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Summary (Abstract) of doctoral thesis contents

Clarifying the mechanisms of germline establishment is a century-old issue in
developmental biology. In Drosophila, a specialized cytoplasm, or germ plasm localized in the
posterior pole region of early embryos is partitioned into the primordial germ cells (PGCs).
Germ plasm contains the maternal factors required for germline development. It has been
proposed that germline-specific gene expression is initiated by the function of maternal factors
that are enriched in the germ plasm. Previous studies have demonstrated that ovo is a candidate
gene encoding such maternal factor, based on the fact that it encodes the maternal transcripts
enriched in the germ plasm, and that reduction of its transcript amount causes a defect in
expression of the germline genes, such as vasa and nanos, in PGCs. In this study, I report the
expression of Ovo protein in PGCs and its role in germline development as follows.

1) Expression of maternal Ovo protein in PGCs

ovo encodes three protein isoforms, Svb, Ovo-A and Ovo-B, which share a common
DNA binding (Zn-finger) domain. Here, | investigated expression of Ovo protein in PGCs during
embryogenesis. Since | failed to raise an antibody against Ovo protein, | established two EGFP
knock-in alleles. ovoB-Nterm-EGFP allele produces EGFP fusion protein of either Svb, Ovo-A
or Ovo-B, while ovoA-Nterm-EGFP allele produces only fusion protein of EGFP and Ovo-A. In
ovoB-Nterm-EGFP embryos, EGFP signal was detectable in PGCs throughout embryogenesis,
while it was hardly detectable in PGCs of ovoA-Nterm-EGFP embryos. Considering that svb and
0vo-A transcripts are at an undetectable level in PGCs, this observation strongly suggests that
Ovo-B protein is an abundant form expressed in PGCs. | further found that maternal
ovoB-Nterm-EGFP allele produced Ovo-EGFP fusion protein enriched in PGCs throughout
embryogenesis, while Ovo-EGFP  expressed zygotically from  paternally-derived
ovoB-Nterm-EGFP allele was detectable in PGCs only at the end of embryogenesis. Taken
together, the above observations show that maternally deposited Ovo-B protein is predominant in
PGCs during embryogenesis.

2) Role of maternal Ovo-B in germline development

Next, | examined the role of maternal Ovo-B in PGCs in germline development. Since
oogenesis is completely arrested in the ovaries without ovo-B function, the embryos lacking
maternal Ovo-B activity cannot be obtained. To overcome this problem, | used Ovo-A to
specifically reduce Ovo-B activity in PGCs. This is based on the fact that Ovo-A isoform acts
antagonistically to Ovo-B and represses the transcription induced by Ovo-B during oogenesis.

Induction of Ovo-A expression in PGCs during embryogenesis by maternally-supplied
Gal4 protein caused a significant reduction in the number of germline cells in females during
larval development, and consequently these larvae developed into agametic adult females. In
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contrast, a subtle decrease in the number of the germline cells was evident in the 1st-instar male
larvae, but they increased again after the 2nd-instar larval stage to produce gametes in adult
males. Since zygotic ovo function is not required for male germline development, a decrease in
the number of the germline cells in the 1st-instar larvae was due to the reduction of maternal
Ovo-B activity in males. Indeed, strong induction of Ovo-A in PGCs by both maternally- and
zygotically-expressed Gal4 protein results in a loss of the germline cells during larval stages in
both sexes. Taken together, the above observations strongly suggest that maternal Ovo-B is
required in PGCs for their development into germ cells.

3) Downstream genes regulated by maternal Ovo-B

To identify the downstream genes of which expression is regulated by maternal Ovo-B in
PGCs, | compared the transcriptomes of PGCs isolated from normal embryos and Ovo-B
knockdown (KD) embryos at stage 16. | found that Ovo-B KD caused a decrease in the
expression 401 transcripts in PGCs, and conversely it upregulated the expression of 510
transcripts (g-value<0.05) in PGCs. Of the transcripts regulated by Ovo-B, 122 were found to be
expressed predominantly in PGCs, compared to whole embryos (PGC-enriched genes).
Interestingly, among these 122 transcripts, 81 were activated by Ovo-B. Furthermore, of the
transcripts regulated by Ovo-B, 289 were found to be expressed predominantly in whole
embryos, compared to PGCs (soma-enriched genes). Among the 289 transcripts, 194 were
repressed by Ovo-B. The above data reveals that maternal Ovo-B has an important role in
activating the PGC-enriched genes and conversely repressing the soma-enriched genes. In
addition, | found that 3 of 16 PGC-enriched genes which are activated by Ovo-B were required
for germline development of both sexes.

