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Abstract: [ Objective] The study investigated the expression of human fibroblast growth factor 21
(FGF21) in transgenic tomato plants. [Method) Phosphomannose isomerase gene ( pmi) was used as a se-
lection marker for transgenic plants;the plant expression vector pl390R [ MFGF21 was obtained by clo-
ning fgf21 gene into the pCAMBIA1390R [ (p1390R I ) vector. After p1390R [ MFGF21 was transferred
into Agrobacterium tume faciens strain EHA105, then fgf21 gene was introduced into cultivated tomato

(Lycopersicon esculentum) 6 via Agrobacterium-mediated leaf disc transformation. The positive transgenic
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tomato plants were determind by PCR, Southern blotting, and Western blotting analysis. [Result] The

plant binary expression vector p1390R [ MFGF21 that carries pmi selection marker was successfully con-

structed,and five positive tomato plants which correctly accumulated FGF21 protein were obtained from

twenty-six transgenic plants,the transformation efficiency value being 19. 2%. Subsequent PCR and South-

ern blotting analyses confirmed that fgf21 gene was integrated into the genome of tomato plants. Western

blotting analysis showed transgenic tomato plants had positive expression of FGF21 protein and good anti-

genicity. [Conclusion) Human fgf21 was successfully expressed in transgenic tomato plants using pmi as a

selectable marker.

Key words: Agrobacterium tume faciens ; FGF21;PMI;plant bioreactor;tomato;transformation
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Moo B, 355 B HAT % 4 ik R b i 3 PR 80 B B A

0 PR 2 B DR RE iy 8 vy B R DR AL ) 2 A
A ST B, HBD, H #8 -6-8% 1R 5 14 i (Man-
nose-6-phosphate isomerase, PMD) {E & % 4= i 1% B
ICTESE LI A T ) 2 B I % % ik IR A )

TR P REENGREDZ — FIEN
— s AL A FH T R At X I R
AIBESE . H T B A0 i A UL DL b o A ) B A
A7 FGF21 AR M iE. AR ME T
pmi B A fgf2l B0 A T-DNA 3 ik 2% &
pCAMBIA1390R [ MFGF21 (p1390R [ MFGF21),
B fgf21 FPE AFomrh . DL A W I A% E
77 FGF21 8, B 76y ik — 20 52 5 2 il 1 A1) (8
ok R FH FE A AR Py A= W I i 7% 3R 36 FGE21 4%
s 2%,

L M-Sk

L1 #&# #
L1 #s#H#  HHLFF A (Lycopersicon escu-
Lentum)“ Higg 6 57, W - v [& B} 27 Bt i 3 A6 7
WEFE T . Sl Bl AR 43450 70 Yol RG ¥ 0 0. 5~
1 min, 28 J5 H] 50 g/L W IR Bl ¥ W 35 T I # 10
min 2 47, G B K ok 3 Wk 8 H 5 RP 7
1/2 MSK; 3256 11,25~28 C R & R 3 d
Ja SR 5~7 d,
1.1.2 Wa.mE5&A ik pCAMBIAI390R
I (LAF &5 K pl390R 1) . pUCI9-FGF21, K F
EHAIL05 . KB #F 3 DHb5a 34 H1 75 oAk K2 A4 9 I
N2 5 W R BE T TS O R A p1390R T
Jo R LR L pCAMBIA1390 % & , £ pCAM-
BIA1390 ¥ A R4 51 )8 3 7 CaMV35S promot-
er, JEUKL pM39OCHERER pmi KR By AR Jb i K2
A% 55 24 B9 T TS O

PR 1 N 1) B . Pyrobest DNA polymerase, T4
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DNA % $ Wi . 88 2] a7 & PCR 4fi 4k [l i it 511
&R DNA /i 82 B0 & 45 ¥ B TaKaRa 24
Al PCR 519y & i S il dy b 5t = g 35 2 w) 58
TG o A4 2 DR 21 R 3 WG R] & A b A A
Wi R A BR 2 &), DIG High Prime DNA Labeling
and Detection Starter Kit [[ I § Roche A %], West-
ern Blotting Luminol Reagent sc-2048 Trial kit Iy
H 2 H Santa Cruz 22 A ,6-BA.2,4-D . TAA i &
HIF Sigma /7).

