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EFpfsEa "Adaptive significance of circadian gating

The Dodd lab (John Innes Centre, UK) is collaborating with the Kudoh Antony Dodd
lab (Center for Ecological Research, Kyoto University) to investigate the )

regulation of gene expression programs in plants over the cycles of day and ~ J°ohn Innes Centre, Norwich, UK
night. We are combining expertise in circadian regulation and molecular Group Leader, Dept. Cell &
phenology to gain new fundamental insights into the evolution and responses Developmental Biology

to future climates of natural plant populations.

SREM D FEDF

Bf 7% A A

Antony Dodd * Paige Panter - Pirita Paajanen ¢ Luiza Lane

de Barros Dantas * Calum Graham (John Innes Centre)
TRERE « A =R - AR - AZFBRRER - S AR (AR
REPAREAST > 2 —)

The cycles of day and night on the surface of the Earth
are thought to have selected for the evolution of circadian
rhythms. Circadian rhythms are biological cycles that have a
period of about 24 h, and are thought to provide a biological
measure of the time of day. Circadian rhythms are self-
sustaining, which means that they persist with a period of
about 24 h under constant environmental conditions. They
are also relatively robust to fluctuations in the ambient
temperature. Circadian regulation is widespread across life,
occurring in animals, plants, fungi, cyanobacteria and some
non-photosynthetic bacteria. Circadian rhythms contribute
to plant growth rates and fitness, and are important for the
photoperiodic regulation of flowering. Therefore, circadian
regulation is likely to be important for both natural and
cultivated plant populations.

A major challenge for the field of chronobiology is to
understand the functions of circadian rhythms under
naturally fluctuating conditions. Circadian regulation
is normally studied under controlled conditions, which
provide an opportunity to identify the cellular basis for
circadian regulation. However, circadian clocks represent an
adaptation to naturally occurring phenomena. It is within this
context that the laboratory of Prof. Antony Dodd at the John
Innes Centre has formed a collaboration with the laboratory
of Prof. Hiroshi Kudoh at the Center for Ecological Research,

to investigate circadian-regulated processes in natural plant
populations.

Plants integrate environmental cues through cell signalling
pathways to regulate their physiology and development.
Such signalling mechanisms can be regulated by the
circadian clock, through a process that is known as “circadian
gating”. By collaborating with the Kudoh laboratory, we
are identifying daily rhythms of gating of responses to
temperature cues, at a genome-wide scale, in a natural plant
population (Fig. 1). We are investigating this across the
seasons, to understand how seasonal cues are combined
with circadian timing cues to allow plants to respond
appropriately to their daily- and seasonally-fluctuating
environments. Our experiments are taking advantage of
natural populations of Arabidopsis halleri, which is a close
relative of the laboratory model for circadian rhythms,
Arabidopsis thaliana (Fig. 2). Unlike A. thaliana, A. halleri
is an evergreen perennial so allows the study of seasonal
regulation throughout the entire year. Because it propagates
clonally as well as by seed, it produces large patches of
genetically-similar plants that are excellent for time-series
sampling under natural conditions.

We are honored to collaborate with the internationally
leading Kudoh laboratory, and grateful for the support
provided to this project by the Center for Ecological Research.
This collaboration has opened new opportunities for both
groups, including new scientific topics of investigation, the
opportunity to address major unanswered questions in the
field, and provided new experimental and scientific training
opportunities for the laboratory members. We find this
long-term collaboration to be rewarding and

. March

September

June

Circadian

clock

T4

A Fig.1.

¢ December

We are identifying daily rhythms of the sensitivity of the A. halleri
transcriptome to cold temperature treatments. Venn diagram shows numbers of
genes that have a daily rhythm of cold-sensitivity during each sampling season.

stimulating, and look forward to continuing
to work with both the Kudoh group and other
colleagues across the CER.

