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MicroRNA Differential Expression in Egg Duck Pituitary Gland
Under Acute Stress in Cage—rearing
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XIONG Ting"**,LIU Qiuhong'?,HU Xiaolong'?,MAO Huirong'?,
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Abstract: [ Objective | Based on the high—throughput sequencing technology of microRNA (miRNA) , this
study aims to identify the expression characteristics of pituitary miRNA in egg-laying ducks under acute stress
in cage and explore the potential function of miRNA under stress, thus providing a reference for further
exploring the molecular mechanism of acute stress in Longyanshan hemp ducks during cage rearing.| Method ]
In this study, twenty 110-day—old Longyan shan hemp ducks were chosen.The ducks were randomly assigned
into two groups: cage—reared (C group, n=10) , which was subjected to a stacked cage system for three
consecutive days, and free—range non-stressed group (FW group, n=10) , which was raised under semi—
houseing conditions.At 113 days of rearing, four pituitary tissue samples were collected from each group (C_P,
FW_P)for miRNA sequencing and analysis. | Result ] A total of 331 known miRNAs were detected in the C_P
and FW_P libraries, and 5 new miRNAs were predicted. Differential analysis revealed eight significantly
differentially expressed miRNAs in C_P vs FW_P (P<0.05) , with four miRNAs upregulated and four miRNAs
downregulated. Enrichment analysis of target genes indicated significant enrichment in calcium signaling
pathway, gonadotropin—releasing hormone signaling pathway (GnRH signaling pathway) , progesterone—
mediated oocyte maturation and other signaling pathways (P<0.01). [ Conclusion | These results suggest that
acute stress in cages leads to differential expression of hsa—miR—129-1-3p_1ss20TG, hsa—let—7¢c—5p, hsa—
miR-27a-3p_R-2, hsa-miR-99a-5p_R-1, hsa-let-7b—5p, hsa—-miR-15b-5p_R+1_2ss20AG21CT, PC-5p—
1405_462, hsa-let—=7f—=1-3p_1ss22CT miRNAs in pituitary tissue, which may regulate stress, growth,
reproduction, and other life activities of Longyan shan hemp ducks through various signaling pathways.

Keywords: Longyan shan hemp duck ; cage rearing;stress reponse ; pituitary ;microRNA sequencing
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FORUHONE BT HE A 4 B PR AR S P N SO, S A8 H LAY AR S e SR o AR e R A O
FRA 4 S v A 8 R OS NEAE T SE R IA T R W B, Zhang SR 29 06 G G S AL ST A AL FI R
S 53175 B BIF 5 v e A 2 U PR o A I R T IR L 2R 1, 2 A SR I L S I SR B e
450 SAE TR A ML AN L 4 d 5 TP 0 T 06 4 e, X S 25 SRR B, 7 8 7 S 3 O S 00 1
L DAXT LA ZH 2565 0 A A% o Zheng 45 R HIVBCRR €33 £ I B 318 12 I i AL e i) SR 1B 57 5, 10,
15 d J= 18 i 3 v AR ) B A8 4k, 43 B 1 S8 7 OIS A= 7 R S BOR AR AL N TR B 4 S e HE T B 7R
LTS FE TR 5 YRS d A THURH . AR AT R T OB SR NS A SR AR NS 18 3 d S g AR
HEACEZH 0 S ) L AR T 2R 33 O AW A Ay 2 i, 3l i e M R B, JE SR SR I s S BUR
LN (18 SN e AW B e~ o LB 59 7 Bl N IR TN R 1 /e SR VA e et Al D S T e B S s
S5 N i AR RS AR K R B S A liG o N PGE T B - iR - R (hypothalamic—pituitary—
adrenal axis , HPA ) JSUHLAAC Al 1R N2 02 385052 ™o T AR I 80 B N P9 98 5 o 3 ek oA 0 2R 90 4 o
PR,

(ARSI R KT R E el S5 N I 58 22 8 v TR WM RE , HAE HIBLHE 75 RGN .
Bl L HOR I A A HORTE S A 7 R W T B K, m R T 2H 2 BRI 98 25 5 S8 SR P
AR BARTFELE . microRNA (miRNA )& —2R KB 20~24 nt B9 A JHTE DN REAY AR 5 RNA, 3
BT 5 ) mRNA Y 3"UTR 255 #9757 20, v 5 mRNA B B0, miRNA 215 2% T 25 4 19 240
TGS A AWy A, ) L A B3 S AR AR R T R EEB AR R SR (UM AR ) OG5 ] i ] A 5 40
DU 5 LLRRTS AR SR A S0 42, FEFRAE R LR, NTEAA miRNA FRIA7KP 1Y A1 B2, PR 98 S8 TR T 25 7
WA B 7B
1 #Rl5FE
1.1 Rz EHAH

