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Genomes of the Venus Flytrap and close relatives
unveil the roots of plant carnivory

Gergo Palfalvi, Thomas Hackl, Niklas Terhoeven, Tomoko F. Shibata,
Tomoaki Nishiyama, Markus Ankenbrand, Dirk Becker, Frank Forster,
Matthias Freund, Anda losip, Ines Kreuzer, Franziska Saul, Chiharu
Kamida, Kenji Fukushima, Shuji Shigenobu, Yosuke Tamada, Lubomir
Adamec, Yoshikazu Hoshi, Kunihiko Ueda, Traud Winkelmann, Jorg
Fuchs, Ingo Schubert, Rainer Schwacke, Khaled Al-Rasheid, Jorg Schultz,
Mitsuyasu Hasebe, Rainer Hedrich

Current Biology (2020) 30, 1-9
https://doi.org/10.1016/j.cub.2020.04.051

Most plants grow and develop by taking up nutrients from the soil while continuously
under threat from foraging animals. Carnivorous plants have turned the tables by capturing
and consuming nutrient-rich animal prey, enabling them to thrive in nutrient-poor soil. To
better understand the evolution of botanical carnivory, we compared the draft genome of
the Venus flytrap (Dionaea muscipula) with that of its aquatic sister, the waterwheel plant
Aldrovanda vesiculosa, and the sundew Drosera spatulata. We identified an early whole
genome duplication in the family as source for carnivory-associated genes. Recruitment of
genes to the trap from the root especially was a major mechanism in the evolution of
carnivory, supported by family-specific duplications. Still, these genomes belong to the
gene poorest land plants sequenced thus far, suggesting reduction of selective pressure on
different processes, including non-carnivorous nutrient acquisition. Our results show how
non-carnivorous plants evolved into the most skillful green hunters on the planet.



T/ LEENBRIEYDELEZES]
~EDtL oA FIZET AT TS NIRN)YD  LDTED
3FEDYT /) LFEFEIZKY B~

2020 45 H 15 B HIARF U SoRERE JLAE A 2k 90T . W BRI R FBe K7, IR KT, e
K= 7 LAY —Z  https://www.nibb.ac.jp/press/2020/05/15.html

B BEYIIEE T/ NEM A S| . AL, TIRL, REELCWET, 2070, tMOEHNEE
TERWIODRBREMTAEFTTHIENAIEETT, B BRI I OENL DT, 9 [BINAIZHE( L
TEHEESITEY, HRUTK 600 FENESIVTUVET, LR P52 AT 3 L USRS WF 22 K7 K
FORBEINREGZHZ P LELTIFSE 7 L —7Tld, 2017 FICEmM O M IELTER 57 7o
IUBEDT ) NG L, IELEE R IR IR R T DL L= ATREMER BV 2 EE R L E L, L
L. MHRMEBAE 7B E DI TR ~ (L TEXT=ONEI A TL, 4|, F v LTy
NERFRAE, BRMEREAZOIE, ARKF0E L B, T4 s R EHEM R, BEO
T oW T NI REFE(RAY) TA T — ~RUwe#ER/e L EOILFEMFRICLD, 77aax )02 L350
BchrevtrarplcEEnsg, axvtralr AT IYY AUTED 3OS ) MMEGTETUV
FLTo, TORER, TV R ATROMITETCORE ST/ LEBIZL ST X | A T2E R
T OEAEEER TN A, 51, FisE, Wb AR A E LS E 7 ATREE R B W2 e b E L=,
Z DRI K E B EER] 2020 4F 5 A 14 H T Current Biology s&lZfg# SV E LT,

mE 1y L ¥ by s

IR BN QAN -4 By e sy Ve By 3 RUA NI T W sy s e By = e B ey s cVten AN u NV BV
JB NNV AT EBLTE,

[(AEDEE]
BRI N E AT T, W, WIS AZE CTREBELAERL, BREBM TAEFTTIH2ENRT
EET, AW O 5 SO H THALIZE BPERNELLELZ0, KT o2 B TRy oo B

2



ST/ BMMBENLELT, TV 7B (BHFRITH 200 FE) OFEIL, MEOEIEE & Tk
WL RENEWTEDZHOAET (B 1 ), NaY TV L@ RV VR 1 fl) ER) 7 ¢
FT7 VAR (ETUA SRR 1 ) OfEI, BRI BERICIOITRR A H L E9 23 kB X
TEHA, NERIYTE KN N YD LR, B RR) AU R (RS A LAY R,
B 1 4) 1%, BEDBRIRFIZ DI/ > THEMZFRZGA T BEDO K E O 43 R HIH LR A L £,
Y RIAT @ T V7 &2 ISR 170 @) TR E TR D T AR THEM Z D 2 £97, 2000 125
WEAE ST 2 L E LTI L — 3, BT R AT RENTZNI VT AU T EOIERRD
A REETED thel Bn 1O EECHI ATV, 25 3 JB@iE, fl RAR, B RE N K& R D
HLOD, ITETHHZEEFE AL, FCET I RHI G DA EN R Y THHZ LR ELE,

