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Abstract
Background: The role of CD3+γδTCR+(γδT) cells during the Plasmodium yoelii nigeriensis infection has
been reported in our previous studies. However, there is a paucity of studies on the characteristics of
myeloid cells which expressed γδTCR. Therefore, the aim of this study was to observe the properties of
γδTCR-expressing myeloid cells in the spleen of C57BL/6 mice infected by P. yoelii NSM.

Methods: Haematoxylin-eosin (HE) staining was used to observe the pathological changes in the spleens.
The samples from the experimental group before and after infection underwent RNA sequencing (RNA-
seq), and the differentially expressed genes (DEGs) were screened. Flow cytometry (FCM) was used to
evaluate the frequency of γδTCR+ cells and the characteristics of γδTCR+ cells in Plasmodium yoelii-
infected mice.

Results: We observed obvious in�ltration of in�ammatory in infected C57BL/6 mouse spleens. The
proportions of γδTCR+ cells and CD11b+ γδTCR+cells from infected group were higher than that from
normal group. γδTCR+CD11b+ cells expressed high levels of activated-mediated genes and in�ammatory-
mediated genes. We characterized the heterogeneous pathway activities among γδTCR+CD11b+ cells
from normal and infected group. The oxidative phosphorylation, respiratory electron transport chain and
leukocyte activation involved in immune response pathways were up-regulated, while the alpha-beta T
cell activation and myeloid leukocyte migration pathways were down-regulated. Importantly, we found
that Ly6c2 was higher expressed in γδTCR+CD11b+ cells than Ly6g. Consistent with it, �ow cytometry
results revealed that a subset of Ly6C+Ly6G-CD11b+γδTCR+ cells was higher than Ly6G+Ly6C-

CD11b+γδTCR+ cells in the spleen.

Conclusions: Taken together, our data suggest the existence of a population of γδTCR-expressing
myeloid cells and played potential role in the context of Plasmodium infection. The molecular markers
and pathways screened warrant further study.

Introduction
Malaria is a mosquito-borne infectious disease of humans and animals caused

by parasitic protozoans of the genus Plasmodium[1]. Malaria remains one of the most

lethal infectious diseases worldwide due to the increased resistance to artemisinin and

limited vaccine e�cacy[2, 3]. The human disease is caused by �ve different parasitic species, with
Plasmodium falciparum being the deadliest[4]. P. yoelii nigeriensis NSM is a subspecies of the rodent
malaria parasite that become pivotal model systems for understanding the malaria pathogenesis[5, 6].

The immune system is fundamentally divided into the innate and adaptive arms, predominantly
represented by the myeloid and lymphoid lineages[7]. The three major groups of myeloid cells are
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essential to the proper functioning of both our innate and adaptive immune systems: macrophagess,
dendritic cells, and granulocyte[8]. The studies revealed that monocytes and macrophages play crucial
roles in parasite clearance, especially in immunologically naïve individuals lacking malaria-speci�c
antibodies, though they also participate in the pathological events[9, 10]. Further evidence demonstrates
that Dendritic cells (DCs) are crucial for the initiation of effective immune responses, including cellular
and antibody responses to P. falciparum[11, 12]. In addition, the neutrophils, which are most populous in
the circulation; and several other granulocyte subsets, such as eosinophils, basophils, and mast cells,
which also expand rapidly in either the blood stream or tissues during particular parasite infections[7].