A Tig.2. Study species Arabidopsis halleri, and
monitoring A. halleri populations in Hyogo prefecture

20204F € LA S I W 72 F 3 D W —




R sEa "B

AWEFE

Bif 72 AL A%

BRBGEIDICN T IEY 2 274y 71%1%@&“*’]@@%0»[3”@

IV T 1w 7B 7o F UREEDZEL & ST Ul s il TH o Bk L it
BRICDH S, UL U BEIETDO KE SR AT —UWc e 8555 T 2 32T ¢ v ZHilHO
PERL FRCEP N ERBE T OIE R BN BB IS T % e TR W T AR D IEN TH %,
T EEHUED N —D 7 a— 2 HWT.DNA & b A k> Oz bz ., Bl
FEICHD BT EY = 2T ¢ v ZEBORHEYISMCTE T L EZHIELTVS,

bho x

%N ?‘Tﬁ[l?

UBEARTE £HRIFE B
SR EMERR RERZ

SRR T - KPEE 1~ QZinfEK22)
TREE LB ERREMI S 2 —)
D4 (John Innes Centre) - PHEiAR (W KY)

W7D 5

DNAX L A b DL ZEMiZIE CHE LIz Y = %
T+ v TR SR O Z b 2 ED IR W LREED
2zt 7259, TOZELIIREMRFEPEREEZENCIG T T
fERAN G TE 42 C 5 —75  EERIREED R IRICH Tz -

THERF SN BhiZz /Tt U TR K E N S 5, T
VT 4w 7RI RBIRNC & B KXY, -
ﬂ:ﬁ’]fgﬁ‘fﬁﬂﬁx&‘—ﬂ/h_j’oCi%ﬁ1t@ﬁ§)¢ UbLOb\Tl{\
IR ORMD D 5,

AW T 7 a— Y Ehizty 5 7 a—F Uk 7z v
T HELEE N TEEISERE 70— /e ZD 5%k (W
ITNEBENHUEDE—) OTEY = 32T ¢ v ZEf & E
L FBLDZAL 23X, Z DZ{LR DA D 5 BRI
o A 7 = R L\ & OBHIRIG IS 0f 9 B RE| 2 RS 5 T
EZHIE LTV, MEHIBHERICETAD 5 71— kK
&K & & % Arabidopsis halleri ()~7 ¥ > N2 4 %), H#li
THER e FEMSZFNTFN 7 a— kb T8 5

Cardamine amara & Cardamine flexuosa T®% % .

Wi 5% D HEBREE T N9 B 28 L

ISR K O £
HY U 7z A. halleri
O 6fitk GEI5+
By XD K127
11— > fk 72 3K i
D JEWEBE (B 5%
F). 3K D #[2
(Wi%th) °THE
TH (K1), %
fz & NimWEREE
T, TEM AR <
B L B L ¥
WHHAZL K5
A H v L ELE
TRIC K ZEVERO LNz, 7 a—r kB X U1
i I EEREONE LB R LT,

2DODVEEIE FCAEB I8 7a— IOV T, ¥V
2T 1 v T HERED—D T3 % DNA D X F ) U L& Ji 1z,
DNAHD X F)ULE NIy v T 52 IVICE#T S
INATIVT 7 A MR 27 ) LN Y IV T 7 A b
= VA (WGBS) Ik 0.7/ 1T A FIZDNA X F )Lk
iRt 21T > 120 7 ) W TO X F )UE#1Z CG, CHG. CHH
DZFNFN37-38%. 14%. 4% FETH > 1z, 71— Kk
?X%»k%ﬁﬁ%&ém@ﬁ%hhﬁﬁ@ﬁzm«m\
1,683 (CHG). 1,4502 (CHH) T.\ 3 N DA T & yebarits
DT AF IV R D - T2 (K2), 25 OFEIKD X F
JERITIZ 10— 20% TRART0% DEWRH > 1z, L