ZD%, 2017 FIZIEBE AW FW AT SR B PR R F B R F A h L E LT E 7/1/~7 LA —AR
FZUTHEEEICH AL, WSRO RIEL R 557 7aask ) o 2D ) Dk fiEai L, WO D53 WD
HHATELIRICE N HBEFRIT. ﬁmﬁ%u%@ﬂ?%T iﬁm@ﬁl(‘:iﬁé’ﬁﬁvx\ W, eiRd
BT AR EVED BT (HRMEEL ) DEEHINL DO ThARREERE NI EEH L EL
Y

— T, BB DT HITIE, oL &, EAb, BINOR TN TELLENRHVET, Ll
INBELDBIE T NEIRCHTIE iHLH#B;EJ (ZHEAL TET=OM R ARIATL, 612, M LB R &
TR LSO Z B 238 a7 ED L TR Tk Xol2 72 » 7= 00 b RIFCTLT=,

(AEDORKE]

AKFgeTlL, TRV IO 3 FiCTHD, EURLVIAFROaEY R A NN YT AU E
D 3 FEOYT ) Laffae T HIEITRIILE LT, TORER, T R OM DT, 7 LB
(7 DTEENAER T DT R TEBL TRHEBURIZRAZE) BDEEIZZEDNDNELZ(E 2), 7/
LEGIZES T, MHRMEBE T EFRICELE N TE, bENbH LB T TRt OMEE R H DD,
L CEIB B T REEEEE A~ LU= E DN B W e ELZ (K 3), ZL T, 7 /A%
ROBIETEZFRILZA HALBEER LIS TH 3551, filiE ., TH b, WIUCBEDAL57e 279 OR Btk
BHHB AR T HEN T DB IS, J?f%@%'lfﬁmﬁ%&@f\ﬁ%bnbﬂ%:kﬁﬁoﬁ%ibf:(@ Do

— 7. 3 FEEL N ETHESNIMOREY) S~ | b B An 15D IR W EE T 3@%6 EHMDEL
T2(E2), ZOZEE, 7/ LEE CTRB TN A 721 3 BRI OMLT2L0A0C, s T8 K&
WD U2 b2 R TWVET (X 2), FOF ML, AR5 T, B i‘o@% W2 E AR
WL EZIZEAG L CWEBIE FRRKLITZDEESZ Z6NET,

Ty
R k5> 2RO

BEEFEMN | BEFRD

5/ I\E#3E
HHRIZF B e
EVEVIATE B
— ] %
i Y RAXSE
VN < |
j<:::]PDV74WAE
N)TaFT10IVLE

TE

K2 fHfEYmOELEE CEI -T2 /2D %Al



RAEEEET | ) | AtBREET

‘ >< MmN TEE>TLED
FRESE A Jﬁlﬁ%ﬁ&‘"H‘
ARMEERET
B, W K. BAR
[CEbHEEEF
EHILRIET |

FAEEET | %*ﬁ b4

BErEs) WRELE ,

9
BREGY éﬁf HicEREET | — 1t HE )

M3 #is T EEICEIDE RO

BE ORI L > TAEENTB B EE RO 0D, ' RI 7 "RV Y LAY
FENENENEL T DIWEETH, 7/ AR ROV ELTZ, 2T 37 Tk, 400 BiE T
I E OB FEENBISTWELE, AP FETIE, Z/LAEEN 3 BlEBISTWAIENDE
L7z, SHIC, ARV TIIV IRV ARY V (BER O XL > T /A EZENZD | BEIEL7ZD
T O EACH) AR EITHIEL . 7 LY A XN 31.8 (B, o ev ka4 (3.23 (Bt . A
U (5.09 [BEHREEXD) 0L T oL RELRSTWEL, ZNHDZENDL, TV A7 RO TE
HPERHEAL LT, 2F TR T AT RV AT EOFNEND R TY ) LB KRELEL .
ZORERLEL T, BUEDO S RIE A A A H LD TR i EHEESILE T,

SHIZ, ARV OTHLIR TEKE s F ORI EREZ T 5L Z DL LT WRKY (V—F—) 55
FE A R IE DFEBS TN HHZENONELT, ZOZEIL, MBS &R 172 L DL TEK
AR 72 WRKY $55 05120 7B L TR THRGEHIEIS N QWD ATREMERS B W2 e & 7R
LCWEJ, WRKY BxEFHHK 133858 OFEY) CIIR R o7 T U T DGR, IR BRI
BB E - OBEXEFHELET, 22T, 7V /LAEEREE N U THEIEL/- %0 WRKY #5551
B TFORBIL CTWDIGFTZH T2 A, filf IER RPN TV D WRKY 55 K E{s T
(WRKY6 & WRKY29) ZFALELT, ZOBIBFILLY T ERLTET BT D5 ) AIZH RL-D)o
eZemh, ZBbD WRKY 5B KB T 0ME LR B T2 T B IR R A E ) T DR -
THHAREMENHTEELT,

(AEDEEHLIUVSEDERH]

