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GUS :  f-1,3,-glucuronidase

IAA . indole-3-acetic acid

NAA : 1-naphthaleneacetic acid

BA ! 6-benzyladenine

MS plant culture media by Murashige and Skdog (1962)
NPT II . neomycin phosphotranspherase Il

EDTA . ethylene diamine tetraacetic acid disodium salt
MUG . 4-methylumbelliferyl f -D-glucuronide

MU 4-methylumbelliferone

PCR . pplymérase chain reaction

CaMV . cauliflower mosaic virus
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X7 (Dendranthema grandiflorum (Ramal.) Kitamura)
—pma e EBITMRDIREEN—D L SN,
BWCHFENAEERDOE—~M KoL REREZMEA TS
. AR 2 B 2 IBIE T A ERGCC, SHRIICE2n =
LT B ORI CH H 2 E LM SR Tw
% (AU - fiiH1992) . BUEO PRS2 v Tid, BRI
B8 CFa v/ ¥ (Chrysanthemum zawadskii var.

latilobum (Maxim.) Kitamura) & ¥ W ¥ ¥
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(C. indicum L.)

DL C 20 =27 DIEFIAVE L, Rt fREAEI L C 2 Ok
DAL b D EHEES TS (ITH1989). FIARNET7I8AEC

ARR LI ETHEBH D, D,
HE) ELTMADIEE BT TV, —7J7, B
B 168841 b 70 6 S AUCULRE ATV —Fr b LT
LA ATV —F 2 EEE, ARNHEREASNI9TSELD
ARG RREDHIB SN T L (1984, GiIT1984), ks

TAZTERENGIS B A TEINIC b MO TEH 2 Al LA b i,
R OTIC BV CIEIZEN - RENR DG 7, NFs
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ﬁ%ﬁ%étbtt<ﬂ%%%%kiyk N EEL T
5%,

PAIEY O EFEBBICBWT, WO 0y b o - bR R
WKLo THDLRTCOBONBIRTH L. Lo U35 % 3

T 545 EO R, FONEAERGE OB 2 A HE O
o TWAHEHZ S (FTAHN1990), MR TREE Lo
MRS & OBREEIC R S LW SR RS 8 5 201l g
HERBLPZ DI ENRDENTVE, ThEDT END
R AP SR A, AR B TR 8 & OVSEF B b A

MG beT o= LTWw D EPHE
Nh, FREBHONYF 7 B TIRAITHER LD E LzwvL
DIORGEDT, FERHCFMEIIT & O MO E A A L CHs R
T 572012, AT B B S U ARSI A <

B
fo s b giaipint = A g g, L Lads
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AWML 2 v b

“c) = 7o

5, BUEORN: 7 b3 o IR E R & B S ORI
WAL TRV EDPREATED (i F o

1981),

L s

TEEAS DT HRBUE o0 S REIR ZE 8 B 2 RIS Z L v,
& S I HAH O E B AP & b OB MM & LT 4E
Wz 20T gtk 2 b NLBETH Y, Tk b ORHEH
128 B 18 ORI 9 % B A HRPU I SR O 1 A 3 i L TRl
THdHEVWDELEMRW

DX W b, METHIRL OBEIRR) BarE s
U C IS0 A I & b DML 2 2 R O F I A
Pz AR, BHIEME OREIZ LY, EEOTHTEH VY
— =33 ¥ (Tanaka ® 1998) 7% & DM 2 AR S,

Wil CEMli % % TV D, MR T-HIRZ IS L 2EMOFIE & L
T, RREMCHEARTRERNEHANSTEH 2L, HIE

THRHOHBTE YR DL EDPFTELIE (T VB 2 PYR)
RENFITLNA, Th INF TR Y

LAEIEE C, GUSTHRM E mld A+ ¥ Vit x oMl A
F 7 iti¥y (De Jong & 1994, Fukai & 1995, Ledger » 1991,
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Pavingerova 5 1994, Renou & 1993, Wordragen £ 1992) B L OF
YAV AEEEHE % b DR 2 ¢ 2 Hidy (Sherman & 1998b) A3{E
S NTWDAS, WERC T LB 2 & DMl 2 % 7 kil o
PEHEE DS v, F 2 7 I By TR RIEIREI 5 &
L, WYBIOH LGB LT T U Y L OFRIEIS
B O AR T ORI EWREE o T

as A/

nTwibl L,

Wi, ZOORHERE RN L THERZT ) WE I3 aEm
G HIEHR OB & UG ZT- DL %= BB K

L b, WCEHIE 28 % b DM AR T R & Rt
Wt BHELRE, WP RICH L TR 247 o TIRE IR
R EHN R EM RS UCHSL U, A 2RI 2 iy % 5
LT S ENFRETH B,

K, 7 OB IBRIBIRR O, HAMRETO
TERF e SEH D IRPLI L OTHIEHIS L B A F - ¥ FF— il
{£F (Nishizawa £ 1993) O F 7 ~OWAI DWW TR L, F
7 HRC B0 BRI ED A HEE W 6 T 5 L[S,
PRI U 22 S5 2 R O WA IR O BRI DWW TH G L 72 b
DTHAH, FPHNETH 7 ORN R HIEHROM D
W, R EE M T Z T ORI 2 S o KBS D v
MR, FEVHETA A - FFF—LMETOF 7
S N7 AR 2R OB AL A O3 B IRFLEE OB IR DWW T
R L7z, S3SICEVEBLUEVIET, ¥ 20EERETDH
5 18 O3 & RhEEY e BEPU M esg )7 B O b & OSllR
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Lo BARTIFZE b e I I vy — M AT IC BT
P L7z, NA A7 0D —RBREEEEs (%2 oMl
BRESE e M LB RGMEDOFR] CEM 44~ 1348) ORNE%
ENEEDBDTHD., DO FBILEEIEHE S (1998),
Takatsu 5(1999)& LC, 7% & UNIE Takatsu & (1998) [ 544 67
1):246, #HEE S (1998) H Al 64:366, Wi S (1998)F ME48(HI
2134, FEES (199N R ML Lot R il 832, e
5(1999) H A7 65:659, FhE: S (1999) %9 U #38:6-12,
Takatsu © (2000)Plant Biotech. 17:241-245, Takatsu & (2000)Plant
Breeding 119:528-530, it & (2000) F Hi5#66:117, Takatsu &
(2000)ACPP Proccedings:245, &5t & (2000)H HEAE0F 9 2051 2):107
B & UTRHE S (2001) FARRTH67:181 & LTy L7z,
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WA, BHIEMEEN OBRIC L - TS FSERHBHE L -
RIS ER SO 0h b, BRI EIGH L CHEE 179
FEIRV L OPORL 2T NELR O R VEEIH B, F9
YRR & DREFETHMEROMILFETONS, L7 o
INT ) 7 I (Agrobacterium tumefaciens) % T U 72 TR iEi
CBWTER IO EHPLHDOERE 2D, %7 OEREFHMEAR
LDWTIRERE TV DD OWEN S ) HFR D MilE & O
Sl (genotype) IKBWTIIHHEIROELSATHAE (1
51992, De Jong £ 1995, Fukai® 1995, Ledger© 1991, Renou
Wbl L