L L3 ckmy RRERart L MS HEEAR
FRELPAN pH EZ 5.8, BRI 25 °C LR &
2 000~3 000 Ix, % KM 16 h, 2BHE 8 h,

MR SCHR [ 12-14 109 75 25, Ak 19 35 57 BEC O
RPN 1/2 MS; Bl FR N . MS+ 1.0
mg/L 2,4-D+30 g/L BEWE +7 g/L Billg; =2 Y |
M :MS #i +200 pmol/L Z T F il (AS) ; I 55 3
Hh :MS+100 pmol/L AS+30 g/L iR +7 g/L
g M E R A N MS+ 1. 0 mg/L 6-BA+0.5
mg/L IAA+10 mg/L AgNO; + 300 mg/L %F 3%
1T+30 g/L BEME+7 g/L Bl Mt S R i R
MS—+1.0 mg/L 6-BA+0.5 mg/L TAA+10 mg/L
AgNO; +300 mg/L F¥E3EJT +10 g/L H & #i + 20
g/L FEME +7 g/L BlE; AL H 3R BN . MS+ 1. 0
mg/l. 6-BA + 0. 02 mg/LL TAA + 10 mg/L
AgNO, + 300 mg/L F¢ 3£ 7T +20 g/L H &M+ 10
g/L EWE+7 g/L Bifig: AEAREE AR HE R 1/2 MS+
1.0 mg/L IBA+300 mg/L %377+ M 20 g/L+
BE 7 e/L.

1.2 EAFH pl390RIM gy

KT H pmi B4 p1390R I 19381 % % (hygro-
mycin) FLPEFEE Chpt 1), BB GenBank (acces-
sion M15380) H pmi WY J¥ 581t 1 XHHERPES 19,
ST 5 R -

PMIP1,5'-GGC CTCGAGCATGCAAAAACT
CATTAACT-3';PMIP2,5 - GGCCTCGAGCTCT-
TACAGCTTGTTGTAAAC-3', S}y J7 i 3k 2k Ik i
# .78 PMIP1 Fl PMIP2 () 5' %5 34 51 A% 2 BR 1 1
WYTEE Xho T WA 5 CRRIZAL) 519 58 F B
KEEZA 1.2 kb, IR FR : LUTURL pM390 £ £
B A 10 X buffer 5 L, dNTP (2.5 mmol/L)4
pL, I 7 51 % PMIPL, F ¥i# 5] 4 PMIP2 (10
pmol/L) % 1 L, Pyrobest DNA polymerase (10
U/pl)0. 25 pL, i ddH, O Z Sl 50 pL, 3
o .94 CAEE: 5 min; 94 C 35 5,58 °C 90 5,72
‘C 35,28 MEF ;72 C 3 min,

V35 10 g/ L BB w6 I rL TR A DU 76
S HMT T B R TR0 R & gl Ak Rl pmd BB B
Bo H Xho | HARGY) 458020 1.2 kb 1y pmi /N B
¥ p1390R I ki FH Xho 1 #4T BAREY), ] PCR 4l
A I ) & i H i 20k K B KL 5 pmad /N
R B T4 DNA 3 $2 % 32 . 7% A0 IR 2 25 K FF
DH5«, il 33 B 7% PCR i 8 BH M 7B 1 . 1 Xho T 1
YIS E pmi BRI R B EZEHE pl39oR 1
Hh 87 B 9 I 26 b = P A AN W) L A5 B OE )
AR P R AR FAR, A 44 R p1390R 1T M, H 45 44
W1,

T-Border CaMV35S PMI CaMV35S CaMV35S Nos T-Border
(left) terminator promoter promoter terminator (right)
Xho 1 Xho 1 Kpn1 BTl
K1 TR pl390R I M B 454
Fig.1 A schematic map of recombinant plasmid p1390R [ M

