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MAEER(afp) BEEREHEAHE

EXNEEREMRSZERNFEL
BAEF. MHEL RXWL, FEML, AERL BEY

ClL R K% B2 %E, M 510642; 2. B R¥ A@R ¥ 58 R¥, BT 530005)
# E:BIPCRAEHLTAZ Y PEFEE DNA BT ERAFEAER MFEREEZHZEENETH
BREFFISNTE REHB P RENTE-N. TEHEBHNHET N afp REREME EEZE pMDIS-T
M pBIL21, B EYRIZBIE pBl121-afp, B HM B pBl12l-afp FARBRITE EHALOS ., UEE
BRELAH ARBE WELARBERANZER . RARFENSEHAFT N afp EESARP  REE Ka-
namycin BWERE S T ES KRR LR EHTHEEEE. REBRUEEME 9 . HPFHHKLZ PCR G
MEEE. TNSHEENEFCLB IS HBREEAEEMBNERAYF,
xR FE BEHAREZR; RERTEN S5, #15%L
hE S ¥#E.Q781] XEIRIAE: A X EHE.1000-3142(2009)05-0664-05

Construction of a plant expression vector containing
antifreeze protein(afp)gene and it’s transformation
into banana(Musa AAA Cavendish)

embryogenic cell suspension

XU Chun-Xiang!, HE Yong-Qiang?, WEI Yi-Ming!,
LU Bo-Bin! , HU Gui-Bing! , CHEN Hou-Bin!
( 1. College of Horticulture, South China Agricultural University, Guangzhou 510642, China;
2. College of Life Science and Technology , Guangxi University, Nanning 530005 , China )

Abstract: Antifreeze protein(afp) gene was amplified by polymerase chain reaction using genomic DNA extracted
from the seedling of carrot cv. Jingdou Qicunrenshen. Sequencing result showed that there was no difference in nucle-
otide sequence between this a fp gene and that cloned from* Wuzhong’ carrot in Ningxia. afp gene was subsequently
cloned into intermediate vector pMDI18-T and binary vector pBI121 to construct plant express vector pBI121-afp,
which was transformed into Agrobacterium tume faciens strain EHA105 by freeze-thaw method. Agrobacterium tu-
me faciens-mediated method was used to introduce a fp gene into the embryogenic cell suspension of Musa AAA Cav-
endish cv. Beida Aijiao, followed by plant regeneration via embryogenesis. PCR analysis showed that 2 from 9 ob-
tained regenerated plants resistant to kanamycin were positive, which possibly indicated that a fp gene has been inte-
grated into the genome of banana plants.
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FHE (Musa spp ) REEHRFERFE KRS
WEEY, 2006 FREFEBE T 600 FM(FH
A ESEREERSL,2006). BRTHERE™ER
ENREFENETEZRRFNED . 020
7290 FR,REFEFFXHMAR 4 KEBERE
BMELE. BRA BARNBERERERR I
HRH G, AT FENFIERBERBH Y =1
& ELGES E R R E MR RE &R
B REF A, AROEERTIREARENNE
VBEABEEREAFRFTARBAAILE. 24, BN
R RE BRI EREFILHPIRMRE.

FEERMHKEE R (Embryogenic cell sus-
pension, ECS) Bt 5 7 1L A B AR 4%, B 3@ i 4%
BREREHHEKTEREY EAHARERY, AT K
08 B B 2 R RS IR Y 7= 4 (Roux %,2004) .
EER, B EHEREFUETFH R ECS AR
{£(Ganapathi %, 2001; Khanna %, 2004),(E &%
HENRARNERBERUMEIUZIRARZ
Y %,2000; BEE,2002; R IEBRE, 2004),

MEAE b (Daucus carota) PN EEH
# B (Antifreeze protein, afp) AN B K HEH®
(Worrall %,1998; Fan £,2002) , R B R &\ &= Y
VAT (4, 2006), AXERIBRIBFE
ECSHAMARMEE ERREKRBERRNER L
(hHEF%,2004a,b; Xu %,2005), R FARBERHE
NFREENAB PP REN ofp BEHFAFTE
ECS, R @AM R EREHITHKESE, U
MAESER I BEARAERTEAREFRAMHEE
Hul.

