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fiti Je X (peaD) , RE 85K W WS Y Phi %846 Sy Pi, 351 2%
SAEACH. B, X A Yy e O A Phi
VERBEIR . e 1) praeD H DR 5 e TR P 7 WMISS
ST B, Hirota 251197 )% R 3738 1 4506 (Ralsto-
nia sp. strain 4506 ) H 43 15 75 21 3 P T w5 1 I 1 A
AW (prxDyysos) o HHABETE Y, 2EE P TERFFEIA]
BAF FH € [ AL H AR BUE T praDysos 2, 3R 11
A0 B e ) S BB R I St L PR (pee D) |, e Ak -
D B PR 7K R FNALLRE I, R LEARBE R IE 3 Lo 2% 1
T WSCRI R Phi IR ABF ST A AT R A
1 ST DL pra Do ME R i e bR o B PR Y /K A st A% 5%
AR 2, DIBIR IF  22 4 v s i e A i C 3 R 1
VEV A5 1 AL SR AL B A A .

1 MHBEFE

1.1 &

PR b AP oA TR AR 11(Oryza sativa L. ssp. ja-
ponica cv.Zhonghua 11, ZH11) o 7K F§ %k Ak N
pCAMBIA1300 I pTF101-Ubi, H: i ¥E #5128 43 %1 Hy
TR DU IE R (Hyg) Fi g otk 5L N (Bar) o Jr
FHR I FF 18 B A A DHBS o, 64T B B R S EHAL05,
12 #HEHE

T 5 FHBR 2 N YT BamH1 43 5% 2 4~ 3% (4t
TTEYI , $% )5 H AxygPrep DNA #E#z [F1 i 5] & (R
THMPFFARARD) M A 2k, R, F
JHPCR A B4 FATTHir 3 i B %) ST 8 1 It S P A -
D™, 51 W) ¥ 81 ptxDyF : tgeaggtegactctagag AT+
GAAGCCGAAGGTGGTCCT, ptxrDy-R: tcgageteg-
gtacceggg TTAGGCGGCCTTCACGCCTGGGT ,
LR 42K 1008 bp. Fie BTG A% v [ 1551 & (500 ol
LA PR A Ut BIE 3R F PCR ™ Py fnZe vk Ak 4%
TR HEAT 3% 12 , 3 42 7 W % A b K AT & B Ak DHSa
b R TR PCR 4T B e R 0 28 5 0 461
SR IE B AR EL AL ARAT A T bk EHAL05S,

1.3 RFENSHKBEHEERERLRE

DK@ A 25 538 E . Pt it B
o DR 1) ZH L1 K R b, 2 100 K B A K AR 0
SR FR 5 R1(NB+2.0 mg/L 2,4-D+0.5 g/L Jifi
AR +0.3 g/L K ff g & 1 +30 g/L R +4.0 g/L
RIS 5T A o PRk filt R i @ 45 41 21 T 4R AR
BiFRIE(R14+0.5 g/L AR FEFR 2 K
— B RN KRG A kL Bk L A OD{E R 0.5 1
ACFT B PR TR L 30 min, SR ST 414 & T3t

Bigedt | 25 CEEE 9% 2.5 do /KRR A5 2 4085 5% 1 ik
fili 3 F2 50 NB, HH N6 Koo & BS it o= AA L
Pric il s, N6 B 323 4045 : 28 mmol/L KNO;,
2.9 mmol/L KH,PO,. 3.5 mmol/L (NH,),SO,.1.1
mmol/L CaCl,.0.75 mmol/L. MgSO,. B5 ;3 th
£ 5 : 4.5 pmol/L KI, 48.5 pmol/L. H;BO,, 59.2
pmol/L MnSO,. 12.4 pmol/L. ZnSO,. 1 pmol/L
Na,Mo00,.0.1 pmol/L CuSO,.0.1 pmol/L CoCl,, H
MLV A4S : 1 mg/L R I (VBs) 1 mg/L AR |
10 mg/mL LR HLIE R (VB,) & 10 mg/mL HILEE .

