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DRENZI T D B A A BHCE O T, 1960 AU MY [ 255,
BB, TWNEERBRSG THEY, KE, A=A 707, 77U h%E)
HEA SN R EE AR 31T 2 R Fr M2 el S A7z, 1970 ARMRBHICIT,
KRR B EIRDOREN KT 7 VA, r=7, Ixr~—BLUOEANZF.L
[ZATOI (R - JiE 1982, )11 2003), T O OBEERO TG, %
SOEMPERINTE 7, DBRETIE, FIZ, FEREEHMCOXRERHZ BN
ELIENRNET I T ARLHK Y R T R X0 Paspalum JBIZEIT 2 EME, M
KHEEM COEFHEFALZBNE LIz T — R¥ =T 77 AR =T77
A7¢ L@ Panicum J&, ©—X7Z X (Chloris J&) XY /L5 2 (Sorghum
&) (2R L EHE, i XU RE R E oA s T OKEN 2 BBy
LXK =TV IABIONY YA T FAZ—2F X (Cynodon J&) OEMEN
fThnTEe ()i 2003), T4, fEOARE - FIHOBZIZBWTIE, REN
HH O E b E I B EEIZBIT 2R3 X MED BN EZR ED R,
TERDOEE LB BAFLICELBEE > TETWND, 2D Enb, 514,
FOARE B TR R BB EPE A FRE L T2 K O RERO BN E LN TV D,

Brachiaria J&(%, Poaceae ¥}, Panicoideae #if}, Paniceae f&IZ/& L, I
2T 7 U T &R L T LM A B TH D (Keller-Grein et al. 1996) , A
B, Bk, HE7YT, A=A RTUVTBIONT 7Y Bie & ORGE: - i
HUIBIZ B WA FIE SN TR, FITHBHEFEREE LTRIHENTWS, FF
2, FKTIE, bebEA IR N DR oTc 2 & 2RI, 1970 FRITK

JEDAREHI LRI AN BAAE ST TLLR, £ OBIGHMEILT 7 VL7200 TH 3~7 T



T halZE¥TELTWS (Miles etal. 1996)

HI1E, Brachiaria J& 13/ 100 fifEiR STk v, T, B. decumbens Stapf,
B. brizantha (A. Rich) Stapf, B. humidicola (Rendle) Schweick ¥ X ' B.
ruziziensis Germain & Evrard |%, #f4 7¢ BEEBRERICHIG L, ICEME, fEHLE
BN, EFEIE AT O R EDORND, BREME L THA STV S (Miles et
al. 2004), Table 1%, Zi b 4 FREIZIIT 5 4A5HE, il (G B
FOERFEIZONTE LD HLDTH S,

B. decumbens /%, 2n =18 (2 f51K), 36 (4 f5{K), 45 (BfHEK) nH Y,
AP ZIT O 2 SRR ERWN T, FENTRI 7 AMETH D, KR
(X, vaF Vv (Ultisols) @ X 5 2t TR 2 HICB VW THAERL, &
WIREMEZR LTV D, S EITE <, BIFELRY, LrLRBDL, 7Y
7% L FH (spittlebugs: Zulia entreriana, Deois flavopicta, Aeneolamia varia
and Mahanarva fimbriolata) (2% L CmW&= M4~ , £7, Pithomyces
chartarum (W) \JERT DL, ARV TAIVEEEND YA T FF v
EHEEL, FEOMESEEEZISEFTZ LM M6NTW5 (Andrade et al.
1978),

B. brizantha (%, 2n = 18 (2 %K), 36 (4 f%1K), 45 (51%K), 54 (6 1%
) BV, AMAEHEZITO 2 FhzRE, JMOTRI 7 AMTH L, K
AEIR CoEERIIC A e T EICITE S eV b OO, JEEHESHES & <, THEZME S 4
BREOPTTRbmMWI &0 D, MEIRAR BHESMA T TIREME SV, SR E
TR Y AR WSS TS5 )H, 77 7% A LT

AN kb I



Table 1. Comparison of reproduction mode, chromosome number and attributes of important Brachiaria spp.

Species Reproduction mode  Chromosome  pogitive attributes Negative attributes
(Degree of apomicticas number
percent) (Ploidy level)
Brachiaria decumbens A (64.0) 2n =18 (2x) Tolerance of acid soil, Susceptibility to spittlebug,
Tolerance of low fertility, Toxin (sporidesmin) production
Stapf 36 (4X)  High productivity,
45 (5X) High quality forage
Brachiaria brizantha A (84.7) 2n = 18(2X) Responsiveness to fertilizer Low adaptation to poorly drained
_ application, soils,
(A. Rich) Stapf 36(4X)  Drought resistance, Need for moderately fertile soils,
High productivity, Low quality forage under long
45(5X)
Spittlebug tolerance cutting interval
54(6X)
Brachiaria humidicola A(64.6) 2n = 36 (4X) Strongly stoloniferous habit, Low seed production,
. Adaptation to low-fertility soils, Low quality forage
(Rendle) Schweick 54 (6X) Low P and Ca requirements,
72 (8X) Inhibition of nitrification
Brachiaria ruziziensis S (0.0) 2n =18 (2X) Fast growth early in wet season, Need for well-drained fertile soils,

Germain & Evrard

Compatibility with legumes,
High seed production potential,
High quality forage

Low competitiveness with weeds
Susceptibility to spittlebug

Resource; Fisher and Kerridge (1996), Keller-Grein et al. (1996), Lascano and Euclides (1996), Nakagawa (1998), Miles (2004) et al.

T A: apomictic, S: sexual. Degree of apomictic as percent were reported by Kouki (2006) et al.

¥ Diploid B. decumbens and B. brizantha (2n = 18) are sexual.



B. humidicola X, 2n =36 (4 %K), 54 (6 f#4K), 72 (B %K) »dH v,
ST RI 7 A TH D, BERUTRVVEENET, RIEIR £ 7 i3 AR S
TTHESAERL, VUVBROI LT T LAOERENE, —F7, FEFAFEMEN
ETHIRL, S HIZZEDOEEHLE &, o> Brachiaria Hff & L TIRWY, 72,
REFORKME L THEPOT B =T REERZ EMREET 2 2 L3 AHER
LSRR 5 Z & A ST\ 5 (Ishikawa et al. 2003),

B. ruziziensis I%, 2n =18 (2 %K) TH Vv, HHEEHOLEIT O Eb 720
HIETH D, RARMIT, LIRS BRZ L2, I 2a RN b oo,
BN BT 2P ABRIEE T, ~ ARRE L OREICE L TRY, fARE
PEbmEW, £, BN, EHOR2 63, RERY A L—Y b6
REAFE B IERIE, — 7, TV 7R AVHHICH LTI E WSS R R T,

LI ED X 91T, 4D Brachiaria |8 &L, MHIAVEREBIZRZRL, 454
DEFIZB W CTHAREEEZRFFL TS Z &0, Ihb 4 Sffs BEREEM
& L THWe Brachiaria BERAZ R L, LV @EmERBNEEERT DL
INEEN TS, Brachiaria BER TIX, INEMR X OV LIED T 72 2 1h L
Z, FHIOFHEME, Bk TSI 2 BEMIERS KO U 7 % A HICKT
HEPUER ENERAE S LTBITF LTS (Miles and Valle 1996) . £§iZ
I B X B s O R IC BT D IRE B LMK &I L W RESEASHh, &5
(2, Brachiaria J& SREOTHLMEL, BB, XRBEO T TIXEWH OO, FEHl
B XBBENC AR TEWR EOR B EZALTEBY, TOHRPEENLTND

LU, Rk L7k 912, %< @ Brachiaria BEREL, * O4bEkk

AR TRIIZ VAN TH D20, HERDOZEBTRIEIC X D AR O U B 134



T#®»7% (Valle and Savidan 1996), < ZC, ZOHEME®E% wmAk L, Brachiaria
BEFEOME N L2 B E LI EEA RS 2720120, EROBIEEIRZE
MLoD, HiltBRBEEREAEHTOINERD D, o, "M AT 7/ rv—
FIE, FRCEE BB L2 FEEZMET L2 LhEEND (HA
5 2003),

AWFFETIE, ARG 2 BRI L7z Brachiaria JE DARILK E £
& 7o Brachiaria BREAZESLT H7201C, 2 SR THMEAETH S B.
ruziziensis VL7 7 Z) IZHEBR L, LD, Fig. 113, AWFEICEBIT S
Brachiaria BRI Z R L2 bDTHD, FTHE1ETIE, V2 I I R&2FT1e4
f0> Brachiaria BEMIZIIT LT ) LA X T7m—H A R A FU—ITXDHE
EL, TNOOFRIZHIT AR ETHE Lz, RIZ, {2 ETIE, LW I TR
DYPEDERROER R EZHANT, ZHFEBLP TV F V= 7 OFE
& T OREMIRBSBIZ OV TRESR T it L, MRS RIE AL LT, 2 3 &
TUE, MRS RIEEZ AW T2 e F B K D 4 R IRER 23 72, ki,
4 ETE, =7 VA Vo= 7 WAV AEERMREE LCRHWT, S—T

I NI AR K REEHREOIEH 257, - FBME~O Rtz B8 LT,



1. Genome size of Brachiaria grasses.

2. Tissue culture system of diploid ruzigrass

Seeds

Embryogerfic ultiple-shoot
callus clump
Regenerated plant

3. Induction of sexual tetraploid ruzigrass

Multiple-shoot clump seed Apomictic

4. Transformation system Calchicine treatmerfit “

Embryogenic callus

Particlefinflow gun
Inter@ross

F1 hybrid

Fig. 1 Brachiaria breeding scheme using ruzigrass (B. ruziziensis).



% 1 % Brachiaria J& 4 5fIZRBIT 57 ) LAY A ZAOHETE & F O

=3

i

1. f#

A, 7a—Y%A 8 A MY =2 XD OREEMES LT ) LA AR
GIHEETE D LI IR o7, MWERICENT, 7/ A% A XFHWIZL, EY
HOBIZEET 2098, SO H#E, YV~ 27 n—F VERORE, 861
BIERL S BICITRMET TR Z BT 5 720 D BERIERIFHR TH 5,

IHETIZ, BHA A XBETIE, ¥=T7 77X, XET7 7 I7ABIN
NeT7 7T ARETBNTT ) LA XHRHEE STV D (Jarret 1995; Martel
et al. 1997; Akiyama et al. 2001, 2008; Brito et al. 2008), —7, Brachiaria J&(Z
B TIL, Penteado ©» (2000) %%, Brachiaria J& 17 ff 430 A Of55E %2 7
P—H A FA ) —IZLVHEL TS H OO, Brachiaria BERED S 7 L4 A
ZITBEF D HFEBNTHRE S TWVZR,

ARFIETIE, 7u—H% A F A~ U —ZHWT, Brachiaria B 5D 5 HHYE
EfiCd % B.ruziziensis, B.decumbens, B. brizantha ¥ & O B. humidicola ®
ABRICBTDT ) LA X EHEL, TNOOREMIZBIT DT ) LA XD

Rl A LT,



2. MR XOT5E
(1) Y

Table 2 %, Brachiaria J& 4 B2 O\ T, AFZEICHEER L7- 5 a2 & e,
IHETIZERSNMmiEZ £ L Db D TH D, EkfEIT, B. ruziziensis cv.
Kennedy, B. brizantha cv. Marandu, B. brizantha cv. MG5, B. decumbens cv.
Basilisk 3 X OY B. humidicola cv. Humidicola T 5, Ziu b O, MNAT
BOEN » B3 « RAEFEBANR A I IERERS - SPER AT (Tochigi, Japan)
B I OEEEEE 23 ¥ — (Cali, Colombia) 7>5 2005 4EI2yE S iz, 58
BHT-T, S - WBEZEY IRE, BELEZITY 70%T% ) —1 157, 2%
WHHEFREET N U v A 20 43), WEAKT 3 EIGEH L, WEMEFIL, HLEs
7 U —» MS ERE#H B0gLT' 27 m—2, 03%% /LT A F) IT , F&IF
WL fi L7z, FEEFALEN G 1 AR, (R LIZOEmiRIE, 31°C, 16 I
FETDOA o FaX—Z—NTIELSETE, BRELRSIONN—IF2 71
Fa2:1OFEIEGTHRELZ1/5000a ¥V 7 RVARy MIBM L, IREN THE L

7’9
—o

(2) Zu—H%A M X~ =534
o 7VIRELT Galbraith (1989) @ J5iEICHE U7z, Brachiaria J& EfiE &
ONEBIEAET I 5 A % (Oryza sativa cv. Nipponbare) DA EBIIEIL, #I 1 cm?
BLOK 0.5 em® i8IV BLY, 90-mm %k U ILICH Lz, AE4Hilus & ok
Bk, IV BR-o728EHIC 1 ml MEAEEHK (50 mM Tris-HCI, 0.5%

polyvinylpyrrolidone-k90, 0.01% Triton-X, 0.63% sodium sulfite, pH7.5) Z X,



Table 2 Commercially exploited Brachiaria species.

Cultivar T(CIAT accession number)

Species

Brachiaria brizantha Marandu (6294), Brizantha (6780), Gigante (6780), Insurgente (6780), Diamantes (6780),

(A. Rich) Stapf LaLiberted (26646), Tloedo (26110), Victoria (26110), MG5 (26110), MG-5 (26110), Serengeti
(6387), Karanga (16835)

Brachiaria decumbens Basilisk (606), Brachiaria (606), Senal (606),

Stapf Chontalpo (606), Barrera (606), Peludo (606)

Brachiaria humidicola Koronivia (679), INIAP-NAPO 701 (679), Aguja (679), Humidicola (679), Chetumal (679),

(Rendle) Schweick Pasto humidicola (679), Llanero (6133), Ganadero (6133), Gualaca (6133), Brunca (6133)

Brachiaria ruziziensis Kennedy (605)

Germain & Evrard

T Materials in this study are underscored.