VEER 110 d 2 i s R 34— 9 o LR 20 (VPG KA IF KA FRA FLEEE) , BEPL K
B )2 T A I 4 BN 37 2P R 3 4H (cage—rearing system , C 41, TR B0 41 ) A12f 4 ] 135 20 B A 1 38 2H (floor—
water combination system , FW 2, %f f 2l ) , B4 10K . CHLTE 110 d B RS RIE 2 iR SR, L3 d
JE RV 113 d S BEHLIE I C ZH A FW 21 T LLURRIE 25 4 HAE g 0t 42, J5 ) SO (A 41 2Lk ZG# R F -80 °C
A7 s . KB IR A I AN ER 44 0 C_PGRIGAL) , 2 & 17 i 3= A8 B i 41 SRR Ay 4% FW_P
(XTHR4L) .
1.2 REHFEETR
1.2.1  RNA 4 Ffe L EM E SR TruSeq Small RNA Sample Prep Kits[ K 3¢90 (Fp [E ) Bl22 88 6445 PR
A I AR HCRNA i 5 /N RNA I S0 o 73 B4 B (RE Al S RNA, 2R S5A% )i, 7/ RNA 3757
R I R S cDNA , £ PCR 47 £ 37 /N RNA 5 SO o SR 28K A T J FH 3000 5 R A 4 1
BAEAMT.
1.2.2 miRNA ) 5247 i Ff] Tllumina Hiseq 2500 B3 1x50 by I 7 AR 28 X0 4 8 (1 SC 2 847 g 1 i
¥, M ACGT101-miR (B )1 A= Wy BoAR BG4 FR 2 7)) X miRNA Bls 247 0 2 18 Bi S50 3% ,
e EBR 3 HELMTCRUF A, AR clean data, FF X HEAT 1 BE 0 6 (O B BEE S FEAE 18~26 nt Y41 5 Fifi
JE EAT RNA B8 PEL A4 miRNA (mRNA \RFam 1 Repbase ) [H Xt 4341 Al i 516 75 21 Valid 508 ; K A 308K
P& Ho Xk 21 57 K A 3L R 2 (https://www. ncbi. nlm. nih. gov/genome/2793? genome_assembly_id=426073) i#f 17
miRNA 278 | FU FIar 44 5 DL P<0.05 A BIEL#E 1T 22 55 3235 miRNA %77 1% ; {1 ] TargetScan(v5.0) ,miRan-
da(v3.3a) WA 53 50108 ik 35 14 22 53 1 mi RN A 74738 5 PR 99300, iy BB VPR s 20 AP 0000 45 2R 1 22 B AR
h 25 miRNA [ AR
123 Z - miRNA e L B @ koA X225 RIA 1 miRNA #U2E N 247 GO M KEGG & %704, 2
% Bi SEPIT I K RLEE I 18] GO I KEGG K006 2 M, K T 46 5 [A 42 HE X 1V 1) GO FKEGG 2% H #EA T 1
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B VTR 2% R IE % 10 22 S Bk DR, AR5 I LA ARG 0 4 55 A R DR A S AR L 3 AR Y
GO & H M KEGG 3 e, x4 R b A7 nl e Ak 2

1.24 miRNA Z ¥ 35 B 52 0F % 6 2 % PCR 32 4E 47 R ) miRNA 1st Strand ¢cDNA Synthesis Kit (by
stem—loop ) 1871 & (B 5TV E B8 A W) BB 00 A1 BRZY W1 ) K 6 RNA A B miRNA JEAT SR 5%, 45 B eD-
NA % — %% . has—let-7c=5p (TGAGGTAGTAGGTTGTATGGTT) . hsa—miR-99a-5p_R-1 (AACCCGTAG-
ATCCGATCTTGT) . hsa—let—7b—5p (TGAGGTAGTAGGTTGTGTGGTT) . hsa-miR-129-1-3p_1ss20TG
(AAGCCCTTACCCCAAAAAGGAT)4 /1> miRNAs ¥ ¢ 8¢ 18 A= 1y (7 M B8 1 26 W B R A BRA ) B4
StHE#) Bulge-Loop™ miRNA qRT-PCR 5920 (43 4140 & — A Rk sk s | A —xh e 151 9) L DL U6 hy
N2 3L, 3 B miRNA Universal SYBR qPCR Master Mix (T 5% v ME R A W R e A BR 2N /1) Bic ) 2
MAKR R : 5410 wL ) qPCRIB G W) & 4 5 L #) 2xmiRNA Universal SYBR qPCR Master Mix 0.2 wL f¥
I 5147 (10 pmol/L) 0.2 WL B4 1F [ 514 (10 wmol/L) .2 pL i) cDNA F12.6 wL (A & A% B8 4% 1R 1t 1)
ddH,0. 7E Applied Biosystems QuantStudio™ 5 5% 9% ' 2 it PCR R GE[FE 8K /R () A3 BRS /) 4%
B AR 7 R (95 °C 15 min) ;40 DM EFR AP 1S (95 °C 10 s 160 C 30 s) ; FAAEPE(95 °C 155,60 C 60 s,
95 °C 15 s) F= Az I3 il il 26 1 25 4 347 PCR 2 o™ i FH HiScript Il All-in-one RT SuperMix Perfect for
qPCR U7 & (7 0 i ME VR A2 W) BB B 03 A FR A W) X mRNA 47 B e 5%, ffE ] 2XT5 Fast qPCR Mix
(SYBR Green 1) a5 & (Jb st BB AE W RHEA IR 7)) #% BB 3, LA GAPDH ( Glyceraldehyde—3—-phos-
phate dehydrogenase ) & N2, #41T7 ACTA2 (Actin Alpha 2) . PANK3 (Pantothenate Kinase 3) . NMRK2 ( Nic-
otinamide Riboside Kinase 2) . CHACI (ChaC Glutathione Specific Gamma—Glutamylcyclotransferase 1)
mRNA (9 B FE &, 51 R 10 BFEmBCE 3 DR E A . R DL 2 ik AT H Y BRI A
X 2k 1 )15, H GraphPad Prism 8.0 (https://www.graphpad.com/features ) #F 17 23 AT F142 &, 45 5 LISF
KIE AR AE R R

*1 5MER
Tab.l1 Primer information
EIE/ERN J¥311(5'-3") B JGRE/C FERE bp
Primer names Sequence(5'-3") Annealing temperature Product size
qACTA2-F CACAGGGATTGTGCTCGACT
qACTA2-R CACGGACAATTTCACGCTCC °0 18
qPANK3-F GGTCTATTGCCCGGATGTGT
qPANK3-R CCAGTGCATACGCAAGAAGC °0 111
qNMRK2-F GTCCACCAGGACGACTTCTT
qNMRK2-R GAACGGGCAAACTTCACTGG °0 2
qCHAC1-F GTCGCTGCAGTACCTGAACA
qCHAC1-R CCGCTTGAGGCCATGATTTG °0 1%
qGAPDH-F GGTAGTGAAGGCTGCTGCTGATG
qGAPDH-R CCACCACACGGTTGCTGTATCC o0 7

2 HER55H
2.1 EFSMRNBSESAETFIEN M EBERmIRNA XENFRERHFELEER

X HR L) FE F7 A 5 1A R R T R RNA SHEAT T A I, 5 SR AN 3R 2 0T 7, OD, /0D 18 2.1 2247, Uk
JEYITE 0.5 pe/pL LU L, F7R Tt RNA VR & FLJCER 1 T . DNA 505 5% R55 Ja 9 PR Ay 225K

FE G2 PEI e, AR5 AR o X IR GRS ™ AT SE T, 38 AR A ) v T e AR n 3R 3, % R
AR 6 20 - Y 5 RE 3RS Valid reads 5535 8 050 163.25 4%, i R MITE 73.68% LU |, HLA ST



o4 1 SR SCHRAF SR AR R T EE S A microRNA (28 53 835 70 - 935 -

PR AN K R 3T 92.23% 43 A AE 20~24 nt, oK 5 R 22 nt 95 51 7 o5 Ho 01 B K, 45 6 Dicer iU (1) i
RURRAE I P28 S nl 5, vl T JR 2240001 .
&2 RNA FE#N
Tab.2 RNA quality test

5 : ik WRIE/ (g pl”!