2) KRR A SR T e o K O G UL
VTR BT e 3R 3 (R0 e 57) ) b 0 BH
AT, Hob R 0 58 55 3R 2 Phi-1 CFf R1K; 95 5%
F Ay 2.9 mmol/L. KH,PO, # # i 1.5 mmol/L
H,PO, +0.5 mmol/L KH,PO,),Phi-2 (¥ R1 }% 5% %L
Y 2.9 mmol/L KH,PO, # #: i 3 mmol/L
H,PO,+0.5 mmol/L KH,PO,) ¥J It 75 &AM 7 i A=
% . pCAMBIA1300-PtxD,, 1 i 12 5 1) A 475 2 21
43 3 50 mg/L {1 % & | Phi-1 il Phi-2 ¥ 17 0iff i ,
PTF101-PtxDy, B4 W 12 44 )i 14 0 45 240 23 43 ) H 25
mg/1 H 4% I Phi-1 Al Phi-2 gEA7 0 . 14 d 46 1
WG IR, 20 3RS IR 5 e R e AR

PICA: PR B A BBk @ 4 25 A oG
F2 4 (NB +0.5 g/L 28R +0.5 g/L 4% 2 Bt e +
0.3 g/L /K fift s & A +30 g/L FEBE 430 g/L 1L &Y
s +8.0 g/L B ), 26 CHE 346 R 15529 30 d, #
WK ES em 247 AR IR SR (NB+20 g/L
WE+6 g/L $ihR) h iG55 2 A A, 3RAS e L UK R
4 .

1.4 HAEKSFHEN

TPS S HEHEE R 2H DNA, B 50 mg ¥ JE R A 4
A, A 500 pl. TPS 1 #2 % (100 mmol/L. Tris-
HCI, 100 mmol/L EDTA, 1 mol/L KCI) B 5] 35
i, 75 C4 )@ 1 E 30 min, 12 000 r/min & .0 10
min, BUE 3 TR E.O 8 o In A SR RN R,
ZE IR E 10 min, 12 000 r/min #.0> 10 min, 25 F
I, A 500 pL 75% L BEEEVEDIVE 2 1K, % R E
10 min WU TR 1158 B8 21, i 30 pll K ddH,O %5 i
UUTE

ARG 55 PR P 1 DNAE B, 5 F praeD 51
Y1 (ptxDyF Nl ptaDyR) FFE R 28 2 X Es Tag Mas-
ter Mix #47 PCR "1 , PCR B2 [ H 45 1 I 45 R4 7%
B o 38k BB S UK A B YRS A ARl
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/N1 008 bp 114 FH AR A% o
1.5 KENEFRIEFIH

T8 HUERL T K AR A R TE S R 126
TSR AW, T B 1Y 28 CHE 5 46 h i /R BE 12 h,
afiK whyESE , T HRES R 28 CRi AP kK 2E 2~3 d, |
R P58 25 . KA REF T E AT
B 10 d, PR K #— By gh i B R e,
5d U 1 RE TR . E IR B E PR K R B ST BT
JKFE B FR W5 FE B )7 Yoshida solution Bt il , 32 % 4
$% 1.425 mmol/L. NH,NO;, 0.513 mmol/L K,SO,.
0.998 mmol/L. CaCl,, 1.643 mmol/L. MgSO,. 0.25
mmol/L  Na,SiO;. 0.009 mmol/L. MnCl,, 0.075
umol/L (NH,) ¢ Mo;0,,.0.019 pmol/L H;BO,.0.155
pmol/L CuSO,.0.152 pmol/L ZnSO,.0.125 mmol/L
EDTA-Fe( Il ). 7EXF PraDg %% 5 R 7K A5 ¥ 17 0 1%
W, % W 8 A8 R W R 323 pmmol/L
NaH,PO,* 2H,0 # #t & 323 pmmol/L. H,PO,, 4b Fi
2920 AWM KA KGN . = JCRE Y 12 hot
HE/12 h 2B G BEBR N 3 000 Ix, R KEFR IR R
30 °C, & SRR E R 22 °C,
1.6 ZKFE I T 05 e I Al R LK 00

10 d, $ S i e B8 R R 25 4%, i Yoshida solu-
tion QKSR 3% . LT 2 J5 %o AR I e I it AN [i) 9k i
#) HoPO,, Hi% 5 1 44> H,PO, K BE L 435124 0,100,
200,400 mmol/L. %3 dmifE 1%, A3 12 d 5, %F
IR RIS HATHA B GE AR RK AR O -

