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P<0.05 PCR RNA-seq
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Tab.1 The primer sequences of verification genes in qPCR
EVMO0013809 _cdc-42 GCCACTAAGGCTATGTACGACCT TTCAACGTGAACCTTCTTTTCAA
EVMO0015867 pck-2 GAAAGAGGCATGCTCTCTCCCCT ACACCGTCTGGTACTTGTCG
EVMO0011074_pgk-1 GAGGATGCAACCAGCAGTGT AACGGTCTTTGCACGGAGCA
EVMO0005891 pygl-1 CTCTCCATTCCGATCTTCTCA GATTGGAGAGAAGCAGCCAG
EVMO0005533_mmcm-1 GTCGAGTCTGGCATGACGAA CAATCGATACTTGTTCACTCC
EVMO0011182_cti-2 GTGCTCACAATACGCAACGC CCTGAGGCATGGAATACGCT
EVMO0007291 _cysl-2 CTATGAGTGTGGAACGCAGA TCCTTGGCTAGTTCTTGAGCTC
EVMO0008590 sdhb-1 ATCTCGGTCCTGCTGTACTCAT GCAGTTCATGATGGTGTGACAT
EVMO0002958 mce-1 CAACTCGAAGCTAGAGCTCCT GTGGATGTCTTTCACCTCAA
s cde-42 S
2 2.2 L. marina
21 L. marina RNA-seq L. marina
L1 ,
70 L. marina L1 ) )
20 uL OP50 NGM ,
3 4
’ 70 . KEGG
1 R 21% , L. marina 23 /
87.3h (86 86 90h);3%
79.7h (78 80 81h); 1% KEGG ’ 21%
88 h (86 88 90 h); ’ / (epi-1  aldo-2
0.5% 97.3h (96 98 gpd-3  pgk-1 pyc-1 pck-2  fbp-1) 3% 1%
98 h) 21% , 3% 0.5%
’ ’ 0.5% ’ ( 5a gpi-1 aldo-2 gpd-3
pgk-1 -6 (glucose-6-
150 - phosphate isomerase) (Fructose
bisphosphate aldolase) -3-
88 9Z~3 (glyceraldehyde 3-phosphate dehydrogenase)
= 1oor ST 9.7 NS. (phosphoglycerate kinase),
E: pye-1  pck-2  fbp-1
i 50 EE (pyruvate carboxylase)
EE (phosphoenolypyruvate carboxykinase) 1,6
EE (fructose-1,6-biphosphatase)
1 " 1
SRR %2 SAWLAAPEREEOKE
Tab.2 The number of differentially expressed genes in each
U L marina comparison set
Fig.1 The growth rate of L. marina under different oxygen
concentrations 3% vs 21% 931 434 497
21% s Dunnett
(ANOVA with Dunnett’s correction) 1o vs 21% 1759 t1a3 616
0.5% vs 21% 827 416 411

, (*P<0.05)
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Fig.2 Heatmap of differentially expressed genes of L. marina under different oxygen concentrations
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s s
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Fig.5 The expression of up-regulated pathway related genes of L. marina under hypoxia
:a. / ;b ;C.
(3% 1% 0.5%) (21%) ( FPKM / FPKM ) t-test ,
3 (*P<0.05, **P<0.01, ***P<0.001)
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(UDP-glucuronosyltransferase), gst-5 synthetase) acn-1 (angiotensin
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Fig.6 The expression of down-regulated pathway related genes of L. marina under hypoxia
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Fig.7 The expression of genes related to peroxisome metabolism and molting of L. marina
ca. ;b (3% 1% 0.5%) (21%)
( FPKM / FPKM ) t-test , 3 (*P<0.05,

**Pp<0.01, ***P<0.001)
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(Onken et al, 2020) ,
L. marina sdhb-1 B ,
, I ,
, TCA
3.2 L. (Rustin et al, 2002) sdhb-1
marina s s , ATP
21% , ethe-1 mpst-1 (Saskoi et al, 2020) 21% ,
cysl-2  cysl-3 3% 1% 0.5% mce-1 mmem-1  sdhb-1 3% 1% 0.5%
( 5b) ethe-1 ( 5o,
H,S
, H,S (Budde et al, 2011)
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21% , cysl-2 3% 1% HIF-1 (Xie et al, 2012),
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(Qabazard et al, 2013) H,S (Wieten et al, 2007)
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(Qabazard et al, 2014), H,S HIF-1 (Shen et al, 2006)
HIF-1 (Budde et al, 2010) , hsp-70
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cysl-2  cysl-3 , daf-2 (Kimura et al,
H,S 1997) daf-2
33 L. R (Kenyon et al, 1993)
marina daf-2 20 °C
mce-1 5d , (Mendenhall et
(Kiihnl et al, 2005) mmcm-1 al, 2006) daf-2 ,
R- A daf-2 )
A (Bito et al, 2016) A L. marina
, A zip-3 , zip-3
) > (mitochondrial
GTP GTP ATP , unfolded protein response UPR™) (Deng et al, 2019)
UPR™ ,
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3.5 P450 ABC
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patched , RNAI ptr-10
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4
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TRANSCRIPTOME ANALYSIS OF THE RESPONSE OF MARINE NEMATODE
LITODITIS MARINA TO HYPOXIA STRESS

LIBo"*>>* XIE Yu-Su"*?, ZHANG Liu-Suo"*"’

(1. CAS Key Laboratory of Experimental Marine Biology, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071,
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Abstract Global climate change has led to ocean deoxygenation, and the hypoxic stress poses a serious threat to the
growth, development and reproduction of marine invertebrates. In this study, the marine nematode Litoditis marina was
exploited to analyze the impact of hypoxia to marine invertebrates. The L. marina L1 larvae were sampled for
transcriptome sequencing and analysis and the growth and development rate under different oxygen concentrations (21%,
3%, 1% and 0.5%) were observed. Results showed that when ambient oxygen concentration decreased from 21% to 3%, the
egg-laying time of L. marina was significantly accelerated, and when it further decreased to 1%, the egg laying time of L.
marina was similar to that in 21% oxygen. When the oxygen concentration dropped to 0.5%, the egg laying time was
significantly attenuated. The KEGG enrichment analysis showed that genes in several pathways such as glycolysis,
gluconeogenesis, sulfur metabolism, and mitochondrial carbon metabolism were significantly up-regulated in 3%, 1% and
0.5% oxygen conditions, compared to those in 21% oxygen. However, the expression levels of genes in certain pathways
such as nematode lifespan regulation, cytochrome P450 metabolism, and ABC transporters were significantly
down-regulated under hypoxia conditions. This study provided a foundation to further study the functions of key genes in
response or adaptation to hypoxia stress, in the context of global climate change and ocean deoxygenation.

Key words marine nematode; Litoditis marina; hypoxia stress; glycolysis; sulfur metabolism; carbon
metabolism pathway