5

£

51993, Yepes % 1995). LA L724d%5:

ERE R
IR EROD L T EPPE SN TB Y (De Jong 5 1993, %

61987, Kaul 1990, Ledger & 1991, EWE & 1976, Renou b
1993, %M 51992, Urban & 1994), KMy % L H IR OMEL
DD D S 70 L MBUE O Uk % U LT L3
Bhb, i, ¥F7OBHRERIBATHEHINE TIZREDODH
B - BB LT IRNT T )T ADORKHIED TS N
TWD I ENFEMNEOMME o Twa, BRERLRICOW
Th—EDRMHETIS.G6 % &)L H 5D (Fukai & 1995),
FEALOWMETHEBLTICHE > TB Y ENOGATIZOL
RRFEE SNTWDE (B, BE). 20LkH LI Lo
BHHEAM & LTHAS A 72dI21d, BEHIC AT 2 Bk

iz b
B OB EIRRMA L 15 = & AVRTE & b LT

RE
FHWCH D

b5,
ARCR, TTIRBATHE SN T RELREs B X

C/NF S (PP HF 7 g3) 230dil - RISV TEU R » 5
DEREHMEEEO AR WAL, SoXEHL kL b
DI A LA, RIS RS OB 21T, SR
W 7 GO LRSS L OFERICE ST e g
U ol 24 20 SR % s L7z, 8 6 WSUAFRE AR S 1 % M
FTHI LWL, WO T rasNy 71) 7 LA LBA4404 A&
R E Y T IS TN R ORESE F KA 7z

28 MEBLUVAHEK
R B EURBBCBIEEESMLEOKEMEROR
&t

TEHIEHRICH Al & LCid, ShE TR,
T, WS & OVNERS SV S T E /225 (De Jong 5 1995,
Renou & 1993, Fukai & 1995, Urban £ 1994), TG LEA
WZ &, RHIBEROSRENIEE % > T, —7, Kaul
5 (1990) B L USEH S (1992) AN LU 2wy
AL 7 M REERSEREI VA EBEH L 2D FEMEIC
Y B HEAEC, FIREEINREZ it wew ) FlEs S
L, FESHAGFHEOX 7 MO T E LU AL,
CHEUFPEYEOHMMLERZ O LWL L Y
— YR, TNEDIEMSHERE LTEYRFEHVE S
ke L7z,

SRR OB & D IR LA % 7 238 (Table 1) #HLEAL
TEUNERELT o722, BRE 2 2 MEHEREYEL T O L5
WLTHER L, FIANTANTERLIF 7 OB L H iR
WU EEOERRS2 emIE LT, 0.1 %KL HME
TN LT ISR L, SRR T3 Eg Lotk 12
Murashige-Skoog (1/2 MS) #ilh (Murashige * Skoog 1962) 1=
IAA 0.2 mg - liter™', ¥ afi30 g - liter ' BLTTF VT4 b3
g - liter BRI U o LOREE LAz, SeE Lo a— M %
MSHEHLZ 40 mI 2 LTI ¥ MRy 2 2 (BR)NNVF 1,
BHD) TR U TR R IO L A,

EUF A S (1992) OFEEFREL T, T4
DHMHERMY 0% (EH) 23 mmBICWEHL, &5
HELEC 8 LCU A 2B LA, MSEHLICNAA 2.0
mg - liter™!, BA 0.2 mg - liter™' & 721X TAA 2.0 mg -

(5

liter ™', BA
0.2 mg - liter ' B LY alfiz0o g - liter™!, VT4 b3 g -
liter ' & RN L R0 AL AT IL (BLT 2 L E N MNBE s L O
MIBEfHh & WE3) WAL, 9emP v —LiZ2s ml P25k L
7o EYIFE R, BRSO ATEET A X ) 110~ ISK o R



L, 25C, 50 mol - m™? + s DG T 16 H T T8
L7z, ZRENEERG 1P B HRICHHS & o {(OR
SE I EG 8/ WIRZ Y KD X 1000 &R 7z, BRI
WM % 28 2. C 2 A B8 L 7=,

K2 FEHEVHAZBOVEBRERERMGOKRE

P E LThIRAY Y, N TuvA4 Ly BLUYa
RF YRS, ENENCHT B X 7 GOV &
AL BPEHCIESEER 1 Ok L A By Lg%
bo3dmil (‘HFHOI, e E - BRI

[,

e

) BEAL. SRR HoOMHils JEigE e m

BI2ICMNBERSIIC, AF~ AT r®0, 7.5, 10, 15, 20 mg:
liter™!, N4 70w A4 Y r%0, 25, 5, 1.5, 10, 15 mg-liter™
TRV AT LU0, 5, 10, 20 mg-liter ™ ¥RIN L 7ok
WEFHEL, 9em> v—1I225 mlTOMELA. E %20

F oK LT25 C, 50umol m~? 57, I6HHHRETT
Btk iTo . 10 ABREAEFBREDFBENALT, £
DI TN T B TR AR S e SRR R & W sE L7,

F B A RO RIS B LT HEE NS 20T MS

Bz, A%, 7.5, 10, 15, 20 mg-liter™!, A
yuawA %0, 25,5, 7.5, 10, 15 mg-liter ' 7203 Y = %
FL %0, 5, 10, 20 mg-liter™ R L 7R A A L

TGy Ry 7 Z240 mIT O L, BRBER 2O CTT
HBAGIWT L7 R AR R R L C LB o fe TR
1 BRSSO B IR MR L7z,

e

zf7v,

IR MENAREERFEDRE
= —WET & LONPT DR T llAR E /27T A3
NpBII2I 2 A L7z, 720N 5 1) 7 ALBA4404 M
(CLONTECH Laboratories, Heidelberg, Germany) %L 7.
BRI g2BR2 & RO 3MEL (‘“FHHF o,
fra—> BLU UE) kLA
3. L ZUANST U AEROPEEOKRE
LBA4404 5t %, W F =4 50 mg-liter~ & JRIN L 72 Luria
Broth (LB) #ifksib (Maniatis & 1982) T 24RFH9R & 9 K798
L7z, W22k (sDW) & 7 iR MNB R I C T 3

oot

Eo]
i3]

