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REICEE i B R A I S OREIR . SRR B T,
I3 RN RE A S Ab R 2 H i bR A B Sk,
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miRNABEE R KGO E 25, & 5 1Y F: K 73 7 7 A 42
53 ¥ DIREMEF H () % 7% Bl 7% 14 “ Transferase activity”.
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Cila b A 7 52 35 P “C-X-C chemokine receptor
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activity”, AEPIE FEBP H {14415 & A2 1L FE“Somito-
genesis”. ZAILAY) K H L “Multicellular or-
ganism development”. DNAX: 56145 id #£“Regula-
tion of transcription, DNA-templated”. 1= 1# 5L

“£“Regulation of apoptotic process” Mg {tid 2
“Phosphorylation”. #HitJAK-STATI& S 7 1552
AR5 45 18 % “Negative regulation of receptor signal-
ing pathway via JAK-STAT”. 4l K142 15 5
JH % “Cytokine-mediated signaling pathway” & 4H
P E CCRE P RARIFIR B E 59 11, 35K
i &l 2 &) (72 2) “Mitochondrial respiratory
chain complex II, succinate dehydrogenase complex
(ubiquinone)”. Ui “Membrane”. [H#: “Inter-
calated disc” 4t i fi5 56 % 1. 53 “Integral component
of membrane” & N Jii ¥ fi“Endoplasmic reticulum
membrane”4% .

Kl 3B AR T HE44 12010 2 FmiRNAsHE 3 [
BAEIER, BRESER. ' R R
(ZENMFHIEAKME, Valine, leucine and isoleu-
cine degradation; Ubiquitin mediated proteolysis).
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Venn diagrams of detected miRNAs

1
Comparing analysis of miRNA sequencing after GCRV challenge in grass carp
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TGF-B/5 7 i M (TGF-beta signaling pathway). 2}
T R AR -1 R /K T (Taurine and hypotaurine meta-
bolism). RIG-IZ /A5 5 il 4% (RIG-1-like receptor
signaling pathway). AEAIR X #(Pyruvate meta-
bolism). A i X (Propanoate metabolism).
PPAR(E 5 iH % (PPAR signaling pathway). p53{5*5
JH#4(pS3 signaling pathway)~ Hl 354 AR LN LB % (Gly-
cosylphosphatidylinositol). 4 ig 2E 4 & B(Gly-
cosphingolipid biosynthesis-lacto and neolact).
fifE/ B 5 2E (Glycolysis/Gluconeogenesis)~ FoxOfF =
JH % (FoxO signaling pathway). MR 2EW & K
(Folate biosynthesis). T & H E& /L (Butanoate
metabolism). AULFIE 7R 1 4= )& B (Biosyn-
thesis of unsaturated fatty acids). B-NZ &1
(beta-Alanine metabolism). I 57 41 i i1 41 o A\ A=
(Bacterial invasion of epithelial cells). ¥ H&EFH R
HE WA i (Aflatoxin biosynthesis) & fig 7 41 il IRl -7 15
F1# #(Adipocytokine signaling pathway).
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Tab. 1 List of differentially expressed miRNAs (DE miRNA)

¥ miRNA%FR IVAS log, (i)
SN miR_name Up/Down log, (Fold change)
R Tt down 700
2 miR-96 down —-5.96
3 miR-192b-5p down -5.83
4  miR-192 down -5.74
s miR-722 down -5.67
6  miR-122-5p down -5.33
7 miR-194a down —4.41
g  miR-22 down -3.09
9 miR-194c¢-5p down -2.99
10 miR-101b down -2.82
11 miR-107b down -2.81
12 miR-200a down -2.60
13 miR-183-5p down -2.40
14 miR-200b down -2.40
15 miR-141-3p down -2.40
16 miR-101b-5p down -2.31
17 miR-200c-3p down -2.30
18 PC-5p-1528 1374 down -1.95
19 miR-363-3p down -1.65
20 miR-148 down -1.56
21 miR-30c-3p down —1.48
22 let-7b-3p down -1.42
23 miR-199-5p down -1.35
24 miR-148b-5p down -1.26
25 miR-100-5p down -1.21
26 miR-125b down -1.18
27  miR-204a down 117
58 miR-125b-5p down -1.11
29 miR-735-5p down -1.10
30 miR-142 up 115
31 miR-155 up 1.25
32 miR-21 up 140

(control, CON)#J JH— 4 Norm B i =i I, 431X
DE miRNAZ AR, Wy mRIA =4, 53 07E
H AT 5 2 BIK(500<Norm<600). F1(600<Norm<
1000)F1 75 (Norm >1000)3 MR BEFAE Rk F T
12 miRNA A T qPCRE} IE[miR-96. miR-194a-
p3_1ss23CTHfEFKIL, miR-155. miR-722. miR-
2005 % i 2 (miR-200a/b/c. miR-141) N RiE &
2, miR-122-5p. miR-194a. miR-100-5pFfImiR-
2UNERIE]. 4R EIRIX 12 miRNAR KL A
H5miRNAJ 7145 R2JEH W& 1, miR-96+
miR-194a-p3 1ss23CT. miR-722. miR-2005 % %
51 (miR-200a/b/c. miR-141). miR-122. miR-100-
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SpfimiR-194a% /£ GCRV AL FE Ji5 &5 2 R i, miR-
21. miR-1557EGCRVALF 5 &35 Fif(& 4), 5l
FEERAEFEYA, FRIIAmIRNADN 72040 (1) & i
e R A . (ESEENZ, miR-21/EGCRV
JERL A HR ) Sk B P RA B B s, miR-194afE AN L

