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B AR BEE A . D7 IR Y R H TS YL A - R T 3 DR A SO L 0 O g DA R R T v I T — A B 9 B A Rk
BUPE Y 50 B P R 2F R -3-BE R & Ui (EPSPS) B K (Fir 24 4 soilA) o WY Prrn JH 3 T 3K 3l soil A B K {9 J5i % 3%
KH AR pSYTH-soll A H 5 A KM A1 0 HEAT J5 A 0 B St 56 A T 35S U8 8 F 3K 8 soil A SEP (A 4 26 1% 3
& pC330E., Fll FHAAT T A T3k 56 AL 0 AL, IR %) 28 PCR I M 4 10 4R 2% 5 70 1 % ik PR AR 00 A R 047 0 H IR T 52 B ) K
W S5 7505301 2 B 90 4K 45 1 soilA FEP K 1 347 bp. 4 1 448 222 . 4 BLAST 41 &5 R R LB+
Class Il # EPSPS Sk K% . JRAIZRIE soil A WAFZ K EHA M Z 1 200 mmol/L FH . 4 H soilA ¥ 5 H ik
pC330E, il 13 AT B /v T 06 H J A MR RE , 28 PCR A 1A 42 3 40 5% K0 00 3k 345 107 e PR A0 o A8 A 46 2o B 79 3 56
ARAF T3 ke v R A2 R H AR R L 3 3 BRI B DR R R A v T A2 200 mmol/L REH B . (4536 ] 0 5 B (4 i i EPSPS (1
soil A TR g 1% 42 125 32 (b4 R 1Y B H IR T 52 6 ) .
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Cloning and functional analysis of a novel glyphosate resistant
gene soilA from soil metagenome
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2 Agro-Biotechnology Research Institute,Jilin Academy of Agricultural Sciences,Changchun,Jilin 130033 ,China;
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Abstract: [Objective)] This paper aimed to clone and identify a novel glyphosate resistant gene from
the metagenome derived from glyphosate-contaminated soil, which would lay foundation for cultivating new
herbicide resistant and genetically modified breeds. [Method]) In the present study,a novel glyphosate re-
sistant 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS) gene, named soilA, was isolated from the
metagenomic library derived from glyphosate-contaminated soil. The cloned soilA gene was driven by Prrn
promoters to construct prokaryotic expression vector pSY TH-soilA, which was introduced into E. coli for
resistance analysis against glyphosate, and driven by 35S promoters to construct plant expression vector
pC330E. Then,vector pC330E was introduced into tobacco for resistance analysis against glyphosate. [Re-
sult] The sequence analysis suggested that soilA consisted of 1 347 bp and encoded a polypeptide of 448 a-
mino acids. BLAST analysis showed that it belonged to the Class[[ family of EPSPS genes. Expression of
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soilA in prokaryotic system conferred the host cell could tolerate 1 200 mmol/L glyphosate solution. A

plant expression vector pC330E harboring soilA gene was constructed and transferred into tobacco genome

via agrobacterium-mediated transformation. A total of 107 transgenic plants were obtained by molecular i-

dentification,3 of which were selected by the spray of glyphosate solution. Resistance experiment showed

that the 3 transgenic plants could tolerate the spray of 200 mmol/L glyphosate solution. [Conclusion) The

s0ilA gene enhanced the glyphosate tolerance of receptor materials.

