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Molecular characterization of genes essential for early

development of germ cells in rice
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In flowering plants, after the transition from vegetative growth to reprodiictive development,
primordial germ cell initials differentiate from somatic cells in flowers. Several genes that control
the early stages of germ-cell development have been identified, however, little is known about the
molecular mechanism determining the germ cell fate during sexual reproduction in plants. The
MELI] (MEIOSIS ARRESTED AT LEPTOTENEI) is the only plant ARGONAUTE (AGO) gene
specifically expressing at the primordial germ cells. AGO proteins are known t6 be a key player in
gene-silencing pathways guided by small RNAs. PIWI-domain containing subfamily has important
roles in maintaining germ stem cells in animal. In plant, however, there is 16 AGO gene which
belonging to PIWI subfamily. Therefore, a specific AGO gene system ifi plant germ cell
development would be suggested.

In this study, I focused on the characterization gene expressed at early stdges of germ cells
development specifically in relation to the MEL1 function. MEL1 1is well-characterized
ARGONAUTE family that has essential functions in germ cell development. To date the rice MELI
is the only gene available for investigating a genetic system conducting plant gerin cell initiation and
maintenance. A large portion of the genes identified specific in very early stages in germ cell
development had unknown function. However, comparison of gene expression profiles between
wild-type and mell-1 mutant down- or up-regulated in mell-I mutant revealed many possible causal
genes for mell-] dysfunction, i.e. most of which are not characterized previously. Of these genes, the
OsSPL14, one of SQUAMOSA (SQUA) promoter-binding-like (SPL) family genes, encoding a
putative transcription factor, revealed to up-regulated in the mell-1 mutant in both Affymetrix (Fold
change=4.37) and Agilent (=3.01) microarray. Sequence and experimental andlyses indicated that
eleven OsSPL genes including OsSPLI4 were putative targets of OsmiR156, suggesting a possibility
that the OsSPL14 should be directly targeted by the rice MEL1 AGO with miR156 microRNA as a
guide molecule. Moreover, the volume of miRI56 RNA detected in the co-IP fraction with the
anti-MEL1 antibody 3.2-fold more than in that with the pre-immune serum. The detection level of
miR156 depended on that of the MELI1 protein, as the miR156 co-IP with the MEL1 immune
complex protein, but few or not with precipitates recovered using mell-I miitant or preimmune
serum. These data strongly suggest that the MEL1 forms a complex with the miRI56 microRNA in
vivo. These results strongly suggested that the miRI56 microRNA was one of good candidates of
guide RNA molecules of the MEL1 AGO. |

Analysis performed in each section and results obtained from the analysis are summarized as
follows. »

In the Section 1, the whole transcriptome profiles of plant reproductive process, including early
stages that are difficult to be dissected in Arabidopsis, was obtained by using ihe Affymetrix rice

genome array analysis and provided as a dataset of rice reproductive expressioii atlas. In addition,
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using the atlas data, the gene expression patterns of several genes that are higﬁiy expressed in eatly
development stage were investigated. A large part of genes that are expressea iti early reproductive
development remains uncharacterized because most of pre-meiotic stage spécific genes were not
categorized to any functions by GO analysis. However, the expressiéﬁ patterns of other
meiosis-related genes were well corresponded to previous reports. The specific genes that were
found in this study may have the crucial function at early germ cells developmei’it stages.

In the section 2, to confirm the spatial and temporal expression of the MEL/] gene, mRNA in situ
hybridization was performed on the anther sections with the MSPI gene as 4 cellular marker of
young anther tissues. Expression of the MEL] was earlier than that of the MSP] , which clearly
indicates that the MELI mRNA expression start at the archesporial initials. Thé MELI expression is
not required for the germ-cell initiation, but for the maintenance of germ celié; In the Section 2, in
situ hybridization of the OsNOZZLE (OsNZZ), a putative rice orth’didg of Arabidopsis
SPOLOCYTELESS/NOZZLE was also performed. Different from the MELI and the MSPI, the
OsNZZ mRNA was expressed both in developing anther wall layers and sporagéﬁous cells similar to
that of Arabidopsis SPL/NZZ, but it was not detected in archesporial cells. Althdtigh their function is
not the same as Arabidopsis SPL/NZZ, OsNZZ may have function in early germ ¢€ll development.

