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1 E IR EEEEEA AR -4 EE KA A TS AN S B L =N AR R, @i PPT Hilk
fifi%. PCR ##. PCR-Southern 4238 fll Western 2832 & H AR, X% il-4 HF K FR G740 TALM, FEAF5E T il-4 ZERTE
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Study on Genetic Expression and Molecular Detection of Transgenic Chinese
Cabbage (Brassica Pekinensis Rupr.) with Interleukin-4 Gene
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Zhang Zuoqing , Zhang Weiying , Yu Lijie

Key Laboratory of Plant biology, College of Heilongjiang Province, Harbin Normal University, Harbin,150025, P.R. China
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Abstract In present research, we molecularly detected and genetically analyzed the three candidate transgenic Chinese cabbage
varieties (named Habai2, Weibai6 and Xinshiji), which was harbored with interleukin-4 (il-4) gene transferred by pollen-tube
pathway. The results appeared that the segregation ratio in transgenic Chinese cabbage was not consistent with Mendelian inheritance.
Compared with control plants, transgenic plants showed significantly decreased growth vigor and disease resistance. In the same
treatment combinations of transformation, the transfer ratio is not significantly different in different varieties. Analysis also indicated
that il-4 gene can be inherited and expressed in Chinese cabbage.

Keywords Chinese cabbage; Interleukin-4; Molecular detection; Genetic expression
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W, OB KA (A, 2001). FH(E
7, 2005) T IRHH(A KA, 2003). 1£2(Sylvie, 2004)
Je/NLF- (R A5, 2006) 28 AME AR 1) T P AE R R -
FAT, BEE R BRSO E FAWIRN, F R

PUBR BT (T, 2006)5 77 [H FIAH K 70 Fhrid S5
TSI R 24, R P A i BRI R B G40 Rl 5 4 i
1EFH B EW WA (&R, 2009). HE(E R,
2001). H#E A 3% (Londo, 2011)HWELE T — &
BHE.

ANEHI &K 4 (Interleukin, IL-4), & T 4f
M= A AL R, 4> TN 1SKD, R4,
IHEET 2 o IL-4 AT B 4 A A K04k B x4t
SRR R Bk T kAR T i B gn
Jfe 2P RIBAR A 3G s . Hor e R

1318



FRAEHSE, 2011, % il-4 JERK (438 (Brassica Pekinensis Rupr.) 7 il R BHEFIZRIATI 7, /TR ER Vol.9 No.42 (doi: 10.5376/mpb.cn.2011.09.0042)

IhRE 2150 B UM T 40 RAR ELVE A e R it 1IgE $45 H PPT HUtERH VAR I 588 #R (K 1).
N FHIRIERLZE RN F4b, TL-4 7RI Fn g gL
PEX B B e e« IR S 7 A B R R
JTOME

ARSI 5 R AC Ry 1B AR il-4 BRI R
FIsE, 0 B A R AR To AREMRIEAT 701 ARV 220
PRI AL RIEWFTE . WA S G iE— 5 R %
il-4 FERK HR R 2% .
1 & B 500 K11 Hil-45: R R SR T4 P PP TH M i ik

LAR-ABEE K EISEToR AT PP T HL P s A WURPPTZ A B: UPPT 10K

. Figure 1 PPT resistance selections of il-4 transgenic Chinese
FR IR AR RO, XE Ts ARRP T 4CHRMAIE 30 (b o gencration)

dJE, % TR = 288 LA Ak, JLi%k Ts XM+ 1413 Note: A: Before spraying PPT; B: After spraying PPT for ten
Ri, 3KAF TeARAIH 935 #k: 248 PPT futbifiik, & days

B2 10 d e A7 JE sk R s sE T kAR (B 1),

RIUFEFER ASETAUGN S5 R

Table 1 Examination results of transgenic plants in T¢ generation

vt ARG RrllREL PPT iifii% il-4 4718
Variety Treatment Numbers of PPT Selection il-4 gene Detection
combination  defection i pk P (%) FPERRSC B %(%)
Numbers of Positive rate Numbers of Positive rate of
Resistant plants of plants (%) positive plants plants (%)
H2 AH 187 100 53.48 16 8.56
BH 148 92 62.16 2 1.35
XSJ BL 179 116 64.80 1 0.56
W6 AH 421 280 66.51 26 6.18
Bt 935 588 62.89 45 4.81

