2020 2022

Diversification process of photoperiodic flowering in Lemna genus

Muranaka, Tomoaki

3,200,000

FT 2
FT

FT

Flowering and fruiting are the most important events in the life history of
plants. Flowering time is therefore an important trait for both taxonomy and ecology.
Photoperiodism, which is based on photoperiod measurement via the circadian clock, is an important
factor in determining flowering seasons. Long-day (spring-blooming) and short-day (autumn-blooming)
plants are observed in various taxa, but its diversification process is still unknown. In this
study, two closely related species of the genus Lemna, Lemna gibba (long-day) and Lemna
aequinoctialis (short-day) were analized. These two species have been used for photoperiodic
analysis for a long time. There were long-day-inducible and short-day-inducible FT genes. It was
suggested that the proper use of these two genes is important for diversification fo photoperiodic
resonse.



¥ X C—19,. F—19—1, 2—19 (58

1. MITRRATDOER

REY) D AETEHRIC B W CHIE - ERIREEA R P TH D, ZDhD, [EERRHIEEY - 4
BBYOWHFICEERBE L 5, {EARHOJuEERNICHHR G2 B2 e LAZHEFHIIC X 3
KD 5, % onfEffc, RHME GEWXE) - MHME (wtx) BR L2202, HREIGE
DL 7 1 2 RIIAHTH 5, EHKEF ORBGER T 13 CIA K RIFF X LT 2 23, ek
TER IR 2 7 i B CIHR 3 2, RO NL-R D Tl Y2k CREHER F OB I RFFEI 1
Tk, HEICEOZALIIMHKREF 2 b o 1E 02 bic X W AL 2 LE x5,

TAY X 7Y@ (Lemna) 139 b A4 EFROFBEWKECH Y | HHIC X 5 7 v — v IEGECfE
Baed, {tx2F 5 2 3WmafEd % v, ENTHHERIERPFEINIEDOH S, L
CICRHWYITH DA KR Y * 273 (L. gibba) b . FBHNWYID T 4 v % 27 4 (L. aequinoctialis) 73y
K HRFEEOBITICHONTE -, WL D HESME Wz I NR VIR IEE DT R0
NHEEEZ RS, —7. 7THOHRUH CEFEAHATE 2 13 EERICEZ R T, 1RV F
7Y - TAYF 7Y OMKFHFEICE L CRENSEREEZEZO, UTIRTRTEDMALDH 5,

ARy x 73 RHEOMABRRGICMAZ, XEMZ R FRE - BHTX ST 2 HED
MARRFBB/BONT D, Tz, HHANO Y VgAY 7 L - l{lEA ) 7 L OREEZ T T 5 L RH
FETHIERDFHE I N\,

TADUF 7Y HRICIELS 25 2 RN T 47 % 7 3 0o—FFER o B35 1T, /KHOZ=HiFR
EM ARSI LHARTHEL L2 L FE 2 b s, MbHEE O R I38 HUM O & cidhfE¢
T REFBOBRMPLEREL Vo A L AN A2 LB L 3 2, JLBERYT © BB X 1172 Riftid
ZATUK L CTHEMAR D & A 21T 5. £ 72, RINT A7 F 7 3N THIEKFEHRER LKL
LCHY, MHERFNICRAHRSMER S 5, AN - JukEA - Euilic i, fEEktshc b
TEIRRE - IR - HF OB IGEIER MO o s 720, HlffE 32 TR D 2,

PESANIE B EH VLSOVl 77U (Lemna) & (6FEE 1R )
Spirodela 27 A% 160 Mb L. turionifera v
landoltia |17 EH?  380Mb L. trisculg //4$¢#o#{§§ﬁ%§
Lemna - - L. gibba (RBM) i
135 RKBALEA 320-780Mb L_ 4
) < L. minor AME(—FE)
Wolffiella) 1178 fh#ZLLY 620-970 Mb L. minuta FA ] LR GLKEE)
Wolffia | 1078 HKH&L%EH 360-1880Mb L aequionoctialis/ (gAY |FEE(ZEE)

2. MEOBEH

HEGSED D THEBOMMB AR EA TV I EAEYS > 0 4 XFXF, HHIEWHAA * &
ZRIIC K ZCEENTH Y A NEECH 2720, HEGEDEKIL T ne 2245 F1L LT
PRS2 2 L I3IEEICHEECcH 5, AT CIIEH - BHOWM T 2NET 2747 2748
(Lemna &) M EHC, RFEDE 2O E 2 S KH - 5 H DU % fRIHS 2,

