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Development of a pollen-mediated gene transfer method
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i In this study, we investigate a pollen-mediated gene transfer method.
Conventional methods of gene transfer, such as Agrobacterium-mediated methods and methods using

particle guns, need to regenerate plants from callus or cells to establish the transgene-containing
individuals. However, the regeneration condition differ depending on plant cultivars, and it takes
an enormous amount of time to find the optimal regeneration method. In this study, targeting pollen
as the germplasm, gene transfer via Agrobacterium and magnetofection were investigated. Although

incorporation into the genome was not confirmed, introduction of DNA into pollen by magnetofection
was confirmed.



B X C—19, F—19—1, Zz—19 (@)

1. WFFEBAAE S WD 5

AWFZED B HNE, EHH D ~ DRI FENEZHET 22 L Th 5, kit —F o —
WZR D=7V ABAROERNC K o CEEBRWEMTED 7 ) LRED BRI . 7 A
FREBAMT OHBUCZ LV | SRR, (EMREOBS AN L AlRE L 2o 72, LinL., #
e B % FE ORI~ DB T8 NITR S Tl v, BEFEAIXT Z7ans 70 7 L&)
LTe FERN =T 4 I NT W HFEREPRMLNTOEDR, WTINLbBmTFZ8ALE
HRASC A7 L A7 & OFEEIER DO TR NI TH D, (EEFAEOREP Y FES LT
WCRELS B S>TND Z Lnb| iR EE RO D72 DITIERIRRFRHI D 22025 b RIZITE
KERAETERRDP> TORWMERTE L EZ L S5, TDH, BT WVEMLISNOZ DT
28T D BAnFZEBITIEE IR R H O . ZERZREMTEIZIGH] C & D8R B AL D
BN LEEND,

A TIE, VY BN YRR avF A~vEZHNT, 7r—J)V Kay LB O~ 73
N7 2l va AEEGTT %, avAA~IE BT AVEEMEM E LT S Tn 508, BIRIR
BRI SN THD OO, FETIC X0 RIRICGE S T 2 MR C X 2 RENREER
PUEDHNL SN TR LT M B ORB AT+ 2 Z LN EETH D, 7 7a s TV v L%
AWz m—7) ey 7w v GUS Bis HEAZRA T & 2 A GUS et S B e
MELLCHY, 7r—J 0 ey MNECLDBEEBRO RN R 2 T& e, £72, HF, V¥
DM ERA N~ IR N T =7 v a NEORRBIRHE S TE Y B AR LI2E LW
#urk e LTHAITE D AREERH D,

2. MO BB

ABFFECIE, fEaE B L OMEICE B LI23EE T MEmIC B T 58 LWVl s 5 AL
DOESLE B ET D, T7urTF ) osefAnzra—J vk ikt~ x2 727 v
a EE AW TIER~OBAR TEARBRZIT O, RIS X2 R 0 )7 154 Bl 3
5.

3. WDk

A~ OEEFERERE & AR S

AT F A~ ORI 10%(VIVISTED oA Z—E T 5430 L, JREK TS B9 W7E, R
Lica oA T~ 113 172 MS B E 7213 GM BAHLICRERE L, Ok L 4°CT— B RIRLIR 21T -
7%, 3 H I 25°CHRESME FICHRE LRIES T, TDH%, TV I ARAVEFL 25°CT 16 B
T/ 8 WERIREFT DS CAEE S Hiz,

Tu—Z)N Ry FEAVEa v AT ~ O AR

IR LB 55 (1% Bacto Tryptone, 0.5% Bacto Yeast Extract, 0.5 %NaCl, {EEOHEWE) 50ml
VAR —H —7"F A3 RN A STz Agrobacterium tumefasience AGL1 ¥ % )N %, 28°C T2 HIH
VoA IR U, BRI A SOml 7 7 v F a—T 12 Ll (5,000 rpm, 5 5)
L. RiEZEBCRIEK (pHS5.8,5% Sucrose,0.05% SilwetL77, 1/2 x Murashige and Skoog Plant Salt
Mixture(FIEHIEK)) % 2ml ANz, FIRE L7, A. tumefasience B % €~y b~ B X O 1 ml
VUV EERERHWTCa A ES LFa v AU~ iEFIC ey L, iR E v =




