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o @ Hyper accumulation of callose at extracellu-

lar spaces of anther locules is required for
» " normal progression of male meiosis in rice

. ~®  (Oryza sativa L.)

Plant cell wall polymer callose consists of
linear glucose molecules of -1, 3 linkages and
is known to possess wide array of roles in
growth and developmental events in plants viz.
cell-cell communication, cytokinesis, environ-
mental stress etc. Meiosis is a special cell divi-
sion to halve the chromosome number for fer-
tilization, and hyper callose accumulation in
anthers is well known as a histological hallmark
for the onset of male meiosis in land plant spe-
cies. However, despite of obvious anther deposi-
tion of callose, its function in meiosis has
remained mysterious for very long time. We
previously found that the expression of rice
GLUCAN SYNTHASE LIKE (OsGSL) gene
encoding callose synthase was significantly
reduced in anthers in the mutant of MEL2,
encoding an RNA binding protein that controls
timing of meiosis initiation. Strikingly, callose
accumulation at meiosis onset was absent in
mel2 mutant anthers.

To explore whether there is any impact of
callose on male meiosis initiation, we created
osgsl mutants and observed anther development
and meiosis phenotype. Just before meiosis
entry, callose deposits at intercellular spaces
between pollen mother cells (PMCs) and sur-
rounding somatic tapetal cells (TPs), and also
among PMCs, and was largely absent in osgs!
mutant anthers (Fig. 1), resulting in complete
sterility. The gs/ anthers showcase several mei-
otic defects as the mutant PMCs enter into
meiosis precociously and are accompanied with
aberrant chromosomal condensation and behav-
iour in the subsequent meiosis stages. Preco-
cious entrance into meiosis in osgs/ anthers were
further demonstrated by immunostaining of
PAIR2, an S-phase marker during premeiotic
interphase anthers (Fig. 2). Taken together, our
results suggests a GSL encoded callose deposi-
tion in premeiotic and meiotic anthers is indis-
pensable for timely initiation of meiosis, and

meiosis specific events, and thus assigns a new role for cal-
lose in meiosis of flowering plants. The findings of this study
opens up paths to investigate molecular function of GSL and
molecular mechanism of callose function in plant meiosis.
For future directions, I will explore the questions related
to the molecular mechanism of callose in regulating meiosis

Harsha Somashekar Plant Cytogenetics Laboratory, Dpt.
Gene Function and Phenomics, National

Institute of Genetics
School of Life Science, SOKENDAI
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Fig. 1. (A) lllustration of layered structure of a rice anther locule, and
co-immunostaining of callose (red) and GSL (green). Scale, 20 um.
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Fig. 2. (A) Aberrant chromosome behavior (red arrowhead) in gsi
mutant PMC. Scale, 50 um. (B) Premeiotic DNA replication preco-
ciously initiated in gs/ anthers as indicated by PAIR2 immunostaining
(magenta), an S-phase marker.

process, for this I want to perform experiments that sup-
ports our idea of cell-cell signalling among PMCs and
between PMCs and TPs, and I am hoping to discover and
contribute more to the field of plant reproductive biology,
meanwhile I acquire new skills and knowledge that would
help me grow as an independent researcher.



Phosphorylation-Regulated CtIP/Ctpl
Il ¥ C-terminus Activation of Mrel1-Rad50-
*s+. Nbsl Complex

Aleksandar Zdravkovi¢ Institute of Innovative Research,

I sincerely appreciate the selection of our paper for this
very honorable award by the Genetics Society of Japan.
Since I came to Japan, I have been studying the molecular
mechanism of homologous recombination (HR) initiation.
HR is the most accurate pathway for the repair of DNA
double stranded breaks (DSBs). Upon formation, DSB ends
are usually blocked by proteins. A mandatory prerequisite
for HR is the processing of DSB ends into 3’ overhangs
which is kick-started by the Mrell-Rad50-Nbsl (MRN) com-
plex. MRN complex recognizes blocked DNA ends and
nicks the 5’ strand in close proximity, making an entry point
for other nucleases. For this critical activity, MRN requires the
support of Ctpl protein in fission yeast. Since details of Ctpl
involvement in this process were enigmatic, I decided to
study this about 8 years ago for my graduate school project.