Gamma delta T cells, the �rst line of immune response against invading pathogens, display a number of
effective functions leading to cells proliferation, release of pro- and anti-in�ammatory cytokines, and also
cytotoxic molecules(eg. granzyme A, B)[13, 14]. The studies of human and murine malaria demonstrate
γδT cells are expanded with different strains of Plasmodium. Further evidence demonstrates that the γδ
T cell compartment plays a role in the post-acute stage of the infection[15]. The longstanding tenet that
TCR expression is a prerequisite of T lymphoid cells was approved. However, the presence of TCR-based
immunoreceptors in the granulocyte lineage is supported by Legrand,s study which revealed the presence
of a functional TCRγδ in human eosinophil granulocytes[16]. Consistent with this concept, a previous
study from our laboratories provides evidence that a subpopulation of CD3−γδ TCR+ cells was found in
the liver, which play potential roles within site of S. japonicum infection in C57BL/6 mouse liver [14]. The
presence of these TCR-like receptors is not limited to peripheral blood monocytes and T-lymphocytes, but
they may be also found in tissue myeloid cells at sites of in�ammation.

Hence, this study will primarily focus on the phenotype and function of expression of γδTCR on myeloid
cells and the potential important mechanisms that affect the Plasmodium yoelii progression.

Materials And Methods
Mice

Female C57BL/6(6-8 week old) mice were purchased from Traditional Chinese Medicine University of
Guangzhou Animal Center (Guangzhou, China). All animal experiments were performed in strict
accordance with the Regulations for the Administration of Affairs Concerning Experimental Animals
(1988.11.1). The   animal protocols were approved to be appropriate and humane by the institutional
animal care and use committee of Guangzhou Medical University (2012-11). 

Infection

Plasmodium yoelii nigeriensis NSM was purchased from the malaria research and reference reagent
resource center (MR4). Frozen P. yoelii were thawed and injected into C57BL/6 mice. The blood was
collected when the parasitaemia up to 10%-15% after 2-3 days. C57BL/6 mice (6–8 weeks, female) were
infected with 1×106 infected red blood cells. Then they were euthanized 12 days after infection.
Pathogen-free C57BL/6 mice were used as controls.
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Antibodies 

APC-cy7-conjugated anti-mouse CD3 (145-2C11), FITC-conjugated anti-mouse CD3 (17A2), FITC-
conjugated anti-mouse γδ TCR (B1), BV510-conjugated anti-mouse γδ TCR (GL3), PE-Cy5-conjugated
anti-mouse (6D5), PE-cy7-conjugated anti-mouse CD11b(M1/7), PerCPCy5.5-conjugated anti-mouse Ly-
6C(HK1.4), PE-conjugated anti-mouse Ly6G (1A8) were purchased from BioLegend (San Diego, CA, USA)
and BD Pharmingen (San Diego, CA, USA).

Histology Studies

Spleens were removed from mice, perfused with 0.01 M phosphate-buffered saline (pH = 7.4) for three
times, �xed in 10% formalin, embedded in para�n, and serially sectioned. Standard hematoxylin and
eosin (H&E) staining for visualization of cellular changes under microscopy (Olympus ix71) was done.

10x Genomics Chromium library construction and sequencing

12 days after P. yoelii NSM infection, mice were sacri�ced and spleens were collected from three infected
and three naive mice, mixed respectively. Cells were collected, and the expression of RNA in each cell were
detected by 10× Genomics Chromium Single Cell RNA Sequencing (LC-biotechnology, LTD, Hangzhou,
China). GemCodeTM Single Cell platform (10X Genomics, Pleasanton, CA) was used to determine the
transcriptomes of single cells. 15 µl of single-cell suspension at a concentration of ~900,000 cells/ml
was loaded into one channel of the ChromiumTM Single Cell G Chip (10X Genomics, 1000073), aiming
for a recovery of 8000-9000 cells. The Chromium Single Cell 3′Library & Gel Bead Kit v3 (10X Genomics,
1000075) was used for single-cell barcoding, cDNA synthesis and library preparation, following
manufacturer’s instructions according to the Single Cell 3′Reagent Kits User Guide Version 3. Libraries
were sequenced on Illumina Novaseq6000 using paired-end 150 bp.

scRNA-seq data processing, quality control and �ltering

We used CellRanger(version 5.0.1), aligned reads on the GRCm38 reference genome for mouse and
generated unique molecular identi�er gene expression pro�les for every single cell under standard
sequencing quality threshold (default parameters). Low-quality cells were removed for downstream
analysis when they met the following criteria for retaining cells: (1) ≥50,000 sequence reads; (2) ≥40% of
reads uniquely aligned to the genome; (3) ≥40% of these reads mapping to RefSeq annotated exons.