——20204E B &[5 FIH - 36 R BF 25 555 o i

A 1. BRI B I 5R & A E RO
*)%?Q

(@) k2 - FEHRX I ORLE, (b) KEINTO/K
DA, () Arabidopsis halleri D27 71— >/ Fk

L. £ < OhHig |
TR DR | ¢
PROENT H | e | |
WOFERRICE s
WDy e [
o— 2 RERITClE e
DNA X F )Lk AX 2. 7/ LNFEHICET 5 DNA X F IV ERODZE

kg o e EDIREZ— i,
RRIXZIEINICHE | 05 6. CHG, CHH RAIOTiE ; WIAAETHE
REhzceh

H\III \I\I I

aaaaaa gain

AFIUE (oss), EAFIUL (gain) Z539
EZAbNb, &

HOR SN OBGEICOWTKEFT B & L &l 7 a—
SRk E R TOZIRIC DV T & IR 2D TV 5,

IKBRBEIC K9 % 21k

Cardamine amara & C, fexuosa D} —kh 5 7 a— W
FraBRa U, w2 KONBMEREI T 7 n— UM R E T e,
WINOMTE I THEDF/KR EHEDORKE X LB B
MOES R EIGEVHRENDS, BT ra— VWi
X0 EWIM (12— 13148, F246) MRE B2 B X UTZ
DWiFr 72 T A S 1 & 2SR U ORI (1A,
7THH) 8% KOV T EE TR IE Y = 2
T4 THED—DTH B A b MEfiZNB T8, +
YA S h—L (BrAD-seq) fithii & 7 o= F >k
f—>—2r > > (ChIP-seq) fithi &4 1> 7z,

Cardamine amara T\, S5 T OER FHBIE D
FRGEME R v X &6 O H3K4me31C 1E, il
D H3K27me3IZ BT HIBE U 7z, EWIHEES T2k D&
i < HITY H3KOme2 THAE Th - 7= (X3a), F
Te B 0wz & IRAk T, IR E A O H3K27me3 &
H3K9me2 D & fiiE D 7 AR AL 5 N7z (XI3b), H2855k
PTG (1~ SR T BB s
RO 2 b ER L)L &I P REEDNED - T2
FRCEMTX 0 2 OXAKBEEL FIc 2B R SNz,
TDT eh s B —EOREERRT ST T/ L
FOEDNZE U R OBRBICGE LT &k T 5 &M

RgENG, WY

frRdkficHHC (@ e
fAexuosa lZDWT 050 ool
EN NS &/ R B I .
Fh—LBET | £ N e [ ==
IE”T/ZA@I%&% -0.254 0251 025
ZEIT DWW T , om0l
# F Cardamine |, !
hirsuta & C.
amara & O [tig
fiRAT 72 3 6 T W
Do

H3K9me2
P <0.001

Dry - Wet

S &
N

&I sl
' 101 p=000 '

H3K9me2 Dry-Wet
N ° -

1 2 -1.0 -0.5
H3K27me3 Dry-Wet

AX 3. Cardamine amara D715 « a7 0 —
UHRTOR A N VEHIO RO B L O
1%, (a) H3K4me3, H3K27me3, H3K9me?2 f&£fiod
7 (H3K27me3 & H3K9me2 OFHRY




Wt sia "TPOR WAL - e 2 WK 12 X 5 BB 1~ RE 458 ZC [ A

Ll I8 D bHzE

EECEINIGR A S 0D § 15N 7 EA-IRMS s, B2 (#7E THIE U LLER U 72550, 22 4
ETWE LMD /DR E L B B0 % 0 5 To, IEREIC KT 5 BEMORILD» i
5RTEER T L T A, BEEEFTE L EAIRMS i TOMEMD RIS IS - T, ot BERIXT RIBENFE B0

YU TP IR D G RBMOMEEE DB ETH %,

B & JA wb

B M et

BPYEHMAXE [ R

2

o
)
~

T U I HFREE SRR (mgN/L)

