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KA E T FIEIRFERR PKM-1 RN IR EE
(sck+Cryl-Ac) BifreEZR’

wHx, & K, K &, WWH, TWE, YT&E"
(BRI K% R S HEMHARSRE, ~F B 650201)

WE: [ B ] BURE il 5+ RBURIE A H H 358, AREHURPURM:, R RN SR
S FABA, DRI R LR AL T [ 73k ] AR o8 5% I A 48 4 1% ST 5 J 2 7 0 o) 7510 3k 1R
(sck) FNF5 24 HAOAFEFEDR (Cryl-Ac) FEdeARic 3L npe I 5 FIFHARFFE EHAL05 /- SEEAL R PKM-1 1Y
MR ZER, DARIBERMHESASYIEARE; SR PCR A NPT I ImmunoStrip FANHIE npt TEEHEME A 53A.
[ 4553 ] BRM Fr FZEB IO Bl 5% 0] BRI TRAT TS AL, St . TRETA ODgyo fH2N 0.2, 12
YLmf )k 2 min, FEERFREINH 2 d; SEET HFERGS IS G X RASHUE AAG 2R A2 AN & 5 200 mg/L 4217107
ATARANRIARFT AR, FIRERPIEEGAZ PCRAGTZRY . ARic LR npr I 2 BEIHE G BIHUK PKM-1 2
HZi; NPT ImmunoStrip Kl ZHH NPT I & /K FARLAFRL . [ 4518 ] 745 T UK PKM-1 RIR& R btk
WL, ABARGT R F BE R TR
EHEIR): BOR; YU AR, AfAs
FE 5SS S794 SRR A TEHE: 1004-390X (2023) 01-0027-07

Obtaining Transgenic-callus of Moringa oleifera PKM-1 with In-
sect-resistant Gene (sck+Cryl-Ac) via Agrobacterium-mediated
Transformation

YANG Yuege, LI Yue, ZHANG Hui, RUAN Mingju, MA Lixuan, ZENG Qianchun

(College of Agronomy and Biotechnology, Yunnan Agricultural University, Kunming 650201, China)

Abstract: [ Purpose | The Lepidopteran pest, Noorda blitealis, has become increasingly harmful in
the production of Moringa oleifera. In order to improve the insect resistance of M. oleifera, the present
study was performed to introduce insect-resistant genes into M. oleifera by Agrobacterium tumefa-
ciens-mediated transformation method, so as to obtain transformants. [ Methods ] The marker gene
npt Il was screened by using the modified cowpea trypsin inhibitor-derived gene signal-CpTI-KDEL
(sck) and Cryl-Ac gene from Bacillus thuringiensis, which used by endoplasmic reticulum localiza-
tion. The leaves and stems of M. oleifera PKM-1 were subject to genetic transformation mediated by
EHA105. Resistant plants were obtained by kanamycin-resistant selection. Meanwhile, PCR and
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NPT II ImmunoStrip detection were used to confirm the integration and expression of the npt Il gene.

[ Result] The leaves and stems of M. oleifera could be directly transformed through mediation us-

ing A. tumefaciens without pre-culture, the optimal transformation condition was: the ODg, value of

the fermentation broth of genetically engineered bacteria was 0.2, with two minutes infection time and

two days appropriate co-culture time. The addition of acetosyringone or not had no obvious effect on

the resistant callus rate, and the use of 200 mg/L Timentin could effectively inhibit the growth of A.

tumefaciens. PCR detection of kanamycin-resistant callus showed that the marker gene npt [I had

been successfully integrated into the genome of M. oleifera PKM-1; the NPT Il ImmunoStrip test

showed that NPT II protein was expressed. [ Conclusions ] M. oleifera PKM-1 kanamycin-resistant

callus is obtained in this study, which provides reference material for the molecular breeding of M.

oleifera.

