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Agrobacterium-mediated Transformation of Deranthema morifolium

Tzvel. cv. Xiaojinhuang with Transcription Factor CBF1 Gene
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Abstract: In order to establish an efficient genetic transformation system with leaves of Dendranthema

mor folium Tzvel. cv. Xiaojinhuang, several factors affected genetic transformation mediated by

Agrobacterium were studied. The results showed that the highest transformation efficiency was ob-

tained through the following transformation procedure: after preculture for 2 d, the explants were in-

fected 3 min with 50 mg/L acetosyringone(AS) and ODs, =0. 5 Agrobacterium culture liquid, and

then co-cultivated for 2 d. Resistant shoots from leaf disks were screened on MS+0. 4 mg/L NAA +
100 mg/L Cef medium supplemented with 10 mg/L Km. Results of PCR proved that the CBF1 gene

was integrated into the genome of transgenic plants, and eighteen transgenic lines were obtained, the

transformation rate was 36. 7 %.
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FERRARR, TRIEHCHAZHBESTHIN
AR B AR S, CBF REEKE
# CBF1,CBF2,CBF3 #1 CBF4"""*) Stockinger
SEUB £ B 95 400 A 7 (G IR 9 4k 399 ) 4 4T 9 45 COR
(cold regulated) LN E X 2 FHLH 8, A B L
BT —MEmEEFETFH DNA, XHERHNF
%% AP2/EREBP ) DNA %4545, #£iH%] COR
HEAPH CRT/DRE T 5244, & H
CBF1(CRT/DRE binding factor 1), Eff CRT/
DRE#AHF. bli/S CBFl X #ERE T2 3
FEMREANRR, LR IEAZE FENFSL
5 CRT/DRE DNA @t 4, HERHT
FAAX-AETHENAEERMEDFEKESE
Hw&is, NiMSIREY BN E AL
.= —E MR AP RSN, CBF £#A%E
PEARMmETISRRA BENR THERE
BRAHE 8 T 205 £ a8 8 w0, CBFI
EREEMPIERXTUREGEM SHEHE
(BRoK B8 B M"Y, AR ECE
MHBE NEE BAKRZANER L. BIHE
BB ERER, LIRS CBF1 2R
B R Ak .

1 MEE5F#*E

1.1 # #

BHIEGF NEE K AILFERAE2EB A
REHRTHEN. RYFEFTRFZR, FK
R AR A AR RAKE R 2 h, EE Kk
JER 0. 1% T+ K ¥ % 5~7 min, TEE/K 3k 3
BBK 5 min, R FHREFREMS + 1.0
mg/L 6-BA L . BN REHEHEAR. FTHE
AR IR MS #5530 ¢/L FEE.6 g/L
Bifg.pH # 5.8, FEERERFH Cl. L
FHH MS+1.0 mg/L 6-BA+ 0.4 mg/L NAA;
C2. 4B 3 2 MS+1.0 mg/L 6-BA;C3: 4 #
KFHE MSH+0. 4 mg/L NAA,

L2 BERFERRESMNEN

AR 5% v BT B B R FF B B Bk LBA4404,
FHMITR LK pBPCBFI(AE 1), ZH YKL
BAEEHEE CaMVSS B F HEERRED
MARNPTIDOMXEREFR AT ERANE
RHAT CBF1 R (AR K ERETHER
B,

1.3 FURERYBRENBE
IG5 HIMm 0,4,8,12,16,20 mg/L
WEREEKm), EHHF, REHFEKD
A5 AGHAEREFHEEMR.
MR SR M 0.5, 10,20, 40
mg/L B Km, BRHFHER, REHERDE,
SBEREAKBEL.