P T e vo | Eke C o | e
g =z y=x i_i =z y= é =z y=x
g £ s £ 015 & £1s
o NI JH
o B N Dom
2 o B B
S8 11 5@ o1 p 5@ 1
] - g = o g -
(e e g 1 0o -
28 - 2% A N B L
F5os . £ 5o0s % £ 5oy e
§ ff—,—% b€y - 0.5319x+0.013 ? % - y = 0.658x + 0.0049 ? fé ;}Y:0-5254X+0-0167
0 R?=0.9485 o R?=0.9033 o *  R2-09316
ARSI 0o 05 15 2 0 005 01 015 02 o o5 1 15 2
b
(EEWRA207I) CHNI—5—i&T CHND =5k e CHNI—&—3#T

E USRI T RRESRIRE (mgN/L) i U 7 SR (mah/L)

A 2 UL, EARMS W72 IO TOMT LIk B30 § N

™~

\

| soomLiiB(GF/F) | | 2-oug(GHF |

POREAIE 9.00 : 7 9.00 9.00
PST Y T Tk , T T
;ﬁ £ X o o9’ ﬁ £ y=x e 4o* § £ y=x
V4 2 b
NO, &K W%EA—IRMST’ CN:I—’;'!'—‘G S E 6.00 - . g9t 3 E 6.00 - W3 5 E 6.00 - . .:?/
A 5 Al 2 E 2 F 2 g
SUNZERIE NiRBEZERIE % Z cn g2 "'.:'4 g z .-.:.5::,.:
= IS ~ .
4 L 4 L L5 s, & ES 25 (A ¥
FIACNOiRE BHEHEET U & 300 4 '{t.’ 0 & s00d"° -'.."‘ o U & 300 {g,"
EWE  ONEHE £ 7 N i A B o
I & o, 7® y=07756x+1.2935 L L y=08572x+ 038413 = 2,7 y=07517x+ 1.4597
< P& R?=0.6735 2 P R?=07434 2 & R?=0.6006
= 000 . . = 000 . . = 000 . .
000 300 600  9.00 000 300 600  9.00 000 300 600  9.00

AX 1,

SIHTDFIE

MEI>IO-IRMSAT
BT UIZE1SN-PN (%)

#E> JO-IRMSIAC
HITEUIZESN-PN (%)

MEI>IO-IRMSEAT
HIFE UIZE1SN-PN (%)

A 3 JisEEE, ON I—X =72 IV T Lok FRESE AR

B 22 i 72 O Tkl RESE R O 5 ON 4 i

AWFZED HIMEBEEE L% OV TR FREZEZE DR IHT
BRI T 5 T L TH B M)A 51 % IR0k
W7o 27 s ik EOk FREMIE OERLENNIALL (8
N 1%, H2Kih 5 i 9 2 R 7 REZE R ORLFAT O kK
ERER O BYIHIRGEMNTIC WV 5 N5 D3, BZBDK P TR
TRERERBEERNDEL, S ONOHELINEHETH B T
LI L I, AT Z WO T2 8 N ZIHTIZRENR O EA-
IRMS 7% FH\ 2 8 IIN3H7001/1000F2EE DO N =T § 1IN i
ETEDIH MEOEER T FEERE NI TES ]
BEMEN D %, Z T Thi FREERE)VAFY THiB A ) o
L5 (POR) TNOg It U BHE2E75 T § PN ZWE 9 % Fik
DR 21755 72 (K1),
i w Lk & WL o L

FEEEIHIFR A SR8 (1601 > 7)) 0 § 1N Zfild a
7 aik BHEERETHRE LR L7241, 2 oaicEs
WSS HTE THIE U Tz 8 N /5 A EAIRMS CillliE L
T2 S PN &L D & K& L o 72 (K2), FHSRERIRHIC BRI L
T2 ZKIS 36T 2K IGE (I RIRE) IS ERER L 723 7k & D
& ANIALED X VI TH o oo F IR OR 7 HEZEHR
EEEE TH % CN a— X —k & POR {7z VW 72 FIA
W s 3 LEMEE RSO0 E OO, Y VI L T2
IKSCERES RS b 5T IRIF R TOY U I EB N T,
POR&{t7z -V THINE LTz ZEZRE D /7MKL 72> 72 (1X13).

