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Introduction and general explanation of the file contents. 

Teleost fish lack lymph nodes [e.g. (1)], but they possess a bona fide spleen and thymus [e.g. (1-

6)], while the head kidney (HK; pronephros) simultaneously is a hematopoietic organ and a 

secondary lymphoid organ [e.g. (4, 7, 8)]. It has also been shown that gills as the respiratory organ 

of teleosts [e.g. (4, 6)] and the intestine [e.g. (4, 9)] are mucosal organs that contain numerous 

lymphocytes. Therefore, in this study, rainbow trout leukocytes were isolated from the lymphoid 

tissues spleen, thymus and HK, and from the mucosal tissues gill and intestine.  

There are several lines of evidence that indicate that teleost fish cytotoxic TCR T cells express 

CD8 as known in mammals [e.g. (10-13)]. Whereas mammals have only one CD4 molecule, 

teleost fish have two quite diverged CD4-1 and CD4-2 molecules which in lymphocytes are mostly 

co-expressed [e.g. (14-17)]; both CD4-1 and CD4-2 show expression patterns and molecular 

features consistent with a CD4 marker function of helper and regulatory T cells as known in 

mammals [e.g. (14-21)]. Fish B cells do not undergo an immunoglobulin class switch thus lacking 

IgG, IgA and IgE, and the main B cell population expresses IgM [e.g. (22)].  

In the present study, monoclonal antibodies (mAbs) against trout CD8, CD4-1, CD4-2 and IgM 

were used to label leukocytes that had been isolated by Percoll density gradient centrifugation, 

after which cells with lymphocyte features (FSClow and SSClow gated cells; described below as 

“lymphocytes”) were flow sorted into subpopulations depending on their labeling. To allow 

distinguishing usage of anti-CD8 together with other mAbs, a new mAb was established against 

trout CD8 possessing a different IgG isotype than the already available mAb 13.2D (10); this is 

explained in Supplementary file 3A. For CD4 labeling, a mixture containing both mAb 4.1.2 which 

recognizes trout CD4-1 and mAb 4.2.12 which recognizes trout CD4-2 (23) was used. For IgM 

labeling the mAb 1.14 was used (24). Doublets and dead cells were excluded by FSC-A/FSC-H 

gating and by propidium iodide (PI) or 4’, 6-diamidino-2-phenylin-dole (DAPI) staining, 

respectively. 

Details on the antibodies used for flow cytometry are: 

Primary antibodies: 

mAb 13.2D: anti-trout CD8, rat IgG2a isotype (10) 

mAb 78c: anti-trout CD8, rat IgG1 isotype (Supplementary file 3A) 

mAb 4.1.2: anti-trout CD4-1, rat IgG2a isotype (14) 

mAb 4.2.12: anti-trout CD4-2, rat IgG2b isotype (14) 

mAb 1.14: anti-trout IgM, mouse IgG1 isotype (24) 

Fluorochrome-conjugated secondary antibodies: 

anti-rat IgG Alexa Fluor 488 (Thermo Fischer Scientific) 

anti-rat IgG1-FITC (BD Bioscience) 

anti-rat IgG2a-PE (eBioscience)  

anti-rat IgG2a-eFluor 660 (eBioscience) 

anti-rat IgG2b-PE (eBioscience)  

anti-rat IgG2b-eFluor 660 (eBioscience) 
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anti-mouse IgG1-Brilliant Violet 421™ (Biolegend) 

 

In the various experiments, different sets of the above listed antibodies were used for the flow 

sorting of lymphocyte subpopulations. The Supplementary files 3B-to-3E are representative results 

for the flow sorting used in the present study, concerning lymphocytes from different tissues and 

different antibody combinations.  

Supplementary file 3B shows representative sorting results for lymphocytes of various tissues 

when using primary antibody anti-trout CD8 (mAb 13.2D) plus secondary antibody anti-rat IgG 

Alexa Fluor 488. Two subpopulations were obtained, being CD8+ and CD8- lymphocytes. This 

type of sorting was used for experiments of which results are shown in Supplementary file 5C. 

Supplementary file 3C shows representative sorting results for lymphocytes of various tissues 

when using primary antibodies anti-trout CD8 (mAb 78c), anti-trout CD4-1 (mAb 4.1.2), and 

anti-trout CD4-2 (mAb 4.2.12), plus secondary antibodies anti-rat IgG1-FITC, anti-rat IgG2a-PE 

and anti-rat IgG2b-PE. Four subpopulations were obtained from thymus, being CD4SP, CD8SP, 

CD4-CD8- (DN) and CD4+CD8+ (DP) lymphocytes while three subpopulations were obtained 

from spleen and intestine, being CD4SP, CD8SP and DN. This type of sorting was used for 

experiments of which results are shown in main text Fig. 9, and in Supplementary files 5C(f), 

5C(k), 5D and 5E. 