5 M AA 7%, WA B 2 Y U (FEATHER Ltd., Osaka, Japan) Tl V) % #,
TN O ZE DS DA fREE L7z, Yo 7 kiE, 50 ym OF A 1 Xy
v & AW TCIEE L2, 4°C, 6000rpm, 2 REEOEEL, FISA B R,

50 ug ml" RNase %%l L 7= B MREER NG 2 500 pl Nz, 7p< &% 30 43R
BTHE L, RNA 2L L7, AR L= > 7 ikix, PI  (Propidium lodide;
Biotium Inc., CA., USA) % 50 ul Nz, 5 70tE L, &N D4 DNA 29 LT,

BHREMIRIS L O RITBIT D658 1L, PARTEC CAIl 7r—H% A N A —%
— (Beckman Coulter Inc., Tokyo, Japan) % W CHIE L=, Yo7 LD
LA XE, WESNTEHRIEBEMB LOA 205 ) L% A X 395 Mbp

(Ohmido et al. 2000) #FiZHEH L=, AWEAKIZLLTFO®EY Th 5,

a
= — 395
y bx

y: &V TNl ) A A4 X

D BV T OHIEERE (G i)

QL

(o

D A XOECTRE (G )

w

fa gk L OB

Fig. 2 1%, Brachiaria J& 4 5iff (5 fhff) B LA RITBITHHEEMEDOE
— 7 &KL HDTH %, Brachiaria J& 4 #fd (5 fufl) OBOLBEDOE— 7 (¥
—72) 1%, WThOLAILEWTHA ROHENBEOE—7 (BE—27 1) L&
moTHRY, F, EREMIZENTH RS> TV,

Table 3 1%, Brachiaria )& &.f& 4 &iff (5 fuff) BT A4S ) AV A4 X%

10



0 1023
Fluorescenceintensity

0 1023
Fluorescenceintensity

Fig. 2 Fluorescent intensities of Brachiaria grasses. Peak 1 indicates O. sativa
cv. Nipponbare, peak 2 indicates Brachiaria grasses. (a) B. brizantha cv.
Marandu, (b) B. brizantha cv. MG5, (c) B. decumbens cv. Basilisk (d) B.

humidicola cv. Humidicola (e) B. ruziziensis cv. Kennedy.
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Table 3 Nuclear DNA contents in Brachiaria grasses.

Species Cultivar CIAT Reprr‘r’]g‘ég“o”T Ploigy nayzedtimesot o o1 so. Mb_'? S.D.
accession DNA content Cx
B. ruziziensis Kennedy 605 S 2 5 615 13 615 13
B. decumbens  Basilisk 606 A 4 5 1633 17 817 6
B. brizantha Marandu 6294 A 4 5 1404 13 702 7
MG5 26110 A 5 5 1743 15 697 6
B. humidicola Humidicola 679 A 6 5 1953 16 651 5

T A: apomictic, S: sexual.

12



EDOTEHLDTH D, 2 {ATETH 5 B. ruziziensis cv. Kennedy 47 LA X3
615+ 13 Mbp C~' L S iz, 75, 4MHIRRICET 55 2% A X%, B.
brizantha cv. Marandu 7% 1404 + 13 Mbp C ™', B. decumbens cv. Basilisk 7% 1633
+17 Mbp C' ThH -7, £7-, 5K D B. brizantha cv. MG5 35 L 1 6 {514k
& B. humidicola cv. Humidicola ® %7 7 A4 A XX, £ 4241 1743 £ 15 Mbp C
1B L1953+ 16 Mbp C ' Th o7, 2D L5, Brachiaria BERED S/
LY A X, BFEMHERERRICR S TN EEBITHRL TN ZERREDLN
7zo L2L72285, Brachiaria J& 4 A (5 fnfd) D7/ L9 A X, FHICEK
WTHRR>TWebOO, TOEII/NS S, FEEICBIT D ZHEREEZIT 2 57
WeEEZHID,

Brachiaria J&(Z1%, 2 f5AFED 5 6 5 AR £ TRARDHEEEPBEL TVD
Z &b, Cvalue DAIZEIT DT /) LA ADHBIZIZRADR 5 L b b,
Greilhuber et al. (2005) (%, fSEMEREMICIT D7 ) LA XD kA 10 B
Wel2AT 9 72912, Holoploid (%K, n) &7V ® DNA & &% ~¢ C-value &
» & Monoploid (—f#{&, x) 7= v ® DNA & &% <9 Cx-value Z 5 = &
ERE LTS, L, EWBTA T2 MOARORERIERO Z & TH

o 7, FERITHEMICB T H2REGEEEDOZ L THY, TOREARERIL
5%t IZE o> TH L BIp5 TS, Cxvalue ZHNT—5EH7-0 DY
J AV A REFH LI E Z A, 2K TH 5 B. ruziziensis cv. Kennedy ® %7/
LH A R, 615213 Mbp Cx ' LEH SN, —7F, 4[BEMEICRBIT 55 L
%1 X%, B. brizantha cv. Marandu 7% 702 + 7 Mbp Cx~', B. decumbens cv.

Basilisk 78 817 +6 Mbp Cx ™' T~ 7=, %7z, 554D B. brizantha cv. MG5

13



B L U6 {5 ARFED B. humidicola cv. Humidicola @ %7/ 241 X%, Zi£1 697
+6 Mbp Cx "' 33 L 10651+ 5Mbp Cx~' Ték - 7= (Table 3) , Chrtek et al. (2009)
I% Hieracium JBIZEIT 57 ) 2P A RZHOWT, YHIEHT-V OF ) 2P A X
IHEBEDFmKIZR > TS EEBITHRL TS DD, —fEHEHTZ Dr
J AP A RNE, IR T AEAPREO LN EEWRE LTS, 61T,
OB T BN T H FIEEDMH A 2338 O 51T\ % (Kellogg and Bennetzen
2004; Leitch and Bennett 2004; Weiss-Schneeweiss et al. 2006) . —J7,
Brachiaria J& Tl%, 4 f5AFED T ) A% A AN HRE L, b EFAFE, 6 fF AR
ERRIZIR DTS TH L, Chrtek etal. (2009) DA & [RIER DM 23589
Biviz, LInL7RIRG, 4 R5KH, 5B I U6 FEHE, §2bb7 R
VAMERIZEBT DT ) DY A XL, 2R THLAMERERED S ) LA XL
RT, REVWHLOTH -7z, Matzk et al. (2003) (X, 7HRI 7 v AHFIEICE
i} 5T IVEEY) TH D Hypericum J&% FIWT, 7 A% A &ALz & 2 A,
Hypericum BHRICH DT R 7V AMFEO—FFKHT- 0 DT ) LA X%, F
PEAGEFE L LR TREWVWZ EZHME L TEBY, RFEORRE —EL T,
ZDZ LDb, Brachiaria BIZBWTE, 7/ LA ADREEMED L TIEAR L,
AFERRADERIZ L > TH R AL DOREZ T T D ATREMIN R SN D,
HI{E, Brachiaria J& 235 1F 2 55 F 7213450 L 7 2% X & DREFRIZE
T ORI E T HE SN T RN EnD, ZO/RRIE, 20X )73
FENTHTZ MR Z MR Db DTHD EEZEZBND, A%, FISHIER E&2 W,
Brachiaria J& (2365 1T 2 YA DEREIZEI T D E 21T O WENH D L Bbh 5,

PLEDZ LG, ARBFZETIX, Brachiaria J& 4 5fE (5 WfE) OF ) LAY A

14



A7 —YA AN —IZEVHET D ENTE R, 7/ oA X3, 1
FIZRBWTERR>TWDL D0, TOEIT/NES S, HEIZIIT D R HERERE 1T
RBIRNWEEZ b, RO NTT ) LY A RIEHRIE, 4 AR Z e
RHEETEZ BB 5 L TR ORNITI T DM E DfatE & L TR T
Do EHIT, IO OBIBRFHILMERHRIT, BEMEOHEE, BinFHXO/ER

SR B DAL OB T 2 EICHEA TE 2 b DL EZ BN D,

15



4. sl

7nra—#A A FY—ICXL Y, Brachiaria J& 4 BFED 7 ) LY A XEHEE L
Teo HEUER (C-value) &7V D5/ LH A XX, B. ruziziensis cv. Kennedy 73
615 Mbp C~", B. brizantha cv. Marandu 7% 1404 Mbp C~', B. decumbens cv.
Basilisk 7% 1633 Mbp C ', B. brizantha cv. MG5 7% 1743 Mbp C ', B.
humidicola cv. Humidicola 78 1953 Mbp C™' & 2 v, HliIc k- T, ZDOH¥ A X
T8> TWeb Do, FEEICKT 2 ZHFEREIITR 20N EBZ 2 b, —
77, —fEK (Cx-value) &7=v D% 7 L%-A XX, B. ruziziensis cv. Kennedy
7% 615 Mbp Cx ", B. brizantha cv. Marandu 7% 702 Mbp Cx ", B. decumbens cv.
Basilisk 73817 Mbp Cx ™", B. brizantha cv. MG5 73 697 Mbp Cx ', B. humidicola
cv. Humidicola 73 651 Mbp Cx ™' &£ 720, DA RIAMAREL Y & 7R I
JAMED T RRERMBETHoT, T2, 4HEICHB T L7 ) LA XHRED

REL, SRHK, 65K LEmRIZRDITHEY, NS L RHEMDFED BTz,

16



F2E VYU T AT DA EMIERE L O EIEA & IR b

N
=i

.

i

MRk RET, BB R HEINC I 20+ EREEMT 5 LT, BER
AIRTHD, THNETIZ, B RXBKFETIE, 777X (Bovo and
Mroginski 1989; Akashi et al. 1993), % U 2277 Z (Akashi and Adachi 1992a,
1992b), = — R 77 X (Gondo etal. 2005) L OF =727 X (Luand Vasil
1981a, 1981b; Akashi and Adachi 1991) 72 L2\ T, ZER TR 72 k%
BE VLD MEST X T B, fth )7, Brachiaria J& i, B. brizantha, B. decumbens,
B. dictyoneura 35 L OF B. ruziziensis (238 C, KRR ERTERL Z It L7
REFEIZREI LTV D 0@ (Tohme etal. 1996), Z i D DARERIZAKIS X
OMEERFACICET 2572 7 — X I3ARINTE LT, /2, 2 b0l
MEE VA & MW TR E I B 205813 S S Tun7ruy,

ARFETIE, Eis -z 5472 X 5 Brachiaria & 5RO ME M L4 B L
L, TOFE ML LT, LY 277 A (B.ruziziensis cv. Kennedy) % T,
PHEMIRHB AR AN DZHERB L= TV AV 2=y 7 IV ADFHER

KON ORDIEEIEICOWTRRET L, —HOFRRESRIEZ M LT,
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2. MR X OT5E
(1) Z2HEBEEHB LR T VAV = 7 IV ADEE

2 (FRLFECTdH 5L 77 A (Brachiaria ruziziensis cv. Kennedy) 558
1L, SN - NEEABLD R, IREEAEE [70% (VIV) =4 J —L 15y, 4% (VIv)
RELMESRER T U 7 A 20 53] & L 721%, PRE/K T 3 B U7z, IR 113,
5ml JEHE K %&£ 7184 (Toyo Roshi Kaisha, Tokyo, Japan) (2 L, ##F%
e Uiz, FEEFEN S 2~3 AROSEWRT, JHY OFEL IORA Y R,
ARSEHEHLICLT, DEBOERICH L-, REBRTH LM, MS &
Az (Murashige and Skoog 1962) (2 3% A7 r—ZAEBLT0.3% 7 /71 K
(Wako Pure Chemical Industries, Ltd., Osaka, Japan)% #s01 L 7= MS [E 255 #C
%, %HEIE, 0~1mgL"'24-DFBL0~4 mg L' BAP Z#E& b TR
L7= MS BRI R S4B L, 31°C, 24 ], 50~60 uE m?2s” o B
TTEET LI THELEL (KIE 3, 20~30 SEWIR/IKIE) . &G 6
30 A%, TBR SN ZIFRITH G THFEA LR b O D A 4% Y, 30 HHIFE T
MR L2, —, =7 U AV 2=v 7 HLRE, 0~4mgL'24-DB L
?0~0.2 mg L' BAP Z#A& ¥ TR L7- MS BRI A RS A EIR L,
31°C, 24 IF#fi], 20~30 yE m?s™ DR FCH#ET 5 2 & THE L7z (KH 4,
21 IEIEIRAE) . BB 6 30 HiR, Sl T U AV ==y 0
VAL, PERERERE TGRS 2 X7 MR b D DR &Y, 14 ARG THEREE 2

L7,
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(2) ZHRBLOZ TV F T ==y 7 ANADD OREMIET 3L

EWERSIE, SHEOBEIE, B LI-2H k0%, 0~2 mg L
BAP, 0~3 mg L™ kinetin 3 X1 0~3 mg L GAs Z il & 5\ TMA HE TR
U7z MS B HICEME L, 30 HIFEE T2 LIcLviToe (KiE 4, 21
SWEMERIRIE) . — 7, = T VAT 2= 7 DNVADOELELE, L7
VAP 2= 7 HINVAD—E %, RLEL T ) —D MS [EESH T 14 H B
#L, R EREE SE7-%, 0~0.1 mg L' NAA 33 L (8 0~2mg L BAP
ZALA DE TR L7 MS BERE UL, > =2 — M Efmb 7 (I8 3,
21 DEMMAIRAR) . 7ed8, MEMIIARTR3(klE, o, 31°C, 24 Ff, 150
HE m?s! OB FTiio72, BonizEmoby =— ML, "' 7Y —0
1/2 MS [EJEE LI BBHE L, F8AR &R L7-%%, 27°C, 16 I#fi], 50~60 uE m?s™
DI F CIEfL & 72, NE(LALEL 2~3 B, MR, EIREE s LU
—IF% 2T & 21 OEATHRIELIZ 1/2000a V7 %Ry MBHEL, B

ENTHREE LT,

(3) HERHMEHT
%7 —4% (p, %) 1%, Claringbold etal. (1953) D/AFUZ L7723 - THIESL
KWzt o7-%, =7 &/L#i5 2006 (Social Survey Research Information Co.
Ltd., Tokyo, Japan) % FV T, Tukey O Z &t 417> 7=, 723, Claringbold et

al. (1953) OAXIILLTOHEY TH 5,

y = sin”'4/p/100
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3. MRIBLOBL
(1) ZIEETERL L DI
Fig. 313, V7 7 A2 2L FEROTERF L OE OREMIRR 3L Oz
ERLIELOTH D, KEEBEAS 3 HH, MR AR SGEEHITE S 2
(Fig.3a), DAY DIEL L OMREZI Y R Z & T, Fig. 3b 1T X9 4R
MRPFEHLICe o Te, 858G 5 14~21 B B, #IHIZIFERIL, HEH LI
Ppo T AR S IR S (Fig. 3c), 15# 30 H HICIE Fig. 3d 1OR7T &
970 %  DERRPEE LIZLHRPIERS Tz, Table 4 135872 258 /VE R
ERND T T ADEFERGMRUC KT TR ONWTE LD LD TH D, £3F
RIAERIE, A L2 U B W TR BEREITRD b oo b DD, 0.5 mg
L' 2,4-D + 2.0 mg L' BAP ifIIXICHE N T 21.4% & b EWMEZ R LT, 17—
X7 5 AT, KHEED2,4-D (0.1 mg L") L@EiEED BAP 2.0 mg L") %
MAEDE TR MS [EREH L COREMIRERA RS AR T 52 LIk
D ZERP R BDFRRLIFE SN, ZORRIZ, ZHEEORE EITEL O R—
LIROAE R SNVESE LTz (Gondo et al. 2005, 2009), 7=, =237 (Avena
sativa L.: Zhang et al. 1996) <° h &z =2/ (Zea mays L.: Zhong et al. 1992)
IZBWTHRERORERDBHE SN TS, RIFRIZEBNTYH, Z3HEEIT, KR
FED 24-D (05 mg L") &EiEDBAP (2.0 mg L") S F oo #HE
EN, ThETOAL FFHEDICE N THE SRR ERETH -T2,
ZIROFRM LIZEE LIAR AL, Bofbis L ToORBERE S 14 H
ZIXEb L (Fig. 3e), ¥:#%& 21 HHIZIZZ < v = — 35RO Lz (Fig.