Through Seurat (Version 4.1.0) R package, we processed the UMI counts mentioned above with further
�lteration criteria(cells are removed): 1) less than 200 and more than 6000 expressed genes, 2) higher
than 10% mitochondrial genome transcript, 3) Genes expressed in less than 3 cells, 4) more than 50000
UMI counts. Eventually, 28846 cells and 17730 genes were kept in data.

Normalization, Scaling and clustering 
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We normalized the �nal �ltered gene expression data matrix using “NormalizeData” function with default
setting. We choose 3000 highly variable genes via ‘‘FindVariableGenes’’ function from the �nal �ltered
count matrix and then centered and scaled them via “ScaleData” function. We then performed principle
component analysis (PCA) on the 3000 genes by “RunPCA” function. The dimensional reduction were
performed through Canonical correlation analysis (CCA) in Seurat. Cells were clustered by “FindClusters”
function and the clustered cells were then projected onto a two-dimensional space using “RunT-SNE”
function. The clustering results were visualized by “DimPlot” function.

Identi�cation of DEGs and enrichment analysis

Differentially expressed genes (DEGs) were identi�ed by “FindMarkers” function in Seurat using “wilcox”
test methods and Bonferroni correction. Signi�cant DEGs were selected from genes with adjusted P
value(p_val_adj) ≤ 0.05 and log processed average fold change(avg_log2FC) ≥ 0.25 for further analysis
and visualization. GO analysis and KEGG pathway enrichment analysis of these signi�cant DEGs were
performed by clusterPro�ler package. 

CD11b+Tcrg-C2+ cells in normal(YX484) and 12dpi(YX391) groups were used to perform differentially
expressed analysis, and genes with p Value < 0.05 were selected for further GO/KEGG annotation and
enrichment via clusterPro�ler R package (v 4.0.5).

Lymphocyte Isolation

Mice were euthanized at12 days after infection. Mice were perfused with sterile saline to remove blood
from the body before obtaining the spleen tissue. The excised spleen was pressed through a 200-gauge
stainless-steel mesh and suspended in Hank’s balanced salt solution. Mouse Lymphocyte Separation
Medium (DAKEWE, China) density gradient centrifugation was used to isolate lymphocytes. The isolated
cells were washed in HBSS and re-suspended at 2 × 106 cells/ml in complete RPMI 1640 medium, which
were prepared for �ow cytometry analysis.

Cell Surface Staining

Cells were washed in PBS and blocked in PBS buffer containing 1% BSA for 30min. Cells were then
stained with conjugated antibodies speci�c for the cell surface antigens for 30min at 4◦C in the dark.
Expressions phenotypes of antibody-labeled cells were analyzed by �ow cytometry (Beckman CytoFLEX),
and the results were analyzed using the CytExpert 1.1 (Beckman Coulter Inc.). Isotype-matched controls
for cell surface markers were included in each staining protocol.

 Statistics

Data were analyzed by SPSS 21.0 and statistical evaluation of the difference between means was
assessed using one-way ANOVA. P < 0.05 was considered to be statistically signi�cant.

Result
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Pathological changes of the spleen of the infected mice

To examine the pathological changes in the spleens of Plasmodium yoelii-infected mice, the mice were
euthanized 12 days post-infection and the spleens were removed. As shown in Fig. 1A, the size and
colour of the spleens in the infected group is bigger and darker compared with the normal control group.
The weight of the spleen and the number of spleen cells from infected mice were signi�cant higher than
that from the normal control mice (***P<0.001,**P<0.01). Para�n sections were made and stained with
hematoxylin and eosin to observe the effects of infection on spleen microstructure. Splenic sinusoid
hyperemia, germinal center hyperplasia and cellular in�ltration of T cells were noted in the spleen of the
infected mice(Fig. 1D).