Numbers of total

1.28%i0l-4% R K AR TREH FIPCRIG I (&l 3).
yANE=ITN}) HH % d J S >
N i?ﬂ%rbcl%ml% ﬁﬁf?%l%xjgﬁka L A AL B E 3 ) WesternZé s
ST HEAT X IR AiL-4 PCRAGI, 4> 51433 7K ot e e b \

. . pu NI BRI R R K AR RIA, X
/N 433 bpAN243 bp s T E AT (K2), HEEkfil-4 N o o
IR RS GR ). FIHER (L RA.81%, TEElE T 64> PCR-Southern 24 3¢ £ BH M 1 A i 3 47 Western

° o JKAZ, 45 RAEPVDFME LB A AR (E14), KA

S s e b T A S 2
AR ERA B TS L bR 1 S(415 KD), BIM R R T4
1.3%%:il-4% K A HIPCR-SouthernZ4 32 AT o I Western 22 45 51, HE—BI0IE T Fid
PCR-Southern Z2AZ4E KW, PHMEXRE(k)S 7  PCR. PCR-SouthernZ 32 4% ity n FE . [A] R IE B
A PCR ZRMAPERES TR 6 MEIIAZES, 15 i-AIERAE R ILE K A s B £k

A 10 SEHMEXS REE A %4 . PCR Kll4h 0

V53, HIGIE il-4 FER 4B E Bk AR R4
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M 1 2 3 4 5 6 7 8 9 101112 13 14 15 16 17

>‘|

1 23 4567 89101112131415161718192021222

B2 L LRIOR 1 3 P 0T B R 1-A2E DR TR PCR YT 1Y

VE: Ar rbel JERYHE; 1-15: BEEEDRASE; 160 AR,
17: AEEEEE AR BA AT B B: il-4 ZERIY 38, 10 BHPEXTHR
(FRD); 2: FAPEXS BR(ARFEIERRD; 30 2 XS HROK); 4~24:
il-4PH PEAE R M: DL2000 marker

Figure 2 PCR amplification of il-4 and rbcl gene in transgenic

Chinese cabbage

Note: A: PCR amplification of rbcl gene; 1~15: Transgenic
plants with il-4; 16: Blank control; 17: Non-transgenic plants.
B: PCR amplification of il-4gene; 1: Positive control (Plasmid);
2: Negative control (Non-transgenic plants); 3: Blank control
(Water); 4~24: Transgenic plants with il-4; M: DL2000 marker

M 1 2 3

B3 Fil-42E [RR FSEAIPCRY 1 . PCR-Southern k32 44 5
FE: 1 B AXTREK); 2~8: il-4 BAPERE R, 9: BHEX IR (R
bir);10: BA M BECGIESE L RRRL; M: DL2000 marker

Figure 3 PCR amplification and PCR-Southern detection of il-4

transgenic Chinese cabbage
Note: 1: Blank control; 2~8: Positive plants of il-4; 9: Positive
control; 10: Negative control; M: DL2000 marker

M 1 2

ed
o
wn
(=3}
e |

K4 Fil-4R: R 3 Western 44 3245 R
W M: EE ST Emarker; 1: il-4FRHE R ; 2~6: FEIERHE
L7 SYRE =2 3PSY v p SR ERapis

Figure 4 Western blotting of transgenic chinese cabbage with
il-4

Note: M: Protein molecular weight marker; 1: il-4 standard;

2~6: Transgenic plants; 7: Non-transgenic control

L5¥i-AR R K AR AEK S SHHEIERE

i AR, HARE AR A L, 2
-4 R PR R SRR B KBRS . IMARRE /N
PURPE N BE(ES).