— LT 6 FEIAFT/18 BERImE T O St CTAF LT,

Pollen magnetofection 15

77 A X K& Magnet Nano Particle (MNP, PolyMag Neo, OZ BIOSCIENCES) DLLEENRZENZEI
MNP (ul) : DNA (ug) =1:1, 1:2, 1:10, 1:20, 1:25 &5 L5 ITRfML, E|IE T304
#i& L MNP-DNA #HAKZ AL L 72, MNP-DNA #A1K 4 ul % il [RE£EALEE (EcoR V/ Hind IIT)
L, 7Ar—A5 0 CEXKE) (100 V, 40 43) %17\, MNP-DNA #EKDEA R LTz,
MNP-DNA & &% MNP : DNA=1 : 2 O TIESR L, B0 1.5ml F 2 —7 % T Stage 135
KO Stage MO 2 > A H~fepy i LY =7 — 2 UE LTz, =0 (2000g, 107) L EiE
ZEREL 1.5 ml F 2 — 7 RAFIR 2 N 2 A28 % 150 W ICHFEE L7otk, 96 U =/ 7 L — hIZ
EREEB L, B LEAERBGEIE ~ MNP-DNA A% Nz . Super Magnetic Plate (OZ
BIOSCIENCES) @ L2t 30 /0¥ L7-, Magnetic Plate 7°5 96 V= /L7 L— & FA L,
TR AT LN 15 ml Fa—7~B L, & (2000g, 10 7)) L7ztk, BiEzRELE,
& HICIEBMRAEI T 3 [Py Uiz, $RBRRIC X 0 Bl S8, TERTRREBNE 50 ul &2 fERE o5
FHEMICEXT LI EZERNT 25°COEMNHTA v Fax— L7k, LK, pBlI2I-
ActINLStdTomato 77 A I FIIRREmA MEALSY FELX 0. LATp: Venus 77 2 I Vi34
HERZE ITOM K 5L X ) S5 w7720,

Scanning Electron Microscope (SEM) #i%%
Formamido acetic acid (FAA)[EEWKIZ Y > 7 V&2 L 2~3 A5 Lo 2, =R T—BiE Lo
TIVDEEEIT T2, TF )=y V=X HNTZH ) —)VEBREZBZ 20, RIZT & R
&2 L7=, LeicaEMCPD300 (Leica) %\ T, W#l% 5°C, CO» &7 & b DEH#HE 20 1 7
NV, COr 8% % 41°CORRE CHE R IR A AT o 7o, BRI AL, o TN a T V2 = 258058}
BICEE LTz, B-1010 A A ANy % (HMNAT 7/ ay—X) &AW CERAREE Lot
YIINEEE LT, KB LY TN B UHIE AR E BB S-4700 (AN, T 7) %
FWTHER & 3,000 535 K O 40,000 35 D%
OB L, HHUEE 350 [EOMERTREL
7

4. BFIERR
avA <t~ 7a—J ) Kay 7
avAATREEMEICT raoNs T
vLaEHAWET7Te =Ny TiEERTS
CH7 b, [EDFERBEEZRKE I B IIE
FDEIT)E LT Stage 0 2> & Stage IV IT53
$H L 72, DAPI $effiC X 0 B % {7 it
JEEEMMEE T L 72 & T A, Stage 0 Tl
KEMIE (M 1A) 23, Stage 1-1 Tl
KM &R MIEE (K 1B) |, Stage stage 0 stage 1-1 stage 1-2
[-2 ClmliEzdko 8o 1o n 1 e ORI & GUS Bf5 7 OEA
StageO(A) Stagel-1(B), Stagel-2(C) ® 1t ¥ %

7z (K1C). RiT, Stage 0, Stage I-1. DAPI et L Cigist L, D ilife PR D
Stage 1-20avAA~FExHT7m— GUS %t E. GUS BHERHOFIA




A Fay 7k Y GUS #EIET (35S-GFP/35SPx2-GUS pBI101) OEA%{T->7-, 7u—7 1
Fay Z0EE% 2, 4, 6 HHD 2 v A A <26 0H%2 B L GUS Fta 1T\, BAMEE 2 HvC
Bi# L7z (K1D,E), Stage 0 15T 2, 4, 6 HHTGUS Btax =R OEE 1T 0-02%
THo7=2%, Stage [-11CHTiF2 HEHT17.7%. 4 HHT13.6%. 6 HHT9.3%D{EHAH
GUS et % /R L7z, Stage [-21CBWTIE2-6 HHTGUS Bt b oEIA 1T 0-0.8% T

Holeo TNLDORKRDS Stage 1-1 35S::GFP/GUS Actip::d TOMATO
B B YRR b > T L 2SR }W 0
anz (K1E), %

KIT, Stage 0. Stage I-1. Stage I s:age 11

20avAANEEHT7R—-F 0 ¢
Fay 7T kY ek cRBME
AENTVWBACTI 7uxt—2—Tick
JGTER! tdTomato Z D 7aW/Za v A7 1
7 b %52 pBI121-ActINLStdTomato 7'

