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FiaE - HEEE - SEE - T84 - MORET - 2014 < S BlSRE RN AcGFP J¢ ZsGFP 1
KA =3~ FHEBER - B8R FEMHR 63(4):307-319 -

SHEE S RTOERRRAGRAKLA YA R HBE LA LRGP A & 3 KB R34
AcGFP R ZsGFP #. % R B R B A % > 330 k4G 847 & B h 43 4 - & & % A& pCAMBIA35SACGFP &
pCAMBIA35SZsGFP & BL#A X AR 5L » AR BAF BB % - MR ARRE KBERM - ERER - B
WA RRBGAE  BRE14d%E FRTRFRLERK - ™ TIHTALKEEME 14 d % 355:4cGFP
b7l 2T e 4 3 0 NE AR BRI S AL BRI R B 4k & Bk 358 ZsGFP 33 A ST 4L 45 ¥ 64 e 4k AR SL K d
REmEBMER GG - Rin > MBI AN GO FHANETREEE T TR BFRARINLERE -
ok » 35SuAcGFP 3475 £ &t 8k 6Y % L R ILE ZH50 35S0 ZsGFP 33 £ » T A7 35S:ZsGFP & Sty R 3.
2 FAKPT L © vh AcGFP %51 £k Ubi-1 R K4S GluBS i GluC BL ) F &M o 4 R4 R Ubi-1::AcGFP #%.34 %
T B A MR BASE FRE T IRE| B KR 5 GluB5::AcGFP B GluC::AcGFP 3274 % 75 o1 ¢ & it
15 R R F AR B Bk - S RET 0 ER Ubi-1 > K45 GluB5 1 GluC Buh T % T fe K45 ta o
EEy AcGFP %8, A Z AR NRAEAEEGH - AFRIIEBOCLEREARRARM AL - BTHS
A AR P S 7 0 T A0 AR RARCE 0 R A A MBI R AR S FeEs AT LS LT E RN MK
BT R HT

RASEER © AREDCEA - HEEN -~ BET - REAS - BEEEEIE - KR

22 % (B2E (Errampalli et al. 1999) » K1 -
22 A p- & i T B2 B (B-glucuronidase;
GUS) 80t 2 (luciferase) AN - #EIZ JE
FATE & FETE YA BB ZE (Stewart 2001) -
Niedz et al. (1995) I AEEHRE (Citrus
sinensis L.) [ 4B #8 tp RELEF 4= dequorea
GFP E R - FI » ZERM IR ERFEE

BIS
K BE4E % CE H'E (jellyfish green fluo-
rescent protein; GFP) [ ff ¥ @@} £ #i
(470-490 nm) SELRAVEE T > TR HLEOE
HiMife - REEY)EE R AR IR E S
B O —EIRE AR R TR #E

2 A (Bolhassani et al. 2011) o JoH » 4%
JCE HE B AN 5 E A B E LY E R
8 HmSBIRI0 FERE B AT B E Al A

HRSHRIE > AR A AT M LT (drabi-
dopsis) i FEHYEHME T R (Hu & Cheng
1995) o fE& K - 22 50 Ry o8 A0 BB 1 BT
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LIRS KRR > B AR RO ERERR AR
TEMEY) 2 S E R E RSN T (Hu & Cheng
1995; Sheen et al. 1995)

