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Establishment of a plant phosphorus utilization and weed
control system based on phosphite and its dehydrogenase

Guizhen Yu", Hang Yuan', Zhu Luo, Yanjuan Liu, Xian Liu, Yanxiu Gao, Ming Gong, and
Zhurong Zou

Engineering Research Center of Sustainable Development and Utilization of Biomass Energy, Ministry of Education, School of Life Sciences,
Yunnan Normal University, Kunming 650500, Yunnan, China

Abstract: Nowadays, available phosphorus (P) deficiency in soil and weed resistance to herbicides have emerged as two
severe limiting factors for sustainable agriculture. Therefore, it is of urgent needs to improve plant absorption/utilization
ability of the soil P, seek phosphate (Pi)-alternative P fertilizers, and develop new forms of weed control systems. Phosphite
(Phi), as a P resource of relatively high amount only less than Pi in Earth, can be converted to utilizable Pi uniquely in some
bacterial species by oxidization via its specific dehydrogenase (PTDH), but inhibits plant growth and development. This
implies that Phi might rather become a suitable P fertilizer for plants if introducing a PTDH detoxifier from bacteria. Herein,
we created the transgenic tobaccos harboring a Pseudomonas PTDH gene (PsPtx) amplified from the soil metagenome
previously. RT-PCR showed that the exotic PsPtx gene could express similarly in root, stem and leaf tissues of all transgenic
lines. PsPtx transgenic tobaccos could utilize Phi by oxidization as the sole Pi supply, and also outperformed wild-type
tobacco with a remarkably dominant growth under Phi stress conditions. Moreover, the PsPtx gene was preliminarily evaluated
with a notable quality as a potential candidate of the selection marker in plant genetic transformation. Conclusively, PsPtx and
its encoded phosphite dehydrogenase might be applicable for developing a dual system of plant phosphorus utilization and
weed control using Phi as P fertilizer and herbicide, and provide an effectual solution to some obstacles in the current crop

transgenic studies.
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Table 1 Primers used in this study

g

LBA4404 DL ZAEYIATTE AR pBI121 H AL
TR o T SRR BN TR I W R R I S B A
PsPtx 5% k2K pET(PsPtx) i A 52 560 2= 44
# . BUME Nicotiana tabacum Xanthi —4~H 24
TR i VR R B AL AN A R IR K 2H DNA
PO & . BORARIBGEGR & . SRR BHEES DNA
[l i 7 & A Jb 5t Tiangen AE AR A R A ]
TransZol Up RNA #EHGAN & . il &
(TransScript One-Step gDNA Removal and cDNA
Synthesis Super Mix). 2xTaq Plus Master Mix .

DNA 43 F i brifE %14 H b3 Transgene AE 1 RH
HIAH; Pfu DNA R4 . T4 DNA 30 |
BRI MY R Kpnl . Sacl 209 [ Thermo
Scientific 22wl 5 HoAhA= ki35 Ry =™ 43 B 4l
FI ] Vector NTI Advance 11 ¥ {3514 (3% 1),
19 E B DNA I 7 34 b 5t A R i PR 24 )
56
1.2 Fik
1.2.1 PsPtx Z P fA8E 90 33k 2R M 2 K FLIH
B

LUK pET(PsPtx) DNA Sk, ) g f 51
i) Pfu DNA A EE54) PsPtx-5Kn . PsPtx-3Sc
g A L TR I B PR R I A L TR PsPx FT
P, N 95 C 5min; 94 C 30s, 47 C

Primer Sequence (5-3) Remarks

PsPtx-5Kn  GATCAGGTACCAGGAGACGCAACAATGGCTCTG The site of restriction enzyme Kpn I is underlined
CCGAAACTCGTTATA

PsPtx-3Sc  GTATCGAGCTCAGCCAGACCGGATTCAAC The site of restriction enzyme Sac I is underlined

35Spro-Fw  GACGTAAGGGATGACGCACAATC
NosTer-Rv.  GACCGGCAACAGGATTCAATC
NosDw-Rv GGATGTGCTGCAAGGCGATTAAGTTG
Nt18S-iFw GAAACGGCTACCACATCCAAG

Nt18S-iRv. GGCAAATGCTTTCGCAGTTG

Forward primer inside CaMV 35S promoter of vector
pBI121

Reverse primer inside Nos terminator of vector
pBl121

Reverse primer downstream of Nos terminator of
vector pB1121

Forward primer inside tobacco 18S rRNA (Acc. No.
HQ384692)

