Vaccination priming Vaccination boost Immune challenge

@ @ @ ® 06 O

Day0: Day 7 DayO : Day 7 Day 0 :Day 1 Day 7 Day 15
v L v ‘ :
3 weeks 8 weeks :
- -

Day 0 Day 1 Day 7 Day 15

@ ® @

Supplementary Figure 1.

Schematic showing sampling timeline.

Atlantic cod were split into two groups: vaccinated and naive fish. Following priming and boost
immunisations, both groups were challenged by the pathogen Vibrio anguillarum and sampled on
days 1, 7 and 15 after challenge. Each sampling point, 1-12, represents 2-3 fish. 34 Atlantic cod were
sampled in total.
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Supplementary Figure 2.

Elbow plot showing a ranking of principal components based upon the percentage of variance
explained by each. Here we observe an ‘elbow’ around principal components 30-40, suggesting that
the majority of true signal is captured in the first 40 principal components.



Tt

0 1 2 3 - 5 6 7

Normalised log expression
1
1

-2
L

Cluster identity

Supplementary Figure 3.

A bar chart showing the normalised log-transformed expression of immunoglobulin genes in each of
the B cell sub-clusters. The error bars show the standard deviation.
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Supplementary Figure 4

Dot plot showing expression of cd8, mcplb and mi130 genes in T-cell subclusters across
vaccination and immune challenge study timeline. The size of the dot encodes the percentage of
cells within a subcluster expressing the gene, while the colour intensity encodes the average
expression level of 'expressing’ cells.
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Supplementary figure 5.

Atlantic cod T lymphocytes sub-clusters from previous work. (Guslund et al., 2020)

A) 1,304 T lymphocyte cells clustered at a resolution of 0.3 using UMAP reveals 4 sub-clusters.

B) Violin plots showing expression of selected genes identified by differential expressed gene
analysis. The y-axis indicates normalized and log-transformed average expression of the selected
genes. The x-axis indicates the T cell cluster identity shown in the UMAP.

C) Feature plot showing the expression of T cell co-receptor cd8b, cytokine mcplb and m130.
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Supplementary Figure 6

Figure showing the expression of key T cell marker genes. (A) Global UMAP containing all
splenic cells showing identity of cell clusters. (B) Feature plots showing the expression of the T cell
receptor terb, T cell co-receptor cd8b, cytokine mcp1b, and m130, on the UMAP from the sampled
Atlantic cod.



Supplementary Figure 7

Pseudotime analysis of T lymphocytes using Slingshot. (A) T cell sub-clusters depicting one
Slingshot-predicted lineage trajectory, starting at lineage 3 and ending at lineage 4. (B) Selecting
multiple trajectories suggests sub-clusters 3 and 4 are separate lineages, while sub-clusters 0, 1 and
3 are connected.
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Supplementary Figure 8A

Neighbour joining phylogram of CD163/Scavenger receptor M160/M130 from Atlantic cod
(Gadus morhua) and selected other species. Scavenger Receptor Cysteine-Rich Type 1 Protein
M130 (CD163) references were collected from the groups Mammalia, Aves, Reptilia, Amphibia and
Teleostei at Uniprot.org where available. The predicted gene models of the scRNA-reported
annotations were then subjected to a blastp at NCBI towards mammalian and teleostei databases using
default parameters. Here, hits annotated as M130/M160/CD163 were randomly selected to be
included in the multiple sequence alignment. Members of the group B SRCR family were included
(CDS5, CD5L and CD6) together with two other scavenger receptors: scavenger receptor cysteine rich
family member with 4 domains (SSC4D) and Scavenger Receptor Class B Member 1 (SCARBI1). A
multiple sequence alignment was generated using MEGA7 and its MUSCLE alignment program
using default setting. A neighbour joining tree using Poisson distribution, pairwise deletion and 300
bootstrap replicates was made using MEGA7. The resulting tree was imported into FigTree for
annotations and presentation. Root placed on the SCARBI clade is coloured green. Members of the
superfamily beyond CD163 and CD163L colored magenta (SSC4D), red (CD5 and CDS5L) and
orange (CD6). The mcb1b gene model from scRNA analyses is coloured blue.
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-L4o

