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BRI FEHEARIETF . variabilis BB B HTE H
JEEE DR AroA ., B AR T 1 % A A 22 A 1 4K
J& s R Zhang 450 % 5 B (AR 4 0, 41 2 AR 1A
I TT IR B, S A RE SR R s L B TE il
T oA A B T B T RO L A A A 4 8
WA AT ES %,

1 HRETS®

11 & #

I TE AR Pl 2 VR W st 15 20 BB 5 i A S
B HEAT . AT ISR AR e AL MR BE (Nicotiana
tabacum) i #H Petit Havana, P 383K #8048 4R
O g R 5 AL B K plZz1200, H K ok TR Y
ZmPrin ;PclpP :clpP W= JC 4 GE 4% 3K o 70 I 2 A
RS A A SRk DA AN ER B ER
PUPER) aad A B PRAE Sy 0 6 AR 10 o A0 RE T 44 66 TR 20
FALLEA trnG F trnfM Z 6] B9 FE R ] X, B
KB HFHE A DHb5a,
12 WEMHFREELSENHERBEEEN

R4 0 % 0K %5 1 F R % M X 1. variabilis
AroA I AT %65 F L4k, 5" 5k A 3" v 43 B m A
Nde | F1 Xba 1 BgYIAL 5, I 25 B FE BN #8  FH i
YIAL mi s B 4 30 3 28 W) 2F A7 56 XA, 2R A 201K
PATOALwr o [ F Nde 1 H1 Xba 1 U fif§ ¥
PATOA ... B IAI A& pZF4, i@ i3 T4 DNA % 3 i
(NEBY¥ AroA ... JEHREZS pZF4 L3RG AA
AroA ;... FERFRIK G EAL pAroA,... -box, R
plZ120 #AK B V) A 5 M AroA ... FEHEXEF
H R 519 . pLL.SZ3-F(5'-TATTAATCTAC-
CATGGTGCATATGACTCCTGCTCCTGCTTC-
3') F1 pLSZ3-R (5-GTCGACGGTATCGATA-
AGCTTGCTAGATTTTGTATTTCAA ATCT-
TG-3"), Hovp FRIZ 4 )7 5143 514 Neo T Hl Hind
I i3 47 55 B2 Gibson % 21 2% Jr 75 [ VR X B .
Nco | M Hind Il BV plZ120 3844 ff H 241k 5 L)
A& pAroA,... -box R, i Fl KOD FX(Toyo-
bo) # 47 PCR ¥ 3%, = FF H: 94 °C 2 min; 98 C
10 5,56 °C 30 5,68 °C 100 s, ¥ 3 32 MEH ., i A
DNA itk B 57 & (Tiangen) 23 5% B U 7= 4 L
. PCR =¥tk , 8 F ClonExpress I One Step
Cloning Kit(Vazyme) #4742 [ [ » 55 21 50 R 28 XL

g 1 B I Py 56 0F OF 1 S5 o o 44 o8 pLSZ3, A
DH5a K i A % . i 1 QIAGEN Plasmid Midi
Kit $h 2 i e B kL, FH G T8 ddH, O ¥ i J5 o ok
P ZE 2 000 ng/L,

Z: M8 Svab 57 7 8 i 5L A A S 0 T A
el A AR BRAT T A A I DR R R, 28 0 2 O o S R
PG A EREE R R HK B R RE
HEATHR T B S RS R 2 AR b B AR AR e IR
FAERE TR T,
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To AU B M B A L 2 JR S A Bt . B
R 5 A PR 4 B R L BT CTAB 543 8 . glifb
B A 2H DNA A HTBR 44 N VI Bgl 1144 8 g
FEN 4 DNA WA 5¢ 4> . 38 2o By A8 W 35 15 ri vk 43
K/ANATR ) DNA R B, 81 J5 5% % 21 e e i I,
52 DIG-11-dUTP #ric 19 558 5 B £ DIG-psaB
A AC T o fol7 P TR Tk P 9 R TR ) b 3 9 0 A A DU A
TCHREL 5 Jo ) w61 W98 TR 1 1Y) Ak 2 A O IR W 7 AR
AL I X IR 4R e R s, AT A A E
DNA 737 £ , 3o ik 40 558 A h ik 2 5 T B Ak