3. MIRDAE
A GRE

HAZE» LT AV F 73R ZINEL ERSHREZEEL . 200 FHEEZHL 2L T2,
72, KHTOEMRAEICLY, 7AHVFIZ2HOFET7 = 7 vy — %2 MIcilET 3,
H&FF 22T =24

TAUF IV EARTFIHICONWT, RH -BHEHFICEWT1IHE 2B ey v 7Y
v 7'L RNA-seq iEIC XV ERFORREZAIUGT 5, $CTICT7A4A Y *F 273 %M T RNA-seq
ZI{ToTE Y, {EEAFHE SN EHEACIHAEKBEEEER T Ok E v 723K EICHKER 2 LR
TH2ZLEHLPLEL TS, INLDOERTHRERIIOREANZ -V EAFRY X7 3R
B EEEEE IR, BT 21T 5,
wws 7 L

THAUX I AR F 7 HICONT, 7 LA %> v 7= — @ L, 8IS 27 A58
ZRET 5, BTN TV ELHED T LEHb MK L., EL ETodr ) L2 b2 R T 5,




QTL-seq

HIAbE 2T, F2 R L 2fEE0 HRICEHICOW TR 2B L, 1AV %279 H
RIGE., 74 v 73 —#5l, FEAROZ(LICED S SNP i L. HRICEDL AL,
OWTIEEME 2B 27 7 LB ZRES %,

4. HREREE

FHAE

BEREBENICE T, #klo R 2, BAEMRED 2> vl VK, BfEAfEOe /e )
KEICHEXZHZE LA LI EOEECTCT AV X 7 Y OEIRRZHEL 72, ZOMEE,. aven
VAKHETIE. 5 H2 M2 A VLSS 8 A ChlfEZit ) 2 IRTEN K ETH 7=, T Dff
HEEDSHEEL 722812, ERNTCRERREZTRIL. RASEHCHIEL b o 72720, Bk cihe
T2 RADOHIEFERIKR D 5 L FEZ HNT, —/T, v/ eh VKHTIE, LR T ICKEET
AT 2 HAEBEDL L EIRCH o 72, THHLDRMIIENTORIER T, M EEZ LN S,

e % HER T 2 72D ICHTECIRE L - RME I L 724558, 7 29 4 XENRED 2
BFREB LN ZMBRRINT, TORMIIMKBEELZ RS o727z, E I LT
el b 1IR3 EZLONS,

HEgEFS v R2) T —L

WHHEMTHETA Y F 2HiIconT, HE%Z 1 5B, 1 280, 9O & LT 2Bl
ODHE N7 v A2 ) 7 b= Lf#fi % {To 72, Z OFER, HMHFEW O FTEIRTRrEn 7% B
L. LaFThl & L7z, LaFThI 3T RTNICHERBFE S N, RERL O S EERRAA R D%
LB ET 3 2 LR X 7z, (Muranaka et al., 2022 iScience) EREYITCH B AR F 7
VDT VRZ YT — LfEN O IIRHABEND LgFThl # AL 7=, £72T74 v * 79D
LaFThl DA —y a7t R oNBHHFEND LgFTh2 %# A U7-, LgFTh2 (35 H CiHE X h
2500, {LEGFEREN Z Rz e HEESI NS, FHMEDA RV ¥ 279 Tld LgFTh2 LK
FHEREN RO L WIHFERHE LT, L2 T30 TCWwd, A X7 F 73 ORHAERKEICE T
2 RHASMECOERITEFERE () VS 3mM M E) ToAFEEI N, WMAMREDOH
HE&MECofEIH KR BIREECH HE I N, 2D L h b, EHFEOEKITHESME o]
%2, BHFEEORIIRELECoRHlZZ TRt ELON, Bid FT Eu/ic X
ZREEE L TAFERBE FIE L v, Tb DR b, HEMS RO o FHfEIc O W T FTE
G WTREHFBERM L EHFEN D 2 FHoFREn 7Ol M HFEN: FT 04 R
POERTE L REL Ao 72,