’ "*:-g\-_: _
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S
1 #% CBF1 EEH Tk pBPCBF1 Bi X M
Fig. 1 Diagram of binary vector pBPCBF1
with CBF1 gene

L4 MBERREMNHE

HAraRFERYEE S FH Mo, 100,
200,300,400,500 mg/L k& K (Cel) HItE R 5
E3HAEMENERE. UREBRFEREHN
o hugii
L5 HBERAENSEEMHROEL

MEMHNEH 50 mg/L Km #C #] % 5F
BB AR LB #5553 L OkERR N %, DA 40
mL &% 50 mg/L Km Bk LB &S, &
PR3 (28°C, 200 r/min, BEE &G T)24~48
h) RHEEKZEMBETESH; AN# LA RS
MS Bk R EHR - KRB R ER, %%
WA F 4 h AR, E ODyp X 0.3~0.7. A
ODyso #e M 0. 3,0.5,0. 7 B4 AF B 4 ) R e
BEFREHH & 3~6 min , ARBELHF
R,

FH153 5B i1 0.50,100,200 mg/L ZEE T &
Bl (AS) () RATH B AR 3~5 min, RESF. X
HEAEHFAEEHERT BRI LR
LB &HTER 2 d, IR AS X548
BRI,
1.6 MHEEKNEE

WAL RSt R Bl AR Cef 300
mg/L M2, 8 14 d BI040 3% 3%
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BEEE-K. FOARESEENERENFEN
SR EYTF 8 ABIHE 100 mg/L Cef F1 10
mg/L Km M4 R F 2 ATH M % .
1.7 HiEE%S PCRER
MUCTAB U R EHNEEN H &
DNA. PCR # #8511+ 51 A& P1(5'-GTACTC
TAGTCA ATGAACTC3) # P2 (5'-
GAAACGACTATCGAATATTAG-3"); ¥ #8 ik
AR 1L AR, 2 uL 10X E W, 2 ul Mg**,
Tag DNA 8 0.5 uL, P1 M P2 1 L, BT
KAMR 20 L YR BF N 94C B 5 min;
94°C 30 s, 55C 40 s, 72°C 40 s, 35 41 #F;
72°C 10 min,
1.8 MEsit
HHFEARBCONTE NG HES
4 47 % =PCR PR 2 80/ Km Lt 2 S48 X100 %

2 HERERH

2.1 BEEBEERHEML

AR FEEWES Km B EH FBEEREE
B R R R K, B R B 0 3% i, RG99 R 3
Y KmpREKER OB HRTES AEZ4EX
BEREF(E2), BEHEN 67%. 4 Km MR&
BRER 4 mg/LH AV EBG . ELEF S
1k B B3 - R s b, BB
., EMMA Km M3EFE LM O E4£5EEY
HO, INFHHAR DNEE TN Km BRE
By 4mg/L Km BInf Z2MHERNEFHHE
MG R .

0 4 8 12 16 20mg/L

B2 KmEREMHABENYN
Fig. 2 Effects of Km concentration on leaf regeneration
MR B 3 R JE A K R R (E
3. H Km iR E N 5 me/L 6, ZBRME
KZE M8 100% 2B LA ;10 mg/L