Supplementary file 3D shows representative sorting results for lymphocytes of various tissues 

when using primary antibodies anti-trout CD8 (mAb 78c), anti-trout CD4-1 (mAb 4.1.2), anti-

trout CD4-2 (mAb 4.2.12), and anti-trout IgM (mAb 1.14), plus secondary antibodies anti-rat 

IgG1-FITC, anti-rat IgG2a-eFluor 660, anti-rat IgG2b-eFluor 660 and anti-mouse IgG1-Brilliant 

Violet 421TM.  Four subpopulations were obtained, being CD4SP (aka CD4+), CD8SP (aka CD8+), 

IgMSP (aka IgM+), and CD4-CD8-IgM- (TN) lymphocytes. This type of sorting was used for 

experiments of which results are shown in main text Fig. 11 and in Supplementary file 6C. 

Supplementary file 3E summarizes the relative numbers of the CD8SP (aka CD8+), CD4SP (aka 

CD4+) IgMSP (aka IgM+), and CD4-CD8-IgM- (TN) cells among the spleen lymphocytes used for 

the experiments resulting in main text Fig. 11 (and Supplementary file 6C). This summary intends 

to help with the interpretation at the whole tissue level of the gene expression patterns observed 

within cell subpopulations. 

At a note: Like in mammals, teleost lymphocytes can be distinguished from 

monocytes/macrophages and granulocytes by flow cytometry according to their scatter 

characteristics (FSClow and SSClow) as small non-granulated cells [e.g. (8, 10, 14)]. Cells within 

this population are referred to as “lymphocyte gate cells” or “morphological lymphocytes”, and 

often are simply called “lymphocytes” in the present paper. However, it should be mentioned that 

teleost thrombocytes are nucleated cells with similar scatter characteristics as lymphocytes [e.g. 

(25)] and thus be contained in the corresponding negative populations.  
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Supplementary file 3A Establishment of a new mAb against rainbow trout CD8. 

A new anti-trout CD8 mAb 78c with another Ig isotype than the previously published anti-trout 

CD8 mAb 13.2D (50) was established because its Ig isotype was more suitable for multicolor 

staining in combination with mAbs against other molecules. 

(a) Flow cytometry analysis of HEK293T cells transfected for expression of HA-tagged trout 

CD8  (HEK293T-CD8-HA) and parental HEK293T cells stained with anti-HA (upper plots) 

and anti-trout CD8 78c mAb (lower plots). (b) Rainbow trout leukocytes from intestine were 

stained with anti-CD8α 78c mAb and FITC-conjugated goat anti-rat IgG, and sorted into 78c-

negative (-) and 78c-positive (+) lymphocytes. RNA was extracted from both populations and 

analyzed by RT-PCR using specific primers for CD8 (upper panel) and -actin (lower panel). 

Distilled water served as a negative control. Numbers of cycles are provided on the right side of 

the figure. 

 

(a) Confirmation of 78c antibody specificity by flow cytometry analysis of HEK293T cells 

transfected for rainbow trout CD8 
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   control                        + CD8-HA 
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(Supplementary file 3A) 

(b) Confirmation of 78c antibody specificity by semi-quantitative RT-PCR analysis of flow-sorted 

rainbow trout intestinal lymphocytes 
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Supplementary file 3B Representative sortings of CD8+ versus CD8- rainbow 

trout lymphocytes.  

Leukocytes from thymus (a), intestine (b), head kidney (c), spleen (d) and gill (e) were stained 

with anti-CD8α mAb. The X-axis depicts relative cell size (FSC; forward scatter) while the Y-axis 

represents fluorescent intensity with the anti-CD8α mAb. The Y-axis is set to a biexponential scale. 

FSClow and SSClow lymphocytes were gated and fluorescence intensities from unsorted leukocytes 

(Pre-sort; left panel), sorted CD8α- lymphocytes (Negative; middle panel) and sorted CD8α+ 

lymphocytes (Positive; right panel) were plotted. CD8α+ lymphocytes are depicted in the upper 

right quadrants while the CD8α- cells appear in the lower right quadrants, respectively. Data are 

from a single representative of at least two independent experiments. In each experiment, 

leukocytes from 4 - 6 clonal individual trout were pooled. 

