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Study on expression of metallothionein 2 gene in safflower
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Abstract: Objective To obtain the transgenic safflower plants which expressed Arabidopsis thaliana metallothionein 2 (MT2) gene, and lay a
foundation for development of MT products. Methods The oleosin-MT gene was obtained from pEASY-oleosin-MT by Nco I/Hind 111, then
was inserted into plant expression vector pOP. The recombinant plasmid named pOP-oleosin-MT was transferred into Agrobacterium tumefaciens
EHA105. The oleosin-MT gene was introduced into safflowers via Agrobacterium-mediated method and positive transgenic plants were
determined by PCR analysis. Results The recombinant plasmid pOP-oleosin-MT was successfully constructed. PCR and Southern blotting
analysis confirmed that MT gene was integrated into the genome of safflower plant and three transgenic plants were obtained. Conclusion The
safflower regeneration system is constructed successfully and MT gene is successfully transformed into safflower plant.
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1.1 ##
111 ki ik HURRAT R PR EHA105, 38

B3R pOP. pEASY-oleosin-MT. K 1 B B bk
DH50 35 it AR ARV R 22 R ) S N 25 20 T I 4
B LR O K RS . LLAERD T s AR
MR 22 AW [ N 255 29T R LA T O
P, 2 MR ML R Al O S e b e
Carthamus tinctorius L. ZERA LU R o K Fh1
FH 70% ZEEE9 0.5~1.0 min, #RJ5H 0.1% HeCl, 3
ITRIHTHTEZ 10 min, FFFHICEKMVE 3~4 %, %
SLRE T PP 707 R RE 7R 2L b (MS H3 +30 g/L i
B 4100 mg/L AHLAT 4100 mg/L E+8 g/L Bl
gD, 25~28 C. MRGA&ME FRFE 3~4d.

112 k5 BREIEN VIS, TagDNA & Pfu
DNA &1, DNA 731 &b Marker (DL-2000)-

DNA /NEHEBGAF S, Agarose Gel DNA Purification
Kit X7 %+ Mini BEST Plasmid Purification Kit Ver.2.0
A7) 5 )% DNA Ligation Kit Ver.2 25340 5 K& E4W)
TREABRAT . 413245 (6-BA). 4K E (NAA),
FHHEHE (Kan). BEHEZFE (Str) MR (Rif) %%
W HIEE Sigma AF. LB T &M (AS) WHHA
Wako Ao SkALHFAEN (Cef) FIFREPEMEN (Carb)
W) 1 W IV 2 I A AT BR A W . R e A
Boehringer Mannheim 2 7] o HA 3 AR 7135) A [ 5
e Hrait .
1.2 At
121 5%t 4 GenBank LRI+ MT2
FIL G FF A& Coleosin) 4L+ %1), #JH Primer
Premier 5.0 5| ¥c i A, 5311 oleosin-MT il
B REDVRE S A 5 14, AR S 56 i 1R 5 14 A B
AR H A ME R E R (B AT BRA F] 5E R
SIIFEHIR: M1: 5°-ATGCCATGGCGGATACA-
GCTAGAGGAACCCATA-3"; M2: 5’-CCCAAGCT-
TATTTGCAGGTGCAGGTGCAAGGGTT-3’,
1.2.2 Y RIEE A pOP-oleosin-MT fait 5L
5 = ARAE ) pEASY-oleosin-MT i KL ZE Neo 1 Al
Hind 1L AUEEY), 1.0%3E IERE BER ok Je, #1Ae
[ H i B R R &R H 1) 5 B S D) (R
WO 1 52 56 =8 s ) 1 pOP R4 36 3k B A E %,
AL K AT v DHSa, A W8 1 B 5 328 35 75 BH P
W V&, B e % PCR %552 Fll Nco 1 R Hind 111 XY
FifF V) %5 5 Jo $k- A5 B4 pOP-oleosin-MT Jit ki # 14
CE 1) ) 5 Ry 6 90 5 1E (1) pOP-oleosin-
MT SRS AR R FF 1% EHA105, KA H T2
Y FH A0 TR R b
1.2.3 % oleosin-MT JER WA AF IR 4k 2T 4k 44k
P RIK OIS, EF Tl KRR,
25 CHE¥EgE 3 d, EH & pOP-hEGF-hEGF &
o U R AT, RS B FR
2, HERRIF MG AR TR 4 . K
FHAE B o R L B B AR R B TR I N B TR S
PR R TR

