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W OE JHNHEIENYIEE Neo T F1 Bgl 1T A i) 244 pMD18zeolin Fl pMD18zein L) F zeolin K:K(Z1 1 600 bp)Fll y-zein 1t
[KI(Z) 720 bp), A4 5@ m%EBe (e £ A RIG U) (¥ R 8k pCAMBIA1302 |, M 3E ki) % i 3 fk pCBzeolin Fl pCBzein. K
FHURRHS pCBzeolin 1 pCBzein ‘5 NI AR NT B (Agrobacterium tumefaciens) Ik LBA4404, 12 B K10 F AR (Lotus
corniculatus L.). LR F5. fik i, HA, SBIBUERRR. WHUERARIEAT T PCR. RT-PCR KLllIZR M, y-zein Fl zeolin
N E S G B AR A, ERRRAKCPRE] T RIK . SIRE LR BN 3 KW, %% zeolin JEDIRAME S 0 AR & bl
BB TR y-zein FEDIRERERUGT FRAERR 193 5(P<0.01), (B4 y-zein FRFEAK 5% FEAEAKN 22 AN B2 .
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Abstract Zeolin gene (about 1 600 bp) and y-zein gene (about 720 bp) were got by cutting from the middle vectors pMD18zeolin
and pMD18zein respectively, and were linked to the expression vector pPCAMBIA1302 in the same endonucleases digestion sites.
The plant expression vector pCBzeolin and pCBzein were obtained. Plasmids pCBzeolin and pCBzein were transferred into
Agrobacterium tumefaciens LBA4404 by freeze-thaw method, and then were transformed into Lotus corniculatus mediated by stain
LBA4404. After co-culture, selective differentiation and regeneration, resistant plants were obtained. Resistant plants were detected
by PCR, RT-PCR. The results have proved that the y-zein and zeolin genes have been transformed into the genome of Lotus
corniculatus L., and expressed on nucleic acid level in the transgenic plants. Sulphur-containing amino acid of transgenic plants
analysis showed that the content of sulphur-amino acid of transgenic zeolin plants was significantly higher than that of the content of
the transgenic y-zein plants and control plants (P<0.01), but there was no significant difference between the transgenic y-zein plants
and control plants.

Keywords Sulphur-amino acid genes; Expression vector construction; Lotus corniculatus L.; Transformation
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JiH S i 2 R R K AT EE I R 5 zeolin F y-zein FE R 741 —34.

HHr & M2 FEY) b o 8545 3 & i 2 R IR 1) i
Mg FE R, U1 KK (Zea mays L)~ /KF&(Oryza
sativa L.) W] H#%(Helianthus annuus) X %i 5.(Pisum
sativum L)%, FKEEE 5 (zein) & TR 1 H 11
FIWE A, TN o~y B+ y-AT §-zein S5 Y
P, Horp B-. y-F1 3-zein & & 2R AN Y-
[t 2 12 (Shewry and Casey, 1999). y-zein &K AEAR 2
FEAAA v T AR v a] ARG E H 5 (Geli et al.,
1994). Bellucci Z5(2000)3@ 1L 75 I A 5 k9 5 | S 1k 5
) (KDEL)KHE 7 y-zein 71 Fe DU L A 1) SRR,
zein & RH CUFE (1 = M 52(Trifolium repens L.)« 354t
B 15 (Medicago sativa L.)%5WCHEAELY) Rl DR 1k
(Sharma et al., 1998; Bellucci et al.,2002), 43404k
TR PR AN E i R R S B T, M
zeolin F [K] J& 3¢ W2 Bk 85 [ (phaseolin) 3 A 55 5 43
y-zein JE DRI G Rl A BE DR o ASBIFSTIE I S 1 v B
FR, R T PR O B 2 R R DR IR R ) R T
M, IF03 VAL S RME A Ik 56k T ) A
WIAIR AR IE R R AT A, DUIOh SRR 5
s B 5E il o