1 FW_P_1 1.06 2.14

2 FW_P_2 1.04 2.17

3 FW_P_3 0.63 2.03

4 FW_P_4 0.74 2.12

5 C_P_1 0.57 2.12

6 C_P2 0.63 2.11

7 C_P_3 0.70 2.16

8 C_P 4 0.65 2.15

=3 miRNAMFHESIT
Tab.3 miRNA-seq statistics
FEAZ R A HE AR HRFH N /% 0%
Sample name Raw data Valid reads Percentage of valid reads ”

FW_P_1 9817810 7233 803 73.68 96.19
FW_P_2 9361 144 7920 850 84.61 96.58
FW_P_3 9254025 7279 490 78.66 96.48
FW_P_4 11 949 660 9965 990 83.40 96.56
C_P_1 12 187 673 9890 631 81.15 96.57
C_P2 8 889 578 6723 432 75.63 95.82
C_P3 9 986 848 8372612 83.84 96.72
C_P_4 8931 306 7014 498 78.54 96.06

22 EFFMNBSFESAHFENHEBERERRIEmIRNANEEMBESNER

¥ Valid reads 52 % FE P4 AT L 0T FIT7 25 , C_P 1T FW_P ¥ 40 32 28 2246 3 554 4> E 414 miR-
NAs, Tl 7 43/~ 8 miRNAs, AFREE M FRR R 00 miRNAs 5, 458 H T 33142 8119 miRNAs,
T T 548 miRNAs, Hr 18 4> miRNAs {UFE C_P T A] AKZ I E] , 14 1> miRNAs HAE FW_P Hogs I 5]
(E1)o LLFW_PAE XS B, LA P<0.05 2 i 2 25 1F , #6221 8 1> miRNAs (hsa-miR-129-1-3p_1ss20TG .
hsa-let=7c¢=5p. hsa—miR-27a-3p_R-2. hsa—miR-99a-5p_R-1. hsa-let-7b-5p. hsa-miR-15b-5p_R+1_
25s20AG21CT ,PC-5p—1405_462 . hsa-let-7f—1-3p_1ss22CT) . # 22 F F ik (K 2) . U log, (foldchange)
B AR, —log,, (P-value) AL AR, Xf 25 5 338 50 v T A7 19 miRNAs 23 il LU B (18] 3a) o 25 R 3R H, 6
FR A MERN BOIRA R —28 miRNAs 19235 EIH, —28 miRNAs 9B, 578 X 28 miRNAs X 5% B
A AEY2EDIRE . ARIERE S miRNA F 3k AT R, o 25 55 2638 miRNAs #4720 87 (1 3b) , R
Fi log,,(norm ff ) F& 1K ELULHI 7R 22 5 miRNAs FEAN[RIRE S P (1 2B 0L, 25 5 miRNA 28087 s C_P
FIFW_P BAEAS T LA 255 B, U0 I 22 S ek i s 2 T S 1 .
23 EFRAMENHESFERBFIENHEBEERERRIE mIRNA $BERE GO FMKEGG EE 7

X 2% 5% miRN As HE A7 80 28 R Fi) , DL TargetScan_score = 50, miranda_Energy<-10 SR S, T
FIEIREN 3740 (F 1), X EREEE N #E1T GO KEGG BT, GO & EM /T /R 2% 7215 miRNA
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Fig.1 Venn diagram of miRNAs in pituitary gland of caged

ducks with acute stress and free—range ducks with no stress
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Fig.2 Differential expression of miRNAs in the pituitary

gland of egg—laying ducks subjected to acute
stress in captivity and those raised under

semi-free-range conditions without stress
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(a) 18 A6 45 4 log, (foldchange ) {38 miRNA 76 A [F] FE A v 22 S5 R R A5 B AR Ak, A AL B 2 -log,, (P value) , 1% miR-
NA Fik AR (b 22 A ST 27 0 35 1k 5 20 (AR 35 L 19 1 38 25 57 365K miRNA |, 8 (0 3% T 8 19 12 35 22 5+ 8 35 miRNA,
IR AR R AR B3 R 25 5 3K miRNA (P>0.05) 5 (b) B AR bR AR A, GAAL BR 9 miRNA L A [A] A9 201 6, 2 7R miRNA K [f]
{26 TR AT B, PR 2 (0 8 B (0 8 40 (8 6 R R it [ log 10 (norm {B) TR 21 57 , 21 €0 3 7% 185 55 miRNA , 4 {0 3R /R I%

#%35 miRNA .