ARG T ) LEBIZLDE R 5O — B iine, X T HED L2372 (Ro7z) Bia 1705,
BRSO UV RER (L S5 E CTEES T2 ELT-, BEDOB DO EE TR
T VLEBTHZET, WANWAREEZF ST- IO H B EN L2, ol i, Wik, i
EVIO R BMED T2 D RE B RE A ZIE R CRE N LS DT EM AT REIC R o Tt B2 BN ET, &
BT, SOIT ) MR D | B RPEICEI DB G T3 EL EE DI EREA > TN =D, FT2
FNEDBAR DA HINTHERE T D212, ED IO 72l 2 DHEAL IS LB S 72D Fi T
FETT,

(E D EROFHESNEHDL RN OH OB T LU T, BIZEH ENDT A~/ AN ZIRAHEY & R | b
DEEAED RIS F 1N DV E LT, a8k T 5 LI REMEDH LB FL LT RS I, 27T

4



IREERBIG 1. VXY AEVBEDAEE R ES 7 MBI DB 0B ELTZ, HLICESD D ATHEEDOH
HIBAGT-EU T, XU B iRl | BRI RSB 72 8 DI/K I fREESR OB T DNHVELT-, Z LT, WIUZ
BIOAFREMEDHDBIE 1L T, BHR VUM, T, b, &AL Ok ROBE T NHVELT, FEH
INCIE 279 AV T IV —T R RO T- LD ETT,

(JE 2) 3T I4737 LRI, K 18,000 G T AT EITH 25,000 351~ TR Y7134 21,000 &
GERRONOELT, IEB R THS, A XF X F 121K 28,000 BlsF. A RITITH 36,000 Eix T8
) LIRSS TOET, B0 CTHD 7 7IRE T ALK 18,000 Bin 1, FAEMETEL D@L T
B TNDRTFT T HRT OMRIEH 20,000 s T THHIEEZ BT HE, A EIFHA 3 OB T HILET
HDIRNZENDDDET, BENLRBEWIN T AT o7 7200 FRIE SR OMEEIZ BH b A 85 D3
DLTNET,

[(#T IL—T])

AWFEIX. HARD HIRE AT SCR S SL i A W 2 FJ0 T . R IS0 RSB BE R, AR K, R
2GR FEERF RAYDT 2 )Y T RKE N —T7— K% G4 = VW& s
e VEMIREZERT . A HERRL AR SE T T = dEEOF =aflf2 T b 7T I— i 3EET, oY T o
T OX 7Y — R KRENSINU L FHFIE T,

(AT HHR—K]
AIFZEI%. BH2aF e B4 B fa i 22 (22128001, 22128002, 17H06384., 17H06390) %5 D
B AEZ T CEBSINELZ,

(&3 iEHR])

F&# 55 : Current Biology

PEfl B oK EHGHRER] 2020 455 A 14 B ZFAlT 11K

# SLZ A RV : Genomes of the Venus Flytrap and close relatives unveil the roots of plant carnivory

45 : Gergo Palfalvi (B ARNEN AR SERE JLtE2E 2P 90T, # SR 98 R K ) *, Thomas Hackl
*(77 2 )L 7 V7 K, Niklas Terhoeven (V' = /LY 7 /L7 KE2) | L2 W AR+ (B SREL A Feikns Lk
FEW SRR RT) | VA LA BH (4R KS) . Markus Ankenbrand (7 =/L>Y 7' L7 K52) | Dirk Becker (77 =
VTV K | Frank Forster (7 =LY 7 /L7 K %) | Matthias Freund (V' =/LY 7 /L7 K%) | Anda
Tosip (V=LY 7 V7 RK5) | Ines Kreuzer (7 =/ 7 /L7 K5) | Franziska Saul (V' =/L>Y 7 /L7 KF) |
T (B AR EE e SR AR 50T A aF7E K F B RS | @ Sl (B AR F A5
Pt B PSR BT IR R R T Va7 vy R ( B FHTE (B RF S 7ER
W JLEEAEW P SERT, eI R FERE R T) . EHEEI (B REH AR ITRAE JLiE AW i 98T,
ALK FPER T, FHRE K52 . Lubomir Adamec (7 =/ 7 L7 K5) B BRI CRIERS) | Al
R (AR K5, I B K5%) | Traud Winkelmann (2~ — 77— K52) | Jorg Fuchs (A7 =V fli#
BART: - VEWAFFERT) | Ingo Schubert (717 =V HEMBAR T - VEMWFZEPT) | Rainer Schwacke (K->
A=W EREL 8 ZEFT) . Khaled Al-Rasheid (¥ 2V 7 V7 K52 07 %0 —RK52) | #lorg Schultz
(T2 TN T RS R (B REI S e A 98 A e R FPERT) |
*Rainer Hedrich (W =/L>Y 7 /L7 K=£)

ko HEEE 1 EE #REETES



Constrained & Directional Evolution Newsletter Vol. 4 No. S4

¥ AT 2020411 A 24 H

FEATHE - HT TR ZE T O/IK) & T E~iA 0~ & 2l E Y £ Ta B < KRBV
ELFE O~ (EEREE A8 &)

i % :Constrained & Directional Evolution Newsletter fmfEZ B2 (fRERMTHE  HE B)

71 URL : http://constrained-evo.org/