1.3 fgf21 EEH PCR ¥ 18
HTAETHEAN B fgr2l L
514 F21P1 5" 551 A K pn | BEVIAL & A4 37583 L
K 6 A& R (His) br %5 1751, F21P1 ()7 51y 5'-
GGGGTACCATGCACCACCACCACCACCAC-3',
TRIZ R Kpn T B VIO &S 7 fgf2l TUEsI
F21P2 5' %% 51 A Bgl 11 B U 4 s5 145 4 6 5L,
F21P2 J§ %) & 5'-GAAGATCTTTAAGAAGCG-
TAAGATGGAGACCTTCCTTGAGAAG-3", F 41

2l Bgl 1l MEUIAL . ¥ MK &R LABORL pUCTY-
FGF21 MM A 10X buffer 5 uL,dNTP (2.5
mmol/1)4 ul. B34 F21P1, F#iF 514 F21P2
(10 pmol/L) 4 1 uL, Pyrobest DNA polymerase
(10 U/pl0. 25 pL, i ddH, O Z SEFE Jy 50 pl,
P14 45 .94 “CAEPE 5 min; 94 °C 35 5,60 °C 35 s,
72 °C 35 .28 MEH ;72 °C 3 min, ] 10 g/L i
ot S PR DK RS I 4 1 7 T M T s ) i Ak
[ fer2l Bk B
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Y EAL R p1390R T M F fgf21 - R B oy
SIH Kpn 1 F0 Bgl Il #4713 H§YI . ] PCR 4fifk 18]
WA & B B R B 4 HLERZ S KB AT
W DHb5a, 2k M % 7% PCR i 1€ BH ¥ 52 okL, 5 44 4

pl390R [ MFGF21, H 454 WL 18 2, B Kpn 1 1
Bgl Il %} p1390R [l MFGF21 k47 %l H) % 2 , I 3%
A6 = AR 2 W o SR TR Rl R D O Y
W) WICF 3k 344 p1390R [ MEGF21 %4k 2 4 AT
B EHA105 rr,

T-Border CaMV35S
(left) terminator

CaM V35S His-FGE21 Nos T-Border
promoter 4 terminator (right)

PMI <CaMV3SS
promoter

Xho 1

Xho 1

Kpn'1 Bglll

B 2 Hi%F KRR pl390R [ MFGF21 (1) 45#4
Fig.2 A schematic map of plant expression vector p1390R [ MFGF21

1.5 HEREFEMMEEEL

SR FH R 38 31 Sk 3 om R AT AR B Ak, O B IR
I ) 3 i JC TE T 02 i 9 R 3k i BY AR 0. 5
em® f/NBR TE TR T Sl A TG T DR AR 0 TS 5E
BB L25 CTRmEEE 1~2 d 5 F W8 35 09 S 1k
B YL E e 5~ 8 min, W 25 B W, 76 JL R 2 3L
Bigt 3 d MR 2 LG9 5~T7 d ARG 8l i
Biifs G i 3R 5k L3R A S8 AL 13 )5 1 B 4k 3
FRIE B A 2R K E 2 em AP A AME
WEYUITR  BEAAEMREE R PIES AR, 4~5 5
PR R LR AR T AR/MER BB ARE TR
s b MR AT S SRR R ORI R 5~7 d S,
o HAERE A ROB IS T AEK, R iR FH A 4 Jk
PRI £ B 8 IR R 6 A 43 I 4R UL B DNA,
AR5 J PR B Sk BRI 4 6 B, p139OR [T MFGF21 Ji
KL BHPE X B R fe21 SRR B R WE S
F21P1.F21P2 #4F PCR &,
1.6 FHEREZFEMB Southern blot 4347

FAIR AL 1 75 %8 3% = B 8 (CTAB) 3571 42 B
PCR # I 5 F £ /9 5% fe /21 K& P 3 i A #k 8
DNA, HBR % W Y1 Bgl 1 56 @B Y1 40 pg 1 5
DNA. % 8 g/L S5t l5 W %E 158 i vk 43 25 Ja » FH o6 22 Pk
D5 O b PR i R B A4S VR K D) B P
Jic B A% 3] [ AH A R 4F 4k 3R OB L. MR SR AR il Y
Fe 2l S R B R e b = 2 R A
& VLW A5 #E 4T Southern 2838,
1.7 #%ERFFMB Western blot 41