3f), Table 5%, F&72% R/ E AN R & OREMIERE LIS 17
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Fig. 3 Developmental stages of multiple shoots cultures of ruzigrass. (a) A

swelled seed-derived shoot apical meristem after 3 days of culture on MS
medium containing 0.5 mg L™ 2,4-D + 2.0 mg L' BAP at 31°C under light
condition. (b) A naked shoot apical meristem. (c, d) Primary multiple—shoot
clump after 21 days (c) and multiple-shoot clumps after 30 days (d) of culture. (e,
f) Plant regeneration from multiple shoots after 14 (e) and 21 (f) days of culture
on MS medium containing 2.0 mg L™ kinetin + 2.0 mg L™" GAs at 31°C under

light condition. SAM, shoot apical meristem; PMS, primary multiple shoots.
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Table 4 Effect of plant hormone on multiple-shoot formation of ruzigrass.

Hormone

concentration (mg L™") No. of explants No. of explants with multiple-shoot
2.4.D BAP inoculated clumps formed (%)
0 0 70 0(0,0)

0.1 1.0 70 4 (5.7)

0.1 20 70 3(4.3)

0.1 4.0 70 0(0.0)

0.5 1.0 70 3 (4.3)

0.5 20 70 15 (21.4)

0.5 4.0 70 7 (10.0)

1.0 1.0 70 6 (8.6)

1.0 20 70 11 (15.7)

1.0 4.0 70 2(2.9)

There were no significant differences among media by Tukey’s test.
2,4-D, 2,4-dichlorophenoxyacetic acid; BAP, 6-benzylaminopurine.
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Table 5 Effect of plant hormone on plant regeneration from multiple-shoot

clumps in ruzigrass.

- -1
Hormone concentration (mg L ) No. of multiple-shoot No. of  regenerated

BAP Kinetin GA; clumps inoculated explants (%)
0.0 1.0 1.0 84 30 (35.7)
0.0 2.0 2.0 84 45 (53.6)
0.0 3.0 3.0 84 26 (31.0)
0.25 0.0 0.0 84 25 (29.8)
1.0 0.0 0.0 84 45 (53.6)
1.0 1.0 0.0 84 30 (35.7)
2.0 2.0 0.0 84 37 (44.0)

There were no significant differences among media by Tukey’s test. GAs,

gibberellic acid.
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BIZOWTE LD bDTHD, ZHEOHFMEERIL, L2 ok
KBRS R bR s o200, 1.0 mg L' BAP MK £ 721X 2.0
mg L™ kinetin + 2.0 mg L GA; iRIMXIZIV T 53.6% & b sV Ml &R L7z,

XF=T T IATIE, =7 VAT ==y 7 ANADSORHEMIKR I N T,
kinetin & gibberellin Z /A& TEHFIZIRNT 5 Z LI2L Y, REROMHE
PMMEESI N2 Z E s ST Y (Akashi and Adachi 1991), A2 TI

ZHRICB VTS, kinetin & gibberellin ZE#irp ~FIN4 % 2 &2 X 0 HOE

RO ENRED BT,

(2) =T VAV =7 HNVAAEEDIEE ML

Fig. 4 1%, W7 I RZBT D2 T IVA V2= 7 INVAEMB I OED
R OMEEZ R LD Th D, §EMGENG 3 A BED L IHEMIE
DER ST NIAE L, 7 B BEIZIIW L 2083RB 5i7- (Fig. 4a), &
512, 14 BEEIZITZ a7 R THREAOT T VAT ==y 7 VAR
S (Fig. 4b), SN TV F V== 7 )V AITHFEEE TH Y,
B PR~ 5 30 H HEHIZIX Fig. 4c (2R K 9 2/ BRIk TR . O AT A E iR
MEE LT TV A 2=y 7 HIVRANE LT, Table6 1%, %/ bhL
FUVRENNS T TAOT T VAV 2=y 7 IV ARIZ RITTHEIZOW
TELEHIEHLDTHD, T T VATV =y 7 IV ATEERIT 0~16.7% D Hi[H
THY, 4mgL"'2,4-D+0.2mgL"BAP RINXIZIHWT 16.7% & A &I b 5
WEZRL7E (P<0.05), 2Dk, =27 VAT 2=y 7 INVAO—EERNL

F 7 U —MS EEEHICEIEL, HBELLE IS, HiEE 10 B BED b AHI
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Fig. 4 Developmental stages of embryogenic callus cultures of ruzigrass. (a)

Primary callus after 7 days of culture on MS medium containing 4 mg L™ 2,4-D
and 0.2 mg L™ BAP at 31°C under the light condition. (b, c) Embryogenic calli
after 14 days (b) and 30 days (c) of culture. (d) Somatic embryos developed into
scutellums on MS medium without plant hormone. (e) Plant regeneration from
embryogenic callus on MS medium containing 0.1 mg L™' NAA and 2.0 mg L™
BAP at 31°C under the light condition. (f) Regenerated plant after 21 days of

culture. PC, primary callus; SC, scutellum; CI, coleoptiles.
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Table 6 Effect of plant hormone on embryogenic callus formation of ruzigrass.

Hormone y No. of No. of explants No. of explants with
concentration (mg L ) inoculated with calli formed embryogenic calli formed
2,4-D BAP explants (%) (%)

0.0 0.0 84 0 (0.0) 0(0.0)

0.0 0.2 84 0 (0.0) 0 (0.0)

2 0.0 84 78 (92.9) 1(1.2)°

2 0.2 84 80 (95.2) 5 (6.0)°

4 0.0 84 72 (85.7) 1(1.2°

4 0.2 84 76 (90.5) 14 (16.7)°

Means followed by different letters differ significantly (P < 0.05) by Tukey’s test.
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RNEMMBTEMRENT- (Fig.4d), LL7en b, Z< OFMBANERIE, ShiEY
EANLRRE LR oTclo, TRO 2B BHICBE LIEE L2 25, &
NODORNERITHEII L, TOMENMETHZ LT (Fig.4e), Hobii
Mk ~L R L7z (Fig. 4f), Table 7 1%, R KR LVE UV RBENRT VTV AVx
= T HIVADS DM EF I KIETEEBICONWTE OO TH D,

T T VF T 2= T TIVAD S OREMIEE LRI, 15.9~47.6% D#HiH TH
D, 2mg L' BAP + 0.1 mg L NAA FINXKICB W T 47.6% L b EVMETH -
7= (P <0.05, &bHIZ, FHBMXIZBWNT, 1 V/VAL720) OFEEY R
M22ARKEFRKTHoTe, R—AX T FATIE, 2T VA= T HIVAND
DREMIRE2EIC BT, BAP & NAA A G O TREHIPICIRNT 2 Z & 1Ic &
D, IR EROR R MR Sz 2 & A ST Y (Gondo et al. 2007),
AIFFETIX, WP T7 T ATBNTY, BAP & NAA ZEMih~IRINT 5 2 12 &

D bR Om ERFRD b,

ZIVETIZ, 2Nt 7 77 A (Bovo and Mroginski 1989; Akashi et al. 1993),
XU R 27Z A (Akashi and Adachi 1992a, 1992b), =— X2 Z X (Gondo et al.
2005) BXLOF=7277 A (Lu and Vasil 1981a, 1981b; Akashi and Adachi
1991) 7¢ & DRI A R BHHENZ W T, IR EMIERL 2 T L 7o IR T
SERDPHELENTEBY, WTFNOBEPEIZE N TS, &REDO 2,4-D 2 Hl
t L IR D BAP LG O M~ORMB = 7V AT ==y 7 v
AHICHE R TH L HFHPHRESNTWD, R THIRRIZ, V27 I 2D
TV A T ==y 7 HVANL, EIEE (Amg L) 0 2,4-D LK D BAP (0.2

mg L") ZHADELRMKIZEW TR b RMICHEES L,
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Table 7 Effect of hormone on plant regeneration from embryogenic callus in ruzigrass.

Hormone

concentration (mg L™)

No. of

inoculated calli

No. of explants with

regenerated calli (%)

Total no. of

regenerated shoots

No. of shoots /

regenerating callus

NAA BAP
0.0 0.0 63 12 (19.0)° 20 1.7
0.01 1 63 10 (15.9)° 11 1.1
0.01 2 63 29 (46.0)° 41 1.4
0.1 1 63 1 (17.5)° 20 1.8
0.1 2 63 30 (47.6)° 68 2.2

Means followed by different letters differ significantly (P < 0.05) by Tukey’s test. NAA, naphthaleneacetic acid.
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BONTEZHFERBLOT TV AV ==y 7 VAN O CEWRIL, FE
FHROMEYA & RIREEICIEFICAR L (Fig. 5a), S HICHFIL 2%, e
TEGDZ ENTER (Fig. 5b),

UbEDZ &nn, AIETIE, @mWESbENZEET 22 FRB LT
VI VA V2= VAN AEFETDHENTE, VP77 T RTEITD—#O
MRS RIE AL T D 2 e TE e, Ak, KEEIEL, N—T 4 70V 4

(C X DA TR EINIC T DBEHTE 50D EEZLND,
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Fig. 5 The regenerants derived from multiple-shoot clumps and embryogenic
calli of ruzigrass. (a) Plants derived from seeds on the left, regenerants derived
from embryogenic calli in the center and regenerants derived from multiple-shoot
clumps on the right. (b) Inflorescence of regenerated plant derived from

embryogenic callus.
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4.
RETIE, V27T ADDMERRERRNPODEZHF R IO 7Y

AV = 7 AN AOFHEE L OFN L OMMIRE S LIZ O W TRHRE L, —if
DL R IE AN LT,

LI RIERCRIZ, 0.5mgL” 2,4-D + 2.0 mg L BAP iRINXIZHW\T 21.4%
EiRbEVMEZ R LTz, —F, =T VAP o=y 7 WVABHEEL, 4mgl’
2,4-D+0.2mg L' BAP IRIIKIZIHNT 16.7% & e b mVMEZ R L2, 36D
5 OREMIRFE /3 EIE, 1.0 mg L' BAP iEANX % L1 2.0 mg L™ kinetin + 2.0 mg
L™ gibberellin 7K IC BN THEAMEERN 53.6% L KRR THoT-, =TV FY
T = 7 HIVAINS OFEWIRE ML, RvE 7 U —MS EE Tk
REBMPTER ENT-1%, 2mg L' BAP + 0.1 mg L NAA @i MS [ETEL:#
THEETLZZLIZEY, bR FESL, TORIT 47.6% L kb mEVVE
Thole, £7o, 1 INVAET0 OFMUEMERS 22 K H K TH- T,
LLED Z EnD, REEREIZS—T 4 7T B X DG B+

DEHHATEDLHDEZEZ B,
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T VT T AR D 4 REROIEH &SRR TEIC X D AT

—
=1

.

i

Brachiaria B EICK T 2B LA B E LT EBRRIEROTGEDO—2 L
LT, 4 R IRAMEAIR 2 MW B REN BT 6D, ar EiZH D
BREVH R o # — (CIAT) TiE, 2f%KkEfEL Y 7 Z 2 (B. ruziziensis) ~
DN F I LY 4 (SRR AL L (Swenne et al. 1981),
Z D A EIRAVEATRGE L MAED 4 AT R I 7 2 AR E ORI TR %
J&BH4 % Z & T, Mulato (CIAT36061) <> Mulato Il (CIAT36087) 72 & Dk
BTN ERIN, —EORENED LTS (Mile et al. 1996, 2004), L
MULIRNR G, ZORKOHRKTORMPICITHREDH D Z &0, DRET
Brachiaria BB A BB L T < 72O, Fiolc 4 BEARA AR 2 EH L,
FHLWERBEMZBERT 5 LRMETH D,

MR DIFETIE, MMEDIT >, MEFI K OFE 1 H 2k O Sl (K12 Hiia
SEHERTH D2/ F o0 U & invivo 54T Tl F L 4 f56% 5
I D, & THN, GITORME e EORESE Va1 F UABTI,
F A TERPFHESNCT <, SO’ EMENTz 4 HRZEY HT
ZEIEAES TIE AR, i, BHIEA BRI, E RS R R
FEOMEL, KRIRPER TR EORMBENR BV, F1-H RO SREY R % 53 12 2
DDICKRE RGN EES D,

Z T, RETIE, BIECHEN LMo BRI AEICET 20

Pl LT, 2BEEFNLT T T ADZIEEE VT, in vitro {F FTThaik
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T LD 4 R AEAIRROIEH 2Tz, £, T OIEHM=RZ1E
KOIFiE L T 272012, FEF-HRODED R E AT ar e F AR AT