To investigate the role of Ctpl in MRN endonuclease
activity, we established the purification of fission yeast MRN
complex, Ctpl and the catalytic subunit of casein kinase 2
(Ckal). When mixed together, Ctpl was phosphorylated by
Ckal. Phosphorylated Ctpl strongly activated the MRN
complex to cleave blocked end DNA substrates. MRN stably
interacted only with phosphorylated Ctpl and such interac-
tion was critical for the strong MRN activation (Fig. 1).

Interestingly, non-phosphorylated Ctpl retained some
capacity to activate MRN. We identified a short peptide har-
bored within the very C-terminus of Ctpl that was important
for DNA damage repair in vivo and sufficient to activate the
MRN complex iz vitro. Since this peptide sequence is con-
served, we also managed to derive a peptide activator of the
human MRN complex, thus arguing that we uncovered a

Phosphorylation ~ C-terminal
site peptide

Ctp1 O0—1
lCKZ

stable MRN
interaction

« MRN
} activator

strongly activated

MRN

Tokyo Tech.

From left to right: Tatsuya Niwa, Kentaro Ito, Aleksandar
Zdravkovi¢, Hideo Tsubouchi, Hiroshi Iwasaki, Shuji Kanamaru

conserved mechanism of MRN activation.

In this study we break down the role of Ctpl functional
elements in MRN activation, while also reporting the first
synthetic activators for both fission yeast and human MRN.
In the future we hope to deeply elucidate the mechanistical
role of the Ctpl C-terminal peptide. I believe that this can
unlock the potential for rational design of novel cancer
therapeutics or recombination enhancers that impact the
activation of MRN.

Finally, I would like to thank you again. As this award
encourages me, I would like to continue to pursue molecular
genetic research on the HR mechanism.

Reference:

Zdravkovi¢ A. et al. (2021) Proc Natl Acad Sci USA 118 (11):
€2016287118.
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Figure 1. Proposed model of MBRN complex activation by Ctp1 in fission yeast.
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24U B MU R S, Not mRNA 25 iR ZEM 12 IRk
P SN 5 2 SR gE, NIREEEAOSHEICEE T
&% (X1. Takatorietal, 2010)s LA L. O E LM
JAEEIZ O W T OERM R HHRAE LN T o 72720,
Not mRNA O IExFFRI AU B A5 B #A§ 12D T O BRI R
EWNRLDICEEE 5Tz,

P2 TP NIRZE I O TR & LT HMEE 2 > TR
HIVZIRAT L 72 5, BB EIIC XV Not mRNA ASRTEL 7=
HIS, PHAREMEARE SRR LD I LR MR LT
(Takatori and Tachiki, 2021) . MO FREIL 5242518 D %€
PLagr L CHZEEDMEITHEL 5 2 5720, hNIREERM
Na D275 Not mRNA O IERFRR5HEIZ B > 5 1] REVE % IR
U720 MIREIEONEIN % 7455 T NIRSEM & s
% a5.3 MifaD = > OO FKIGIET) D E A IR ZER
a3 sZ Lzl FIF U AT T4 7H
Rho @ a5.3 MlafFER 5B X Y 2 Milak o gk oIk
MR RET 5 & PAIRZEMTL O LT R S e, 55
FEEONE DTN R O IRIEMICEE L. Not mRNA 2SR