K20 AL (OD600= 0.1), ZEUIH %@ Lok, 20 W

R EAT - 72 FRWEOGREE LT, (1)sDWD &,
(2)sDWiz 7t b 1)y (3" 57 -Dimethoxy-4~ -

hydroxyacetophenone) 100z MBI, ()HMAMNBEFHIZ 7 & b

YU YT 100 MR, D3R AR, ORI OWTIER
L7 B GEELIERE B, 9omd v — L1225 mI¥D
SRE L 7o MNB BB SIS S 5 & 9 ISSOR 9 DliR L 72,
25 C, 50 mol » m~? » s7"C3 AR L 21218,
A3 7.5 mg-liter & 721310 mg-liter ' 38 & UHPRIAR I IRAE L

TWAT Z 287 5) % bk 728 Claforan® (cefotaxime &

/B aied

Nippon Hoechst Marion Roussel, #H() 250 mg-liter™' & ¥R L 7
MNBH; b GRS HL) ~FA L 7o, 238R & & 108 Lviiiiss
HARACEEE L, (RIS LERESF kD Y 2 — |
Baedd L, #ohmobimiEMsbic s <4 v >
10 mg-liter ' & &I L 72850 (MSHE ) EABRIL, S8R
DAFMEEFERR LAz, FERSMIIC X D 2~5h B L 7.
3. 2. WABGTFOHER

o N HMER o D HEMS L ECRIROBD LR
72b DIz, IS S mm A ICHE U LB EEE T 10
AR LC, 727087570 A BHEROFELHRL
7o, RS I RBIBE02 g HYECTABE (I - 1A 1995) 12
LODNAZHE L, NPTIMET D3 BLUS Mo
A »oFHFA LTI 4 <= (NS5
ACAAGATGGATTGCACGCAGGT-3" 5 X U'NA:S’ -

e

FiE

ACTCGTCAAGAAGGCGATAGA A-3") % HwW7/:PCR-
BAMETFORBF AL, PCREE
(50 1) DAL, 10 mM Tris-HCI (pH8.5), 50 mM KCl,

Southern 4T % 47 - °C,

1.5 mM MgCi2, 200 4 M$2DdJdATP, dGTP, dCTP, dTTP,
02 M TODT I A==, 100ng?NT > 7L —FDNAB LT
2,51y b @ AmpliTag GoldTM DNA £ X 7 —¥ (Applied
Biosystems Japan Ltd., HH) & L7z, PCROZEM1E95°C - 947,
1A 7 NEHI294C - 198, 62°C - 258, 72°C - 347, 457
1ok L.
I E LC LT T A v — & W TR L2 PCREEW Z JH v
foo NATNFA Y= a B XY 7 VORI IEDIG DNA

Southernfif#4ir @ 7' — ZNUTRFI U 7z pBLI21 &

Labelling and Detection Kit (Roche Diagnostics, Mannheim,
Germany) 12 & D AFo . F 2RO ) HEEA
MATEhholzbDe Ay — 7L L7

TS

WERF-

B3E HREBLUER

R BUSERCHITZZREMEOREMEROBRE
HE Lz 23 SHRE

S ETIE MNB, MIBW OB T b & LAt h b

Ledpodehs, U A L YAFERR A FHTE IO

ik bhs

FERTALHE % Table 1SR L7z,



THEWHMERER L, W20 MERASERIHD S,
7, HERESMLiEomeRmfie L FHHDI)
Sy YRR IR, Cm T — (T
RN Gl SR =R 7 S VS
WA BEU HYH (DLbAhF ) oA s ) -2
YUENT RN B A ¥ L Y QRN A BRI RS

S0 W B A, MIBERLCIEFRLER M v 5T b MNB RS
WTEHEELEAEIH o/, L FHFHO) So45MET
WENAA Z 2238121351 % DL DL 2R3 12 b 2
DO, IAATHW S L& HSLl AN oTz, ik
LTEd—F 2 & LONAAE W&l L Y £ Lo it
LRI EE LI LWL P LR o, MNBEIIIZBWT
51 % LA EiEE R LT &, BB 56
PR E T MR LT FHEO, 'ma—tv—fru—" Bk
U B D3GR RG, Do g L.

F o CRERFHMUEO RN ER AR & W2 LD EPIN O
AZ OV TR SRS TB Y, Suoftrod 2o

$ofels e
) [‘H iR

g,

C PR S s, B BRI V RIS A 4 —
YOO GHTITNAAZ TAAIC R
LEECHMEBR LN ol &I FHFON T,
NAA & W28 & 8 MEEA70 % 2R TISb b 6,
IANAE IV D & Wbt b Nl otz ‘FIFOI’

SNFE TOWE T — % ¥ v OB IR % < #9550 % DTS
LRERT L SNT D GRS 1992), ARIEERTHEES L1
R P Ay o 7 ld, SR OFIETS L IE B oivic &
LboElbRs, Tabb, S (1992) oMk LT
T AENTHEE LW E IV CO201206 L, HFH50Y%
BRCU BUR A P CHRU S L 2o 2 e S e I S
B FIIAAE VD LT _COIMIED A NV 2L 5 Z &
Bl sy, Wi RV E Y 7)) — OIS A 2 L k<
WA RER L2280k D, a— F ORGSR S kb
Sl EBFROUDLDEHEZ END, £ ATHRINT Y
$w%7@N7yZK9wT@,%~#97(MAftﬁNmﬂ
A M H A=Y (BA) O2~ 105N L TRVER 2T

* ¥ v O

IDowTH, v

Table 1 Regeneration ability in 23 Japanese cultivars of chrysanthemum as affected by auxin

in the stem segment culture medium

Regeneration rate ” on MNB? medium

0% 1 —20% 21—-50% 51—100 %
Shuho-no-kagami(Y)  Natsukodachi Shuho-no-chikara(Y) Seishi
Seibo Meisei Natsuzukiyo Shuho-no-chikara
0% Oubai Asaji

~ Spot Seiun
2] B e
5

2
E

% 1-20% Mormozato Shuho-yamabuki Asuka

g.

