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Transgenic rice plant regeneration of ASG-1, an apomixis-specific gene isolated
from apomictic guinea grass (Panicum maximum)
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In our previous report, ASG-1, an apomixis-specific gene has been isolated from apomictic guinea
grass (Panicum maximum Jacq.). In this study, to sequently analyze the function of the ASG-1, we
used the combination of Agrobacterium-mediated transformation system and pSMA35H2-NG bi-
nary vector for transformation of ASG-1 to ‘Nipponbare’ of rice (Oryza sativa L.), and its embryo
sac analysis of transgenic rice.

In this study, 1) As a preliminary experiment to test the efficiency of the combination of Agrobac-
terium-mediated transformation system and pSMA35H2-NG binary vector, -glucuronidase (GUS)
reporter gene was expressed successfully in calli of rice and guinea grass used as a control. 2) And
then, the transgenic rice plants of ASG-1 were obtained from the culture of matured seed-derived
calli using the transformation system same to GUS. 3) The putative transgenic natures of To callus
and T rice plants were confirmed by PCR analysis using the primers designed according to the se-
quences of ASG-1 and hygromycin B with restricted band patterns.

Key words: Apomixis, ASG-1 (apomixis-specific gene 1), guinea grass (Panicum maximum Jacq.),
transgenic rice (Oryza sativa L.).
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BIEE L7z, 2 OREE, AUAmmE Rk, KT
FCIRFE CAEERE 2N 7225, 20Kk, TEIZY
AT, KRIBTAHE b S 2 L FERC, B
OB AR DAL AR L TT R AR — MR ZEL,
JEAiRE (AIC) & 720, ALK LT, /-
FAAEY H F T2 T HE2E Ll T 2 B2 Z O
JaDOBAHE Z el T T2 LR X D6, Th
WBEMETE 7RIV VAL ORDELLIBR IR
L7zt E2A., TNETRIZ VAR T OB &
WD ELEZT. TOREELLIITERZEEL
LTAICHBAIZDOEBEAT -V OFEEZY 7))
>~ 7L, Differential screening (DS) % Fi\v>C AIC
AT — VRN EET (ASG-1) ZHEET 5 2 LI
L7289, ASG-1 DT I J BREEH) % FH v CTHE R AR
L&A, FMTWFRNZRD2 (T4 XF X
DTIEOFEBEIET), VI AT ¥ VX7 Bk
RV E B L T WA I ED D H o7z 100, ASG-1 D
FERERIAT 21T 9 7200, Ein THLAM 2 LR 1T ) LE
Whrb, 5FT, FoT7 77 ATIE, EEEED, T
R, MTREY »OHMAEAICR L Tw
505, F=T 77 ADEMETHIEZ FETEAN TR
KOBWHEIE LI N T ARw, —F, ¥=777
AL A ABDOA A (Oryza sativa) TlX, HAA
A E AL NARW T, TZUNT T LETE
Bk 2 157 ENH ), EHI, N, FYRT F —
pPSMA35H2-NG % W 72813 D W7 7 a N7 7 1)
v WIS AT L)%, Toki et al.'” 12 & o THEN
NTwnb,

KIFElE, 4 F07 707 51) % A3 (Dr.Toki,
NIAS, Japan) &, pSMA35H2-NG /N4 F 17 ¥ —
(kindly provided by Dr.Ichikawa, NIAS, Japan) % i\
T ASG-1 % 7233 2 A A OFEWR % 1572 O TH
HT 5.
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1) Fiaxkss

FIEBROMELE LT, 1 & (Oryza sativa L.) i f8 “H
KEE & T IERY OFTE W,
FT%70% %/ — )V CREME L, Tween20 % &
02 5% RHEYEFEWEF N ) 7 AT 1550 A,
BK T35 W THEE, T2 ERICENTKRT %

TR L7, BV AFEEEH (N6D E2#h) ®
WCHERE L TV A ZFHE L 72, B E, Tokiet
al.’? O PFICHE L f2. F LT, B4 AR %IC GUS
HIRFEAFERIH 7.

