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The functional analysis of apomixis specific genes: Establishment of plant regeneration
system using callus induced from seeds of guineagrass (Panicum maximum)
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Apomixis is a unique reproductive mode that by passes meiosis to produce seed genetically same
to the mother parent. So it is expected to promise the economic benefits over than the “Green Revo-
lution” by using apomicxis into agriculture. In order to do functional analysis of ASG-1, an apomixis
specific gene, isolated from facultatively apomictic guineagrass (Panicum maximum), using gene
transformation method mediated by Agrobacterium, the efficient plant regeneration system must be
established from the donor plant, that is, guineagrass. Here, we have established a simple and ef-
ficient plant regeneration system using callus induced from the mature seeds of guineagrass. As the
results, 1) N6D medium, a popular medium for rice, giving the best rates for callus formation, that
is, 97.1% in sexual N68/96-8-0-5, and 91.7% and 84.6% in apomict N68/96-8-0-11 and ‘Natsukaze’,
respectively; 2) Murashige and Skoog (1962) (MS) medium with 0.2 mg/l of kinetin giving the best
rate for plant regeneration among the used 4 kinds of the media; 3) As the rates of plant regenera-
tion showed difference among the used materials, the detail combinations of phyto hormones were
used to select the best one for each material. The best results were, MS with 0.2 mg/1 of kinetin for
N68/96-8-0-5, and MS with 2.0 mg/l of L-proline and 0.2 mg/l of Kinetin for ‘Natsukaze’; 4) After
the plants regenerated from the calli were transported into sterilized soil for naturalization, the
normal plant was obtained with same morphology to the plant came from the normal seed. Now,
we are starting to do the ASG-1 transformation with the established plant regeneration system.
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RIS RS LI T, BT RI 72 AR =T
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RIS 28 n T (4SG-1) Oru—=r 7|2
I L Cw% (Chen et al. 1999, 2005). X 5|2 ASG-1
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2013).

HALHIIZ 1L ASG-1 BT OFEBERAT 2 HIW & L
T, FUHTRIZ LV AMF =T 7 A0S HEEL /2
ASG-1 85T %, AMEHAKB IO TR 7 A%
BEDFNZFINIEAT LI EZHIBLTWADS, A
AR THDLF T 75 AT 7anNy 7)) v Lk
B BIETEANLEREDO LIV ANED
FHOLRIIMET L T vy, — 2 HE I E—fEic B
WO MM TREROLMEDP R L ON% W, F2
TARWIZE T, AUHEMRAKOT =T 7 F R & 5040
TRIZVAWMF =77 ARMB LM E Hw
T, TNENTOEMETFHR Y IV A DFFED S A
ARES L E CORMEMET L, HEREMHILLDOT
W59 5.
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1. WO

BN KFRENTEE L TCVWLXF=T7 7 I A0
A WA Gl AR N68/96-8-0-5, ST RI 27 VAT
ASG-1 BALT 2 i L 72 /# TH 5 N68/96-8-0-11, 7
RIy VAR ‘FuaE 4R, KEEOR)
5P TN THR T AT % 46, WEERN 55

TREEEC

1. ¥FZT7ITIADEkE

371k, EHPBERELTLELWEL, HRICA
NTERTHRA L7, T 581E, KELICEHDD
WeEFOMETEAN, FBOBETEVETLHIICLT
TELPZHER AT BT 2 L 7.