Gt e BRDREE PR T P AE P A e o e B T 3
RE O AMAl—EEETEEEEKR T BE
HYF2 3R o Haseloff et al. (1997) #5¥1 » I J4EE
&k L BN mRNA &F —EEERNN S
+ (cryptic intron) » fff DUCE f[ L (B 7~ R B
GREY) (splicing) HHIHVZRZ > MAEFR—EE
il - HEEEA B RENGE I EE -
Rt > FIF[E225%8 (silent mutation) 5=, »
WERBENN S TEUINR - DI REEY)
M > BN eI P A e B R E
Z mGFP4 & HEHYRH - HEAFTEIZLH 8
SEATNEE 95 (Haseloff et al. 1997) - [fE4EH £
FHEUERTEARM RS EER -
HOM S A FI B 6O BUR R & B LR R
o DfFra&EAREHNZ T K (Heim ef al.
1994; Heim et al. 1995; Heim & Tsien 1996) ©
FHrft > P Yang et al. (1996) F|fH F64L ~ S65T
Je Y145F = (EREZE 8 E A - Pk I 58 iy
G CEN- EGFP » fy &% - HAlERE
ERFEERD  CHEZEMNSE S T4E
YA AH R A Y 22 <RI RR B o B T AT AR
H'E TGRS - 22 EE EEKEEY)
BB AUy O AR N > 40 AcGFP ~ ASRED ~
AmCyan ~ ZsYellow ~ ZsGreen [ DsRed (Matz
et al. 1999; Lukyanov et al. 2000; Labas ef al.
2002; Matz et al. 2002; Gurskaya et al. 2003;
Chudakov et al. 2004; Verkhusha & Lukyanov
2004) o fE5E 258 AN DsRed 25—l
TEFE Y R I K E BV (Jach et al. 2001) >
i AsRed ~ AmCyan ~ ZsYellow ~ ZsGreen X
DsRed ALK » A3 AL B - &+ EEY) &
THAH A P B R B B2 (Wenck et al.
2003)

AcGFP # R 77 B B Wi /K & (dequorea
coerulescens) » AI R MR ERSRELELE
(Gurskaya et al. 2003) » g2 % 51 B wij it
EGFP HyFF%1 - BA & EHIHEUME (94%) -
It FORRE M E Bla e o B B EGFP (M
HEAEHAE (monomer) ;iRFE T » BIA[ 13 E %

rere

]

63 % H41

s KK

4k %St 0 N 1% GFP ~ AvGFP § EGFP %%
HEAE  F—RBFABRETIEPKERESR
(dimer) (Jain et al. 2001) » [R/[f 558 & & F A
EHERERT (protein fusion technology) -
5 —J7H > HRE % (Zoanthus sp.) BEFEHY
ZsGFP F:R » T]RIE; EGFP 5 2.5 (55851
EREESE (Matz et al. 1999) - ZAi » HAiE M
fEsaR Y E AR - ik Z S EEYI R E
o i fEERER -

£ 1983 4 » BBEEEF HEARE (4gro-
bacterium tumefaciens) J r#4 #Hg 0 B W4
YRR R AR RRS T I 30 H AR
(Fraley et al. 1983) » {F A T2 b 72 B JE H
HESR - > B —E BV EER - KGR 2R
AP AR EZRENEFSEYF » W
BE /N (%) 420-460 Mb) » H HERNEGFFHIT
£ 2005 FE52 B (IRGSP 2005) » [Ht: - KGR
R E T EEYIES 2% AERBIREE
WH7EBEIE S & 0 B B SR ARV BR
R AT Y EEIFE EEA AT -

KU FeEE st B AcGFP Bl ZsGFP W85
HEEA - FEEEDL 358 BUE) T e g 2 RINAE
BEMEHZE "R 675, (‘TNG6T) /K
BB AREKHEHET R THELRE
B o Bt% > M AcGFP & ERF S Tk
Ubi-1 J ¥ BT IR AL E — R BLE) T GluBS
BL GIuC HYJEME - gt 7e 48 3 BRAT Bl =
TR E P YT BRI > RT]
1E Fo 8 BRI B R T B B RS - 43 FT VAR

MBS E

ABEM R

RIHFELL B R 67 57 1F Ry B R E A -
I FH [ £% BUK RS 2L 2 B R 240E (18 DAP) »
o B G A A 0 (F R EREEM R o sl BPT
FH#3 pUC35SIN (Wu et al. 2009) B1 pCAM-
BIA1300 > F; A. tumefaciens EHA105 & tf
RE T+ £V 5 P i R SR B A fe £t -
AcGFP 81 ZsGFP &k & St £ [N 77 2K 5 pAc-
GFP1 Bl pZsGreen (Clontech Co., USA) » [fij
F oK Ubi-1 B ®+ R X AIIZK H pEpyon-42H >



