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(Boleophthalmus pectinirostris,
mudskipper) , 8h
(monocytes/macrophages, MO/M®) [llumina Hiseq 4000
, MO/M® )

NCBI ID : SRR9771486—SRR9771491 (Bioproject PRINAS543702) ,
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3-phosphate dehydrogenase, GAPDH) (Eugenol)( , )
(erythropoietin, EPO) (glucose s MO/M®
transporter, GLUT) HIF (Ding et al, 2019),
, Ficoll-Paque Premium (GE healthcare, )
) , MO/M®
(Semenza, 1999) VEGF-A RPMI 1640 ,
, , 0, (Zhong et al, 2, (RPMI 1640 5% 5%
2009; Shibuya, 2011) GAPDH 1% / ) 24°C
, 3- +NAD"+P; 1,3- Giemsa's ,
+NADH+H"(Chiche et al, 2015) EPO 95% MO/MO
(Xiao, 2015) 1.2.2 MO/M®
GLUT , MO/M®
(Zhang et al, 2003) (Billups-Rothenberg, ) 24°C (Guan et al,
(oxygen-sensing pathway) 2017) MO/M® 2
HIF (Z ) (21% Oy, 5% CO,, 4% N») (D
(mammalian target of rapamycin, mTOR) ) (1% O3, 5% CO,, 94% N,), 3 R
(unfolded protein response, 8h
UPR) -kB (nuclear factor-kB, NF-kB) , —80°C
(Wouters et al, 2008; Majmundar et a/, 2010; 1.2.3 MO/M®
Xiao, 2015) RNAiso (Invitrogen, )
(Wouters et MO/M® RNA Illumina Hiseq
al, 2008; Majmundar et al, 2010) 4000 ( , )
(Boleophthalmus  pectinirostris, S5ug  RNA, Oligo(dT) (Invitrogen)
mudskipper) (Chen et , (PolyA)
al, 2015; ,2018) mRNA mRNA
(Aguilar et al, RNA [llumina RNA (Ilumina, )
2000) , cDNA [llumina Hiseq 4000
, 150bp 3
, 1.2.4 (differentially
/ expressed genes, DEGs) [llumina Hiseq
4000 (Raw data), RSeQC (2.4)
1 Raw data , FastQC (0.10.1)
1.1 (Adaptor) reads, NN
, 30—40g/ , ) 5%  reads reads (
(24+£1)°C, 10, Q=10 reads 20% ),
) , 50% Clean data HISAT (Hierarchical Indexing for
) Spliced Alignment of Transcripts) (2.0)
MO/M® Clean data
1.2
1.2.1 (monocytes/ NCBI (https://www.ncbi.nlm.nih.gov/

macrophages, MO/M®)

assembly/GCA_000788275.1/) String Tie (1.3.0)



2 : (Boleophthalmus pectinirostris)