The induced γδTCR+ cells and CD11b+γδTCR+ cells in the spleen of the infected mice

In order to examine the role of γδTCR+ cells, we compared scRNA-seq data from normal control spleen
cells, to infected cells. After �ltering cells, a total of 11656 cells in normal spleen and 9998 cells in
infected spleen remained for analysis. After UMAP projection of cell clusters, there was a total of 12
distinct clusters representing major spleen groups. Feature plots showing the expression of Tcrg-C2 gene
was cell-type speci�c, with predominance for expression in CD4+T cell and CD8+T cell from normal group
(Fig. 2A). In contrast, Tcrg-C2 gene was mainly enriched in NKT cells/ γδT cells after infection. The
frequency of cells expressing Tcrg-C2 among all cells from infected group was higher than normal control
group. We observed the expression of CD3, CD19, as well as CD11b in Tcrg-C2-expressing cells (Fig. 2C).
It is clear that the infected group has a much greater proportion of CD11b-expressing cells amongst Tcrg-
C2-expressing cells than is the case with normal group. We then explored the expression
γδTCR+CD3+ cells, γδTCR+CD19+ cells, γδTCR+CD11b+ cells by incubating with different fuorescence
labeled markers. The γδTCR+cells were gated �rst, and then expression levels of CD3, CD19 and CD11b
were examined by FACS (Fig. 2D). The proportions of γδTCR+ cells and γδTCR+ CD3+cells were higher  (P
< 0.05) compared with that in the normal mice. There was no obvious different in the γδTCR+CD3+ cells
and γδTCR+CD19+ cells between the normal and infected hosts.

The differentially expressed genes (DEGs) analysis

Regarding the large amount of data obtained by RNAseq, we conducted a screen of the genes in 12dpi vs.
control groups and obtained 4759 genes for further analysis. We utilized the ballgown package of R to
analyze the DEGs of the String Tie-assembled and-quanti�ed genes (P<0.05 or Q<0.05), and the
differential expression multiple was screened as >1.5. Then, we obtained 330 DEGs: 212 were up-
regulated and 118 were down-regulated (Fig. 3), where Gzmb, Gzma, Ccl5, Ccl4 and Ccl3 were
signi�cantly up-regulated and Il1b, Ccr7 and Il7r were signi�cantly down-regulated.

The state of the Splenetic γδTCR+CD11b+cells
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The states of the infected Itgam and Tcrg-C2 co-expressing cells (γδTCR+CD11b+ cells ) were determined
by measuring the Klrk1, Klrc1, Sell, Cd44, Cd69, Il2ra, Fcgr3, Cd40, Pdcd1, Cd274, Btla, and Havcr2
gene expressions. Violin plots showed expression level of genes. The black whiskers extended from the
bars represent the upper (max) and lower (min) adjacent values in the data. The black lines in the middle
of the bars showed the median values (Fig. 4A). Klrc1 (NKG2A), Cd40 (CD40), Pdcd 1(PD-1),
Havcr2 (CTLA-4) highly expressed in infected γδTCR+CD11b+ cells compared to normal cells. Comparing
to normal γδTCR+CD11b+ cells, infected cells expressed lower levels of Klrk1, Sell, Cd274, Btla genes,
which was validated by single-cell RNA sequencing. Similar phenomenon was observed in results of
proportion of cells that expressed those genes within the whole γδTCR+CD11b+ population(Fig. 4B).

Cytokine Gene Expressions of γδTCR+ CD11b+Cells

Since the cytokine–cytokine receptor interaction was enriched in γδTCR+CD11b+ cells, we investigated
the expression level of cytokine expression pro�les in γδTCR+ CD11b+ cells. Although many cytokine
genes are known to be involved in the infection, we �ltered for some differentially expressed genes in two
groups(Fig. 5). Notably, violin plots con�rmed that Ifng, Il10, Fas and Csf1 were highly expressed in
infected groups and the expressions of Il1b and Tnf were decreased. In line with the above �ndings, the
proportion of cells that expressed those genes within the whole γδTCR+CD11b+ population showed the
same trend (Fig. 5B). 