(a) The x—axis denotes log2 (foldchange) , reflecting varied miRNA expression in different groups.The y—axis indicates

—log10 (P value) , symbolizing the statistical significance of altered miRNA expression.Red dots depict significantly upregulated

miRNAs, green dots represent significantly downregulated miRNAs, and gray dots signify insignificantly changed miRNAs (P>

0.05).(b)Samples are displayed along the x—axis , whilst miRNAs are presented along the y—axis. Distinct hues illustrate diverse

levels of miRNA expression, indicated by a color scale ranging from green to black to red, signifying ascending expression levels

[log10(norm value) ].High miRNA expression is depicted by red , while low miRNA expression is denoted by green.
K3 SR GRS A 5 I B AR G T AR SR A 9 miRINA B JC L P 22 576 1K miRNA FAJ5]

Fig.3  Volcano plot and heat map of differentially expressed miRNAs in the pituitary gland of egg—laying ducks under acute

stress and non-stressful semi—free-range feeding
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HUE R AE A= 38 72 (biological process, BP) 7328 FBLR F A2 51 RNA KA B 11 X% 5% 19 1IE % (positive
regulation of transcription by RNA polymerase Il ) \DNA #% 5% (1 8% (regulation of transcription, DNA —tem-
plated) . GTP B P %) 1E [5] #1755 (positive regulation of GTPase activity ) \DNA ¥% 5% (transcription, DNA—tem-
plated) 5 5% F (signal transduction )% 25~ GO 2 H i (K 4,32),

HF Pathway 10T A B FHE G —20 T 3L A Y 22 D1RE . C_P vs FW_P 22 5% 3R 35 miRNAs [
0L IR I 2 w4 21 B Wy 41 it IR 715 58 i (adipocytokine signaling pathway ) |\ £5 {5 5 i % (calcium sig-
naling pathway ) . 0 i 4% Fff 53 F (cell adhesion molecules ) . D—4% 24 Bt % £ D— 4% 2 2 1 i ( D—glutamine
and D—glutamate metabolism ) ., GnRH {5 5 i % ( gonadotropin—releasing hormone signaling pathway , GnRH
signaling pathway) \ MAPK {5 5 i [ (mitogen—activated protein kinases signaling pathway , MAPK signaling
pathway) . VEGF {5 5 1 % (vascular endothelial growth factor signaling pathway , VEGF signaling pathway )
SETE M (RS, 3£ 3), Hrp ¥ A AH /) GnRH {5 538 [ 1 Jun proto—oncogene , AP—1 transcrip-
tion factor subunit (JUN) | Kirsten rat sarcoma viral oncogene homolog (KRAS) . Mitogen—activated protein ki-
nase (MAPK) 55 39 > JE DR 4 5 4R (18 6) , I 7 21k 8 3% 17 8 PT BE 52 e 200 19 9 2 i AR K VKTl %

. biological _process

JE K% H Num of Genes

GO% H GO_term

BEALBRAEXT GO Y726, AR 2 FEIE R 1% GO 4% H BT JE R A 43 b o
The y—axis represents the percentage of target genes relative to the entire gene population of the GO terms,
and the x—axis represents the classification of GO terms.
P4 GEFR 2PERDMC S 21 & T HGR AR D RS K 22 5 miRNAs (REIE ] GO =924 D) RE & A2 4 W 2 23t
Fig.4 GO biological process enrichment analysis results of the target genes of miRNAs with differential expression in pituitary

gland between egg—laying ducks under acute stress and free-range non—stressed ducks in semi—free—range feeding system

24 EFR[MENHSFEEBFENHABBVELRERRZE miRNA REEFERIFRELEEPCRE

F4ER
SRy U T 4 SR VR AR i 25 5 2238 miRNA ik B (mean (1) 22 580 (Fold change 1) | 2. 3%
P (P value {H) FFLIE£F 4 4~ 22 55 2638 miRNA #E17 29862 & PCR IS UE /AT, 45 4% 7 Fr 7k, miRNAs :
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Statistics of Pathway Enrichment
Ytk ZB6IR

Vitamin B6 metabolism - °

VEGF(5 518 ¥
VEGF signal?r?’g Sajmwﬁy - o

L L
Vascular smooth muscle contraction - .
LB 4 M 2P I T
Ig(nglJJ I’ai?%(ﬁl oEfHaHgf'\ r|1j c%%?e@téa 5 .
o PR ) 52 14 B REAH ) Al 2t

Progesterone-mediated oocﬁe maturation - @

BEARTLEL (S 5 1% S R 50
Phosphatidylinositol signaling system - . % ;ﬁ
FARSFZFIRR & SRR E R
Parathyroid hormone synthesis, secretion and actio - . Gene_number
Rl 1 BIO- SR B AR5 A . ® 100
Mucin type O-glycan biosynthesis -
yp gly Y . 200
MAPK {5 it #%
MAPK signalir?g Sathway - . . 300
KA @ <o
Longevity regulating pathway - multiple species - L]
JUUEE R ERAR 14
Inositol phosphate metabolism - @ pvalue
GnRHfF ‘5
GnRH signalir;é pathway - & 9e-05
R IR R - FURFTRT AL o 6e0s
Glycosphingolipid biosynthesis - lacto and neolact - [ ]
-~ 2 2 e T 7 3e-05
R AR & - BRANSE R
Glycosphingolipid biosynthesis - globo and isoglob - [
BRFET
Ferroptosis - [ ]
D-73 2k % FID-73 2 R X
D-Glutamine and D-glutamate metabolism = .
ARG P 23T
Cell adhesion molecules - o
I Reptild
Calcium signaling pathway - .
R 5

Axon guidance - [ ]

WA R T
Adipocytokine signaling pathway - ®

j# % Pathway term

06 08 10
&K T Rich factor

Rich factor R/R N T4 KEGG 122 5 2 AU/ Fi% KEGG H S EL, Rich factor (HEK , KEGG & 4 AR B K, YAk
B KEGG 2% H , R B R/ 2 7s EAE R B H 22 /0, [ Pl B R B R K H S RS TR B 20 PAERVIN, B i i G 22
G0 B LA FR PEMKEDN, PN, KEGG B R B R (P<0.05 %) .