1 MRk

L1 #8

HRERGSEITE THLTAS WS b
(Daucus carota) .G E G R A CTAB g # 84)
AN DNA £/, BIEFANZ &S AR
# ' (Musa AAA Cavendish) i ECS, R FEEHF L
WARFRTFERERHLRE . KBFEE coli)
BEH R IM109, W% R E (Agrobacterium tume-
faciens )i Bk 2 EHAL05, #HE B #H %X pMD
18-T, ¥Rk Ffk R pBli21,
L2 77k
L2 lafp RBH L% RECKRWHET b ofp

EREFEH G %%,200D)i%4t 1 3R, 48
1 1F 15 FUR 18 51 164 5/ 6 A Xbal F Sacl B§H1 4
EUHERESBHTHNERSHYERERE
pBI12] M#E FEHRIEB W ERBER T FEA.,
Bl REFER 5 TCTAGA(Xbal B 5)ATG
AAT ATT GAA TCA TCT TTC TGC 3", 5
GAGCTC(Sacl B ) CTA GCA TTC TGG
CAA TGG AGC A 3. MFHE b ofp ZHPR
EHNEF(FHLE, 20D, FUBEEUEERS
DNA Atk # 17 PCR 3. PCR R #&f4:94 C
WA 4 min, 94 CA M 1 min,55 "CiB:k 1 min,72
CHEA#E 1 min, AT 30 MEH,72 CHRAFEM
10 min, PCR =¥ & diE /55 pMD 18-T #
{k(Takara) EHEFETHEENFERT) AR
BEHAFRR (SR T-afp). BHF R CHER (Sam-
brook & ,1992) # {74 . FE SHE. 2B %
EERERNTERATFIINE. BURMERY.:
10X Bk 2 pL, Xbal 1 pL(Takara),Sac] 1 pL
(Takara) , 5 # & 10 pL, fm ddH,O & &K 20
pL,37 CTFREME. RIS EFAEYITRCK
E)YARATTER.

L2 2afp ABHMAXB A HES TRGHHK
A NFERRASERNBABNFBENEHRN
A Xba I 1 Sac T XF H 1T WY, s @2y 1.1
kb ) H ) DNA J Bt ; R AR 49 B§ XY pBI121 47
EEY), B2 10 kb K/NAYLR AR pBI121 #ik, F
BH_FHATEERE WBAYEZIBREK 8N
pBl121-afp. pBlI21-afp Xt K B #F B 09 % 1k . 0
R 5 B U] 89 O ik ¥ & B Xk (Sambrook 4,
1992) 84T, 2L EEBEMN pBl12l-afp 7
K& % P VR 745 7 b 4 (Sambrook 2%, 1992) # 4L 4R 5
KHE,ZPCRIEMEMHEMNTRERTEHFE ECS
BBt Fib. 51935 PCR BB &4 1. 2.1,
1L23 AR ECS 2 h At Hbhieid s
AREF(Q4~16 DAY TRE K, 4 000 g L 10
min, ¥ ¥, il ZZL # 1k 5% 37 2 (Dhed’a %, 1991)
BHEFZE ODy=0.4 4 (& AS 150 pmol « L),
MAAEBER=r2 — %R 7 d WEF
AR, AS AW E LN 100 pmol « L', F 21~
22 °C.20~30 r» min' & FHITHRY., BREE
E-RTEFAMEREANMEBREHEELEAST 100
pmol « L' AS i ZZSS(Dhed’a %,1991) 5 3k b
21~22 CHP R &AM TR 6 d. RIEHRERE
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A9 40 i 5% 2 0 s 8% 95 2 (ZZSS+50 mg « L' R E
R 500 mg - L'RYBFEER) £,28 CTF ¥,
HB2RAKK 1K B 2KEHRFTEEERER
ZE300mg- L', 8 AJF, HBEF% (2004b) FT il
BT EHTERARESEEELS, B ERFE
HERFMBRFTEFEENKES N 100 mg - L', 5
MEMEREEREREFTE S H 100 mg - L,
HREEAREEE R HEERBF YR 50
mg- L' B2RAEREFRE K., UREGHLD
ECSERATMERBEEZMRTETERENEREL
AT R AR SR AR TR IR,

UM 1 g AT R PIHEAKR SN 1 g
Xt BB T R4S O B AE MR LR A F Ab SRR
1.2.4 PCR ## CTAB 32 BUf 2 R A Bk F X BR
MEFEH DNA., A ofp ZER¥FRET P #FT PCR
B, F9FF K& PCR MW &KMH4HF 1.2, 1,

2 BHEREHRH,

2.1 E N ofp BEEEYREHEHHE

IA#RE b4t E 4 DNA B4R, 2 PCR i~
B RRERRBHENBRRLE L, AKEY
L1kb, 5HH—H,. RHBMEECHEBIYT .