337

E

read , Ballgown 1.2.6 PCR (real-time quantitative PCR,
Clean data FPKM qRT-PCR) 10  DEGs, Primer Premier 5
(fragments per kilobase of exon model per million ( D, qRT-PCR
mapped reads), , 3 RNA ¢DNA
P<0.05 |logy(fold change)|=1 (fold change: (Promega, ) cDNA,
, FO) DEGs 18S rRNA , TaKaRa SYBR
1.2.5 (Non- Green RT-PCR , Light Cycler 480 (Roche,
redundant, Nr) , ) 4
(Gene , 2—AAC1
Ontology, GO) (http:/geneontology.org) 20.0uL (cDNA 1.0pL, 1.0pL,
(Kyoto Encyclopedia of Genes and SYBR Green 12.5uL, 9.5uL)
Genomes, KEGG) (www.genome.jp/kegg) 1 95°C Smin, 95°C 30s, 60°C
BlastX s E-value 1E-5, 30s, 72°C 30s, 40 ;
GO term KEGG , 94°C 30s, 72°C 60s, 95°C 30s
GO KEGG GOseq(1.18.0) (standard error of the mean, SEM)
KOBAS GO KEGG (Chen et al, 2019)
* 1 qRT-PCR R HFTH DEGs K H qRT-PCR 3|1 #JR9{E 2
Tab.1 DEGs and the prime information of qRT-PCR verification
(5'=3"
BAX AAGGCATGGTGAAGGCAATG TTCATCACCGATCTGCTGGA
VEGFA CGTTGTAACAGGCTTGCAGT GTCCTCTTTGTTGTGGCGTT
TBP AACATGGTGGGTAGCTGTGA CAGGGAAGAGCTCAGGTTCA
CAMMKK?2 CTCTGCCTGTTCCCTTCTGA CCACATGAAGACACGGGTTC
GAPDH TTCGGCATCATTGAGGGTCT CGGGAATGATGTTCTGGCTG
GTF34 ACCTCTGCAAGCATACTGGA AGCCCTCAACAACACACTTG
MRPL53 AAGTCTACCGTGGTGCTGAA TGGTTGCTCGGACTTTCTCT
TMEM144 GCTGGAATGTGTCTGCTCAG CCAAAGCTGCCAGAGTTTGT
IDE GTGAAGAGGGTGGTGACTGA CACTGATGAGCATGGCCTTC
CHSTI2 CACCCATGCCAGATCCAGTA ACTCCACGACATTGTCCACT
Bp18S rRNA GGCCGTTCTTAGTTGGTGGA CCCGGACATCTAAGGGCATC
1 BAX: ; VEGFA: A; TBP: ; CAMMKK?2: / 2; GAPDH: 3-
; GTF34: 3A; MRPLS53: L53; TMEM144: 144; IDE: ; CHSTI2:
; Bp18S rRNA:
2 Clean reads, reads
41186267 reads  88.89%
21 , GC 47.00%—48.50%,
MO/M® RNA , 6 cDNA Q30 95.40% (
[llumina Hiseq 4000 2); 52155548 Clean reads,
MO/M® reads 47405512
NCBI Short Read Archive (SRA), reads  90.85%, ;
SRR9771486—SRR9771491 (Bioproject GC 46.00%—46.50%, Q30
PRINAS543702) 46321325 94.55% ( 2)
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, P<0.05 , 662 GO ,
[logo(FC)|I=1 , 4487 674 (molecular function) (37.99%) 221
DEGs ( 1la) DEGs 2507 DEGs (cellular component) (12.46%) 879
1980 ( 1b) (biological process) (49.55%) 3
a b DEGs 10 GO ( 2
8 3000 ,
@ 6 (translation) (oxidation-reduction
% 4 % 20007 process) DNA (DNA replication), 43
g, s 1000} 2 25
0 (nucleus) (mitochondrion) (cytosol),
P e @nEm " T tad b9
o BIERIA (structural constituent of ribosome)
1 MO/Md DEGs RNA (RNA binding) poly(A) RNA (poly(A)
Fig.1 Different expression gene analysis for the hypoxia groups RNA binding), 55 32 15 ,
. of mudskipper MO/MICI) (signal
Ca. DEGs;
DEGs; .b. DEGs transduction) DNA (regulation of
transcription, DNA-templated) (proteolysis),
22 DEGs GO KEGG 28 28 25
, DEGs GO (integral component of membrane)
, 931 GO , 678 (membrane) (cytoplasm), 174 173
(molecular function) (34.24%) 308 88 (metal
(cellular component) (15.56%) 994 ion binding) ATP (ATP binding) (zinc
(biological process) (50.20%) DEGs GO ion binding), 66 48 42

#z2 6HXHEARE MO/ME §FRENFHTITMH KT
Tab.2 Statistics of sequencing data of 6 transcriptomes of mudskipper MO/M®

Reads Reads (Gb) GC (%) Q30(%)
Z1 45009018 44513496 6.68 48.50 95.40
z2 47029388 46453642 6.97 47.00 96.19
Z3 48594320 47996836 7.20 47.00 96.47
D1 52006536 51386822 7.08 46.50 94.81
D2 49485232 48844400 7.42 46.50 94.55
D3 57012470 56235422 8.55 46.00 96.12
1 Q30: =30
DEGs 500 206 RNA (RNA polymerase) (Homologous
KEGG ; DEGs 357 recombination) (Oxidative phosphorylation)
211  KEGG DEGs 30 DEGs 30
( 3a) (ribosome) ( 3b) DEGs
DNA (DNA replication) (mismatch (salmonella infection) -
repair) (pyrimidine metabolism) (glycosylphosphatidylinositol-anchor biosynthesis)

(nucleotide excision repair)

(cell cycle)

(fatty ac

id degradation)