The functional analyses of DEGs

After identifying DEGs, we analyzed the DEGs using Gene Ontology enrichment analysis to explore the
potential functions of these genes. The up-regulated genes and down-regulated genes in the 12dpi vs.
control cells were evaluated by GO analysis, respectively(Fig. 6). In comparison with the normal cells, the
infected cells expressed high levels of genes were enriched in the items related to energy metabolism,
including oxidative phosphorylation and respiratory electron transport chain. It revealed that in addition to
the items related to energy metabolism, infammatory-related pathways, especially leukocyte activation
involved in immune response, was also enriched among the up-regulated DEGs (Fig. 6B). The genes,
including Ndufs8, Cox5b, Uqcrb, Lgals1, Pycard, and Ifng, were highly expressed in the 12dpi vs.
control cells. Moreover, down-regulated genes related, such as Ccr7, Itch, Foxp1, Tcf7 and Cd44, were
mainly enriched in alpha-beta T cell activation pathway. The analysis of the down-regulated genes
showed that the functions of a series of genes were also related to myeloid leukocyte migration, such as
Dusp1, Il1b, Ccr7, Fcer1g and Il17ra(Fig. 6D).

Phenotypic Changes in Splenetic γδTCR+ CD11b+ Cells

To study the characteristics of γδTCR+ CD11b+ cells during Plasmodium yoelii

infection, the expressions of Ly6g and Ly6c2 genes were detected. The scRNA-seq analysis showed that
the γδTCR+ CD11b+ cells marked by high levels of Ly6c2 in both infected and normal groups(Fig. 7A,B).
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We then looked for evidence of different subsets expression γδTCR+ CD11b+ cells by incubating with
different fuorescence labeled markers: Ly6G and Ly6C(Fig. 7C). The γδTCR+CD11b+ cells were gated �rst,
and then expression levels of Ly6G and Ly6C were examined by FACS. The proportion of Ly6C+ Ly6G-

γδTCR+ CD11b+ cells was higher than that of Ly6G+ Ly6C-γδTCR+ CD11b+ cells in the normal and
infected spleen (P<0.05). There was no obvious different in the Ly6C+ Ly6G-δTCR+ CD11b+ cells between
the normal and infected hosts.

Discussion
The Plasmodium-infected red blood cells cause damage to organs through the blood circulatory system,
including the spleen, liver, and so on. It initiates protective acquired immunity mediated mainly
through CD4+ T cells and antibody[17]. Macrophages or monocytes may also be involved in parasite
control through releasing of parasiticidal mediators and in receptor-mediated phagocytosis [18]. Early
responses in the spleen are vital factors modulating the clinical outcome of malaria infection[19]. The
histopathological changes appear in the infected mouse spleen (Fig. 1) compared to uninfected controls
showed that the spleen undergoes a series of morphological changes in response to Plasmodium
infection. The most apparent is the enlargement of the spleen, including the weight and numbers of
extracted spleen cells.

A signi�cant expansion of populations of γδTCR+ cells has been observed in the infected spleen
compared with those control by scRNA-seq analysis and �ow cytometry. The frequency of cells
expressing Tcr-C2 among all cells was increased during the infection, indicating that this population cells
accumulated in the spleen and may play a role in the progress of Plasmodium yoelii infection
(Fig. 2B). To further clarify the population of Tcrg-C2-expressing cells (γδTCR+cells), the different
subsets were examined, and differences between normal control and infected mice were compared. There
was no obvious difference of the proportion of CD3+T cells and CD19+B amongst the Tcrg-C2-expressing
cells from the infected and normal group. CD11b is usually expressed at high levels on macrophages and
monocytes[20]. The higher frequency of CD11b-expressing cells amongst Tcrg-C2-expressing cells and a
signi�cant higher percentage of γδTCR+CD11b+cells in the infected spleen demonstrate the implication
of CD11b+γδTCR+ cells at sites of in�ammation, which might play a role during infection.