S77,
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MBS L Ok
(1) R

WL, 251K 275 2 (B. ruziziensis cv. Kennedy) T&h %, %3
ROFFE L, 552 ZEICHEL T{T- 7= (Ishigaki et al. 2009a), ZHKIL, FHEAT
HIEAIEE 72 b OO A& #E) (Fig.6a), 2/LbeF ot Lz, —F, il
WKL, SERART %2 WA CIRBE LB, AT 7 ) —0 MS EJEE; TR

XY, 2~3 HEABEESYE, /e F BT,

(2) =)L bF AP

ZAFRA~D 2L e F AL, H5E L 72 2 3 R0 —% 0.0125, 0.025, 0.05
BIO0A%EED 2/ F > (Sigma-Aldrich Inc, Tokyo, Japan) Z¥#NL7-
MS EsEH (0.5 mg L' 2,4-D+2mg L' BAP %) IC@ER L, =RIRT12 K
ME7213 48 FFRIESE T2 Z LI2 X VITo72 (I8 3, 30~40 ShEWIA/KIE)
—J7, SRR ~D e FUBIE, 01%BEO L FU R RN LZERL
T 7 ) —MS EREHIC 3, 6 BLN12 BIRIET A Z LIckviToT,
aLe F ARG, SR, JEEKT 3 ENES L72#%, 2.0 mg L' BAP %Ik
L7 MS [E s Behi U, 24 B, 150 uE m?s” OMBA T 30 A5 #
L, oMb R L, BOoEDIAT, Srer 7 ) —0 1/2MS EER I
ML, BRSET, —JF, /b F U ALBEZONEMIRIE, WEKT 3 FIYEG

L7=t%, AT 7 U —0 1/2MS BEEEHICEHE L, FBIBE2E LT,

34



MO i U -

Fig. 6 Induction of tetraploid ruzigrass plants using colchicine-treatment with
multiple-shoot clumps. (a) Multiple-shoot clump after 3 days of culture on MS
medium containing 0.5 mg L™ 2,4-D + 2.0 mg L™' BAP at 31°C under light
conditions. (b) Surviving and regenerated shoot. (c) Plantlet in 1/2 MS medium.
(d) Acclimatized tetraploid plant in greenhouse. (e) Leaf blade of diploid (right)

and tetraploid (left) ruzigrass.
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(3) 7a—H% A FA U —ITXHEEMEOHEE
B Lo B bR L OSEMIRIE, 7e—F A b A ) —IZ K5
BYEDOHEE 2T o7z, Vo7 VRRENE, 55 1 mICHEL TiTo 70, 58T, 2
fERNT 77 2B LA/ F LB OREMIRIZ IS 1T 5 DNA & &l 4 N
H¥ThDHA D DNA GEME (Uozu et al. 1997) ZILICHH L, ikd sz &

XV HEE LT

(4) FIRSH TR X 2 Ytk O fesi
Yuto ARFEAL, BERARBEZE XE28  (Fukui and lijima 1991) @ —#% A&
LPERR LT, 77205, 2 iR LU 4 AR EAR O 2 1 em BREEIZEIY BY,
A F U REAKHFITIRIE L, 0°C, 24 KM AKMLER L, Hlfasy 28T o gtk
LS, WKL, RisIEEER (99%T %/ —/v @ KElE =3:1)
CR L, 24 WFEIOMEER, LIT ORSEMRREZTT - 7o, BERMREL, [BIE 72k
Ui % A A KA 1 R IE U CREER 2 KBE L7221, 3% (wiv) &L
7 —¥4 /Y7 RS (Yakult Honsha Co. Ltd., Tokyo, Japan), 2% (w/v) vt &
# 4 L R-10 (Yakult Honsha Co. Ltd.) 35X 0.5% (wiv) ~2 kU 7 —+E Y-23
(Kikkoman Co. Ltd., Chiba, Japan) %%l L7-E#R#kH T, 37°C, 80 4yl
B4 2 EICE VAT o7z, BERMRER, RIIIATA R ARIIBL, B
Ty FEMAWT, BEIERE &b IR D R 2 F 7 ERAEY , a4 R
7z, fERR L7 P AR T SR 24 BRI ACE L, BRI E-, 71X
7 — b & BAREL IR, YetaiR%, 4'6-diamino-2-phenylindole (DAPI) % Fi\ Tt

JEY L, HOBBARGER T ORISR Lz, B GUTEOLBREE (Olympus BX51,
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Olympus Optical Co. Ltd., Tokyo, Japan) Zf})& L7-#%#1 CCD 7 £ < (DP70,
Olympus Optical Co. Ltd., Tokyo, Japan) % H\W\CTHRE L=, 2 fFAEARS LW

4 FERER OGN, iy LT 2 BlsR4 5 Z LIV E LT,

(5) SEM (Z X % FLiMifE D#L%S
2 IAER S L OV 4 R OTES X, 91 em? 18D By, sEHS ALY
7=, B S (Hitachi TM-1000, HITACHI Co. Ltd., Tokyo, Japan) %
AW THLL Mz 8ig2 L, FLiZMIER I ZOFLI a2 & Lz, HIE
W BT, 2 REARMEEDY 10 81, 4 EEEES 16 R TH Y, ik 1

fERIZ> & 30 fE D FLZ M 2 Il E L 7=,

(6) HLAHENT

4 EHADOIVEHZE (%) 1, Claringbold etal. (1953) OAXUZ L7zA-> T
WER A Z 4T - 1214, Tukey DZE K Z1T > 72, 2 fFREARF L O 4 (54148
RIZ I 1T 2 FL MR & 36 K UL ARILE O FE Tk, Tukey DL EILEL A 1T
STz, Fio, fEEH, LHRE R X Ol Mg O BRI, BRI LY
P L7, 7B, AREFZETIE, =2 BLkEEF 2006 (Social Survey Research

Information Co. Ltd., Tokyo, Japan) % v 7=,

3. B L OEE
(1) B/ b a)L e F U AEREB L OV 2L b F U EBENLIEROAFEE L O

EARME NN RT3 2
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Table 8 1%, %7225 @b b F U UEKFH B L= L b F UREN S HFRDE
B XY ARG RIETEEBICONTE LD LD TH D, FLALEDE
R, FBEQICE(L LREFE LTz, 12 BRI T, 2L F U<
RBIZONT, ZOAEFRIT40%0D 17%~ (KT Liz, —J5, 48 KL X
TOLHEIL, e FUREICERR LS, TOEFRIT 2~T%LE L RV
BTHotz, FOTEFLEZHFERT, FofbEicBmL, Fofbza{e Lz
EZA, K& 30 AHICIE Y 2 — h~AR L7z (Fig. 6b). fFbhicmofby =
— MZ, FBRZfEV (Fig. 6c), fEMiE~L 4K L7 (Fig. 6d),

Fig. 71%, A%, V2772 2fEFERB LN/ b F L% OBl
) IZBiF270—0 A FA M) —=TOHOHRRERLIZBLDOTHD, 13 (¥
—7 1), 25N T T A (=2 2) BERareF oA BOLY T T A
bR (B—2 3) [ZBIT2HMEDO Y — 71, {4 BHfERe—7 %
RUEZR ST\, $£77, 25K 275 20 DNA & #1132 1.41 pg 2C" Th -
ZDIZH LT, 3t F BRSO Y 7T ZEAM R D DNA & &l 2.77
pg2C" TH Y, 2 fFED DNA G EDOKI 2 (5 Th o 7= 2 &5, B UAEYEIE
AEERTHD H O LW LT, £, 45T 25O E— 7 RO LT,
F A TEIRTITAAN T EAVRE Nz, e F U X 20E, 0.1% =L
b F - 12 BB IZ I TE D HBLR AN 28.6% & ALBREABR X 0D 1 Tl Kl

%~ L7 (Table 8),

(2) B2 B =L b F L AUEBIE 2R - SR O WA IR O 2 17 35 & Ot AR

ICRIET R
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Table 8 Effect of treatment duration and concentration of colchicine on survival and chromosome duplication of

multiple-shoot clumps of diploid ruzigrass.

Treatment Conc. (%) No. of explants No. of explants No. of shoots Total no. of plants PIoidyJr

duration (h) treated survived regenerated acclimatized 2x 2Xx + 4x ax (%)
12 0 100 80 69 69 69 0 0(0)
12 0.0125 100 40 46 45 28 15 2(4.4)
12 0.025 100 28 43 43 30 6 7 (16.3)
12 0.05 100 24 36 36 27 4 5(13.9)
12 0.1 100 17 28 28 10 10 8 (28.6)
48 0.0125 100 7 4 3 2 0 1

48 0.025 100 7 2 1 1 0 0

48 0.05 100 3 0 0 - - -

48 0.1 100 2 0 0 - - -

There were no significant differences among different colchicine treatments.
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t Ploidy level was estimated by flow cytometry.

40



5000

4000

3000

2000

Number of nuclei

1000

5000

4000

3000

2000

Number of nuclei

1000

Fig. 7 Fluorescent intensity measures of B. ruziziensis and O. sativa cv.
Nipponbare by flow cytometry. (a) Peak 1 corresponds to O. sativa cv.
Nipponbare, peak 2 corresponds to the diploid plant of B. ruziziensis. (b) Peak 1
corresponds to O. sativa cv. Nipponbare, peak 3 corresponds to a regenerated

plant from multiple-shoot clumps of diploid B. ruziziensis treated with 0.1%

colchicine.
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LHENS O AFHEEHTIZ01%D AL e F U BENE LA TH 1= 2
END, FETHEROGEDILZ Tz 4 (FREH T, 0.1%0 e F 8N
AT 7 ) —MS R Z 3, 6 36 K TN 12 AL+ % Z L2 L7z, Table 9
%, HAe D a e F LB 3 A B R D SIIREIR D AAF IS K OGL AR
IZH5- 2 5BZONTELDILbDOTH D, SEWERIE, LB 3 K 03
BOHIZBNTEERRBO B, ZOEGFEEREIT16% TH -7, £FE LT 16
EEODEDRIT, 77— R A MU=k, ZOFEEEEFELZE 2

5, SHEEN ARETHL ZENHERTE, TORILIMNI%NTH-T,

(3) 4 fHAICE T D YA B O RERE IS L UL MIE O 5%

2R K 1 /5 23 {4 (Table 8) 35 L OSh#E M 1A Ha >k 5 /it 5 {4 (Table
9) DAF 6 FZH 28 KD 4 (HEICHOWT, MIFATIEIC XV Z Oy Ek
EHER LT, 45RO aAiE2n=36 TH Y, 214K (2n=18, Fig.8a) &
el UC, PR EmEnTng 2 LB TE 72 (Fig. 8b),

RETEH SN2 4 B EROERIL 2 RO DO EHRTE 2o T
(Fig. 6e), S HIZ, 2 fiFhkIs LU 4 FHRO LI 2 & 1 BAMED T CRlg L,
FERICB T LM ZTHE LIz L 25, 4 EERofLBMas, 2 Ekofid
ALY HERLTND Z & O b (Fig. 9), Table 10 1%, 2 5k LT
4 FEROFLDIIZ BT DR S L OMIEELZ £ L DiebDTh D, 2 fFED
MR L OWIEIZZ N2 264 £1.28 ym B L0 14.921.02 ym Th - 7=
DIZHKT LT, BHEERA~D 2V b F A L0 5 D7 4 50T, HifaR 2 43.0

+3.75 um, #MRNEAY 24.3+1.40 um TH o7z, S5, ShEME~D 2L
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Table 9 Effect of colchicine treatment duration on survival and chromosome duplication of
seedlings of diploid ruzigrass.

Treatment Conc. (%) No. of explants No. of explants Total no. of plants PIoidyJr

duration (h) treated survived acclimatized 2x 2X + 4x 4x (%)
3 0.1 100 16 16 3 8 5(31.3)
6 0.1 100 0 0 - - -

12 0.1 100 0 0 - - -

t Ploidy level was estimated by flow cytometry.
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Fig. 8 Cytological analysis of ruzigurass. a, b) chromosomes in root tip cells of

diploid ruzigrass (a) and tetraploid ruzigrass induced by colchicine treatment (b).

Bars correspond to 10 um.
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Fig. 9 Evaluation of leaf stomatal characteristics. a, b) stomata in the leaf blade

of diploid ruzigrass (a) and tetraploid ruzigrass induced by colchicine treatment

(b). Bars correspond to 50 ym
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Table 10 Stomata characteristics of diploid and tetraploid ruzigrass
plants.

Ploidy level Stomata length (um) Stomata width (um)
Diploid 26.4+ 1.28° 14.9+ 1.02°
Tetraploid (seedling) 35.6x 2.28° 20.9+ 0.82°
Tetraploid (multiple-shoot clumps) ~ 43.0% 3.75° 24.3+ 1.40°

Means followed by different letters within each column differ significantly

(P <0.01) by Tukey's test.
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b FUABIZ VR b 4 5K, MlaR 2 35.6 £ 2.28 pm, MifaiEs 20.9 +
0.82um Th o7z, WTNUTBWTY, fLiZME I ZOMIEEIE, 2 fEAREE
DHLEDOLY bAEICKRE -7 (P<0.01), F=, fLiZMao Zib Of L
EEE & ORNZITIAERIEDOFE (P<0.01) 283D b7z (Table 11),

ARETIE, 2MEEFHEN DT T ZADLHFRE T ITPMEMIEZ in vitro T
TaVEF AT HZ LT 4 EEREZEHT 2 283 TE, ZTORRKHIRIZ
ZIFIRDS 28.6% THHEMIAD 31.3% Tdh -7, Swenneetal. (1981) (X, L
7T AOH 1 HREM A% VT, 0.05~0.1% =/t F > % invivo I F T
1~8 BFAALEES 5 Z L IC &V 4 iR OIEH 2R TR Y, £oHIEEIT 0~
38% Tdh o7z, AWIETHO LILZHBISEEIL, Swenne et al.3HE LTV 5
fE & T, [ ETROONR272b D00, ZERBE TH o7z, ZHEKR
EDREMZ, 70— X VERIZHIETE 52 15, a/Le F U
MWD EPEHE L THEEMEICBR R REICHET 22 LA TE 2 A TAHRM TS
%, ZHVETIZ, 7 Rv (VitisviniferaLl.) , 377 (Musaacuminata) , =%
%37 (Scutellaria baicalensis) 33X U7 U (Morus alba L.) 72 E %4k &
% 2 EERIEMICHENT, Zo T VAV =y I INARLIHERR E O EN &
FAWT, invitro 5 FCar e F o £72034 0 U AL L, REFSE & [RIERIZ,
BN 4 fEEEERT D06 Z < @E S Tw% (van Duren et al.
1996; Chakrabori et al. 1998; Gao et al. 2002; Yang et al. 2006) ,

T, 7r—HA A MU=, EEMEOHEE 2 KV IEMEDOREIZAT 9
ETHE I TIEL 72> T % (Pinheiro et al. 2000; Gu et al. 2005; Yang et al.