B 5 DR 7 i 5 1 2 R DR 38 o O D &0y i o
2% 100 mg, T A H B #AFE  in A 300 mL HLEE F
PEIZE vh i (50 mmol/L B R b 2% whil . pH 7. 2.1
mmol/L Z&H L EE O .4 °C .12 000 r/min &
L 10 min, B EVE W . BB ST EEE AR T

Wi ) - 47 SDS-PAGE Ha ik » HL 5% B 2 5 — 3K
I AR A FGF21 (1 B 58 B30 1A 0 iR 1 4R
PR IC Y 1gG Hiik . Fl Western blot & St i 5
B B 928 SN AR

2 RS0

2.1 & pmi REFEEWRIZEREY P EIREFHE
KM
L PMIP1 1 PMIP2 5|4 . Bk pM390 £ Ky
BOWR#E47T PCR R, $7 8™ W 10 g/ L Byt fig b e
e B ARG L 25 R (P 3) B W FEZ 1 200 bp Ab R
T 1 RRR AW SIREN pmi SEHKE 5L,

1 2

2000 bp

1200 bp
1000 bp

750 bp

500 bp

250 bp

100 bp

3 pmi FEF K
1. DL2000 DNA Marker;2. pmi 4> HE K
Fig. 3 PCR amplification of pmi gene
1. DL2000 DNA Marker;2. Full length of pmi gene

¥ Xho 1 BV MWL BY pmid R K E 1746 A B 4E
PRIt 2 3k FAK p1390R I v, 4R 15 T & 41 Tk
p1390R [ MoK HH Xho 1 BV A55] T 291 200 bp
1) pmi FEBF /N R BEREAR R B B (B4, vk B H
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S pmi CEIEFFAT T pl390R I # Xho I i
R TP 25 RALAE S pomd B DK 2 Q) IF ] 3% 422 31 AF
PraiA p1390R 1T .

8800 bp

1200 bp

& 4 HEAFK pl390RITM /Y Xho | BG4 E
1. DL15000,DL2000 DNA Marker;
2. Xho I Hg Y1 p1390R [ M H 41 Fuk
Fig. 4 Restriction digestion analysis of recombinant
plasmid p1390R [ M by Xho [
1. DL15000,D1L2000 DNA Marker;2. p1390R [ M digested by Xho |

2000 bp

1000 bp
750 bp

580 bp
500 bp

250 bp

100 bp

& 5 L FR pl390R I MFGF21 B PCR % 5
1. DL2000 DNA Marker;2. fg 21 55
Fig. 5 PCR amplification of fgf21 gene
1. DL2000 DNA Marker;
2. Full length of fgf21 gene

2.4 ¥ fgr2l EEFEMH PCR i

ZARNT AL T S8R B L AR T 26 k%
fefel FAF MM, # for2l FHFhim PCR
R 25 5% (B 8) W, 26 ¥RFE fg 21 SR RE P,
A 5 FRFTY B 1 580 bp WY B M4 B LR 19. 2%
A KW for2l N B AFIFMBEREL A,

2.2 & fgf2l EEEYNTRIEHEHWHE

¥ fg 21 S E 1) 4 A B ) b TE) 28 2k
pl390R I M, 3k R 41 i ki p1390R II MFGF21, £
PCR % %E (E 5K Kpn I Fl Bgl 1l WY % &
(E6),¥13 2] T 580 bp iy H A IEE /N R B, i B H
HE A fef2l © & IEWE A S pl390R I M 1y
Kpn1/BglIl i &, WP 45 £ AE 52, B 15 3R
Fg 21 By F 21 B R Hh 1] 2k 24K p1390R T
M i,
2.3 # fof2] EEEMNBAE

FHARFF I EHAL05 A J it Skl fgf21 e
N [ 3 At A Ak 3R A8 T 5% fg 21 S FE M. ¥
¥ fg 21 FeDH T i AME 1 AE @057 S 8 R R )
fe¥h g B B HEAT FHAE ZE R SN B . 1 A JE WL
R A DB R EE AR R EER M
YIN EAMREE R A 5 3% 4~5 J8 L A AR K
Je AT R T RS AR B Je e B b AR R L
Bl 7 iR .