M 1

2000

1000
750

500

250
100

1 WP PMEEMDNATHMEER BN
Fig. 1 The amplification of interest fragment

from genomic DNA of carrot
M. DNA marker DL2000; 1. PCR /=4,

FA Xba T Sac T XA EARNKL T-afp #4176
FRBHERLE 2, RPBMERC SR &
Z pMDI8-T #H k., WMFELHREH: ‘WH L TA
2B MWEREFRRK 1099 bp, EEHMRFIS
MNTERBHE NPT afp BHGHHE
%,200) 5 £ —BL R ERFEIR M N 10070 (B HR
FHIEm), iEA T m B B R BRIER afp A,

H 2 HARKN T-ofp BUHER
Fig.2 Restriction enzyme digestion of
recombinant T-afp plasmid
M;. A-Hind [l DNA marker; 1-2, EH R Xba 1 F1
Suc 1 S EFY]; My. DNA marker DL2000.

B3 EHAMYREEE pBl121-afp BMUFHR

Fig. 3 Restriction enzyme digestion of

recombinant pBI121 -q fp plasmid

M;. »-Hind I DNA marker; 1-4. T A% Xba ]
il Sac ] WEEY]; My, DNA marker DL2000.

W25 R e R B 8 e s e R N BT )
RIEMBGU PSR, H Xbal 1 Sac I XHEY
RiEBIK pBll21-afp HATEEY], WA YT KDY
H 1.1 kb, 5H -8B ™4 (B 3) , RUAEY RIE
RiEmER. MILKBRIL N EBSHEMEELR
RFEAR AT EHALOS FnfE #t4T PCR i, 45 R 3
ERERN(E 4, RABHHT b ofp HHENHE
VEREBACHRI B ERBERTFEF,THTT
—~SFHEECS k. s REARMN
pBI121-a fp IR B EE
22U FHMEASHARBEEEEEEAKELE
QL RERE R ECS B AT E ZZSS i &5,
2 R AL AT R B A K1E DL 5 Xt AR 1B /Y 22 R A Bl
B S EREAEARER KO RERMB /N R E
BAE 2 ANBMAIE T GRE ENL, BRI K
BHMEEABARSRKEBERAR, RAERLOBGE
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FREBAET, BH ESRSAMAEBEERS. AT Bkt B Ity i B F B3 £, v] LUR BA
ATEEREREIEFE 1 BE AR EENFFEE EHMEINESRITHBBORS, AR HE
EHBLTXE, M BAARAESSEMPER
B) ZZSS HE3p 3 EAGEM K, M BRI T4 AR

4500 ™

4500 T3 BB i Lo R R TR 5 B MER S, 8 R . f ALt
1500 =4 e 1 BEAR (A BE 5 S T R — M, 5 G A
o ; 177, FFE A 0 B T A R AT BB B (I 6 A
500

FE RDI (KRR AL B SR E % 8 UG . B A A4
Jf B 35— 45 188 K (8] 6. B) , 78 RD2 (K 40 g fif i B 8%
FELEFARAR RERHFEEARBETER
BB IE ) TR # e SE T, RA D B (k40 f AR A

250

B 4 EHAI05 ##kh afp SLE M PCR ¥ 1 KB 6:C). ¥R\ BHAEMKEE A REG Hi5rE
Fig. 4 PCR amplification of a fpgene in EHA105 strain EHAT(E6.D),. EAEBEFREFEHANEE
M. 250bp ladder marker: 1-2. 25 1% FR; 3. JFiH MR Rt — Mg, FESE 4R, BARBR

4-8. f:{k EHALOS %% . BHOHARHK(EG.E).,

LB
RB Nos-ter afp || Noster |
" I Nos-pro NPT I1

&5 R pBl21-afp HIXBRREE
Fig.5 The construction of plasmid pBI121-afp

H6 "HREE RUEAHRBFRARERAMRRARER LR FHKNEE

Fig. 6 Plant regeneration from the embryogenic cell suspension of Musa AAA cv.