TNHDT EIZPORMEL T Ik ok FHEZE S %177
ICNOs I TE TWRWVATEENEZ RL TV 5,

b REZE R AI D2 i

% T Chi 7REZEHE D PORBE{LIRFIC pH #EME I & L CTHWL
TWBRYRZERO TGRSR Z Wiz & T A EERETE L EA-
IRMS {2 CHllE U Tohi FREZEE D § N DRRLE & 7o Tz,
¥ 72 . POREIL 2 FIWVCTHlE U7z 28R E & C(Na— X —
THIE LI EBRBE L DERE /NI koTe, 2D L
POR B{LIAWRIC pHARE S Z INZ 72 T &I K b &85k 1
BRI D pHAS 1AVD | K O b 1hvik < & - T nlEED &
% T RT3, 1212 L pHEMiFI % hn % 72\ POR L
RIS K B 00138 > TIVEIV DI, Z D728 5% K D
FIREDY > TR RILVEINARLLED L > P2 F o Tot
Y INDRZI T RSS2 R T 2 08N H 5,

0.15 . 9.00
3 , 7
& NBE 23 R,
= O = - y=X ’

e § % z o0
4% o/ A g .
N e 2 2 600 A i
R E 2B s

% g 8 7

% g g > o

; . Il
"‘jo.os— ‘o ,\%100-
2 o o
bt g S gt ] # o
5= L 2y=09669x-0.0108 T E S YmLOATe 0863
: , ” =o.
g o brid, ~ R-os0ss L 000 b . .
0 0.05 0.1 0.5 0.00 3.00 600  9.00
CHNO—4—3%T MEI> TO-IRMSIET
SIE U7z PN (mg/L) BIEUIZ1N-PN. (%)

AB 4 R INA TR POR VA2 FHW T IEEERE L ERETHIRE L

Fohi TRESESRINEE L § 19N




KFgEa " 7Y b7 ORI B D % 19 D5 A

BB DAZY)—= )

R 7Y XSO 7R e RO RIFLDOIEENMLZ & 1253 0 I O fif ]

ZHRLTVET,

Zw s B

b T

EREAS BPH BH
BPY(E AP BAKRES

RNZHET - NP (BIRBRZRZEE)
AE=’ - THEE GUBRZERERENIE LY 2 —)
R EZ ORELTEKRY)

SHE (ERLE(RZEVZEAT)

mARHT (RUERR AR AR - BRAABTSERD

bR LAY « HEABD

RIBIPREDEL

i RO RZIEREIE LA TH 2D, TORKD—D &
UC D AT DR E TH O FEE DBUR A RE
DI E NS T-DITTEENEL LA TH S &5
ABNTWVS, Xl ARDBARBAANED R 7= IR EBEIC
1RALTESE A0 D O R BAR A E# G U T RHIE
EOWG L & BIHIME LT L EZ BB Ry b7
F OB AN FRE TR T N TV 5,

79 bXRXTORGE

WD 79 FANFIE, REOFRED DIV I ET
KIS TV 7R L RFNETREOBYIE 755 THRAM
DIADEET S (K1), EBSORE IR IZRA-ED
7o, U7 BNIHER + 5 RN RIS AR S B
REN1 72 £ DD, I K AHFELO K VIR TIZ L 7
LD/ E WO TIE AR O A D HBISHE DV E O, A
FACTED MY « B O I )1 < 0419 % B3, dili
W= a—h L R 7R EOREEDRE T, MAM L
U CTHREIC /M S %, &5 OlilkRED LI MR U HE
N1z, RAZFF DD B E N2
D, TNHDT END, T FRTD RIS T LX)LD
ENZ IR B & TUHEHED DNBENDNE Xy T