The Rich factor, defined as the ratio of differentially expressed genes to total genes in a given KEGG pathway , indicates the
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Fig.5 KEGG enrichment analysis of the target genes of miRNAs with differential expression in pituitary gland between egg-lay-

ing ducks under acute stress and free—range non—stressed ducks in semi—free-range feeding system

has-let=7¢—5p .hsa—miR-99a—5p_R~1 hsa-let—7b-5p i 3 22 53 315 (P<0.05) , H.F ik #%5 miRNA ]
S50 5, hsa-miR-129-1-3p_1ss20TC Fik#aF (LLHLIFRAL R0 I, R IR ) 550 7 45 5 B, (AR W,
W E T IFRIR (B 7a & 7b) o AR Targetscan B BI{E K T 50 Fl miRada (14 B /)N T — 10 145 35 PR 00 A
e TERZARAFIY 5 22 7 238 miRNA 7] BEAF7ERE 1] 5C 8 A9 ¢ 18 JE PR B BE AL £ 4 #4796 1 PCR
BEUESTHT , 455 : NMRK2 (hsa-let—=7f—1-3p_1ss22CT) i 3 25 5 %35 (P<0.05) ,ACTA2 (hsa—let—7c¢—5p .hsa—
miR-27a-3p_R-2. hsa—let-7b—5p . hsa—miR-15b—5p_R+1_2ss20AG21CT) ., CHACI (hsa—let-7b-5p ., hsa—
let-7c—5p . hsa—miR—15b=5p_R+1_2ss20AG21CT) #l ¥ 3 25 7 3K ik (P<0.01) , PANK3 (PC-5p—1405_462 .
hsa—let=7f—1-3p_1ss22CT) AR W22 73k (F 7c) .



55 4 3] SRR JE 77 A EN T SRS TR microRNA Y28 532153 + 939 -

CACNAID CAMK2A - o Node Fill Color
SOS2 ¥
£ ADCY7 [0 miRNA
4 . pathway
PLA2G4B
PLCB1 (- mRNA
MAP3K4
CALM
/ MAPK 14 Node Shape: RNA/pathway
ATF4 AR
miRNA
= s O
PRk s Sa—, @
“—!l'k /| pathway
{ KRAS O mRNA
GPHB5 \
A1
/, N ORAOVI
PLA2GAF ﬁ
S0A

=

GNAI1
ITPR2

Y

PRKACB

PLCB2 hsa-miR
/ \ PLA2GAE
PRKCB / ! 5
CACNAIC
MAPK10
PLA2G4C
ADCY1

K16 GnRH i —JE N -miRNAs J8 1 00 2%
Fig.6 GnRH pathway—gene—miRNAs regulatory network

o
a £ b c N
=z 5 N < e
é @ § %2888 é 4 - ™= Floor-water combination system
= 100 00 — .
oE & g T %0 = o8 £ v ERE
Hg g ; = —— Ky 3 Cage-rearing system
Ke £ Z %gggi =) I I I I e Ra
' @ + & by A s
1 T
- = . =&,
Z s < % 8 > 2 s g6
=i =~ 8 «ob Y @b & & o ACTA2 NMRK2 CHACI PANK3
= E = T; 5 qq;;z/ Sl \%g) = E
T? &8 g & .3.9 & R .q_“j
P E &‘zf& .&99 [~
&
%‘b

AR miRNA SEE D AR AR miRNA SR DN () 2k B, 2T (O HIORAL, 0 9 8 FR 41 (+P<0.05 9 B3, *+P<0.01
R E)
The x—axis represents miRNAs or their target genes, the y—axis represents the expression level of miRNA or their target genes.
The red bars indicates the FW_P group, while the blue bars represent the C_P group(* indicates P<0.05, ** indicates P<0.01).
BT G AR S A I HIOGR AR ML S 3 R miRNA S HEE P A 7 5 iE
Fig.7 ¢PCR validation of pituitary miRNA and some target genes in caged acute stress

and semi—free—range non—stress laying ducks
3 1 i
IO SO0 A8 A 7 RS R M AT 78 SRR R AR A PR A ) B A R BRAEAR AR I, 9 B RNA
Oy T KBTS R I /0 ARG LA TR R I SR A S R (A B SR 3l i miRNA U7 50308

() 28 SRR Mt SR PR F00 23-Ar 368 o e A 20 A% ) B R S P O R IR miRNA SRR B, P85
T AR BNE RO SRS HLAR 152



- 940 - AL A N $45%

PR miRNA U 2 LA 5 G5 BRI 32 o HE A6 1) 8 122 53 miRNAs, Horf 344> (hsa—let=7c~5p
hsa—let—7b—5p . hsa—let=7f—1-3p_1ss22CT) K let=7 ZWE AL G2 o WFFE R BH let—7 J2& — Pl 15 #1011 7 miR-
NA, REZ 1] 22 Fvies BE DY, 7E1F 2 28 B0 i) AN 2988 E th F ™. Tet=7 S 15 miRNAs B8 I 19 98 4k 5 40 RAS
[HRAS (HRas proto—oncogene , GTPase) . NRAS (neuroblastoma RAS viral oncogene homolog) . KRAS (kirsten
rat sarcoma viral oncogene homolog) |31k , Weidhaas 5" 75 U VA7 X 40 9 240 ML iR 245 1% i 1 5% v,
S P S e HE S f 0 0 L 3R A 549, R X 23 i let=7 (let=Ta  let=7h) FE ik /K P REAIK , RAS B 5 FH U
Sy 22 RS8P R IE 6 5 1 B2 2 b S5 K B let=7 (let=Ta let=7h ) Fe3k T D o let=7 FEALIR AN B Ik & 13
P 4% T H AR, — S0 4 let=7 76 N B Z3 i AH € miRNAs 7R FFAY AR 18, 30 8 5 e ik A i
TEARAT P, let=7 ik 5 B SR URE 20 M A0 B ARG A, A BT 50 W] Let=7 Z i miRNAs 5 1 380 B AH
K, i let=Tc 5 A MT RN AR OC - Wilmink S5°FE 2 5 255 T 10 20 O VAR OC miRNAs I BFSE b, TE
N LB AT 4 40 i (HDF ) B2 55 75 44 CHYZKI 1 h i, & B let=7c \.miR—125b 45 miRNAs 22 57 K15
B S ABFFE T miRNA I 7% B miRNA : hsa-let=7c~5p 2 5 ARG AR . 3T 34> let=7 FERE AL 2 (1 HE
JE K (ACTA2 . PANK3 . NMRK2 . CHAC1) }2 40,45 2 /> let=7 F Ji% 1, 51 4E N 1Y 4 1 miRNAs (hsa—let-=7¢=5p .
hsa—let=7b=5p .hsa—miR-99a~5p_R~1 . hsa—miR—129-1-3p_1ss20TG ) #E 17 5 & 50 M7 , LAY 4 il B 32 Ak
T 2H A XF BR hsa—let—7c¢—5p  hsa—let—=7b—5p . hsa—miR-99a—5p_R—1 % & &5 5 £ FIil 7 25 SR — 2. hsa-
miR-129-1-3p_1ss20TG oK Ul 22 5+ 335 , ;X 0] & i F hsa-miR-129-1-3p_1ss20TG Y 2 % 5 58 i 1 5|
WAAAE— € [ B BOH qPCR R ATRE o BRI F AR AR 1 4N EH A 3 A e A e T
KOs v A5 B, DRLIHGAHE D mi RNA U J 3 45 ST SR 2 mT HE 11