—F, ¥F=7 275 A (Panicum maximum) 1%, FIL
MR BB ZEEAE 74—V R v ¥ — DY
THEE L T b B MR D N68/96-8-0-5, N68/96-
8-0-7 E MM T R I 7 ¥ ARMD N68/96-8-0-11 DEE
% h OV AT BTz, h oV A, Chen et
al.’? OMEIHE - 72, 6~ S ZIC GUS B T EA
FEERIZFH W,

INAF VYR H—D plG121Hm (Fig. 1) & pSMA35H2-
NG (Fig.2) FZheh, AdHEKRY (hiEL) &
B EYPE R SET (I EE 1) (SREE L Tw
722wz, g rua~< A v CRUEEET (hpr) &,
GUS # &L 20DNY ¥ —%, ZTNENT 70Ny T
1) %7 2@ EH101 & GV3101/pMp90 (i )11 #5 &5 ff + 2
fit) OFIZEAL T, GUS BIZFEAIZHWAZ T
FUNy 7)) v AORKG: & BT, GUS Jefh i
Wrg R e AT LR — 4 o NS I EE L L o
N—=VFNVaIalr—Ta Xt she s
\ZHt > TTo 72,

2) PSMA35H2-NG N\ ASG-1 D&

¥ fifi £ 5% C pIG121Hm & ¥ pSMA35H2-NG 7* fi
AL 2EEOMY CEWEGERL B E RIS,
PSMA35H2-NG % ASG-1 i#fnF-HH 2 SEERICH 72,
ASG-1 DIFFERH 1L GenBank/EMBL/DDBJI(AB000809 )
% ZM L 72, pSMA35H2-NG ™ ASG-1 D41 GUS
DIty N % ASG-1 cDNA L& L /2% (Fig. 3), <
D ASG-1 DH1 Xy N % T 7 aANT T 1) 7L GV3I01/
pMp90 [ Z3E A L CHIH 2 FEBRI L L 72,

3) BT AENDER & EMEEE

‘HAR offt%, PHEREFEKOFETH IV
AN H W72, £ D%, GV3101/pMp90 & 3 H [H
FAERER L, ANV R=ZT ) F Y A (CDS)
% 500mg/1 &L WEK TS L, BRI L72. £L T,
300mg/l ® CDS & 50mg/l DA 7 U< AV B%
&t N6D I~ Al L C,30C, 16 H &
(3,000lux) T4AMRGE (FFFE2 M THARTE) %
To72.

B L 2B E TR 2 OV A1, 300mg/1 @ CDS &

nos Y nern frNosHH s
|

GUS [TNOS 358 HPT

TNOS [«
BL

BR |

Intron

Fig. 1. Diagram of pIG121Hm. LB and BR, T-DNA left- and right-border repeats; NPTII, neomycin phosphotransferase
IT gene; GUS, B-glucuronidase; HPT, hygromycin phosphotransferase; NOS, nopalinthyntase; 35S, 35S promotor; TNOS,
signal of 3’-nopalinthyntase; T35S, signal of 35S 3’- RNA; B, BamHI; E, EcoRI; H, Hindlll; S, Sall; Sc, Sacl; X, Xba.
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50mg/1 DNA 7u~< A L » B % &1 Regeneration T 55 4) BT AEND DNA 547

Hi (Murashige & Skoog 1962) ~EAE L C, L& [EL LR TR O N RRIEA 1O T, Ti B DZEE 51 )V
BT C MR AE (Rr28 3 M CHERRTEE) 21772, AL, TRIVVARMOX =T VI ADHN VA%
ZD%, Ya— P lem P EAERLS, KUE W, DNA I =7 L — MZETDNA filili 217572 2.

