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Gene targeting of squalene synthase in Artemisia annua
FENG Li-ling, YANG Rui-yi, YANG Xue-qin, ZENG Qing-ping
(Institute of Tropical Medicine, Guangzhou University of Traditional Chinese Medicine, Guangzhou 510405, China)
Abstract: Objective To increase artemisinin yield in transgenic Artemisia annua plants by regulating
metabolic affluxion through metabolic' pathway engineering. Methods
constructed by squalene synthase (SS) gene of A. annua, green fluorescent protein (GFP) gene, and
cytosine deaminase (CodA) gene, and the vector was introduced into Agrobacterium tumefaciens by freeze-
thawing procedure. A. annua was transformed through Leaf Disk method and regenerated transgenic
plants were screened by the “Step-by-Step Selection”. Results
emitting greer®fluorescence after expression of GFP gene, the exogenous GFP gene rather than endogenous

The gene targeting vector was

Among the transgenic A. annua plants

SS gene was detected in one transgenic plant by PCR as well as hybridization of PCR products. The
preliminary data showed that the wild-type SS gene was replaced by mutated SS gene in the transgenic A.
annua plant. Conclusion Gene targeting of squalene synthases of A. annua is successful.
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. FESERBGHARFEHERE. L
BHEREEFNGEXNEEREKRY B
PCR ¥4 X% PCR ¥ ™=Y 43 . ML BRERIT
BCRERI,

1 &8

1.1 FEMA REN)IEHMEEESFEMNFE
FEEBEAEKNT R,

1.2 BERPRER . KBTHE IM109 BB AER
fi;pTargeT iAW H Promega A H]; BBRITHE
LBA4404 (pAL4404) B #k K Ti JA# & pROK
It B F BRI BT iRt .

1.3 HMAZE:.EFREZE (Kan) K Sigma AF =&,
BEHFEE (Carb) K Invitrogen 24 H 7= &, Fl 47
FRID BTREGILFTHEAEA =5,

1.4 51953 8HHE RSB AR Hind
I (A FRILER) 9 SS EHEP WE|4 SS-1-H.
5 -AAGCTTATGAGTAGTTTGAAAGCAGTA-

TTGAAACAC-3', SS-2-H: 5-AAGCTTTTAC-
AAAGTGAATTCTGCAGAGAGTAAGCA-3 ; R
WRME Y AL A SS HEP WS Y SS-1.5'-
ATGAGTAGTTTGAAAGCAGTATTGAAACA-
C-3', SS-2: 5-TTACAAAGTGAATTCTGCAG-
AGAGTAAGCA-3' ; 4% B 45 45 K 3% 8§ 4 £ 15 Xho
I f1 EcoR1 K GFP & RHY H#3(4 GFP-1-X.
5'-GGCTCGAGACCGGTCGCCACC-3' ,GFP-2-E.;
5-GAATTCTAGAGTCGCGGCCGC-3' , A #F K o
B4z S 8 GFP 2% FH F B 514 GFP-1.5'-
CAAGGGCGAGGAGCTGTTCA-3', GFP-2: 5'-
GTGCTCAGGTAGTGGTTGTC-3', ¥ & ¥ kX %
Takara A 5]& K.

1.5 & R EBUAN & .Y DNA # 565
&. Y RNA #BGAF &8 B Omega 24 d]; FikL
DNA #i{bif# & .DNA R B EWGAF &8 8 Life
Technologies /4 &} ; PCR ¥ 1% X7 & W H Takara
/A 7];dNTP. Bio-11-dUTP . DAB ¥ 45 B 4. % g
HLENF,

2 A&

2.1 EikHE

2.1.1 wrE#ik pRSC fME. LIFEHE SS HEHW™
SRR, FI AN T B V1L A9 SS-1-H 1 SS-2-H
5| ##17 PCR ¥ 34, ¥ ¥ &4 94 'C.30s, 57 C,
1 min, 72 ‘C.5 min, 3t 30 MBI, K 5B B Y Y
PCR /=¥ Hind I B )5, i 3k B W B8 U0 A B
AR FEYHEBRIE pRCodA BiE"f,

wAE A B iE pRSC.