2

Q ........................................................................................................................
g

2

£ 21-50% Natsuyasumi

gn

o~

Summer Yellow Queen Elizabeth
ST—100 % Keirin Kiknmusume
New Summer Yellow
Yamabiko

" (No. of stem segments with shoots,” Total no. of stem segments) X 100

Y MNB: MS-+NAA 2 mg
IMIB: MS+IAAZ mg

* liter ' +BA 02 mg - liter
« litler T+BA02 mg - liter™
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W2 BA F IAA T 72IENAA D2~ 101540

053 0 (1151992, De Jong & 1995, Urban £ 1994),
Y| R DA 5 )
& % (Fukai © 1995, Kaul & 1990, Ledger © 1991, Renou £ 1993,
Ji, A =% v v oz
I AN ol b g bH D &

Yepes & 1995), ow“cc:INAAtIAA

DPIIEKE %

i 3
%(wmwnwﬁ,m%mw%yuﬂﬁ%&mwm&m~%ﬁ
ko Thh hd I L g s, M3 5 AL & Tk
W7 Sl R T B LA B T L ARG S,

RIR2. SEHANMEE R BRIBBREGORE

BRI E S AEF O WA B ST R E Fig, 1IDR
Uz PrEf B o Hisi, w4 % BSOS SRR 6,
WO BV TS W I~ A 2 Y B RS Y
EEIATR S s 0, FRIA A B R
WEMELLEZAD, WTFROFERITIZBOWTHREFOH

<3l

:Ih
e

74l % B C & 72 e R TR ISR S g, L D v

WAL TH D P ofods, hhvA4 v iiwd
100 -
(%) ‘Shuho-no-chikara'
s B0
s 60
2
£ 40
% 20
0 Q
0 10 20 Q & 10 8 20
Kanamyein Hygromycin Cienelecin agdl)
¢6) 100 l
S oo
0 10 20 ] 5 20
Kanamyein Hygromyein Clonctecmn  (my/D)

(%) 100 rx
i

i
80 |

Regeneration rate

Al
20 j
UL
0 7.5 10 15 20 10 20
Kanamyein Tiygromyein Gonotecin (g

Fig. I Suppression of adventitous shoot regeneration from stem segments of three
chrysanthemum cultivars (‘Shuho-no-chikara’, 'New SummerYellow'and’
Yamabiko') with three antibiotics (kanamycin, hygromycin and genetecin)

at different concentrations.

TG AL 38
5 405)

LA LY w5 < 15 ~ 20 mg-liter ! DL
WA IESEEIR A EWREN (F—

AR R RO BT, U E OB IR &
RIEH & 2 b LAk O JEMIR 2 3% e b, WS
D EYMHERD S OSSR & b, REBROK;
HAE & 2 PR BT B R AT kv S TRk O]
5 (De Jong 5 1994) & —8 L, WF¥A L OREITIEF Y
(34 B3 R 12 7.5~ 10 mg-liter & e 7z, SR

L

x4 7 (Horsch & 1985) 300 mg-liter~",
By (Lub1991) D100 mg-liter~' & L4 5% &
P ) O CEAMEA I S A S Ll b, —J, ¥

HAER o B LI TEGRENR LA, BFva Y
YT 15~ 20 mg-liter™' T AAZHERAHIH S 7z b
NATRRA Y FELEY 2 AT TR0 mge
liter ' F 7203 20 mg-liter 12 F Tt % b il &
SRR SN, FHRIIH OB IBLNZ LR ENAL, IR
HOI ks, SHOBHIERISIC BV OISy - — &
L CNPT L (5T {Hood 5 1993) &IV, # <4 ¥ itk
DRI Z RO AT S T LY TH B &P S A,

INaB LR o

P 5,

|u} 1T - Tl

AT H IR T B DR
ISR IO, 2RO LK
SR L TRIRE MR T 4

EE3.
Table 212737 &
AL S & MS e E

PRSI,

ZET, LA T BbNAMRN PR YRS Rk
B b OIS A S s RS DT PCR RS & A KR

DR ML T A, WES 7778 bp il (2 DNA ORI
KA oM, Southern NI & o TEN S QW IENPT I {2
FChHZ EMMERE N (Fig.2
WAEFARPE L COT sy
FTL72E A, Table2 /R L9t
V2, L 23 g o v T
PCR-Southern 47 O #4s, NPT ILAt{z%
W EFW S E G ot sDW TR
W@, wWPhogiic

s
AERIL0.88 ~ 1

7 ) 7 WO A &
W% sDW TRV L 7234
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Table2 Effect of co-cultivation treatments on transformation efficiency in three chrysanthemum cultivars
transformed with Agrobacterium tumefaciens strain LBA4404

No. of No. of No, of No. of Efficiency (%)
Treatments " Cutivars explants  harvested  rooted transgenic”

A) shoots(B)  shoots? shoots(C) C/A ([B—C)/BY

Shuho-ne-chikara 97 1 0 0 0.0 100

Distilled water New Summer Yellow 97 8 0 0 0.0 100

Yamabiko 136 7 0 0 0.0 100
Distilled water Shuho-no-chikara 661 13 11 6 0.90 538
+ New Summer Yellow 1350 69 19 12 0.88 82.6
acetosyringone” Yamabiko 950 18 17 13 1.36 277
Liquid MNB Shuho-no-chikara 187 26 11 3 1.60 884
medium + New Summer Yellow 75 13 4 l 1.33 923
acetosyringone Yamabiko 203 31 23 5 246 83.8

" Bacterial suspension was diluted twenty-times with three solutions for co-cultivation.
? Rooting was confirmed on MS medium containing 10 mg - liter" kanamycin,
UNPTI gene was confirmed by PCR-Southern analysis.