(1) iFFRFEH: MS H+30 g/L FERE+1.5

f=r e

| PhaT [ [35s\) Bar | | NOS _I\

1 FTiEFHIK pOP-oleosin-MT 1R E

Fig. 1 Schematic of pOP-oleosin-MT expression vector
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mg/L 6-BA+0.5 mg/L NAA+100 mg/L A LW+
100 mg/L JJLEE+8 g/L Bifli-

() 2o FRIE: MS #3430 g/L BEFE+1.5 mg/L
6-BA+0.5 mg/L NAA+ 100 mg/LCef+200 mg/L
Carb~+100 mg/L AN +100 mg/L AIUEE+8 o/L 35fIg

(3) KA MS Fi+30 g/L k-
1.5 mg/L 6-BA+0.5 mg/L NAA+3.8 mg/L KNO;+
100 mg/L Cef+200 mg/L Carb+ 100 mg/L 43 L%
#4100 mg/L WLEE+8 g/L TI5 .

1.2.4 PCR FHAREARETIN  HUH AL 3 i i
100 mg, HIF B PREAEY)HE 4] DNA $2 05 &
FEUUE DNA, DUARFE LD (g et it 1y 45 4 14 xS
M, pOP-oleosin-MT Z A& FRLAE 4y BH A0 . Y1
M2 43500k B RS 108 1945 31 oleosin-MT iy
FEP B 20 pL PCR R WAK ZR 417 : 2 X Power Taq
PCR Master Mix 10 pL, M1 Fl M2 % 1 pL, ZI{ek
AIZH 1 mL, ddH,O 7 pL. PCR J N IR AT
PCR § #7145 10 g/l BEIRERFERERS HIK G, 16
DNRBio Imaging Systems (J#J [ LA {451 DNR J{f5 %
GABRATD) EIMT FAT T

1.2.5 RT-PCR PHAEMFEEM PRI 50~100 mg T1
AR, W 2B R, KR Trizol X714
PEHL RNA J5 S5 5% 1% cDNA, LU B 3 [R] f) 3 g i
FrVE R BH XS B, pOP-oleosin-MT 244 R4 g BH
PEXT I, ML AT M2 23058 B RS I8 1 2
oleosin-MT il &3 K F . 20 uL PCR [ W AA A& L1
I: 2XPower Taq PCR Master Mix 10 uL, M1 Fl
M2 % 1 uL, #[4¢ cDNA 1 pL, ddH,O 7 uL. PCR
SN[ « PCR 473877128 10 g/L #4 IR EE IR
PEEEREHLIK 5, 7E DNRBio Imaging Systems & 7M]
NHEAT 3T

1.2.6 #EIELNLZIAEI) Southern blotting 7347  HX
PCR A 52 BHPE L 20 e B, F CTAB VAL
JLE DNA, BRI N VIRE Neo T A0 Hind TIT XU
I DNA, £ 8 o/L B IEbHEE I Ik 25 i, I
ARPE T A BT, R B A0 A ) B
LIRS B AR R AT A 2 i 1, M =y bm i 1)
MT R B e R, i e e < A ) vt
Bl 451247 Southern blotting 73 #7 .

2 HBR59H

2.1 HEHYFTIEEIK pOP-oleosin-MT #45E

#4 oleosin-MT F pOP Jiikisr 7 H Neo 1 M Hind
I AT ), RJ5 F PCR 44k s A& 20 sl o]

W H 0 BRI, AT, A KT iz
A4M DHSa, 37 CHRIGFE. RIHEWAA PCR fii
& FHPE UKL, Ay 44 4 pOP-oleosin-MT o 4R J5 %
pOP-oleosin-MT BT B 7% PCR %5 (K] 2) FIfgH) %
52 (3D, BAIF IEAf 1% A=) TR BRA R IP .
K VR Rl K W O A 1R RE ) G 3R IR Bk
pOP-oleosin-MT ¥ AL 2R AT 1% EHA105 %324, &
FFEBRIBOIEAT PCR %58, Kl 4 RIRE I D)
N pOP #fkrh, bk T &L # A,