73/ BARIC & B RHR PhyML | o RS
6 6 6
AFT S OA RFZF A e 4~ ] ;
LeFThl A K% o4 A = 2ﬁﬂﬁf¥ 3. |,
. | & - - (IR o N [ S——
OsHd3a 1+ @ = oo] maem 150 a00{ 155238 150] a0 B © oL
BAFTLL AV U 24 A . Eme st0 a0
e I8 200 200 200
—i LgFThZ 4'1"7*7-& . F* ;HIE‘I[I[I 100 100 N
LaFThl 74 7% 5 @ -.., ’ e ’
"""" (s 14L fERE 12L [EE + 9L
 — ZmZCNS Y EQIL @ e, ; : 1 7/
. 10 10 10
BAFTLY Av Y U 74 @ . | .
01 A EASE @ :EHZE shEE (ALTFLD) CPTTTR R n e ¢ —w
: ] B (h) R FER S
s 7 L

AR FI2HDT ) LEH IV =T P OoREIKL VDT v 7Y BRRFEAI Nz, K5
THWT W3 G3 Z#B LU, 2Rt L7 p8L 2 (EHM) & p7IN &Z# (hHM) @
Vo — T VRRToTe 7. TAZF 7L CIEREECHE7 2/ u— 238723 3
RIFICONWTC Y Y =T VA% o THAUVFIVDFN I 7 VT ) LB ARTFIHOET )
LligH e ik 2 2 LT, PrufRIic T vy —TE 2, TRNETIKEAELZFT AT v ICEHL
THR T 7 LT ZED T 5,

QTL-seq

AR X279, TAUF 7 FOITNE L, BERMAEEZ R T 720, $H0G5bEFER S <
W oTi, AR FZHICHL TR, RHRMKEHFHRMOBRMEH 5720, ZDHKRZ
W OMITICUI VB 272, L LA s, FEHEEOEIMR VW E o H Y . HAFMIC
LT 22 I TEhRdoT,

51 SCHR

T. Muranaka, S. Ito, H. Kudoh, T. Oyama (2022), Circadian-period variation underlies the local adaptation
of photoperiodism in the short-day plant Lemna aequinoctialis, iScience 25(7), 104634



5 5 0 2

Muranaka Tomoaki Ito Shogo Kudoh Hiroshi Oyama Tokitaka

25

Circadian-period variation underlies the local adaptation of photoperiodism in the short-day
plant Lemna aequinoctialis

2022

iScience

104634 104634

DOl
10.1016/j . isci.2022.104634

Watanabe Emiri Muranaka Tomoaki Nakamura Shunji Isoda Minako Horikawa Yu Aiso Tsuyoshi
Ito Shogo Oyama Tokitaka

A non-cell-autonomous circadian rhythm of bioluminescence reporter activities in individual 2023

duckweed cells

Plant Physiology -
DOl

10.1093/plphys/kiad218

Yoshida Akiko Taoka Ken-ichiro Hosaka Aoi Tanaka Keisuke Kobayashi Hisato Muranaka 12

Tomoaki Toyooka Kiminori Oyama Tokitaka Tsuji Hiroyuki

Characterization of Frond and Flower Development and ldentification of FT and FD Genes From 2021

Duckweed Lemna aequinoctialis Nd

Frontiers in Plant Science -
DOl

10.3389/fpls.2021.697206

Taoka Ken- ichiro Kawahara Ikumi Shinya Shoko Harada Ken- ichi Yamashita Eiki Shimatani 112

Zenpei Furuita Kyoko Muranaka Tomoaki Oyama Tokitaka Terada Rie Nakagawa Atsushi Fujiwara

Toshimichi Tsuji Hiroyuki Kojima Chojiro

Multifunctional chemical inhibitors of the florigen activation?complex discovered by structure 2022

- based high- throughput screening

The Plant Journal 1337 1349

DOl
10.1111/tpj . 16008




Watanabe Emiri Isoda Minako Muranaka Tomoaki Ito Shogo Oyama Tokitaka

Detection of uncoupled circadian rhythms in individual cells of Lemna minor using a dual-color
bioluminescence monitoring system

2021

Plant and Cell Physiology

DOl
10.1093/pcp/pcab037

13

70

2023

29

2022

54

2022




86

2022

Tomoaki Muranaka, Hiroshi Kudoh, Tokitaka Oyama

Natural variation of the circadian period contributes to fine-tuning of photoperiodic flowering

85th Cold Spring Harbor Laboratory Symposium on Quantitative Biology Biological Time Keeping

2021

23

2021

28

2021




53

2021

69

2022

63

2022

Monitoring cellular circadian rhythms in an intact plant

93

2020




27

2020

52

2020