\MEHE - WEEH GERAZERGGAEMEN St 2 —) )

M & 7% 5 REBROELOWIREED /) ¥ A 1 =X 1
DHFTEZD0TRRONEEZ TS,

DTV BTN

BLIFFET. 7Y bRTO T AIORIZH L O KRR T
WL THBUS 2 — 2 LIBRRIGEWDVE T 2 DH EIH S
T % 12T, ¥ 75 B B RS O IS DUV T RNAseq T &
%denovo b T2 A7) T — LRk & B0 A BEIE
75 8l O T IERERIS 21T - T SRR BRI P S
DI AT %48 3k %Z 7z, de novo k5 >~ A
70T b — LT ORGHL BHEZ 15 HE O RRIT BN T,
AACTE R B ED L FREC )V 7 T R & & 388
MNEWix EDEONAR S Nz, BEOEREMEIX. Btk
25 HEICHREZOAMEDOAIC K >THEL (¥2). Z2hLL
ATDORIZTIE H R ABME L )L OBISETIE RIRIC
EODMER T ERD o Tz, TNSOFEED 5 T4 EBiHE%
15HED Z N LA RO MBS 9 5 8B FOFE
T5M0E LNaneH A F{E%S, 10, 1I5HHDOREDH
Rz OKFAT % L )V 7R3 )V 7 g, RIARNE RAEIC
7R BED) ENRE 2T TRBRIC NS VATV T R —L
Rt 217 > 7o Z ORI A T R OFBIEA K Z <
7z %58 s 3. JaEIC D 23815 77 £ 10fEFLEED
M & Nz, BUE, AT/ L3R OKZ 2 T,
I9 SRXTOHRIT /) Lfisi & "R O QTL-seq DA A
SIFRKELFDOAZ ) —= 2 7D TE D, SRl O H
EDOBETEEHERT 5 TETH 5,

<BE MR >
Emura N. et al. (2014) Ecol. Res. 29: 733-740.
Howarth DG et al. (2003) Am. J. Bot. 90: 915-923.

2
204 RRR
AX 1. 7Y I RFORFETm

Mature

AX 2. BRSOV 7= VR

DV RIORREZIEER 2 5 AEICY 7 =20h s M)

——20204EEE JE [ A - L W F 2 5 28 O B i




IEFEIWETEa TR A A > D g EE RN A IIE T8 2 o7 Rk o 2 g
PIETHRBRESE )

AWTEE L PEH OWRRICECER X NIERBDK S 7' F )V 2 LG AR 59 % T & TRESIUGIRO A 572 Bk L, Z D947z
PHilig % C &2 HNE LTWS, LERNIALLDZIL S 2 58 2GS % Te A& L Z N TN DBRBIZ B2 L & ¥ THSR I %

1T TRPROEBBIZ 2L S ¥ 5 T & THRWENNALLOME LD HER E Nz,

wL %2 ki os LH BH BIL
A R = AR fE |
BHEIAPASR EVERLPFRY BHRTAS BEENEREES
BtgREs s { B2 8
P SPIGEEERY | SPIREEERY KEERENT
BAKIE  AATE - FHMER - s - . l'. » 0 g8 6 g
JNRTERE « RIS (RHIRYIRY) s Gmoe o - % 88g
REEN GEKHERREHR LY 2—) | §,, | % ¢ ; 6 ¢ 2 &8
A5 F o 5 G} s ‘ ,
Joe 2 L Il viAA b 72 Fil . 10 20 30 0 10 30
U % ol .
RO /KRR S S ) [0 e o . N
KB &1 ENSBEEREROFGIC | Ls f g ' 8 6 2 -lo g 8 5
Ko TZABNTWV 3 (Moore.1999), LH © ° -15 ' ° ! )
L. Gk i 5 i Rk 7 V2 i % 20 ‘ 0 e
NN _ . . 15 20 25
FAEAR T tb, BRI IS % R ’ emonE ¥ e
IKDEFIN 7525 5572 B AINERRGE U 7 il o KIEL o AiE2 oK KL o D o S
0, R IBHTKRS 7V L Al LM CEIR Ly 7ot | |AK2 *EE@E%%@TI;WL; N
1. —JEHOD ) VAV X 2. — & =TT
LT\ 7ki }\ I/'_qj-'_ (1_). LT*UﬁHéth/\ FORNHALOZEE FHORMHALOZ(L