SRR 5 Ak R T AR AR Rl ] 7590 &
BN 6 Y0 WS IR B () ) T BE 5, G B 28 08 K T
YE 5 WL IEMB A 500 mg/L AL WM E X8 RM B
FEHE ERIIR 15 d MG SR,

14 HERFEEERREERT

SSUHA R 2 A A A ol FH S A TR DI 4 i) 2 B
R AR R 2 400 8 RNA L, 38 5o H s A g e vl
s E BRI R . 24 DIG-11-dUTP 45
O R IR S DIG-AroA .. . 24585 ff FH 8 B¢
oo A Tl 7 T ) e v = B A R 0 A R AR IR S A
B 2 T R ) A 2 R DG IS 7 AR T DO R T X
SR NE Frid s AT AroA ., . ZERRIE R,

B 500 ng MR FIAR B AL 29 5 RNA, i F HiS-
cript Il 1st Strand cDNA Synthesis Kit(Vazyme) #F47 i
A L cDNA, MG H WL AroA ., . FURFL NS
F A efla (elongation factor 1-alpha) ¥ %1, % i1 RT-
PCR 5| ¥ : AroA,,.. -RT-F (5'-GCTTCTCCTGATGC-
TACTTCTCC-3") . AroA;,.. -RT-R ( 5-TCAACAT-
CAACAGCACCTCCTC-3") ,efla-RT-F(5'-GCTGACT-
GTGCTGTCCTGAT-3"), eflaRT-F (5-CTTGTCT-
GAGGGCCTCTTGG-3") ., Lhigi % 5t A LAY cDNA iy
Bd A rTag B CTAKARA)D 230 513184 AroA ., . #l
NtEfla BB, P HERFH .94 °C 5 min; 94 °C
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P E S AW, 5 pg SRR SRR T
SDS-5R P s T e 458 e Fh, K 43 5 Gl B 1 o A ] 2 T 5%
Bk E A 2 PVDE B, &5 H—Pi A —
PO BREHEAT G S 5 e ST 28 4 IS ) S e A DU A S
PR H By 2 P R8s .
1.5 HERBEEEHBERELN

WO 5 R s AR AR RR T AR, B 5 8 b
B RH R RMOKE 3% BE, 75O BB R & B R
15 dJi AR B S A AR 6] Tmage J 80F Chee
tps://imagej.nih.gov/ij/) Xt B8 J vp MR 35 4< B k47
412 5%

B 4w J09 0 R BA PR A PR G T R R R B0k
5 mm X5 mm KR/NRIYI 1 em K BY/NE 435
CE T EHA 50 mg/L B BEAR RMOP K Ff 2k |,

A
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1 000 bp —

A:pJZ120 BARMLMEAL s B:AroA | ..
AroA 1w

B 1

2k plus

marker

2000 bp—

1000 bp—

FEOCHE = 53R 30 d, WLEETF 10 s i B &R 431k
K FRAEAE DL

A AT V0 BT S e 3k
Company, USA) g il /% 900.1 800.4 500 mg/L
B RV U L AR R 0 ) 2 S T 4 i 4 A R
BH A e A AR AR I 1D, R AE M = 30 d 30 SR M0 AR B
AR AR

(Roundup, Monsanto

2 HR545%
21 AEREEL G
HE[H ik £ PCR 7387 11 1 p) 2120 B AKFE)

FEIZE 1 V0S5 NG B R e v R I L A5 3 T A 2% e
(B 1A B) . YITF il 4 J fi e 1] i it 74 65 4l
b PR B — 2 0k 1 1250 e U A A5 AT i B R
YL TR 28 MY B IE (B 1O) J L A K AT
PR HE AT R o TR B2, O I MR B & 2 000
ng/pL fEH .

