Supplementary data for


Future climate change accelerates the invasive rhythm of alien marine species: new insights into the invasive potential of the world's aquaculture species red drum Sciaenops ocellatus
[bookmark: _Hlk535587016][bookmark: OLE_LINK101][bookmark: _Hlk125800838][bookmark: _Hlk535586955]Yongshuang Xiao1*, Jing Liu1*, Jiehong Wei1, Zhizhong Xiao1, and Jun Li1, Alfonso Aguilar-Perera2, Angel Herrera-Ulloa3
[bookmark: OLE_LINK51][bookmark: OLE_LINK50]1Center for Ocean Mega-Science, Institute of Oceanology, Chinese Academy of Sciences, Qingdao, China
2Departamento de Biología Marina, Facultad de Medicina Veterinaria y Zootecnia, Universidad Autónoma de Yucatán, México
3Escuela de Ciencias Biológicas, Universidad Nacional, San José, Costa Rica









Submitted to: Global and Planetary Change





[bookmark: _GoBack]
Number of Tables: 5
Number of Figures: 13
Number of Pages: 19



1. Tables
Table S1. Environment variables used for predicting the geographical distribution of S. ocellatus
	[bookmark: _Hlk126263329]Codes
	Environment variables
(Benthic layers with average depth)
	Unit

	Tem
	Temperature
	℃

	Sal
	Salinity
	PSS

	Cuv
	Currents velocity
	/m

	Dmo
	Dissolved molecular oxygen
	mol/m3

	Iro
	Iron
	umol/m3

	Chl
	Chlorophyll
	mg/m3

	Phy
	Phytoplankton
	umol/m3

	Prp
	Primary productivity
	g/m3/day

	Lab
	Light at bottom
	-




Table S2. Relationship between sample occurrences and environmental variable data using for the development of maximum entropy model
	
	Chl
	Cuv
	Dmo
	Iro
	Lab
	Phy
	Prp
	Sal
	Chl

	Chl
	1.00 
	-0.27 
	0.75 
	0.47 
	-0.23 
	0.98 
	0.91 
	-0.33 
	-0.59 

	Cuv
	-0.27 
	1.00 
	-0.43 
	-0.37 
	0.10 
	-0.31 
	-0.24 
	0.22 
	0.27 

	Dmo
	0.75 
	-0.43 
	1.00 
	0.52 
	-0.13 
	0.80 
	0.61 
	-0.41 
	-0.72 

	Iro
	0.47 
	-0.37 
	0.52 
	1.00 
	0.20 
	0.62 
	0.70 
	-0.78 
	-0.01 

	Lab
	-0.23 
	0.10 
	-0.13 
	0.20 
	1.00 
	-0.12 
	-0.09 
	-0.25 
	0.24 

	Phy
	0.98 
	-0.31 
	0.80 
	0.62 
	-0.12 
	1.00 
	0.94 
	-0.45 
	-0.55 

	Prp
	0.91 
	-0.24 
	0.61 
	0.70 
	-0.09 
	0.94 
	1.00 
	-0.48 
	-0.28 

	Sal
	-0.33 
	0.22 
	-0.41 
	-0.78 
	-0.25 
	-0.45 
	-0.48 
	1.00 
	0.03 

	Tep
	-0.59 
	0.27 
	-0.72 
	-0.01 
	0.24 
	-0.55 
	-0.28 
	0.03 
	1.00 









[bookmark: OLE_LINK2]Table S3. The contribution rate of each environmental factor influencing the suitable distribution of S. ocellatus
	Codes
	Environment variables
	Percent contribution (%)

	Lab
	Light at bottom
	54.5

	Tem
	Temperature
	37.6

	Iro
	Iron
	4.8

	Sal
	Salinity
	1.4

	Dmo
	Dissolved molecular oxygen
	1.3

	Phy
	Phytoplankton
	0.3

	Cuv
	Current Velocity
	0.1




Table S4. Range of δ13C and δ15N in the main fishery organisms (Sciaenidae) within the occurrence area of S. ocellatus in the East China Sea
	Species
	δ15N
	δ13C

	
	Numerical range (‰)
	Average value
(‰)
	Numerical range
(‰)
	Average value
(‰)