1000 bp

2000 bp

1000 bp
750 bp

500 bp 580 bp

250 bp

100 bp

Bl 6 WALFK pl1390R [ MFGF21
Kpn 1 /Bgl Il 3 U1 % %
1. DL2000 DNA Marker;

2. Kpn1 /Bgl Tl SHEEYING pl390R T MFGF21 T £H J5i ki
Fig. 6 Restriction digestion analysis of recombinant
plasmid p1390R [ MFGF21 by Kpn [ /BglIl
1. DL2000 DNA Marker;

2. p1390R [ MFGF21 digested by Kpn T /Bgl I

2.5 ¥ fgf2l EEEMB Southern blot 44
FEHC 5 Bk PCR K W &y BH R 09 2 6 A bR B
DNA, | Bgl Il 5¢ 4 WY1, DL & E il i fg /21
FEA R BOA ST #E4T Southern 2258, 7EZ K 5 #k
HELME MR 2 tRA SRS E S Hph 1 kA 1A
PRI DL, 55 1ARA 2 A4 35 DR 9% DL i A 2 5 R A Ak 1
5T (B 9. RIMEILRH fgr2] O e
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B 7 % fof21 LA AR
AL LI FRIE P SR s B, @0 S 1 IR IR LR ZF T s CD. 8 S AR R 2R
E. B 0 A MR 5 B AU AR IR Y 2R 52

Fig. 7 Regeneration of transgenic tomato plants

A. Transformed cotyledonary explants;B. Callus and shoot initiation on the differential medium;

C,D. Root formation in transgenic tomato;E. Transgenic tomato in greenhouse;F. Fruits of transgenic tomato

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

2000 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

580 bp

Bl 8 %% fgf21 B[N AAE MR PCR A
M. DL2000 DNA Marker; 1. B B4z p1390R [l MEGF21 ;2. 55 4 X 3 A Al Ak 5 3~ 16. 3% 43 4 5 X 75 i 4 bk
Fig. 8 PCR detection of the fgf21 gene in transgenic tomato plants

M. DL 2000 Marker; 1. Positive plasmid control p1390R [l MFGF21;2. Wild-type plant;3—16. Transgenic plants

2.6 HEREFEMRIEL FGF21 EARKN A1 2% B R 2R o 1 X B 2 v R LR S AR L

W E AR BRI 4 5 0 FGF21 s sapedidk B FGF21 AR ERNFM PR T REIFEA
P#EAT Western blot &1, &5 5 (& 10) R, 7 22 ku  RAEFRPUREM: .
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23130 bp

9146 bp
6557 bp
4361bp

2322bp
2027 bp

B9 % fgf2l FEHEFMAMKM Southern blot 43 #r
M. AHind [l Marker; 1. “Jl: % 5% [ 3 i At vk
2. BAYEBORE p1390R [ MFGF21 53~ 7. %% 5 [K 7 jifi b 1k
Fig. 9 Southern blot analysis of the fgf21 gene

in transgenic tomato plants
M. AHind [l Marker;1. Wild type plant;2. Positive plasmid
control pl1390R [ MFGF21;3—7. Transgenic plants

3 ZeSihe

ARWEFERI S T LL pmi N B £ AR IC HE Y
F st AR R 315 T R ik FGF21 AW
W FE R B AL AR ORIk T Ty AR i FP -+, PCR 37
B4R Southern ¢ 52 £ I 45 JRAUESE, A fgf21 %
PR LB DU 22 45 DL 2 b 75 24 A 75 0l B PR 4
Western blot /074t 8 /s, FGF21 i HIE R R A
Ao v A B — g K R 2RO L OJF BAT R 4L
Bk