14K 500

11 YRR B

PUURL pDHA Fil pROK. TGILK AAEHR, 53554 1
zeolin LR p-zein FE[F . PCR =¥ B b e
HLVKAS I, 345 2 7 BES AN T R BERN R A
(zeolin FEFIZ 1 600 bp, y-zein FKZ) 720 bp), WK 1
FEon o FAR A & gl fe H 5 B, & B 3
pMDI8-T wupEdifk b, W KWAT R DHSa. A%
ARIPAR EBRIE F BRI 2R, WP Ay A iR T
B v B o BEALBRE UM 7 BESRIUTOR. DNA, HET
FEDI%s e, DI H B, Wil 2. F Neol
F1 Bgl 11 X 1] pMD18zeolin F1 pMD18zein, [Hi
zeolin F y-zein FEHR B, FH 5 pCAMBIA1302
KR Bl AT, etk KGR DHSo 3245,
fir 44 A pCBzeolin F1 pCBzein. % Nco 1 F1 Bgl 11 XL
FiEE) JFUkE pCBzeolin 1 pCBzein ¥ EH zeolin Fl
y-zein FER T Bt & ANFRILH A pCAMBIA1302
(B 3A) o 155 58 I 1) VR BCE A v IR bk 2 Bt K
Bl TREF I =Y, 45 FR WAL B 15

KH R pCBzeolin Al pCBzein ‘T NAKTIH
LBA4404 &2 &40 0. /NESEBUTR. DNA, T
PCR %€ 5 (K 3B; 3C), UEAHAL AR .

1.2 SMREER A AR

T kAR T pCBzeolin/LBA4404 F1 pCBzein/LB
A4404 25y, LR 3 d A, FETRIER R, 40d
JE ot A Btk A 2 2 (] 4A), Btk 2Em
I FEN 3.2%, KH(TE LBA4404 iz it i)
H AR BB # RS (1, ARels S ot A

He Vs

M

1 2

2000 bp
1 000 bp
750 bp
500 bp

K 1 zeolin 1 y-zein JE K 1418

VE: 1: zeolin FEDIFRI1; 2: y-zein FERF 15, M: DL2000; DL RIF]
Figure 1 Amplification of y-zein and zeolin genes

Note: 1: Amplification of y-zein gene; 2: Amplification of
zeolin genes; M: DL2000; The same as bellow

M 1 2

3.0kb
2.0kb
1.5 kb
0.9 kb
0.8 kb
0.7 kb
0.6 kb

P 2 Fp TRV BAA (D) 3

1:: 1: pMD18zeolin V)% 5E ; 2: pMD18zein I)liEY) % 5E
Figure 2 Restriction analysis of the middle vectors

Note: 1: Restriction analysis of pMD18zeolin; 2: Restriction
analysis of pMD18zein
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10.0 kb
0 kb
.0 kb 2000 bp
5 kb
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1 000 bp 1000 bp

750 bp
500 bp

kb
kb
kb

oo —NWS

A B C

K| 3 FE TR pCBzeolin Fll pCBzein B U] L e AL ARNF 1R (1) 4 52
A EARRMEEY) S E; 10 pCBzeolin HETI4EE; 2:
pCBzein Y] % 5E; M: 2-Log DNA Ladder; B: A&fF 5 )5
$ pCBzein ) PCR %5E; M: DL2000; C: AXHF B Bkt
pCBzeolin [f] PCR % &

Figure 3 Restriction analysis of recombinant plasmid pCB
zeolin and pCBzein and PCR detection of plasmid DNA from
transformed strain LBA4404

Note: A: Restriction analysis of recombinant plasmid; 1: Restriction
analysis of pCBzeolin; 2: Restriction analysis of pCBzein; M: 2-Log
DNA Ladder; B: PCR detection of pCBzein plasmid DNA in strain
LBA4404; M: DL2000; C: PCR detection of pCBzeolin plasmid
DNA in strain LBA4404

(& 4B), U IR BEIE R 55 3 (Hye) 19 8 T IEMIER
RIFHBIR T HNARER . R0k % 2
AR B 7R EE(MSB+0.1 mg/L IBA+25 mg/L Hyg+
200 mg/L Cef) (¥ 4C). SeEMMIATIE A4k, &
ZORAT 9 BRPUPE FRAEREAR, BB AREIE IE# (K] 4D).
1.3 HUHEAEARE) PCR A