Stage 5-6 Stage 11-12 Stage 14
Not mRNA

FRAIREZE R
—_— DEBAERE
HABAZERZ
32 cell stage

RS A Zic —> EREGER
Not
PIEEEA Lhx3 —> REEEEEs
S~
Not mRNA JE#r5 B2

1. &% (Halocynthia roretzi) FE\Z #1335 Not mRNA
DIEMFRHNE & FRE - RIFEER D DB

IR SERIRE N B W T 25k o IR SERNC R 83 2 . il
MBI A B iR CHIEESZAL L (RIRETE) . € Dfkir5i%e
B S, SO EY YL E b, Not mRNA O K5 1%
HIRBEHIC L X 4, Not & > 78 7 s La30 58I % 4 L €
PRI 3 i % B0 3 %

B O AEARE HER

r=0 s I faRh B

=&l BEOE

Z=H 5K BREL

M L 0 Z AR S, WIRIEJCERT- o Lhx3 0%
HATEA L7zo HINIRIENL & a5.3 Mo £k o
WSRO R & @IS L. a5. 3 Ml Ty M
TR L 2L —% D weel DFEBZIHTAHZ L Ta5.3
MO OS2 Fad B &, 524 ORI AT R 5E
NZ AL T, Not mRNA O3t & Lhx3 OFEBEE % -
7o S O IR I ARAE 3 5 sl o & 12
MzZ<, WAREMEOFERDIDOZICI Y REL Z &
DREFFET LSRRI Nz (K2),

MIRIEREDZAL LD & ) ICF 2B O X 2 Ped b D
 GRIOBHTIEELZTHICBATE TRV, 4k,
B & 0 F1 E MIATE O MR E S SIZFEL SRS
Z & T, Not mRNA ORI R B A 2 Bk o BR % 42
D7z,
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20 degrees

Lateral

SR53
SRS

s

S5

SRS
SRS

00
$ >, \/

2. FAREMRICE 2 HRBREEBOET IV

W > B A F 72 3 0E AP V0 % 0 2R O & & 5B O
BItR & TR 2NN 2 TS 2 #EHE 7OV & AIC 12 & 0 IR
L7: (HM), Lateral & Vegetal DZNZN D[N XI2B1) 5 555
B E DL ONE 2 BUET 5 2 EAVRE S Nz, RHAEMIE
REBLTOETNUNEE SN R 72,

Vegetal

Takatori, N., Kumano, G., Saiga, H., and Nishida, H. (2010).
Segregation of germ layer fates by nuclear migration-dependent
localization of Not mRNA. Dev Cell 19, 589-598.

Takatori, N., and Tachiki, Y. (2021). Cell cycle difference creates
cortical tension difference that separates germ layer fates.
bioRxiv, 2021.2011.2010.468043.
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. Vll % VY—LiE¥Ri

O,

Y REFIVICEDBRILF

o

HBAW 7 a<F OB TH L X7 LF Y — Al
LA v 8 EIKIC~147 bp ® DNA 3% E DWWk Th
D, TOBRELBHIPTEY 22T 4 v ZHIENCESED
DEd, ¥/ LADNAKEEETOX 27 LAY — ADREEIC
DWTIIHL ORI ZR SR TE Y., BREL VT
A b v &8E DNA OB & HEHE R O B A &
TWET, FTFE, FIHNT Yy E e nd) TR s
N, X2 VLF Y —2OEENY ) LT A4 B0l i
ECIBTEL L)1k TE&F LA, TNETIC, A
I > H4DZEHE (H4-S47C) TX 2 L+ — 2 DNA O Hul
fHEZ YK 5 FE:E, A v H3 &R (H3-Q85C)
THLULD S 25 bp (E E ORI 2 YIRS 2 FiEs, H3ERERE,
SREER, v AESHIRRICEHENTWET, LiL.
TADBTRL72EZAH, THODTHIILR T L I2H|E
% DB YIRNCERZR X 7 LAY — A AR R
ENpIENERINF L,

