ol {0108 & 59 102 % 8
ﬂﬁﬁ-t S {HD.‘ 1 {Hg_‘ 5t - 2 & ¢
B 057 10"‘*’% fe 5T —0.05“?’*‘%' L -0.1“1%5
R 0o 2 ORE o o ¥E RY¥ (L o ®
M female /4 male M female 7 male M female  Hf male
. qRT-PCR BN RNA-
b miR-107b_1 miR-455-3p_6, miR-24 -
B2y , 25 e B0 3 JLemE BB e 1350, &
@ "55 Nl - 4 1. ,'5' N2t _ 4 300% @
BEist |1 msmsp |2 o KE st [g »>#=spq 12 §i K g0l & n3.msD | 25038 &
ol 5 g O 5 1105 & Eost 1 2002 &
£ 1.0 =9 & %10t log S P 508 %
% [ |0E§ B8 {os 2§ Eg 06 T 1I0E§
$E0.5 5 < ﬂéao.s— T 104 2 4 33?'“012- 1003 &
wE o o HE R% o o ®E RE o %
M female /4t male B female /4 male M female 74 male
mm.s 25 ¢ miR-34b-5P* 10 1g § I § 1,4.miR-24-Sf 200 1y & m.g 20 miR-124c-3p, 135 5 5
A o0! % lg g ®g12f —— «g JF T {3048
{fé £2 S m=sp | T ® 2 45 = 1.0f 7=3,x+SD T 150 4 & {5 & 15 p=3,3SD [ 125K £
isp T 16 1 & X L & 2 ’ | &
Uq_) LQ 0008 L’bL\'D Uq; [ 20{»&%
O =T [ 100358 &84 11528
e L 14 B g & 0.6 = o e 15 R o
1 5 1.0 g I g I
O o 2 O LT m 2 O | = 8
Bos| I 12 ®< ﬂﬂ&g'; 0 R WEosro (1)-(53322
RE o o ¥2 RE"L o ®Z REZ 0 &2
M female  #f male M female 7 male M female 7 male

B 7 2Z5FFRILIEKE(a)F miRNA (b)) gRT-PCR iE
ZEYAfFR qRT-PCR MAHXT K&, AR RNA-seq RIKH. *FIR 2 57 2.3 (P<0.05).
Fig. 7 qRT-PCR verification of differentially expressed mRNA and miRNA
The left vertical axis represents qRT-PCR relative expression, the right vertical axis represents RNA-seq
expression. * refers to significant difference (P<0.05).

EEAR | Tl g RG], ARECE & i g
Iy R DG 5 PR3 %, I H R R S ) Aol £ 928 i
T RE LR PO, Sy T BFSE KT T K 0 2R 48 M e
HE2 5, FIFH RNA-seq Hi R3S T 6 Sk KILILHK
I 2 s A A, O 30 ok % 9 A 9 S 2L A AR i)
25 FGR LR B S T RE T RS, NS BRI 4K
ST B P P VY TR S8 3 o PE ML 73T o
3.1 MRIMKITIIR R EIE N RN

N S S 2 4 RV 2V € TR R A RN 7 €78
RIAH B BT o, 453 T 15878 AL,
d R 72.1%, H iR L Rk i e
(P REE R SC LA, 0 CD74 Ml CFD %%, fEm#Kik
R, A RRERE AR, xR H]
PAXgene IR SR HUMM RNA BRI, 25 %

IRFER 3 AT s, MR A TV WA I 5 3l
K IGF1 (RS EFAKKHF 1), RAC3 (Rac )
H1 SHC3 (Sre [FIRZEHEIR)IERH, I & W % TRas
signaling pathway”. “Wnt signaling pathway” .

“mTOR signaling pathway”. “PI3K-AKT signaling
pathway” i B, J8 17 40805 1 . B A= L 4
A% . NS SRR LEh B B A PO, l
T JAC ULV A P 5 00 L A R T i S B AR OG, X T fE
TR & MR B A K PERE . b, BEMERTL
VLK LV & I i 635 PLPP3 (W R R W IR ) |

ALDH (Z 18 i & i) A1l COXTB (41 it 5, 2% ¢ Ak il
WA, JF B w A TR A
(tryptophan metabolism) . HHEZf# (glycolysis). %A
AW R 1k (oxidative phosphorylation)i i, 1#77
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BRI . L FR AR RO AC I AT U, e K
I FE P 5 e AR T B 5 A G, X T RE TR
KR 5 0 BE AT RE