In the Section 3, the microarray at l-cm young panicle, several gkfies responsive for
environmental stresses and/or hormone-responsive genes were up-regulated. It siiggests that absence
of the MEL1 may cause stressful condition, thus many stress-responsé genes and ethylene
signaling-related gene are induced. The MEL1 may inhibits stress respdﬁé“es‘ in germ cells fo
accomplish precise germ cell division and meiosis. In addition, some transposable element-like
transcripts were aiso up-regulated in mell-I mutant. It was demonstrated that Drosophila piwi
mutations impact retrotransposon mobility. MEL1 may also suppress the aCfivity of transposable
elements during rice germ-cell development. On the other hand, many genes rélated to cell structure
and cell cycle were down-regulated in the mell-I mutant. These results may ihﬁiCated that in mell-1
mutant, the failure of pre-meiotic mitosis of sporogenous cells in the miell-I mutant anther
(Nonomura et al. 2007) was caused by down-regulation of these genes. At pré-teiotic S/G2 stage of
young anthers, few genes were affected by the mell-I mutation. Most of up- and down-regulation of
genes in the later stages of pre-meiotic germ-cell development might be secoﬁaafy effects of mell-1
mutation.

Finally, the Section 4 suggested a possibility that the rice MEL1 AGO aif'ectly regulated the
OsSPL14 gene with the plant specific microRNA, miR156 as described above.

Results obtained in this thesis will provide new and useful information to Uhderstand the gene

functions in initiation of germ cells development and maintenance of germ cell identity in rice.
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MY CIRER ST BEEREN L. SHEROLTIE U TAMEBEE~LBITL, A~
AFESEROTTOAFEMBAZE AT CRANLRBELZITY, SOBRRBRICBIT S5
FH97p A 1 = X hid, Arabidopsis TEONBEFRREON->TNDBEDO, EEREDE
EThBH, LRSAIY ) AERNEERA X EANT, DHAEER CRET A RET
BEDIBIRAG /2N 2 ¥ . Argonote 7 7 X U — 0 MELL A 4B A TR OHERs & 563z i
BERREIZ LI EERTEEBIL, TORIBEO—EE BT L,

1 ETIX, A FOLEFEBR T, archesporial cell DR BIFESE DK T £ TOH)
HERE, HORSEEIEIC 5 BIEICHIT T, 1EHARICRIT MR 7 0T LA @i
¥ 1Tot, TO/BE. BRERNLEREL T TREFORESZICE 5 B2 THREANE/L
FTHRGFEHEFE Lz, T ROMNBIAETERE CRET HM=T 2 3MCER L
F—E¥y hELTEETH D,

oEwETIX, 1ETHESP BN/ MELL & MSPL ic%xT. OsNZZ (Arabidopsis
SPL/NZZ O &RE w1 J, ZERATIX archesporial cell D4R L2 5) OFIZBITHRER
2B — v Finsitang T A ¥ — 3 2 X DN L MELL O %3¢ archesporial cell
WIRET A L 2RDT, ZHIIEY OAFEHIK T Argonote BFEIE L TV 5 Z & A HME
BV BREICTR L= B0 MR TH B,

EIETIL, LHSADFBET AHEDREIFEE CHBES T QW niell-1 BRERE Y
BWTA 2 a7 LA 2D T, TORE, ZRETIIR b ABERET L FLE
VA B A RETFORENS LR L, SIAESOMIEE, THTRICED S RETOR
BRTRoTWB I Elbholr, TNbit mell- 1 ERERTRICALI L E I —HEL
T3, E5IC. mell- 1 BRETHEENER L TWBRETF L LT 0s8PLI4 & H Oz,
2 OWRET IR ZESID miR156 I & U HIHE 2T 5 TR #E ST, &
@ Argonote IZ X W HIEHIEND I TRATH -7,

Z I T, FAETIIMELL 23 OsSPLI4 % HIH$ 2 FREMEZRET L. mell-1 ERMEIZE
VT OsSPLI4 & miR156 DRBEEN LR T3 L% U T AF A APCRIRIC L VHER LTz,
E bz, HMELL Fifk % AWV e @b ER 2TV, 720803 72 v b O O miR156 4%
MEL1 (AT 52 L bR, ThbOfERITZ MELL 28 miR156 241 K7L LT
OsSPL14 243 2 FEEMEZRT LD TH Y . SHOBEMAINT 21T 5 5 2 TOHEM A
R LTI B,

BEDFZED b, B TIXAEFEMIEDZEIEIT /N & 72 RNA 25 F piRNA BSLETH B = &
B BT o TWD, EEEAOHFZRIIEY O AT T b RO R EEE & 5 T
HERL, S~ A 20T VA BITHEREZESD T, ZOSFORBEERTIRRETSH
%, PEOEEN»S, EEIESAOEERTIELEESOEHR LT &1l L,
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