	Sciaenops ocellatus
	10.84 ~ 12.84
	11.61 ± 0.62
	-15.28 ~ -17.25
	-16.45 ± 0.52

	Miichthys miiuy
	10.88 ~ 11.90
	11.35 ± 0.51
	-15.08 ~ -16.03
	-15.71 ± 0.54

	Otolithes ruber
	10.87 ~ 11.85
	11.21 ± 0.56
	-15.58 ~ -15.78
	-15.68 ± 0.10

	Larimichthys crocea
	10.07 ~ 11.61
	10.84 ± 1.09
	-17.05 ~ -17.89
	-17.47 ± 0.59

	Larimichthys polyactis
	9.03 ~ 11.42
	10.30 ± 1.01
	-17.83 ~ -18.85
	-18.18 ± 0.47

	Johnius belangerii
	9.93 ~ 10.82
	10.33 ± 0.37
	-17.12 ~ -17.89
	-17.51 ± 0.43

	Collichthys lucidus
	6.57 ~ 8.96
	8.11 ± 0.97
	-17.78 ~ -19.50
	-18.48 ± 0.71














Table S5. Primary receptor effector genes of DEGs targeting low osmolarity with criteria (|log2-fold change| ≥ 1 and FDR < 0.05) in the gill of S. ocellatus

	Gene ID
	Gene Symbol
	CKG32_mean
	FWG3_mean
	log2(fc)
	PValue
	FDR
	Description

	Soc10G001910
	SLC12A3
	5.3
	265.94
	5.648964619
	1.75E-82
	1.02E-78
	Solute carrier family 12 member 3 Na-Cl cotransporter [Larimichthys crocea]

	Soc09G003170
	prlr
	13.13333333
	58.41
	2.152982256
	3.18E-65
	1.12E-61
	prolactin receptor [Larimichthys crocea]

	Soc06G009680
	cftr
	28.02333333
	6.17
	-2.183286178
	5.08E-62
	1.27E-58
	CFTR [Sciaenops ocellatus]

	Soc12G000390
	Slc25a23
	0.393333333
	9.006666667
	4.51716891
	1.23E-36
	1.44E-33
	calcium-binding mitochondrial carrier protein SCaMC-3 [Larimichthys crocea]

	MSTRG.13696
	ERAP1
	0.913333333
	8.17
	3.161122686
	3.3E-34
	3.62E-31
	Endoplasmic reticulum aminopeptidase 1 [Collichthys lucidus]

	Soc23G006770
	NNT
	29.74666667
	7.1
	-2.066837083
	7.61E-30
	6.36E-27
	NAD(P) transhydrogenase, mitochondrial [Larimichthys crocea]

	Soc07G004550
	tmem150a
	3.513333333
	15.61
	2.151558171
	7.09E-28
	5.4E-25
	transmembrane protein 150A [Larimichthys crocea]

	Soc09G000520
	Slc12a2
	42.94
	15.36333333
	-1.482830924
	4.37E-20
	2.13E-17
	NKCC1 [Sciaenops ocellatus]

	Soc03G003880
	SLC25A12
	8.133333333
	1.87
	-2.120808472
	1.25E-15
	4.48E-13
	calcium-binding mitochondrial carrier protein Aralar1 [Larimichthys crocea]

	Soc10G000100
	RT1-B
	67.36
	203.4833333
	1.594946589
	1.08E-13
	3.12E-11
	MHC class II antigen alpha chain [Miichthys miiuy]

	Soc15G004110
	TRPV4
	3.45
	20.62666667
	2.579842429
	1.73E-13
	4.74E-11
	transient receptor potential cation channel subfamily V member 4 [Larimichthys crocea]

	Soc23G002920
	rhcg2
	984.8
	358.31
	-1.458622454
	2.22E-12
	5.25E-10
	ammonium transporter Rh type C 2 [Larimichthys crocea]

	MSTRG.8552
	HLA-DQB2
	670.5633333
	299.0033333
	-1.16521203
	2.75E-10
	4.59E-08
	MHC class II antigen alpha chain [Miichthys miiuy]

	Soc22G003710
	Trim25
	11.84
	39.23666667
	1.728533402
	8.46E-10
	0.000000131
	tripartite motif-containing protein 16 [Larimichthys crocea]

	Soc14G003370
	VDAC2
	45.76
	22.82666667
	-1.003366851
	2.02E-09
	0.000000283
	Voltage-dependent anion-selective channel protein 2 [Larimichthys crocea]