P4 ZLIRT, H4-S47C o7 — % 2 Fviud, £330 DNA
FeH LIS S D X7 Lty — A OFE % & 2 R
TELIEHERLFE LAY, RIEETIE, HESATC &
H3-Q85C TR BNz X 7 Lk v — ARSI H N4 7)) v K
EFNVEED (K1), BB X 2354 7 A&/ L
72 BT BROMBHN X Z LAY — A0V T,
DNA S OB A ST LR 2 MG S ¢ CTHE

XY LAY —L DNAEEFI XY L7 —L DNA EE5l

X I L 7Y —L DNAEEFI

MEE KB Hhos mxm

»ED VOBHE

DA HE 2

L7z BIZFB DX 2 L+ Y —2 DNA D top strand 1275
H9 2% &, ATk AA. 4Tl TT OMBUHED X 7 L
F YV — 2 OBMIBHE L IEICHBIL F L7z (K 2), $R5 5
DR 7 LI — AREIZDNARY 25 MW RETH ) . B
BRIEWVZ & 12, & A58 DNAIX AA L ’?é?&\ THE—
§— GOl LY — A HE L TWE L,
CORERIE. AADE TR, B ORI fEEE L 72 DNA
PHETEE—Y — PGB E O ORYIT, Mo
VT4 v 7BMiRID R 7 Lty — AREOMERRC
BT 2L WIFPAHI = A2 ERBLEST (K3),
LB SREECHZ-HEIHEEZ -0 TH D
PEBGET A &I, B oA E L L. MZENTO
X7 LAY = AOBEIZOWTOEEEZ FTITRD TV E T
WTd,

Dyad

E¥5 a5
(H4-s47C) (H3-Q85C) (chimeric sequences)
Cleavage Cleavage Aﬁ’ <JTT
73 W +73 (bp) 73 v ¥ +73(bp) 73 16 +16 +73 (bp)
-_— ————— =t % et
I I L —
I I L —
I I I
. n=67,352 n = 67,352 . n=67,352 2 E{E%Fﬁﬁ%ﬁﬁ@?7b#y—b\
v v v top strand IZ7EH$ % &, AAZAMT, TT

H4-547C ICED<KETI H3-Q85C ICED<KETIL
1. #IAMNLTY Y REFIL

NMTYYRETIL

BEMTHENS, X7 LAY — Al
2 WK BRI T db 5 720 i CHIHE SR
PSS %o

H4-547C & H3-Q85C DX NEh DT CTRE E /=X 7 L+ Y — 2D DNAKLHIH 5

R & 6 % 2 4 7 A% 1 CRERE 70 & R L 72
by TYRHEH AAIKED

AAICED
§—Ix—5—AIO%S

BULRAE

91

TOE—5—flDEs
AAICED

3. &EBEEOX 7L+ —L4

RNAKY 25— ¥ U HHEE %2479 729121&, DNAZE X b o 55 23

BT LBEND D Y APHF AACE G DNAE 7 TE— —flITE X b

CEDOMMEANL L, EEEZICDNAZLSXETOICHEFEEZSND,

DNADf#EE

1) H. Kato, M. Shimizu and T. Urano, BMC Bioinformatics
22,322 (2021)
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V]][ i & U BIFH AT — FORE

<Y ADKRSEA T, ZREEED S 2 M TR
P mRNA ORI IREE Y 7 2054 (ZGA) A3 1.
INAEREOBAHICHEETH AL LEEZONTVET, T
4, ES Ml 2 s 2 MR & L7 e & o 2 il
Keflile (2CLC) 2S¢ 5 2 & 25y S, ZGA Hlikk
REDIRINIEN DM ey — Ve LTS hTwEd,
2CLC ~OZEHIZIZ DUX 3~ 2 ¥ —HIfHET & LTlii< &
EDHEENTWE L7225 Dux KO ¥ 7 R IEF 1234
5 72BN 2CLC & 1387 B ZGA HIfIEHE D AR AE
FTHIEDNRBENTVET, L L. TOEMKITAMBEH
DFEFETY,