2006), AWFZETIL, 7u—H% A F A MU =25 Z & T, 1EROMEH) T
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Table 11 Relationship between ploidy level and stomata size
across diploid and tetraploid ruzigrass.

Ploidy Stomata length Stomata width

Ploidy 1.000

Stomata length 0.861 ” 1.000

Stomata width 0_926H 0_945** 1.000

- All correlations are significant at the 1% level.
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B, KO ET, BIC 4 5REZRET 2 2 ENTE T, DI, 45K
(2B D LM R 3 L OLIZMIAEE I, 2 5LV b AEICKELS ko THY,
2D OFLIME DR & fEEE & ORICITABERIEOMENE O bl 2 &
o, FLOMIORHEIL, 4 fFHRERORKIZIBNT, Za—HA 8 A YoM

RMEFHFIEZAT O IO BIEEE L THEMATE 5 2 LR Sz,
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4. 2

ARETIE, AIE TR 2 (FEERLV Y 7T ZADLIFR, Foi3f 7 hk
DL Z T, in vitro SfF T TO /L e F ORI LD 4 fERZ/EH L
7o

Vb F AL L T2 SRR K OHEM IR AR Do 4 172 fEROREY)
s, ZEFEERBER 178 23 EikB LOSEMREK 5 %Ht 5 RO EE 6
St 28 fEIARD 4 R AR LTz, 4 f5 R DI KRIEHAIRIZ, Z31EDN 28.6% (=
Ve T PREE 0.1%, 12 BEHIAEEX) , SIE A7 31.3% (/v & F L iR)E 0.1%,
3HFMAHX) Th o7z,

Flo, 7r—H%A A NI —ZHW5 Z & T, EROMAAFRFIEIT A,
L0 EECRHICMER AR T 52 LN TE T, 61T, LigMiaR, Mo
B L OREEME L ORNCIE, AERECHENPHEO b s, LMo

R AfEtR & Lz, 258 U4 KO A HBINRETH 5 LB b,
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BaAE N—T 4N T7u—=H BRIV T T ADOREEERIRDOEH

& DR BUEHT

N
=

.

i

WA, T anNs T g LERCNS—T VI ER E OB 2 B
MoOREBIZELY, 4 X, hvEnay, VEABLIOTZ 3 EOFEEEYIC
BT, BEFHERZBEOBEEIEANATOATND, TIETIZ, BIEEK
A0 O RME 728 2 B A & LT BREAIMME, i BT K O itk 7 o ox
(Bt # o /37) PEAMEREZ AT G LT B s F-HAH 2 Sn RO ih « Sk L TR
Effm 2B E Licam U o ARG B FvERr Iy, LA U
GHRHEBMLFHBEX YA AR ERAE S, IKKFH I TS (Bayer
CropScience 2009; H AE > |k 2009), & 512, HERIRRRLIZ L0 HERAH
THRIAMET 2l b - kAR e LT, miRA LA, KR ML R, iz
A N LA EIFHER TO®EEA b L AR EOBREEA L AR D%
5 L7==2 4% (Pellegrineschi et al. 2004), -/ % (Chen et al. 2008) 3+ LW
MEHE (Zhao et al. 2007; James et al. 2008) 72 & HEH Sh, 4%, mER
FOHSEREOm B4 B LB IR A MO TR A EEN TV D,

i A R R OB AR R 2 CTlE, T ETICH U A Z7F 2 (Akashi et
al. 2002), 7—3—2 7 A (Dichanthium annulatum (Forsk.) Stapf: Dalton et al.
2003), /x—/L X L v b (Pennisetum glaucum (L.) R. Br.: Goldman et al. 2003)
L —2X277Z (Gondo etal. 2009) LU/t 77 F X (Gondo et al. 2007)

e EOEFEIZBWNT, N—F 4 I AT o EE W BSOS NS S

51



NTWb, —F, VW27 T AT, ZIVE TICEZEMN IR L OfMEL )
HINTWRP-T2Z &0 D, TWEEHRAROIEEIZIZE > TRy,

Z T, RETIE, 52 BBV TR 2 [FEERL Y 7 T ZADLEFE
BLORZ o7 VAV =y 7 HNVAZERMEE LTHWNT, RX—=F 4 77

AR X D BAR A X BT ORE SR 2 T L, TREEHE DR 252 7z,

52



2. MBS LUk
(1) Z2HEBLO= T IV AV 2=y 7 DNV ADFHE
MWL 2 51KV 7 2 (B. ruziziensis cv. Kennedy) T®H 5, %Ik
BIOZ U7V ATV 2=y 7 WNVAOFEET, FH 2 ECTHRALHEY ThD
(Ishigaki et al. 2009a), ZHF KRB LN TV AV =v 7 BV AL, HEFEN

K72 OO I EED (Fig. 10a, 10b), H B4t L 7=,

(2) 77 A3 Nl
72 A3 RlZ, pAHC25 (Christensen and Quail 1996) % fHv 7= (Fig. 1),
pAHC25 (%, Escherichia coli K-12 #1>k GUS E{x13 L UBRFEHI ET 7 8 At

P %7~ 3 Streptomyces hygroscopicus 3K bar Bz 72/ FLTHY, Zhb

i

DEIETIE, FTNENL R VEravHROEXTF T aT—4—(Z L0 il
ShTWwWb
(3) =) EALER

R CH DL HFERE o TV AV 2=y I VR, HRED~Y =
F—LBLOY A E b= (KIEE 0.6 M) Zate MS Bk (ZHRDBA
1205mgL"'24-DEBL2mg L' BAP iFI, A AD4AIT4mg L 2,4-D
BEU0.2mg L' BAP IR ICBAE L (IK{E 4, 20~30 Es3MIi8), 7
PEFT 4 BefElde L OV 403 16 WP, 1= AR U 7o, AEAVREAR I, B4 cm
DH T AL ¥ — L OHRERITEL 2 cm OFIRICER L, H 2 AL O FHHR O 7

Al A7, Mk EEE2 AT L AR a2 TES T,
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Transgenic plants

Fig. 10 Transformation of diploid ruzigrass mediated by particle inflow gun. (a)
Multiple-shoot clumps derived from shoot apical meristem. (b) Highly regenerative
embryogenic callus derived from shoot apical meristem. (c) Transient GUS expression
16 h after bombardment with embryogenic calli. (d) Bialaphos-resistant callus on MS
medium containing 4.0 mg/L 2,4-D, 0.2 mg/L BAP and 10 mg/L bialaphos. (e) Stable
GUS expression on bialaphos-resistant callus. (f) Regenerated plants from
bialaphos-resistant embryogenic callus. (g) Detection of GUS gene in transgenic plants
by PCR (P, plasmid pAHC25; Co, non-transformed plant). (h) Acclimatized transgenic

ruzigrass plants in green house.
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Fig. 11 Schematic diagram of plasmid used for transformation of
diploid ruzigrass.
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(4) R—=TFT 4 I VTN XD BTN

NR—F 4 7 VH HEE I, Akashietal. (2002) (2L VRS- b 0% H
WTmy B UALBRSAEE, ~U T AH AE 5.0 kglom?, X —4 v NF 4 AKX A
96cm, F¥ N "—HNE-01Mpatl, 1v¥y—LH01vavheli, 7
ZAIRFDNA( = v 4720 0.8 ug) I, EAE 1.5~3.0 ym DKL (Aldrich,
USA) (12 v F¥D 02 mg) IZ=¥ /—ikkiE (Takeuchi 1992) (XD
0 ay hpa—T47 L, 2—7 47 INTehFI1%, 200 uL ® 99%
TH ) — VISR TR S, 1 v a v b0 20 uL & LB fik

L7,

(5) B-glucronidase(GUS)%& i
hZ x> b GUS RELIE, Jeffersonetal. (1987) & D HIEIZ XV
Lio. BEAGRRRE, S—T 1 7 V0 R X ONREE LR, X-gluc Yefaiik
(1.9 mM X-gluc, 0.5 mM KzFe(CN)s, 0.5 mM K4Fe(CN)z, 0.3% TritonX-100,
20% A &% 7 —/b, 100 mM U FgiEfEik) 1212 L, 37°C T 16 KFFE AL S
B, BORKISHE, FEORITIMVRE, 70%% 7 — L&z, KLEEES
B, BEFEADRT, HAICPREBINTZARY MIETVHL~A 71 R
=1—7"VH-8000 (KEYENCE CO., Osaka, Japan) CHIEET 5 Z LI VEHL

7~ (Gondo et al. 2009)

(6) BB HIDFRES

BT IRABEEL, HUOoANHEEZEL W AW T ) A =y T LA
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%, 0, 3, 58X1010mg L' 7 F5 % (MENI SEIKA KAISHA, LTD, Tokyo,
Japan) Z¥#HNL7= MS B (4 mg L™ 2,4-D 35 £ 10 0.2 mg L™ BAP #&00)
ETHERL (KB 3, 21 WAV RIKAR), VA AEFRE 14 AR CTHIET 2 2

& TRE LT,

(7) TEEEEHA DY
TUT VA 2= I VAL, R=T 4 INVT B IONREELE L,
BT TR A RO MS [EFEH (4 mg L' 2,4-D 3 X 180.2 mg L' BAP #&/N)
T3 AR L7, 10 mg/ll ©7 78 ZEHD MS [EJEE:HL (4 mg L' 2,4-D
B L1 0.2mg L' BAP 70N T 60 H i L7z, TR R L 2 1%, 10 mg
L' €7 IR RIRMOBNEL 7 U —MS [EEEH E TR ER A2 Bk S &
7-#%, 0.1mgL'NAA, 20mgL'BAP 3L 10mgL" ©7 TR 2 ENMD MS

EIZEEHICRE L, v = — P 2Bk S, 1/2MS ETZEE IR LR S W7,

(8) DNA Hififids X OV PCR 4347
EANEIE T 2RI D720, 7/ 5 DNA X, Y DNA fiHix v b
ISOPLANT (NIPPON GENE CO., LTD., Tokyo, Japan) %M\, F{tiEy
RoHEL (0.1~0.59) »ohitHB L ONRER L, #% DNA & L T PCR KIGIZH
VW7o, PCR ISIEWRIE, 250 ng #7% DNA, 200 uM dNTPs mixture, 50 nM
7T A4 ~—, 05units Ex-Tag RV A Z7—F, 10x Tag R Y A 7 —E v 77—
(TAKARA BIO. INC., Shiga, Japan) ®&} 20 yul TH 5,

GUS EinFaMtT 272007 T4 ~—1F, 5" RimilOHEA Y] (57
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-AACTGGACAAGGCACTAGCGC-3") I X U8 3" K i &8 o> #H #fi il 5] (5
AAGTTCATGCCAGTCCAGCGT-3") Tdh %, PCR )i, 94°C T 5 43l DEL
ZEMERR, 94°C1 JyfH], 66°C1 rfi], 72°C1 /3MDH A 7% 45 K L, 72°C

DO ERIs% 7 55047~ 7- (Gondo et al. 2009),

Q) ¥HFr7uy Mot
T 7 vy Mol (Sambrook et al. 1989) 1%, FEE AN S CTAB ¥4
(Murray and Thompson 1980) Z X 0 il L O S 7=4" 7 4 DNA % H
WTATYY, TREEREAICK T 2 AR T OB L vt —Hxifid L,
77 25 DNA X, fHilBRE%SR Sacl TUIWT L, 0.6%D7 H v — A EXPKE) T L
7o VKENZLIE, 0.4 N NaOH I 16 BFEIZIEL, Y my T 4 v 7 SH 5
ZEizk, Wi/ DNA 2Z&Es+H, Ffrr A7 1> (Roche, Germany)
~NhFTUAT 7 —LTc, N TV EAE—1 3 0%, DIGHE# L L7z GUS #Eix
F11kb &7 u—7 L LTCHWV, 68°C, 16 iR 2 T5Z & TiTo7-, 7'
—7 DNA L, "1 7V ¥ AE— 3 1%, DIG DNA Labeling and Detection Kit
(Roche, Germany) # W TR L, X#~7 /v 2 (Fuji, Japan) 1ZEOE S &

7’9
—o

(10) BRECAIM MR ER
T BEHRHAR DOBREAN 54 5 M 2 549~ % 72 %, Herbicide painting assay
%, Howarth etal. (2005) ®OHFIEIZ—HMEEEMZ TITo 70, EEREARS X

OIE R EERH A OB S 10 KIZ 1% BASTA (Aventis, Frankfurt am Main,
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Germany) X 100.1% Tween 20 % i L 7= BRECFIVER 2, M H 1 EFSA L
7o 1AM, BREAIME F 72 IRZIEOHIBIE, FREERAS L OB sk

B OIRELZBEL, KT 252 L Tiro7-,

(11) HEEHEHT
B2 DAEWHRRIC R 5 ARt O GUS kT Y= v MREBEE, =7
¥ L#iE 2006 (Social Survey Research Information Co. Ltd., Tokyo, Japan) %

T, student @ t-test |2 L V) Bk L7~

3. MERIBLOBL
(1) HEAGRERRS T ARG D R T vV = > b GUS BT T T 8

Table 12 1%, 272 DERGERRDS T o BRZ D T P = > b GUS FELIZ &
ETEEBIZONWTELEDELDOTHD, GUS ARy ML, =27 VA4V ==
VT TVAD Q0T ARy N, ZIFERN 204 ARy FTHY, =27V F V=
I ANVADITNEIEERL Y LAE (P <0.01) IZEWEHREZR LT, 72, 1
TINVAYBT=D D GUS ARy MIIZEBWTYH, ZIFENT ARy b ThDDITH
L, T VA Y=y 7 HNVAN26 ARy hE, L% O GUS BB
BASN TS Z ERHERTE I, B2, 25D GUS ARy ho£< X, #i
R EELE LTy CRIZZ S - 2 LB (Fig. 10c), Lo FHEANCITT

TVF V2= I HINVAEBHNAZ L LT,
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Table 12 Effect of different tissue culture on transient GUS expression in
ruzigrass after particle bombardment.