Reverse primer inside tobacco 18S rRNA (Acc. No.
HQ384692)
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30s, 72°C 2.5 min, 1 MME¥H; 94°C 30s, 62 C
30s, 72 ‘C 2.5 min, 30 MEH; 72 C 10 min,
PsPtx PCR j=#4lik J5 Fl Kpn I Al Sac I #E47 XL}
U1, 5K pB1121 X Bk,
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35Spro-Fw #EAT I )3 56 F o 38 o R R A
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J i BRI AT B AR G T AL R
1.2.2  PsPtx %5k B AH 5 B AE R 1) 45 2

e R B B L PsPtx 5 1k T AR A0 B A PR 1)
FEK A5 DNA DUH R Bid i i 3 %5514 (PsPtx-
5Kn/PsPtx-3Sc. 35Spro-Fw/PsPtx-3Sc . PsPtx-5Kn/
NosTer-Rv) #EfT PCR %72, 153 PsPtx % 5L K
FEPHMEREAR, SRS R PR R AR RS AR 2R = R R
TEAEZEHT o XF PsPtx i 5L PR A AR AE AR 1 20T
S E LI R T R 5 15 o
1.2.3 PsPix FEFMHEEE FIEH RT-PCR 4347

i PR G i Trizol W3R PsPtx % 5L A
MAEREARAORR . 25, MHE RNAL HIREUY RNA
HEATHLDKAGIN , AR 5 A P S B st asn) & A BE AL 5 |
Y4t cDNA BG 8. DAAE R, 435 5|
%} PsPtx-5Kn/PsPtx-3Sc, Nt18S-iFw/Nt18S-iRv
W4T PCR, 434 PsPtx J& KAl PN 2 5& K 0 # 18S
rRNA 7E LR AN R 4L (R, 25 ih) i
LIBE
1.2.4 EBERRE:MME I3 B ViR S

PFEF AT (WT) Fl PsPix % 35 R0 3 i b5
HEET , Y o BIRERTEBBE (-P). IEBERRE:
(Pi, #¢ %l 1 mmol/L ) NaHPOy) HIAS [a] ik g V.
WimzLh (Phi, ¥JE 4 1. 3.5 mmol/L i NaHPO3)
) 1x MS [ R RE TR HAR 7K B o #- Pk
FEET 26 C. R 75% ., YEHEGEEE 1500 Lux,
16 h G HE/8 h RIS 51 T WL IR R R 35 57 20 d,
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PsPtx-5Kn/PsPtx-3Sc

35Spro-Fw/PsPtx-3Sc

PsPtx-5Kn/NosTer-Rv

PsPtx-
kb M WT 3 4 7 8

M WT

= o
o o

1 PsPix % EFMEEKA PCR EE

Fig. 1 PCR identification of PsPtx transgenic tobacco plants.
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PsPtx-3Sc, i RT-PCR KRS EEA (MH
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ARHL (R 2= ) RRRENEL . 259518
/N, 18S IRNA TEfir G FE it # A —Bkik, ¥4
FHIIR/INIERS (552 bp) HASHTEMT (K 2B); #H
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FOA AR ACE RS, BIRed 3 H M T H R
/NMERf (1062 bp) HH B (I 2C).
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BEEEEK

T HMULB AR X WT Fil PsPtx %%
FERMHA (PsPtx-3. 4. 8) LK EFH MM, I
117 3 BB R ke mah i AR KR .
B3 AT LA H, AT A AR B R 5 AT ]
HER AT RERT &, W HZE 1 mmol/L IE
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PsPtx- PsPtx-

4 7 8 M WI 3 4 7 8

A WT  PsPix-3 PsPtx-4 PsPtx-8
kb MRS LRSLRSLRSIL

14
D
1.0 Total RNA
0.5
B
%Q
D
10
0.5 18S rRNA
(552 bp)
C
Ik pspix
05 (1062 bp)

2 PsPtx #HERBEER (R). Z (S) fM (L) #F
HERERIES
Fig. 2 Analysis of gene expression in roots (R), stems
(S), and leaves (L) of PsPtx transgenic tobacco plants. (A)
Total RNA. (B) RT-PCR of tobacco 18S rRNA. (C)
RT-PCR of PsPtx.
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FID, OB R AT A SRR N
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{HAEMEER Phi XA SAERR A7 F AR, 1 L AERE
Phi AL Wt nl R R Pi, HEEs IR R R AR K
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m PsPtx-4
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Root length of seedlings (cm)
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Fresh weight of seedlings (mg)
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B3 FFAERMPsPx HEERMEAEREHNSBHMNZGHTHNEEKILR
Fig. 3 Seedling growth comparison between WT tobacco and PsPtx transgenic lines under different forms of
phosphorus supply. (A) Growth profile. (B) Root length. (C) Stem height. (D) Fresh weight.
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PRI, T EN TR h IRy,
DA R A e 3. i 4B 45531 0]
PV i, 100 mg/L Kan #5557 5:H1 3 mmol/L Phi 3%
FRE E Pl (EEBEBRIC) B SRR
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§5 E 20 £ 20
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223 ek ¥4
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%0 % 0 2 0
% CK 100 mg/L 3 mmol/L SO: CK 100 mg/L 3 mmol/L % CK 100 mg/L 3 mmol/L
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4 PsPix BRERBEEEFRERMITBEE TR LN EEKILE