2k plus

marker

2000 bp —
1 000 bp —

BB PCR ¥ 3% s C. AR W BF Y55 9E . A Linearization of pJZ120; B:PCR amplification of
fragment; C:Enzyme digestion verification of recombinant plasmid.
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Fig.1 Vector construction of plastid transformation
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YR 4 S0 0 O T Al R (3R 7 RSP AR
RMOP 155 5 I, 3 o JE RS B AR #54 A pLSZ3
ki DNA 4 ki 4y 7 sk i ik AnE B, 35
SR R I 5 mm X 5 mm KN, ¥ A E A 500
mg/LHWE Z 1) RMOP 5 35 3 b9 %, 148 fiAE
B 2EJa WL R 18 3 mm X 3 mm KN, 53l %
A B A M OB 3 ) I Ak O 3R B A R Y
RMOP 725 0 ESE 1 fe ik . &5 76 & A 2 Rt
A R AR IR BT DL Ak 0 i g, 00 3 B O A
e R PR AR B & 24 (B 2) s GRS i L&
HOUEE R A8 375 LA ZEmt B AT 50 2 Rk . X
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Fig.2 Growth condition of callus on medium containing

spectinomycin and streptomycin in first section
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HBE 5 B rh A= M BE 5, TR AR R 78 40 0 B HLAL PR K K
Je HEAT B T B AR 5 U A OB Ik R R AR 1 T AR B
To R P BAREAE AR, R T 3 N1ERT
RMOP 537 3 b o34k S 0 1495 1 BH 1 5% 16 g5 1
ik plLSZ3 £ 2., plL.SZ3 # 3 IR L KX Rt )5
BRAlmy
23 HEREERRLKED

FI I BL AR s A 4% pLLSZ3 JBi R s A B 1A
w3 e 28R A T s ) [ DR 40 8 RE S DR IE B Y 3
K 20 3 AN S TE trnG R trnfM 22 [8] 59 35 IR R X, AR
P WM A H Bgd 1 B VI IS MUAE . FH psaB 55 7E BF
AERIIE A T 2% 28 2% KRR 3.5 kb, [R] V5 25 41
Ji Bt R DRI Ak PR 2 v 2% 328 4507 /NIl 7 kb (&

A
ptDNA

psbC trnS  psbZ 1mG trnfM rpsld

3A), M Southern ZRAZ 45 F ] W, B A= B4R 51 v 2
2S5t A 3.5 kb BH M 5% 56 DA B A Bk pLSZ3 & 2
M plLSZ3 £ 3 A Z%a 7 kb, HR DL A= AL 2%
i AT R BT 3K 2 bR BH M 5% 3L R R pLLSZ3 £ 2
M pLSZ3 2 3 i H Ay B A O % 4 A B B 56 A 21
L IF Has 2 [H LAk (E 3B) .

P F % 280 56 25 2 Wow M R R F 78 & A 500
mg/ LM ER WA MR RE LEE 15 d 5. B4
RUMETCHUE, RN EEF A IEF B A QLH,
pl.SZ3 # 2 Fl pLLSZ3 £ 3 fHFE Y T, 18 Fp 78 5 57 3
hIRIEH & E AW A @4 &g 3 — 2 5 E i
AR 2 MR BH MG S A & pLLSZ3 # 2 Ml pLSZ3# 3 &
ik 3 [F Bk (B 30) .

probe
3.5kb

Bglll

shC irnS  psbZ ImG pren aadA
B — — M| >—H I

1kb

Bglll

TpsbA Trbel, aroAlva* Wn;M risH ﬁSuB
6.8kb prove

BglTl

< oo
ER-
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0.4 o
4.4
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pl.SZ3#3

pl.SZ3#2

A T ARKE A PR ) K YR EE . FSE AR o MR oG Z RN SR RN IX ;B A 5 R R 5 R Y Southern 2438 40 #1.
Bgt 11 THAL S DNA, I 3 3 2 R iC SR B 22 38 LUK I B 14 5 DR 41 o e B DR A R DX, 2% 28 1% 5 36 W) B A4 e 5 TR 9 R 2 38 31 )
Fide s C.BiARE RN i R pl.SZ3# 2 il pLSZ3 = 3 MUFAEAL (WD To A 7. 75 & A 500 mg/L AR MA R RM 5375 LA K 2 ME#4)
. /R A 1 em, A:Physical map of the targeting region in the plastid genome. The transgenes are targeted to the intergenic region be-
tween trnfM and trnG; B:Southern blotting of transplastomic lines. Total DNA was digested with Bg/ [l and hybridized to a radiolabeled
probe detecting the region of the plastid genome that flanks the transgene insertion site. Hybridization signal indicates homoplasmy of all
transplastomic lines; C:Seedlings after 2 weeks of growth on RM medium containing 500 mg/L spectinomycin. Transplastomic lines and

wild-type plants (WT) were compared. Scale bar=1 cm.
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Homoplasmy detection of transplastomic tobacco lines
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25 HERBEEEHBERN