Fs Hil-a3 R K ARAE KA SR
VE: A, C: BN BEAE #R; B, D: il-4FH ERE AR

Figure 5 Growth vigor and disease resistance of transgenic

Chinese cabbage with il-4
Note: A, C: Negative control plant; B, D: Positive plants of il-4

1.6 FIEEAL BT AN il-4%5 40 22 (R 5 1

BEG S AEAEHAAS RIS WK 1 i1-4 BH 2R304 T
CMSIERTRN(R 2). Gt SRR, EACFAT A
THH G 24 h /i G AT HAL BRVE (AR Y 11-4 Fe A2
BERET 12 h A AT HACERAEBH).
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F2 AN TEHE A AL TR BH 14 2R 1 )

Table 2 Different treatment combination effects on positive rate

b i HACKCIRA S il-4 PHIERREL IERER7 S IS8 ¢ FHEZE (%)

Variety Treatment Numbers of positive Numbers of negative Numbers of total Positive rate of
combination plants with il-4 plants Plants (%)

H2 AH 16 187 8.56

H2 BH 2 148 1.35

B 18 335 =8.627

Numbers of total

iﬂ‘z: le‘ 0_05:3.841 5 le, 0_01:6.635
Note: le’ 0.05:3.84 1 5 le’ 0.01:6.63

1.7 A [F) G Fpxtil-A%E 4k 2 i s e
FEng A T 5 AN 5 7R AR [R5 A0 Ak PR A
Ail-4 BH 1 2R G T H AT PO R 3 (R 3) . SRR

R 3 ANIE] RO B AR A R R

Table 3 Different varieties effects on positive rate

B, FEAHFALAFET, WBH S 58 AN 5N
PERZRARE, Hong g SrMmmERgs, N
8.56%

b i AU S il-4 FRPERRE RER7 S IS8 ¢ FHAEZE(%)

Variety Treatment Numbers of positive Numbers of Numbers of total ~ Positive rate of
combination plants with il-4 negative plants plants (%)

H2 AH 16 171 187 8.56

W6 AH 26 395 421 6.18

B 42 566 608 v=1.138

Numbers of total

EE le’ 0‘05=3.841 5 le’ 0.01:6,635
Note: XZL 0_05:3.841 5 le’ 0‘01:6.635

27Tk
2.1 KT il-4 ERAEXR ARG REERER TR
FEARRIE T, Te R EZEM il-4 F K53 B 1L
e R 301 AR e, IRATRE R
PRIE  AERBUERAN L — e R A R, 55
1E H 22 i AR A A A5 A B 4l A AR B ke
F|4i 41K (Budar, 1986). HIK, AMNEIERTE AL
L R R 1 O S AR JE DR AN BE R AR A Rk
A AT RIS RCIE AR B ARG, R R R AT R
e E Y, BTRRNEE, SEERNAWER,
AT REAR il-4 FERI7EEL LI AR EE A 2K (A1 32 1 2L [
Hrp, TEAEMEERISRES, il-4 FEERTTRERA
1B o BL s MEMERL 7, IR E R (AR,
2003; Huaijun, 2005).

AR, FEERR TR R IR, VT2 )i
TR IR T . B R, EE%H
YIH . 30% L FE R SRR AR I T B TER I G
SRR PR R RIR 2, # AR 148 DA
R R RS S KT S TR
Xy ANFIRBEUR B . eI Bt i A
DUBR R AR B LR AN = A ) (] (SR 3d, 2002). B ik DA
Ab, — e ASH R Z AT e 5SS bR 4% 21 1 LA
PR, GHPPTHUIE LT, A R P T 45 Mo
AT IE N B H G T HE, (H2 AT RE i RS HE
PRIGIZET:, AR MO 3 7~ B AL IR 1 s