2. XZT U SADAIVAFEICH T BREIEH OIS

FEHIZIE A S—= TV 1#R5r (B 2ml) OFEF% H W,
50ml O LEIZ 2.5% RHEIEHREEF b v A (T 0 F
AV V), tween20 (0.1%) %Mz, ZEii, 120rpm
T2 25 3FEMIRE ) BB EITo 72 b DE AW
72 (B 1A). 20Dk, NA A= FHNICBEIL, #
WA TR LD 2L % b T THREZITY, A#EET
WH#HZ Yty b CTEST L@ LS, +47
(CH T2 S w72 (M1B). RS-l T%, ¥
ey MERAWTIRTO 1L Yy —LH72D 40 ki
KLz, BIVATEREEEHICIE, =775 AD%E
B3¢ (Chen et al. 2002) %17 72BIZfEH L 72 MS 5%
i (Murashige and Skoog,1962) |2 A 7 1 — X : 30g/1,
2, 4D :5mg/l, 7T ¥ AL 32g/1 BRI L 725 i
(pH5.8) &, 1 A DOFEFETliHILSL NeD Hi#h (A7 1 —
A 1 30g/1, CHU powder : 3.981g/1, W I /¥ A
T :03g/l, L-proline:2.878g/1, N6 ¥ ¥ I , 24-D:
2mg/1, pH5.8, KX 8g/1) % H\, ZNZNORH
TO NIV AR OV T & 1T > 72, H5#1% 30T,

IREH L UIEIERTORKT

A FZTTIAORE I BADKEA, B IRK TR RO S

R1. X777 A0OKELBAEEORETICA V1 2 FHEH DF S OFER

By o> i N NAA GAs Kinetin BAP
(Toki Eﬁzlm 2006) MS 0.02mg/1 - 2.0mg/1 -
(Chifeiﬂ:, Zm) MS 0.01mg/1 - 2.0mg/1 -
(i\lfm(/i 3u,72zli)\) MS 0.2mg/1 0.5mg/1 - 1.0mg/1

({E]}i;‘;}%?%l 720712) MS - - 0.2mg/1 -
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BT CITo 72, F72 38 2 &2 U THECRS
wriTo /.

3. AMERERBEELIVTRIVIARBETOHILA
FERELRFEEER

FoT7 7T ADEHIIET % B W H7 L T N6D 55 #l
IR L, A VAT R N68/96-8-0-5 & 7RI 7 ¥
A ARHEN68/96-8-0-11 BL T HEI 7Y A ‘F
Y HE FNFNIZOWT N6D BEHERE 17 D
HIVAEEHEB L ORMEERIZOWTHEZIT-
72, N6D B:ib3ffdifs, 3.8 2 &2 DRy TR E
ATV, 2 7 HIRIZAFEEOR I 2 L Z BT,
30C, 24 FEfE H R CHREEZFRT 72,

4. XTIV ANEABEBTFHERHAIVRICET5ES
bz D&t

F2T 7T ADOFERETFHE I VAN S Of#E %
HoaofbE#d Bolb b7, 7RI ZVAZRKETH
% N68/96-8-0-11 DTEHFET-HR A NV A Z B\ FNZ A &
BHEY CHUE STV 5 4 OB LR (31
Toki et al. 2006; Chen et al. 2002, Li and Qu, 2010 {4 %
B, 2012) ICER LT, HobEEHAEL .

5. SEEOXZ-Z7J7 R 2BMEERERE R
IWVEVEE B LU L-proline iSO R

A VA G R A N68 /96-8-0-5 & T R I 7 ¥ AR
N68/96-8-0-11, 7RI Z Y AN ‘v ¥ %
PFE TR AV A % MSFEARRTHIIZ R 7 10— X2 30g/1,
kinetin: 0.2mg/1, K 8g/1 % M L 72 7 45 {L 5z H
(pH5.8) B L, HofbRoMELITo72. &5
27 X VB TH 5 L-proline DR R FFTCE 5 2
LD, MS HEAREEHZ L-proline & 2g/1 4Nl L 7255
WTHREORELET-72. L L, RmHZEREIK
ECRLNAZENS, REANIREZ R VE O
AEDEORE % S B T 72, FEWHRIVE > DA
ADOLEIZBWTIEIMS ZEARFHICA 7 10— R :30g/1,
kinetin:2mg/1, J&K 8¢/l R L 755 (pHS5.8) 12

BWT, NAADEEX0.1,02,03mg/l IZZEZTZ
NZNOFGFROHRE LT 7.