HT LR OGN B 309

Foth EUR ALY RH I 7T s R B EUR i
{/\

IKFEEEHE DNA &2 R4

Hy 0.1 g /K % # H » F] H Tissue Lyser
(QIAGEN) » DI b 1/30 i EE % 30 s 2 X »
AETTHH MR - 0 A % & 8V ZE B4R R (100
mM Tris-HCI1, 50 mM EDTA, 500 mM NacCl,
1% SDS, 10 mM B-mercptoerhanol) 1200 pg
RNase » EHDRGHEE 12 65 CRBRTERFE
15 min = $#ELL 18,516x g #fry 10 min > AiAE
A S MBSz $71% > B EIUREDE -
& BEOERBRIUEYIE - EIIAEE 3 M -
pH 5.2 AR B: 579 4% BT s N ES - 1T DNA
DB © 1% 0 DU DNA FREE 70% 5 2R
HZ IR SRV BR o [BDE A TE &K (10 mM Tris-
HCI, pH 8.0 )2 1 mM EDTA, pH 8.0) ifi lA 47
JEIERE R KB K oy TS DNA £ iy 58 fe
RIS BIPRER -20°COKFETF A -

8= 675t A BB H) T EIE
B ERRIT R BEE
AR MR BT EEE 7 KIEBECE
% 2 K4 GluBS B2 GluC BB T F¢ %] (Mitsu-
kawa et al. 1998; Kusaba et al. 2003) » 43 Hi|z%
%t GluB5-F ~ GluB5-R ~ GluC-F f GluC-R 5]
T @& 1) -LLTER 67 5% AR DNA Kbty -

1. AUIFEATARS TR -

PCR 2K ELE 95C 2 min 30 s 1 {GEE » 94C
30 s~ 55°C 30s ~ 72°C 3 min {30 X » 72°C
10 min 1 {F¥R > $476H GluBS B4 GluC BLE)+
F B FDLT-AEIE T > REET pGEM-T
Easy vector (PROMEGA) - & EFFHER AR
IEHEREN FHE AR Bt EHEHE R 1% » S Aldn
B pGEMGIuB5 & pGEMGIuC -

G AR ARG ENE 7 REBCH
% 2 AcGFP Hl ZsGFP £#: [R %] (Matz et al.
1999; Gurskaya et al. 2003) » % 5] GFP-F i
GFP-R 5[ (% 1) © F77 AL pAcGFP1 B pZsGreen
‘B g DNA fyf5iff » PCR A25(3%E & 95°C 2 min
30s 1 {53 » 94°C 30 s~ 55C 30 s~ 72C 3 min
{EER 30 2 > 72°C 10 min 1 {§¥8 > $EVEH, AcGFP
Bl ZsGFP &k e AW R B B 53 Hl L Milul
¢ Sacl (R Bg )iz » K EEJE > pUC3SSIN -
KIEFHER BT A EHRMEB TFHRARKRZE
HE % o7 Al %4 F pUC3SSACGFP K
pUC35SZsGFP - ¥ % » % #f 35STGNT-IF-
F1 % 35STGNT- IF RIS[F (1) FHHIM
pUC35SAcGFP Bl pUC35SZsGFP & #& DNA
Ry AR PCR&EﬁﬂE%% C2 min 30 s

158> 94C30s~55C30s~72C3 min{f
230K > 72C 10 min 1 7§ ¥ > # ¥H &} 358

Bl 8 F :AcGFP::NOS %% 1+ ¥ 35S Bt &) +
:ZsGFP::NOS % 1 T F R R % > B LA In-Fu-

Table 1. The primers and their sequences used in this work.