22il-M4EREKRAXRERTREFTR
AN TR e 75 78 2 AR R N RIB I & A R
H R R I R ER B H bR . R A i 5
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e Rk, W2 B EA © =2 MELISAK:
I K 5E T ) Western 2 A2 55 (L 6 5246, 2009) A0
5 1 Pk PCR-Southern 4% 28 5 FH 14 19 FF i 12 4T
WesternZ2 38, 4558 =R H B 4228 44717, FEAIEH T
il-4JE R & T e N K SR HRIA AR AR I
T e R RR B IR IL-47E S i R
HH R AR A BT Re A N L ER:
g6, AHMIRAEE REME AN, 1] Rea PR IR L
R R =4, A B 1 8 B AN REFEFE A48 i
BB R, AR IR K A S8 A
A A T BB AT B, i-4 R R 0] R A
ARG b, I S G e 5 (1 B SRS AR
HEWREE R, SEIAARIERRIE. )a, HEY
XPERG T — 2 MR Z M, AR A R IB A
KH35SE3NF, FFa s g+ 75, (Hil-4n]
REANTT & K 2R B0 1 I 22 Ve, ATT 2 IL-4
ik EMmRNA A2 E M (Wally et al., 2008).

2. 3K T A E AL AL BT 1L -4RH R B2 i 8

ANFEVFALII LT 1-4 FAL 2 52, Siit ot
ORI A ST N T MG 24 NS
AT AL B E(ARE il-4 FEMEREE ST 12 /N
FE A AT AL AL E(BH), MRIEAER) & BB 5%
ML, FEAEIAFZRY G 12-24 /NIFEAT S AL P A
I 2 AN K (AT, 2004) . ARIGH, BBH
5 BH AP & FHPEZWAC, ATRERZ T PPT $iftk
fiiEl, PCR Al o IR e, 2 BUHEAMAR
b, AR

24T AN [E] S Fd il -4 B AL SR B (R i

Giit ot KIL, fERACAR A A AR F) H oW AH
B, 0 A S -4 BH PR LG S S s, EHRAN
Fih 2 AN G2 o U DR AT B -4 88 A Bk A S 3R R 4]
HRCA AR S, 7RSS AR IS A TR R] RE LAAE AL
US> B (£ F 5, 2006).

25K T RARABRARAER TR
HSARMBLRAER TR T ZAFLE, i)
et AR O, K AN T HERE R
Y, HEMa2RAZE, —BasliEEEN
R, RIVMAERKAZE. HUH IS, LR
S, RXFELIRETN N H AR R TT . A th

FEARIEL TIX—IG: KA A & HARTARPH M
A%, HEAEER, SIEEEFERMEL, il-4
FRKAKAEKBWITT . HEHEEADN . PURET .
B3 12 55 ) FH B 1 SO 1 R0 (A 30 AN B 1 S
TEFCHB IR 7 A H W B SRR S B AR
AL RATHE AR, SRETAEMRMEZ R
FFEEC S X AR LA Frde iy, HZR AN H A
R(EREE, 2001). B T FHBEERSAZ G M iE
PRI EH A SER AN, — Y22 iR e iR %
A B RIS S mT AT B AR (R E R,
2006)-

TR, WA R R H A, R 2R
TR AR: B PUH PO B AR R RO K R
—/NEEJTA], FR R E M AR AR R R
2 1 it b o R RN s bt B P e BAS U E
2o 54 FIHKESEMAFILE, X EEmi
B FLIR PH HEABRAS B A . R R AT 2258,
AR, GG mREEk, HT24HEA
(A=, XA R A1 a0 i B R K St 9 1)
—NEH

3 Sl bRl 5k
3.1 kAt

BEAM B K A=A a5 RS
H2). HEFNS(IRS W6). Fritd(ts Xsn), H
JEFor e IRV T AP R E B iR A . HEAT 43 sl )
¥ RZ PPT fHIEMIKEZE Te A H R RIEKS)
B #57 il-4 R R R S e EIBIEEN S
AL, BEALBURA PAIL4, 1% 50RE 357 e
K 6.