Key words: glyphosate; 5-enolpyruvylshikimate-3-phosphate synthase;metagenome;tobacco
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(0 LR AR  5-M T TN ) 2 RT3 R 5 A il (5-
enolpyruvylshikimate-3-phosphate synthase, EPSPS,
EC2.5. 1. 19) /2 7F & W i 12 19 G BE B . Hon] i fk 3-
AR ZF IR (S3P) A R I e =X 7 I R ( PEP) A= i
S B AN B /-3 WA IR 9F 55 R (EPSP) . B i ) 5
HBE 2 PEP 452U ¥) . fig 5 PEP 55 4 1% 11 il
EPSPS [ £ o DT BEL W7 55 7 I 2l SR 1 2B W &
W e A FEAE WAL T A LA YR IR E) EPSPS
AN 2w R BT RO X R AR R
PR RSO R B sh O 2. FH R —Fh T
KA WAL S R BR BN HO1974 4R 7E 3¢ [H 10
Bic ok, 2407 100 240 FER M, oy 7
AR TR R e A ok R A HC A 2 B ) 4
4[] B 8, 2 X6 A A 0 0 A AR A 3 i — Y 18
PR B B A R RSO i e BE AR — 2 A b
23 A SR B TR 2 SR b, AT T RE
LR NI NICA R i K T Al 5y S T
2011 4F, 3¢ TR H B R 2 LKA A W 0 b A 1 AR
LA H A A R ALY 96 %0 LL T B ik U A A
SRR, Y K 2 BOR R & 48 26 3 32 A% e R i O X
ST hm® 30~920 3250 A9 A T Bk 2L 2% I, A It
P 27t e FR1 A A 40 R 83 0 700 AL ) 0 28 A Ml A o A =
EAEIE R .

TR DA R ME S e 00 o el R AR e
Handelsman %0 F 1988 4E4& 1, T H R A
90 26 PA b i B A 4 vk AT N T8 38507 i % 3R
2 ) 2 DA RS — PR BT v 0 T2 W R S S X 42
M 3 B BIF SR A e i 3 A% AR S AR e T K — xR
HGE H BTHRTE T %0 58 T e 5L X A 42 48

AR5 38 3 07 2 AN (] R Y 2 Bk DR A SO L AR
b 4 B H B O R IR K AT R ) 9 4 BT S
A 5 A e Tt R DR A A ) R A R R AR AT
TR 3 1 B A AR R A 0 R R B R PR S AR
WARE 28001 B 58 K AR W) s e B o AR R IR
B PR B AR W 2 T e L DL — 2B BB R R Sy 3

B0 4 e A R A 57 2 S
1 M55k

L1 # #

THY B B KL M ¥ ( Nicotiana tabacum cv.
Grandiflora) 2y 3 MR 48 £ Mk Bl 27 B 4l A= ) R #F
FIRTF .

B Fh SR : K AT B Machl . pEASY ,pSYTH,
pCAMBIA3301 FI & AT B EHAL05 2 7 Ak 4 Kk
P B A A= W1 AR WEFE BT AR A7

FEEIXF) . T4 DNA %38 . Transtar Fast p fu
filg [ b5t 2 A W BOR A R 7], PCR (Rt
A G R & A B AR AR TR BOR IR
S5 A BRZA AL MO By FR R A E R A b st A S
AR IRTHE A F .

L2 71 &

L2.1  #AR PSR a9 Ay 5 Ao 3 3 H B 37 R B 09
AT A HROR A R S 00 T B IBORE T S g
A DNA I8 B8 SCRk [9-10] (% J7 35, F1) FH B i A 5E
JBEHL UK 1 5 S DNA JE A7 4l 1k 25 BR RS B 1R 55 2%
Bt A Not 1 #8453 U0 Y 7 B P4 ST 8% SO vh
THER 2T s B & A 200 me/L 5 H BERY M9
A RS R R AT 0, BRI 72 ho g B BT
o R T BRI VR v B A IBOBTOREL L 22 i AR R A A
PR A A 51 M13F #l MISR #E47 0
M 45 5 25 DNAman 8f 4, ] vector NTI 43 # H
oA B 1) TF R B HE (ORE) , i DNA 2. 0 4387 fir
PAFH) ORF J2 /5 SD 7 51 A i DL ke HE Y 1 i 2
MAETE SR Bl 1 SE 0 S R A B i s B Y
Tilt 5 5K 5 K Bl 4R 45 09 HAT e S B T BE Y ORE
NCBI ) BLAST # 4 #5477 2 X 23 #r » 8 2R 44
R BB BT ik 1A iy 44 0 soil AL ff ] DN Aman £
il soil A 5 HAth EPSPS 3K (1) R G ik L .