Fig.3
24 HEFRBEEERZEZERN
3 AR 5 I 30 Pl SR DR R e A i R AR B 2

2R B RNA FIE & H . 247 2 3R s A,
Northern 222 ([l 4A) Jt RT-PCR(H 4B) &5 5L 34
ANPURH B AroA L. FEITERE SOKF B 45 24 3L
Rk AERHL LB BRTH . Western %
ZE o3 AT (I 4C) K I &5 2R 7 35 A6 i A AR 3 20

R T R T R AL RE AR pLSZ3 # 2. pLSZ3 £ 3
DO A ST i 2 S N O AW LR R 1
BE S 0 0 B R B AT AN TR R R ) REH B 1 RM
KRR SR LR IR 2 R AT i g . SRk
BH L B A= R 5 FR 7 E % 50 mg/L B RS IR 5
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pLSZ3#3R pLSZ3#3 root

pLSZ3#3IF ;i pLSZ3#3 leaf
pLSZ3#24R pLSZ3#2 root

pLSZ3#20 B pLSZ3#2 leaf

JE TR A DY AR R
JE TR A P AR IR

R L R A R
£ e L DR A R
A AV A NIW T

WP A AVIR BT NLW T

Lvariabilis-| =
Epsps :

HSP90

1P A RV B ;2 00 B JE AR bR pLSZ3 # 2 M Fr 5 3B G SERIRI MR pLL.SZ3 £ 3 M 5 4 MF AR AUMRBE 5 5 MR B G SEPRR bR plSZ3# 2 A 6.4
FIEFE R A MR plLSZ3 % 3 M. A:Northern 2438 53 LA AR EEH LU AroA 1w » FH mRNA RIEKTF-, ZEfllh RNA 43 F BT b, L &
FE Y 0 10 B L SR AE A BN T U7 By LB RNA R SR R15 19 cDNA RFHEHT , RT-PCR 48 B i DL AR AP AroA . » 3 H mRNA
FIKAKF-, DNA G3F B RUETEZE M 45 1 R IR Y E f 1o 1E 8 S BBTE T 7 45t 5 C: Western 2238 430 91 i LA R AR TR U 1. varia-
bilis EPSPS F 2K, W& N I 19 HSPOO /E & I8AE R 45 . A:Northern blot analysis of AroA ., » mRNA expression in leaves and
roots.1.NtWT; 2.pLLSZ3 # 2 leaf; 3.pLLSZ3 # 3 leaf; 4. NtWT; 5.pL.SZ3 # 2 root; 6.pl.SZ3 # 3 root. The band sizes of the RNA marker are
given on the left. The ethidium bromide-stained gels are shown below each blot; B: RT-PCR analysis of Ar0A ., mRNA expression in leav-
es and roots using cDNA obtained by reverse transcription of the total RNA. The band sizes of the DNA marker are given on the left. The
band of tobacco endogenous E fla gene is given below as a reference; C:Western blot analysis of I. variabilis- EPSPS protein accumulation
in leaves and roots using an anti-EPSPS antibody. The band of tobacco endogenous HSP90 protein is shown below the protein blot as a

control.
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Fig.4 Determination of transgene expression levels in transplastomic plants