Keywords: Moringa oleifera; insect-resistant transgenic; Agrobacterium; callus

BUK (Moringa oleifera) N A F} (Moringae-
ae) BKJE (Moringa) ZAF AR, FIHARE
A BIRMARBARRS, Ay 13 R0, 8T
PN ATIE PN, [ RS T B AR G HOR |
JEPHBRAFIED B 2l R BOR (PKM-1 il PKM-2), 2k
B it i 4 H B RE 28 K R AR A R A7 Bl 222 Be ot
FHTEEEY, MAERIA M, HAhFRim
FAFL ) B O JRE 4 a8 B o ik T 1 o
YEEIKGS, R AT PEBRSRE™; BURIE AT A IR T
FGE i 22 Fhopedis . AnBE R . 1o I B i i
O, BOREA RS AT ME, (AHA™Z R
FMER, HP LIS H (Lepidoptera) H A}
(Crambidae) F HBRAFGUE (Noorda blitealis) &%
Je R, AP IR

M2 4 AT R (Bacillus thuringiensis)
Sy Br BN, HERIA W) BT A% U O AR
ARG S H R AU R A S Y, H
HIFTFEEZ 89 BT e CRY HH . &idJLH4F
W&, Bt 3T Cryl-Ac Il Cry24 3L E
ZTE FOK IR AL S ) i Bt U R I R A
THEZAEH . B SR B SR (cowpea
trypsin inhibitor, CpTi) 2 (signal pepetide-CpTi-
KDEL, sck) >kHILG RIS, dudug, H
XENBITCEN, Bz EER S ABOR AT $ S bl
P BEAMEIEA AP BT EAR 2, WA
Ik, BAE AR LS, HrhRIFEN S
BEA AR . HARCR B A AR

H TR BB 2 RO T HA BT RE R . AR
BB I 55 D7 i, WA BFsE s il A

2l U S I AME A (ANTIZE A2 SR
BARZRIT, HIETHORST H A LR 5 T o 4
TEED . ARG SN BT IER sck+Cryl-Ac
1) TR EHAL05 A, FIHARFF AN Sl
Ak PKM-1 M FNZ8 B, DABIER BRI 43
TEMRAEEL,

1 MREREZ%

1.1 BERAPRE. AT 1 1 AR AN R

PISKIE T 2 B8 BIE 0TI BRI ™l
i el /NG I R EARTI D) EARTIE = SARGIESS 2 %/ N
INEVTAET ML . s LR B A X A A
MBS BT TG 0 3 N 2 e AR R AR E 2 i
BRAHE 5 PKM-1 AR50 bkt s (e 7 7
¥k EHA105 D) K Jfiki pRPBSCK-35SBt #J i b [
Bl B st L 5 & & AWk 58 T R Wit 5% 51 42
B, ORL R N BT e R sck FEH L 2
WP 195 = 4 2R AT R LR (Cryl-Ac) Fil
npt I3EH, HEA RIERPE.
1.2 Al

MR ZE 2R (NAA), 6- R ILIEI4 (6-BA),
BINE TR (IBA). MIURZIR (1AA). RIF&EERE . Fl
FESE AT TT Y0 B R A% 5 DNA 20 T &5
i DL5000 1 npt 15108 A A TAY) TR
Al MR 4] DNA $EBGRF &0 A Jb 5t RAR
AEAERHEA R AW
1.3 AMEARIIIRE

KK AE BRI T T R 5T . BEE
To M R SR E PR ORI s



AR

R, % RITEAN SIESAHOR PKM-1 HXU TR EEN (sck+Cryl-Ac) Bl 29

Hr, SR EIRENM A THOK T Pk 20 min J5, (#
FH 75% 9K 1 NaClO TH#, JCTR /KI5 Vs ff H
KEFATIVIE N 0.5 cmx0.5 cm Ay Z5EB;
BATCHN, HICEM SRR BGE , K
FG R PRV 20 0.5 om FZEEE
1.4 R B B VR T ) %
1.4.1 R HEEEN

HL—80 °C PRAFHYARKT I T2 B A R T 0K 1 i
Wk, TERR LB B3t Db RIgkigfb. LB Kigf
F A 50 mg/L RAREE R F 50 mg/L Fl 8-,
QI G R R AR, T 28 °C fHIRE FRA B 77
UL
1.4.2 AT IR 2 6

FRARFFR K VR Je , (R L Pk
BT V%, JEA Sk — R AR K LB Ky FR 5
Hr, A 50 mg/L A4 F A1 50 mg/L-R AR %,
28 °C. 200 r/min & W T o+ 8 X B K
JEHUH
1.4.3 RFFH A E B AR

it B 43 56 56 BE 11 DU 2 4 FF 17 T8 W 1% ODygoo
5, ZJG7E 4 °C. 8000 r/min £ F #5.0> 5 min,
g LVEW, RS BT B AR MS B3R
FEBIF D HIFBEZE ODgo [0 0.2, 0.3, 0.4 Fl
0.5, VK LBCE 1 hJ58&H.
1.5 SR 1TIT S04 AT B A< BE O o