9 Rate of non-transgenic (escape) shoots,

9100 1 M.
&
&
NTC531 2 3456789 10 11121314151617181920212223
778bp—> - - @ @ & @
Fig. 2 A gel plate showing the presence of NPT II gene derived by PCR-Sonthern blot analysis
in 23 regenerated chrysanthemum ' Yamabiko® . Explanis were co-cultivated with LBA4404
strain diluted twenty times with liquid MNB medium containing 100 22 M acetosyringone.
Control: purified pBI121 plasmid, NT: non-transgenic plant, 1723: regenerated plants.
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Table 3 Cultivar/ bacterial strain combinations affecting the efficiencies in genetic transformation of chrysanthemum

Chrysanthemum Bacterial No.of No.of No.of No.of Efficiency (%)
cultivar strain'! inpeulated  putative transgenic GUS-positive
explants trans- lines® lines ¥
formants Zm  6m 1Zm
(A) (B) () (D) (E) (B/IAY  (C/A)  (C/B)  (DIC)  (E/D)
Yamabiko C58C1 368 21 3 i ! i 081a  0.27ab 333 1000 1000
MP9O 366 30 6 3 1 ] 164 0.82ab 300 333 1000
LBA4404 337 § 3 0 0 0 0.89a  00b 0.0 0.0 0.0
1,071 59 12 4 2 2 1,12 0.3 33.3 30.0 1000
MNew Summer C3RCH 291 13 9 5 2 i 309 1.72a 556 40,0 50,0
Yellow
MPOG 272 H) 3 3 5 3 1.84a 1840 1000 1000 H0.0
LBA4404 274 7 2 0 O 0 0732 00b 0.0 0.0 0.0
837 30 16 10 7 4 1.91 1.20 62.5 70.0 371

D CSRCL: Agrabacterium tumefaciens sirain CS8CIRIF R (pnGV2260), MPOO: A. tumefaciens siain CSRCIRIF® (pMPI0)
1 3 -glucuronidase (GUS) gene was detected by PCR-Southern analysis.
* Transgenic lines showing GUS activity 2 months (2 mj, 6 months (6 m) and 12 monihs {12 m) afier inoculation.

1 The same letiers are not significantly different at P=0.05 by Duncan’s multiple range test,

N
o
CP&

g’“YC hines o} E— YM lines —r YL lines 7 NT

684bp —>

Fig. 3 PCR-Southern blot analysis of transgenic chrysanthemum " Yamabike' |, Three YC lines, 6 YM fines
and 3 YL Hnes were transformed with A, umelaciens sirrin CS8CT, MPYG and LBA4404, respectively.
Control: positive controf from pBIIZL NT: non-transgenic plant, CS8CL CSSCIRIF (pGV22603,
MPQO: CSSCTRIF® (pMPOG),

BEE?. X FOEMICHITAEAREFORELCHETS TR A RO (7 TNy F 0 ADEEF2 D H
#®Et #) OGUSTEMED b~tbid 2 E T O (Pavingerova © 1994,

PR L 70 2 AR 12 B4 A GUSTHRTE O L~b, B L TGUS Sherman ® 1998a, Urban 5 1994) & (3183 L7225, #3825
& R TR OEE ORI AL S Fie. 48 L OFTable 31371 WIS L0 F OSBRI R X RIS 5L 130~ 250
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Fig. 4 GUS activities in different transgenic lines 2 months (2 m), 6 months (6 m) and
12 montiss {12 m) after inoculation of bacteria, Five NM lines and 5 NC lines
are YNew Summer Yellow 2 transformed with Agrobacterium tumefaciens strain

LEH ORI YTV —
b E3NLGEE, BB
ALYy IREBI B
Db (FLEHE). ¥

MPY0 and C58CT, and 3 YM lines and YCI14 line are ¥ Yamabiko transformed

with strain MP90 and C58C1, respectively.
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Table 4 Effects of temperature and Agrobacterium tumefaciens strains on transformation

efficiency in chrysanthemum ‘Yamabiko’

No. of No.of  No. of No. of

Strain” Temp. No. of regenerated rooted transgenic  ELISA(+)  Efficiency ”

(C) explants  shoots shoots®  plants” plants ¥ (%)

(A) (B) (©) (B/A) (C/A)

22 585 39 18 2 I 0.34 be 0.17b
C58Cl

25 598 44 20 5 3 0.84a 0.50ab

28 419 23 9 0 0 0.0 ¢ 00 b

22 608 35 23 1 0 0.16 ¢ 0.0 b
MP90 o

25 609 34 19 5 5 0.82a 0.82a

28 412 31 24 3 2 0.73ab 0.49ab
Total 3,231 206 113 16 11 0.49 0.34

U C58C1: CS8CIRIfM (pGV2260), MPI0: CS8CIRIf (pMPY0).

? Rooted shoots on MS+ kanamycin 10 mg/l.

Y RCC2 gene was detected by PCR-Southern analysis.

Y RCC2 protein was detected by ELISA.

% The same letters are not significantly different at P=0.05 by Duncan’s multiple range test.

Experiment was replicated two times, anddata was indicated totally.
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Fig. 5 Amplification of rice chitinase gene fragment confirmed by PCR-Southern blot analysis

in transgenic chrysanthemum, Lane 1 and 14: pBI121-RCC2 plasmid, Lane 2: non-

transgenic plant, Lane 3-13: transgenic lines,
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Table 5 Susceptibility of transgenic chrysanthemum Yamabiko lines expressing

a rice chitinase gene (RCC2) to Botrytis cinerea infection

)

Bacterial No. of Susceptibility of transgenic lines '
strain Temp. obtained

©) lined Il 2 3 4

C58C1 22 1 Y41 "
25 3 Y12 Y1, Y48
28 0

MP90 22 0
25 5 Y61, Y97 Y62, Y84 Y73
28 2 Y68 Y15

" Susceptibility to gray mold infection of transgenic plants was visually categorized into four

classes (1:no symptom, 2:very slight symptoms, 3:moderate symptoms, 4:severe symptoms).

Non-transgenic plant was categorized into class 4.

» RCC2 gene and RCC2 protein were detected by PCR-Southern analysis and ELISA,

respectively.

Fig. 7 Resistance of transgenic chrysanthemum plant
against Botrytis cinerea infection.
Symptoms shown by transgenic chrysanthemum
expressing a tice chitinase gene (A) were compared with
symptoms shown by non-transgenic plant (B), 7 days after
artificial inoculation.
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Table 6 Infection behavior of Botrytis cinerea on transgenic chrysanthemum

plants expressing a rice chitinase gene (RCC2)

Transgenic Germination Formation rate
lines rate of conidia ” of appressoria ”
(%, mean=+ SD) (%, mean+SD)

Y12 94.514.2 45.614.9
Y61 93.8+4.7 47.3%3.0
Y97 94.1%£5.2 47.6%6.1
Control ¥ 95.0£5.3 50.9+7.7

" (No. of germinated conidia,” No. of inoculated conidia) X 100.

2 (No. of conidia forming appressorium,No. of inoculated conidia) X 100 ,

Germination and appressorium formation were counted 3 days after

inoculation.

¥ Non-transgenic plant.