6. ¥=79J 5 ADIE{L

WEya— bR SN EE, A a3y sy
A (NAHFR Y I ATHRY) EN—IF 2T |
(RREIE 1 1) ZEALBELEL -2 Hv, EE
6em DR KRy MIANIELZITo 72, #HEFIEALE
RENT, 30C, 24 B HETIT - 72,

BRBLVEE

1. XTI ADAIVAFEEBICH TR EEHDOIRET
Fo7 75 ADEHMETTIE, RNEROET% 7
W AR IR L C O RDL TS D &N T
7. ZHUCEDEBBE L CnWA X =7 79 ANDiE
EFEABICEAICHELZAT— Y2 Hibanwa &
MEEEN2D, BRTI AU ERET A EIZL
D, (ZIZE CREHHICREDS RO L O 1% ) CFY5sE
#o0% LI L), KIRFTW: 22 E ORI 2 1TH 7% < TD
ZOBOERIMAT L LATE L.

FoT 7T ADNIVAFEICBIT 2EEHOBENICE
W, BES (Chen ef al. 2002) & MS FEAE: # | 2l
DHNVABRIZ LI HWSENAF —FL D2, 4-D
% 5~10mg/l DFHTHEM L 2z HTF =77
T ADIEEED O DNV AFEEIT>TWAHH, S
DI 2B L2 2 A, IV ARFER S
N0, FMUSLMHETTNDREHICHEE LD
LD ANVADIEEIFEIETH -7 (K2A, B). 7
VAT DS E D> 72 N6D i ix, 73 /T
& % L-proline %32.878 /1 /KM ENTH Y, Liand Qu
(2010) b AL v F 7 I ADBEEHIZH NS H L
A DA L-proline WHEMTH 5 LB TW 5L, £
CCHX=ZT T T AOERMEFHEH IV ADEIZ I
L-proline 25N L CTH ) A # DR TIL S HWH I
TWALN6D A5 2 &2 L7,

2. BEDHIVIAHRIEH TDHIV AR DRRF
A MS FETEHITOMVATER, B: N6D ¥ COMVATLK
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X 3. 3EEOXZT77 I XDHIIAHEDO¥EF
A:N68/96-8-0-5 TOIFEMEH1 22D IV ALK ORET, BiN68/96-8-0-11 TOIEMH1 PADHNVAEHOMET, C: “Fyh¥ ToEMEE RO
HIVAFEORE T, D: N68/96-8-0-5 TOIRFER2 HHDH A

£2. N6D I HIEX =TT I ADHI AR =
o775 A TN AT (%)

N68/96-8-0-5 97.1(165/170)"
N68/96-8-0-11 91.7(266/290)
FUhE 84.6(237/280)

(71 v AT HE RS 50

2. FHAEBRBBLUV 7RIV AZRKETOHILR
R E & REER

T OFEFERIZB VT, mEMERESALNS &
BIESCHBENTWEY, F=T7 77 ABVWThANH
HEIRKB LT RI 7 VAR, THEIZ D ARHE
IZBWTHIVADEEDORRF DAL Iz (34,
B, C). HMWAEHRM T 5 N68/96-8-0-5 Tlx, I8
ERIBSICIEHIED IV ADTER EN, ZDHD I
AT BEEZ 72D L, TRIZVATHS
N68/96-8-0-11 BL U ‘v n¥" T, Ya— A
FARTY, MO RYE O DA IV AT S
720 Al R ENT AV A EWEIRS FWES W
HIVATHoTH, TRIZVAGETHDL FUh

Y o= b ANVADRR SN (F—-%
FRLTWwZWw), LaL, 3D NeD K5 i
IHEERE 1 2B O8IV ARERIEE L, FRIoa A
AR T I H N68/96-8-0-5 D 71 v AT 1L 97.1% T
Hotr (F2). T/, TRIVIVARKEBLIO TR
R VAMEIZBWTLENENILT%, 84.6% &\
FTNOLENH VAR E 2o (F£2). HiZEHE,
B VEA G R A D N68/96-8-0-5 D 71 )V AT ASHE % T
HY (X3D), WWVAEEERLE,r-/2Z 813, 5%
ASG-1 BIEFHEAL, 7RI Z ¥ ADOBEEEMRNT % it
WL ETERETHLEEZOND.