Target tissue Number of shotted Total Number of Number of GUS spots per
explants GUS spots t callust
Embryogenic callus 140 907° 26°
Multiple-shoot 125 204° 7°
clump

Letters indicate significant difference by t-test (P < 0.01).

T, $Values mean of 4 independent experiments.
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(2) ET IHRARENRT T VAT == 7 IV ADEFIZRITT HE
Fig. 121%, E7 IR ABEBENT A EEL T 7AYo=y
7 ANV ADAEFRIZIETHBI OV TRIFIOR L2 O TH 5, HEFA
5 8%, 0BLUN3 mg L7 IR AMMXTIE, £TOHL AL
L7, 72, 5mgL" E7 IRRFME T, B Lo TV AP =y
HANAPEFE LT, —F7, 10mg L ©7 FRREMK T, £Toxr7 U F
V= I HNVARKIE LT, ZDZ LD, BRI LA DOESKIZIE 10 mg

LT 7 SRARBROLARTHD Z LRI ENT-,

(3) WHEEHADEH I X OEANBISF DFBL

Table13 |[ZAMFEIZ BT HIEIEHNRICONTE LD b D TH D,
JLBRFS X ONEREEPRAA D B/ 60 B, 200 HO = 7V A Y ==y 7 VAL
ZOZENERKBLBEL, MELTEbOD, —Hoh L2344 L (Fig.
10d), T O L, Fig. 10e (2R3 X 9 7l GUS 388 2 R T E sl
VA4 FRiE (1.4%) Gohlz, ZHbDIH2oDFKHK (0.7%) IZHBWNT,
RN ERZ i LT, ik aib Lz (Fig. 10f) o 7 AEHHK) 3
r A, T8 ERDREDOFMUEKRIE B, D55 75 K (96%) 733
w7,

55N BB IRIZ OV T, PCR ZHTIC K V& ANEIR T DR A 1T -
7= & 25, 1.1 kbp L2 GUS 1z T-0RgilE /N K2R H & 7= (Fig. 10g). PCR
SHTORER, 75 EIED 5 6 41 8K (54.7%) (B W THIME/ N RGO B i,

WHEHATH 5 Z LR TE 2, T b OEEARI, (L, FREEEE
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40 -
30 -

Weeks of culture

Fig. 12 Effect of bialaphos concentration on survival of non-transformed embryogenic
callus of ruzigrass. m, 3.0 mg/L bialaphos; e, 5.0 mg/L bialaphos; A, 10.0 mg/L
bialaphos. Number of survived calli for 0.0 mg/L bialaphos (control) is same as that of

3.0 mg/L bialaphos.
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Table 13 Selection of herbicide-resistant calli and recovery of transgenic plants after particle bombardment.

Bialaphos No. of bombarded  No. of bialaphos-resistant No. of GUS-positive calli  No. of regenerated plant  No. of GUS-containing
concentration  calli calli (%) line (%) plant line (%)Jr
(mgL™)

10 290 4 4(1.4) 2(0.7) 2(0.7)

T GUS gene was checked by PCR analysis and Southern blot analysis.
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FENTERK Sz (Fig. 10h),

AL TR LN IERRBRA 2 25T, 7 ey Mok v, GUS
B TORBLZFAE L2 A, Fig. 13 IZRTEIICHAEED 1 28—0
GUS = -3 10 kb Elzkt &7z, Zh b O BRI, 25 (Fig. 14a),
% (Fig. 14b) ¥ L USKRARE (Fig. 14c) (2B W T GUS BinFamm< FEL L=,
E BT, BEEBHRORERNCKTT DMIEEZRE L L 25, BRERFRO®S
2D MBI, FFREEBRARDES (IR AL E L, 5ERITHSE LT (Fig.
15a, 15b), —J5, JWEEMRAOES T, BUOREEZ2L, 2<HIELR1o Tk
ZEND, BIEFEANCEY, BREANIKT DN LI TWD Z & D3
MTET,

KRG TIE, =T 4 I NI B L DB L 2 7T ZDIEHICHID
THRIIL, TOMEEHNFIL0.7% ThoTz, 5%, X0 2EMICHEIRRL
VI T RAEAENT D701, BRI K ORI T IEZR E O SIEE G D
VERD D, ST 77 ATIE, HB#idIZmEEd & BAP /6 TiRINT %
ZETEVWEHMERER R T D ANV AN S, I HIT, Zib 2R
ELTEIETFEANIAND Z & T, WHERAZ RMTHIEL T2 2 L2k
LTCTW% (Gondoetal. 2005), F7=, 24X, AALFXFBLOR—1LT = R7
REDN DDA XFHEMITINT S, HREEEHH OB H ~DO RN L 0 [
DINENEH BTV D (Cho etal. 1998, 1999, 2000, 2001), ZMH D Z &b,
L1, WRBROREHF~OWMBLVS T T AT T VAV =y 7 VA
FRE LN D DBV A % AR TE AN AW 256 OB RICE 2 55

FIZOWTIRAST OREDRH D,
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10.0—
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Fig. 13 DNA gel blot analysis of transgenic ruzigrass plants. Five ug genomic DNA,
isolated from leaf tissue of non-transformed (Co) and two transformed lines (T1 and T2),
was digested with Sac |. Hybridization was carried out with a DIG-dUTP labeled GUS
gene probe. P is positive control of 5 pg Sac I-digested plasmid pAHC25 DNA. The

arrow indicates the expected band after Sac | digestion and southern hybridization.
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Fig. 14 Histochemical assay of GUS gene expression in transgenic ruzigrass

plants. a) Leaf segments. b) Stem. c) Immature inflorescence.
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Fig. 15 Herbicide painting test with “BASTA” herbicide for bar gene expression in
transgenic ruzigrass plants. a) Seed-derived plant (left) and transgenic plant
(right) 1 week after herbicide painting. b) Leaf blade of seed-derived plant (left),

transgenic plants (center-left, center-right and right) 1 week after herbicide

painting.
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Vain et al. (1993) 1%, bvEnr =¥ (Zea mays) DRRELEGZEMINZ HW
T2 8—=T  J VI RIS L BB EHICB VT, 3~5mgLT o7 Tk

G VA DORKICHEH L T D, X5, BEMA X R Tk
Nt T 77 A (Smith et al. 2002; Gondo et al. 2005) °z— X7 7 & (Gondo et
al. 2009) IZHB WV TH, 3mgL' v 7 IR AFEFICE W T b % < O E il
KARE L TWD, —J, AT, 10mgL' ©7 9 & 2% AW TR
ANAZRFELTEY, ZOET 7HRAREL, oA FFRHEDO®ER & Lt
NTC, DRV ENLDOTHD, ZORREDOET 7RIS K DY TT AL
B OIEEHE T NV 2 DBEETTH U EN O ORRZEEF L, £ Ok
R, WHEHEENMET L TWDLZENEXONDLZ LD, VWY TTRITE

L IE AR DOBEEITEICE L TR D FEMICHETT 2 2 & T, IREERL)R

N T o0 sBbhd,
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4, FHE

KETIE, 2MEEREHEN T 7 T ADLHFRBI P T VAV 2=y 7 AV
AERERRIIE & L CTHWT, =7 ¢ 7V H AR K 5 B\ R 2 Bl o7
FEERFL, BTN Y 7T 2ADOERERZT,

ZHEBLO TV AV 2= 7 WV AOENMEEE L ComEtEE 7
YV FGUS BIUC K- THELTL L ZA, 20T VAV ==y 7 WNVAIT
ZIFEL D BAEEICEV GUS BB AR L, FERUMHEKLE LT LTz,

T MR T L A % BhBRA R T 5 72 ORI A RFI L= 2 25, 10
mgL BT IR ATWMX T, R THOT LT YA == 7 HVARKIE L T=,
IO END, WHEEH L ZADRKIZIZ1I0mgLT BT IR ANK LA TH
L eI,

T T VAT 2= 7 IV AFE 290 HIZOWT, 8 vay MyD AT LR
CHEL, 10mgL BT IR A TEIK L= & 2 A, GUS RELARTIRE S L
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L

BIOFIZEB W TV GUS BELZ R~ L, 72, FBREAIMMEREIZL D, BREH
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Fig. 16 Field test of tetraploid ruzigrass developed in chapter 3 in

Okinawa Prefectural Livestock and Grassland Research Center (21 May 2009).
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A d T Hivd, Halpin et al  (1998) 1%, UV 7= AERfEEE O = E /2 EER
T& 5 CAD (cinnamyl alcohol dehydrogenase) DIEMEN U 7 = & & % il
LTS ZEafELL, Thaexi), CAD BT D7 »F A RNA Z{E
LEBAT S Z L TABNCY ZF= Gzl L, b2 B RS %
ZEMHREIL R D EBEADNTL, v ARKRE O A 3 VI as Y (Lotus
corniculatus L.) Ti%, ©” K (Araliacorda) H1%® CAD 7> F &> X RNA %
WMALZZHER, CAD IEHOIRTICLV Y V= FE&MAAEICIKTFTLTND
(Akashi et al. 1999),

DREB (dehydration responsive element binding factor) #E1{x 113, Hof#,
IR O =5~ O iR % Hl1E9- 5 /s C (Shinozaki et al. 1996, 1997;
Liu et al. 1998), HRGIGMACIK 2B LTV, BREA ML AREHEE T
HoFne—4—hIHFET S AR DRE (dehydration responsive
element) BlAIZFER L TRiA L, KB FORBELRET D, BAEE TI,
DREB #&fx % A L7- =2 4% (Pellegrineschi et al. 2004), - % (Chen et al.
2008) X O HHE (Zhao et al. 2007; James et al. 2008) 7¢ & H{EH &1,
FETRE AR & e~ TN HECTIEE PE O 1) E23EER O BTV D,

BIfE, FHFIL, YW LK CAD EE T (Tsuruta etal. 2007) <° = A
X X0 DREB &1+ (Liuetal. 1998) &/ 7 A ZHAL, AFH
O LMD Eds X ONE EERBREE A b U AR Z A B U7 R D 1E &2 58 T
B0, BIEME T, DREB EIZ 28 A Ly 7 Z7 2 (Fig. 17) %AE
H3 2 Z LITHREI LTS, 20X 5 AR OR ST D Mo e,

R BREEEISME A AT 5T 5 2 L IC K DM OREAEFEDHEMRZE LT,
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Transgenic
plants

Fig. 17 Particle inflow gun mediated transformation with DREB1A. (a)
Bialaphos-resistant callus on MS medium containing 4.0 mg/L 2,4-D, 0.2 mg/L BAP and
10 mg/L bialaphos. (b) Regeneration from bialaphos-resistant embryogenic callus. (c)
Detection of GUS gene in transgenic plants by PCR (P, plasmid DREB1A; Co,

non-transformed plant). (d) Acclimatized transgenic ruzigrass plants in green house.
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l. Tissue culture system of diploid ruzigrass

Seeds
Embryog Multiple-shoot
calli clumps

riogen pants 1 Il. Cross breeding with sexual tetraploid ruzigrass
/V lll. Transformation system Kﬁulﬁph-shmt clumps seeds Apomictic
Embryogenic calli ) e tatraploid
Particle inflow gun — / B. brizantha
Long-term culturing i —_— W —— B, decumbens
induce somaclonal Transgenic ruzigrass T“ﬁ%?ﬁ'ﬁzﬁ%m x \ B
variation. 1”’ " . l B. humidicola
New varieties (2X)
. J
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l \ New varieties (4X) /

Duplicated
Embryogenic calli
(somaclonal variation)

Tetraploidy
Embryogenic calli

Particle inflow gun

|
I
!
Particle inflow gun :
I
I

Tmiagenic tetraploid ruzigrass Transgenic tetraploid ruzigrass
By cross with apomicitc tetraploid, transgenic plants can stock the introduced genes. —— New varieties (4X)
IV. Somaclonal variation and V. Tissue culture system and transformation system

the utilization for transformation of tetraploid ruzigrass

Fig. 18 New approach for Brachiaria breeding scheme.
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AR, FHRRG L2 BFEMICFIA L7 Brachiaria JBOZAERILK & Zh
Z 7= Brachiaria BFEZ LT 572012, 2 (GEEFEOLY 7T 2 (B.
ruziziensis) OFHFkESEIEZ ML L, TOBEROFIICBET 2H%EL LT, #i%k
HREEAW L e F B X D 4 EIREH AR, £, =T 17

WIARZ L DN T 7 T ZADTERHIR DOV 23 A7,

1. Brachiaria J& 4 5ff (5 fhfE) ZHWT, P& (n) BV DF ) Ao
A (C-value) #7 v —HA F A M) —ICLVHELZE Z A, B.ruziziensis cv.
Kennedy 7% 615 Mbp C ~', B. brizantha cv. Marandu #* 1404 Mbp C ~', B.
decumbens cv. Basilisk 7% 1633 Mbp C~', B. brizantha cv. MG5 7% 1743 Mbp C
', B. humidicola cv. Humidicola 7% 1953 Mbp C ™" L #fE &, DA X|3fE
TR > TWe, £, £OT 7 AH A KNIRBEMEN S IRIZR HI2oN T,

L7z, &6i2, —fEEH7=0 s ) 5% X (Cx-value) %, B.ruziziensis
cv. Kennedy 7% 615 Mbp C ™', B. brizantha cv. Marandu 7 702 Mbp C ™', B.
decumbens cv. Basilisk 72817 Mbp C ', B. brizantha cv. MG5 73 697 Mbp C ™,
B. humidicola cv. Humidicola 7% 651 Mbp C ™' L #fEE S h, 7RI 7 o APEEfE
2B T DT ) A X, AWEFOT ) AP A XL T, REVWHEDTH

>77,
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2. NV T AOPEMEBEROAR R EANT, 2HEERBLIR T Y FY
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HINVAE T OFGACEIIERE D 22 K ThH - 1=,
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EOBETREIZATD 2N TE e, £, LR, fLiZMiangis X Ok

79



Bk L OMICIE, AEZRIEOHMENEO NI Lnb, Zhb DML
R dett & L7z, 2B LU 4 IR0 SHRIATRETH 5 LB 2 bz,
BUE, RSz 4 AR RERNT, mBRERIZ M T 7 B R Tl A S 1,
AERPFHHABEREM L LTHLETH L Z LliEShi,

4. Brachiaria JBIZE DB TR X Bl 2 Wi EREE RT 2729
WNOTFGADTL T VAV x =7 VAL I OEIEREERE S L THNY
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Studies on establishment of tissue culture system and its utilization for

breeding in ruzigrass (Brachiaria ruziziensis)

Genki Ishigaki

Summary

Brachiaria is tropical forage grasses, which has been cultivated in tropical
and subtropical region as pasture mainly. The Brachiaria genus has about 100
species recognized in the world. At present, some species such as B. brizantha
(A. Rich.) Stapf, B. decumbens Stapf, B. humidicola (Rendle) Schweick and B.
ruziziensis Germain & Evrard have been important commercially because these
species have many positive attributes, e.g., tolerance to acid soil, high
productivity and high quality forage. Thus, these cultivars are also important as
breeding material for development of Brachiaria breeding. In Brachiaria breeding,
besides productivity and digestibility, persistence, adaptation to infertile acid soil
and antibiotic resistance to spittlebugs are also important breeding objectives
(Miles and Valle 1996). However, it is very difficult to develop a Brachiaria
breeding program through a traditional hybridization approach because almost
all species are predominantly facultative apomictic tetraploids. Therefore, it is
proposed that B. ruziziensis (ruzigrass) should be useful for Brachiaria breeding

programs based on tissue culture system because this species has sexuality.
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In the first chapter of this study, the author estimated genome sizes of five
Brachiaria cultivars by flow cytometry to evaluate their utility as breeding
material. In the second chapter, the author established an effective method for
plant regeneration through multiple-shoot formation or somatic embryogenesis
from seed-derived shoot apical meristems of diploid ruzigrass. Furthermore,
tetraploid ruzigrass were produced by in vitro-colchicine treatment with
multiple-shoot clumps or seedlings. Finally, a particle bombard mediated

transformation system was established with embryogenic calli in ruzigrass.