HHT» pmi AE R bRiC BB A H 88 B AR S 0
F BT K /N 1 e AR AT DL IR 2000 DR
AN X F2 R i TR S0 G AR b, WA i R
Pl i 7= AR A FE AR P BB H 4 R IR A8 i
P 20 2155 /0 I B T 5K B /Y A s 20 SR AR 2 400 ol
AR 20 2P AR ARG SR T R AR
FR 8 5 TR A 1) B A R B Ak R Sk 19, 200, FLAR
WL B B R SE RN Ol . ASBIESE L R 6
SR 20 g/ L HERME 10 g/ L BEAR A IR FE R IRk b
AR AR R A L B R 2T 1A H T R
WL B AE e e DY 4 2 v A K g8 it s B
i 2F 4, O BB il 25 50 T A 808 e E AR
o H 2 35 55 55 b 68 W AR T 5 AR Ok 2 B
ZJE S FORIE A 50 0 A AT AR K IR SR
TEH BT 2E . H B MR O 1E P L o) A e A AR PR 1 A
K, 33 AT B S H T H 8 0 A 40 M i R BRE T M —
6 550G 1E L T R A P4 AH O 55 R A B Sk k4 ol
FrE

X DA H 88 0 Ry 38 5 500 0 5 Ak ok B 3 R B rh i

1 2 3

22 ku

B 10  FEFE R F bR 8 FGF21 45 [ i) Western blot 43 #7

1. AR BRI R R s 2. B B DR R i A
3. RIGATF B ALY FGF21 2 [ AR
Fig. 10 Western blot analysis of tansformed plants
FGF21 proteins
1. Wild type tomato leaves;2. Transformed

tomato leaves;3. E. coli recombinant FGF21

R 1) o B IO 0 AT S T o TRE AR 1YY o R T AT L K el
A B IR B R 0 i B R AR A 8K e 1 B AR AR
R, X FANIR] 5L A R W A B R ) 3G 0 i 1R
JERRSY . ARG 5 fg 21 BP0 @ 0 5
SRR D E 10 g/L HEEBER 20 g/ L Mk, o1k
FifRfrh & 20 g/L HEEHERD 10 g/ L FEME, 3% 95 3
RO R O S ARSI S e R R AL
AT T B AL ROR

55 B 4 A3 W A 2R v R R ESOR A ) R T T
Az 7= FGF21 2 (A Lt AR BIEGE SR pmi 1E S 15 3
PR A 0 ) 35 438 A a5 AL R R 3 gk AL 40 R I 9 2B
FGF21 BA 24 8 30 AR A A B T R AR
7L BRAR T FGF21 Hisgmhas .

SR o I I JE DR i R RS A 7 FGF21 i A
TR — A2 A ATV 22 [R]85 22 ik O, WA T 5
RAFIHE fg 21 FL PR i b A0 U5 Ik R G 47 8 1
0 PRI 8 3R KO A i DR 7 o i A rp A I 3 TR 1Y
FORREME U R AR Y A, (B A
ATTAE A 4 i R TR 0 3 A 1 2 B i L R A
Wy B0 7% A 7 TR TR 2 ) B IO 00 Dl A
Foft B p 245 9 86 1 00 A 7 R L O A N AR
R AR — 25 0 TAR B bR IR 42 42 i bR
0 B A R IR a6 A PR 4 R L O HOEE T R LR R R A
24 W) 2R 11 7 AR A R NE s 5 S R FE A Oa 2B W R
AR TR T PR AL B

(&%)

[1] Nishimura T, Nakatake Y.,Konishi M, et al. Identification of a
novel FGF, FGF-21, preferentially expressed in the liver [J].
Biochim Biophys Acta,2000,1492(1):203-206.



170 PG b A ARRE B R 27 2= 4 (A SR 2 WD %39 %
[2] Mohammadi M,Olsen S K, Ibrahimi O A. Structural basis for- independent Agrobacterium-mediated tomato transformation

(3]

[4]

(6]

(7]

(8]

9]

L10]

[11]

[12]