2 FHRE5HMH

TREEREh XK FE AU AR E KB

A3 590 ) B A2 TR K R ZHLL FRT I 58 o g1 i
(1) ptrD B R IXKAEF T IEFRGAL. HERHR
WA GRS N B IR 9 1 95 5 Ak 2% 5%
14 d, W5 B R b X K RS A 8V K s, IE
W AERE B FR L B AR R A 4L SURN pra D B e 1k
AGALREIE A K HEA B E LR (K 1A B),
B 5 S v JC ML R R 40 SR A [k B ) S 5 7R
LI WA R A AU R AR K I R A R A e 1k
(F1A) o M, ptaD #8335 1 5 4 U7 L 45 A
)7 B R 1Y 25 1F R Y REIE B A K (I 1A) o b4t
AN [ v 32 IV Tl T AL 1 4% 1 T, B 5 DR 40 1) - 2 o
BEEETHAEMAGHA(KIB) ., 45HREH,
PplaD o FE P by i 356 10 35 A e 6 S W TR &k 1 4k 3R

2.1

0.
29 mmol/l 1 mmol/L. 3 mmol/LL 5 mmol/L

A N4 FEh iR S BE W (preDy /Phi) v T K fEdiE @44,
pi A Phi B
2.9 mmol/L 1 mmol/L 3 mmol/L 5 mmol/L -
1.5 ¥4 W omm 5L Fransaenlc
%Eﬂ 1oF
1
=205t
g -
=g ﬂ ﬂ
o4
=

Phi
Ab B Treatment

AT A AR B TR KR 8 0 A R AE AN () W B S iR 2 1 I A KSR A B AR A2 P2 i 5 . A The phenotype of WT and
transgenic rice callus on different concentrations of Phi medium; B.Average weight of callus on each plate.
1 TEEEEREh K FERA AR E KB
Fig.1 The effect of phosphite on the growth of rice callus

2.2 ptxDAEATFEIRCER ML E S

h T W#E praDy, /Phi iR R 5 HEE H K
et O 1A 2R [A] 9 22 57, 8 praDg FE R 43 5 46 38 T
pCAMBIA1300 F1 pTF101-Ubi A i, #5845 pCAM-
BIA1300-PtxD, Fl pTF101-PtxDg, # 44 (K 2A) . H]
F pCAMBIA1300-PtxDq # M2 Yk B @ 4145 ,
e P 2 2% Sl R k43 1) 8 2 Al 18 /K et 3 4
g1, S, A pTF101-PxD 8841 YLK A

P 2R, 105 e i it A0 S e 2 0 ) S e AL Y
KRR AL . O A A W, T R 3R R B IR A
RN, YT RESRATA B P, i R
Ui S 4 F) A4 B0 A AR R AR DR i IR 7 1 ) B
PER O A AR (81 2B ) o 2 AN [R) e BE 1) ST R 38
it e B PLPE A AR K B B3 2 e, AR KR A

TG R MAE M (K 2B) . #F— 2 B %
ENUR 3R IRA TSN (ESYIER R ST i €



%2 W XU [R] 2. SR I S B Ay O e o o PR 7 R gt % 5 A v g vy T 101
A pCAMBIA1300-PtxD,

B R B[ T 85 ) W AR-1 W R-2
Basta Phi-1

Hygromycin Phi-2

AR AR B FIE R @ O S AN W B R4 LA 2RAL. LB 2 5 RB A7 55 CaM V35S o [ AL MBS AL M 2 11 35S
Ja 8 5 Ubi: Ubiquitin J3 3) 7 HYG: il & R Utk 5L Bar: BB b BEE . A: Schematic diagram of vector construction; B : Pheno-
types of transgenic callus on plates with different screening agents.LLB: Left border; RB: Right border; CaMV35S: 35S promoter from cauli-
flower mosaic virus; Ubi: Ubiquitin promoter; HY G :Hygromycin resistance gene; Bar: Glufosinate resistance gene

2 R ARMNTEE
Fig.2 The screening experiment of resistant callus

KW R AR AR O e R I, BH A AT RS RO
34.67 Y0 , T FE B IR Dby i B R NF, BH 1 A A 4 A
14.33%6GR 1) o MERERRER AT M 7 L 7 I, I AR £
J% 70 1.5 mmol/ L Bt 56005y 44.37 06, LB IR ER e
JE£2 3 mmol/L I ER R 47.28 %4 (£ 1)