FJAIFPOEBEAZAAL (K2), 77 ) —
= (E12) X 2 # LR — 2 —E n - DEA

A I NREALT A tumefasience AT —T ORI EAE LR —F2 —BIETEZEAL,
BlEL U7, 35S :GFP/GUS (X b —/L & LTHUE,

WwWCavtAAvoEFIL7e -7
y TR LT, W% 4 L5 . 6 HHOa A~ othE2RINLERLZL 25, &F
EROREBERITNTHDOR T — VIV biERI WAl o7 (K2),

IEDFERL S avFA~fth~D 7 —7 0 Fa vy 7 X > T GUS et 3R T E 5 2%,
HHL R =X =2 VX ERROENPBE I NN b o7z, GUS FtaldfalGiEd L
CIFTEMNICTHIE L 72 A, tumefasience ® GUS iGME B S Wz AlReE 03 & 0 . B~ D B[R FE
ARFEHL T whnweEEZoNnT,

Pollen magnetofection 7% D&t

7 X 7% 72 S THESE CUIAER IS HEE 3 % A
e BE o i & 72 ISAABE DS 7 W REI T B B FE I
%@ > C MNP 2MEMNICIR AT 5 &t &
NTWw3 1, Z 2T, Stagelll® = & A 7 ~=fLkric
FHEILDH 5 DD SEM I WTHE L= (X3
A-C)o I ¥ A A~ =R CIEM R I 1T 1%
IF T VIC ko TR E Nzl W E RO 7
7 2 LG &R VIR0 BT TH 2
B EIN (K3A), 77 X LFEEICE T,
7 7 F EEEN B 2ERRIL 100 nm B TH 5 728

S4700 1.5kV 11.9mm x3 00k SE(M) 20180830 1624

5

S @
R ¥
75 200 nm T& % MNP-DNA #HAEKDEiE P

PIL < KT 8 ERERO T2 5 LI5S g o0, sp gy
PRI =% 2 SR A S 3 4 % v > sbEs L StasellL DR, B, € LA DI
B35 “EiEETH 5 2 LRI (RI3B,

C)a e MURTERYEFEHH CIEME F 27 - 110 & SEM % fCBI% L 7= (R 3D-F),
TEME TR DML 2 2 > CHIFT 5 < L SRS, O I LA HEICH
725 2 BRI NIz (K 3 D)o fEMOEIICLY 727 X MHEES RN, FFECHEILT 2



WA Fe vAENEL ZoTwb e EZ LN (M3EF), L
L. V2D X5 BIMEIIALNRP 072720, V=7 —v a VL
ICE DBERHE 35 2 L BBETL 72,

a v A H=TE~®D Pollen magnetofection iE%Z i3 21CH7 D,
9 3 MNP OIERFICOWTORET 2T o7 ', MNP Il L
7277 A F DNA FHIRERICL VY UIME s L ZFAL,
MNP-DNA 1 &4 % 1F R U il BRI SR LER % 17\ 88 5K E) 12 A U TR
L7z (X4), MNP @ DNA BERRS X DNA: MNP=2:1ThH 3 Z &
DIRB I Nz,

SR ORER, a v A A< 10°kIc 030 Y =7 —v a vl

~ DNA/MNPLEG: =
Ladder 1:1 2:1 10:1 20:1 25:1DNA MNP

4 DNA-MNP W% 35 R
VY )

7% fiti L Pollen magnetofection 1T 572, £7z. T DEEMICIH Tl magnetofection IC X 2 {E

ERFEL~DEBTI AL RN _ 0s
o7z, fE%E 0F. 20, 30y =7 —v
a VAW L 721%. magnetofection % 1T\ >, 1
HZ I AEWYE SRS A R i 1 R L <
7 b HOGBEME 2 i CIER 2 B L 72, a
avbu—n (CL) &L TMNPDREIE
AL 7246 ¥ % v Cy3-Oligo .

35S::GFP/GUS. LATp::Venus & X U 35S::
Venus x3 % W& & 4 7= MNP-DNA &K%
H A L7z, Cy3-Oligo nucleotide %3 A L 7=
{EMHT BT, Cy3 IC X 2HEDEMR LT 650000
Bgtan (5), MNP-DNA &Iy o7
WICBEAI Nz Ez b (K5M-0),
L2 L, 77 %3 F DNA %EA L 7Z{tH
BIOEBRE»bIZThbay e —
MCLY I LI BEE R Z TR b h >  DNA DEA

20s 30s

5~ Rx M7= alliD oligo-

Cy3 7~V L7=A4 Y =% magnetofection (Z

7o KOIEMmIZEA LT,

DEofERE2E D35 L, [ERHN~D MNP-

DNA EERE A IZAEETH 205, 77 23 FEWEHE X ¥ 72 MNP-DNA HAERETIZI T 72 I Fic
I— FEINBETRT ) LI AINTREANEZ SR o 220 R EE I NG o 72
TREMEDRIB X N7z, Sk, EABELETF 27 ) LMCHBAD HiEoRS B0 EEEZ LN,

1. Zhao, X. et al. Pollen magnetofection for genetic modification with magnetic nanoparticles as

gene carriers. Nat. Plants 3, 956-964 (2017).