R 2 i 5 SR A e AT R LR R TT
B EE , R AT T T ODggo TEIHEE 2 0.5, ¥
M A T IR 4 min, TCEIEANR T 2R H
WE R R B3R T 50, 100, 150, 200 Al
250 mg/L $2 [T W] (%) A 3 2H 2175 3 315 7 2 (MS+
0.5 mg/L IBA+1.5 mg/L 6-BA+30.0 g/L JiEHH#+8.0 g/L
BRR) . LSS [ ot v B B 1 TP X AR AT 1A 1)
RGN, JETHR YRR PR R=Y R 57
YrBCER AE Fh AME R B < 100%., BE4LIEFP 10 F
MR, #HE 3R,
1.6 AMEARIITIRT R 78 ROfik R 77
1.6.1 Fiiks#%

1RYLHT, BB B 2R BEYME R TE 28 C
FRGAHLE TR TR it rmissss, Hdg, ot
F 55 38 3 5 MS+0.5 mg/L IBA+1.5 mg/L 6-BA+
30.0 g/L BEME+8.0 /L Biflg, ZEBHEFRIE N MS+
0.5mg/LIBA+2.0mg/LNAA+0.5mg/LIAA+30.0g/L
JHERE+8.0 g/L Brifig o

1.6.2 RYLJ ARG

it 0, 1. 2803 d B IR AMEIA T8
ARG R, 40 A K BE 2 ODgg (64
0.2. 0.3, 0.4 F1 0.5 FRATHEE R, 7352
2. 3 M1 4 min, BEFEPRREE A IMER S
PRIV T8 43 4 M (1 ) TG o1 08 4K W T A A R 3% ThT
ZORWW, R THEFREESRAE (B Le.1
)y, T2’ C REDEHERESR 0. 1. 2813 d,
WS FT T AERAF L
1.6.3 kiR

P SRS A A SN AR O, RS A
500 mg/L 21 T i ICHE K bk, LREIERN T£
ATy, ER TR SR B, Ho, M iR
A MS+0.5 mg/L IBA+1.5 mg/L 6-BA+30.0 g/L jiE
WE+8.0 g/L BEE+50.0 mg/L A% 2 +200.0 mg/L
PEINT, ZEBHEFRHS MS+0.5 mg/L IBA+2.0 mg/L
NAA+0.5 mg/L TAA+30.0 g/L FERH+8.0 g/L Bif5+
50.0 mg/L FHAREE % +200.0 mg/L 421107, ik
FRHE AR TR BE 2 ) I v S IR gk R AR U E
5. BEBE 15 d 4EARRESE 1k, B kBRI e
EVR
1.7 Bk ARk

WE AN FE R FET ] PR . (=2 YR
] g SR AR 2 e T B WA B2 AT E e
Hri W FRarmEE R 0, 1. 2/ 3d, HHK
ODggo [HBEE 4 0.2, 0.3, 0.4 F1 0.5, {ZYei}[a]
BB N2, 3/ 4 min, HLEFERBEEE RO,
1. 2F3d, CBET Al E R 0. 50 Fl
100 umol/L, WLEEAS [l Ab #XF HY Al R p 5 o
R =TT WA 3 1 5% 57 ) B0 A b A A A B
Hx100%, REASALH RN 40 Bt AT 20 25
B, HEE 3 W,
1.8 HitE@ AL PCR 4% K NPT Immun-
oStrip Al

BB Fr FIZEBOR IR A B 41 212 100 mg
T AT TR P S, A It R rh e B2
WA, HEOE AR, Y3 E 4 DNA
LB & 2 EL DNA, i H PCR i npe I 3
B, BHArH B2k 700 bpo 5I#FS A Fl: 5'-
GAGGCTATCGGCTATGACTG-3’, R1: 5'-ATC-
GGGAGCGGCGATACCGTA-3', PCR J2 W 1k %
50 uL, HAEHR 1 ul, b FUETIM4 1L,
10xPCR buffer 5 pL, 2.5 mmol/L dNTPs 4 uL, DNA
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RAW 1 pL, 2B FI/KEMNE E 50 pL, PCR X
NAEF R 94 °C FALYE 5 min, 94 °C 481k 30 s,
56 C iRk 30s, 72 °C LEMH 1 min, 35 EIR,
72 °C FEfH 10 min,