B W CRLGEFINIR L2 O T Rt Rk
DFEROERILZIAF TV B, BURDOINEIRFELE
[N A LRI E N i 28 DA R E N T & T
HAENAD 555 5828 RIET 2 DIIWHETDH 5,

72—k L T ORI

IRFZZGE RN LD ZEB AN D0kl 7 £ O 75
2R A — )V TOERIEA L L iR E N B, Fi4 13 20184E
52019 EDH A dnzE O T2 BV K N G4 T oS
FIBNC X > TIRBLERINALL OB 2 A % 2 ki
WLz (£ 1),

BRI ORI X B [RRifALLOHERS

20204ED 11 AN S 12 ST T RN AR
7t v Z—BIVKRET T 7 A ORGSR SR
Utz SEMEAESRD 7 T 7 A 72— 2emD 1SS YW L.
B AZMC AN T LKA D X 24153858 U Tz, /KRS i
9 % SO CRIE SERBEIC IR L, —E H O FER Tl
IKKE 1 DSERRORERRINEIC R % X 51, EEHOIER
TRKME LD NDYERIC TR % K 51 Uz, /KK 5 i
PSR D7 F 7 A Y =R L, BEA4LAD § 1°N- §
BC iz e Uiz,

TiE  EEEE TERNK REEFMN 2L S TSI TR DT F 7 4
BETAY D § N I AT A 75 VKK 3 TIE R %
BHEEN -146 19 127 EHH B SNz, § BCEITKERITAZ AT b - T
LHEE -12.8 2.1 1167 (X1),
P -10.4 25 240 N2 AL T BT TR DT 7 A D §
Bl -14.8 1.2 -8.0 15N{ﬁ6i%§jﬁ§'lﬂ7k@ 3 “CLMEE—F’@J‘%@W#J}ETLT:O
S -16.0 1.2 7.4 § IBCAfIZ/KMEI TR E R AT T o T (K¥2)o
P -15.8 1.6 -99 %%ﬁ%ﬁ%?ﬂ:éﬁka@fti?ﬁbﬂL?":i@’) ‘/ME
e r R & - T/KRIPIAERR Lo MBS 5 D RN D
RRTA TRVKHIS TR B A A ThN Iz L £ 2 5N,
alay 182 13 10 SR Z BT o Pkl 1 & 2 TIRICE HOREE DI R
RoE o 83 05 28 U KA O D ABDHEE Wiz L 22 5h B, FE
) 220 04 18 13 A&7 CHPIIRAMEE < RO RIS E T e T2,
RFE 219 03 -1.5 & 0 WKL B ORI ek s T T Rt 2 St
=k -18.0 0.2 -1.1 %jv_,ﬁzfzﬁ %,
2521 -18.2 0.1 -0.6
A B REEARDRNALEOZE)

202041 SIS 95 0 5 ——




RESEARCH HIGHILIGHTS

WA TV DIENDIRAZIL

OIS

127(2): 231-239.

Takeda K, Kadokawa T, Kawakita A (2021) Slippery flowers as a
mechanism of defence against nectar-thieving ants. Annals of Botany
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Kadowaki K, Yamamoto S, Sato H, Tanabe AS, Toju H (2021) Aboveground
herbivores drive stronger plant species-specific feedback than belowground
fungi to regulate tree community assembly. Oecologia. 195,773-784.
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are associated with diet breadth. Scientific Reports 11(1): 2874
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differences in the invasion success of the Argentine ant Linepithema humile Mayr
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