2.1.2 iERAE pGSN WE K pROK T E#
CaMV 35S B3hFi#E A pEGFP By Pst 1 i BamH
I Z &), F¥# pROK I /) Nos 4 1k-Fif A pEGFP
B Not 1 #1 EcoR 1 2 [A], 3R1%$ A # ik pGSN,
2.1.3 EEITIEE A pRSCG WAE . Xho | B
Yy e Al £ f&k pGSN , B 3k El i 35S-GFP-Nos f B,
A F A R B U1 3 2B ML i P [ &4k pRSC b,
#5718 pRSCG HRHITIMH A,

2.2 WEBRFEREL: AGEESEEETRERE
pRSCG S ABERFFE LBA4404 (pAL4404) o,
2.3 HFEABAMBEA B 12~15d HBHF
oA BB K/ K 0.5 mm X 0.5 mm 3R, B
FHim 5 mg/L 6-BA #1 0.5 mg/L NAA ¥ MS ¥
FELE,TF 25 C B 2d. kB YEB ¥4k (Kan
25 mg/L+Rif 50 mg/L) k& pRSCG KB ERIT
BRABE%E,#EMT 4 mL YEB (Kan 25 mg/L+Rif
50 mg/L) EFWF,F 28 'C.180 r/min H e EFF
AR, B 400 pL HHEFEEA 20 mL BHARK
YEB # W PSR, B0 F LE, A 20 mL MS
BABSTHEE  FALEER D M BEFR R
HEARBEB BRER 1 min, SLEVBUH SME
hEREEK LRESRER . B IME R AR
200 pmol/L Z BT &FE (AS) By MS #EFHRH, TF
25 'C BB T IIESR 2 d, % AMM 5 mg/L 6-BA,
0.5 mg/L NAA #H1 500 mg/L Carb #) MS 3%
EHITBEER. BR 7d B RESREER
3,4~5 [E5H Carb [BZ 125 mg/L., HMEFK
G, % 6-BA il NAA 43 5|%R 1 mg/L # 0.2
mg/L, REHFFBE=MAMKF (1/2 MS+NAA
0.5 mg/L+Carb 125 mg/L) 44,

2.4 WHRNBEEBRMH - BHEERFEFRERER
b RABEBE A E R BB R 5 B A F X
M, 7E Leica MPS 60 XX BHMET NEXEEF
HFRTR IR, IR Leica DM RA2 A3l
BBREAZHAE.

2.5 PCR

2.5.1 DNA B BHELKEFETFBRABA S
F 5 WREE , $ A & BT iR J7 BE R IUE DNA

2.5.2 GFP HHY . KN EBRK 50 pul, H
10X buffer 3 pL,dNTP (2 mmol/L) 3 pL, GFP-1
214 (35 pmol/L) 1 pL, GFP-2 5|4 (34 pmol/L)
1 pL, 88 DNA (200 ng/pl) 3 pl., Tag DNA B
A8 BU/L) 1 pL, MEHEKEARE 50 pul, &
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295 C M 3min G, THBRFEHITY .04 &t 10 min, ) bio-11-dUTP ¥ #¥47iC#) GFP DNA
‘C A 30,57 'C k305,72 C M 2min,30  FIIHHE, 3 B, R B A KA KRB BHET
ANMEHIE 72 C HEH 10 min, B,

2.5.3 SS EFEPH.SS-1 (30 pmol/L) 1 pL,88-2 3 HR

(30 pmol) 1 pL, HAt R R &R L E M EK 3.1 HETEREHHE K PRBE pGSN 1
4 5 min, pRSC 43, Bl Br pGSN 4] i #5 35S-GFP-Nos K B
2.6 PCR #7232 .PCR F=#2 0.8% FAEWERE 4133 pRSC . MET &F CaMV3sS BaiT#
PRk A B B EERTE 20XSSC BB RE  HIA GFP EE .CodA EEE BB MEH SS #
J:%Jﬁ%ﬁ%ﬁ%%ﬁiﬁ%ﬁ&ﬂ%%iﬂ%&*ﬁ Hr Y EEITERA pRSCG (B 1.,

RB LB
J¢=1 920 bp-»}<—840 bp —>|<—-762 bp-—>|«-265 bp—>}¢—=1 670 bp -—|

SS1 358 GFP Nos $S2 358 CodA Nos
H X X H B K E
| 1867 bp -
] 5457 bp >
| 2697 bp -]
I 3522bp —|

H-Hind# X-Xho 1 B-BamH | K-Kpn 1 E-EcoR 1 RB-T-DNA Hi#i# LB-T-DNA Eii R
RB-right border of T-DNA  LB-left border of T-DNA

H1 SS XEITEE K pRSCG Ky BRI B ik

Fig. 1 Restriction map of SS gene targeting vector pRSCG
3.2 ERITHHREKMYILE 4 pPRSCG A Xho
I # Hind 1 841,45 5] 3K4% 1 867 bp #J 35S-GFP-
Nos H B #l 5 457 bp B SS1-35S-GFP-Nos-SS2 A
B HANGE 1 FRBUBEMR, RETRBIE S
EEAFIRFESR (B 2).

