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Abstract of Thesis

Meiotic double-strand break (DSB) formation at early prophase |, which initiates homologous
recombination, is essential for the meiosis. In budding yeast meiosis, Spo11, a topoisomerase VI-like
protein, catalyzes DSB formation on chromatin loops. Spo11 induces DSBs by interacting with the
RMM complex (Rec114—Mer2—Mei4) on the chromosome axis through loop-axis tethering, which is
dependent of Spp1. Histone modification is essential for loop-axis tethering. PAF1C mediates histone
H2BK123 ubiquitination, and Set1 then recognizes the ubiquitinated sites and subsequently
methylates histone 3 lysine 4 (H3K4). Methylated H3K4 marks on chromatin loops are hotspots for
DSB formation. Spp1 binds methylated H3K4 and tethers the hotspot to axis-bound Mer2, resulting in
loops tethered to the axis. Then, Mer2 activates Spo11 to induce DSB formation. However, single
pafic, set1, or spp1 mutants show a high level of DSBs, suggesting the presence of a
loop-axis-tethering-independent regulatory pathway for DSB formation. In this thesis research, | found
that the pafic (rtf1 and cdc73), and set1 mutants showed a synergistic decrease in the presence of a
Myc-tag on either Rec114 or Mer2 in DSB formation. However, this DSB decrease was not induced in
the spp1, a mutant in the most essential gene in the loop-axis tethering, with Myc-tag on RMM.
Hence, in DSB formation, PAF1C and Set1 both play a role in meiotic DSB formation independent of
the Spp1-mediated loop-axis tethering. | speculate that PAF1C and Set1 may collaboratively
methylate a component of the DSB machinery and this collaboration is critical for DSB formation in

the absence of loop-axis tethering.
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A novel pathway of DNA double-strand break formation that is independent of loop—axis
tethering

N—THhT Y 7 L T ERIARIZ DNA ARSGIM 2 A5 T 28 LW

WA H OB Z LT ) DOSENOEE L BB T ERICHEORR Z R LTV, B
BB X D A T = X AOMBNL, BESRE WD EYOBAEICKEAD T 1k 2 OBFEZ D
DHDOIIE BT, K. I & Vo o BR T ORERE R 2T X D R E 7 & OEiE & W\ o T2 E SR
RERLHIGCTED, BEOEM IR ORNEERN S, V-7 —iiigEEZ AR L., A
Wik 2. B2, Z ORI CTH HDNA2 EEHUIWTE Ak A2 IR ET D Z ERMBLTWD, —F,
ZIE TOMT S — 7t AR A TR oy A 2 A T A REAEE S LT
DR, FOFHMIITEAEHEN TRV,

ABFEDE TIL. B 240 ODNA 2 EEIGIWTE AL DAL 2 B 5 0T B2 i b & b B
2B BPAFICE AR (RtF1, Cde73) 0% D Fiid b A b 2 H3K4 A FILLEEHSet LI H LT, Zh
5K & Ge iRl K - Td D . DNA 2 EEHUIMTE RIS L B2 R T (Rec114, Mer2) & DA/
FE AR O KBIBE 22 B4 2 F2ifi L7z, % OFEH., PAFICHE AR (Rtf1, Cde73) Idimisk sy Z4HIDNA 2
FHEIBIE A IZ B T, Reclld, Mer2®D 59 WA L BIAR AR Z AH L7z, B X h I H3KAA T
JUABIZSppl & L7-dih— L — 7S ORI L H O E| 2 B 7423, Reclld, Mer2: OAHEAEMIZ
sppl BB TR LN T2,

DFEY ., FTORENS, HI— L — T HEEICKFE LR WE T, PAFICEAERSS A FALEEESet 1)
DNA 2 EEHUIWT R 22t L CW A A[REME N ZE 2 b D, TNH O EEZ S Lic, —F—ifiliiEdE
WIRTE L 722V, F ODNA 2 EHEHYIMIE DT V2188 L7,

AHFEOIIEIC L0 | By R O DNA 2 SR YIITIE p I 36 1 208 L W T O AL 2 2 42 7R L 72
IZBWT, AICETOIMREZFRD, SBOERIZEY AESE TOMEORE S KE  HifF
TE D,

FoT, AKXzt (%) OFMmXE LTRD D,

IO — X TR OEEGE O COLEFEHR L LTEEXL TV D,
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