let—7 ZZ % i 51 miRNAs (hsa—let—7c—5p .hsa—let-7b—5p) 1E & )25 98 3 d 2 PE N 3 A L1 RS S A
FEACZ h 22 5 TR IR, X 5 Saleh 557 4 M K -5 Let—7 AH NI 804 9815 V6 FHFNAIL I A0 285 SR — 3%
TEX I FE 1 K B let—Ta Fl let—Th 75 7 i TG0 45 B 25 FR 572 N A7 S N S 1 B . 45 AR, I3 5
6, 5 5 8 UL TE (chromatin immunoprecipitation , ChIP) 23T F1 X056 Y 2 B4 25 30 96— A EBH T pS3 6E
M let—7 3235 . hsa-let=Th=5p WYHEEER CHACT VE R — R 4 JA T2 7, W e S S AR T Ak
PLFIERAET , Zhou S5 R S A LIS 20 M A T s Bk AU T2 2 18] B S R FFE TR R B : CHAC T i i3 153 g 22
B (lipopolysaccharide , LPS ) 175 7 i) HK -2 20 il v 1% 48040 W SOk el 248 i gk sE T Al - B iR g R LB
has—let=7 ZJ miRNAs M HHEEE DR 2 S AL 1) & b 0 8052 ok 7 , DU HCTT 8 2 5 418 8 3 vy e A2 1
P (HEARHL A Fp i — 2D AR

T M -TE AR E A S B AR MR TR AR . TR - Al — BRI S R O B
TAFHRY PR N 30 R G T E - T A il CHPG ik ) 7 935 A= S D B Pl OCHEAE T, ik
WA DR PE B R B ORR (GnREDAE I T2, B PR AR PR | A B R 2B R (LHD) AR B 380
2R (FSH) & A3 , Fe 250 S W) AR B ad 2™ . 2D WF 5878 T miRNAs 723 & GnRH 7334 Fl 2 1A
Je 2T B O R P B PO A IR RE S S HPA Bl HPA Bl AR 3R T Dhdiad B 4l
i 8% 22 4 i 38 & (gonadotropin inhibiting hormone , GnIH) 4l i GnRH % %/ H , 834K /3 FSH #1 LH
Wb T 24 A0 22 5 miRNA #EEE K KEGG & 221 43 BT & 9 1 % 2 57 338 miRNAs 7 LI
1) GnRH {5 538 1% 221 4 5 09 B 18 40 J 524 (progesterone—mediated oocyte maturation ) 551 [ [ i) 24
LA, 40 - ITPR2 (Inositol 1,4, S—trisphosphate receptor type 2) AN e & F A 5 35 K7, i LI J2 2 it i 5L
S AE RS 2835 F 50 B P AR BB TG 1A G 1Y IP3Rs (Inositol 1,4, 5—trisphosphate receptors ) ME 7 [ JE K 22
—I¥: CACNA1C(calcium voltage—gated channel subunit alphal C) 7§85 A & H R %% 2 4 < PRKCB
(protein kinase C beta) #l1 PLCBI (phospholipase C beta 1)/ I F:Jilith GNAQ (G protein subunit alpha G, &
FIWE 35 o) JE 7 GnRH Feak A i) R liF e . GNAQ P81 T Feliii#f 2 4 il vf PLCB 1, 138 32 45 Fll PRKC
(protein kinase C) {55 i % B #0845 GnRH A FGAFN 70 WA, 22 5 3K miRNAs 7] BE i o 48 ] 3X SL 5L [,
A DT B 110 35 Sl T e S B

Ca™J&—Fh Z INREAT AN N A5 1, 2 2015 5 e e ad R vh 09 £ 2550, 1 T 98 1 RE Rt 1 4 i



o4 1 SR SCHRAF SR AR R T EE S A microRNA (28 53 835 70 - 941 -

AR A | 2 55 N A O 15 RS A 40 B S g™ A S R A N Ca 38N 2 IR S 5 7
PR 7P A2 25 T RS2 , T B fih 2 25 My 365 052 8 i, B0 4 1 by 6 A i, A O 1, 45 R 5% fl A i
LA K 248 i 5 1 40 L KL 1 5 R s A IR e IR A A I B e X G A A R L T RN 2R
M ZR-E A FIR IS N 40 B BT v Ca™ B BT 3% 521, ZEASHIEGY T e LLURRIG 8 73 MO0 # v, 22 57 3K miR-
NAs FHEHE R 25 5 4 B 4545 538 [ (calcium signaling pathway ) , iE B 28 37 20ME N OIR 75  25 19 S 485
15 530 8% 3 K LR AR A

4 & it

(DABEFEHRTT T B2 TR T SRR O SHS TER miRNA 208 120, 256 H hsa-miR-129-
1-3p_1ss20TG . hsa-let=7c—5p. hsa—miR-27a-3p_R-2 . hsa-miR-99a-5p_R~-1. hsa-let-7b-5p . hsa-miR~
15b-5p_R+1_25s20AG21CT, PC-5p—1405_462 | hsa—let-7f—1-3p_1ss22CT 55 8 /> i} 3 2% 53 & 15 A miR-
NAs.

(2) 0 5 PR 1000 Kz & 4 4 B 2 W 5% 2P W 3G 3 Caleium signaling pathway . Gonadotropin—releas-
ing hormone signaling pathway , GnRH signaling pathway 25/ 5 . S5 AH G 18 #5875 SRS LR A= v i 3 .