Fig. 8 Epidermal cells of leaves infected by
Botrytis cinerea showed brownig that
might be caused by hypersensitive
reaction on transgenic chrysanthemum
expressing a rice chitinase gene (RCC2)
3 days afte inoculation, The inoculated
leaf was fixed in Farmar fluid
(C2H50H :CH3COOH = 3:1) and
stained by 0.5 % methylblue solution.
a: appressorium, c: conidium, g: germ
tube.
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Fig. 9 This figure shows inoculation method of Puccinia horiana to
chrysanthemurn growing in a plant box. The telium-forming
leaf (white arrow) with no-surface sterilization was prepared
as a 5 mm square containing 1 to 2 telium and put on the
ceiling of a plant box with sterilized distilled water.
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Fig.10 Basidiospores formed from a teliospore of Puccinia horiana in
a plant box 2 days after incubation at 20 C in the dark.
b: basidiospore, p: promycelium, t: teliospore.
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Fig.11 Dispersed basidiospores of Puccinia horiana on a leaflet of
chrysanthemum plant growing in a plant box (A). Basidiospores
germinated rapidly on a leaflet and infected directly through
epdermal cell wall (B).

a: appressorium, b: basidiospore, g: germ tube, t: telium,

TRy 2 AOFHE) T IR E LOXFlE T A
LIS L, BTRT*BE L7 (Fig 10). HTHRTSRE,
BT L CERR B R T 52 8128 ) (Fig. 11), #
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Fig.12 Developed telia of Puccinia horiana on the leaves of chrysanthemum
plantlet growing in a plant box, within 14 days after inoculation,
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Table 7 Difference of sensitivity to Puccinia horiana
among cultivars of chrysanthemum

Cultivars Disease incidence "
(meanztSD)
pPP213 10,04+ 2.1
Qubai 18.9:411.6
Keirin 253+ 1.9
Sciun 3234+ 52
Shuho-Yamabuki
iho-Yamabuki 348+ 73
Yamabiko
3524 0.5
New Summer Yellow 37.84 3.8
Summer Yellow 3924 8.3
Momosato 420+ 7.2
Asuka 45.0% 7.1
Shuho-no-chikara( Yellow
who-no-chikara{Yellow) 47.54 3.5
Shuho-no-chikara
4934 1.7

DThe susceptibility to white rust infection was categorized into
6 classes (0: no symptom, 1: few chlorotic spots, 2: some telia,
3: less than 25 % area of leaflet surface covered with telia,
4:25% -
50 % area of leaflet surface infected).

50 % arca of leaflet surface infected, 5: more than

Disease incidence was calculated as follows; {{0Xny+1 Xn+
2 Xyt 3 X ny+d Xng+5 Xng) § X (ng+n +nytngtngtng) X 100,

DB R LNz, 2odCPp213, E BXU H 1@
o> Bl & SR L C IS DS AT A5 B B 7z,
RS AR R T BT B SIS & SIS B AR O )i
Fig. IBIRT LBV FHUA LMY (r=0.731,

2 i o i

P=0.05) W5

Do,
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Fig. 13 Comparison of discase incidence between chrysanthemum

plantlets growing in a plant box (plant box evaluation) and
plantlets growing in a greenhouse (greenhouse evaluation),

Twelve cultivars of chrysanthemum were used in the
inoculation test, and the susceptibility to white rust
(Puccinia horiana) infection was evaluated by the method of

60
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5 40
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Disease incidence in a greenhouse

50 Yamaguchi (1981) 14 days after inoculation,
Discase incidence was calculated using criteria for rating in
his method,
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Table 8 Susceptibility to Puccinia horiana infection among transgenic

chrysanthemum lines harboring a rice chitinase gene (RCC2)

G N T T {Table 8, Fig. 14},

F o GO S DS AR
WLTEINLE I DO E (De

Susceptibility of transgenic lines

Jong - Rademaker 1986, 11I11981) #%% %
FANEE ! 2N SN o (R N R Y RN S RN
R AR T, AN AR O AT I &

1

i 2 3 4
none none Yol,YR4, Y1,Y12, Y15, Y41,
Y97 Y48, Y62, Y68, Y73,

non-fransgernic plant

F OB LD Wk HE L Twv s,
f

FloB W TH I b OHE R
Ve, U ARG FL S URHL T £ 4T

Al 0 92

! Susceptibility to white rust infection of transgenic plants was categorized
into 4 classes according to a disease incidence which was calculated using
criteria for rating in the method of Yamaguehi (19813
1: no-symptom, Z: very slight symptoms, 3: moderate symptoms, 4; severe

symploms as same as non-transgenie plant,

Disease incidence
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Transgenic lines
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(Firman + Martin, 1968), o7& IEHIR 2 ko
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Fig, 14 Comparison of disease incidence among transgenic
shrysanthemum Hnes harbouring i rice chitinase gene
{ROCC2Y ina plang box evaluation,

control non-transgenic plant,
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Table @ Comparison of susceptibility to Botrviis cinerea and Puccinia horiana

infection among transgenic chrysanthemum plants harboring

a rice chitinase gene (RCC2)

Evaluation of susceptibility Susceptibility

0 B, cinerea

Evaluation of susceptibility
to P, horiana

none i none
Y12,¥Y61,Y97 2 none
¥1,Y4l, Y48, Y62, Y08, 3 Y61,Y84,Y97
Y84
Yi5Y73, 4 Y1, Y12,Y15,Y41,Y48,

non-transgenic plant

Y62,Y68,Y73,
non-transgenic plant

D Susceptibility to B. cinerea infection of transgenic plants was visually categorized

into 4 classes. And susceptibility to P horiana infection of transgenic plants

was categorized into 4 classes according to a disease incidence which was

calculated using criteria for rating in the method of Yamaguchi (1981).

1: no-symptom, 2: very slight symptoms, 3

symptoms as same as non-transgenic plant,

3 moderate symptoms, 4: severe

RV

1.5

1.4

1.3

1.2 -

11— I

& $
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T-OFEBAP S /2720 Th B & JE%
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{Fig. 15).
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Fig. 15 Comparison of the amount of chitinase production among

4 transgenic chrysanthemum lines (Y61, Y97, Y84 and

Y 12) at 6 months, 1 year, 2 years and 2.5 years after
transformation with Agrobacterium tumefaciens.