35s-PolyA PPT(R) 35s-P 2% Enh 35s-P il-4 Nos-T

H__ X KH T OO H

LB RB

Kl 6 PAIL4 5K HE 7 1
Figure 6 part of P4IL4 plasmid map

3.2 ik
3.2.1 % il-4 EE K AXMFL SR/

¥ K AZEM PR MBI E 25 CHEIER; 724
HIEF 12 h 24, FE R R 2 EI R, KR
JEE AL RN 4°CUKFE R HENAREE 30 do FibAb
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HUN EE IR 2R A IR, (HB R IR A
REILAR, BLRIRIARI T, f5 K A=A K EMEITHE
W, AT NI A .

3.2.2 ¥ il-4 BEK AR PPT Stk

RRAFKH A EE, B 300 mg/L~350
mg/L ) PPT(5% U el B4 ) 37 i 1, 3 HOIIN 0.1%
i -20 DA InRITE 0B 7. s H IR A1
TR 10d, EIRRFEET EE.

3.2.3 # il-4 ZER K AR EE 4H DNA K&
PL CTAB VE(EFES, 2005)RHUMIES 21

F 4 PR il-4 PCR R A4 5
Table 4 PCR reaction system of rbcl and il-4 gene

KEK T AAPPT HUIERL AR ZE A2 DNA.

3.2.4 %% il-4 BFE KB/ PCR kil

N KGR DNA Fife, HERR AR 4% 5
SR I R PR AE SR, DAARIK 2% 8 DNA
TR, AT XTI PCR. BHAERT R Sk R
7 XT3 0l 9 PATLA R RS LR K S ANK
ZJa Rt Te AR AZEHEAT il-4 FEF ) PCR K630,
XTHESI AN il-4 DR 51 Y0 38 7= 2K B 433l
433 bp 1243 bp. WXTHEL] il-4 PCR ) AR 5 W,
x4, MK WE T,

Zim (B (LA
Reagent Volume
10xPCR £ (TAKARA 7= i) 1.0 uL
10xPCR Buffer (TAKARA products)

dNTP JBAWI(EIREEHN 2.0 mmol/L, TAKARA 7% i) 1.0 uL
dNTP mixture (Each concentration was 2.0 mmol/L, TAKARA products)

F (L3519 (RN 20 umol/L) 0.1 uL
F (Upstream) primer (Concentration 20 pmol/L)

R (R 51 ¥R FE N 20 pmol/L) 0.1 uL
R (Downstream) primer (Concentration 20 pmol/L)

Taq DNA F-EEH(S U/uL) 0.08 pL
Taq DNA polymerase (5 U/uL)

IR DNA 1.0 uL
Template DNA

T £ 51K FhEEZAARFL 10.0 pL

Sterile deionized water

Supplement to a final volume of 10.0 pL

94°C 3 min

A 46 3SAMIEER
533.5C 1 min 35Cycle
72°C 1 min

72°C 10 min

4"Clnsulation

7 KRR, il-4PCR V41
Figure 7 PCR reaction conditions of rbcl and il-4 gene

F 1~1.2% ) 35 i b B r i e I 5 R o e =2k
P97 48 l-4 FEPRRE A 2 AR AR O B VA
3.2.5%%il-42 R K 53R HPCR-SouthernZ 3¢

L PCR #4713 2110 Te UK il-4 FAVERIHR
1%L A2 DNA JYf5 A i, 32E4T PCR-Southern 7%

2, MR E S PCR ATIIARE . #E P RS
{DIG High Prime DNA Labeling and Detection
Starter Kit [ ) (Roche A H])o

3.2.6 ¥ il-4 EF K E3R M Western 2438

RT3 D -4 DR AE e 5 (R R R 2
Fik, FELPCR. PCR-Southernt: i 35 45il-4 50 1
TEARIEAT Western %52 o 1% B 32 R HRIF R UL 3 (K K
FERE IR, 2 (TP lEseifharm) ik
il-4 3L PR K 13 3% 3 47 Western 2% 58 (3. 5% 18 A & 71,
1992).

32.78iIMAER KRAXRMEKAETHRERE
-4 DR K (A AR PR AN A 3 3 DR R AR 2 52
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HFe et i WCHIR R 515, kS 5 Rt
a5 R b, TUARIE M B K Ast N, 1Lk
it B, SR, RXEESBR. 2EEERE
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