v 7)) =R AFEAE - 55 LT, AT IIE L 7T A4~ —1% ASG-1 B4 (Fig. 4; Table 1) & /A

725, Ry MIBAEL T,28C, 16 FEH HE (10000 lux) ruax A BB (Fig. 5; Table 1) (Z9E > TRaEH
THIAE - #HFE S, T SO N-fTFIE, & L7z, PCRIX95C, 157D, 94T, 308, 52T, 307,
HHEZ1T-> T T 2 TR S ¢ 7. 72T, 153 %35% 4 7 Vitw, %1272, 547, 4T

O THRFEL 7. PCREWIZ1IS5%T a0 — A7 )V THE

BamHI Smal Pstl EcoRI Pmel
EcoRI HindIII Pmel
Pstl Xbal Smal Sacl EcoRI M€
LB BamHI Smal I, BamHI \| N ac °B
P3s59 Tyos HPnos | GUS HLRbes

pSMA35H2-NG

ColEl opi staA

[
Spel
Fig. 2. Diagram of pSMA35H2-NG. spR: Spectinomycin/streptomycin resistance gene from Tn7 ; staA: Region involved-
in plasmid stability from Pseudomonas plasmid pVS1 ; repA-HC: replication protein A gene from pVS1 (high-copy type)

for plasmid maintenance in Agrobacterium ; ColE1l ori: ColE1 replication origin from pBR322 ; TRbcS: Polyadenylation
signal from Arabidopsis RbcS-2B gene.

BamHI Smal Pstl EcoRI EcoRI Pmel
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I —
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Fig. 3. Construct for ASG-1 using binary vector of pSMA35H2-NG. spR: Spectinomycin/streptomycin resistance gene
from Tn7 ; staA: Region involved in plasmid stability from Pseudomonas plasmid pVS1 ; repA-HC: replication protein A
gene from pVS1 (high-copy type) for plasmid maintenance in Agrobacterium ; ColE1 ori: ColE1 replication origin from
pBR322 ; TRbcS: Polyadenylation signal from Arabidopsis RbcS-2B gene.
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H |
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Fig. 5. Locations of the primers designed according to
hygromycin B gene. The primer sequences of HML and
918bp HMR referred from Table 1.

Fig. 4. Locations of the primers designed according to
ASG-1 gene. The primer sequences of A1, A2, A3, S1, S2,
and S3 referred from Table 1.
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Table 1. Primers' sequences designed according to ASG-1 gene SUKBI LT, ASG-1 &g 7 a~A > v B OEERN,:
NV REBIg L7,

Primer name* Sequence (5' = 3" Length Tm

ASG-1-S1 atggcattcgtgatggga 18 60.88

ASG-1-S2 gggtaaaaccttccceatgt 20 59.92 + . ¢

ASG-1-S3 gttctagcecccgtegatte 19 59.64 ﬁn%% J:U%g

ASG-1-A1 cctcttgeccaaagatcacg 19 59.38 1) Flig=E

ASG-1-A2 atcgacggggctagaacct 19 60.99 BETIEEEBEROMNBZHERT LH72012, GUS &
ASG-1-A3 aggttttaccctcgageaca 20 59.73 LR=% —@BnT & LTHWERTIE, X7F7—2
HM-L cgcaaggaatcggtcaatac 20 60.47 ffi% & b (Fig. 1 and Fig. 2), 4 AFETREENSES
HM-R tttgtgtacgcccgacagt 19 60.17 n7z# VA (Fig. 6 A-B) EIRIEHH VA (Fig. 6 C-D)
14SG-1 - apomixis specific gene-1 (Chen et al.1999). The primers IZGUS IR Nz, UL, F=T77T7A0Dh
associated with Fig. 4 and 5 VA EJRTIE, pSMA35H2-NG/GV3101/PMP90 % H

Fig. 6. GUS expression in calli from matured seed culture of rice and leaflets of Guinea grass. A and C: callus and
embryogenic callus from seeds of rice; B and D: GUS expression in calli from A and C, respectively; E, F and G: GUS
expression in calli in different developmental stages from leaflets of guinea grass, respectively.

