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Transformation of Broccoli with KTl Gene and the Bioassay for
Diamondback Moth Resistance
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(Tianjin Kernel Vegetable Research Institute, Tianjin 300384, China; *College of Life Sciences, Nankai University,
Tianjin 300071, China)

Abstract: KTT gene was transformed into broccoli (Brassica oleracea L. ssp. italica) genome via
Agrobacterium mediated transformation method using broccoli lines ‘09LR-11" as explants. Thirteen
kanamycin resistant broccoli plants were obtained. PCR analysis with primers specific to K7/ gene
identified 8 K77 positive plants. Southern blotting analysis with K77 gene as probes showed that the K77
gene was integrated into broccoli genome. RT-PCR analysis indicated that the K77 gene was expressed in
transgenic broccoli. Both laboratory and field tests proved that the transgenic broccoli plants were resistant
to diamondback moth (Plutella xylostella larvae) .
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PERRIITRE T — e A 20ni@ie. Hd, MYEABEDEIR (PD 2 ZAAAE TR AR —K
RRprdume, HEAHTHGE, A FRAWEHSEI S, SHidEP TR RENEY) (£X
MRANTT %5, 200200 AR, HHTHIT-HUHUIETTR A B0 R R 2 40 B8 A RAEDh, R RA
BEL EFLLAM R R ) A BT SO R, RIE A W, FE TR RER SR T L,
FE| A T2 B AR ] DB LA D REWIAA . BIF 9 EE AR () 3 BT 7R AT He A . BB AT BRI Y
HEHR AR R, Sl K& mk e, XSRS AR o1k T 3 s vk, Al
A HHCR KR BRG . WITRW], Kunitz 8222 2008 B EG 67 (KTD w] 4] B i g s e
Bl PR TGP, BELAG S o0 S BT AT AR, e B A R A T OMRAR R 4, 20035
McManus et al., 2005; Macedo etal., 2011). AUt, AW AR RIE T B Kunitz 89 22 2% 15
P I FE A (Kunitz-type trypsin inhibitors, K7D S AEHSE, HERESHRA T EL, A
ALY E PR B
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I T 2010—2012 AL RFERHEGE R FITIEAT o ZARMEHE LI/IME TR TR T AL
Z ‘09LR-117 K 4 ~5d BJGw i 0 TS, SAh KTT B R FR A I8 A pX6-KTI HH A 5T
By, HASHNTEK G10-90 Ja3h 1. KTI HEEEEAM NPT Hilkbric F . MR A& kT 3
LBA4404 A 5T % ORAT o

12 RHENSHEERL

AMEARIIHERS . TFAESER T & Tween-20 [ H KK FE S E0E 30 min, 75%P9R5 2% %4 25 1 min,
2% K ERANEEYE 15 min, JOWRIZKIEDE 3 IR, HR TR R FRAE (12 MS 85953 +0.3% B,
pH5.8) b, 28 °C (16 h /8 h %) #5FE. WUEMIG 4 ~5 d WM TS, L& F UK 0.2 ~
0.3 cm KfR/PBE, TS FRIE (MS +0.5%5i/l5 +1.0mg - L' 6-BA+0.1 mg - L' NAA, pH5.8) 1k
FE2d, HIFEARKARE.

TR 5% PRECE IORL pX6-KTI (AR KT B L B v Hebh T & R IB 3% (Kan) .\ %87 % (Str)
FIFFEF (Rif) () YEB WUARE FE g, 28 CHe¥GHIE, ODgoo = 0.6 ~ 0.8 I, %8 1: 100 f EL 431
P EVECELAN 2] 100 mL B YEB F5 7Rk P T4 KB 7% 24 ODeoo #HIRILH] 0.6 ~0.8 I, T-4 °C,
50001 min™, B0 10 min YRR, TV 100 pmol - L' Z8E T ) MS WifARE 7735 (pH 5.8)
PHEEE A, I ODgo 42 0.2~ 0.3, R4 H

BUERAL SR . IR TG FRAE BREFR 2 d M IR, KR N MS R TF R RE (1) A AT 1l sk
TR =R NAWHES), AMER S Rl 2 mine BUHS, HITCRBEARN L3R 00 2 AR R
Wi ARIE BB R 5 5L (MS +0.5%55/l§ + 1.0mg - L' 6-BA+0.1 mg - L' NAA, pH 5.8)
th, 25 CHEEEFR 2 ~3d, H5MAR T o B /K UEIR S5 6 A BB 7738 (MS + 0.5% 5 + 1.0 mg - L
6-BA+0.1mg- L' NAA+ 100 mg - L Cef, pH5.8) 555 10d, WM R 55555 W1 B0 iR R
R B 5T R RINIHIER IR (MS + 0.5%35)l§ + 1.0 mg - L' 6-BA + 0.1 mg - L' NAA + 100
mg - L' Cef +20mg- L' Kan, pH5.8) Lifikhitiim EzE. it 2E KIEAS] 1.5 cm 2245 1 AN
RifA EVIE, WA IR (MS +0.5%5015, pH 5.8). MEHUN R4 KB RIS 1 ~3d
AR EIE SR L, AR IR DRI IR A T ARG AT i AL IR AR A A [T 1 %) R
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PCR #ll: CTAB vA$EHU-RASE R PUME S MMM IE R 4] DNA, DL BT PCR §73 .
A K77 3 PCR 1514, H L7414 KTI-F: 5-AGGGCTCTCTTTCCTTCTCTTTG-3' Filf/7*
44 KTI-R: 5'-CATCGGTGGATTCTGTAACTGGT-3'. PCR N 4t Jy: 94 ‘CABYE30s, 58 Ci
K30 s, 72 CLEAH 1 min, HH 30 MEH. RNVEHE, 1% kR 1 45 5. [FnF
PLARFEAL T 1621 DNA [ PCR 79 BIPEXT B, ok pX6-KTI (1) PCR 7749 4 B XS B