Primers Sequence (5°-37) Annealing temperature (°C)
GFP-F GACTACGCGTATGACCATGATTACGCCAAGCT 55
GFP-R GACTGAGCTCGACTAGTAGGCCTATTATTTTGT 55
HGTII-F ATACACTACATGGCGTGATTTCATA 65
HGTII-R ACTATCGGCGAGTACTTCTACACAG 65
35STGNT-IF-F1 ~ GGCCAGTGCCAAGCTTGCATGCCTGCAGGT 55
35STGNT-IF-R1  CCATGATTACGAATTCCCGATCTAGTAACATAG 55
Ubil-F TGATTACGCCAAGCTTGTGCAGCGTGACCCG 60
Ubil-R AACTGCAGCGTCTAGCCCGGGATCCTGCAGAAGTA 60
GluBS-F CGGCCAGTGCCAAGCTTGAGAAAAGAAGATTTGCTGAC 55
GluB5-R ACCATGGTGGCGACCGGTACCGGCTATTTATTGAAAGGATAATG 55
GluC-F CGGCCAGTGCCAAGCTTGTTCAAGATTTATTTTTGGTATTTA 55
GluC-R ACCATGGTGGCGACCGGTACCAGTTATTCACTTAGTTTCCCACT 55
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sion® HD Cloning Kit (Clontech Co., USA) >
71 B X #E FE Y pCAMBIA1300 AY EcoRI K%
Xbal [R5 V) {7 - # I 1% & 7% 48 PCR g Ml
Fe Bk o A~ GE e WERE A A IR T BB T
AR EZEHER By hlar# 5 pCAM-
BIA35SAcGFP fz pCAMBIA35SZsGFP ( [&]
1A ~ B) - BB FIEME TR A4 2 SR
% &t Ubil-F ~ Ubil-R ~ GluB5-F ~ GluB5-R -

GluC-F Jz GluC-R 5[+ (£ 1) » 47 HI L pEpyon-
42H » pGEMGIuB5 % pGEMGIuC & % DNA
EtEM  PCRIEERZHE HI5C 2min 30s 1

T > 94°C 30 s ~ 55°C 30 s ~ 72°C 3 min fiHE:
( A) PlacZ Nos terminator
35S promoter - // AcGFP
MCs
hpt! 35S promoter
CaMV terminator
Left border mﬁ
.“ms;%ggmwp Right border
aadA
A A region
pBR322 origin
G
pVS1-REP

MCS

lacZ

B3 H4

30 2% > 72°C 10 min 1 {538 > B4 E 4 Ubi-1
GluB5 ¥1 GluC FL &)+ R B > A LA HindIII
Ko kpnI [ 8§ U fi > 43 71 & #2 pCAMBIA-
35SAcGFP 1Y 358 RUE) T 7 B » & FriEad Ky
WH EHEREFE AR B2 B ER R - Bl
R 5 44 B pCAMBIAUbi1 AcGFP ~ pCAMBIA-
GluB5AcGFP J pCAMBIAGIuCAcGFP (
2) e

AL TE Frife sl 1% 2 B TEERS S DIE S
FLE (Hood et al. 1993) W2 A. tumefaciens
EHA105 » (1% 8K AREE -

PlacZ Nos terminator

ZsGFP
mcs
35S promoter

358 promoter

hptll
CaMV terminator

Left border PCAMBW
S6PP Right border
10950pp
aadA
A A region
pBR322 origin
Gt
pVS1-REP
GFP

ATG ACC ATG ATT ACG CCAAGC TTG CAT GCCTGC AGG TCG ACT CTA GAG GAT CCC CGG GTA CCG GTC GCC ACC ATG GCT

Hind I~ Sphl Pstl

pCAMBIA35SGFP

Sall

BamH 1 Xmal Kpnl pje) Neol
Smal

pCAMBIA35SZsGFP

12 3456 7 8

1. SREDCENRITHEAS £

AR B o (A) pCAMBIA35SACGEP §; pCAMBIA35SZsGFP 2 f#28

12 3 4567 8

< 0.8 kb

(B) FIH

colony PCR fi#E GFP R [K1FAF pCAMBIA35SAcGFP k2 pCAMBIA35SZsGFP AR AR

Fig. 1. The development of expression systems of the green fluorescent protein genes. (A) The constructs of pPCAM-
BIA35SAcGFP and pCAMBIA35SZsGFP; (B) Colony PCR analysis of the Agrobacterium transformants harbored
with pPCAMBIA35SAcGFP and pPCAMBIA35SZsGFP, respectively.
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(A) .
CAMV3SS F Nos terminator
’ AcGFP

hptil
CaMV terminal Ubi-1 promoter
Left border/\

pPCAMBIAUNMCGFP
s 12872:bp
Right border

pBR322 origin

L "™ region

PVS1-REP
hptl
CcaMv mmlij Gluc
Leftborder
pPCAMBLAGI C-AGHFP
m/‘ 12382bp

~

PVS1-REP STA region

HindITI (3446)
“~—"Right border

PBR322 origin

Nos terminator

AcGFP

Kpnl (1113)