1.2.2 REHMAR soilA o9 RA A& HIEN
J Koy Wi 45 R ¥ it soi LAY 51 ) Primer1 (5" -agtc-
catggat ATGTCTCATGGATCGGGCCCG-3") FlPri-



88 P AL AR MRB K222 4R (A SRR 2 B

513 %

mer2(5'-atc ggtgacc TCACGCGATCCTCGCGCCG-
AG-3") .51 F 5 T R0y R B AL L NS
TR AR K, A A Transtar Fast pfu B8
HE4T PCR § 14 35758 B By i) EPSPS #£ 4. PCR J¢
MAKZR N 50 pl:2 X Transtar Fast pfu fiff 25 wl,
Primerl 2 uL, Primer2 2 L, #ifit DNA 1 pL,
ddH. 0 20 yL, PCRAEFH:94 C 5 min;94 C 30
s,58 C 30 s,72 C 2 min, 3t 30 MEH ;R )5 72 C
FEAH 10 min, I PCR K] & B PCR 7= 4,
AP 2 Pou ll B Y09 80446 pSYTH 6 15 3 5
H T4 4 pSYTH-soilA,

W& A Bk pSYTH Al pSYTH-soilA # K %
FF# Machl #1081 ¢ 200 MR FREL . 43 4% Fh T &
4 0,100,200,400,800,1 200,1 600 mmol/L 2}
BB MO YRR KR SR 2k 1L 15 5% 12 h S5 e H ODgy,
B . FHAG Sk EE D B RAE & 200 mg/ L HEH Y
MO [ A R 3% 3k 36 1 bR ic “EPSPS” F &, [6] i H &
A TR pSYTH B KT 1 Machl fE X} I, 78
AR R HAR L CK” 4,37 CHEFE 48 h,

1.2.3 MM RBERAGHEREZ LI pEASY-
soill A g BEMR , FH & AR FLEGE &F PCR 47344815 1 347
bp 1 soilA Fr B¢, Jl Nco I F1 BstE [l B Y] % F
Bt RJ5 5 Neo 1 Ml BstETl MEEY) pCAMBIA3301
SRR R R B AT % 42 W AR AR B 2 g U0 0 )y
ESEJC 1R S WA ) 3R 3k B A A 44 4 pC330E,

1.2.4 AWM ERF R FHLFFEN
S0 I R R AR R B R E B A IR R A B
0. 2% F T W i kAR R R 5L B3R 2~3 AL 1%
ANEFRK M 3~4 F/AhN e AR E T TR A&
AR O0. 5B TR A AR R R L b s 9%, &
2 A JEASE ZEA AR L ARAR P AE AR

1.2.5 #ARHA TN F B AK S 4
S5 P U0 B 5 G D AR A5 B BH M A RE . R B SR
CTAB ¥ 4 BT M FF 2F 40 55 F Bk 9 5 DNA, H
PCR ¥ $#4K I soilA FE P 75 4 AR B LR 4L v,
soilA FE PRI B 51 % K Primer3 (5'-GGAGT-
GACGTTGGGGCATC-3") fMiPrimerd (5'-ACTCG-
TGTGACGGCAGGAC-3), PCR 4 ## F Bt i #] K
Bk 726 bp, PCR MWK FE K 25 pl:2 X Transtar
Fast pfu fiff 12.5 pL,Primer3 1 pL.,Primer4 1 uL,
Bk DNA 1 pL.ddH,0 9.5 pL. PCR 5 K. 94
C 5min; 94 C 30 s,56 C 30 5,72 C 1 min, 3t 30
AMEER AR JF 72 CHEAR 10 min, ] PCR [A] i3 1

&l PCR =9y, % £ 8 & Pou 1l B Y) 1 24K
pSYTH  f 45 8 FE A T4 8 pSYTH-soilA,
1.2.6 #HEARAMBKGIEIN WL PCR KE M
JE A4 4 4R A% A 0 A FH 1 A AR A S 5 50 mmol /L
H BV L A T Y B M RR P R AT 100
150 mmol/ L e H [ ¥ W (0 WE 04 3 55, i M A AR
FEARAE Ry BT 1 % IR, e ), PR E 48 150 mmol/L %
R I S LT R AZ S A Y 3 A e R DR AR R
PR 200 mmol /L R H B 75 W, [6] I 15 8 S 7 i
PR A4 Ak A A BF P XoF B, 6 0 7 35 PR A Ak 1) A 9 2 )
fig . F MR IF 0 L B0 5