8 Km BiE £ MR A K, TR I 46 546,20
mg/L Km &4 FEBRAE O, U5 EKEE
WEABEmE, HiKE 10 mg/L 8 Km fEHR°
NP AR EEAKE.

40 mg/L

3 KmREMFEEROEMN

Fig. 3 Effects of Km concentration on root induction
2.2 MEERENRABERAYM
FHEE(OD BN 0.5 £H)REAKH K
BFRERARM Ced WEFEL,3dE.HAH
FHEARARFER, d ERAEXREEA,
HEFREE B, YRR T M Cef #9355
EEMRAUARHARBEHMALK. 3 3
5 EME M 100 mg/L Cef B9Bs S5 b, A A B
BB RITEB: 4 AJS. M 100 mg/L Cef
BRI H B KB S, M I 200 mg/L Cef
B & R FF B BT Cef B BE S 30, 400, 500
meg,/ L 60 55 F ke 5 0 5K & BLAC FF 9 15 5 5 0 AN X9
B EASRR 79. 1% LM Cef # & X 300,
400,500 mg/L MR R E £ .M H A E 4B 225
H41.6%,14.5%,10. 4%, 6 RJ5,Cef W E K
300 mg/L,400 mg/L My 3EF EH HBAF#H E
BE, Al WA 5 AW .Cef i fE % 300,400,500 mg/
L B B 7 %6 00 ) 4 FF 8 ) % 4, S Cef 500 mg/
LB RO B HEEE Cef WE AR, i 1
MEESEHB R ST EEREFNAE
N4 BEL B, ZEMEHTFE A Cel # g
L4 300 mg/L RHE.
2.3 BEHEBHKL
2.3.1 FEERKEMZ R A% A
Yo RHAREN B REABRKRENELERESE
MMEERER. AREREY, HRKE
ODioo # 0.5 B} A2 YA BT 3 ~6 min B, 5 b3 3
BEB(ED, HEBRKE ODw ¥ 0.7, 21 6
min b, H A OLBLE. EEZEL.EED
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Table 1 Effects of Agrobacterium concentration and
infection times on transformation of Dendranthema

mori folium Tzvel. cv. ‘Xiaojinhuang’

T il o FE fi%&ﬂﬂﬂl B 25 B g
Concentrtion of /min /%
agrobacterium Infection Regeneration rate
(ODggo) time of resistant shoot
0.3 3 [0}
0.3 6 0
0.5 3 5.2
0.5 6 4.3
0.7 3 3.1
0.7 6 0

AS B/ (mg/L) &Hﬁﬁiﬁz

MR N 96 A MR 2 d kIR 2 d,
Note: Explant numbers was 96; Preculture time was 2 d; Co-cul-

tivation time was 2 d.

R IE ODgor K7 0.5, 12 % 3 min BAEH.
2.3.2 LBMTHFRAS LA EHYH
Vir RENMERRITHE Ti RRES MR
HE.CHEZERME TDNAKWE®R. ZREH,
ASHEREMK Vir RENESY. . RWEER
NG EC R AR BN 50 mg/L AS
AT BB IR I FE A R T X B (% 2)  HBE
AS RIS, Ml LB R B H K.

®2 ASH'MER HUBERHEM

Table 2 Effects of AS concentration on transformation
frequency of ‘Xiaojinhuang’

PCR Wt #HitEEHEHE /%

Positive Regencration

Concentration No. of

of AS explants shoots  rate of resistant shoot
0 96 1 1.0
50 96 9 9.4
100 96 3 3.1
200 96 2 2.1

4 BUAFBUFHEK

Fig. 4 Transformed shoots generated from the infected Dendranthema leaf discs and growing

2.4 MMEHRNKS

BN EFE RSN FEEFETE TR,
BEAESAH 10 mg/L Km fl 100 mg/L Cef 4
WEEFE LSRR ERATFFHAR
HHE(E 4-b) HEEHF B AR F. HA A
FRIEEEBRE 4-20, BT B WK, B R
HEH,
2.5 HEEEYWPCREE

Xt R4S B UM A AR 82U R R 4 DNA,
#47 PCR &, Z5REH B FEA LY ¥
i CBF1 %% B, 3Exf 49 iR R AT TR0,
HP 1B H AW DNA SV =4 T 5SHEN
BAMFEMERT 8, r B KNS 640 bp,
SHERR—B(E 5, A3 MR ARAE Y 1
HZR B,

M CKICKZ CK2 Tl T2 T3

M. Marker; CK1. %1 B £ 3¢ B ; CK2. b pBPCBF1 ¥
tH, T1~T3,3 ML A K E M. Molecular marker; CK1.
Negative control; CK2. Plasmid DNA of pBPCFBI as positive
control; T1 ~ T3. Three lines of transgenic Dendranthema
mori folium Tzvel,

H5 PCREZTHEEEMEHK%
Fig. 5 PCR analysis of transgenic plants
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AT LLRE#E B A SMER AL 2
BAEF,FAAEREREHT Km SUHEHE, 518
KEBHERKR. B MRERUIBRAEEAYF
HEEZ, 5EEBRENLS. NERBKER
HHEERFEIANA., REHEAKE 494 Km
FiMkR.2PCREIE IS MRV HLIESR
B PCR %, EHitEBR R PCR AR N
36.7%.