HindIII (1831)

(B) cum_ ™,

hptl k
CaMV krminalj
Leftborder —~
pCAIMMBIA-GLBE3ABGFP
m’/‘ 12280rbp

K

pBR322 origin

PVS1-REP STA region

2. BLEDTEME 4 AT 2 55 o (A) pCAMBIAUbIACGFP # %% : (B) pPCAMBIAGIuB5ACGFP ## %% : (C)

pCAMBIAGIuCACGFP f#5% -
Fig. 2.

The constructs for the activity analysis of promoters. (A) The construct of pPCAMBIAUbiAcGFP; (B) The

construct of pPCAMBIAGIuB5AcGFP; and (C) The construct of pPCAMBIAGIuCAcGFP.

EREENER (Agrobacterium
mediated transformation)

AR FE AR LR B oy AR W B SR A TR R
B PTEILHYJT A (Wang 2007) - #E1T7KHS
HYESREETE o & e HUKRE AL R 2R (&Y
18 DAP) - &H#FE % » fEHE L CIM EE &
B (N6 B 4B &R ~30 g L B~ 03 gL
fs & /KfiEd) - 2mg L' 2,4-D~22 g L' gel-
rite &z pH 5.7) < A 30CEHET - sFE7 5
LHERAV AR - DA R ETEAIA R - Fte 2 R 5
4H 4% > #E 1T A. tumefaciens EHA105 (pCAM-
BIA35SAcGFP ~ pCAMBIA35SZsGFP -
pCAMBIAUbilAcGFP ~ pPCAMBIAGIuB5Ac-
GFP J; pCAMBIAGIuCACcGFP) By « ifi fi
P& IR E - B - BAELEE  BER
2N6-C [E A HE AL (N6 B R % 230 g L
REME 2.8 g L' HERE - 1 g L BREHKEY) -
2mgL"'24-D~2.3gL" gelrite &, pH 5.7) I »

& 4d- B2 RSCH §5& A (MS BHH
FedferE %~ 30 g L7 jEME ~ 30 g L LLIZLHERS
2g L' B8 & [ /K f# Y~ 2 mg L' Kinetine
0.02 mg L' NAA ~ 4 g L' gelrite & pH 5.7 >
JHE % A 50 mg L' hygromycin 81 500 mg
L' cefotaxime) | » A 30°CE&HET » #TH
4B o 2 wk BEfTEAREE  E2RE
WAk IR AR B E UM B2 50 mg L
hygromycin fJ RS medium (MS & 5 & 4 4=
#Z 30 gL jiERE 30 g L LLALMERE -2 g L
s & 4 7K fiE¥) ~ 2 mg L' Kinetin ~ 0.02 mg L™
NAA ~ 4 g L' gelrite &2 pH 5.7 > J4HZ I A
50 mg L™ hygromycin) FFAslE o - (TG
BE o AR E AT R 1020 em B > 5 HY
BERE o BHEIER DR TR R RS
HETENE > FEAERMBER  EREAERE
FEAEE > oHRRET, T -
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IKFEREBIE R IFENEHEEHE - D
S HIEEE BT E

HEEIEER  BEHBN A EEER
[ > FI & O B B0 8% (Zeiss Stemi SV6,
Carl Zeiss) » B4k NEOERREBL - &
SR T HY B EBT SER Fy 470-490 nm HYEESY - K
BB SEHIZE H 505-530 nm JEEEE S5 0 i
AFHEZEG - & BUHS G B A
f% (Nikon 995) #E{THOHEECHE