H zeolin (P5, P6)F y-zein (P7, P8)JE A H1—XF 5[4,
93 R AR IR S AR LA AR S DNA 1347 PCR

Bl 4 71 R et AE B AL 5
TE: Ar SIERFBIANE 2 B FEIRIERTIRIE FRZAEHEK
AR C: FHERIUIE R D BRI PTERLR

Figure 4 Differentiation and regeneration of transformed L.

corniculatus

Note: A: Buds on screened medium; B: Untreated explants on
selected medium; C: The Hyg-resistant regeneration seeding; D:
The survival Hyg-resistant regeneration plant transplanted to soil

Y, g EIREAY zeolin FEN K P A MEAR Y AT P
Hi 890 bp A T B, 4 BRELAL y-zein FEH
(BTPEREAR DA 3 BRSO/ INA 290 bp e A5 T
B, AR R A G AT 454158 55 6 6),
WL U] H LR RS 1) [ BRI

1.4 PitE KRR RT-PCR Kl

FH Trizol $HU i HE DA 71 RS RN = L DAL T RAR 1 58
RNA AR, 347 %153 2] cDNA. IR 5]
YT PCR R, #54K zeolin J: X T kAR RNA Jx
el 1 Y 890 bp A7 A7 (KR LA, 4 Bk
FEAY, y-zein FEDR AR AT 3 R RNA JEE7 =404
#2900 bp ZEATIIRERMEACTS, ARFEIED AR I
RNA EFE =AY B AN & (B 7, &1 8), Ht—

M P HCK1 2 3 4 5

1.0 kb
0.9 kb
0.8 kb
0.7 kb

&l 5 zeolin DRI AL T KRR A AR ¥ PCR %55

vE: P: JJURE pCBzeolin; H: 23 1N M, CK: I B (AR5
IR T kAR ); 1~5: B ALAHAK; M: 2-Log DNA Ladder

Figure 5 PCR analysis of zeolin gene from transformed L.
corniculatus

Note: P: Plasmid pCBzeolin; H: Blank control; CK: Negative
control (non-transgenic L. corniculatus); 1~5: Transformed
plants; M: 2-Log DNA Ladder

M P H CK 1 2 3 4

0.4 kb
0.3 kb
0.2 kb

P 6 y-zein KE[RI AL 7T KRR A FRIK) PCR %7€

vE: P: JJiRi pCBzein; H: BHPEXTHE; CK: M%) B (AEFE FE IR
F AR, 1~4: #E4LHIRK; M: 2-Log DNA Ladder

Figure 6 PCR analysis of y-zein gene from transformed L.
corniculatus

Note: P: Plasmid pCBzein; H: Positive control; CK: Negative
control (non-transgenic L. corniculatus); 1~4: Transformed
plants; M: 2-Log DNA Ladder
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AR

PCK1 2 3

4 5 M

0.9 kb
0.8 kb

K 7 zeolin JE R FeAL T IR MEAK K] RT-PCR #55E

i P: JORL pCBzeolin; CK: B4 X B (FEF5 2k AL H AR );
1~5: $&ALMEIE; M: 2-Log DNA Ladder

Figure 7 RT-PCR analysis of zeolin gene from transformed L. corniculatus

Note: P: Plasmid pCBzeolin; CK: Negative control (non-transgenic L.

corniculatus); 1~5: Transformed plants; M: 2-Log DNA Ladder

M P CK 1 2 3 4

0.4 kb
0.3 kb
0.2 kb

K 8 y-zein KERHAL T IARAE IR RT-PCR %3¢

v P OB pCBzein; CK: BIPHEXT FEGRFLIE K H IKAR); 1~4:
AL AR, M: 2-Log DNA Ladder

Figure 8 RT-PCR analysis of y-zein gene from transformed L.
corniculatus

Note: P: Plasmid pCBzein; CK: Negative control (non-transgenic L.
corniculatus plant); 1~4: Transformed plants; M: 2-Log DNA Ladder