Bt - B )2 0 7% G B M R SR TH O H R BFSE (202 1JX AUHX 100) AV PG4 B 58 A= BB L3015 42 700 H (YC2022-s410)
[FI X AT 26T 1 e Bl 0

2% 3Lk References:

(U] Woatd, skBLAS , 2t , 45 2R S8 R BUIR -5 A a4 [J ] Wi LAk A, 2022, 63(8) : 1868-1870.
CHEN B D,ZHANG K J, LI L M, et al.Present status and development trend of egg duck cage rearing[J].Journal of Zheji-
ang agricultural sciences,2022,63(8):1868-1870.

(2] RNBKEZL, 307, i S, A5 AN () EE G ity o B 8 1 A58 508 1 2t S 9 52 g [0 1 VP A0l 2274, 2022, 44(4)
961-967.
LIU Q H,GUO H N, XIE J Q, et al. Analysis and comparison of egg quality of three breeds of laying ducks rearing in differ-
ent cage modes[J].Acta agriculturae universitatis Jiangxiensis, 2022 ,44(4):961-967.

(3] AEIE, BRERAE BRI, 2 . JETF LRSS 0t 5 A5 S5 W LD ). JRE V& B2, 2020(14) :53-56.
XIONG T, WU C H, CHEN B, et al. Determination and analysis of semen quality in caged Shanma ducks [J]. Heilongjiang
animal science and veterinary medicine,2020(14) :53-56.

(4] RT3, PRTELE, IR, 45 JEFR RS IR 15 S0 A P PERE 5 B ST AYSZ A [) ). R & AR5 41, 2018,39(1) :41-44.
LIN Y,CHEN K W,SHI W Q, et al.Effects of cage rearing system on production performance, egg quality and egg compo-
nent of Suyou No.1 laying ducks[J].Journal of domestic animal ecology,2018,39(1):41-44.

(5] 807 BRJT R, IR 40T, 45 . 857 LLURRINS 6 BRI FADRS 2 80 W5 [0 ] V0 ARl R 2741z, 2018, 40(2) -
350-357.
GUO H N, CHEN K F,SU H W, et al. Optimum semen collection frequency and insemination parameters of cage-rearing
ShanMa duck[J].Acta agriculturae universitatis Jiangxiensis,2018,40(2) :350-357.

(6] BR&efe, fgte MRITF 45 ATl 0T LLUBRIG 2308 SR PERE RS20 [ J ] VL PG RO R 2% 42,2020, 42(1) : 135-142.
WU C H,XIONG T,CHEN K F, et al.Effects of Cod-liver oil on reproductive performance of Shan partridge duck[J].Acta
agriculturae universitatis Jiangxiensis, 2020, 42(1):135-142.

[7] LIU H H,QI J W, YANG Q L, et al.Effects of cage and floor rearing systems on the metabolic components of the uropygial
gland in ducks[J].Animals,2022,12(2):214.

(8] BRIT =, BHESR , LT, 45 AN [RGB 8 2 LRI A= 7 1k BE A ot Jo L e 3 Hr [0 ). 58 38 AR 45541, 2019, 40(11) -
45-49.
CHEN K F,MAO H R,SU H W, et al.Effect of cage tier on production performance and egg quality of Shanma duck [J].
Journal of domestic animal ecology ,2019 ,40(11) :45-49.

(9] FEHms, BRI, Ik, 55 . IS TR IR 5 BT R [T ). 7R 54 85,2020, 42(6) : 96-101.
YUAN Y Z,WEI F X, WANG L Y, et al.Reseach progress on stocking density of broilers [J].China poultry, 2020,42(6) :



F 942 - L PN ¥

96-101.

(10] Vizedi , 52 b0 1nl 3R BT PG AR 7 P RE IR (4 5t SO iR RIS R [0 ). P Rl 08,2021, 43(4) 1 78-82.

XU Y W, YUAN J M.Progress of the effect of stocking density on performance and meat quality of meat ducks[J].China
poultry,2021,43(4) : 78-82.

(117 2P, E R E BSR4 4 R SHOE TP IE PPAR , FABPT J LPLIE R 2R 52 [J 1. 3 K241 (el
LA anRH# R ,2019,40(6) :82-85.

JIANG Q L, WANG Z G,XU W ], et al.Effect of different ammonia concentration on the expression of PPAR«, FABP1 and
LPL genes in duck liver[J ].Journal of Yangzhou university (agricultural and life science edition),2019,40(6) : 82-85.

[12] da PRV AR E BE XS A AF 3G A KA RE S SHREANIA BRGS0 [ D AN - 3ok, 2009.

MENG Q P.Effects of atmospheric hydrogen sulfide concentration on growth , immunity and meat quality in broiler chickens
[ D ].Hangzhou : Zhejiang university , 2009.

[13] TIAN H, GUO Y, DING M, et al.Identification of genes related to stress affecting thymus immune function in a chicken
stress model using transcriptome analysis [J].Research in veterinary science,2021,138:90-99.

[14] ZHANG Y,GU T T, TIAN Y, et al.Effects of cage and floor rearing system on the factors of antioxidant defense and inflam-
matory injury in laying ducks[J].BMC genetics,2019,20(1):1-7.

[15] ZHENG C,WU Y,LIANG Z H, et al.Plasma metabolites associated with physiological and biochemical indexes indicate the
effect of caging stress on mallard ducks(Anas platyrhynchos)[J].Animal bioscience,2021,35(2):224-235.

[16] XK, O 3, 25 8L, 45 3 Tl S ARSEA QI L~ PR T S S 0 RO SEMS AR o [ . 38 e 4, 2022,
53(12):4271-4282.

LIU SB,FANG W J,LI'Y K, et al.Effect of acute cage stress on the metabolism of laying ducks studied by plasma nontarget-
ed metabolomics[ ] ].Acta veterinaria et zootechnica sinica,2022,53(12):4271-4282.

[17] KNOTT S A, CUMMINS L J,DUNSHEA F R, et al.Feed efficiency and body composition are related to cortisol response to
adrenocorticotropin hormone and insulin-induced hypoglycemia in rams[J].Domestic animal endocrinology,2010,39(2)
137-146.