AR EEEEE/ N &L (Ac-
climation) & » B A & 5 el B i A= V) 4l 4H
Z ER SRR E A - W AEEFH
Bl EE KA [F 8k E B REE
oo fEmmr W SRAER » ETERYE
DNA #Lf » i DL DNA 5 & fifg 5 85 S &€ - >
ks ERERNEABE - MR » HE
thim o BERE B EMEIR - T 2RI
B 0 B o BLRRUCERE T o REMEIREELS
S E—DFIH SAS 13.2 st irikhs (SAS
Inst. Inc. 2014) #1752 2 FE%EET (complete
randomized design; CRD) 7 B[R && J5 73 #fr
(analysis of variance; ANOVA) i Fisher 7 £
/N BH 3 7= LM OHT B (Fisher’s protected least
significant difference test; LSD test) » DLEE#ER
S A RS By BE BRYESR -

FER R ER

e YRR TR IF R 2 B R EKFSIESE

AcGFP } ZsGFP W Bl & e KW - B
%%} Clontech Co. B HEMES » IRIE
BV RS h e - RSB E gL 355 BLE)
TFERENIE W (4R AR R LG - Hp o
T LM 35S BLEh T K NOS 4% 1EF | B2k
E > pUC35SIN & 48 » St H pAcGFPI1 Hi pZs-
Green & #8 > 47 7] DL PCR J57% » 45 Y 874
bp AcGFP J% 850 bp ZsGFP DNA F E& » i %t
HETE A pUC35SIN » DUERHEH 35S BLEh T -
4k SEFA -Nos &% 1F T HY pUC35SACGFP &
pUC35SZsGFP  $ % » F| F§ PCR 43 FIl #4 7
35S BLE) T-AcGFP-Nos % 111 (2,028 bp) K
35S BB T--ZsGFP-Nos # 1 - (2,000 bp) Y

rere

]

63 % H41

DNA R B » REEJA * pCAMBIA1300 » 55
pCAMBIA35SAcGFP 5z pCAMBIA35SZsGFP
(& 1) © BN 358 BuEh+ Ry 8 K 2R3 H i
HEEFH —MERYELE) + (Odell et al. 1985) -
UL » 358::AcGFP ;. 35S::ZsGFP iE Wi {458
BERFRAEE - ERFEAFEY > B E
EYH S aHS T RIGRENEDE -

TR LR WEP % FIH TER
67 5%, ARECHRE (8 3A) 5% & & L ny R G 4E
&Rkl (B 3B) 0 LL A. tumefaciens EHA105
(pCAMBIA35SAcGFP §z pCAMBIA35SZsGFP)
RUF KRR G4 4% (& 3C) - &RV HHY R (54H
GRFFLL 50 mg L hygromycin M7 A 58 R 4
(3D & E) » B & MR 4k EEE AU B (E
3F)  HER2RERES 2-3 ERIEEHE (E
3G) > BlEfTRALE R > A iE e BN
hE fEAE (B 3H) o AEBEw/H - DL 100 {55
BHRAGHENE R rLIa Mk > &% HIHUS 3
IR 358::AcGFP Bt FH % 2 3 B 358::ZsGFP
BT RR > EIERUREY 3-5% © gik DLliE tiE
VH 2R G 4R B B AE AR R ki e AR R R I A
HORTE -
fReEEEHEZ RITETY

i HY - a0 S5 B8 E 1 AU B R 4H DNA > 3lf A
Fi PCR 73 #f7 s 7€ B VA MEL AR - 1R L BRI AT
7y » LA GFP-F ¢ GFP-R 5[+ (& 1) $H ¥ T,
T AK TG B TE £ 1T PCR 734 » 5 HE AR I
B Ry ETE % PCR &5 5 & 14 JE 147 800 bp (Y
F B o S0 FEDUAERDUMEEA (HPT) &7y
L HGTII-F & HGTII-R 2| T (£ 1) - $1 % T,
T AK FE B JE 2 #2177 PCR 7347 » EHE RRIE
B R4 TE % 0 PCR &5 S E B JA H147 556 bp /Y
Fi B o GERBER 0 3 PR % 3581:4¢GFP Je 3 Bk
%1 358 ZsGFP (T, tHAX) HEE iR & ] {0
HEEE RN i AE E PR N DNA |
([& 4) - M¥IRLHEER DNA ARG A - Bt
sg o S R TE AR B Ry IEEAVIEE & -