M 1 2

1 000 bp

M-Marker  1-PI?EX# 2-pOP-oleosin-MT FH 1 e &
M-Marker 1-negetive control 2-pOP-oleosin-MT positive clone
2 EH %I pOP-oleosin-MT PCR £ 7E
Fig. 2 PCR identification of recombinated plasmid pOP-

oleosin-MT

2000 bp

1000 bp
750 bp
500 bp

250 bp

100 bp

M-Marker 1~2-pOP-oleosin-MT J5itfi
M-Marker 1~2-pOP-oleosin-MT plasmid

3 ELHBRHL pOP-oleosin-MT HIEFI 4 E
Fig. 3 Restrigation analysis on pOP-oleosin-MT

M 1 2

1 000 bp,

M-Marker 1-JJPEXF I 2-pOP-oleosin-MT &[]
M-Marker 1-negative control 2-pOP-oleosin-MT gene
4 pOP-oleosin-MT & ;% PCR £7F
Fig. 4 PCR amplification of plasmids pOP-oleosin-MT
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BCAMEHREBEAN], AT 3 Bk T1 ARFH PR RR RS,
Wi 6 Frowe X T1 AR 3 BRZLAEBHMERERE (O3 albmid
AL By C) XAEMT TR, AT AR RCR ALK
e, Bt TR S 1A TR, 25 SR aniE 7 i
Ne HIE 7 %, AL By C 3 BRRERHEA AT fE R B
Hio (ERM % e IR e S R AT AR X 5],
FERR LA R/ IN B BT B AR T L
oleosin-MT XL LRI T e mT, LA 8.

M 1 2 3 4 5 6 7 8

2 000 bp
1000 by
750 0

M-Marker 1-BHPEXS I 2-FHYEXTTH 3~8-2T4EfATE N 1~6
M-Marker 1-negative control 2-positive control 3—8-positive

safflowers 1—6

5 #IHEKRE) PCR A&
Fig. 5 PCR analysis on kan-resistant plants

6 FEERLI T1 KK

Fig. 6 Transgenic safflower T1

2.3 Southern blotting &

I3 Bk PCR AN FHAEMIZLAERTFR L DNA,
RN DINERED), DA m=EbRid i) hEGF B BOK
PREFIET Southern blotting, Z5 AL 3 Rl HEA
Mk, 3 MIA AL RS, Hh 2 BOXEE DL, 5
—BRR R DL, MR E R 255 5 (B 9D,
FISNE MT DR AR e 35 BN LA ERE R4 b

M 1 2 3 435

2000 bp

1000 bp
750 bp
500 bp
250 bp
100 bp

M-Marker 1-BIPEXFHE 2-BAPEXTIR 3~S-ZL4EfA M AL B C
M-Marker 1-negative control
safflower A, B, C

B 7 #HERLIE T1 K PCREN
Fig. 7 PCR amplification of transgenic safflower T1

2-positive control 3—5-positive

El 8 FFHE (A) SHEERE (B) LERUXLL
Fig. 8 Apparent contrast of wild type (A) and MT

transgenic (B) of safflower

L-Jgoke 4-BF/ERINTRE 2,3, S-FEAE R AR
1-plasmid 4-wild type safflower 2, 3, 5-transgenic safflowers
9 %% pOP-oleosin-MT £ H 4 fE# #% B9 Southern
blotting 74
Fig. 9 Southern blotting analysis on transgenic pOP-
oleosin-MT safflower

2.4 RT-PCR #&i0

TERUE FERI 2046 T1 AR 7~ Trizol A7 &%
I RNA i 5 5 il cDNA, LURF 2 5 43817 PCR
i,y g anid 10 s, 4 RT-PCR %7€, 1
P34t H IR R e 4k, H oleosin-MT #E &
B R IE R . %W oleosin-MT HE[R ¥4 R4 4¢
FEDRIAH I AR sk F BRI
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2000 bp

1 000 bp
750 bp

500 bp

250 bp
100 bp

M-Marker 1-BIPEXTHE 2-BAPEXS IR 3~4-20 46 PR
M-Marker 1-negative control 2-positive control 3—4-positive safflower

B 10 FEFEL T1 RT-PCR 42l
Fig. 10 RT-PCR amplification of transgenic safflower T1
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