	Soc12G007440
	Trim39
	28.87666667
	11.40666667
	-1.340026957
	4.71E-09
	0.000000616
	butyrophilin subfamily 3 member A3-like [Larimichthys crocea]

	Soc18G005420
	SLC25A22
	6.816666667
	3.153333333
	-1.112188754
	3.65E-08
	0.00000398
	mitochondrial glutamate carrier 1 isoform X1 [Larimichthys crocea]

	Soc20G009560
	rhbg
	257.4266667
	111.75
	-1.203886678
	0.000000109
	0.0000101
	ammonium transporter Rh type B [Sparus aurata]

	Soc16G007390
	GADD45A
	22.79
	87.06
	1.933609096
	0.000000127
	0.0000116
	growth arrest and DNA damage-inducible protein GADD45 alpha isoform X1 [Larimichthys crocea]

	Soc14G001090
	GRB7
	3.013333333
	6.923333333
	1.200106538
	0.000000138
	0.0000125
	Growth factor receptor-bound protein 7 B47 [Collichthys lucidus]

	Soc16G005260
	Itm2c
	2.943333333
	12.98666667
	2.141508334
	0.000000319
	0.0000261
	integral membrane protein 2C isoform X1 [Larimichthys crocea]

	Soc01G005620
	ergic1
	3.603333333
	8.086666667
	1.166213027
	0.000000808
	0.0000588
	endoplasmic reticulum-Golgi intermediate compartment protein 1 [Larimichthys crocea]

	Soc02G002530
	SEC23A
	5.896666667
	19.89
	1.754071729
	0.000000853
	0.0000613
	Protein transport protein [Collichthys lucidus]

	Soc23G007460
	TRPM5
	0.263333333
	1.266666667
	2.26607486
	0.0000022
	0.000135293
	Transient receptor potential cation channel subfamily M member 5 [Larimichthys crocea]

	Soc11G003060
	ggact.2
	5.42
	2.303333333
	-1.234569642
	0.00000234
	0.000142314
	gamma-glutamylaminecyclotransferase [Larimichthys crocea]

	Soc10G006570
	TRIM35
	7.93
	3.006666667
	-1.399155933
	0.00000541
	0.000284037
	zinc-binding protein A33 [Larimichthys crocea]

	Soc15G003130
	Aqp3
	27.79
	76.67333333
	1.464159067
	0.0000266
	0.001091944
	Aquaporin-3 [Trichinella sp. T6]

	Soc22G006950
	ITPKC
	8.53
	19.00333333
	1.155634854
	0.0000854
	0.002712441
	Cinositol-trisphosphate 3-kinase A [Larimichthys crocea]

	Soc08G003530
	ITGB8
	0.96
	2.26
	1.235216462
	0.000368707
	0.008058686
	integrin beta-8 [Larimichthys crocea]

	Soc23G006700
	SLC12A1
	0.153333333
	0.706666667
	2.204358499
	0.000496725
	0.00991697
	NKCC2 [Sciaenops ocellatus]

	Soc16G001680
	CREM
	14.17333333
	36.87
	1.37926832
	0.000660074
	0.012128343
	cAMP-responsive element modulator [Larimichthys crocea]

	Soc15G006970
	ITGA2
	5.3
	10.75
	1.020272395
	0.000796444
	0.014059277
	integrin alpha-2 [Larimichthys crocea]

	Soc08G006600
	tomm40
	5.15
	10.42666667
	1.017633675
	0.000963012
	0.016215795
	Mitochondrial import receptor subunit TOM40 -like protein [Collichthys lucidus]

	Soc21G006890
	ATF3
	3.406666667
	22.08666667
	2.696743007
	0.002854248
	0.035159601
	Cyclic AMP-dependent transcription factor ATF-3 [Larimichthys crocea]

	Soc16G009080
	CXCR4
	3.243333333
	18.96666667
	2.547916942
	0.003358689
	0.039407273
	C-X-C chemokine receptor type 4 [Larimichthys crocea]

	MSTRG.11025
	GIMAP7
	6.843333333
	42.67666667
	2.64067637
	0.004440644
	0.047579494
	GTPase IMAP family member 9-like [Sparus aurata]