(a) Rainbow trout thymocytes 

 

 

 

 

 

 

 

 

 

(b) Rainbow trout intestine lymphocytes 
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(Supplementary file 3B) 

(c) Rainbow trout head kidney lymphocytes 

 

 

 

 

 

 

 

 

 

 

 

 

 

(d) Rainbow trout spleen lymphocytes 

 

 

 

 

 

 

 

 

 

 

 

 

 

(e) Rainbow trout gill lymphocytes  
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Supplementary file 3C Representative sortings of DN, DP, CD4SP and CD8SP 

rainbow trout lymphocytes from thymus, intestine and spleen.  

Leukocytes from thymus (a), intestine (b), and spleen (c) were stained with anti-CD8α, anti-CD4-

1 and anti-CD4-2 mAbs and sorted into the respective subpopulations. The X-axis depicts 

fluorescent intensity of staining with anti-CD8 mAb while the Y-axis represents fluorescent 

intensity with the anti-CD4 mAbs. Both axes are set to a biexponential scale. FSClow and SSClow 

lymphocytes were gated and their fluorescence intensities were plotted as follows: (a) stainings of 

thymocytes prior to sorting (Pre-sort; left panel), sorted DN thymocytes (upper middle panel), 

sorted DP thymocytes (upper right panel), sorted CD8SP thymocytes (lower middle panel) and 

sorted CD4SP thymocytes (lower right panel). Figures (b) and (c) show stainings of lymphocytes 

prior to sorting (Pre-sort; far left panel), sorted DN lymphocytes (left panel), sorted CD8SP 

lymphocytes (CD8SP; right panel) and sorted CD4SP lymphocytes (far right panel). Data are from 

a single representative of 5 independent experiments. In each experiment, leukocytes from 6 - 8 

clonal individual trout were pooled. 

 

(a) Rainbow trout thymocytes 
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(Supplementary file 3C) 

 

(b) Rainbow trout intestine lymphocytes 

  

 

 

 

 

 

 

 

 

(c) Rainbow trout spleen lymphocytes  
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Supplementary file 3D  Representative sorting of CD4SP, CD8SP, IgMSP and TN 

(triple negative; CD4-CD8-IgM-) rainbow trout splenocytes.  

Splenocytes were stained with anti-CD8α, anti-CD4-1, anti-CD4-2 and anti-IgM mAbs and flow 

sorted. FSClow and SSClow lymphocytes were gated, and considered for further sorting steps. 

Representative dot plots show CD4 versus CD8 (a), IgM versus CD8 (b), and IgM versus CD4 

(c). The fluorescence intensities of stainings prior to sorting (left Pre-sort panels) was plotted. CD4-

CD8- double negative (DN) populations were further gated and used for sorting into IgM+ and 

IgM- splenocytes. Fluorescence intensities of sorted cells are depicted in the right panels: TN 

splenocytes (far left panels), sorted CD4SP (left panels), sorted CD8SP splenocytes (right panels) 

and sorted IgMSP splenocytes (far right panels). Both axes are set to a biexponential scale. Data 

are from a single representative of 5 independent experiments. In each experiment, leukocytes 

from 8 individuals were pooled. 
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Supplementary file 3E  Percentages of CD4SP, CD8SP, IgMSP and TN cells 

among rainbow trout spleen lymphocytes. 

For the experiments of which the results are shown in main text Fig. 11, spleens of 8 individuals 

were pooled in four independent experiments. For one of those experiments, the sorting results 

into CD4SP, CD8SP, IgMSP and TN cell subpopulations are shown in Supplementary file 3D. 

The tables below summarize the percentages of subpopulation cells relative to spleen lymphocytes 

for each of the four experiments. Table (a) shows the raw data provided by the cell sorter, and 

Table (b) shows calculated percentages of IgM+ and TN splenocytes, based on dividing the 

percentage of DN splenocytes according to the ratio of IgM+ and IgM- splenocytes. 
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#1 7.6 29.3 33.5 29.4

#2 6.1 23.4 37.1 33.2

#3 6.5 22.0 42.7 28.7

#4 5.7 20.2 41.4 32.6

Av. 6.5 23.7 38.7 31.0

% in                 

lymphocyte gate
CD8SP CD4SP IgMSP TN

IgM+ IgM- (TN)

#1 7.6 29.3 62.9 53.3 46.7

#2 6.1 23.4 70.3 52.8 47.2

#3 6.5 22.0 71.4 59.8 40.2

#4 5.7 20.2 74.0 56.0 44.0

% in                 

lymphocyte gate
CD8SP CD4SP DN

within DN
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