Southern blot Z4AZ I : Ay HE— P UGHIE PCR Al &5 R n Sk, K PCR AN & PH M I b i 1 A
DNA i HindllI5¢ 48], F =W 20 e ek 5 UL DIG Aric i) KTI R e PEERET B T 2858 . &
BHbRId s MA%AS . 2448 LR S R 45 354 #2328 57 & (DIG High Prime DNA Labeling and
Detection Starter Kit 1T, Roche Diagnostics Co.) Wt B 15REAT, [F] I 15 B AE 4L A AR 1 B4 X6 RN it
7 BH X 1

RT-PCR #ll: Trizol V421U Southern Fill 5 FHA L SEIRE K B2 RNA, S M-MLV 5%
& (Promega) MIULIIHEAT cDNA Zi—HEM A e LU A T cDNA AR, LLS 4 KTI-F
HKTI-R § 48 KTT HE N 8 LTS f-Actin TR S XN XTI, 514055120 510k
Actin-F: 5-CATTCAACCAATCGTCTGT-3'; Actin-R: 5-CTCTTGGACTGTGCTTCGT-3's KTI 5|¥)
T34 v BOR/N R 272 bp,  B-Actin S1ITIY 3 v BE K/ 115 bpe RT-PCR 14 4% 1 55 PCR Al
AR ] o R B U R AR R AR Dy B I, 5 H R DR ) R AR Ry BH X i, 34T RT-PCR
G0t e BHMEABERRIT 5 pmol - L ) 17 - B~ “EEXT AL AT S, 810 B b 5L 4 .
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= RO

IR AR R AR S AN A T AN R 16 i H 3% dupgk 2y, i EH 2
HREFE VP ER NSRRI HUERE S
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2.1 HERERRIIKS

WEBi TR 4 ~ 5 d LR FIRBIE D RAF B2 G520k, HAu G5 25 RIBE % 20 mg - L7 (155
WeHIRIE b, KA A, AMERAZGIT A 2R 0 28 ik,  QREERTTR,  ARBE IR AR AR AL 2R AL
o, TR DVRRR AR SE R R 10, K Pk 2 e B R AEMR B IR rh, AEMRS RO R AR N IR P v
BigR o SEIRAFMAL 5T R RE BB R R 5 A AR AR 13 B, RSB R M K s, R Y
AR BE RG] HEAE R AR L VAT W 0 A PR 5

2.2 FERFEKA PCR &M

DAFTPERIbR . AR LA AR DNA W, A KT HRE 55143847 PCR 9714 . PCR =4 RSk AG
SELRWY, 13 BRPUEERR AT 8 BRAFEIT 272 bp (R, 5 BT R pX6-KTI (147 1 45—
W, RUPSNEIEN O LA B R AL N DNA 1, R AL IR (IR D W
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1 HERAFEFEHE PCRIEA
M: DNA 7pFHbrifE; 1o BIPEXI OBORD; 2. BIPEN I CIERARRERE ) 3 ~ 15 Hutkadsk.
Fig.1 PCR identification of transgenic broccoli plants
M: DNA marker; 1: Positive control (plasmid); 2: Negative control (nontransgenic plant);

3 - 15: Resistant plants.

2.3 FEFAEFKAY Southern blot &

X} PCR il 52 FHVE A RE 54T Southern blot 43T, 45 B, PCR Rl 5L FHYE 0 FE AL At AR
AN R SRS T, T ARFEAL T IR L DR A b R BT 2448 f5 S, U AN SR N 3 A 317
e 3 RAH (F2).

B2 HEFEEMA Southern blot &5
1o PHEEXTRE (TR 2. BIMESTIE CIERCABRRD: 3~ 10: PCRATIUBHME AR M: A DNA/HindIII4> ¥ bRtk
Fig. 2 Southern blot identification on transgenic plants
1: Positive control (plasmid); 2: Negative control (nontransgenic plant); 3 - 10: PCR positive plants;

M: L DNA/HindlIl digestion.
24 FEFENA RT-PCR 54

PL Southern blot il A BHE AR FIAEFEALRIAR cDNA NAMIEAT KTI Rl B-Actin FERI )
RT-PCR ¥4, S50 EIR, JEH AR F ACRRRAE 5 R 3 TR ) B-Actin FERERIE, T A
RERRIE = A2 T 5 B R/ — 80 B I &, Ui B 038 RI7ERE SRR AR Y E i h Rk (B 3D,