RVFEILD PR 5 B 2 1 (1 75 i L

SAERHANEIE zeolin F y-zein 52 1 BKAHRIEA
b, FERTLALERED IR IE e sk

1.5 BAERMEK S MELER S B

2 1 AT5, ¥ zeolin BEPR v kAR H (1 B 2R & =
WA 2 v T4 p-zein BEDRRE AR AR S BE D R AR v (1)
Fr1(P<0.01), ¥ p-zein IR T KRR A AL 55 A AR A
P EZIR R & R L AR AR
L DRTARL AR Hh 00 e 28R B 50 Wl 3 Mk 22 5:(P<0.05)
% zeolin JEIA ' WKAR S B S KL IR V) B B AR W 25
T y-zein e DRRE PR R AR % 56 DRURE AR P 19 4
(P<0.01), % y-zein R A KA AT R4 BE DR AR 5
MEIER A BT FHZE R, R zeolin FENBEHEH
ZRCHAE KR rh B 2 R T o

2 ™HB

MR BARIRIEE, BT H I BER (2 1.6 kb
F 0.7 Kb) LA K I 33 75 2 5 | N5 A4 1 i 1) 7
M. Neo 1 F1 Bgl 11, Nk Af ] Taq 1, PIHAE PCR
P AR I — AN A, NI RS . AHT
FMH Ex Taq, LA 3 -5 KD fe (L imaE f2=1E,
2008), AEARLF 2 T4 3G H AT T T 22 1 H
Jr B MFPah RFR, BUERA T ORI L) Ex
Tag, PCR 2k AR . ik, EHEA S
JEARECER PCR SRAEEARR L2, X 5 XA I5
(2004) FFIBIF 5T 45 A AH — 3o

SRMICR E BKAR 5 TR IR A, AN

el U S R IR R () 355, 1994).
AR L HE LT IARE etk 5244, R pCBzeolin/

Tablel Comparison of the content of sulphur-containing amino acid of transgenic L. corniculatus

% zeolin FHIE
Transgenic zeolin plants

F IR (mg/g)
Amino acid (mg/g)

¥ y-zein FKE

. . CK
Transgenic y-zein plants

EE R
Cystine
HEMR
Methionine
R

Total

2.1£0.3abA

4.3+0.1aA

6.4+0.3aA

1.8+0.3aA 2.1£0.1aA

3.9+0.2bB 3.8+£0.2bB

5.7+£0.4bB 5.9+0.3bB

Vi R P PR EE, R AT R R R T 25 22T a,b: P<0.05 1R /KK ALB: P<0.01 [R5 /K

Notes: Data (mean+SD) followed by the same letters in the same row show no significant difference; a,b: Significant at P<0.05; A,B:

significant at P<0.01
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"n:)

LBA4404 fil pCBzein/LBA4404 5 N 11 iKARFE K40,
KL P A S R R A 2 Ak B AR I IE A P R T AT 1, I
R =R SR A A SRR IR AR T R
PRAE T EORSCHE . s £ IFIER R, B
AAFE) T HUbE R RE, I PCR KIRIERH T p-zein %
AR zeolin JER[PIA74E . 1k RT-PCR #—P1FH T
y-zein FEDIAT zeolin HEDK CL 73 il #4521 E JIKAR L A 20
o, HER KT AR T IEMERIA.