G_morhua_GmSCYA120 EX185598 frag
G_morhua_GmSCYA119 EX175895

12

@

CCL2_tr_AOA4Z21L05 AO0A4Z2IL05 9TELE_C-C_motif_chemokine_OS_Liparis_tanakae OX 230148 GN_CCL2 PE 3 SV 1

CCL2_tr_AOAOS7ERQ8_AOAOS7ERQ8 9TELE_CCL2_0OS_Poeciliopsis_prolifica_OX_188132_GN_CCL2 PE 4 SV_1
| ggl2_cds_hits_IcI_NC_O44055.1_cds_XP_030220409.1_17176_geneLOC115549400_db_xrefGeneID_l15549400_proteinC-C_motif_chemokine_4-|ike_protein_idXP_030220409.1_IocationcompIementJoin_20036239..20036515208
19¥_030364549.1_298-750_PREDICTED_Gadus_morhua_C-C_motif_chemokine_4-like_LOC115549400_mRNA

17

G_morhua_GmSCYAl12la FG278269

ABA54965.1 CC_chemokine_SCYA118 Ictalurus_punctatus

grfm_scRNA_IcI_NC_044064.1_cds_XP_030193681.1_34498_geneLOC115529242_db_xrefGeneID_115529242_proteinmonocyte_chemotactic_protein_lB-Iike_protein_idXP_030193681.1

33

87

80

G_morhua_GmSCYA118a FG315433

2 G_morhua_GmSCYAl1l7a_FF418391
G_morhua_GmSCYAll4a_FF414582
[ 5%_morhua_GmSCYA116_F6312489

G_morhua_GmSCYA115_ES770638

92

XM_044016350.1_107-382_PREDICTED_Solea_senegalensis_C-C_motif_chemokine_4 homolog LOC122761177 _mRNA

CN979832.1 31131 125 095 GO09 Fundulus_Heteroclitus_Liver_Fundulus_heteroclitus_ cDNA_similar_to_Small_inducible_cytokine_A2_ precursor_CCL2_Mono_mRNA_sequence

= XM_014881498.1_1-288 PREDICTED_Sturnus_vulgaris_C-C_motif_chemokine_5-like_LOC106856273_mRNA

7 NM_001371936.1_209-493 Homo_sapiens_C-C_motif_chemokine_ligand_26_CCL26_transcript_variant_1_mRNA
XM_008941806.1_PREDICTED_Merops_nubicus_C-C_motif_chemokine_4 homolog_LOC103774403 transcript_variant_ X1 _mRNA

NM_002984.4 80-358 Homo_sapiens_C-C_motif_chemokine_ligand_4 CCL4 _mRNA

NM_004590.4 78-440 _Homo_sapiens_C-C_motif_chemokine_ligand_16 CCL16_mRNA

NM_002985.3 56-331_Homo_sapiens_C-C_motif_chemokine_ligand_5 CCL5_transcript_variant_1_mRNA

43

NM_002988.4 72-341 Homo_sapiens_C-C_motif_chemokine_ligand_18 CCL18 mRNA

NM_002983.3_86-364 Homo_sapiens_C-C_motif _chemokine ligand_3 CCL3_transcript_variant._ 1 _mRNA

XM _015409263.1_PREDICTED_Gekko_japonicus_C-C_motif _chemokine_4 homolog LOC107108750_ _mRNA

20

NM_002987.3_130-414 Homo_sapiens_C-C_motif_chemokine_ligand_17_ CCL17_mRNA

CCL2_tr_AOA7K8QDD1_AOA7K8QDD1 9PASS_CCL2_protein_Fragment_OS_Smithornis_capensis_ OX 363769 _GN_Ccl2_PE_4 SV 1

NM_002990.5 35-316_Homo_sapiens_C-C_motif_chemokine_ligand_22 CCL22 _mRNA

XM _026671488.1 76-342 PREDICTED_Notechis_scutatus_C-C_motif_chemokine 5-like LOC113414557 mRNA
m AAT52149.1 CC_chemokine_SCYA104 variant_1_Ictalurus_punctatus
17 AAT52139.1 _CC_chemokine_SCYA105_ partial_Ictalurus_punctatus