NPT II 25 FH K 9 >k A NPT Il ImmunoStrip i
Aok, SIRULHBIEMA sl . FRICE f 412
20 mg, & T 1.5 mL Eppendorf % ', JiIA PEBI
ZZ PR 400 pL, FIERRMERmE@AL,; RS
B0 HLLL 10000 r/min 850 2 min, BT
300 pL £ 1.5 mL Eppendorf 5 7, RG] 2%
b “sample” ) —dmddfi A_LIEW T, #E 15 min,
FRPE R 0B 2 B 2 25
1.9 BIEgitH50r

K Excel 2007 F1 SPSS #HTEHRSEHVMT

2 RS0

2.1 HRHIARAT B AR T INT T R R

i 1A[%0. 50, 100 A1 150 mg/L #2707
RESE MR AR AT R AR, T 200 A1 250 mg/L £
FINT AT DLSE e sl R AT ARG . B IEBIBUE R
AR RESSE MBI A, B E 200 mg/L
Ry b SRR T T ) TAE BT

F 1 AEIREIKRERIITXERATFE AN
Tab. 1 Inhibition of Agrobacterium tumefaciens by differ-
ent mass concentrations of Timentin

IR 3 d B, AR ETTE 1A ZEBOME R R D)
FI AR5 B4 IR B A A 2, TR R T s
FRIME ARG Zem i KAy, AR L,
SIRE

*® 2 FETAEE TR B R AT E LRSI
Tab. 2 Effects of different preculture times on the Agrobac-
terium-mediated transformation

VRIERES TisE R I)/d H AR/ %
explants preculture time callus induction rate
0 10.84+1.45a
1 0£0 b
it h leaves
2 1.67+1.44 b
3 0£0 b
0 18.37+0.32 a
1 16.67+2.88 a
ZE B stems
2 6.26+0.39 b
3 3.34+2.90 b

y BRI/ %
c/(mg-L7) infection rate of bacteria
50 92.80+6.46 a

100 46.63£2.96 b
150 13.8942.40 ¢
200 040 d
250 040 d

Ee FSIAFE/NG FRERIRZRIB R Z KT (P<0.05); T
Note: Lowercase letters in the same row indicate significant differences
(P<0.05); the same as below.

2.2 AN[R TS 2RI (R AR R B R A R 2

HI 3 2 AT AN TSR I i R A 5 ki ik
o HLAT R i A AT (10.84%); FikE R 1d i)
SEWAM RIS WSR2 d AR
i (1.67%), HtEfh Ptk 555 17 K
OSSN 5 AL IR Al 205 Tiks 3% 3 d i
WA E A, HeAl, BEE TS 35 a] Y
o, EBEHARETREEE, mEiEEsEodm
18.37% AR BTG I% 3 d 1Y 3.34%, H YFikEI:

2.3 A[FEIBEW ODgg BT AR AT T 7 4 1 5 1)

H 3R 3 FIA: BlE (= QR AT A ODggp 1H
B R, R AR B WAL, ODggo
0.2 i1 8.30% F&AK 2= ODgy 1M 0.5 B 0, H.
IR YL ODgoo fH R 0.2 B, I F FE 4 T
VEREFRALE 15 d BB Rt @i gl; b
RYRFF AW ODgoo (HAHE R, ZEBI A RE
WA, 1 ODggo 15 M 0.2 I E 14.77% FEAR 2=
ODggo fH 4 0.5 BFE 0, H24 ODgyp fH4 0.2 i, 25
BRI B IR LS 10 d B OMEL B @
41, WA LUMREC, T B,

2.4 AN[FER YL [A]A AR AT B A TR 52 i)

HFE 4 ATA: SR YLETE] R 2 min B, B

WARE S, N 14.17%; & R YR,

*3 TRIER ODgy EXTRATEEELHIFZAT
Tab. 3 Effects of different ODg, value for bacterial on the
Agrobacterium-mediated transformation

AR ODyofH A%

explants ODg value callus induction rate
0.2 8.30+1.05a
0.3 5.78+0.77b
A leaves
0.4 2.5040.00 ¢
0.5 0+0 d
0.2 14.77£1.34 a
0.3 11.67+£2.88 a
ZX B stems
0.4 8.15£1.29b
0.5 0+0 b
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WK, % RITRENFIRIAHR PRM-1 FBUNPTRIER (sck+Cryl-Ac) @54 31

KB AR WAL, SR YETEY 2 min B H
WRRGS (13.26%), SR YLETE R 4 min B H
FIAK (8.33%).