(Pancreatic
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Fig.2 Gene ontology analyses of up- and down-regulated genes of hypoxia in mudskipper MO/M®
: GO : s a.
1: DNA ;28 ;3 rRNA SSU-rRNA (SSU-rRNA, 5.8S rRNA, LSU-rRNA); 4: ;
5: DNA ; 6: ; 7: DNA ; 8: DNA 3 9: ; 10: ;11 ;128
5 13: ;5 14: ;15 ; 16: 3 17: ;18 5 19: ; 20
; 21: FK506 ; 22: RNA 111 ; 23: DNA ; 24: DNA ; 25: mRNA ; 26: ;27: -
; 28: poly(A)RNA ;29: RNA ;30: b. 1: DNA ;2:
;3 s 4: ;5 ; 6: R ;8 ;9: DNA 5 10: ;11
;128 ;13 ;5 14: ;15 5 16: 3 17: ;18 5 19: 5 20: ;21
DNA ;228 ;23 ;24 ;25 ;26 ;27 ;28 ;5 29:
ATP 5 30:
cancer) N- (N-Glycan biosynthesis)
(endocytosis) - /
(glycosaminoglycan biosynthesis-chondroitin
sulfate/dermatan sulfate) (acute ,
myeloid leukemia) ABC (ABC transporters) ,
(Shang et al, 2004)

2.3 PCR
10 DEGs, (Gracey et al, 2001; van Der Meer et al, 2005; Zhong
PCR et al, 2009) HIF
, . HIF
« 4 BAX VEGFA TBP CAMKK? (Xiao,
GAPDH GTF34 MRPL53 TMEMI144 IDE 2015) 120d (Megalobrama
CHSTI210  DEGs amblycephala, blunt snout bream)

HIF-1o0/20

mRNA (Liet al, 2015)
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Fig.3 KEGG analysis for signaling pathways participated by up- and down-regulated DEGs
= DEGs / DEGs
a. 1 ;28 ;3 ;4: RNA ; 5: RNA ; 6:
37 ;8 ;9:p53 ; 10: ;11 ;128 ;13 ;14 ;15
; 16: 3 17: ;18 5 19: 5 20: ;21
;228 - ;23 - P450; 24: DNA ;25 DNA ;26 ;27 ;28
;29 5 30: b. 1 ;28 ;
3: ; 4: PPAR ;5 D ; 6: 3 7: ; 8 3 9: ; 10: N-
;11 ; 12: MAPK ;13 ; 14: - ; 15: ; 16: GnRH
17: - ; 18: - ; 19: - / ; 20:
- / ;21 ;228 ;23 5 24: ;3 25: ; 26: 3 27:
; 28: AGE-RAGE ;3 29: ; 30: ABC
1h (Perca fluviatilis, Eurasian perch) HIF-1a , HIF-2a
HIF-1o s 154 (Mohindra et al, 2013) ,
HIF-1o S HIF-1o HIF 72h
(Rimoldi et al, 2012) , (Gymnocypris eckloni, piebald naked
(Clarias batrachus, Indian catfish) lh  6h carp) HIF-10/2a
5 HIF-1a HIF-2a (Qietal,2018) S 1.5h fil

(Ictalurus punctatus, channel catfish)
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Fig.4 Verification of randomly selected 10 DEGs by qRT-PCR
. 1: BAX; 2: VEGFA; 3: TBP; 4. CAMKK?2 ; 5: TMEM144, 6:
MRPL53; 7 GAPDH; 8: GTF34; 9: IDE; 10: CHSTI2;
Bp18S rRNA; n=4

HIF-1a ; Sh ,
HIF-1a (Geng et al, 2014) HIF-1
HIF-1
(hypoxia response elements, HREs) s
, VEGF
(Nikinmaa et al, 2005) VEGF-A
VEGFR-1 (VEGF receptor-1) VEGFR-2,
(Shibuya,
2011) 7d (Epinephelus
coioides, orange-spotted grouper) VEGF ,
(Yu et al, 2008)

(Astronotus ocellatus,

cichlid fish) 3h, VEGF
(Baptista et al, 2016) GAPDH HIF-1
, GAPDH
NF-«xB  HIF-1 , VEGF-A
: , GAPDH RNA
HIF-1a VEGF-A
mRNA (Chiche et al, 2015)
(Oreochromis niloticus, Nile tilapia) 12h
GAPDH (Xia et al, 2018)
, MO/M® 8h,
DEGs , HIF-1a
, VEGF-A  GAPDH
(Xia et al,
2018) , )