14

ABA54970.1_CC_chemokine_SCYA124 Ictalurus_punctatus

40

53

ABA54967.1 CC_chemokine_SCYA120_Ictalurus_punctatus

ABA54955.1 CC_chemokine_SCYA108_Ictalurus_punctatus

57

19

96

NM_002981.2 73-363 _Homo_sapiens_C-C_motif _chemokine_ligand 1 CCL1 mRNA

CCL2_sp_P28291_CCL2_BOVIN_C-C_motif_chemokine_2 OS_Bos_taurus_OX 9913 GN_CCL2_PE 3 SV_1
CCL2_sp_P42831_CCL2_PIG_C-C_motif_chemokine_2 OS_Sus_scrofa_OX 9823 GN_CCL2 PE_3 SV 1
_l Elol\él_001003297.1_Canis_|upus_famiIiaris_C-C_motif_chemokine_ligand_2_CCL2_mRNA
CCL2_sp_P52203_CCL2_CANLF_C-C_motif_chemokine_2 OS_Canis_lupus_familiaris_ OX_9615 GN_CCL2 PE 2 SV 1

4|i %CLZ_Sp_PlBSOO_CCLZ_HUMAN_C-C_motif_chemokine_2_OS_Homo_sapiens_OX_9606_GN_CCL2_PE_1_SV_1

MNM_002982.4_Homo_sapiens_C-C_motif_chemokine_ligand_2_CCL2_mRNA

pM_001132340.2_Pongo_abelii_ C-C_motif_chemokine_ligand 2 CCL2_mRNA
= XM_033184209.1_PREDICTED_Trachypithecus_francoisi_C-C_motif_chemokine_ligand_2_CCL2_mRNA
NM_002986.3_68-361_Homo_sapiens_C-C_motif_chemokine_ligand_11 CCL11 mRNA
NM_005623.3_68-367_Homo_sapiens_C-C_motif_chemokine_ligand_8 CCL8 mRNA

_|

1N0I\6I_174006.2_Bos_taurus_chemokine_C-C_motif_Iigand_2_CCL2_mRNA
—| 63

?Iol\él_011333.3_M us_musculus_chemokine C-C_motif_ligand_2_Ccl2_mRNA
CCL2_sp_P10148 CCL2_MOUSE_C-C_motif_chemokine_2 OS_Mus_musculus_OX_ 10090 GN_Ccl2 PE_1 SV_1

—— NM_031530.1_Rattus_norvegicus_C-C_motif_chemokine_ligand_2 Ccl2_mRNA

NM_006273.4_71-370_Homo_sapiens_C-C_motif_chemokine_ligand_7 CCL7_mRNA
NM_005408.3_48-344 Homo_sapiens_C-C_motif_chemokine _ligand 13 CCL13 mRNA

9

XM _042111001.1_178-462_PREDICTED_Alosa_sapidissima_C-C_motif_chemokine 5-like LOC121724434 mRNA

11

11

ABA54957.1 CC_chemokine_SCYA110_Ictalurus_punctatus

XM_039647863.1_188-466_PREDICTED_Pimephales_promelas_monocyte_chemotactic_protein_1B-like_LOC120460200_mRNA

E NM_001160689.1_71-346_Oncorhynchus_mykiss_Small_inducible_cytokine_A13_ccl13_mRNA
— XM_014176601.1 111-392 PREDICTED_Salmo_salar_C-C_motif_chemokine_13-like_LOC106587941 mRNA

85

NM_001371193.1 111-470_Homo_sapiens_C-C_motif_chemokine_ligand_24 CCL24_transcript_variant_1 _mRNA

XM_036567791.1 168-443 PREDICTED_Colossoma_macropomum_monocyte chemotactic_protein_1B-like LOC118806377_transcript_variant_ X2 _mRNA
XM_017724583.2_50-349 PREDICTED_Pygocentrus_nattereri_monocyte chemotactic_protein_1B-like_LOC108443741 mRNA

ABA54968.1 CC_chemokine_SCYA121 Ictalurus_punctatus

32

48

78

41

93
ABA54964.1 CC_chemokine_SCYA117_Ictalurus_punctatus

ABA54958.1 CC_chemokine_SCYA111 Ictalurus_punctatus

ABA54969.1 CC_chemokine_SCYA122 Ictalurus_punctatus

52

34

16

XM_019125218.2_1-423 PREDICTED_Cyprinus_carpio_C-C_motif_chemokine_4 homolog_LOC109112210_mRNA

