


Table S1. Representative marker genes and functional descriptions for the 12 major cell types.


Cell Type	Representative Marker Genes

Functional Description

Spermatogonia	MOV10L1, RNF17, TEX101	Key piRNA pathway proteins that
regulate transposon silencing; spermatogonia-specific E3 ubiquitin ligase involved in spermatogenesis.

Early Primary Spermatocyte


Late Primary Spermatocyte

POLA1, NAV2, MACROD2	DNA polymerase highly expressed in S
phase, marking the initiation of early meiosis; neural navigation protein assists in cell migration.
PLCZ1, FSIP2, MAGI2	Sperm-activation-related proteins;
markers of sperm flagellar structure.

Round Spermatid	ADAM3, ADAM2, PEBP4	ADAM family proteins specifically
expressed during round spermatid stage and critical for sperm formation.
Elongating Spermatid	SAXO1, WDR64, CTNNA3	Microtubule-stabilizing proteins
involved in sperm tail formation, cell adhesion and polarity.
Mature Spermatozoa	TNP1, TPPP2, LELP1	Key chromatin remodeling proteins and
markers of sperm tail formation.
Sertoli Cell	DSCAM, TENM3, NLGN1	Involved in establishing the supportive
microenvironment for spermatogenesis and forming cell junctions.

Peritubular Myoid Cell

MYH11, LMOD1, CALD1	Smooth-muscle-specific myosin;
canonical marker of peritubular myoid cells surrounding seminiferous tubules.

Leydig Cell	IGF1, SLIT2, GSN	Classical hormone factors supporting
spermatogenesis and regulating interstitial function.
Endothelial Cell	FLT1, PTPRB, ERG	Canonical endothelial cell marker genes.
Macrophage	C1QC, CSF1R, LYZ	High expression of immune-related
marker genes.
Lymphocyte	IL7R, KLRK1, IKZF1	Specific markers for T/NK/B cell
populations.
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