MO 3 5 0% B 4R A0 B &6 R MEME KOV K
PI3K-Akt {5 5iHEH A IGF1, ECM (4l i #h 3
Ji7) . BCR (B 4l i) 3Z14) . ITGA9 (09 #5K).
GPCR (G & FIEIKAZ ) F SGK (Il T /4% Kz i
RV IR) F EH EIE Rk & T (B 4a),
R IGF1 FQpINE KT 5 22 k85
il T PI3K-Akt {555 #% . O A W5 K, FoxO 17
53l %52 PI3K-AKT {5538 B iy a4, i
T T WSS TAERPEVR T . PUNIR N . A0
Dl TN L i e SO R e A e
FHE63T . 598 & 0 FoxO {5 5k iy p38 (p38
MAP ). CyclinB (41 FEME T B). pl5 (4l
JHL ) 400 1 B SRt A o ) AN TLTR (A0 A
KT ZAR) A g8 b G I PR 7R M MR R VYLK b 3%
ikt ER(E 4a), RIIZ EiF PIBK-AKT {55l
B O, G T FoxO {5538 1, X — 45 R %
A, EPE R VTV R] RE A TG FoxO {5 53l i
eI E R G

Hippo {55 i [ e v & 7E b R 3L, If
T FL Sl b BE ST PRSI AR R BB & PR,
Hippo 1553 [ £ K SR G 32 T 9 i S v & 45 4
FEAERDY, Hippo 15 5 il B FIf AR5
AR AZ B WA JF AR A oy TG 5 )5,
TIZIE e, S EOR N T YAP/TAZ #iiimtk, S
SO AE AN M BT B, ASREHE A A0 A% AT (o LG S
WG Yy AE . Hippo [ 5 i B XM 5, KRIG MW
MST1/2 Al LATS1/2 i3I BERR LB YAP/
TAZ, FECHAEMMAZNIRE . RIS YAP/ITAZ 5
eSRkINF TEAD 454, S IENE S, Rit4nig
BB . BLRIER N . HEUBEE DL R AERFHLIR B
A0 AR BIRSE % PR, Hippo {5 5l i b G L [H
YAP/TAZ 78 M PE K VTV K ik F i, i
TEAD #5¢HF ks iH(E 4b), FH izl
BEBEITE o AT UL, MEPER VLYK AT BB H A SR 1Y
G g 1 B AR LR MR A 1 BE

AU X B AN FE TR VYT KL SRR i
4B AR A HLTS e 1 (POPs) B S LA () F

FERM, HEPEILIKIAN Ca. Cr JGE LIS POPs &
IR T HEME, X b 7Y B 2 KTV IR i i
TR e HoAt A8 B AR AR i S D, AHIESE o
N AR SEH ] HSPB6 (#WK 72 2 1 beta-6) fill
COX2 (A A il 2) 76 BfEPE VT L8 5 38 e ¢
Ko SR AL T N IR 2 e B S A AR 5 s
AL DI ik v 0 2R B e A, AR AR
R, EaE . WA, B s A E
LA COX2 S i A1 R 2 A Y SR PR o g, 7
SEAR I B s b R B AN, SGK 3t
PRI I P VA i 94 o 3 3 D 206k, LG 366 PRI X6 44
ML Fh I an 980 . EARRE . SR A2 A I L
JE, T LA B RR AL 3T 67UR ST FoxO e 5t 1144
T P VK I 5 I e 23k p38 LA, ddad p38 K
s TS FoxO HskH TRk, XA
PR FoxO 1553 i h & 4% EEAEHPY, x—
45 SR 3R U M VT KR 32 B B EE N O i e, 23l
Tk IR0 PR Lo 1 R R T, L b
P B T PR b R A ) o
3.2 KILIEmi#&E miRNA-mMRNA BX& 97
MicroRNAs (miRNAs)&—Ffi{ JE 2y 22 nt [
JEgiS /N RNA, FZ5H ) 5HER 3'UTR 456k
PP L 9 #359 miRNA /519 RNA T4/
g —F S AL, AR B B R E
AT L e AR R R L S 2 R AR
St AU VR R ARG R AT O, — 8t
miRNAs ELYEIE e SR D i b & 45 d B/
BN, miR-24 512 M AAE B A X, I
CLUESE A J LR AN [+ ) 42 80 ] 3 e i 1 1),
ABFFARYEA LI IR PE A OC miRNA - S H T
KR IATE O, BT EMEIR 4F 3815 miRNA 7E %y
ROV RIERAE R o DF9R R B, PR i e 4
£ T 160 4~ DEMs, A 97 4~ DEMs 7EMi VT IK
FiHFEL, H 9 miRNAs (miR-24, miR-103,
miR-455-3p 6. miR-107b 1. miR-15a-3p 1. miR-
34a-5p. miR-140-5p_1. miR-140-3p 3. miR-18a-
3p 2)FE g A KL [RIBT A 63 /> DEMs 7
HEVEVC K B eih, Hrp 4 4 miRNAs(miR-
34b-5p .miR-18a-3p_3 .miR-124c-3p Fl miR-24-3p)
PR TN, L ESEER 13 APt RE
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ik miRNAs 25 ZFh A 5 M5 95 F e 21 2800
B A PR #14° miR-103PF1 miR-140-5pP%58
P PI3K-Akt 1553 53l = 5 - A oN 5L
AR DI RE . miR-34a i 3 3T W 2R 40 A
SRR Y, [T RSB TIE R . Wz
IRANMS . ERELNAE . T 40H0F0 B 20 M 55 e 2 41 it
d, WATHAE . DIfE AR DY, AT, gk s
SRR miRNA A FEE 1 8 5 03 R Al 2k 1
S VTR B T BE