NM_001141125.2 314-631 Salmo_salar_C-C_motif_chemokine_8 ccl8 _mRNA

T BC065743.1_83-406_Homo_sapiens_chemokine_C-X-C_motif_ligand_3 mRNA_cDNA clone_MGC_72105 IMAGE_4717346_complete_cds

72

— NM_001511.4 79-402_Homo_sapiens_C-X-C_motif_chemokine_ligand_1 CXCL1_transcript_variant_1 _mRNA

11

73

NM_002089.4 76-399 Homo_sapiens_C-X-C_motif_chemokine_ligand_2 CXCL2_mRNA
? NM_002994.5 97-441 Homo_sapiens_C-X-C_motif_chemokine_ligand 5 CXCL5 mRNA

NM_002993.4 74-418 Homo_sapiens_C-X-C_motif_chemokine_ligand_6 CXCL6_mRNA

ccl2_cds_hits_Icl_NC_044055.1 cds_XP_030220765.1 15558 genelLOC115549602 db_xrefGenelD_115549602_proteininterleukin-8-like_protein_idXP_030220765.1 locationcomplement_join_1250443..12505331250685..125S
NM_000584.4 91-390_Homo_sapiens_C-X-C_motif_chemokine_ligand_8 CXCL8 transcript_variant_ 1 _mRNA

20

17

XM_030365622.1_192-494 PREDICTED_Gadus_morhua_C-X-C_motif_chemokine_10-like_LOC115550520 transcript_variant_X4 _mRNA

NM_001565.4 67-363_Homo_sapiens_C-X-C_motif_chemokine_ligand_10_ CXCL10_transcript_variant_1_mRNA

96

NM_005409.5 84-368 Homo_sapiens_C-X-C_motif_chemokine_ligand_11 CXCL11 transcript_variant 1 _mRNA
clzg(l)z_cds_hits_lcl_NC_O44064.1_cds_XP_030194311.1_34983_geneLOC115529614_db_xrefGeneID_l15529614_proteininter|eukin-8-|ike_protein_idXP_O30194311.1_IocationcompIementJoin_16410886..1641099716412472..8
ccl2_cds_hits_Icl_NC_044064.1 cds_XP_030194309.1 34982 genelLOC115529614 db_xrefGenelD_115529614 proteininterleukin-8-like_protein_idXP_030194309.1 locationcomplement_join_16410886..1641099716412472..S

NM_006419.3 79-408 Homo_sapiens_C-X-C_motif_chemokine_ligand_13 CXCL13_transcript_variant._ 1 _mRNA
I (1:&I)2_cds_hits_IcI_NC_044050.1_cds_XP_030208192.1_6341_genecxcl12_db_xrefGeneID_115540765_proteinstromal_celI-derived_factor_1_protein_idXP_030208192.1_Iocationjoin_24711985..2471205124715115..24715238

' XM _030352332.1_146-451 PREDICTED_Gadus_morhua_C-X-C_motif_chemokine_ligand_12 cxcl12_mRNA

NM_199168.4 93-362_Homo_sapiens_C-X-C_motif_chemokine_ligand_12 CXCL12_transcript_variant_1_mRNA

0.4



Supplementary Figure 8B

Neighbour joining phylogram of CCL2/MCP1b from Atlantic cod (Gadus morhua), Channel
catfish and selected species. Monocyte chemotactic protein 1 (MCP1/CCL2) references were
collected from the groups Mammalia, Aves, Reptilia, Amphibia and Teleostei at Uniprot.org where
available. The predicted gene models of the scRNA-reported annotations were then subjected to a
blastp at NCBI towards mammalian and teleostei databases using default parameters. A set of
references for the most common CC chemokines in humans and fish were downloaded from genbank
and added to the alignment. Some CXC chemokines were added to function as a collective outgroup.
Finally, complete CC chemokine characterizations from Channel catfish and Atlantic cod were added,
together with all predicted gene models from gadMor3 reported from a tblastn search using the CCL2
references, default parameters and e-value cutoff at le-1. A multiple sequence alignment was
generated using MEGA7 and its MUSCLE alignment program using default setting. A neighbour
joining tree using Poisson distribution, pairwise deletion and 300 bootstrap replicates was made using
MEGAT7. The resulting tree was imported into FigTree for annotations and presentation. Root placed
on the CXC chemokines clade is coloured green. CC chemokines characterized in Atlantic cod are
coloured teal. CC chemokines characterized in Channel catfish are coloured orange. Genes annotated
as CCL2 from databases are coloured red. Gene model from scRNA analyses is coloured blue.