2 HiR50Hr

2.1 PMIEHB EPSPSERMNFEBSFINH

T a7 o 4 g 7 A PR A SO L AR AR T B B
) EPSPS Z 5 8 B . ¥ J5 , #I H NCBI iy
BLAST #4647 LX) 43 87 o & B 4 5 EPSPS 7 5
PR TR B 2 A K B2 Ry 1 347 bp, S i 448 4> 5 5k
i, HEFRF I 5 K cpd-EPSPS 45 79 % K [H]
TbE, 58 %A A6 0L Ry 50 TR R M e e
79% ¥ 4 i EPSPS B 37 5 Ay 4 N s0il A (Gen-
Bank % 5% 5 KJ000085) , soilA %t (M & H R )T
SN 1-A firzs , 5 EPSPS CP4 4 1 @ 3R )7 91 1Y
LR R W& Z A 68. TU RN, R4
AL BT a5 A (K 1-B) KW L soil A FE P & T Class I
Ry EPSPS JEA
2.2 soil A EEHIhEELRIE

A 2-A i, B R soil A # A # K
pSYTH () Pou Il B U1 45, 2 PCR A, 25 4 (&
2-B)RWI, iy g T A% R I8 B K pSYTH-soi-
IA, BiZERIE S5 RNEH soilA IR ML HIK
pSYTH & T & A A [a) e B 5 1 B i MO Wi 4 3% 57
g AR E 2-O kM Y H R EAE T
1 200 mmol/L B}, ¥4 soilA Fe X 5 4+ 0 K% F
TR HE A% TE B 15 B B AR AN 52 R H Bl 1Y) 52 i % T X6
PRARAR pSYTH (% K T 76 5 H R vk B2 15 5] 100
mmol /LI, HIE 5 A K AH U] 32 B4l . A 2-D
ATLVE 75 & A 200 mmol/L B H B M9 [& {4k
R 5L b bR AT “EPSPS” By 7 B 5 A5 R L Ul BH 445 7
pSYTH-soil A Jii #7 B9 K i #F T4 BE 0% 1E 7 48 K, T
“CK7FEHEATN SR R Y e Fh st B R 09 R L 10 B #50
pSYTH AR KIGAT Lk E A K.
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MSHGSGPRPATARKSADLRGSIRIPGDKSISHR

ALMLGGLASGETRITGLLQGADVLATGRAM 0.05 )
QAMGARIRKEADTFIVDGVGNGALLAPEAPL L soil4
DFGNAGTGCRLAMGLAGVYDFETTFLGDAS R i B Pseudomonas sp. POA2Y4
LSRRPMARVLEPLREMGTQVRAAAGDRLPV T Achromobacter sp. LBAA POA2YS
TLRGPKTPAPITYRVPVATAQVKSAVLLAGLN ClassII ® )
APGITTVIEPVMTRDHTERMLEAFGAALSVET #H Agrobacterium sp. CP4 QOR4E4
DVSGVRTIRLDGRGKLTGQEIDVPGDPSSAAF L WEFRATE Bacillus subtilis P20691
PLVAALIVPGSDITITNVLMNPSRTGLILTLKE ] X5 Glycine max P11043
MGGDIEVIGSRQVGGEDVADLRVRHSELSGV
TVPEERAASLIDEYPALAIAAAFAEGNTVMA —i K Zeamays CAA44974
GLDELRVKESDRLAAIAAGLKRNGVDCEEGA Class 1 A S R
SSLVVRGRRDGKGLGSAAGATVNTHLDHRIA Aeromonas salmonicida Q03321
MSFLIFGLASEHPVTVDDVSMVATSFPEFMHL
MTSLGARIA

A B

1 BrEH B soilA B 751581
Al soil A G H IR B RR T 5 5 B. soil A 5 HABY RN EPSPS 2K Y 3 gL i AL 40 i
Fig. 1 Sequence analysis of soilA gene