In addition, this figure shows that the amount of chitinase
production increased again to higher levels in Y61, Y97
and Y84, after inoculation of Puccinia horiana, However,
chitinase production did not increase againin Y12, The
absorbence (405 ni) in BLISA was compared with that of
the control (non-trangenic plant), and

indicated as a relative vaiye (RV),

cont.: non-transgenic piant, inoculation: Inoculation of P,
horiana carried out 2.5 vears afier transformation.
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Table 10 Infection behavior of Puccinia horiana on transgenic

chrysanthemum lines expressing a rice chitinase gene (RCC2)

Lines Germination rate Cuticular
of basidiospore ! penetration rate
(%, meanzkSD) (%, meanSD)
Y61 79.1+4.1 42,025
Y84 779432 41,1413 -
Y97 713458 43,0022
Contro} * 779437 42,022

' (No. of germinated basidiospore /" No, of inoculated basidiospore) X 100,

2 (No. of basidiospore germinated and hyphae penetrated into leaf /" No.
of inoculated basidiospore) X 100, Germination and cuticular penetration
were counted 3 days after inoculation.

3 Non-transgenic plant,

Fig.16 Elongation of iypha of Puccinia horiana. in the leaf tissue of non-transgenic
chrysanthemum plant, Twelve days after inoculation, infection hypha
clongated in intercelinlar space of parenchyma and telium formation was
observed. Infected feaves were fixed in 2.5 % glutaraldehyde for 2 hours and
dehydrated by 50 9% 10 100 % of ethanol. Samples for SEM observation were
prepared by frozen-dehydration method, A: control (non-infected plant), B:
non-transgenic chrysanthemum plant.

c.c.: epidermal cells, h: hypha, p: parenchima cells, t; telium.
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Fig. 17 Spread of infection hypha of Puccinia ioriana i leal spongy tissue 2l EOBEROG-oThHALRbALL, —F, TOLHICH

of wansgenic chrvsanthemum line Y84, 12 davs afler inoculation (B).
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Fig. 19 Schematic presentation of the infection process of Botrytis cinerea and
Puccinia horiana in transgenic chrysanthemum plant. Infection hyphae
of B. cinerea might be degraded by RCC2 products, and fungal elicitors
released(Shinshi, 1992). Fungal elicitors might induce defence reactions
of the host including hypersensitive reactions. Infection hyphae of P. horiana
did not contact with components of epidermal cell, because hyphae was
surrounded by plasma membrane-like structure (Kohno et al., 1980).
Hyphae elongated in intercellular spaces, and also did not contact with
components of parenchyma cells. Just before telia formation, parenchyma
cells were broken, and released RCC2 products might inhibit growth of
hypha and telia formation. P. M. S: plasma membrane-like structure.
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Transgenic chrysanthemum (Dendranthema grandiflorum (Ramat.) Kitamura)
expressing a rice chitinase gene shows enhanced resistance to fungal diseases
Yasumasa Takatsu
Plant Biotechnology Institute, Ibaraki Agricultural Center
Ago, hwama, Nishi-ibaraki, baraki, 309-0292, Japan
Summary

1. Improved protocol for Agrobacterium-mediated genetic transformation of chrysanthemum,
Stem segments of 23 chrysanthemum cultivars were cultivated on MS medium containing NAA 2.0 mg - liter "' and BA 0.2 mg - liter ™'
(regeneration medium). Among 11 cultivars which showed high adventitious shoot regeneration potentials, three cultivars, ‘Shuho-no-chikara’ ,
‘New Summer Yellow’ and ‘Yamabiko’ which were selected for transformation experiments. The stem segment explants were co-cultivated
with Agrobacterium tumefaciens strain LBA4404 containing pBI121 plasmid at 25 C for 3 days. After co-cultivation, the explants were placed on
regeneration medium containing 7.5 to 10.0 mg - liter ™' kanamycin. The presence of the NPT II gene in the regenerated plants was confirmed by
PCR-Southern analysis. The transformation efficiency increased to 2.46 % when the Agrobacterium suspension was diluted with a liquid
regeneration medium containing 100 ;2 M acetosyringone.
2. Transgene inactivation in Agrobacterium-mediated chrysanthemum transformants.
To compare transformation frequency and to investigate the developmental alterations in transgene expression, two cut-flower chrysanthemums
“Yamabiko’ (spray-type) and ‘New Summer Yellow’ (standard-type) were transformed with three disarmed Agrobacterium tumefaciens strains
C58C1, MP90 and LBA4404, all of which harboring the pBI121 plasmid. No conspicuous difference was observed in transformation efficiency
among cultivar/bacterial strain combinations. GUS activity levels in transformants were fairly low and varied among the different transgenic lines,
ranging from 30 to 250 pmol - min™' - (mg protein)”'. GUS expression was not observed in the lines transformed with strain LBA4404. The
alterations of GUS activity levels were examined for a long term, and it was observed that GUS activities reduced to zero level in most of transgenic
lines 12 months after the inoculation of bacteria, except for YC14 (11'ansgcﬁic ‘Yamabiko® line).
3. Transgenic chrysanthemum expressing a rice chitinase gene shows enhanced resistance to Botrytis cinerea.
Transformation of spray-type chrysanthemum ‘Yamabiko' was performed using Agrobacterium tumefaciens strain C58C1 and MP90 harboring a
rice chitinase gene (¢cDNA clone named: RCC2). Eleven transgenic lines expressing the RCC2 gene were obtained. These lines showed enhanced
resistance to B. cinerea, although the levels of resistance varied among the transgenic lines. Three higher resistance lines, Y12, Y61 and Y97,
showed very slight symptoms against B. cinerea infection and the symptoms did not spread even if the incubation period was extended. In these three
lines, a higher production of RCC2 protein was detected by enzyme-linked immunosorbent assay (ELISA) compared with non-transgenic plants.
These results suggest that the RCC2 gene can be a useful tool to improve the resistance to B. ¢inerea in chrysanthemum.
4. Use of chrysanthemum plantlets grown in vitro to test cultivar susceptibility to Puccinia horiana.

An efficient incubation system for P. horiana was established using plantlets of chrysanthemum growing in vitro. The inside conditions of a culture
vessel (plant box) were maintained at a humidity of 90 % to 100 % and optimum temperature of 20 “C to 25 ‘C, for enhancing the germination of
teliospores and basidiospores of the pathogen. Telia were maintained continuously on plants in the plant box, and the telia were used as an inoculum
for infection experiments throughout the year allowing differences in susceptibility to white rust among chrysanthemum cultivars to be detected.
Susceptibility to P. horiana evaluated in the plant box showed a good correlation (= 0.731) with the rating of sporulation on plants grown in a
greenhouse. The method described here (plant box method) is a simple, space saving inoculation system to evaluate the susceptibility of
chrysanthemum plants to P. horiana.