B SE R RNRE W A, pLSZ3 BUAR AL AR bR O IE R AR AYRR BRI IR AE AR . T pLLSZ3 J A e B D K
RO . BE S A R B RM B SR BRI RYATIHAZ 900 mg/L 1 1 800 mg/L 1l , 2 HL
LI T BEOE I B A AR AR KOR A, SR W, HBEMON iR IR 4 500 mg/L B, BR TR BR ISR & R
pLSZ3 Ji A ARl bk AR 0 AR K AR A2 20 WY W 0, 3R B WD S R Ak A L A A 2R R A H R Dy o IR
e R 2 U X T IR 8 s AroA .. 3 (B SE),
HEMR AL PG T Rk ERE(ESA B, 45 26 HEHBAIMNBREE
Rk — P WoR, pLSZ3 W R ¥ E & A 12 JoT A 3845 {7 2 A1 B 2R 845 (0 R AL B 15k A
mmol/L(2 000 mg/L) 1 15 mmol/L(2 500 mg/L)  F& LR MR AL AL 15 L i & e B, P |
O R IR AL B (8 50) Tl BT A B Al A ke 5 S A AR R R AT E S A8 M A S
W R AR AR A U7 & A R BE Y RMOP w56, 050 ~ 100 Rz 5 AR 18 B8 5 CE 7E &5 A 50
YIBEIE i (0, i 405 20 201 5 A 4h 2 (H AR R 2H 21 mg/L RUHBER) RM #5385 Bk 16 d. HA LR
AR, B o Sa b XM AR T i AE R e IR ARy REAS I O BB A Re s 4 5 X
A ATRE R T AroA . BERTEM AR RIS T R R I S 6 4 v s AR S 10 IS AR 3R A5 7L 1 ik
2K 5D, PUrEPER, Tovk IEH A K (B 6A) . 55 T 45 B AH
TR BE R AR IR = rh A LA IR (W] D50 W BT IR A A A R ST A% 1 B AR A L d e BT
[ R A . A5 BRI AERIZE W 7 d RIS B bR A E Y R A A R et BT
JEREA I R R ZER S A A A FE AR AR WA



6 ok L K ¥ R 4 40 %

pLSZ3#2 pLSZ3#3

NIWT(Leal) pLSZ3(Lea)

fdf/em Root length

AbBE Treatment
‘ NtWT pLSZ3#2 pLSZ3#3 l
900 1800 4500 1800 4500 1800 4500 mg/L

AAESA 50 me/L B H B AR 2 AROAE . WMRN 1 em, Bl EEERESITREBAERK =3, 4R A1 cm, C.HEHR
4 12 mmol/L # 15 mmol/L ¥ H M #5323 K 2 FJE R pLSZ3 TR MMk . Dol vt i AR S A8 B F % 2 H B (50 mg/L) 9 FFE
Wk adrhitE . AR K 1 em. E. il 5 H B G B FE LR AR 09 A KRB, A8 R K 5 em. A:Seedlings after 2 weeks of growth on
medium containing 50 mg/L glyphosate. B: Resistance was analyzed by exposure of leaf and root explants to glyphosate-containing regenera-
tion medium (50 mg/L). Scale bar=1 cm. C:T; pL.SZ3 seedlings after 2 weeks of growth on medium containing 12 mmol/L and 15 mmol/L
glyphosate. Scale bar =1 cm. D:Quantification of root growth by image analysis. The values shown represent the length of the primary root,
and are means + standard deviation (n=3). Scale bar=1 cm. E:Growth condition of transplastomic line after glyphosate application. The
dose of glyphosate application is is shown below the photos. Scale bar=5 cm.
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Fig.5 Determination of glyphosate-resistance in transplastomic plants

pLSZ3Q | WT 9@
xpLSZ3 § | xpLSZ3 J

WTQ pLSZ3Q
XWT d  |x WT J

B e AR & pLSZ3 # 2(78) \pl.SZ3 = 341 5 B AR B AT AR 5 sl A A8 JF AN 1 & A7 50 mg/L 19 RM 35 3R 3 1 % 2F . Hi 1 4 7 39
SR gk A, AU A B B s B AP AERS SR 3 B4 . A The transplastomic line (pLLSZ3 # 2 (left) , pL.SZ3 # 3 (right)) self-crosses or
crosses with wild type. Next generation seeds were germinated on medium containing 50 mg/L glyphosate. Note that resistant seedlings are
uniformly green whereas sensitive seedlings are bleached; B:Distribution of seeds on culture medium.
6 FREEFELERD AroA ... EENBRER

Fig.6 Maternal inheritance of the AroA, ... transgene in transplastomic line
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3 it i