A
Statistics of GO enrichment

Tumor necrosis factor receptor binding -
Transcription, DNA-templated - @

Steroid hormone receptor activity - P value
Somitogenesis - .
Sialyltransferase activity - . i 8e—04
Sequence-specific DNA binding - ° 6e—04
Regulation of transcription, DNA-templated - [ ) 4e—04
E Nucleus - @ 2e—04
=) ' ’ d | |
3} Nuclear envelope .
o Negative regulation of transcription, DNA-template -
&) Multicellular organism development - L]
G ; ' opine Gene number
protein-coupled receptor activity - @ —
Endoplasmic reticulum membrane - : ?880
Endoplasmic reticulum - °
DNA-binding transcription factor activity - ° ® 1500
DNAbinding - @ © 2000
Cytoplasm -@
Chemical synaptic transmission -
Cell junction - °
Cell differentiation - .
0.7 0.8 09
Rich factor
B Statistics of pathway enrichment
TGF-beta signaling pathway -
Taurine and hypotaurine metabolism -
Steroid biosynthesis -
Sphingolipid metabolism -
RNA degradation - @
Regulation of actin cytoskeleton - @ P value
Pyruvate metabolism - °
g Propanoate metabolism - . I 883‘
> Mannose type O-glycan biosyntheis - 0‘02
1) . S B
z ) B Qlycosylphosphaudylmosncl - 0.01
= Glycosphingolipid biosynthesis-lacto and neolact - .
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SEQUENCING AND ANALYSIS OF MIRNAS OF GRASS
CARP AFTER GCRYV CHANLLENGE

XIAO Tiao-Yi, LONG Zhe, LI Bin, ZHANG Qiu-Shi, QIN Ling and XIONG Shu-Ting
(College of Animal Science and Technology, Hunan Agricultural University, Changsha 410128, China)

Abstract: Grass carp (Ctenopharyngodon idellus) which has importantly economic value is the most cultured freshwa-
ter fish in China, even in the world. The hemorrhagic disease caused by grass carp reovirus (GCRV) has greatly af-
fected the sustainable development of grass carp aquaculture. GCRV vaccine is an important method to prevent and
control hemorrhagic disease, but the multi-subtype and variation characteristics of GCRV limit the preventive effect of
GCRYV vaccine. Organismal immune ability is closely related to genetic factors, so many progresses have been made in
the exploration of disease resistance breeding, such as molecular marker-assisted breeding. miRNAs are a class of about
22 nt in length, endogenous, evolutionarily highly conserved non-coding small RNA single-stranded molecules, regu-
late various biological activities of organisms by inhibiting the translation of target genes or degrade target genes by
binding to the 3’ untranslated regions (UTR). miRNAs are important candidate functional molecules for the study of
disease resistance in fish and were verified involving in the innate immune process during virus infection in the antivi-
ral immune response. So not only expressed genes, miRNAs are also expected to be list as major resistance molecular
resources in the selective breeding of highly resistant grass carp. In this study, miRNA sequencing has been applied for
screening candidate functional miRNA, a total of 821 mature miRNAs were identified by miRNA sequencing, of which
118 were specifically expressed after GCRV challenge group and 82 were specific in unchallenged group in the head
kidney. Differential analysis of miRNAs showed that 88 miRNAs were significantly down-regulated and 46 miRNAs
were significantly up-regulated after GCRV challenge. Differentially expressed miRNAs (DE miRNAs) target genes
are significantly enriched, which showed that DNA transcriptional regulation, apoptosis regulation, phosphorylation,
negative regulation of receptor signaling pathway through JAK-STAT pathway, and cytokine-regulated signaling path-
way are closely related to immune regulation in GO enrichment analysis. At the same time, functional enrichment re-
sults of KEGG showed valine, leucine, and isoleucine degradation (ubiquitin-mediated proteolysis), TGF-f signaling
pathway, RIG-I receptor signaling pathway, PPAR signaling pathway, and p53 signaling pathway (p53 signaling path-
way) pathway, FOXO and other immune-related signaling pathways were significantly enriched, target genes in these
immune-related pathways are worthy further study. qPCR detection verified that the accuracy of sequencing and indi-
cated that the expression level of miR-21 was the highest in the head kidney of the GCRV-challenge group, and fold-
change between two groups of miR-194a was as high as 48 times, suggesting that different miRNAs in grass carp play
different potential functions. Tissue distribution results of the screened DE miRNAs showed that miR-200 family mem-
bers were the highest in pituitary, followed by immune tissues such as kidney, skin and gill, miR-100, miR-21 and miR-
722 was the highest in muscle, spleen and liver, respectively. miR-194a was the highest in intestinal tract, followed by
liver, kidney; and miR-122 was the highest in liver, followed by spleen and skin. These results showed that different
miRNAs function diversify in tissues in the GCRV response process. In all, this study used high-throughput sequen-
cing to analyze the differences of miRNAs in the head kidney of grass carp after GCRV challenge, aiming to excavate
the functional miRNAs related to the GCRV response and screen the candidate resistant functional miRNA molecules,
which will provide theoretical supplement and molecular reference for the study of disease-related molecules of grass
carp and provide molecular resources for the selective breeding of disease-resistant grass carp.

Key words: Grass carp; High-throughput sequencing; miRNAs; Differentially expressed; Tissue-expression
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