TcRA H comes NW 017805585.1 30687-31002 rev
TCRA H comes NW 0178055851 37724-38039 rev
TcRA H comes NW 017805480.1 23234-23546 sense
TcRA H comes NW 0178050851 11147-11471 sense
TCRA H comes NW 017805881.1 42330-42654 rev

TcRA H comes NW 0178060781 15306-15627 rev

TCRA H comes NW 017804831.1 154-478 rev

TCRA H comes NW 017805343.1 395545-395869 sense
TCRA H comes NW 017805879.1 114605-114965 rev
TCRA H comes NW 017805425.1 4081-4423 sense
TcRA H comes NW 017805480.1 37757-38081 sense
TCRA H comes NW 017805419.1 26784-27135 sense
TCRA H comes NW 0178054581 154916-155237 rev
TeRA S acus Super scaffold 22 376103-376394 sense
TCRA S acus Super scaffold 22 446707-446998 sense
TcRA S typhle scaffold00168 259647-259938 sense

TCRA S typhle scaffold00168 255360-255654 sense
TCRA S typhle scaffold00168 244146-244428 rev

TCRA S acus Super scaffold 22 416279-416561 rev

TeRA S acus Super scaffold 22 345793-346075 rev

TCRA S acus Super scaffold 11 12193709-12193991 rev
TCRA S typhle scaffold00019 110521-110812 sense

831 TeRA S acus Super scaffold 22 441715-442006 sense
ToRA C AJ320227.1:20-787 Tetraodon nigroviidis mRNA for T-cell receptor alpha chain (TCRA gene) clone COAD118C23
TCRA L piscatorius ScNendB 371619HRSCAF371754 25301628-25301997 sense

TcRA C AYB31387.1 Dicentrarchus labrax T cell receptor alpha chain mRNA partial cds

ToRA AY198355.1 Stegastes partitus T cell receptor alpha chain (TCRACT) mRNA TCRAC1-DFASO allele complete cds
TCRA MG594678.1 Labrus bergyta isolate B6 16 T cell receptor alpha chain mRNA partial cds

TCRA AJ133845.1:91-798 Gadus morhua mRNA for T-cell receptor alpha chain clone 2-102 (L-V~J-C)

TCRA G morhua gadmord 08 16510669-16510975 rev

TeRA C AY552002.1 Salmo salar clone c1 T cell receptor alpha chain mRNA complete cds

TCRA E lucius LGO3 25090377-25090662 sense |
TcRD C KM095115.1:92-919 Epinephelus coioides T cell receptor delta mRNA complete cds

96 [ TCRD C DQ363492.1 lctalurus punctatus isolate SOOGO1 T-cell receptor delta chain mRNA partial cds
L 7cRD C HQ913594.1:1-877 Ictalurus punctatus clone RA T-cell receptor delta mRNA partial cds
TeRD AB076072.1 Paralichihys olivaceus TCR delta mRNA for T cell receplor dela chain V-D~J-CZ2 complete cds

TeRD C AJ410417.1 Tetraodon nigroviridis mRNA for T-cell receptor delta chain clone TCRDO17ZA06
TCRD C JABBIT010000011.1:c24481. 1 9149-244 87550244 -24478268 Hippogl stenolepis isolate PH-IPHC-18 chromosome |11

TCRD C RQINO1000006.1:17643218-17643176017641348-17641076017640673-17640647¢17639688-17639579 Larimichthys crocea breed Fufa | chromosome 15 whole genome
TERD G morhua gadmord 08 16528750-16529077 rev
TcRD C AB541473.2 Cyprinus carpio TCR delta mRNA for T cel receptor delta chain constant region partial cds
TGRD C KX009743.1 Danio rerio T cell receptor delta constant region mRNA partial cds
4 TeRD E lucius LGO3 sense
TCRD C U22673.1:1-894 Heterodontus francisci clone HF2A T cell receptor delta-like mRNA partial V region and C region partial cds J