[image: ]
Fig. S1. Receiver operating characteristic (ROC) curve of the MaxEnt niche model with 10-fold cross-replication. Red color represents the average test AUC for training data. Blue color represents the standard deviation. Black represents random prediction AUC.
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[bookmark: _Hlk126565266]Fig. S2. Current potential distribution pattern of S. ocellatus under the current environmental conditions at the world ocean scale (a), and four hotspot fitness zones of S. ocellatus were identified along the Gulf Coast in the western Atlantic Ocean (b), the coasts of China and Australia in the western Pacific Ocean (c), and the Uruguayan coast in the Atlantic Ocean (d). Red color represents high suitable distribution areas of S. ocellatus; gray color represents non-suitable distribution areas; yellow color represents moderate growth areas; Blue color represents low-adaptive areas.
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[bookmark: _Hlk126482807][bookmark: _Hlk126239843][bookmark: _Hlk126239906]Fig. S3 Forecasted shifts of the potential distribution pattern of S. ocellatus offshore China in future climate scenarios (RCP8.5), and amounts of S. ocellatus individuals have escaped from coastal nets in recent years off the coast of Zhejiang (Kang et al., 2022; Wang et al., 2022; Xue, 2008). Red color represents the suitable habitat distribution of S. ocellatus expands offshore China in 2100. Light yellow represents the habitat distribution has no changes during present and future period.
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[bookmark: _Hlk126572203][bookmark: _Hlk126572656]Fig. S4. Correlation analysis between different samples using Pearson's correlation coefficients. The numbers represent the square of Pearson's correlation coefficient. CKG32/ MSG16/FWG3 represent acute hypoosmotic stress condition (32, 16 and 3 psu) for the gills of S. ocellatus. CKK32/ MSK16/FWK represent similar condition for kidneys of S. ocellatus.
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[bookmark: _Hlk126573031]Fig. S5. Hierarchical clustering analysis of all the DEGs in CKG32, MSG16, and FWG3 groups with 32, 16 and 3 psu. 
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[bookmark: _Hlk126574550]Fig. S6. Distribution and validation of DEGs in the comparison groups of CKG32, MSG16, and FWG3 groups using Venn diagrams and volcano plots. (a) FWG3 vs. CKG32; (b) FWG3 vs. MSG16. (c) MSG16 vs. CKG32.
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Fig. S7. GO and KEGG functional enrichment analysis of DEGs in FWG3 vs. CKG32 from biological process, molecular function, cellular component, and top 20 modulated pathways (a, b, c, e). Primary receptor effector genes of DEGs identified using the Genemania Cytoscape platform (e, f)

[image: NCC传感器3_复制]
[bookmark: _Hlk127780278]Fig. S8. NCC hypotonic sensor marker gene expression (prlr, slc12a3) significantly (p < 0.01) upregulated upon entry into a hypotonic environment in the gill of S. ocellatus. The Cl channel protein (Cystic fibrosis transmembrane conductance regulator, CFTR) gene cftr showed the opposite trend of expression (p < 0.01).
[image: ]
[bookmark: _Hlk127780832]Fig. S9. NHE3 hypotonic sensor marker gene expression (slc9a3, rhcg1) significantly (p < 0.05) upregulated upon entry into a hypotonic environment in the gill of S. ocellatus. The rhcg2 and rhcg1 genes showed significantly opposite expression patterns (p < 0.05).

[image: 低渗传感器2]
Fig. S10. NHE1 hypotonic sensor marker gene expression (ilk, itgb8, itgb3 and itgb4) significantly (p < 0.05) upregulated upon entry into a hypotonic environment in the gill of S. ocellatus. 

[image: 传感器2_复制]
Fig. S11. TRPV hypotonic sensor marker gene expression (trpv4/6, aqp3) significantly (p < 0.05) upregulated upon entry into a hypotonic environment in the gill of S. ocellatus.
[image: ]
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[bookmark: _Hlk126580539]Fig. S12. The GSEA (above) and WGCNA (below) results showed a highly significant downregulation of expression of the redox electron transport chain pathway driving reactive oxygen species (ROS) production in branchial cells of S. ocellatus upon entry into a hypotonic environment.
[image: ]
Fig. S13. Effector genes expression (hspa5, atf3, atf4, atf6, and gadd45a) (p < 0.05) related to the endoplasmic reticulum stress pathway in branchial cells of S. ocellatus upon entry into a hypotonic environment.
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