A. Amino acid sequence of soilA;B. Phylogenetic analysis of soilA

Pyull

pSYTH

pSYTH-soilA

Trps16 Terminator

I Prrn Promoter M soild HTTP516 Terminator|

A
el OpSYTH-soilA; @pSYTH
04t [
o3}
g
0.2}
01 - ’_Ll
0 1 1 1 1 1 1 |_|:| ]

0 100 200 400 800 1200
FH B B/ (mmol « L7

Concentration of glyphosate
C

Bl 2 soil A B K D Re iy A% e 38 A I
A, JFA%FIBEAE pSYTH Ml pSYTH-soil A 4544 ; B. pSYTH-soil A i PCR % 5 ; M. 200 bp DNA ladder;
1~4. pSYTH-so0ilA ] PCR =4 ; C. #4f pSYTH F1 pSY TH-soil A B K % ¥ 1 75 2 A 7 v B2 B H B 0 35 35 B 35 38 12 h 19 ODeoo 5
D. #47 pSYTH HI pSYTH-soil A #y R #F B 75 % 200 mmol/L R H B MO R & B 55 4% F iy A= K AF 5L
Fig. 2 Prokaryotic expression of soilA in E. coli
A. Structure of prokaryotic expression vector pSYTH and pSYTH-soilAj;B. Identification of pSYTH-soilA by PCR;
M. 200 bp DNA ladder;1—4. PCR products of pSYTH-so0ilA;C. ODso values of E. coli with pSYTH and pSYTH-soilA cultured in
medium containing different concentrations of glyphosate for 12 h;D. Growth of E. coli with pPSYTH and pSYTH-soilA

cultured in the M9 medium containing 200 mmol/L glyphosate

2.3 HEYREHEME pC330E WHMBERETE M AR 2 Neo 1 1 BstE 11 AU . B il K2k
J T BAEF I soilA BRE T UAEM B AR 1350 bp BB 3-B) L 5 & 20 3iE S48 AT 1]

Tk DB R B bR A g R R R R KPS0 RS Jo R, LIS B AE Y 2 0k 244 OF % Ho

BER AR, WA 3-A Bk, it o B pCAM- &8 pC330E,

BIA3301 -y GUS FEH % i soil A P, B4 5
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Nco 1 BstEIL
pCAMBIA3301

35S polyAH bar IéS promoter H 358 promote> GUS H 358 polyA

1400 bp
1200 bp ey
pC330E
.' 358 POIYAH bar I—( 35SpromoterH35Spromote> soild -|3SS polyA

A B
Bl 3 soil A Kk PH 3 ik 250 it B s
AL B F 5 # A pCAMBIA3301 Al pC330E f T-DNA 4544 ; B. pC330E BB§ Y1 %52 , 1. 200 bp DNA ladder,
2~3. Nco | F1 BstE [l B4 pC330E
Fig. 3 Construction and identification of plant expression vector
A. Structure of T-DNA region of plant expression vector pPCAMBIA3301 and pC330E;B. Identification of pC330E by digestion,
1. 200bp DNA ladder;2—3. pC330E digested by Nco | and BstE [l
2.4 MEHBMEEBREEKNRERS FHRT JE A4 4 TR AR S R D 45 SR DL 1A 4
Bt B Rl R P AR A R 1Y 3R 45 & PCR S8

o 800bp
600 bp

1 23 456 7 8 9 15 16 20 21 22 23 24 25 26 27 28 29 30

9 © W] © VP O ¢ O D PODOEPTDOLOD) O

|

E

X R Control
R Test ——

P4 0 T AR R A AR B A 3RS B PCR M8 R A G i 40 2% A6 T &5
AL HMER B 534 s B TP T RO 5 C. ZEAR s D. PCR A2 5 M. 200 bp DNA ladder; +. Bk pC330E; —. Al % 5E P A A% 5
T~ 10. #5355 AR AR IR 5 E. 58 43 & DR R 90 J2 e 4 a0 AR 2 R ) 5 WT, A 8 e DR R Ak 5 1~ 30, 98 43 f AL Bk

Fig. 4 Obtainment of regenerated resistant plants and detection by PCR amplification