F 4 FEREEIE X RITFERE A0
Tab. 4 Effects of different infiltration time on the Agrobac-
terium-mediated transformation

SR 2G4 18] /min HAER/%

explants infiltration time callus induction rate
2 14.17+1.44 a
it leaves 3 11.67+1.44 2
4 12.50+2.50 a
2 13.26+2.40 a
ZEB stems 3 9.5542.22 a
4 8.33+2.88 a

2.5 AN[A) LS SR R AT B B AL A R

M S ATAl: A TSR, R AR
9 0; HEEFE L d B, MR ARG g 24
B, MR HAEN 11.67%; LR 3 d ik, KAF
PRSI, o B R AR A B, A
TR DR DA ST 0 ol FH B 085 - 3 T AR T AT R 1R
o BEA, AHETIERFRERT, AR ZE B
A, SR 1 dRE, KB EREAR (3.33%);
HEFE 2 diF, B ARRE (16.17%), 2B
S B R B WK BRI AR FF B B s, (AR
By JEESE 3 d B, ZEBS R SRR fl i )
O 2 BV M AR A R AP IR PR, J B R R dk
(25 B Tt RB AR 2] /D B AR FF 1A
2.6 AN ZTE T B R 6 AT B AT R

ST B E A 0, 50 A1 100 umol/L Y,
RIS IR (9.15+0.75)% . (10.80:£0.98)% Fl

x5 TREIFEFRITE R EE LA
Tab. 5 Effects of different coculture time on the Agrobac-
terium-mediated transformation

S AR FERE IR H)/d %

explants coculture time callus induction rate
0 0+0 d
1 4.82+1.79b
i Jr leaves
2 11.67+1.44 a
3 2.5£0.00 ¢
0 0+0 b
1 3.33+2.88 b
2B stems
2 16.17+3.58 a
3 13.33+2.88 a

(9.98+2.18)%, — AL EZER, WHLET
FrlR A N5 75 LR Ik BEAS [Rl R T L 3RAS —
M AR
2.7 HitEEAGH LY PCR %5 & NPT Il Immun-
oStrip £l

VA npt TIER 750 Bt ke 15149, PCR K
WAL npe TFE, 2550 (K1) Bx: H
bR A BEZIoh 700 bp, 3 NI R @SR A 2 4>
KR npe TR, 5 AZEB@HAL A 3 4
W npe MHEEPR, B PCR AGIN 52 BHAPE . &l 2 7]
H1: PCR A 52 BHAM: 0 @ A AL 4R K3 3R 5A
B, AR HIE sck+Cryl-Ac FER B 45 A
AR HZEB A, mE3AH: 5h
npt T B HTPE B AL A ZURB I 7E & — W R TIR
BRAFGHRILE LIEFARK, MAEGAH npt T3EH
M AEBUE R  AH SUEF T & — VR EE R IR R
R gk b — B e R 20T,

. M.DNA marker; 1. FHEEXTIR, & npt [TAYFTR. DNA; 2~4. I}
WHHL; 5. AR, RFTRPENEGAL; 6~10. ZZE @
A,

Note: M. DNA marker; 1. positive control, plasmid DNA containing npt
IT'; 2-4. leaf callus; 5. CK, callus without infection; 6-10. stem segment
callus.

1 FRiCEE npt 17 # PCR &M
Fig. 1 PCR detection of the marker gene npt [T

TE: B 1 SRR BOGIIE #HIE NPT M, B 2 4R 3R
7 NPT Il 2 PR A B

Note: The one band indicates the test kit works but without NPT I pro-
tein, two bands indicates NPT Il protein is positive.