Table 2. Comparison of expression effisiencies of twe kinds of binary vectors on guinea grass
and rice using Agrobacterrium mediated methed

pIG120Hm/EHA101 PSMA35H2-NG/GV3101/PMP90
Materials' No. cali No. expressed (%) No. cali No. expressed (%)
Guinea grass
N68/96-8-0-7(S) 67 0 (0) 48 36 (75.0)
N68/96-8(S) 55 0 (0) 32 12 (37.5)
N68/96-8-0-11(A) 30 0 (0) 24 17 (70.8)
Rice
"Nipponbare' 75 37 (49.3) 82 58 (70.7)
'Akenohoshi' 95 62 (65.3) 92 68 (73.9)

" For guinea grass, all are the accessions, and S means sexual and A apomictic accessions. And for rice, they are the varieties
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Fig.7. Plant regeneration and morphologies of transgenic rice of ASG-1 from matured seeds. A-E: Callus formation from
matured rice seeds cultured on N6D medium; F: Calli used for transformation of GUS and ASG-1; G: GUS expression in
calli; H-J: ASG-1 transgenic rice regenerated on regeneration medium; L-M: Transgenic plants growing and ripening.
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Fig. 8. Detection of ASG-1 in recombinant calli of guinea
grass and rice by PCR analysis. Lanes L, 1, 2 were size
markers; Lanes 3, 4 were recombinant rice and guinea
grass, respectively.

W7 AT GUS OFHSH & 722 (Fig. 6 E, F, G),
pIGI20Hm/EHA101 A CTlX o e o 72 E 512,
EYFE A JIA T A &, pIGI20HM/EHAL01 % JH 7235
G, FZTTTADVTNLEDRMETH0% T, £+

D2 WMHFETIE, 49.3% ~65.3% Tdh-72. pSMA35H2-
NG/GV3101/PMP90 % W 72356, ¥=7 77 A TlZ,
37.5% ~75.0% T, 1 +TiX,70.7~73.9% ThH - 7-.
pIG120Hm/EHA101 & ¥ % pSMA35H2-NG/GV3101/
PMPO0 D FEHHATE W 2 & 25> 72 (Table 2).
D DFEFRD S pSMA35SH2-NG/GV3101/PMP90
WHEERRIL, A AEFT 7 I AOWMFIETTE
HIENIRENIZIZ0, Tk ASG-1 #Ein T 2
WCHW72, WEFETIZ, b=V T2 A2 Mo
WETIIRI L TWLD, F=T7 77 ATHoIc@<
TUNg 7))y AEFHEL L TW R no), b
DFREFRIL, TP SDOF=T 7 I ADTEiEFER I
EERIERELDLTHS .

2) ASG-1 Ef=F#HiRZ 1 X DIENHEBE

A A DEHFET % N6D Kb TR &3 ~ 4.8 T
WVA%FHE LI (Fig. 7TAD). T, S5I1238M
B % AT 5 7212, 20% DA IV ADEEHE L, T8
7 N CEBOMKRREZ G LR A )V ADSFHE Sz
(Fig. 7E-F). OB, BENREMERT H72012, 2
NHEDOH I AD—E% GUS FEERIZH V72855, Rl
FIZHFWR BN (Fig. 7G). I 2 CTH s
F LR EPEONL Z L2 Ml TE. D%, Ko
7271 )V A % ASG-1 #1302 SEE% 12 V> T, Regeneration
MBI L. Z LT, Ya— MR, KWK
AR L7 (Fig. 7THK). #dblFLz0b, 7u—2
F ¥ YoN—OHTNEL L THRT L7z (Fig. 7 L-M).