F1 AEMESEETRERGARNMFIERE

Table 1  Screeing rate of rice callus under

different screening conditions

o f/a. /= ‘ -
WRAIE pidemis @EE WRERR/Y TER B W BPEAL B P
Screening Resistant Total Screening WT Negative Positive wT Negﬂtﬁg;/il— Positive
condition callus callus rate M P C N Poditive
) 101 300 34.67
Hygromycin B
RT3 Basta 48 335 14.33
RIA7H 5
Phit 260 586 44.37 A A AT SEDR KRS £ 2547 SRR R W T 02k K
R 2 5B piaDo 511 PCR AN A F . M:2 000 bp marker, P: FH%: X
3 AN
;h_ , 321 679 42.28 T8, C 7 A 0% I, N 5 BE R B M , Positive: 55 36 B FAME . A The
i-

growth phenotypes of WT and transgenic rice in nutrient solution con-

2.3 IPHEEREL 0% Gt PR S B E kTR

ARAG O BH R R DA R , £ T AURN T ARk 7 22
ARSEFR L AL G A . 1 B preDy, /PhifA R E TR fE
o SRR A M T 2 BH A K R 4 B AR A T AR prac-
D # IR I UK R M T K 28 5, B 2 R ER
B e R IR AR B E SRR . BEgR 20 dJm B AR Y

taining phosphite; B: PCR detection results used ptzD, primers.
M: 2 000 bp marker; P:Positive control; C: WT control; N: Nega-
tive for transgene; Positive: Positive for transgene.
B3 IR E E KRR A KR
Fig.3 The effect of phosphite on the
growth of transgenic rice

(W)X B ER T BE R T LB RR £ A R i, AN R 7E
BEFRWP R (BI3A) o TR praDg B3R I5E Hk
PUKRE & A B A oAk, — PR ST REIE W 2R K, 5

— BB 4 v AR RO BRI AR, A RE IR AR K (K
3A) o FIH PCRAGIN & BL, 1EH A K 4l i 14 2 %
LA BH VAR AR 5 AH Sz, AN BE I H AR K AR R U2 B
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Sy B AR (18 3B) , 3 158 W P B 12 4 T L2 A i 12 FH
PEFEHE IR .
2.4 T TR it S O R O 308 2 B R K 7R

I T e o 51 T P T B R A R AR R A
i 2 M T TR A9 0 08 o R 5 R 10 d I 4 i e B =K

AL
Transgenic

100 200 400
AN 7 e Fi S 7k A 45 b 38/ (mmol /1)

Different concentrations of Phi treatment

HOE SR R T AN (R VR B 1 S R R
(EAN) o G55 o, B 2 B i 46 vie B 1 1, B¢
A RUK R AR 32 30 0 25 4 T proe D e 5 DR K g s
Jits S R Rk I A= AN Z 5 i (4B L C ), Tt B It i
SRR R AT LA TS prae D 1A% JE R KRS

B

1.5 A WT =1 # 3L Transgenic
= a

a a a
a

=)
T
=2

1:

0.

n
T

b
1 Illl
200 400

AN [R) ¥ B S 7R 4 b B/ (mmol /1)

Different concentrations of Phi treatment

Hb L B 5T /g
Shoot Weight FW

1 1
0.0=—4 100

C
0.5r T4 WT =1 G FE I Transgenic
a
wiz 0.4F, 2
7 b
5 0.3 b
)
W Z 0.2F
2 £ .
= 0.1H |_-L|
0 G 1 1 1 L

0 100 200 400
AN [F] ¥ B S iR 4 b 3 (mmol/ L)

Different concentrations of Phi treatment

AP A R S PR KRR TR G A (] B S A R R A A R 5 B« P G IV 9 R R X b S ST )2 5 C - T W I R
EhXTAR R e BT B A2 . AL The growth phenotype of WT and transgenic rice after spraying different concentrations of phosphite on leaves ;

B:Effect of spraying phosphite on the shoot fresh weight ; C: Effect of spraying phosphite on root fresh weight.
B4 MEBEETERRREERKEEKNZMm
Fig.4 The effect of spraying phosphite on the growth of transgenic rice

3 it it

A TR R 0 TR R, SE B T S U R I R
Pt B JE A 2 A7 A8 ) 1 PR 2 Ak I3 3 0 e A i
SO A MR BT e B . E AT R b A E 2K
PO 5500 24 (0 R e R 10 2 A BT AR PR 1) 8 A
O 18 , (B AR B SR PR35 AL e B A7 AE W A e
W TR S DRI, R A A R R 22
ST IARIC A 1022

T 2 A A AR AR T s AR, R — SE R B R
W) S5, LI T P e UM 45 e s B2 T LA
R Wi i v 2% B R 75 G [ B ok A (o FH B0 AR 2R 6 B
Bimy e EY L 5L, R R SRR S O e B
SN2 A 3 5 ol 5 QP R 1 i B A (L7 i SE e s Py
i EJE LA 41238 104 SV B R e S0k A R
WMBS 1 5 praDyygs W EE L 2 7R 39138 B 4506