FaxonF cla, ImGHIEN T Ctbpl /2 & 2 ARET
52 & T, DUXIZHAE L 22\ ZGA HlEERE AN I LS 5 &
EEREEXLODTVET, 2O DUX IR R A A —F
RS9 Bl R T & LC PSS A I A AR R AN T
PRAMEL7 1225 H L. #BEMIT 21TV E L7ze THETIC
CORTICELT, 3204 vF) =1 (LRR)
ey Z o2 &, ICM TEEICHEHT L 2 &, IRERIEMK
WCRETHAZLEPHRE SN TwET, FZTESHRE
2 PRAMEL? % 3HIZEBL L2 & 2 A, 2CLC OEIG23m
THIENPS,ERD F L7, PRAMEL? 5&fill 58312
£ -T2 LIRS A BlIR S 5 ZGA #{m 1Ol 1k
Lsigi s s 2 &, £ 7 PRAMEL? KO T Dux % KO §
%L, 2 MR s B & G % s T o RBILMD
L7zb 0D, 2 Ml IR BLE T 5 ZGA (=

Pramel7 OE

MervI-EGFP

10! 10% 10* 104 10° 1 10' 104 10° 10* 10° 10%

1 PRAMEL7 @RIFIR(IC LS 2CLC DEH

B|| ZSEE  WeeEbkEArh TR
3®hrhH B B

AL

ES==Eo) EES

TFORBEADPHERESNDLZ L0500 T Lze TSR
1. PRAMEL7 %%, DUX JEKA I ZGA s#tm T O —#%
WAL TWAZEZRIBLTBY, TRETRANTH -
tmm#@ﬁmfKA%Mﬁx&—F@ﬁE%%%#K
L7z TOMREIHRY 5,
BHED 2CLC #H\Wc A2 ) —= v 72k o T, ThE
k% 72 ZGA ICB 53 2 I A% S E L72as, Ak
DI RRTFIIRZEFAESNTVERFA, TD720D
4151, DUX IR AL S A BIR T (Craos) %
FEEE L L7-#i# 2CLC oAb 479 2 & T, DUX IZHAF
L %2 WHERERY IS 2 ZGA % IS 5@t fs 17 A7 — KD
WD ATV EEZZTVET,

X2 Crros €¥61ZE L7- 2CLCDHDEZ &2 —
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L Tetl [C&BAUEY FNOXFEED
VEFUYIEISRAIUYY

.]X. %

<

R N B il AN = 3 2P R IRl N w B R 6 A B
MU ABE 70Ty ¥ —LIFIEN A& EZERT S
(M1)e Z7uEYY 7 —OECHEITMBICE > TRED
FEOMILCIZEELREEZIH) 2L bhoTnb, i
PO RSB WTIE, JuEkRy Y —Dr S5
25 v 7 HIMEGEARORT ) v IR L TwBY, L
L. HEDERMNETZ 9 A5 1) ¥ ZICEE % H3K9me2V
X MOAMIETIEZ B vy ¥ —ICHRINE N o 720
ZDOIENS, ZJUOERVYI—DI TR Y TIIMHED
AGEHIL TR 2B TR SN TV D 2 EATRIE S N7z,
MDA Z21E DNA DM X Fufb L2 RETile B 2 &
F72. DNAME A F WAL % & ESHIBICBVWTH 7 aE
by —DIFAZ) TR LBEIENLY, EAIZ
DNA DM A F WAL L7z & & 128 S BHEDS D 5 DTl
LE 27

~RUtey baXTHEE
/7RELv 42— ()

A
¥ \ b,

1 70> 2—DFK
FHI O TIER) Y PO XA THEBAEEET Y 7ty ¥ —
DI E N5, fE : H3K9me3, 7 : H3K27me3

A SR Dnmt1 T8 Dn:r%%géﬂ

@
DAPI

H3K9me3 H2AK119ub
HiK2Tmes H2AK119ub DAPI

H3K27me3

X2 Tetlil&L270F€>2—DITZX2)TH5L0

R v@x7-VEFIT

A Tetl I DNAKAFVALESHilaCruEL Yy ¥ —Dr TR ¥
V7 xR 5.