TeR putative G morhua gadmor3 18 20020485-20020890 rev
TCRB H comes NW 017805379.1 1971165-1971597 rev
TGRB H comes NW 017805379.1 1971234-1971609 rev
TCRB H comes NW 017805379.1 1971108-1971522 rev
TeRB S acus Super scaffold 15 8000656-8001109 rev
TeRB S typhle scaffold00010 2326598-2327087 sense

TcRB AB053228.1:70-1011 Paralichthys olivaceus TCR beta mRNA for T cell receptor beta chain complete cds

L ) TCRB C EF596786.1 Siniperca chuatsi T cell receptor beta chain constant region (TCR-beta) mRNA partial cds
ToRB AF324823.1:16-978 Stegastes partitus clone C2.81 T cell receptor beta chain VDJC (TCRB) mRNA complete cds
TCRB C AF324813.1 Stegastes partitus clone C1.814 T cell receptor beta chain VDJC (TCRB) mRNA partial cds

ToRB L piscatorius ScNenqB 400HRSCAF467 4093483-4093981 rev

TeRB L piscatorius ScNenqB 1469HRSCAF 1570 1008-1466 rev endscf

TCRB C FN687461.1 Dicentrarchus labrax mRNA for T cell receptor beta chain (tcr gene) dlone 3

TeRB C HM162889.1:36-980 Oreochromis niloticus T-cell receptor beta mRNA complete cds

% TCRB E lucius LG15 25513495-26514082 sense
3—|ﬂ ETcRB C AY426333.1 Salmo trutta T-cell receptor beta chain constant region mRNA partial cds
% TeRB C U18122.1 Oncorhynchus mykiss T-cel receptor beta chain constant region mRNA partial cds

TCRB H comes NW 017805379.1 2001199-2001664 rev
TCRB C AJ133849.1:67-993 Gadus morhua mRNA for T-cell receptor beta chain clone T1-71 (L-V-D~J-C)

TCRB G morhua gadmor3 05 18336735-18337191 sense
TcRB G mothua gadmor3 05 18370982-18371456 sense

95 L TcRB G morhua gadmor3 05 18420781-18421258 sense J

Z OUTGROUP MHCI JX567623.1 Gadus morhua clone 0126 MHC class | antigen mRNA partial cds.
Z OUTGROUP MHCI XM 037247036.1:104-1228 PREDICTED: Syngnathus acus H-2 class | histocompatibility antigen Q9 alpha chain-like (LOC119120275) transcript variant X1 mRNA

Z OUTGROUP MHCI NM 001105103.1:56-1126 Oryzias latipes Mhc class | A (orla-uaa) mRNA
8 Z OUTGROUP MHCI XM 024798363.1:83-1099 PREDICTED: Maylandia zebra H-2 class | histocompatibilty antigen Q9 alpha chain (LOC101470990) transcript variant X2 mRNA

—
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Supplementary Figure 8C

A neighbour joining phylogram of TCR genes in Atlantic cod (Gadus morhua) and selected other
species. Annotated zcrb (LOC115544273) and fcra (LOC115548821) genes in gadMor3, as well as putative
TCR genes (LOC115548656 and LOC115548822) identified by blasting gadMor3 with TCR genes from
different teleosts, reptiles and birds were compared. All genes with hits above 1e-100 were collected and added
to the overall sequence alignment. A multiple sequence alignment was generated using MEGA7 and its
MUSCLE alignment program using default setting. From here a neighbor joining tree using Poisson
distribution, pairwise deletion and 200 bootstrap replicates was made again using MEGA?7. The resulting tree
was imported into FigTree for annotations and presentation purposes. LOC115548656 clustered with known
terg genes and LOC115548822 with known tcrd genes suggesting that these two genes represent Atlantic cod
tcrg and terd, respectively. Blue text: TCR gene loci mentioned in the manuscript; Teal text: genome constants;
Green: TcRA; Mustard: TcRD; Red: TcRB; Blue TcRG
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