L2 2l A 1-pRSCG # Xho

1 B =4

2-1 000 bp ladder
3-pRSCG ¥ Hind

1-BL GFP-1-X, SS-2 3|

WKy 2-Lh GFP-3,

SS-1 S 4ig T 1

3-1 000 bp ladder

4-PI GFP-2-E, SS-1 5|

Yy 5-Lh GFP-

2-E.SS-2 5i9 89 1%
3522bp \1-pRSCG/primer GFP-

1-X, 88-2  2-pRSCG/

primer GFP-3,SS-1

3-1 000 bp ladder

4-pRSCG/primer GFP-

A5 2E. SS-1  5-pRSCG/

I RYI = primer GFP-2-E,SS-2
1867bp 4-pRSCG Fik:

1-pRSCG/ Xho I B3 pRSCG i3 PCR $%

2-1 000 bp ladder Fig. 3 Identification of pRSCG by PCR

3-pRSCG Hind 1 ok, Bl GFP-1 il GFP-2 3| #13#47 PCR #Wl,

#PRSCG plasmid 4 @R RAF I LBA4404 FUAMFF B DHba 134

2 pRSCG Mm% E #4 pRSCG, I 8EY 1% 1 600 bp i) GFP EHE R B
Fig.2 Identification of pRSCG by restriction (& 1), HEER pRSCG FHE BRI BFALRFE
enzyme digestion LBA4404 &,

3.3 BETHBBNYTMEE A GFP-1-X.SS-2 3.5 S bdiustsn SHKEE LR MPTE R
519140 GFP-2-E.SS-1 519193 pRSCG, A3k st b, M0 FHIMERETAGAREFRA
2 697 bp ) GFP-Nos-SS2 F Bt 3 522 bp K9 SS1-  HbkFA AERKFHERE L HUARIMEKER 2 B
35S-GFP FE,HA/NS5HE 1 IABUEMA. & HRKEGGAS K EFERHE3 ARGFERR
BT AT SS REBAF MIEH (B 3. BRI D54 FRIRE NPT RR R . 5 AR
3.4 HAEPEFEITEREKKN F pRSCC B BIKMEFE FHIARR REEKE 6 ARKR
HARPEL G RARIEE  AMRIFE PRI EBEK. ZR0E8 5 Fimn.
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1-F#Ex R (pRSCG %%k
W XBHBE PCR %)
2-100 bp ladder 3~ 5-
pRSCG # L& ¥ # PCR
Y 6-FANXR GR¥
LR PCR =4
# 1-positive sample (PCR
= product of pRSCG in E.
® coli) 2-100 bp ladder

. 3—5-PCR  product of
. pRSCG in A. tumefaciens
" 6-negative sample (PCR
¢ product of A. tume-
| faciens)

4 XEHERKRATET GFP XEM PCR £
Fig. 4 PCR Identification of GFP gene in E. coli

and A. tumefaciens

600 bp—» |

AT

3.6 HUMRMTICER HEERFEHRET
RAEBHETWE, T R G K HEBNFETE,
TR FEN F W ER BTN (B 6),%8H GFP
EECES LRI P RETEBRERE,

3.7 PCR ¥ .5k FIAHR 4385 | Y5t 5% 2 PR S bk
#17 PCR ¥ 3, w74+ B8 B HUH A 600 bp B GFP
HEAB (B 6-2.3) & 5457 bp #Y SS1-355-GFP-
Nos-SS2 #E K B (& 6-8), ik RE HH A K
SS BEE A B, M, AT AR NI § 1 3 590
bp ) SS ZEFE B (B 6-6.7), X—%E R ¥ £,
## SS HEE B SS1-35S-GFP-Nos-SS2 # B A B
BAR, BN L3R5 “ B R BR ” T MWD 25 IR 8 .

arh e

A-RHHREFEGE CH) B-EEM G CHEAEXM R DAEMRLYGHE A E-ZgHEKk 6 &)

A-callus and regenerated buds (2 weeks) B-regenerated young leaves (3 weeks) C-regenerated leaves (4 weeks)

D-regenerated shoots (5 weeks) E-whole plants (6 weeks)