8 8 4 8

Mutuku J. Musembi Cui Songkui Yoshida Satoko Shirasu Ken 230

Orobanchaceae parasite-host interactions 2020

New Phytologist 46 59
DOl

10.1111/nph.17083

Masumoto Natsumi Suzuki Yuki Cul Songkui Wakazaki Mayumi Sato Mayuko Kumaishi Kie Shibata -

Arisa Furuta Kaori M Ichihashi Yasunori Shirasu Ken Toyooka Kiminori Sato Yoshinobu

Yoshida Satoko

Three-dimensional reconstructions of haustoria in two parasitic plant species in the 2021

Orobanchaceae

Plant Physiology -
DOl

10.1093/plphys/kiab005

Ogawa Satoshi Wakatake Takanori Spallek Thomas Ishida Juliane K Sano Ryosuke Kurata -

Tetsuya Demura Taku Yoshida Satoko Ichihashi Yasunori Schaller Andreas Shirasu Ken

Subtilase activity in intrusive cells mediates haustorium maturation in parasitic plants 2020

Plant Physiology -
DOl

10.1093/plphys/kiaa001

Cui Songkui Kubota Tomoya Nishiyama Tomoaki Ishida Juliane K. Shigenobu Shuji Shibata 6

Tomoko F. Toyoda Atsushi Hasebe Mitsuyasu Shirasu Ken Yoshida Satoko

Ethylene signaling mediates host invasion by parasitic plants 2020

Science Advances

Dol
10.1126/sciadv.abc2385




Wakatake Takanori Ogawa Satoshi Yoshida Satoko Shirasu Ken 147

An auxin transport network underlies xylem bridge formation between the hemi-parasitic plant 2020

Phtheirospermum japonicum and host Arabidopsis

Development -
DOl

10.1242/dev.187781

Wada, S., Cui, S. and Yoshida, S. 10

Reactive Oxygen Species (ROS) Generation is indispensable for haustorium formation of the root 2019

parasitic plant Striga hermonthica.

Frontiers Plant Sci. 328
DOl

10.3389/fpls.2019.00328

Goyet, V., Wada, S., Cui, S., Wakatake, T., Shirasu, K., Montiel, G., Simier, P. and Yoshida S. 10

Haustorium Inducing Factors for Parasitic Orobanchaceae. 2019

Frontiers Plant Sci. 1056
DOl

10.3389/fpls.2019.01056

Yoshida, S., Kim, S., Wafula, E. K., Tanskanen, J., Kim, Y.-M., Honaas, L., et al. 29

Genome wequence of Striga asiatica provides insight into the evolution of plant parasitism. 2019

Curr. Biol. 3041-3052
DOl

10.1016/j .cub.2019.07.086.




18 7 3

84

2020

Satoko Yoshida

Cell-cell interaction between parasitic plants and host plants

2020

2020

2020

84

2020




, Songkui Cui, ,

84
2020

84
2020

84
2020

Mafrikhul MUttagin,Songkui Cui,Satoko Yoshida

Feeding behavior of Golden Apple Snail on rice and subsequent rice defense response

62

2021




Lei Xiang, Songkui Cui, Satoko Yoshida

Characterization of a root parasitic plant Phtheirospermum japonicum mutant that induces haustoria in the absence of host
signal

62
2021
s , Songkui Cui,
DMBQ
62
2021

Songkui Cui, Yuri Takeda, Toshiaki Umezawa, Yuki Tobimatsu, Satoko Yoshida

Cellular and subcellular localization of haustorium inducing signals in the haustorium of the parasitic plant Striga
hermonthica

62

2021

, , ,Songkui Cui, ,

62

2021




Satoko Yoshida

Genetic basis for host and parasitic plant communication

The 15th World Congress on Parasitic Plants

2019

Satoko Yoshida

Vascular connection between parasitic plants and host plants

Plant Vascular Biology 2019

2019

Songkui Cui, Tomoya Kubota, Yuko Yoshimura, Ken Shirasu, Satoko Yoshida

Ethylene signaling mediates fine-tuning of host infection by parasitic plants

Molecular Plant Microbe Interaction

2019

Satoko Yoshida

Signal exchanges between parasitic plants and host plants to establish plant-plant connection

JSPP2020

2020




Songkui Cui

2019

Songkui Cui

2019