1. Genome sizes in five Brachiaria cultivars

Genome sizes of five Brachiaria cultivars were estimated by flow cytometry
to evaluate their utility as breeding material from the standpoint of genome size.
The diploid B. ruziziensis cv Kennedy was calculated to possess 615 £ 13 Mbp
C". On the other hand, tetraploid B. decumbens cv. Basilisk and B. brizantha cv.
Marandu were determined to possess genome size of 1633 + 17 Mbp C™' and
1404 + 13 Mbp C™'. Additionally, pentaploid B. brizantha cv. XARAES and
hexaploid B. humidicola cv. Humidicola were determined to possess genome
size 1743 + 15 Mbp C " and 1953 + 16 Mbp C™". In these cultivars, the genome
size in C-value (genome size per holoploid) increased with increasing ploidy
level. On the other hand, genome size in Cx-value (genome size per monoploid)
of apomicitc cultivars (tetra-, penta-, hexaploid cultivars) were bigger than that of

sexual cultivar (diploid). Additionally, the genome size in Cx-value decreased
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with increasing ploidy level in apomictic cultivars.

2. Multiple shoots formation, somatic embryogenesis and plant regeneration
from seed-derived shoot apical meristems in Ruzigrass.

A plant regeneration system via multiple shoots formation, or somatic
embryogenesis from seed-derived shoot apical meristems of ruzigrass
(Brachiaria ruziziensis cv Kennedy) was established. Shoot apices as initial
explants were isolated from aseptically germinated seedlings, and cultured in
vitro. The most effective treatments for multiple shoots and embryogenic calli
formation were 0.5 mg L™ 2,4-dichlorophenoxyacetic acid (2,4-D) + 2.0 mg L™
6-benzylaminopurine (BAP) and 4.0 mg L™ 2,4-D + 0.2 mg L™' BAP, respectively.
Plant regeneration from multiple shoot-clumps was achieved by culturing on
solid MS medium containing 1.0 mg L™ BAP or 2.0 mg L™ kinetin + 2.0 mg L™
GA;. Somatic embryos regenerated plantlets on a MS medium without plant
hormones. Regenerated shoots were germinated precociously on MS medium
containing 0.01 or 0.1 mg L™ NAA and 2.0 mg L™ BAP. All regenerants were

successfully grown up to maturity.

3. Induction of tetraploid ruzigrass plants by colchicine treatment of in
vitro multiple-shoot clumps and seedlings
Tetraploid ruzigrass have been obtained by colchicine treatment of in vitro

multiple-shoot clumps and germinated seedlings. Multiple-shoot clumps were
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induced and maintained on MS basal medium with 0.5 mg L™ 2,4-D and 2.0 mg
L~" BAP according to a previous report. The colchicine treatment consisted of
culturing multiple-shoot clumps on MS basal medium containing 0.0125-0.1%
colchicine for 12 and 48 h. Surviving multiple-shoot clumps were regenerated on
MS basal medium containing 2.0 mg L™' BAP. The ploidy level of plants after
colchicine treatment was determined by flow cytometry. Eight tetraploid plants
were obtained from multiple-shoot clumps treated with 0.1% colchicine for 12 h.
This treatment was identified as the optimum treatment that resulted in highest
frequency (28.6%) of tetraploid plants among the treatments tested on
multiple-shoot clumps. Five tetraploid plants (31.3%) were obtained when
seedlings were treated with 0.1% colchicine for 3 h. Although higher
concentrations of colchicine and longer durations of colchicine treatment
reduced the survival rate of the explants, such treatments increased the
frequency of tetraploid plants. A total of 27 tetraploid plants were obtained from
900 different colchicine-treated multiple-shoot clumps, and a total of 5 tetraploid
plants were obtained from 300 colchicine-treated seedlings. Cytological analysis
affrmed the results of flow cytometry. Significant differences in leaf blade

stomata were observed between diploid and tetraploid ruzigrass.

4. Establishment of a genetic transformation system for ruzigrass using
particle inflow gun

The author attempted to establish a particle inflow gun-mediated
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transformation protocol for ruzigrass using multiple-shoot clumps and
embryogenic calli. These in vitro cultures were bombarded with a vector
containing the herbicide resistance gene (bar) as a selectable marker and the
GUS reporter gene. Following bombardment and selection with 10 mg L™ of
bialaphos, 4 bialaphos-resistant calli (1.4%) were obtained from 290 bombarded
embryogenic calli; 2 out of 4 bialaphos-resistant calli produced a total of 75
regenerated and rooted plants. PCR analysis confirmed that 41 plants (54.7%)
were PCR-positive for the GUS gene, and Southern blot analysis verified the
transgene integration in these transgenic plants. All transgenic ruzigrass plants
could be acclimatized. Transgene GUS and bar was stably expressed in mature
plants.

In this study the author estimated genome sizes of five Brachiaria cultivars
by flow cytometry and established an efficient tissue culture system of ruzigrass.
Additionally, as the utilization of tissue culture system, the author produced
tetraploid ruzigrass and established a genetic transformation system of ruzigrass.
These results could be applied to develop Brachiaria breeding programs in

Japan.

86



EILT

AWFFEDZAT 752 & NIAGw LD VBRI 4 72 > TRRAGZRE 2 R 8 2 ) -
TCBIRRT-7 v T 4 7TRFERRG o Z—Fd% (FR KT R8T
A RELICHOEVEHOBEEZET D,

K LB TR D5 & & DIV E IR R R AE )M B
£, RARFPRERFHER FH BEREL, FRPRPHAR sy 8t
AP R A REEIESELEHR L BT 5, £, HRKR
FrnrT 4 THEERRG =B MEREAE L, ERRRMOKE SN
ey — JEEMEN T oY =7 N —F— FOK—EEL, RS E
ot 2 — BHUBIEEAKESREEEETRBHIEE =5 &
K, RbZEt 7 — BFRWBERMOKESREEEEERRM L TAED
JLE M BORIR, MSZATBUA NRZE - BAnPEEDUT R G AT SO & PE FL
gepr BEHMEM ERE LT — A BSR4 BRI LIIRHR
XDFERITE D E THERNPDFEZ B> 72,

S BT, MIATBOE NSRS - BdnE A & Wi b =26 i o 2 —
fAEHEM ERME Y 7 F— 4 FEMFEE KL fERE 72 5 TNZ Empresa
Brasileira de Pesquisa Agropecuaria Cacilda Borges do Valle f& (213, AHf
RN 2 BB IE i - SCHk A T < $2 L CTH &, Department of Developmental and
Cell Biology, University of California Irvine ##% Franz Hoffmann {& 1, ‘=& K

RS ANEAFERIAFZEE. Mohammad Mijanur Rahman #2135 se o

87



Bz -Te, LDEXVIEHOBEERT D, RBIFEOBITIZHE Y, JEVELF
EWDOSEEE L EN ol A T ay T A o ARSI A
YA T AT N —TRRRFEAL L AL, MSATEBOE AR - A
PESERL TR R T A 5 o U S0P fRHE B LA e 7 — & st
FE MR BR, ERRHEAME EH E-HEORAMICbEA TH

BERLED, Sbig, BRKET 07 4 7R ERR A E v & — Y E

F

R o EfEL, RKF 7o 7 0 THZ2RERRE VX —FERE
BEERFZEE AL ML, FRFT7 a7 0 TRSRERRA L ¥ —ERE
EHEENFZER M FHE L, B R RS BRI T o — L PR
Bt 7 —Haeite B OKHEERTS IV SRS BN & LR & 2 B

Brlhote, £, EROZTICEREL, fix ZTHIT I o L HIRKFREY
R EATIEE ORGSR LR SHILE L LT 72wy, 2 ZIZEE L CRAMRAS AL

(AT O TORETH D,

88



51 F TR

Akashi R, Adachi T (1991) High frequency somatic embryo formation in cultures
of immature embryos of guineagrass, Panicum maximum JAca. Jpn J
Breed 41: 85-93.

Akashi R, Adachi T (1992a) Somatic embryogenesis and plant regeneration
from cultured immature inflorescences of apomictic dallisgrass
(Paspalum dilatatum Poir.). Plant Sci 82: 213-218.

Akashi R, Adachi T (1992b) Plant regeneration from suspension
cultured-derived protoplasts of apomictic dallisgrass (Paspalum
dilatatum Poir.). Plant Sci 82: 219-225.

Akashi R, Hashimoto A, Adachi T (1993) Plant regeneration from seed-derived
embryogenic callus and cell suspension cultures of bahiagrass
(Paspalum notatum). Plant Sci 90: 73-80.

Akashi R, Kawamura O, Hoffmann F (1999) The advance of transformation in
Lotus corniculatus: Towards low lignin pasture through antisense RNA.
Proceeding International Workshop: Utilization of transgenic plant and
genome analysis in forage crops, p57—65.

Akashi R, Yuge C, Gondo T, Kawamura O, Hoffmann F (2002)
Bialaphos-resistant cells of dallisgrass (Paspalum dilatatum Poir.)

through particle bombardment with a simple self-built inflow gun. Grassl

89



Sci 47: 588-593.

A B - MRS - IR & (2003) ANA AT 7 7 v r—2F A L7z bz
A XA REEOERE. A HEE 49: 79-87.

Akiyama Y, Yamada-Akiyama H, Yamanouchi H, Takahara M, Ebina M,
Takamizo T, Sugita S, Nakagawa H (2008) Estimation of genome size
and physical mapping of ribosomal DNA in diploid and tetraploid
guineagrass (Panicum maximum Jacq.). Grassl Sci 54: 89-97.

Akiyama Y, Yamamoto Y, Ohmido N, Ohshima M, Fukui K. (2001) Estimation of
the nuclear DNA content of strawberries (Fragaria spp.) compared with
Arabidopsis thaliana by using dual-step flow cytometry. Cytologia 66:
431-436.

Andrade SO, da Silva Lopes HO, de Almeida Barros M, Leite GG, Dias SM,
Saueressig M, Nobre D, Temperini JA. (1978) Photosensitization in
cattle grazing on pastures of Brachiaria decumbens Stapf infested with
Pithomyces chartarum (Berk. & Curt.) M.B. Ellis. Arquivos do Instituto
Biologico 45: 117-136 (In Portuguese with English abstract).

Bayer Crop Science (2009) Products, BioScience,

Germany, http://www.bayercropscience.com/bcsweb/cropprotection.nsf
/id/BioScience

Bovo OA, Mroginski LA (1989) Somatic embryogenesis and plant regeneration

from cultured mature and immature embryos of Paspalum notatum

(gramineae). Plant Sci 65: 217-223.

90


http://www.bayercropscience.com/bcsweb/cropprotection.nsf/id/BioScience
http://www.bayercropscience.com/bcsweb/cropprotection.nsf/id/BioScience

Brito G, Loureiro J, Lopes T, Rodriguez E, Santos C (2008) Genetic
characterization of olive trees from Madeira Archipelago using flow
cytometry and microsatellite markers. Genet Resour Crop Evol 55:
657-664.

Chakraborti SP, Vijayan K, Roy BN, Qadri SMH (1998) In vitro induction of
tetraploidy in mulberry (Morus alba L.). Plant Cell Rep 17: 799-803.

Chen J-Q, Meng X-P, Zhang Y, Xia M, Wang X-P (2008) Over-expression of
OsDREB genes lead to enhanced drought tolerance in rice. Biotechnol
Lett 30: 2191-2198.

Cho MJ, Choi HW, Lemaux PG (2001) Transformed T, orchardgrass (Dactylis
glomerata L.) plants produced from highly regenerative tissues derived
from mature seeds. Plant Cell Rep 20: 318-324.

Cho MJ, Ha CD, Lemaux PG (2000) Production of transgenic tall fescue and red
fescue plants by particle bombardment of mature seed-derived highly
regenerative cultures. Plant Cell Rep 19: 1084-1089.

Cho MJ, Jiang W, Lemaux PG (1998) Transformation of recalcitrant barley
cultivars through improvement of regenerability and decreased
albinism. Plant Sci 138: 229-244.

Cho MJ, Jiang W, Lemaux PG (1999) High-frequency transformation of oat via
microprojectile bombardment of seed-derived highly regenerative

cultures. Plant Sci 148: 9-17.

91



Christensen AH, Quail PH (1996) Ubiquitin promoter-based vectors for
high-level expression of selectable and/or screenable maker genes in
monocotyledonous plants. Transgenic Res 5: 213-218.

Chrtek Jr J, Zahradnicek J, Krak K, Fehrer J (2009) Genome size in Hieracium
subgenus Hieracium (Asteraceae) is strongly correlated with major
phylogenetic groups. Ann Bot 104: 161-178.