TIMEER A EER . PR =R, A
WL y-zein FEKFN zeolin FER i ) & 1 & &

SR PEEARR, AR IR AL B I R v D 2R
SRR O e R (A H K, 2007), BIHAE S A
SR oy AT TP DR O B R R DR R A R
e 2EMRE KT RY, 1E4% zeolin JEIA
PR EE 2R & i R B = R R B A T
¥ y-zein [ WK E 2(P<0.01), 1% y-zein H MK
R 55 2 B DR AR b & i 2 R R 1 8 R
ZE5t, RWY zeolin FERAHLL, y-zein FEPRITE 11 ik
MR AR T A B . AW, 7SR
H 8 Tl oy 5 IR 2 TA I I 2 B — 1k BT A 1 R
IR AAE IR, AR R AT R 2
[ AT AN F (S 2R A 422348, 1993). H b FRAT]
M, y-zein FEDRITE 11 HKAR o 1204 50T g5 00T
A 2 1 s XV DR A g L A T30 B A
Wb R A OGN HRIA . AL
DR FR AN B R AL, HRB SRR, HA RS
€, H TR R b i S BE R B 1 1 de e RIA
A 0.1%~0.8%, ARk 2 5 by IF 85 FR A0 H
1%~5% (Bellucci et al., 2000). H fif &G W57 & KX
LE L PR N B SRR R P R0k, B SRRt
RIS BRI AL 1K, JFHAT DNA K2 8 DUECHIRR
R M 5 R0 S50 05, A AT e KO R 0 &7 305 5 BT 1)
FIA &, AL SR )15 B s R R IA (W o Ut
2. 2007).

IR E B

3.1 E AL

T AR« B 3 (Lotus corniculatus L. “Leo”) 1 [ ¢
ME R 2= B AL 5t & A B E AT T AR R s AR B R S
AL,

3.2 JRKL K o

A SER FE F (0 K IAAT B (E. coli)iFK R DHSa (K
WA, sepedifkl pMDI8-T (TaKaRa 22 1]); #H
JARFF BRI LBA4404 . FEYIRIAE AL pCAMBI-
A1302 ¥JHASEE SR A7 . Tk pROK.TGILK Fl
pDHA 42 K F] CNR [f] Michele Bellucci f# 1 2.,

3.3 TR K FZZH

F R EIPE A V1N . LongAmp Taq B T 30 S i
Oligo(dT);s Primer & DNA H B Inl il 7] &l H 3¢
Promega /v7], dANTP. DNase I . Ribonulease
Inhibitor 1 Ex Tag } TaKaRa 23w i, 4w M
24 it 38 A 3 1 Bl Py Afr i g .

3.4 SMEAREEFR
FHKARIE AR I 2 MS $h+B5S 44 H(MSB 57
#E) (Aoki et al., 2002), pH 5.8,

POEH 0 E AR, 75%W95 3% 30s, &
B 3 WK, BN 0.1% (HgCl+SDS)E i 1k %
K 8~10min, TG 7KL 4~6 IR, K yEAUR T
KAy, BEMT MSB 5783, B 7~10 d TG I# B T
IH(3~5 mmA)fE R AME R, TR S R4
R G HR I 14 h/d, JEREBREE 2 000 Lx, H5FRi
JE(25+1)C,

3.5 YRIEBARIM £

ORI 2 AR DNA, zeolin 3R 514): Pl:
5’-GGTTTGACCATGGGCATGATGAGAGCAAGGG
TTCCACTCC-3’, Ncol; P2: 5-TAAAAAATA
GATCTACCATCTGGCACGGGCTTGGATGCGGC
TGTTG-3", Belll.

y-zein JER5|4): P3: 5>-ATAAAAATACCATGGGC
ATGAGGGTGT TGCTCGTTGCCCT-3’, Nco I ;
P4: 5-CGCCTATCAGATCTACCATTAGCTCATC
TTTCTCACTAGTGTGGGG-3’, Bglll .

51W) i Invitrogen A 7 & . KA 50 uL R NAK R,
£ PCR buffer 5 pL, 0.2 mmol/L dNTP, | Fili5[#
% 0.4 ymol/L, Fik DNA 0.5 pg, Ex Tag 1 U. PCR
PR 94°C 5 min; 94°C 30's, 61°C 30's, 72°C
3 min, 3 MEH; 94°C 30s, 65C 30s, 72°C 3 min,
5 MIEFR; 94°C 30's, 72°C 30s, 72°C 3 min, 30
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AMEFR; 72°C 10 min. H 44 4tk 5,
ERES) pMDI18-T #idk b, HALIKSZ 440 il DHS oo
A0 TR 5l fiy 44 4 pMD18zeolin il pMD18zein.