A. Explant differentiation; B. Screening of resistant plant;C. Rooting plantlets; D. PCR detection; M. 200 bp DNA ladder;
+. Plasmid pC330E as positive control; —. Untransformed plant;1—10. Some putative transgenic plants;E. Detection of bar

gene expression by QuickStix™ strip; WT. Untransformed plant; 1—30. Some putative transgenic plants
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WE KB AR G 15 d 5 A 2, 20 d
AR EFRKM 3~4 i 87T 55 AR 55 57
W2y 2 SR E AR L ARAS PP A AR AR
132 Bk (B 4-A~C). I soil A B K R 5 519
Primer3 Fl Primerd # 47 PCR A& I, oA P i FH 1
FEPE 107 BR (B 4-D) . B4 4 3 4R 45 0 3 45 1 3%
B1,107 Bk PCR FHPEME R 5 soil A FEPR 5 %5 A1 i
(1) bar JEREWE IE 7 335, L HE X 107 1k
TR B soil A &N RENS 1E# £ ik (K 4-E) .

2.5 HEFRWMENEHBREELEE
B ARAR 0 107 #k BH PR A8 AR MK K 28 50,100, 150

mmol/L FH BN 14 d 5,50 51F 47,31, 3 BRAfF
TRk TR 5% 5L D R 43R0 T O B S A7
KW 3 AR SE AR LT 58 A2 FH B2 o .
X3 et 5 TR A R 5 AR e R DR R Bk X LD Mt i
200 mmol/L R H B AT Huk 4, 25 R 5
~o. HKE S5 M RIEH B 200 mmol/L B H B 14
d J5 ARSI IR R O 78 A B A0 T, 1 3 MR % SE
T AR BEUS i 32 B H B, Y AT B R A, R P b
FEZE BRI L soil A TR 1) 3% 35 8 08 Tt 3 0 0 A R T
325 re VA R BH R 1) e

CK 1 2 3

B 5 %% soil A BRI B BOH B
AL W S R AT s B, W S H R 14 dJE s CKL AR SE3E AR B s 1~ 3. 5% 3 (R Al Bk

Fig. 5 Resistance verification of transgenic tobaccos modified with soilA gene by spraying glyphosate

A. Before spraying of glyphosate;B. 14 days after spraying of glyphosate; CK. Untransformed plant;1—3. Transgenic plant

3P B

EPSPS J2 5 H [l 248 Bk 2 0] 9 M — 30 ) 2 11, L
&R K- 11 I A R H e R H g S ARE ) i RN B
2 K7/ DO A S U R T EON T S
FI R TR 4 R EPSPS HE K 5] A 52 1R 4l 9y 3
PRLZH S DT S 30 5 6 ik EPSPS & 24 A bt & H B A
VED 5 L Al 22y 500 AR 5 i O
-4 B A 4 B AR B soil A BER L & 5 4 BT 32
B HJ&E T Class [l £ () EPSPS 3 X 5 % . DA it 4 )
HOEA O B 22 00 REE 5 22 003 5t EDIE T X
A B soil A SRS AR AE Y R KB, K
FETE AT LA 32 1 200 mmol /L R H 1§ 5 ¥4 g4 4 21k
W A AT O W 0 e, e ) I B R A A
AR H R A2 Pk

B i A PR T 5 W T IR T 6 ek ) 2%
Bt B TR Y B L H S AR R 2o AR e i
T2 1) A L DAL OR R e R I e i DR AR A R 5 A Y
— B WA ES TRERDER S A L
878 BB i R AY A B 6 R H TR RO AR L TR
B 7 3 2 W ) ok A v R JRl A AR R A B A

OB W7 8 v B 9K 1 0 e 20 01 Y 0 8 e vk 2 oy
200 mmol/ L, {H 1 B 52 B HJle B8R o 1 e e 3 ik
IR R AT LA T 4R A5 14 3 A S5 A 1 A0 5 i
PR AR B AT S A2 28 70 200 mmol /L B H 7K 3% W O
/R R 3. 38%0) i T HALE 24k
) EPSPS 5 3L IAE Y, A 5 Ry 10607 e 5L
N 2060 RSN oK Ry 3% W] L% LN
FE A Ja BT 9 B 500 8 3k VR A & b L e 1
IR .
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