(oxidative phosphorylation)

(glycolysis) (glycogenolysis)
, ATP
(Everett et al, 2012) ,
(lipolysis) (Li et al,
2018) fis (Gillichthys mirabilis,
long-jawed mudsucker) 8h 24h 72h  144h,
I

(cytochrome oxidase subunit I, COI)
; , b (cytochrome b, Cyb)
col ,

(Gracey et al, 2001)
grandis, gulf killifish) 4h 96h
, I
) (NADH dehydrogenase, ND)
) (cytochrome coxidase, COX)
(Everett et al, 2012)
% (Oryzias latipes, medaka)

W (Fundulus

(NADH
IV( C

5d

(Zhang et al, 2012) 72h
(Gymnocypris eckloni) /
(glycolysis/gluconeogenesis)
(Qi et al, 2018) 2d 4d 7d
(Ctenopharyngodon idella, grass carp)
(Xu et al, 2019) 6h
, (Morone saxatilis x Morone chrysops,
striped bass x white bass)
(Beck et al, 2016)

6h 12h
/
(Li et al, 2018; Xia et al, 2018) 4
(Lietal,2018) ,
(Danio rerio, zebrafish) 3 ,
: ( 12
ND ,2  COoXx )
(Van Der Meer et al, 2005 )
MO/M® 8h |
19

>
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(cytochrome b-cl, Cyb-cl) COX ND ATP
(ATP synthase) )
/ GAPDH
( )(phosphofructokinase, muscle, PFKM)
B (fructose-bisphosphate aldolase B,
ALDOB) 6

( )

mRNA
) MO/M®
, DEGs GO KEGG
(Qietal, 2018) s
s (Toba et al,
2014) 8h ,
(Toba et al,
2014) ,
(Richards, 2009)
MO/M®
(Kvamme et al, 2013)
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9 3'
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MO/M®
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COMPARATIVE TRANSCRIPTOME ANALYSIS OF MO/M® IN RESPONSE TO LOW
OXYGEN STRESS IN MUDSKIPPER BOLEOPHTHALMUS PECTINIROSTRIS

ZHU Ting-Fang"?, GUAN Feng’, MIAO Liang”®, SHI Yu-Hong*®, CHEN Jiong"?*?

(1. State Key Laboratory for Managing Biotic and Chemical Threats to the Quality and Safety of Agro-products, Ningbo University,
Ningbo 315832, China; 2. Laboratory of Biochemistry and Molecular Biology, School of Marine Science, Ningbo University, Ningbo
315832, China; 3. Key Laboratory of Applied Marine Biotechnology of Ministry of Education, School of Marine Science, Ningbo
University, Ningbo 315832, China)

Abstract Hypoxia is one of the key pressures of fish in aquatic environment. And mudskipper (Boleophthalmus
pectinirostris) might be one of a few vertebrates that naturally respire hypoxic air. Therefore, the expression changes of
head kidney-derived monocytes/macrophages (MO/M®) transcripts in mudskipper were analyzed under hypoxia stress for
8h. Using Illumina Hiseq 4000 platform for high-throughput sequencing, the complete transcriptome data of mudskipper
MO/M® were obtained, and uploaded to National Center for Biotechnology Information (NCBI) with the accession
number of SRR9771486—SRR9771491 (Bioproject PRINAS543702). Results show that a total of 4487 differentially
expressed genes (DEGs) with 2507 up-regulated DEGs, and 1980 down-regulated DEGs were obtained in hypoxia group,

screening under the condition of P<0.05 and |log,(fold change)] = 1. There was no significant change in the expression of

hypoxia inducible factor (HIF) transcripts, but significant upregulation in the expression of vascular endothelial growth
factor (VEGF-A) and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) transcripts. The Gene Ontology (GO)
annotation and Kyoto Encyclopedia of Gene and Genome (KEGG) signal pathway enrichment analysis revealed that
glycolysis/gluconeogenesis and oxidative phosphorylation might play important roles in short-term hypoxia stress on
MO/M®. Ten differentially expressed genes were randomly selected for quantitative real-time PCR (qRT-PCR) verification,
and the trend was consistent with that of the transcriptome analysis. Finally, the regulation of gene expressions and the
signal pathways in mudskipper MO/M® responding to short-term hypoxia stress have been revealed.

Key words hypoxia stress; gene expression; signal pathway; comparative transcriptome analysis;

Boleophthalmus pectinirostris