E@ﬂ@é@f{ﬂﬁ%@ﬁ% pl‘xDﬁtsoes/E\“ﬁE%?ﬁ'ﬁm] o Z'—‘
A5 folE 1% IV 1t 2 i L il A (ptx DQ) 2 1) I 7 119
BEAL ARG — 20 i T ptxDAS06 #3805 i 52 78
EHERE ., ZRIBFSIEY , ptaDo 857 T ptrDy/
Phi B BRI FH 22 5t , REMR T 400 F 57 F1 7K A e 280F )
I WA B 20 30 55 T P A R DG A
S —E

praDo R B BEbR e 3 I A O i 32 2847 - (1) Fifi
B W TR L 013,59 N B8 e 2 R [ PO R e
R 28 5 1 2 v ) T 1 4 I A P A B Sk
TS E AL ZN H . X T 53 praDo Ve FEbr
T AL DR e S DI R ) , AT AE o A B SRR &R R s
. A8 TR A % e T M IVl 1R R 1) i 9 2 ) FH
PEERIE PR IR o (2) AN [F) P04 32 FIBR 570 2R 1 £ 1o
it U 2R G, Wi R 6 3k B 07 1 A [R]  SLA BE T A
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DI LR T T I i 0 8 AR 4 o (3) (MR L 1Y I i PR
TR Dy —Fh g dh BB R AT, X Sh A A L B0A B
P, A fE T ANRRI R . (4) B RTAR Y 2R
7T B T A 2R SR 0 B 9 326 7 5, ) T S A 3
K BT IR A — B A T 2o A e
SR E B IRETG Ye R . EJE preDo M PR bR
O3 A AT DUA R PR BT T e ) B, BR i T
(19 S W P R LA A il 2 9 A O IE R R 2R, AN 2%
P TGS o IR praDo M s FEAR g £ D 9 1
P R AT AT A e, BITE KRS 0 2 2B 1 O
BER], Phi fi 26 4F T BB U A5
AHEFE O LR BT e Y 25 1R BT, praDg
K DR 5 W R R A 28 AN T 0 6 /K A e 1 A
i, iy EL Pe A% 2 B 1) 2 2% N B g R G A B Y
Ry S W S A S SN R R N Y
i e R G, NV BR R 0 Uk 2R 0 B SR B B | T ¢
IR SR IE T R RR R VE R T HE ) L praD o 1E
Shy U S 1 R AT ) AR T8 A B AR R B ST, B v
T EE LN RS R  EAR T 0 B AR I X H AR R
SR 2 A BRUR, W] O R VR P e i R T 5 T A A
(14— L [ (AT i DR 7 58, A AR AR ) e 2 DAL
FERF Rl BA YT
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Using phosphite dehydrogenase as a screening marker
gene in rice genetic transformation

LIU Tongtong, LIU Siqi, YUAN Lili, WANG Chuang

Microelement Research Center/Ministry of Agriculture and Rural Affairs Key Laboratory of Arable Land
Conservation (Middle and Lower Reaches of Yangtse River)/College of Resources and Environment
Huazhong Agricultural University, Wuhan 430070, China

Abstract Screening marker genes play a crucial role in plant genetic transformation, and the develop-
ment of safe and efficient screening marker genes is of great significance for transgenic crops. The potential
of the phosphite dehydrogenase gene pzrD, with high catalytic activity as a screening marker gene for rice
genetic transformation was comprehensively evaluated by means of tissue culture, nutrient solution screen-
ing and foliar spraying. The results showed that when prrD, gene was used as a screening marker, the
screening efficiency of resistant callus was about 44.37%-47.28% , significantly higher than that of the resis-
tance genes including hygromycin and glufosinate. The positive transgenic seedlings can be screened by sim-
ply culturing transformed seedlings in the culture medium with phosphite as the only phosphorus source.In
addition, a method for screening transgenic seedlings by foliar spraying of phosphite was established. Phos~
phite is less expensive and less polluting than the current antibiotic and herbicide screening systems.As a for-
ward screening system, it has high screening efficiency and has potential value in studying transgenic crops
and developing sustainable agriculture.

Keywords genetic transformation ; screening marker ; phosphite dehydrogenase ; phosphite ; rice
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