In this study, | report that maternal Ovo-B has an important role in regulating gene
expression in PGCs, namely, activation of the PGC-enriched genes and repression of the
soma-enriched genes. Furthermore, reduction in Ovo-B activity in PGCs causes their inability to
develop normally into germ cells. It is worthwhile to note that ovo gene is conserved among
metazoan animals. Thus, | propose that ovo acts as a part of evolutionarily conserved mechanism
regulating germline development in animals.
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AL, WIERICBEEREBZ DM O TH DL, v avya v "= EFHEM
fa ik, WIHIIRICTE A S 2 ha R AR SEAR I ok 3 5, SRR AETEAR G 1Z . AR O 14 i L2 A7 & 3
HRBHIE Z BV AL LR ESND Z ERMBN TV D, MR H Iz 1 B 5 A o
BAEICKLESSRBEERFAEENLTEBY . 20 —MITAERIIFFEN R BIEFORB L
EHEL ST OHELRSDLEEXONTE L, TNETIZ, AHRINFENERR T THD
vasa & nanos DR GEIEVEALIC KL BEREEGEHEK 22— R+ 58+ & L TELTovo
N, HEEONBT D2 AERICBOTRIEINTWD, ovo s Iix, I HERE CME <
i GARME 2 X 7 Ovo-B L ER G Z o /3 7 Ovo-A, S HIZKRKDOREEIZES T
DELGEIEMAL Z X7 Syb W) 3EOT A Y 74— Lk a—RFLTW5S, ZAET
W2, WRREAETEHI I BV TIX ovo-B mRNA 238 ERYICRBL L TE Y . ovo-4 mRNA O FE HLIX
ZOLU/I00RRETHDZ &, BEBLIOMMED Ovo-B X U X7 HEDOREEZLE L7-%HAI1C
XA RE AR BICAETEMAZ ZERVAEBRBIZR D2 ERRENLTWE, LarL, O
AR SEAR B Z 351 D BEME Ovo Z /X 7 O3B, @REME Ovo-B Z B8 REFAE L 7246 DR EL
B @B ARSI BT REME Ovo-B BB Z I 2 FiELEF. TV TnbB b2
ZENTWAhol, RFFETIE, ZNHLOREMIT LI, TOME, F—I12, tHFEATH
AL Tl REVE Ovo-B Z U N7 B BMEERICHILL TWDH T ERPH B MNIT R oTe, 5 12,
Ovo-B & #EHLAIIC @) < Ex BN HI A 7 Ovo-A OB EIFBLIZ LV . B Ovo-B ¥ /X7 H O
REPLEZB IR o iR, BVE Ovo B ODBEEN A A L A ADAFTHMEO R EICHKLETH D
L amRBRT OMANE LN, RBIC, WREERMILIZ BV TR Ovo-B 12 £V il
MEND THMBLBEIFE~A 78T LAITICEVREIE L EZ A, FMIRIZ R TIHIFAE
FEAR I CHREN &V EAE T D% < 1T HPE Ovo-B 1T Lk » TEEFE B S 7u, W2/ I T %
BREWELBTOZIFBERNGHI SN ERHLNER ST, 20O Z &%, B Ovo-B
DGR A FE R DFE AN LB R BIR T OB A et L, IO AEICLERER T DOR
BAEMME L TWDZ EERBELTWD, EEIC, B Ovo-BIC X W BENEEIND 16
Bl TOBEEZAHRINCBNWCTHELEZEZA, 5 20BIEFCTIHEERALONLR -
LD, AODBBEBETTHRENPFTRALARLEBICARILERD, TODBEIKET TAADK
WRARIEE o7, D OREFIE. FEYE Ovo-B 23 £ FIl Al I 12 40 B2 72 T8 s 1 O 5 Bl 41 |2
MboTWnWbZtEZRLTWD,

AWFFETIX, Yavya v AT AR ORAERBRIZE T 2 Ovo-B ¥ X7 BH O
REfENTZ EIRE L TRV, FEOMET~ Y A0EMMREEAIGRREICEVWTLEEIND
ZEMBERFEIVHALNI > TWVD, LER- T, RIFZEEORET., ELMITRE S
N AT R 2 L T 5 L ToOREREB LR LEZ LN, EBAYTH
oM ticEdsZ LB KR TAESRE,