Fig. 4 Growth comparison of PsPtx transgenic tobacco seedlings on culture plates with Kan or Phi. (A) Resistance test
of all transgenic lines (PsPtx-3, 4, 8). (B) Trait segregation test of transgenic line PsPtx-3 (T, generation). (C)
Determination of the root length, stem height, and fresh weight of the seedling in panel (B).
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SIFTWT JHE (B 1EZ %) R4 1 2 100 B ELA)
RE, A TEsLeE (-P). &% 120 mg/kg 1E#%
mREh (Pi) 1 120 mgl/kg WHERRE: (Phi) Wb
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(1:100)
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(1:100)
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(1:100)
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ARG T3 b, REHFE 40 d J5 LA A KA
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ZHEKIER B /MEM, MAESE (—P) :ILrp#
HEEMR B th— 208/ . AR, X EETR A%
FTE 120 mg/kg Phi 5 BR TR B EH E /DAY
WE/ANEAD A A WU D 5 E R/ MEAR S
MH, XS Phi Prid T BT/ MR (&
@A B FRIC) £ 2 IEH Pi AR AT B/ R
WK, BRAEZNAY R, 2 3 x5
YyeH 4 (PsPtx-5Kn/PsPtx-3Sc. 35Spro-Fw/
PsPtx-3Sc. PsPtx-5Kn/NosDW-Rv) XJ 7 [al iR & 4%
Pl H G Phi AR SRR R 1T 2 8 PCR 2047,

Y BN PsPix BEIRLNMN S, ARBED BIP-
R /NIERG (29 1062 bp. 1156 bp. 1 403 bp)
MRS ATT (B 6) X M2 AL Rk 136 B i i
EPDHAR R A, R X A B R A K
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5
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Fig. 5 Competitive growth of WT tobacco and PsPtx transgenic lines on sand/vermiculite-mixed soil with different

forms of phosphorus supply.
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PsPtx-5SKn/PsPtx-3Sc  35Spro-Fw/PsPtx-3Sc  PsPtx-5Kn/NosDw-Rv

PsPtx-
8§ MWT 3

kb M WT 3 4

PsPtx-

PsPtx-
4 8 MWI 3 4 8

B6 E£KZFHFIHPARESEMKHB T BHEERENEEEERE PCR ETE
Fig. 6 PCR identification of Phi-resistant tobacco plants dominantly selected from the competitive growth tests for

different sowings of seed mixtures.

KE ARG EMEH EERFEEZm), 5
AL FE B PsPtx 7 5L PR R EL 2% 3R A 55 BB 1
T A SV B8 TR 5 A0 45 A2 A B A TR 2 A >4 B
B, ik PsPtx JE ] T & —4
T VB 1 6 07 2 114) 2 AR ) R
3 ik

H TR = LI PR PR . — 2 1%
BEAAC AT R R R 28 B b 10 2R 4 o )
e PN NI R T — P A R R R . HARR
O BEREY (Phi) J& & B UK T IE#E R £ (Pi)
MBI, B R BB E T R, (HAR R
TR A e R 22 MO o e R RO R B A K
SV P AT A R B0 e Sl e A R
WP RE T — PR B R BRI A (PTDH) A
A9 7T I 9 TE BT Y ik e A LU
B HERFEYI 51 PTDH JE[R, W% ] DA 7 4%
S5 DR A 40 AR ) D ST 1 5 > ol NS 1) 6 1 9 [
B R4 Eb A 10 2 R R AP i AR K e, AT A ST —
BT A ol ) PR 2% B o 1 U R . E T
X BT IF T, et gt ®
KPOFOKREPI S B 5, FE ARSI M DFSE
A0 B HE A XY G F SR A5 2, Ao
7 D SCHR AR GE -

PTDH HAFLE T/ E0aT AR5 A FH I B R £k 1)

&: 010-64807509

TR E Y, AT A A it A
7R P S B R R 4 R P T T L R AL
FOATTAE T A o B T R B v A - A A )
R, U DR R Y - s S R 4 e
G T — ARINFh A4 R EAEE ) PTDH JEA PsPtx,
FHUAE T H A R IR E A R s So
X 12 Jik DR 7 JEL A G R R A e v gk — 25 AT T 2D
REgIE. A EERAN AR B ICRAERK
TSI AP, TEBEER R WA AT, PsPtx
A 5 TR0 S (L A7 ok ST 8 12 b o A A 110 3 5 1
AIEH e A RE K E T T sslE (K 3. K
5), 1 A B A RN B4R S W) S ) A 4 S A
¥ (B 5), H4h PsPtx B F AR A AETUAE ZHT
P2 1 A 0 a8t A% 1 Ak S ME B AR IS 0 R RE
(F 4), XEEZEIRAERRFEEE FRIE T PsPtx JE[H
A FH 4 7 — R L T W R R S Wl T R B 5 Y
M YBER A 2 sl IR R 48, JF 5 ESE
A BIAR S T g T2

XA HT LA A ) R A R R SR AR
DUFWRALS : 1) RIS . FYa #H
PR . (HAER Z 50y (niEse) A
Phi 1E R BEAE , AT LG 211 4l v+ 564 35 i A
X, PRI A G IRE SR R FH 5 | R PR TS
YLAEa) s 2) Phi ALK SR AR P Fh 28 it 1) ST
AR K, B A PTDH 5 355 KV Wy i HE g ]
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