WESE & I R A7 A — S0 B RS U Y
EPSPS, 4l EPSPS 15 51 F# 1k L b xk e H Il i) 5
P A R o L A I A, T RN B
ORG24 R 22 BORL ) L A W R IR ) EPSPS,
T 1AL e A BUR, 5 1 B39 22 ok, Hovp
kBT Agrobacterium sp. CP4 1) EPSPS H: [K B #
MFR A ™, BRILZ A, T RE R TIF 2
ANJgET T AA I A AR A e B 1 B AL Y, 40 Yan
L8] % S i T Pseudomonas putida 4G-1 K
EPSPSHE [N 57 AN 5, i K3k PpAroAT ZE Y
At 5 DR AR 0 B A xRl 1% v T 32 M sk SR B OB
B PpAroAl 24 5 ¥ & A HH BT 52 7 1 4%
SEPEY b iy — FioBn i £ R A 12 SE P 5 Cui 55000
kIR F Isoptericola wvariabilis 1) EPSPS J
AroA FAOKFE G E T BA A IR R
Rl AR v 0 BB K R B S AR RS BT R
AIPLRE T B EPSPS A2 B H] Tl AL AR 7 1)
HA CP4 EPSPS Al TIPS EPSPS, M it % &2 H A
BB R KO 1 R H B 32 M 9 EPSPS X TR F R
H i 2 P 1 A B VR BT R L

I 2 4 A Ak 2 A 4 i TR T b B — T 2%
A AR AL W AN, Cui %5050 o 5%
TR AroA . e ABERE SRR AE 11 v FE SR AR 1 5
PEULRR R A 50 %0 MR RAE 180 mg/L FH IG5
e FARKZ RIS A5 R sk AR EE 3RS
B 2 5 DR B T E 12 mmol /L (2 000 mg/L) 1 1%
FeEE EAEK (K 50 M3z i m 1 20 %, R Wt
SRS AL AE AR AN R I A i EAR LU R e L LA
WEHENS. 5w, EE Al T T-DNA /Y
Bl LA AT 1T RE 7 A 1 L B 2500 AN TR I 42
TE B 5 5L D F b RE S, 38 T B AR AT K 1
AR, JF- %5 5 B8 DU AL bR & T-DNA 4 A7 5
AR A A P[] DAY B Al S F T R HE B
- e A Bz A DU o [ 9 o 2E ML e 65K B A0 R TR
RO RAS 1 5 B DR 5K R 1 4 1 REAE R — B0 L A1
HLZ RIS 23 DR A6 5 800 5 e L 2 AL ) R 3K AL
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Expression of an novel 5-enolpyruvylshikimate-3-phosphate synthase genes
(EPSPS) in plastids conferring glyphosate resistance in tobacco

LI Fan',LU Shizhan' ,LIU Yuxin',LIN Yongjun', WU Gaobing’,ZHOU Fei'

1.National Key Laboratory of Crop Genetic Im provement , Huazhong Agricultural University ,
Wuhan 430070,China ;

2.College of Plant Science & Technology s Huazhong Agricultural University sWuhan 430070 ,China

Abstract A novel glyphosate-tolerant EPSPS gene AroA ... derived from Isoptericola variabilisn
and driven by maize-derived composite cis-element was efficiently and simultaneously expressed in the
plastids of leaves and non-green tissues of tobacco. The results of transcription and protein-level deter-
mination of the homoplastomic transplastomic lines showed that the AroA ... gene was effectively ex-
pressed in the leaf and root tissues. The T, seeds of homoplastomic transplastomic plants pL.SZ3 # 2 and
pLLSZ3 # 3 tolerated more than 12 mmol/L glyphosate treatment. The transgenic plants cultivated in the
greenhouse tolerated the spraying treatment with glyphosate at a dose of 1 800 mg/L. Reciprocal crosses
between wild-type and transgenic plants confirmed that the glyphosate-resistant transgenic plants ob-
tained by plastid transformation had the characteristics of maternal inheritance.

Keywords plastid transformation; tobacco; AroA;...; glyphosate; 5-enolpyruvylshikimate-3-

phosphate synthase(EPSPS) ; transgene; maternal inheritance
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