3 X7 IVSADEAEBEFHRHRANIICE T 2ES
=300k &)

B LHOEMIIBITAHEMEEEFRIIRL
2. A AOHEGIZHWS LS RE ME#LTIE A VA
PZEALL, AL v F 7T ADFHGALEBTIEH VA
ITHERE T X728, ToRZILIEA s N d 572, —7,
REFX =77 I ATIIMOADPEHL SN, =T
27 HOEMTIE, Y a— MR EN720, MS
FLARKE M2 kinetin © 0.2mg/1 Z ¥R L 7255378, S23k
FEFHRO NIV ADFZLIZHE L T EEZ L
(I 4A,B,C,D; # 1).
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4. ARBFEOEMICE T IBHMEDORRF
A:REIIEsH, B:REF =7, C: AL v F 7 I AR, D b= 7z A7 E5Hl

R3. FZT7ITFAIHIFBEHKIEAD L-proline LU NAA FIMHPBAMMER (%) ICRITTEE”

R inein: 0201 (PENCT] et Oomgl inets Oomg/t kintins O.mg
N 68/96-8-0-5 80 0 8.3 16.6 0
N68/96-8-0-11 25 41.6 8.3 41.6 41.6
A 61.9 91.7 0 25.9 483

*(MSH;Hb I Zkinetin: 0.2mg/1% Al L 7= 55 & AR M & UCERA L 72)

4. 3SBEOX =775 RAICET2EMEELERER
JVEVEE B KU L-proline BIMOZHE

HAE ARV E VB L O Lproline #IMASF L= IZ K 1T

FTHREREZRIIR L. TERIZ TV ARMKED N68/96-
8-0-11 7325.0% DEFALE TR LI, WIITKRI 7
VARED ‘FuhE DB619%DHSILETH -
7o, —h, BEUWARHK TH S N68/96-8-0-5 DFL
IL80.0% TH-o7z. LL, WMEEMTOFGILERIC
EPRELS M0, IVARBICKRELSES LT
7oL Wb Lproline & 2.0g/1 & SNz 7255 LE:

HTHRBRICRE AT o728 2 A, Kkinetin © 0.2mg/1 D
BB 725:HTIE 80.0% & 3 MIEHOX =7 75 A
DO TR L EHWHGLERTH > 72 N68/96-8-0-5 TlI,
Fol va— MR R SN 2o/ —FH, T
R 3I 7V ARKIZB W TIE N68/96-8-0-11 DFF4MLER
M 25.0%75 41.0% LAV KIELZS L, F
2T RIZVARFED FYAE 1F91.7% LD E
WEHMMERE o7, TO X ICRERICRE AR
WRONI-ZERE, RFEINHE 2 EY R IVE > O
HMAGDLEOWEH % 512 To 72, FORE, NAA
% 0.1mg/L RN L 72 b o Tid 3 M & b F LRI
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5 BRit, BEICHTIERLIEMTOBHMEDKT
A, B: N68/96-8-0-5 (MS+0.2mg/1: kinetin), C, D: N68/96-8-0-11 (MS+0.2mg/1: NAA, 0.2mg/1: kinetin), E: “J-7 74" (MS+2.0g/1: L-proline+0.2mg/1:

kinetin), F: ‘7Y 77€" (MS+0.2mg/1: kinetin)

6. IBRILL X7 7T 5 ADEF

A: FLE D SIFIL S ATOF =72 I A0, B: #itito
F=T7 7 I ADKET

{, NAA OEE% 02, 03mg/1 12 EFTHENENHE
SALERE ELZ2b oo, 3HEEICHE L TEATE
A K RV E Y DM AEDLEIIROD L 0o
7o EwARIIICIE, AYEAGERM T H B N68/96-8-0-5 |2
B TIE MS ZEAREEHIZ kinetin © 0.2mg/1 D& % 7N L
72boWHEL, 7RI Z T AR T kinetin © 0.2mg/1
|2 L-proline & 2.0g/1 1 2 755 HAS T3 fLBs #th & L Cfiff
FATEDL L) Dotz K56, MEIZBT
%57 D EH T OFGALORETTlE, N68/96-8-0-5 Tl,
MS 55 H1Z kinetin © 0.2mg/1 % 700 L 72 F0fLRG TR
Lo ) LIRS (K5A,B). 7R
37 Y ARAD N68/96-8-0-11 Tld NAA EEZIN D F455
fLEEHL & NAA @ 02mg/1 % I L 72 F LBt & b 12
RIS KE RZETIR S N o7z (K5C,D). L
L, 7TRIZVAMETH L ‘T nE¥ 2BV,
L-proline Z{RM$ A Z L I12& o T, FEADELLD,