FE A iR pMD18zeolin F1 pMD18zein 24T Neo 1
A Bl TRV, 9D H ) 71 B (zeolin FEAIAN y-zein
HER), FHABIL Neo 1+ Bgl Il BEVIIM R IEZ
& pCAMBIA1302 7, #A0IKSZ &40 DHSa, 2
soRL, BATREY)SE, IR e M RIEEUA
g3l 4 4 pCBzeolin F1 pCBzein (K 9).

promaoter. promoter .7
CaMV3ss

CaMV358 Bglll

GFP
NOS polyA
RR

NOS polyA
RB Hyg(R)

Kan(R)
pBR322 ori pBR322 ori

K 9 Fi#) 3R 1K AR pCBzein. pCBzeolin 45 1)K
TE: LB: /it RB: ATt
Figue 9 Schematic maps of plant expression vectors pCBzein

and pCBzeolin
Note: LB: Lift T-border; RB: Right T-border

KRRl pCBzeolin 1 pCBzein 5\ LBA4404
PR $EHUTRL DNA, #HT PCR ¥ H4%55¢

3.6 SN B R #40 E KR

PRI A 5 R TORE (1) A AT 1R LBA4404 L7
AP 2] 20 mL 5 A B A 2 (Str, 50 mg/L) R R R B
# % (Kan, 50 mg/L)F & LB 5782k, 28CHRkY
BRIt KR IR T 3 500~4 000 r/min Z0 10
min WA K, F MSB WA 7R 3L H A, 28°C4k4t
K 7% 4 OD600 H 4 0.4~0.6 o K50 B 1 T HAEA AT 12
W RS 5~10 min J5, BT JCRIEAC L 2
B, e NFLEIREESRIE, 25°CIREFE 3 d, Hehp
IR TR AT IO 2R T

RS R . MSB+1.0 mg/L 6-BA+0.1 mg/L
NAA+100 mg/L AS; FiiikiiFRH: MSB+1.0 mg/L
6-BA+0.1 mg/L NAA+50 mg/L Hyg+500 mg/L Cef.

3.7 HALHPRR PCR Ryl

KM CTAB J7 V5 H% I RS 4 A0 A Bk (1) 225 PR 4
DNA, Jf- LAt DNA A4 o 45 zeolin FE R Fl y-zein
FER T80 PCR 514, zeolin FE R 514 P5: 5°-AA

CTCTGACAACTCCTGGAACACT-3’; P6: 5°-GTA
GCCTTGATGGCAACTGG-3’,

y-zein 3K 54 P7: 5-CCACCATGCCACTACCC
TACTCAACC-3’; P8: 5’-GGACTGGAGGACCAAG
CCGAAGAT-3",

DAA AL TR AR AR A ST IR, BASORL pCBzeolin
F1 pCBzein fEAFHPEX . PCR ¥ 38  NFR /T
95°C 5min; 95°C 10s, 53°C 30s, 65°C 1 min, 45
AMEFR, 65°C 10 min. PCR P28 1.0%E0 Ikt
JB HL K A3 5

FIHI TRIzol FEH P BHR B AL AERR AR F AL R PR
& RNA, BT S 56453 3] ¢cDNA. H zeolin JE R (PS,
P6)F y-zein FEPK(P7, P8)5 44T PCR Sl Al HE Ik
3T o RS R NS K 25 UL, SR RNA 2 g,
Oligo(dT);s Primer 1 uL., M-MLYV Reaction Buffer 5 pL,
dNTP (10 mmol/L) 5 uL, Ribonuclease Inhibitor 1 pL,
M-MLV RT 200 U, /Il DEPC /KfM& 25 L.

3.8 FHAL R M S A LR & B g
FERERRIE 1], MG BE DR ¥ FORR AL AR R = 2 i DRI A
PRZE BER RNy, T, MreE, Sk, B
S PR IEIR T (X3S A B LC-10A =y siiiAf
o) e A R Tl it 47 . FH SAS9.0 #E47
et o A (R 255, 2006)

gt

AT B KA — FRHE ST RI(2006BADO 1 A 19) FH T i
RNV K 22 R GE IR 5 A A H A X A I = T RO
(XIDX0201-2005-03)% Bl .

SR
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