[18] PHUMSATITPONG C, WAGENMAKER E R, MOENTER S M.Neuroendocrine interactions of the stress and reproductive
axes| ] ].Frontiers in neuroendocrinology,2021,63:100928.

[19] PUMF,CHEN J,TAOZ T, et al.Regulatory network of miRNA on its target: coordination between transcriptional and post-
transcriptional regulation of gene expression[J].Cellular and molecular life sciences,2019,76(3) :441-451.

[20] WEIF L, YANG S Y, WANG S L, et al. MicroRNAs: a critical regulator under mechanical force [ J ]. Histology and histopa-
thology,2018,33(4):335-342.

[21] PENG SX,WANG J,WEIST,et al.Endogenous cellular microRNAs mediate antiviral defense against influenza a virus [J].
Molecular therapy nucleic acids,2018,10:361-375.

[22] HE B X,ZHAO Z Y,CAI Q D, et al.miRNA-based biomarkers, therapies, and resistance in cancer| ] ].International journal
of biological sciences,2020,16(14) :2628-2647.

[23] BI Y K,QIAO X L, LIU Q, et al.Systemic proteomics and miRNA profile analysis of exosomes derived from human pluripo-
tent stem cells[ J].Stem cell research & therapy,2022,13(1):449.

[24] LI C, XIONG T,ZHOU M F, et al. Characterization of microRNAs during embryonic skeletal muscle development in the
Shan Ma duck[J ].Animals,2020,10(8):1417.

(25] Seal, REER L, 220 9, 25 AANION SCE XS ARG F R B S AR K R B Y2 () ] RT3 B R, 2018(21) :20-23.
LIANG W, LU B B, LI Q H, et al.Effect of heat stress on the growth and development of pituitiry and ovary in Wenchang
chicks[ ] ].Heilongjiang animal science and veterinary medicine,2018(21) :20-23.

[26] BOYERINAS B,PARK S M, HAU A, et al.The role of let-7 in cell differentiation and cancer|J ].Endocrine-related cancer,
2010,17(1):19-36.

[27] WEIDHAAS J B, BABAR I, NALLUR S M, et al.MicroRNAs as potential agents to alter resistance to cytotoxic anticancer
therapy[ﬂ.Cancer research,2007,67(23):11111-11116.

[28] GERASYMCHUK M, CHERKASOVA V,KOVALCHUK O, et al.The role of microRNAs in organismal and skin aging[J].
International journal of molecular sciences,2020,21(15):5281.

[29] LIU T, JING F Y,HUANG P R, et al. Thymopentin alleviates premature ovarian failure in mice by activating YY?2/Lin28A



o4 1 SR SCHRAF SR AR R T EE S A microRNA (28 53 835 70 © 943 -

and inhibiting the expression of let-7 family microRNAs[J].Cell proliferation, 2021 ,54(8):e13089.

[30] WILMINK G J, ROTH C L, IBEY B L, et al.Identification of microRNAs associated with hyperthermia-induced cellular
stress response[ﬂ.CeH stress and chaperones,2010,15(6):1027-1038.

[31] SALEH A D,SAVAGE J E,CAO L, et al.Cellular stress induced alterations in microRNA let-7a and let-7b expression are
dependent on p53 [J1.PloS one,2011,6(10) :e24429.

[32] ZHOU Z H,ZHANG H W.CHAC]1 exacerbates LPS-induced ferroptosis and apoptosis in HK-2 cells by promoting oxidative
stress[ J ].Allergologia et immunopathologia,2023,51(2):99-110.

[33] CAO C Y,DING Y F,KONG X J, et al. Reproductive role of miRNA in the hypothalamic-pituitary axis[J].Molecular and
cellular neurosciences,2018,88:130-137.

[34] BLANCO A M.Hypothalamic-and pituitary-derived growth and reproductive hormones and the control of energy balance in
fish[J].General and comparative endocrinology ,2020,287:113322.

[35] TSUTSUI K, UBUKA T.How to contribute to the progress of neuroendocrinology : discovery of GnlH and progress of GnlH re-
search[ J |.Frontiers in endocrinology,2018,9:662.

[36] ULLAH R, BATOOL A, WAZIR M, et al.Gonadotropin inhibitory hormone and RF9 stimulate hypothalamic-pituitary-adre-
nal axis in adult male rhesus monkeys [J] Neuropeptides,2017,66:1-7.

[37] CHEN H,LUO K Y,WANG C,et al.Genomic characteristics and selection signals of Zhongshan ducks[ J].Animal,2023,17
(5):100797.

[38] YANG F L, HUANG L, TSO A, et al.Inositol 1,4, 5-trisphosphate receptors are essential for fetal-maternal connection and
embryo viability[]] .PLoS genetics,2020,16(4) :e1008739.

[39] PHUAPITTAYALERT L, SAENGANANTAKARN P, SUPANPAIBOON W, et al.Increasing CACNAIC expression in pla-
centa containing high Cd level : an implication of Cd toxicity[ J ].Environmental science and pollution research international ,
2016,23(24) :24592-24600.

[40] ZHU M T,ZHANG H M, YANG H, et al. Targeting GNA(Q in hypothalamic nerve cells to regulate seasonal estrus in sheep
[J].Theriogenology,2022,181:79-88.

[41] LIF Y,LONG Y, XIE J H, et al.Generation of GCaMP6s-expressing zebrafish to monitor spatiotemporal dynamics of calci-
um signaling elicited by heat stress| J ].International journal of molecular sciences,2021,22(11) :5551.

[42] KASS G E,ORRENIUS S.Calcium signaling and cytotoxicity[ J ].Environmental health perspectives, 1999 107(S1) :25-35.

[43] BALI A,GUPTA S,SINGH N, et al.Implicating the role of plasma membrane localized calcium channels and exchangers in
stress-induced deleterious effects[ J ].European journal of pharmacology,2013,714(1/2/3) :229-238.

[44] TANG T H,CHANG C T, WANG H J, et al.Oxidative stress disruption of receptor-mediated calcium signaling mechanisms
[J].Journal of biomedical science,2013,20(1) :48.