3) PCRICK2##2 1 X TDASG-1&ENnNA170O%
12 BEFOMESR

FF, AL SIDOT I A4 ~— (Table2) % H\WC,
TR 2 A A To & N68/96-8-0-11D 71 )V A D5
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M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

903bp —

Fig. 9. ASG-1 specific band patterns in PCR products of transgenic rice plants based on the primers of S1 and Al, S1
and A2, and S2 and A2, respectively (Fig. 4). Lane M: 100 bp ladder; lane 1 to 11: transformant No.; lane 12: guinea grass
N68/96-8-4-16; lanel3: guinea grass N68/96-8-0-7; lanel4: guinea grass N68/96-8-0-11; lanel5: guinea grass N68/96-8-0-5;
lanel6: plasmid (pSMA134S2).

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

513bp —

Fig. 10. Hygromycin B specific band patterns, and randomly band patterns in region between Hygromycin B and ASG-1
in PCR products of transgenic rice plants based-on the primers in Fig. 5. Lane M: 100 bp ladder; lane 1 to 11: transformant
No.; lane 12: guinea grass N68/96-8-4-16; lane13: guinea grass N68/96-8-0-7; lanel4: guinea grass N68/96-8-0-11; lanelS:
guinea grass N68/96-8-0-5; lanel6: plasmid (pSMA134S2)
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fhi L 72 DNA % PCR ICHIV 72 & 2 A, ASG-1 FREA1Y
TNV RRENFNOT Tt ah, #&inT
BASNZ EAURIEBE N (Fig. 8).

T, A A0 Ti#EmFHHIE 2 A % T PCR
AT o 7o, FOMEE, S1E A1D K T03bp, SI &
A2 D [ T581bp, S2& A2D [ T294bp D ASG-1 %
BNy FznenEonsz (Fig 9). HML &
HMR OB TN Z7a< A v v BORFERKZR /N RS
513bp 720 THN/ (Fig. 10).

SlfE S N7 B TR Z A R & Z0BRROESE
ZAEIZ DWW, Gl &k EBE21TH LRI, 40
ML T & 72 ASG-1 BIZTEAY AT 5% FI\WT ASG-1
DR 21T 720, AUAEHOF =7 77 A2
ASG-1 DEAFEER % FATHhTH 5 2,

C: 3 )

INFE TIIAMEETAS AFHEKEHECTH L F =
TTIAPOHEEL 27 R I 7 v A RS
ASG-1 DIEFERNT 2 179 7200, ARFEEETIE, 77 an
777 AL, pSMA3SH2-NG N A F 1Y RT & —%
F T ASG-1 #H 2 4 A DAE IR E 2 A2, Z
DFEH 1) THERTIE, 77anNry 7)) 7 aiEE
PSMA35H2-NG /XA F 1) X7 ¥ — & A A HE 7ol
T, p-glucuronidase (GUS) ) K— % —#@fn T, 1 %
EXT T IATHEET LI DR TE 2. 2) FL
T, GUS & U Iy 257 2 & W, 23l
THI®R A IV A DR T ASG-1 BIE T2 A + %15
72.3) ToZ1 VA & Ti A A2 ASG-1 DA MEDFERIZ,
ASG-1 &g Z7a~x A > v B ORIERYIHE > THET
L7794 =% W/ PCRICL > TENENDOE
BNy FefEil L7z, RgECEL NI H0
NI G H D ASG-1 % F 7R REMRAT | S 7 F B
EhbEEZD,

& &

RIFFEDOMI 2 EER TS 72N FYRT I =D
pIG121Hm & pSMA35H2-NG ¥ Z L E 4 B K5
(PAstdit) & RSEEYERMIE (hEL) (232
L Cwiciwiz, o, 414207 7unNs 7Y T A
DG, BrFiB XU GUS Hetn |3 BEL Y & IFITFE AT
TldE 2 S S IR SR s AT e b a—
Ve L7z, SCICECEHOEZHL LT 5.
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