ARG FT K BT 2% 5 355 miRNAs (1) 0 4
FER 5 e s A OGN, VW (i85 1 &<
5T )H miR-24 . miR-34a-5p. miR-15a-3p 1.
miR-107b_1 Fl miR-103 J:[F] 4% I 75 . MA 5 58 1.
I AN PI3K-Akt {553 i A 4E/E ], VWF J2—
ROy 7o 2 BME A, XMEN T 0 R Bt
HA G ERPY, FOS (FUEHEHEH c-fos)le:
miR-24 AU I/ MAPK F1 Toll #EZIK(E 5
i R AEAVEF, FOS A —Fl FUR SN, Hig
1) FOS & H 5 c-Jun 25 G IE UG #2141 1 (AP),
T I 08 2R G et K M e s R 2 — B0 AT,
XU 22 IR miRNA 59556, IF H.
KZEM K miRNA 7EMEMEA AR 235 L, X a]
AETHR B AR MM KTV B T A S fE 7 .
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Potential mechanisms of differences in immune adaptability between
female and male Y angtze finless por poises (Neophocaena asiaeorientalis)
revealed by blood transcriptome analysis

YIN Denghua® %, LIN Danging”, YAN Yan’, GUO Hongyi', ZHU Xiaoyan®, ZHANG Ya', LIU Kai*, TANG
Wengiao'

1. Shanghai Universities Key Laboratory of Marine Animal Taxonomy and Evolution, Shanghai Ocean University,
Shanghai 201306, China;
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Affairs; Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China;
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Abstract: The Yangtze finless porpoise (Neophocaena asiaeorientalis, YFP) has attracted much attention because
of the dramatic decline in population size over the past decades, which raises the concern of extinction. Exploring
the immune adaptability that occurs between female and male YFPs is important for their protection. In this study,
blood samples of 3 female and 3 male YFPs were used for mRNA and miRNA sequencing by RNA-seq technology.
We systematically investigated the mRNA and miRNA profiles of female and male YFPs to screen for genes,
pathways, and predicted miRNA-mRNA networks associated with the immune system. A total of 15878 unigenes
and 985 microRNAs were obtained from 6 samples. KEGG analysis revealed that 1534 unigenes were annotated to
the immune system category and were significantly (P<0.05) enriched in 20 common immune pathways. Further,
539 differentially expressed genes (DEGs) and 160 differentially expressed miRNAs (DEMs) were identified, of
which 299 were female-preferred genes and 240 were male-preferred genes. GO and KEGG enrichment analysis
showed that blood genes were significantly correlated with immune response and energy metabolism in females,
and with immune response and cell growth in males. In addition, pathway enrichment analysis revealed that FoxO
and Hippo signaling pathways were activated in the female blood. Based on the integrated analysis of DEGs and
DEMs, 45 negative regulatory relationships of miRNA-mRNA were predicted, including 13 DEMs and 37
immune-related DEGs. Studies have shown that microRNAs are involved in the immune system of both female
and male YFPs by regulating gene expression, and adult female YFPs may have stronger immunity and the ability
to maintain homeostasis. This study provides a new perspective for interpreting the adaptability of male and
female YFPs to diverse habitats from the perspective of immunity, and the study’s findings are of great
significance for protecting this endangered species.
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