Furthermore, we investigated the activated state of γδTCR+CD11b+cells from stage of Plasmodium-
infection in mice (Fig 4). The inhibitory (NKG2A) and activating (NKG2D and NKG2C) natural killer (NK)
cell receptors are expressed on cytotoxic cells, all TCR γδT cells, and activated macrophages, which
regulate the innate and adaptive immune systems related to cytotoxicity and cytokine production[21].
The γδT cells are subdivided into CD62L+CD44- naïve cells, CD62L+CD44+ central memory cells (CM) and
CD62L- CD44+ effector memory cells (EM)[22]. PD-1, BTLA, and CTLA-4 are members of a family of
inhibitory receptors that are responsible for various aspects of T-cell immune regulation including cell
proliferation, cytokine production, and cytolytic activity[2, 23]. The results demonstrated that the
Plasmodium yoelii infection facilitate activation of CD11b+γδTCR+cells and this population cells mediate
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the immune response in the spleen of infected mice. Hence, the high expression of PD-1 and CTLA-4 may
cause immunosuppression of antimalarial activity and restrict pathogens’ clearance.

IFN-γ plays a role in controlling Plasmodium infection in both liver and blood stages of the parasite life
cycle, but it can also exacerbate the severity of malarial disease depending on its temporal and spatial
production[24]. IL-10 is an anti-in�ammatory cytokine produced by many cell types, including T-helper
type 2 cells, B cells, dendritic cells, macrophages, natural killer cells, eosinophils, and
neutrophils[25]. Single-cell RNA sequencing of this expanded CD11b+γδ T CR+ cells population identi�ed
CSf1, which encodes M-CSF, a cytokine associated with myeloid cell recruitment and differentiation. M-
CSF promotes survival and renewal

of monocytes and macrophages, and these cells represent an important frontline defense against
Plasmodium[26]. The results showed that CD11b+γδ TCR+ cells are stimulated by Pf antigens and
express high levels of IFN-γ, IL-10 and M-CSF, consistent with previous studies implicating myeloid cells
up-regulated IL-10 during Plasmodium chabaudi infection in mice[17].

   Compared with the normal sample, the infected sample was enriched for energy metabolism and
leukocyte activation involved in immune response terms according to the GO results, and the bar graph
results showed that associated genes, including that of Ndufs8, Cox5b, Uqcrb, Lgals1, Pycard, Ifng,and
Lgals1, were upregulated. Ndufs8 encode the protein complexes in mitochondrial inner membrane, which
is participated in oxidative phosphorylation to cause mitochondrial dysfunction[27]. Cox5b is a growth-
promoting gene that modulates downstream pathways in response to the induced bioenergetic
alterations in breast cancer[28] and glioma[29], but its role in malaria remains unknown. These results
further indicated that CD11b+γδ TCR+ cells might play an essential role in the progression of energy
metabolism during the infection.

   To further de�ne this population of CD11b+γδTCR+ cells, the different subsets were examined, and
differences between normal control and infected mice were compared. Compared to Gr-1, Ly6C/Ly6G
markers were better for identifying neutrophils, eosinophils, and both subsets of
monocytes/macrophages in mouse[30]. Myeloid-derived suppressor cells (MDSCs) are subdivided into
two major subsets: Ly6G+ Ly6C−granulocytic and Ly6C+Ly6G− monocytic MDSCs[31], which can limit the
ability to control infection through e�cient anti-parasite immune responses[32] . The single-cell RNA
sequencing and �ow cytometry results showed that the Ly6C+Ly6G− subset is the main
subset in the infectious conditions. One study have characterized CD11bhighLy6C+cells that appear in the
spleen of mice after an acute infection of Plasmodium chabaudi [17]. Our results were consistent with
their results. Our �ndings revealed that they might be multifunctional cells, which play a role in all facets
of immune responses, producing proin�ammatory cytokines, inducing and regulating other immune cells
destroying pathogens. 