B Tetl 3XY X > k1 2 74k H2AK119ub 3 X OF H3K27me3
DR % HIHT %,

TRE EA S FRE EER
BEE5 &£ %

Z» 5 IUO%FF. Sheng Kit Yeng., FEEA. HE #

& 2 THEFRE DNA X F UL TdH % Dnmtl % KL
72ESHaZEFT LV E LTHWTERZER L2, Mo
JEAIE & Dnmtl KR8 ESHIfEO XY & > b a X 7 HE8IC I
ML T, Tet 77 IV =2k o Tl X N5 5hmC A3H
5N 5o FFIZ Tetl 1Z4FHINLD ShmC HAHICEETH )Y,
ESHIFECTH EIEB L TWwW5b, Tetl/Dnmtl —~H/K4H ES il
ficizrz ettty ¥ —»5 5hmC AL L, 75 A% v
7 HE L TaEkL Tz (M2A), DNAK X 5 V1L ES
MfETld. R 23— 28EKPRC1I BL U PRC2 12L& > T
fph it X 5 H2AK119ub B X O H3K27me3? X1 & » b
O A THEBICESINAIIE Y 22T vy - VETF) ¥
TR TWS, BLREZ 212, Tetl/Dnmtl —&E/RIR
ESHifaciZonsor A b VMEHIZIF AR Dy — 1228
L TR L ba A7, SHEELTWe (K2B), F
72 PRC1LIZZ UYLy —D2S5A% ) Y FICEETH
AT Llbbholze INLORELS, DNAK X F b5
fFFTiE, Tetl 2PRC1 XYt ¥ b u X 7HEBICY) Z
V— b HIETIZRELVY—FYEFTY L ZLTBEY,
FORRI S AZ ) Y IPEL TS EEmOT (K
3)%,

AWFFEIE. Tet & ¥ 737 EHDNA X FIWALZEFT% <
L A b Ui T AR T Y v VO I B
RLTW5h, A ld Tetl 2N EG 2N OAFEMIZIZ BT 5
JOEFL I —DIFTAZ) YTIZHOERETHLI LR
HLTWw2, S4B TOs7 e 5 -2 T
A5 O, Ry ha T UAOHERICB
% Tetl-PRC1 HEAEHOEE. 75 A5 ) v 7 O4r1FER
REZIY FIFTVWELWEEZ TV,

‘\

o

@ 5mC @ 5hmC oc
9 H3K9me3 [@ H2AK119ub B H3K27me3
3 AMMEODETFIVR
Tetl 1345 2 F VL ES#ilaTRY > ha XA TIZPRCl %1 7 L —
L. 70FtLY Y — - 2525 VT RHLET B,

DNMT1
DNMT3A
DNMT3B

1) Takada et al., Development, 138(19): 4207-17 (2011)
2) Gilbert et al., J Cell Biol., 177(3): 401-11 (2007)

3) Yamaguchi et al., Nature, 492: 443-447 (2012)

4) Cooper et al., Cell Rep., 7(5): 1456-70 (2014)

5) Hagihara et al., PLoS Genet., 17(6): 1009646 (2021)
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ZIAL DS HEA, PRRIRDY A & R on i o
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1) HAEINTHEE SN TV A RKTIZ. WNIET S Tpnl
T7IV=—DFNT VAR U, BIEETOERDOFRH L
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[ 1
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»oL
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507 ¥ — I BEETHEBICIFA L TW D L s E Lz,
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U e EnEd, 20 k) 25z, Hvifse
ENSZALTLNDLZEZYNIHS>TVE T,

1) A. Hoshino et al., Nat. Commun. 7: 13295, 2016.
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