fibroblast growth factor receptor activation [ J]. Cytokine &.
Growth Factor Reviews,2005,16(2):107-137.
Kharitonenkov A, Shiyanova T L,Koester A, et al. FGF-21 as
a novel metabolic regulator [J]. J Clin Invest, 2005, 115(6) ;
1627-1635.
Kharitonenkov A, Wroblewski V J,Koester A,et al. The meta-
bolic state of diabetic monkeys is regulated by fibroblast
growth factor-21 [J]. Endocrinology,2007,148(2) ; 774-781.
Coskun T,Bina H A,Schneider M A,]J et al. FGF21 corrects o-
besity in mice [ J]. Endocrinology,2008,149(12):6018-6027.
Xu J,Lloyd D J,Hale C,et al. FGF21 reverses hepatic steato-
sis,increases energy expenditure and improves insulin sensitivi-
ty in diet-induced obese mice [ J]. Diabetes, 2009,58(1);250-
259.
SRR R R BR B, A R Dk R TR xSk A A 38t A% A
b [T, PHAbHE 241, 2004, 24(9) : 1669-1673.
Zhang L. H,Cheng Z H,Chen H,et al. Transformation of thy-
mosin gene to cherry tomato [ J]. Acta Bot Boreal-Occident
Sin,2004,24(9) :1669-1673. (in Chinese)
FL/ANER AT IERC R s S5 R A W SO A% 3k 25 TR O
FErik R (1], v A ) TR 2435 . 2008, 28(9) :135-143,
Du X C,He Z Q,Chen L,et al. Recent progress on plant biore-
actor expressing pharmaceutical proteins [ J]. China Biotech-
nology,2008,28(9) :135-143. (in Chinese)
Ty, FURAE K 1.4, HBsAg/#E % HCV #% .0 H b
B HE DR 7 4 0 st A% e Ak [ ). BEAR BT B2, 2008, 35 (20) ¢
4022-4025.
He N Y.,Yu Y H,Zhang X,et al. Transformation of tomato by
HBsAg/Truncated HCV core protein fusion gene [J]. Modern
Preventive Medicine,2008,35(20) :4022-4025. (in Chinese)
Huang T K, McDonald K A. Bioreactor engineering for re-
combinant protein production in plant cell suspension cultures
[J]. Biochemical Engineering Journal,2009,45(3) :168-184.
Sergio R M,Ruth E S G, Leticia M F, et al. Expression of an
immunogenic F1-V fusion protein in lettuce as a plant-based
vaccine against plague [J]. Planta,2010,232(2) :409-416.
Park S H,Morris J L,Park J E,et al. Efficient and genotype-

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[J].] Plant Physiol,2003,160(10) :1253-1257.

Alvarez M L, Pinyerd H L, Crisantes J D. et al. Plant-made
subunit vaccine against pneumonic and bubonic plague is oral-
ly immunogenic in mice [ J]. Vaccine, 2006, 24 (14); 2477-
2490.

AT S WRSF A H B0 IH e $F 2R G 00l S B AE B o Ak
AR L] Al ZE Wy HR 24412, 2005, 13(2) < 141-144,

Peng S Q, Chen S C. A novel selection system for tomato
transformation by mannose [J]. Journal of Agricultural Bio-
technology,2005,13(2) :141-144. (in Chinese)

Murray H, Thompson W. Rapid isolation of high molecular
weight DNA [J]. 1980, Nucl Acids Res,8(19):4321-4325.
L BEAL A A o AW s T (ML b st w4
HE H AL 1998:464-466.

Gu H Y,Zhai L J. Plant molecular biology manual [ M]. Bei-
jing: Higher Education Press,1998:464-466. (in Chinese)

F M T R A R TR R A U ik (ML e et R A
AR AL . 1998:446-464.

Wang G L,Fang H J. Principle and methods of plant biotech-
nology [ M. Beijing: Science and Technology Press, 1998
446-464. (in Chinese)

Wright M, Dawson J,Dunder E,et al. Efficient biolistic trans-
formation of maize (Zea mays L.) and wheat (Triticum aes-
tivum L.) using the phosphomannose isomerase gene pmi as
the selectable marker [J]. 2001, Plant Cell Reports, 20(5):
429-436.

Lucca P,Ye X D, Potrykus I. Effective selection and regenera-
tion of transgenic rice plants with mannose as selective agent
[J7. Mol Beed,2001.7(1) : 43-49.

Jang ] C, Sheen J. Sugar sensing in higher plants [ J]. Plant
Cell,1994,11(6) :1665-1679.

FATIE T Bl e TR 3 A 4 35 N 2 R P 4T A4 200 I AR K IR
(aFGF) [D]. #H #A 2 AR LI K%, 2003,

Wang R H. The expression of human acid Fibroblast Growth
Factor (aFGF) intransgenic tomato [ D]. Changchun, Jilin:

Northeast Normal University,2003. (in Chinese)