8-Acti
Prdctin — 115bp

B3 KTI&EM RT-PCR &l
L BAVEXSIR OFTR): 20 ARBEREDAMERR: 3 ~10: HeHREDAAHAA
Fig. 3 RT-PCR identification of KTI gene

1: Positive control (plasmid); 2: Nontransgenic plant; 3 - 10: Transgenic plants.
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IV DR R AR AR (0 B A it 1y Tl /il e, S5 SRR, e R DA AR /N gl Ay —
SEPUPE. TN T 2 d 5, BRI RR T A B AR S DG I EE e T R ) R e (I
4, Ui BRI DRI I A /NS ) BB i s A W S g o A DRRRLRR A MR 1) 0 A 0 AR L
B GE, NGNS, FeRE AR AR BRI 7 G (1) /NSRS IE BB TR A 9.20% ~ 26.08% (3R 1),
RBORIEM A RAERK T 22 5E IH, i LEx IOE 3 ~ 4 d.

FEIRAF IR e SE DA R A SRR GE AR 8], MUAE KA BE, AE ANt 1A i H 35t 2511
THOUN,  FEIEDN T L N E A P W 08 LR S DRDx AR A (BT 50

RS RN KTTHFED 5 AE=on] /N sk ) i B A W] B pidt .

FEIEPIMTRRNT - Transgenic plant AL PIRIER )7 Nontransgenic plant

B4 8 KT EEELREEN F3 NGRS

Fig. 4 Resistance of KTI transgenic broccoli to Plutella xylostella larvae

HIEFIHUBENT fy Transgenic plant AEFERERHIRN - Nontransgenic plant

5 FHERFERBERALE

Fig. 5 Resistance analysis of the transgenic broccoli to Plutella xylostella larvae in the field
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Table 1 Resistance evaluating of in vitro leaves from transgenic broccoli to Plutella xylostella larvae

HRLDRR AR KEIEAET %% S R /mg R A RS
Transgenic line Corrected mortality Weight of larva Degree of leaf area damaged
Wt 5.61+0.533a A+

QZ-1 17.82 3.64+0.348 ¢ +++

Qz-2 19.21 3.90 +0.542 be ++

QZ-3 14.32 4.28 +£0.387 be ++

QZ-4 26.08 3.56+0.272 ¢ +

QZ-5 24.50 4.11+0.238 be +

QZ-6 9.20 4.26 +0.304 be -+

QZ-7 14.75 4.65+0.499 b -+

QZ-8 19.98 4.1440.317 be ++

e oas by Hlc B H R ML IE T B (P<0.05), + XM IR EIRRE, + MZRpmplm ™ f
Note: a, b and c indicate statistically significant difference at 0.01 level; + indicates the leaf area damage. The more + indicate that the leaf area

damage are more serious.

B % ik R B ARAE A L (1)) 32 38 FH R ATTHARISASBIE N, ok 2 R TR 80 T4
THEEMI, KEMYEAT IR O S AERE, >k B ARAK Y5t S R 46 52 2]
HM (Haruta etal., 2001; Major & Coustabel, 2008). HH1, Kunitz Y 22 55 [ [ 85 1 B 55 32 B
M Ay R H B HU AT — 2 fI Pt (Bradshaw et al., 1989; Hollick & Gordon, 1993, 1995; Tuskan
etal., 2006), 124 M1k, CMNECA-FIAEY 43 B H Kunitz 7Y 22 ZFR fgs &5 T $ #5725 (Ryan et al.,
1998; Stuart etal., 2003). KTI i 520 B OG5 7 A B, #0i R E KR E . AiiAd
%ﬁ.ﬁ%Niﬂﬁmﬁéﬁm?ﬁ(MWMMmﬂ,%% PR 4, 2012). ATRE k&
FRAN SRR R, I3RS T 8 KTT RN W5 fes2mtibk, o 17K FEw] K77 3k
N O3 A BTSN, HAE RNA AP LR TRIE; Ptk a LE, # K11 %K
AN 52 HUE PR AR, 1T HLGE /N Ridk 4 de iy 26 KO B A R IO/ E . 5 W2 R AT
ﬁﬁ&%mﬁﬁ~%%fﬁo

AR TR 8 AN T AL e LR RN SRk U PR e — e 22 5, WTRe &t T H 12
W%ﬁ&ﬁ%%mﬁﬁ%mﬁxﬁy%ﬁKW%%%EXEOi%%%ﬁ%%Kﬂﬁ%%ﬁﬂ@¢
Sl R IEAET AN Gy, (HA] SRR F NS, A il 5 R B, BRI A
I BTN, XA UGN T I ), A2 AT =i 52, SR AR AR R AR i
Nt R R AT EZE IS L (Yehetal., 1997),

AARIGAD AR — e B 5 KTI ARk, k& B — R IR R A
BB L TR AR 5, BT AR I S AR B R A Al AN B RENLYE, KTT TR AR
Tt AR AR P LA RN T A T 5 e A A T3 — 2D IR .
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