RoMELASN, ZOF FIELT LI LTS (K
5E,F).

5. ¥Z79J 7 ADIE{t

— WA AT A -0 IZIER b E LTk
VEY T IR L 22 TIEIL R AT 2 2%
WS, FZT T T A EE R ABEICEN0, RE
Va— MR EINEYEE ZOFEFAITI v S
ANARRY T AT v I8) EN—3IF 254 (K
1) #RAEL-EZHV6ecm Ry MZANT
NEAL % 4T > 72, #FEIZ AN LRSI T30C, 24 B
HETITo72. &, 1 7V AH7 0 ORWIKEA L
RRTSMHEEE Loz b00, NELL ZZHEYES
NCIEEFICEBFL, EBICFEZITVWARTLZDLO
EEEMLERE R SN o7 (X 6A,B).

C 3

7RI 7V AIEBEOBETRZ )BT oM Is
b LA TH H., RifEETIZINETIZ, 7
RA R — IR IG MG O H BB AR R 12 58
B 2#&ET (ASG-1) Or7a—=r 72 LTw
% (Chen et al. 1999, 2005). AFFZE%E Tl ASG-1 Eix
TOWBEMNT* B &E LT, F=7 77 A0 0 H
L 72 ASG-1 BIzTDEA % HIEL T 525 1 A+ F
WY THAF=T VI ATIET 70Ny 571) 7 AFER
7B AL EREFEO L WAV ARL O
SALRITHEST. L T, F 2 TR T, A
WMADF =T 77 AL FMNF =T 77 ARMB &
7RI 7V AR HWT, ZRENTOEIMET
HH3k 7 OV A GEE D O WA 3L £ TOR b % #ES
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L, WBRAOWEN 2 1To7. TOE, F=T775 A
DBV AN T e B I, [ AOFEIZHON
HND M TH L Z EDgiroiz. Tz, A
ST d B N68/96-8-0-5 Tld 1 7+ HED )V AT
EA97.1% LHEICTE L, TARIZ U ARKD N68/96-
8-0-11 TH91.7%, 7THERIZVAWED ‘“Frh¥’
b 84.6% DN INVATINEKE otz A4 FEHEDOFES
bR 4 FEEME L €, Sl b o iat =
vy, MS ¥ HIZ kinetin % 0.2mg/1 1 L 7255 THEW)
ROFEIHR SN, Z0M%, 3HEHEOX =T 7T
A TEHSALEOPTEZ TV, £, WMET L IZH
AL ER DS SN 72729, L-proline X NAA (0.1—
0.3mg/1) % flAE b Tl 2 Fo b o %
1To7z. ZFOERE, AMAEMRH N68/96-8-0-5 Tl
MS FEARKE #12 kinetin © 02mg/1 I L 720 @, SRR
7RI Z b N68/96-8-0-11 BL TR 7 v A5FE S
v #1¥" TIL, L-proline:2.0g/1 & kinetin:0.2mg/1 D 7%
ITHMEEI RO @ o7z, RVEY 7)) =%
BRHEFICEBIEL L 72X =7 79 2A0HiE$ X
TIEHIEFICEBL, H@ICHEEZITVAERTLZ DL
R R EILE RSN olz. W, KIFZE CRENL
L 728238 R % fii 5 C ASG-1 {5 F-HI 2 EE % £
LI T\ 5,

E
AHFFE R FE 22 Al B 4 (ZE2F7E (B) ) 23380009

L2500 TH5%.
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