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Genetically modified animals have become indispensable tools in the study of gene function, disease
mechanisms, and therapeutic development. In the field of reproductive biology, testis-enriched genes are of
particular interest due to their potential roles in spermatogenesis and male infertility. Despite advances in omics
technologies, many of these genes remain functionally uncharacterized, which hinders both clinical diagnostics
and our basic understanding of male germ cell biology. This dissertation aims to identify key regulators of male
fertility and to explore how gene function is maintained during spermatogenesis, especially meiosis, using
genome-edited mouse models.

Using the CRISPR/Cas9 system, I generated knockout (KO) mice for seven testis-enriched genes individually.
Fertility analysis showed that five genes—Cfap68, Ntocib, Ppplrd2, Tekts, and Trim52—were dispensable for
male fertility. In contrast, Lrre63 and Pdha2 KO males were infertile with severe spermatogenic defects. Lrrc63
KO mice showed oligospermia, immotile sperm, and meiotic abnormalities with lagging chromosomes and
apoptotic metaphase II spermatocytes. Pdha2 KO males displayed meiotic arrest at the pachytene stage,
highlighting its essential role in meiosis.

To investigate Pdha2 function, I examined its molecular role during meiosis. PDHA2 is a testis-specific
putative component of the pyruvate dehydrogenase complex (PDC). In Pdha2 KO spermatocytes, ATP levels were
significantly reduced, and its interaction mitochondrial PDHB was destabilized, indicating mitochondrial
dysfunction. As a result, DNA double-strand break (DSB) repair was impaired, with reduced ATPase proteins’
(RAD51 and DMC1) foci, although upstream factor non-ATPase RPA2 localization was unaffected. Interestingly,
PDHAZ2 also showed nuclear granule-like localization, suggesting a possible noncanonical function.

Finally, I examined the evolutionary relationship between Pdha2 and its X-linked parental gene, Pdhal.
Pdha2 is an autosomal retrogene thought to compensate for Pdhal silencing during meiotic sex chromosome
inactivation (MSCI). To test this, I generated transgenic mice expressing Pdhal after MSCI. Pdhal expression
rescued mitochondrial and meiotic defects in Pdha2 KO mice and restored fertility. These results support the idea
that autosomal retrogenes such as Pdha2 evolved to bypass X-linked gene silencing during male meiosis.

In summary, this study identifies essential testis-specific genes, uncovers a link between mitochondrial
metabolism and genome stability, and reveals how autosomal retrogenes can preserve key functions during

spermatogenesis under epigenetic constraints.
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AF@ILIE, CRISPR/Cas9” /) LfRE~ 7 A ZERL TIRIT S 2 Z & I2 k0| MEEAREET A~ 22/ L. KTIP
ROBRZRD IR L TH D,

1. R TELIRKBTHTEET (Cfapb8, Lrre63, Ntbelb, Pdha2, Ppplr42, Tekt5, and Trim52) lZ2W\WT., =W
A5 FEINCCRISPR/Cas9” /) LAFREZITV, KB ORE (KO) ~ 7 AO/ERITHEE LT,

2. FKO¥ 7 ANZOWTAENERER & i, Pdha2 & Lrre63DKO~ 7 ANMEMERIT 2732 &, 550 O5EE TIX M T
VTRV LE TN L BaR LT,

3. HEETb RoXt—¥EMEE2A L, KOOI Far R 7SI HATPEAICEEZRPDHALOK AT 7 & L
TPDHA2MFAET % Z LIZ1EH L. Pdha2 KO~ 7 R ZOWTEBRBENT 21D . WO AREIZ L D T L HT
SMeEEILET L ER LT,

4. KHIE CHEL T BHPdha2/37 1 7 T HPdhal Z 5l TR X5 Z & T, Pdha2 KO~ 7 A DIEZEMENEIET
T L AR LT, RN TIEPdhal OFEBNME T2 2 L6 KOS 524 IXPDHAL Tl 72 < PDHA2 & 4
L7ZATPEANEECTHH Z a2 LT,

Pl b, AFICIE, CRISPR/Cas9% /) LRI X DIEMEARIT~ 7 A DR RER L RBIBA 7 ) —=0 7128k | K
TR T & L CLlrre63 L Pdha2Z [FE L7 2 &, S HITHAIIE THbIih U THBUR T 3 5 Pdhal 2 WA AE
BANCHEBLT BPdha2 ¥ lio 2 & T, XX T UG T 4 e T VI ~OEH AT A BB T L ERLEZLOTH
D, L GERY) ORAERSICET LD LD 5,
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