‘Beida Aijiao’via embryogenesis after transformation
)

A.ZZSS AR LM 8 /B RD] #5374 8 /&5 C. RD2 558 # 4 /B, D. REG i & ¢ JBLE. R ABSE 3t ¢ 1.,
A. Screening on ZZSS medium for 8 weeks; B. Eight weeks alter inoculation on RD1 medium; C. Four weeks after inoculation

on RDZ medium; D. Four weeks after inoculation on REG medium; E. Four weeks after inoculation on rooting medium

2.3 BERANE EEARBRUEFEEK IR TENERER L
KRFNGRREFKAAMAEOMMATREBE  AREMMIT GO R-RECH 118 . &
BAEREN 1080 Bk, M 0.76 g HALMMAT M FIEMRERLRRYR 1. 1%,
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2.4 PCR 4#7

RE 9 BRI BR A ZE G DNA, IFEHER
40 MR & 4 A2 AR MR O X BR 1T PCR 3,
ME 2 e MY R 5B RE K —
BHAWHA LT kb (B D, \NIEHE THERM
B afp FETE. PCR FHM:Z R 22.22%,

B 7 HEEMkafp ) PCR T &N

Fig. 7 PCR amplification of a fp in transgenic plants

M. DNA marker DL2000; 1. 25 [ Xt B 2. JR¥L;
3. FAMEXTER; 4-5. B HAE A .

3 W

Worrall F(1998) XM EEB Y b (var. au-
tumm) PSERER) afp BH . FHRF(2001) i} FE
HRBRNTETE R HE M EEER afp
ER ABEERFISEEHD PR TEEN 98.
5%. AMRAN EBETAS WY bREIM
afp BRETHEH R AE PP REIMRIBRER
B 100%, XKRAWE bPE ofp HERERT.

REEHNEA -SRI BEIEFE ECSKiftE
(B EF%,2004a;2004b;Xu %,2005) , A E A i &
REVEE ECS HZ ARG HITRIEFMMIRE.
AXERNBILREFERE SR ECSHER L,
RARBEAEANSFEEAS b afp ZEERAF
KECS, KB THERMEK, yELERTHE
BARBEEER MR E R, [ 6t a8 H 3
RERE N3 &% ECS MLt 2%,

A 5T BT AR AR AR AL RCR AR BR . /T
BERE T DAKRE R P RAK ECS F#mE (2
E),ERREHAER DT 6 P AWER ECSRE
F i & 54 (Remy, 2000) 5 2) 5 1 & 8 L R /Y 3
BEHBA—FEMRR.FHRPUNL g AIREL
IR RERY R LR S 1 g WRATERBHFH
EEGEZ B EHAIOR, BER. S BB

ECS Jy 3 ket fr k18 iy it 15 LB R AT T &
DMAEREEKBFTELBPEY (L 6 M) FE
WA m T RABER., R A2 2 80
HERMEEERIAERNEFEES B TREKIEE
Hh 32 8 A% B AL RO L (B R Bt 2 FR 4 PCR 46 )
FIFAMER, o BB ECSHEAR . FiITELME
FEHEBAREFE ECSBERILPHM A BB T
BIERARENRE.

Worrall Z (1998) ¥ AR BEIH W T P EER
afp BEK cDNA FHF AMES, RN E T
afp BEMHABBRERE, RAFEEFAPERRY A
LMt kB ERK. SANED PP TEMN afp &
HHEAME . EREAFHZEEBEN T A LT A
BB R B3R (Fan %,2002) . 8% % (2006) F)
FEMEREESNAEPRER ofp BEFEA
MR RBTHEREGR, X T3 RM T4 RE
HEMEEHETHIRA LS ERAAXLHR
HERB TARBRENTEERE. AR FHREH
PCR G 2R HEEE N ESEBERTRFT
H— SR,

8% Mk
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