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Supplementary Figure 1. Quality control, batch correction, and doublet detection of integrated single-cell RNA-seq datasets.
(A) Quality control metrics of cells before filtering, including the number of detected genes (nFeature_RNA), total counts (nCount_RNA), and percentage of mitochondrial genes (percent.mt). Violin plots show the distribution of these metrics across samples. (B) Quality control metrics after filtering, demonstrating improved data consistency following the removal of low-quality cells. (C) PCA plot before batch correction, showing evident batch effects among different datasets. (D) Variance explained by principal components (Elbow plot), used to determine the optimal number of PCs for downstream analysis. (E) UMAP visualization of doublet detection results using DoubletFinder. Predicted doublets and singlets are indicated by different colors. (F) Clustree visualization of clustering stability across different resolution parameters. Each node represents a cluster at a given resolution, with node size proportional to the number of cells within the cluster.
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Supplementary Figure 2. Cell type annotation and identification of CD4⁺ T cells in scRNA-seq data. (A) Dot plot showing the expression patterns of canonical marker genes across all identified cell clusters. Dot size represents the percentage of cells expressing each gene, and color intensity indicates the average expression level. These results were used to support cell type annotation. (B) UMAP visualization of CD4⁺ T cell–related marker genes, including CD4, IL7R, and CD40LG. CD4 and IL7R were broadly expressed in T cell populations, while CD40LG was enriched in activated CD4⁺ T cell subsets, indicating functional heterogeneity within CD4⁺ T cells.
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Supplementary Figure 3. Cross-dataset integration analysis and batch effect correction effect evaluation. (A)PCA distribution diagram of samples from different GEO datasets before batch correction (B)PCA distribution diagram of the batch-corrected samples.
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Supplementary Figure 4. Performance comparison of multiple machine learning models for classification. ROC curves of different machine learning models, including PLS, RF, DTS, SVM, logistic regression, KNN, GBM, neural network, and glmBoost. The AUC values are indicated in the legend. Logistic regression was selected for subsequent analysis due to its robust performance, lower risk of overfitting, and superior interpretability.












	Gene
	Primer
	Sequence (5' -> 3')

	Cxcl12
	Forward
	TATGGTGGTGCCGACTACAA

	
	Reverse
	TGCTTGTCCAGATGACTTCG

	β-actin
	Forward
	GTGCTATGTTGCTCTAGACTTCG

	
	Reverse
	ATGCCACAGGATTCCATACC


Supplementary Table 1 Cxcl12 primers for qRT-PCR
Information Classification: General

Information Classification: General
2

Information Classification: General
3

image1.tiff
nCount_RNA

percent.HB

1l

Muﬂ“

nFeature_RNA

2
1
0¢

ZIJI¢LLLLLJI

05
05
00

percent.mt

DF.classifications_0.25_0.005_2411

lliillll‘k

nCount_RNA

9000
6000
3000

0

Identity
percent.HB

2
o
>
js]
a
L[]

® Singlet

10

umap_1

-10

Identity

i

nFeature_RNA

40000
20000

0

percent.mt

5000
4000
3000
2000
1000

10

nCount_RNA

-10

=)

uolelreq piepuels

@G> 2> C—> O I I 2> Q> > > >R

@ o—> &> 0> 2—> e 2—> 06— &> &

ad

[ ]
o> e

".I'.I'.I'.I'.I'.I'.I'.I'.I'.

[ ad o di el e o ]

[ ad ad od ad ad odind od ad ad od

S>>0 > > 2>20>080>2>8>0

> 8> 5> 6> 8

el T g ,
®
[ ad ad ad o dind od ®
>8> 8
e—»e—+>e

e

&> 3—> >
Olvtoﬂ?volvolv
A.lv.lv.lv.lv.lv e—»e

E=—b 2=—> @—> Y= 8> @

.nuo\v.nvA.nvtt es0—+®
Ead o4 @+0—+6
O L esetetore

50

E=> 8> > 5> T—> 8> 0> = 8—> 8

e=> 8> 8> =2—> 2—> T—> 0> Lol o

40

2=> 6> 6> =—> —> 23— 0> 8> 8> 8

6@ oma g

PC

o

> I=p &> 8= &> &> 5—> > 3

20

0-0--0---0-8 . a0

. ;..'.n»-olvolvolv‘olva‘fva‘o
T > 0:6>0-50
s-e:6g ol e a0
RRREREY S S S

RNA_snn_res. * 02

sze @ o (@) o (@) oo e O




image2.tiff
Features

RP11-58E21.4
RP11-34613.4
PRSS27
FAMB83F
CRISPLD1 .
CNTNAP2 .
RP11-467L24.1
MIR503HG

CCL2:
NCCRP1
XCR1
CLEC9A
FCRLS
TNFRSF17
1GJ

MZB1
RP11-354E11.2
IL1RLA
CPA3

TPSAB1
MYO16-AS1
SCEL
STEGALNACS

RP1-78014.1
RP11-73G16.2
SCT

LILRA4
CTC-78207.1
RNASE1

E

RBP4
RP5-839B4.8
INHBA

MARCO
RP11-404013.5
CD1E

FCERIA
1C

oo

4 567 8 91011121314151617 181920212223242526

Identity

Percent Expressed
-0

. 25
® 50
® 75
@ 100

Average Expression
2
1

0
-1




image3.tiff
CD40LG

IL7R

CD4

< ®N - o





image4.tiff
PC2

20000

10000

=10000

Before batch correction

e == '\'\

-5000 0 5000 10000
PC1

Type
GSE132936
GSE255848
GSE302563




image5.tiff
After batch correction

0
PC1

4000

Type

GSE132036
GSE255848
GSE302563




image6.tiff
Sensitivity

0.4

1.0

0.8

0.6

0.2

0.0

PLS: 1.000

RF: 1.000

DTS: 0.917
SVM: 0.900
Logistic: 0.983
KNN: 0.733
GBM: 1.000
NeuralNet: 0.933
glmBoost: 0.933

0.0

T
0.2

T T
0.4 0.6

1 - Specificity

T T
0.8 1.0