SR ZRTRERLE . ZFERERBHA S
HAEKBRIFE FiHETRESEFR. REENEHE
BMERMEESHUHEEFEE, ZRIFE LR
AMERESFBE P FPIMEIE L BT
T-. A#FFFKA 300 mg/L & Cef fETE 40 d HF
HMBFRHENKBEEA MEAHRFERANE
AR, REPER BN 4dE.HHT
ORIFFEEER. B LB BHGHLR , o EHRIEF
HAMTFRB R E O M, a5 B8R et Xt
R ESR/N BEM R FF iR, e 3
BERRGHHFER-KGE. SBNHEH
RS MEGH— BN RHFHER, 3%
LB M,

1 A5 5 4k R B SR OME 0 A o B B BB A 4
WERLARMER, EZRERET, XAEMW
BB EREALK. RE AR, B 25
mg/L Km fFEFEEEMEMKREY.
ARFRER M EHFFRELBHR. &
WA Km B L5384 L, 0k i B X F 504k, o
FUOAHEELAE . EE Kn KENAR K
AR ZEME. 10 mg/L Km /4 8 5%
FEAGEDEMHEKMNER . FRKEHAL
#H5t.

B Ah, AT T R B AR Y (6] B o M A
REER N R RITENEEHE R LR, 8RR
BRI EA R FRITEMES#K £, T-DNA
T RESHHYERENRA, HERKREL
BE; BRKE SRR REESK, FIMEEK
FARHELIEGENSBSMIKD OB L. B
EE, BRERERITERAS XK, HEMR
AR, B, 7Bk E AR Yt e £ 7
FERg R, LU S s 2 0 SRR B 1 BORAT
WHREE. FRRESEBRKE ODwb 0.5,
BYmFAELL 3~5 min BERF.

LB THBESERATEANEFEIR
SR —FEALEY, MEFHAMBREEL
AFRATE, MAENFHEY P, RRAMHEDH
EHARRMER. BENFHHYHFHAR
MBEZGHETUSBELBESLFHENY F,
Hxt ASRARBHKBIYE, ERA ASTHE
RO TR LUKB —EMHELRE, KE
U RO TR RS R R B,
100 pmol/L AS IR H B W\ A # TR L5k,
WA A KA AT AL B, 7
WEREFHMAR K E R AS, LB FR B
F#H A AEFSUBEEHE LT, ARBAER
FHEBEDRMARKEN AS, LB EHER
Fxf i, AL 50 mg/L AS i 4 FF B W 5%
BB xT 9. 4%, W ERPHAR
o, B SR 24 BB D AS ¥R 0.50.100.200
mg/ L, 45 Rt 5 R 347 b P A0 %t B 1R A
HHEEZREERTIE) . T RAHRERERN AS K
R R = X L RN R BT AR .

RIR T 5 50 40 %5 50 B 2 10 R O BR o 08 9 A
YIREEE, B BFAEARLERERRK,
BRI o B A i E Y [ MRRE 0  A F R B RS b
HAHREWEN, CBF1 % RHFiHE—4H
TR MEREARENEL, EERBESEDR
T8 IKEHEEN. Owens 7 BB
B THM CBFIR B, TEAB.EHEHY
ik 2 CBF1 XH™, AR EHEFHLHEE
CBF1 BXEA AW RZ™ . CBFERRFH K
BAEFNTRABEYNEERET -MHEHFN

BE K.
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