Claringbold PJ, Biggers JD, Emmens CW (1953) The angular transformation in

quantal analysis. Biometrics 9: 467-484.

Dalton SJ, Bettany AJE, Bhat V, Gupta MG, Bailey K, Timms E, Morris P (2003)

Genetic transformation of Dichanthium annulatum (Forssk) — an

apomictic tropical forage grass. Plant Cell Rep 21: 974-980.

do Valle CB, Savidan YH (1996) Genetics, Cytogenetics, and Reproductive
Biology of Brachiaria. In: Brachiaria; Biology, Agronomy and
Improvement (Eds Miles JW, Maass BL, do valle CB), CIAT, Colombia,
p147-163.

Fisher MJ, Kerridge PC (1996) The Agronomy and Physiology of Brachiaria
Species. In: Brachiaria; Biology, Agronomy and Improvement (Eds
Miles JW, Maass BL, do valle CB), CIAT, Colombia, p43-52.

Fukui K, lijima K (1991) Somatic chromosome map of rice by imaging methods.

Theor Appl Genet 81: 589-596.

92



Galbraith DW (1989) Analysis of nuclear DNA content in plant cell by flow
cytometry. Biol Plant 31: 113-120.

Gao SL, Chen BJ, Zhu DN (2002) In vitro production and identification of
autotetraploids of Scutellaria baicalensis. Plant Cell Tiss Organ Cult 70:

289-293.

Goldman JJ, Hanna WW, Fleming G, Ozias-Akins P (2003) Fertile transgenic

pearl millet [Pennisetum glaucum (L.) R. Br.] plants recovered through

microprojectile bombardment and phosphinothricin selection of apical

meristem-, inflorescence-, and immature embryo-derived embryogenic

tissues. Plant Cell Rep 21:999-1009.

Gondo T, Matsumoto J, Tsuruta S, Yoshida M, Kawakami A, Terami F, Ebina M,
Yamada T, Akashi R (2009) Particle inflowgun-mediated transformation
of multiple-shoot clumps in rhodes grass (Chloris gayana) Journal of
Plant Physiol 166: 435-441.

Gondo T, Matsumoto J, Yamakawa K, Tsuruta S, Ebina M, Akashi R (2007)
Somatic embryogenesis and multiple-shoot formation from
seed-derived shoot apical meristems of rhodesgrass (Chloris gayana
Kunth). Grassl Sci 53: 138-142.

Gondo T, Tsuruta S, Akashi R, Kawamura O, Hoffmann F (2005) Green,

herbicide- resistant plants by particle inflow gun-mediated gene transfer

93



to diploid bahiagrass (Paspalum notatum). J Plant Physiol. 162:
1367-1375.

Greilhuber J, Dolezel J, Lysak MA, Bennett MD. (2005) The origin, evolution and
proposed stabilization of the terms ‘genome size’ and ‘C-value’ to
describe nuclear DNA contents. Ann Bot 95: 255-260.

Gu XF, Yang AF, Meng H, Zhong JR (2005) In vitro induction of tetraploid plants
from diploid Zizyphus jujube Mill. cv. Zhanhua. Plant Cell Rep 24:
671-676.

€ IRPEE - 2 BLE N « SPIIETR - BRAESE (2008) 7 7 %7 U 7 EATEA MmN
FEDEPEVEDRIA & F X SWtEDRE (1) 7 U2 MG5 DOESL
PEORRS. i &b b 45: 53-56.

B lepaE « AR - SPIIER - RRESE - R (2007) 5L A
FLOw MG g ERER (20014-~20054) (2) mIVEALEZI &S K OY
L2 o7 BINEO . il it 44: 79-84.

Halpin C, Holt K, Chojecki J, Oliver D, Chabbert B, Monties B, Edwards K,
Barakate A, Foxon GA. (1998) Brown-midrid maize (bm1)- a mutation
affecting the cinnamyl alcohol dehydrogenase gene. Plant J 14:
545-553.

FoR K - YR EIE (1982) 7 7 U b OFEMIRRE AT RS E. B
& kL 58: 1-120.

Howarth JR, Jacquet J, Doherty A, Jones HD, Cannell ME (2005) Molecular

genetic analysis of silencing in two lines of Triticum aestivum

94



transformed with the reporter gene construct pAHC25. Ann Appl Biol
146: 311-32.

Ishigaki G, Gondo T, Suenaga K, Akashi R (2009a) Multiple shoot formation,
somatic embryogenesis and plant regeneration from seed-derived
shoot apical meristems in ruzigrass (Brachiaria ruziziensis). Grassl Sci
55: 46-51.

Ishigaki G, Gondo T, Suenaga K, Akashi R. (2009b). Induction of tetraploid
ruzigrass (Brachiaria ruziziensis) plants by colchicines treatment of in
vitro multiple-shoot clumps and seedlings. Grassl Sci 55: 164-170.

Ishikawa T, Subbarao GV, Ito O, Okada K (2003) Suppression of nitrification and
nitrous oxide emission by the tropical grass Brachiaria humidicola.
Plant Soil 255: 413—-419.

James VA, Neibaur |, Altpeter F. (2008) Stress inducible expression of the
DREB1A transcription factor from xeric, Hordeum spontaneum L. in turf
and forage grass (Paspalum notatum Flligge) enhances abiiotc stress
tolerance. Trangenic Res 17: 93—-104.

Jarret RL, Ozias-Akins P, Phatak S, Nadimpalli R, Duncan R, Hiliard S. DNA
contents in Paspalum spp. determined by flow cytometry. Genet
Resour Crop Evol 42: 237-242.

Jefferson RA (1987) Assaying chimeric genes in plants: the GUS gene fusion
system. Plant Mol Biol Rep 5: 387—-405.

Keller-Grein G, Maass BL, Hanson J (1996) Natural Variation in Brachiaria and

95



Existing Germplasm Collections. In: Brachiaria; Biology, Agronomy and
Improvement (Eds Miles JW, Maass BL, do valle CB), CIAT, Colombia,
p16—42.

Kellogg EA, Bennetzen JL (2004) The evolution of nuclear genome structure in
seed plants. Am J Bot 91: 1709-1725.

¥EE Ak B4 B (2009) 7T X7 VT VT ZAOFERRGE & il KO

il

FIH. H 75 55: 179-187.

SEEA - WA ENE - SPIIUMER - AN - fEKE (2006) PG SICR T
% Brachiaria J& & A. 1. Brachiaria J& O fE 7 Z5HRE. A BEEE 52 (Bl
2) :104-105.

S+ ATHEITTR - WA B - AR BCR - ROK 1 - MERRSES - I R (2009)
V77 A (Brachiaria ruziziensis) 4 f5ARGEOREE. 5 72 LN
RS, p82.

Lascano CE, Euclides VPB (1996) Nutritional Quality and Animal Production of
Brachiaria Pastures. In: Brachiaria; Biology, Agronomy and
Improvement (Eds Miles JW, Maass BL, do valle CB), CIAT, Colombia,
p106—123.

Leitch |, Bennett MD (2004) Genome downsizing in polyploidy plants. Biol J Linn
Soc 82: 651-663.

Liu Q, Kasuga M, Sakuma Y, Abe H, Miura S, Yamaguchi-Shinozaki K,
Shinozaki K. (1998) Two transcription factors, DREB1 and DREB2, with

an EREBP/AP2 DNA binding domain separate two cellular signal

96



transduction pathways in drought- and low-temperature-responsive
gene expression, respectively, in Arabidopsis. The Plant Cell 10: 1391
-1406.

Lu C-Y, Vasil IK (1981a) Somatic embryogenesis and plant regeneration from
freely-suspensed cells and cell groups of Panicum maximum Jacg. Ann
Bot 48: 543-548.

Lu C-Y, Vasil IK (1981b) Somatic embryogenesis and plant regeneration from
leaf tissues of Panicum maximum Jacq. Theoretical and Applied
Genetics 59: 275-280.

Martel E, Nay D de, Siljak-Yakovlev S, Brown S, Sarr A (1997) Genome size
variation and basic chromosome number in pearl millet and fourteen
related Pennisetum species. J Hered 88: 139-143.

Matzk F, Hammer K, Schubert | (2003) Coevolution of apomixes and genome
size within the genus Hypericum. Sex Plant Reprod 16: 51-58.

Miles JW, Maass BL, do Valle CB (1996) Preface In: Brachiaria; Biology,
Agronomy and Improvement (Eds Miles JW, Maass BL, do valle CB),
CIAT, Colombia, vii-viii.

Miles JW, do Valle CB (1996) Manipulation of Apomixis in Brachiaria Breeding.
In: Brachiaria; Biology, Agronomy and Improvement (Eds Miles JW,
Maass BL, Do valle CB), CIAT, Colombia, 147-163.

Miles JW, do Valle CB, Rao IM, Eiclides VPB (2004) Brachiriagrasses. In :

Warm-Season (C4) Grass (Eds Moser LE, Burson BL, Sollenberger

97



LE), American Society of Agronomy, Crop Science Society of America,
Soil Science Society of America, Madison, Wisconsin, p745—783.

Murashige T, Skoog F (1962) A revised medium for rapid growth and bioassay
with tobacco tissue cultures. Physiol Plant 15: 473-497.

Murray MG, Thompson WF (1980) Rapid isolation of high-molecular-weight plant
DNA. Nucl Acid Res 8: 4321-4325.

PPaRE T - fE o R - EE AR - ST R - EEP 3F - /D 2 (2008) A
WELT VP2 (MG5) DRI ET K UREI &, &P m b 58
AR 7.

PEERE T - EE 3 - /NS 2 (2006) MR T U 2 (MG5) DRI
FHARIZ 1T D oM & BRAEVE. w5 2E BRI SR AR R R 5.

Il A= (1998) B OEEHMEY). EFREMER 1=, B0, p25-28.

Hi)Il = (2003) BEHWR A REHRCEOERE & EEIPFE. B HEE 49: 64-71.

HAE 4 v hERGSHE (2009) B AT V2 b O#EG T-H# X (EY, HUK,
http://www.monsanto.co.jp/biotech/index.shtml

Ohmido N, Kijima K, Akiyama Y, de Jong JH, Fukui K. (2000) Quantification of
total genomic DNA and selected repetitive sequences reveals
concurrent achnges in different DNA families in indica and japonica rice.
Mol Genet Genomics 263: 388—-394.

Pellegrineschi A, Reynolds M, Pacheco M, Brito RM, Almeraya R,
Yamaguchi-Shinozaki K, Hoisington D. (2004) Stress-induced

expression in wheat of Arabidopsis thaliana DREB1A gene delays

98



water stress symptoms under greenhouse conditions. Genome 47:
493-500.

Pinheiro AA, Pozzobon MT, Do valle CB, Penteado MIO, Carneiro VTC (2000)
Duplication of the chromosome number of diploid Brachiaria brizantha
plants using colchicines. Plant Cell Rep 19: 274-278.

Sambrook J, Fritsch EF, Maniatis T (1989) Molecular Cloning. In: A Laboratory
Mannual. 2nd ed. (Eds Sambrook J, Fritsch EF, Maniatis T), Cold
Spring Harbor Laboratory Press, New York.

Shinozaki K, Yamaguchi-Shinozaki K (1996) Molecular responses to drought
and cold stress. Curr opin Biotechnol 7: 161-167.

Shinozaki K, Yamaguchi-Shinozaki K (1997) Gene expression and signal
transduction in water-stress response. Plant Physiol 115: 327-334.

Smith RL, Grando MF, Li YY, Seib JC, Shatters RG. (2002) Transformation of
bahiagrass (Paspalum notatum Flugge). Plant Cell Rep 20:
1017-1021.

Swenne A, Louant B, Dujardin M (1981) Induction par la colchicine de formes
autotetraploides chez Brachiaria ruziziensis GERMAIN et EVRARD
(Graminée). Agron Trop 36: 134—-141. (In French).

Takeuchi Y, Dotson M, Keen NT (1992) Plant transformation: a simple particle
bombardment device based on flowing herium. Plant Mol Biol 18:
835-839.

Tohme J, Palacious N, Lenis S, Roca W (1996) Application of Biotechnology to

99



Brachiaria. In: Brachiaria; Biology, Agronomy and Improvement (Eds
Miles JW, Maass BL, do valle CB), CIAT, Colombia, p196-204.

Tsuruta S, Ebina M, Nakagawa H, Kawamura O, Akashi R. (2007) Isolation and
characterization of cDNA encoding cinnamyl alcohol dehydrogenase
(CAD) in sorghum (Sorghum bicolor (L.) Moench). Grassl Sci 53:
103-109.

Uozu S, lkehashi H, Ohmido N, Ohtsubo H (1997) Repetitive sequences: cause
for variation in genome size and chromosome morphology in the genus
Oryza. Plant Mol Biol 35: 791-799.

Vain P, McMullen MD, Finer JJ (1993) Osmotic treatment enhances particle
bombardment-mediated transient and stable transformation of maize.
Plant Cell Rep 12: 84-88.

van Duren M, Mopurgo R, Dolezel J, Afza R (1996) Induction and verfitication of
autotetraploids in diploid banana (Musa acuminata) by in vitro
techniques. Euphytica 88: 25-34.

Weiss-Schneeweiss H, Greilhuber J, Schneeweiss GM (2006) Genome size
evolution in holoparasitic Orobanche (Orobanchaceae) and related
genera. Am J Botany 93: 148-156.

Yang XM, Cao ZY, An LZ, Wang YM, Fang XW (2006) In vitro tetraploid
induction via colchicine treatment from diploid somatic embryos in
grapevine (Vitis vinifera L.). Euphytica 152: 217-224.

Zhang S, Zhong H, Sticklen MB (1996) Production of multiple shoots from shoot

100



apical meristems of oat (Avena sativa L.). J Plant Physiol 148:
667-671.

Zhao J, Ren W, Zhi D, Wang L, Xia G (2007) Arabidopsis DREB1A/CBF3
bestowed transgenic tall fescue increased tolerance to drought stress.
Plant Cell Rep 26: 1521-1528.

Zhong H, Srinivasan C, Sticklen MB (1992) In-vitro morphogenesis of corn (Zea

mays L.). |. Differentiation of multiple shoot clumps and somatic embryo from

shoot tips. Planta 187: 483—-4809.

101