In conclusion, our �ndings demonstrated that there is a population of γδTCR+CD11b+cells
of Plasmodium yoelii-infected C57BL/6 mice spleen and contribute to Plasmodium yoelii-infection, which
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might provide basic scienti�c knowledge for the development of new therapeutic approaches for the
treatment of malaria patients.
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Figure 1

Splenic lesions in mice infected with Plasmodium. (A) Comparison of the spleen appearance in normal
and infected mice. Representative samples were shown for each group. (B and C) Comparison of the
weight of the spleen and numbers

of extracted spleen cells from normal or infected mice. (D) HE staining of the spleen tissue.
**P<0.01,*P<0.001.
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Figure 2

The expression of γδTCR+ cells. (A) UMAP feature plots showing expression of Tcrg-C2 gene based on
control vs. 12dpi cells. Feature expression represented by color gradient, with high expression represented
by red and low expression represented by gray. (B) Comparison of the proportion of γδTCR+ cells in the
whole cells from normal or infected mice. (C) The proportions of CD3+ cells, CD19+ cells and CD11b+ cells



Page 16/20

to γδTCR+ cells in normal and infected mice were analysed. (D) Splenocytes were separated from naive
and infected mice (12days post infection) and then stained with monoclonal antibodies against mouse
γδTCR, CD3, CD19 and CD11b after cell surface staining. The representative dot plots were shown. (E)
Results represent mean percentages (SD) of γδTCR+cells, γδTCR+CD3+ cells, γδTCR+ CD19+cells
andγδTCR+ CD11b+cells from normal and infected spleen. 

Figure 3

The differentially expressed genes (DEGs) analysis. (A) Volcano plot displaying the DEGs in 12dpi vs.
normal cells. The up-regulated genes (red), and down-regulated (blue) genes are indicated. Gray dots
represent non-DEGs (<1.5-fold change). (B) The number of up-regulated and down-regulated genes was
shown.(C) Gene expression heatmap of 40 top DEGs.
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Figure 4

The analysis of state related genes. (A) Violin plot displaying the expression of representative state
related genes in γδTCR+CD11b+ cell, and orange, blue represent the categories of 12dpi and normal,
respectively. (B) The proportion of cells that expressed those genes within the whole γδTCR+CD11b+

population.
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Figure 5

The analysis of cytokine related genes. (A) Violin plot show expression level of representative cytokines
related genes expressed in γδTCR+CD11b+ cell. (B) The proportion of cells that expressed those genes
within the whole γδTCR+CD11b+ population.
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Figure 6

GO enrichment of different expressed genes. (A and C) GO enrichment of top ten up- expressed (A) or
downregulated (C) genes in 12dpi vs. control cells.

(B and D) Log fold change of individual genes in selected pathways upregulated (B) or downregulated (D)
in 12dpi vs. control cells.
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Figure 7

The phenotypes of γδTCR+CD11b+ cell cells subsets

(A) Violin plot displaying the expression of Ly6g and Ly6c2 genes in γδTCR+CD11b+ cell, and orange, blue
represent the categories of 12dpi and normal, respectively. (B) The proportion of cells that expressed
those genes within the whole γδTCR+CD11b+ population. (C) The dot plots show staining with PerCP-
cy5.5-conjugated anti-Ly6C mAbs and PE-conjugated anti-Ly6G mAbs of γδTCR+ CD11b+cells by FACS
analysis. The representative dot plots were shown. (D) Results represent mean percentages (SD) of
Ly6G+Ly6C-cells and Ly6C+Ly6G-from normal and infected spleen. 