5. Transgenic chrysanthemum plants expressing a rice chitinase gene showed enhanced resistance to Puccinia horiana,
Eleven transgenic lines expressing the RCC2 gene were used for the experiments. These are the same as the lines which showed enhanced resistance

to B. cinerea. Susceptibility of inoculated plants against 2. Aoriana was evaluated by plant box method. Telia formation was observed in all



transgenic lines, however, three lines (Y61, Y84 and Y97) showed the significantly lower disease incidence compared with non-transgenic plants. In
these three lines, a higher production of RCC2 protein was detected by ELISA compared with non-transgenic plants. Although Y12 line showed
enhanced resistance to B. cinerea, this line did not show resistance against P. horiana. In Y12 line, production of RCC2 protein was not detected in
this experiment, and it might be caused by the developmental transgene inactivation,

These three lines (Y61, Y84 and Y97) showed enhanced resistance to B. cinerea as well. These results suggested that constitutive expression of

chitinase in the transgenic chrysanthemum plants was responsible for the enhancement of combined resistance to B. cinerea and P. horiana.

Key words . Botrytis cinerea, chrysanthemum, chitinase, disease-resistance, Puccinia horiana, RCC2, transgene-inactivation, transgenic plant,
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Breeding of a New Rice Cultivar for Sake-Brewing ‘Hitachinishiki’
Ritsuo Suga'’, Yukihiko lida, Kunio Yokota, Toshiaki Kirihara, Satomi Nishimiya,
Yoshiaki Takagi'', Haruo Hanawa?' and Yoshiaki Okutsu®’
Plant Biotechnology Institute,

Ibaraki Agricultural Center, Kamikunii 3402, Mito, Ibaraki 311-4203, japan

DAgricultural Research Institute, Ibaraki Agricultural Center, Kamikunii 3402, Mito, Ibaraki 311-4203, japan
2)Yata 883-2, Mito, Ibaraki 310-0825, Japan
3)Deceased
Summary
For sake-brewing, a new non-glutinus rice cultivar ‘Hitachinishiki’ was developed at the Plant Biotechnology Institute in 1999,
‘“Hitachinishiki’ was selected from the progeny of a cross between ‘Gikei 89° and ‘Tsukinohikari’ in 1991 by a mass
pedigree method. A promising line was selected, and originally named ‘Ikei-sake 50’ in the F; generation and then ‘Hitachi-sake
17’ in the Fy generation which was subjected to yield and adaptability trials at the Agricultural Research Institute. ‘Hitachi-sake
17’ was finally named ‘Hitachinishiki’ in 2000 and has been applied for the national plant registration. ‘Hitachinishiki’ was
adopted as a recommended variety in [baraki prefectural area.
[t is characterized by superior grain quality, strong culm, high yield, and rice blast and rice stripe virus resistance. The kernel size
is large, and the thousand kernel weight is over 25g. The white-core kernel occurred at a high rate. The ‘sake’ brewed by

‘Hitachinishiki’ has a good taste.

Key words : rice, new variety, Sake-blewing, strong culim , disease resistance, Hitachinishiki
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Virus-free Line “B-27" derived from a Variety of Sweet Potato " Beniazuma”
Kunio Yokota, Yukihiko Iida,Toshiaki kirihara, Eiichi Kashimura® and Ritsuo Suga*
Plant Biotechnology Institute, Ibaraki Agricultural Center, Ago,Jwama, [baraki, 319-0292

* Agricultural Institute, Ibaraki Agricultural Center, Kamikunii, Mito, Ibaraki, 311-4203

Summary

In 1998, Plant Biotechnology Institute released a virus-free line “B-27"  derived from a variety of sweet potato “Beniazuma”
(Ipomoea batatas(L.)Lam.,). “B-27" was selected among 30 individuals obtained by shoot tip culture of “Beniazuma” in 1992 and
evaluated for yield and tuber-quality during 1993-1997. The number of tubers of “B-27" per plant is larger than that of Beniazuma; but these tubers
do not become too big if they are grown for a long period from planting to harvesting, Other properties of “B-27" are the save of Beniazuma.
“B-27" was cultivated in a large area of Ibaraki Prefecture (2,492 ha) equivalent to 39% of the total growing area of sweet potato in the prefecture

(7,560 ha) , in 2000.

Key words: sweet potato, Ipomoea batatas, Beniazuma, virus-free, shoot tip culture, B-27
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New Edible Lotus Rhizome Varieties ‘Kasumigaura’ and ‘Hayaka’
Masakazu Kasumi, Eitarou Komatsu”, Kazutoshi Yashirg, Fumio Sakuma?®, Hiroshi Amagai¥ , Hiroshi Ezura”, Satoshi Nishimiya®, Yuuichi

Miyagawa®, Nobuhiko lida® and Yoshiyuki Ishitsuka"

Plant-Biotechnology Institute, Ibaraki Agricultural Center, Ago, Iwama, Nishi-ibaraki, Iharaki 319-0292, Japan.
Deceased
JHorticultural Institute, Ibaraki Agricultural Center, Ago, lwama, Nishi-ibaraki, Ibaraki 319-0292, Japan.
YRetired
“Institute of Agriculture and Forestry, Gene Research Center, University of Tsukuba, Tennoudai, Tsukuba, Ibaraki 305-8572, Japan.
YO0hmiya Agricultural Extension Center, [baraki Agricultural Center, Nonaka, Ohmiya, Naka, tharaki 319-2215, Japan.

“fbaraki Plant Protection Office, Sakucho, Mito, Ibaraki 310-0802, Japan.

Summary
‘Kasumigaura’ is a medium maturing and ‘Hayaka’ is an early maturing edible lotus rhizome variety, rcleased by Horticultural Institute and Plant
Biotechnology Institute, Ibaraki Agricultural Center. ‘Kasumigaura’ originated from clonal selection of ‘Chugoku’ which matures slightly later
than ‘Kasumigaura’ . In comparison with most of the medium and late maturing varieties such as ‘Chugoku’ , ‘Kasumigaura’ has shorter
internode length of enlarged rhizome which grow shallow in the soil.  ‘Kasumigaura’ is highly resistant to root rot as well as  ‘Chugoku’
‘Hayaka’ originated from an open-pollinated population of seedlings of early maturing variety ‘Gokuwase’ . ‘Hayaka’ matures slightly carlier
than “Tennou’ . In comparison with ‘Tennou’ , ‘Hayaka’ has shorter internode length, greater node numbers, lighter skin color, tenderer flesh

»

of enlarged rhizome, and higher resistance to root rot.

key words: edible lotus rhizome, Kasumigaura, Hayaka, variety, breeding
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