K AR KR GHSTERE
50 mg L™ hygromycin FYF 4 B &4 | o 128
2 wk & > 35S::AcGFP J 35S::ZsGFP 8 T %
HY R G 4H AR AT LB B T - B RE B 22 21 A 1
s Rt R G (B 5) 0 HEES R
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3. KRR - (A) RRFIMEGHMEEE © (B) BIHH Z sk - (C) i - (D) K (B) Aise ki
40 (F) Pt e GsHak 3R arES ¢ (G) FAR AIFETERR ¢ (H) BIMERGE [(A) £ (G) > bar=1cm ; (H) > bar =
Scm] ©

Fig. 3. Agrobacterium-mediated transformation of rice. (A) Induction of callus from immature embryos; (B) The calli

used as explants; (C) Co-cultivation; (D and E) Selection and regeneration; (F) Resistance calli with the appearance of
green point; (G) Regeneration of transgenic plants; and (H) Acclimatization of the regenerated plants (A to G, bar = 1

cm; H, bar =5 cm).

NS WA A KRS N IR 3 > IR
AIDRE - E— LB EARBEL -
GRS 3581 AcGFP WJH 2 Y BRI 52
FEI TR 358 ZsGFP Wi % (& 5) - 55— 77
M WK PCRIESR Z T, T 0 LL2.5% X
@AW HH % > SBTERS 50 mg L hygromycin
MS [E & B - e~ 30C T & 14
d> BREEHEAER B CREEY  &1%
HBUE 358::4cGFP JH Z i S IR AR AR B 5
Ha > BAUEREERI > (M 355:ZsGFP
WV % FUAE e BT R R BE L3 TR A e 5

HE - HAEMBSWELRE (B5) - 51 #
7R 358::AcGFP (B JE 18 PR Y 88 X R BLIR 38 Y
358:ZsGFP W TEFE PR (1B 5) - 2h1 » A%
2 th AcGFP 1y & St 72 & fH & 1 EGFP » fff]
ZsGFP iyt 52 [ AIAHE 1 2.5 f% EGFP (Matz
et al. 1999; Gurskaya et al. 2003) - FHij 4t & {5
&R R T HEPRAVE 2245 - 98 Bl B3
IS A T A - HIE > 358:ZsGFP R %4
SRR R » AR > 7
REREE B S B R R B AR VR AT A
5 — 5 0 358::AcGFP [z 35S::ZsGFP
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(A

RS % BEIH 2R R TEEERGHES - IE

T T T SO % (scutellum) + 13 502 B 2L R 1T K34 6

(aleurone layer) (& 5) ° {H2FE S8 f 4h EEHI

e KREIZZFE S > TR R R 1L 18 L4 A ekt

EOBEWEE  SHELKZNTE > MEGH
&~ TRE0 - I IR A E S A RSk E

& &
RIS 5 T8 % - fEARERT - FTHE
T BRI BB 505-530 nm  [ij AcGFP
ZsGFP &kE e EE HEMBENZOUN R » 73515
505 nm fz 506 nm (Matz et al. 1999; Gurskaya

N
.
%

(B) [ ) M et al. 2003) = ALl > BRENVEERIER > 5] DL
e w S I FF 2 R R AR B » 0 6 BE B A

- 3 H"E? VG AcGFP&ZsGFP GEBCEAHE

& Tzﬁﬁéﬁ’iﬁ%%ﬁﬁ%fﬁiﬁ%&ié@

B s @%@ ERBEBEESMER WER2PR B

1,000bp 3581 AcGFP 3-1 BEFH % 2 ik 15 Bl 47 B2 55 B
m”_ " FEH B % TNG6T' K pCAMBIA1300
8 7 2> {H 35S:ZsGFP 2-1 & 3-1 # JE %