B HEANREEAKBE

Fig. 5 Regeneration of transgenic A. arnua plants

A-RFELEENF B-REEFEMN

A-a non-transformedly regenerated leaf bud of A. annua

B-a transgenic regenerated leaf bud of A. annua

e RERBEHL LKL

Fig. 6 Fluorescence assay of transgenic A. annua
3.8 PCR ¥ i ™=#14%38 : itk — 2 EIE PCR &3
5%, M GFP R M SS EEFRHE X PCR =
PIHEAT AR 38 S AR BB RN 5 38 1 B A 2SS

HE D,
4 itig

EETEEARMZOREHE B, RER R
HESFREFEHAFRFERMER, KERER
KILRIAR, Al e REZ SHILEE, siETA
FAYHERRRE REZETHR,EETHTER
heE R B (CheEEE M) . B 1997 4£ Kempin B K
WY R TR LARD, & (R AR

5457bp
3 590 bp

1-RECHBR L GFP-1-X .GFP-1-E 5|91  2-H 2 EMK
A GFP-1-X.GFP-1-E 3|9y ¥ ¥ 3-pRSCG K H Ll GFP-1-
X.GFP-1-E 5|¥¥ ¢ 4-100 bp ladder 5-1 kb ladder 6~
T-REAHRLL SS-1.55-2 51 Y 8-H B ML SS-1.
SS-2 5P 9-pRSCG FBiLL SS-1.SS-2 3|y ¥

i-amplification of non-transformed A. annua plant by GFP-1-
X, and GFP-1-E Primers
annua plant by GFP-1-X and GFP-1-E Primers  3-amplification
of pRSCG plasmid by GFP-1-X and GFP-1-E Primers 4-100
bp ladder 5-1 kb ladder
transformed A. annua plant by SS-1 and SS-2 Primers 8-

2-amplification of transgenic A.

6—7-amplification of non-

amplification of transgenic A. annua plant by SS-1 and SS-2
Primers  9-amplification of pRSCG plasmid by SS-1 and SS-2
Primers

6 HEAWEHEKN PCR EF

Fig. 6 PCR Identification of transgenic A. annua plants
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1-pRSCG [E# X GFP-1-X.GFP-1-E 5|4y 3% 2-B M
Bk Lk GFP-1-X.GFP-1-E 51899 1%  3-FK¥s{LiEk Ll GFP-1-
X.GFP-1-E 3ty 38  4-RFEAHREL SS-1.SS-2 5199
B 5-pRSCG [RBEL SS-1.SS-2 51 MMy ¥  6-B B FEMEKE
SS-1.8S-2 319Ky ¥

1-amplification of pRSCG plasmid by GFP-1-X and GFP-1-E
Primers 2-amplification of transgenic A. annua plant by GFP-
1-X and GFP-1-E Primers 3-amplification of non-transformed
A. annua plant by GFP-1-X and GFP-1-E Primers 4-
amplification of non-transformed A. annua plant by SS-1 and
SS-2 Primers  5-amplification of pRSCG plasmid by SS-1 and
SS-2 Primers  6-amplification of transgenic A. annua plant by
§S-1 and SS-2 Primers '

B 7 PCR I HMFEHMHRZRR
Fig.7 Hybridization of PCR amplicons

AR RS T ERERR . MY EETERR
HEZBHWETEFREENIFERBARYEEAN
FREFUMNBANE, TABRAREFER,
AMSBEEYPERTERERMK (107°~
1070 B E E-fbnic i AR &, EE TR
HECELBILRER AW, b FTREFRICERE
KA £ 35 DU AR 5 B U0 RO A 4 40 B Tif 3%
HOIERR, EE SR - LERITRC KR M
LA RRAE T FER B R TR ERENBFR T R
A IE- S0 R 1k v 0 LA 75 B BLTE IO #E AL 4 I, R T
MHFTEE. A, AFBERTELRPER S
Bk B ME 1 EARAMEMBAER, LARIER L
40 RIE » H AR 45 2 B8 (GFP) BUR IE g 47 1C (I
HAERRMERDER, UR R KRR $
2%%d PCR VAL FRERFRELENR
58%4ARFEI S AHAREERFETEEAR
BSHVBARSELAR, ATBAZEETERY.
RAXM AL EERET KA 200 REEFHE
BoONPRIATIRABFEAITREEENEERF

R, R ITRMEC A 0.02. HILAT R, B
BEEEATRAERTEMEY, X TEXLEY
P BRERTRAEBITERA—ENEREXL.
TS ITHREEERITRMRBYR B SS £
HEsRNERERTBRIERERRTHOR .
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