B2 NPTIZEBKM
Fig.2 NPT II ImmunoStrip test
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TE: VR 2 AR, 3 4 AR A

Note: 1 and 2 are resistant callus, 3 and 4 are non-resistant callus.

B3 BEBOERARMEEGELR
Fig.3 PKM-1 leaf and stem segment callus

3 Wit

BLHEST AR AB AR R, B RWE .
TG FRATI] | RYL TR B | AR YL ] AL 57
R SRR N B2, i TR U B
T IR RAE £ /D, i E AT L REXT H S5 FL A Al
P a5t . SR T2 i 38 R A& M B-IN i
BRI FDE R HTAE R, 38 A R BT AR A
ROAMTI AT B AR, RIS ) A K AR A
E N7 s A - AL I N N R 2 S b
PETINT B TAE B R R 200 mg/L, &% B ik
AOEETTIT REAS S8 MBI AR AT B AR, AT R
JE A T X A A A B R A R B ME R A
T2, X5 EIFENE A B s AR,
WEBH T3l B H A R X TG 5 BB
X AMELAAR AT 30 473 A PR 52 Wi s A P AL i 2 P
£, WHFEASNE ., B mEE, Girm
FEAEV] LU AME AR AL TG BRIPIRES, {22
MLor2E, ZORAS T AN by TR A AR SE AP,
AHFFE P A BE R SR Rl 0 d, RUASIHEAT TR
Rigg, IR RE R PR S R v AME AR 10 %
ETRA, MIESEAAFHE WY T-DNA X B
(RE G P2 AL, 33X SRR R 1 PRI 4G 1
(RS 25 AR R o BRI 1R G A R B 7T LA ORAIE
Ja SE A BR B, 2R BEAF] T T-DNA X# 4 ;
T3 50 AR AR e TR R e 3 ) 2 R B80S 52 o T R e
BRI AAT R TN 52 RE I AN . B T AHE
GEFTE FH A BROR Ll O P 350, = e I R Rk
o 15 T e R B ME AR AZ BN B U S 2k
iR SR R P PR A PR M, R AR o e 2 o
B 3E ODgoo THM 0.2, 1% 5 710 HE % 0% i
F T L5 SR .

ARWFFEH, ANFEUR YL B R AZE B
TR AN 25, HEI0 ] BB R Ay 18 8 A R Ao
FEARE/IN, A S 2 03 N 3G (R A
TERRERCE . RATH A T HIIMEIE P T AT ANBE
BRI, SRR H IR AR AT T-DNA
PR AT, AR, FF# T-DNA
X R FEANRESE AL A AL FRA ], 85
IRk 13k B B B AR AT TR P RE 2 X A A A E
FVEM . BEAh, RRESRAR B FDE IR AR S XAk
FFR A SR AE AL =, ABFTRAURTE T
FERE IR AT TR A T st AL e Ak s, H:
RFMIETT G BT . A58 TS 1 8 2
BRFRET )R 2 d, 5 95 Ae A P EEARU F 5 45
AR . FAKT A A9 T-DNA I TR H 5
TP AN A R AEAR KRR 152 Ti k4 1 2
T BB (Vir R TR, Vie FE O] DL
I T-DNA X 5B, Mz aeh)E, 246
ARG AL S (N T T &) FphE
B FEBTRITE Vil SEH £, HIL,
T AL AL R P IA B T & B T U — 2 2
FE B3R AeR . fEmE ik, EEm
AT FEER AT LASRAT—E b3, T2
i 32 ARG ARFP S BT e g B0, AR T f
FI B R EHAL05, B8 R U7 B 1) S 8208 0 i
FEYIMRE I, FEALE R I A BT A R v]
DR EHARCR, (MRS RRAARF BT &
e 3 %oF Hh AR I RE RN 3, X 5 S ) A AT
XF B ST A SR AR, R R BORAS B
B OBET A, ALl BT & E A S S L
AR BEAS [T AAT 1R 7 A4 TG B s

4 g

G VISEH N T R IE I sck+Cryl-Ac i) T
TR EHAL05 SABEA, FIHIRFTFEAN- T4 1k PKM-
L | A ZE BOT AR5 Fe A0 5 1 A A 21 215 PCR Al
NPT I ImmunoStrip M 25 L0 . npt IFEHAE
BEFAHALN, HEARBKFEIER . 5
AT BRI F F AR AR R

[ &% 3K ]
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