4. BEHAEDURNMPUERTIEARNZ PCRIT bk = bij et B 2 2 pA SR H, 24 “TNG67° » T

=, . e A D]j
?g%(g))SfS..AcGFP 5 % (T,)  (B) 35S:ZsGFP 3580 ZsGFP 3-1 HE 2 ()43 By th B 2 2 A

Fig. 4. Screening of transgenic lines by PCR analysis B i & “TNGO7” 5 BR T 358::ZsGFP 2-1 4}
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Fig. 5. GFP fluorescence in the regenerated calli and seedlings of transgenic lines. Light and GFP indicate images
captured using light and fluorescence microscopy, respectively (Bar = 0.5 cm, n = 3).
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Table 2. Evaluation of agronomic traits of the green fluorescent protein genes and “TNG67” rice.

315

Constructs Line no. Plant height (cm) Tillering no. (plant)
358::AcGFP 1-1 120.25 + 13.30 abc” 3.75+1.50 cod
2-1 111.50 £ 6.24 ¢ 450+ 1.29 cd
3-1 101.50 + 1.00 d 350+ 0.58 d
358::ZsGFP 1-1 117.00 + 5.35 be 5.00+0.82 cd
2-1 122.00 £ 3.92 ab 875+ 1.26 ab
3-1 126.00+ 3.16 a 7.50+0.58 b
pCAMBIA1300 111.50+3.32 ¢ 9.75+1.89 a
TNG67 11225+ 3.77 ¢ 525+ 096 ¢

“Means within each column followed by the same letter(s) are not significantly different at 5% level by Fisher’s protected LSD test.
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Fig. 6. GFP fluorescence in the regenerated callus and seedlings of transgenic lines for promoter (Bar = 0.5 cm, n = 3).
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Expression, Evaluation and Application of Novel Green
Fluorescent Protein Genes, AcGFP and ZsGFP, in Rice

Yi-Wen Wang', Hui-Chen Lai’, Hsiao-Ying Hsieh’, Chang-Sheng Wang®’, and Da-Gin Lin*"

Abstract

Wang, Y. W., H. C. Lai, H. Y. Hsieh, C. S. Wang, and D. G. Lin. 2014. Expression,
evaluation and application of novel green fluorescent protein genes, AcGFP and ZsGFP, in
rice. J. Taiwan Agric. Res. 63(4):307-319.

The aim of this study is to construct novel expression system driving reporter genes, AcGFP
and ZsGFP, for functional evaluation of rice genes. Two constructs, pPCAMBIA35SAcGFP and
pCAMBIA35SZsGFP, were completed and then introduced into rice genomes by Agrobacterium-
mediated transformation. The results displayed that the transformed calli of two transgenic lines pres-
ent green fluorescence after culture for 14 days. The radicles and roots of 35S::ZsGFP lines presented
green fluorescence in the seed lings at 14 days after germination. At the same time, the radicles and
endosperm aleurone layer of 355::ZsGFP lines also displayed green fluorescence. However, the co-
leoptiles and spires of two transgenic lines did not be observed green fluorescence since the interfer-
ence of chlorophyll fluorescence. The 35S::ZsGFP lines showed stronger fluorescence than those of
358::ZsGFP since the poor expression efficiency of 35S::ZsGFP system. Finally, AcGFP was applied
to analyze the activities of maize Ubi-1, rice GluB5 and GluC promoters. The results displayed that
transformed calli and shoots of Ubi-1::AcGFP lines could express green fluorescence. The trans-
formed calli and shoots of GluB5::AcGFP and GluC::AcGFP lines also expressed green fluorescence.
These results suggest that maize Ubi-1, rice GluB5 and GluC promoters could drive AcGFP and
produce functional fluorescent proteins. Therefore, the expression systems established in this study
can provide as selectable markers in the initial stages of plant transformation and are applicable in the
development of transgenic platforms and functional analysis of plant genes.

Key words: Green fluorescent protein gene, Reporter, Promoter, Expression system, Agrobacterium-
mediated transformation, Rice.
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