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Isolation of the Capsid Protein Gene of Maize Dwarf Mo-

saic Virus and its Transformation in Maize
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Abstract  The MDMV( Maize Dwarf Mosaie Vims, MIDMV) CP ( Coat Protein, CP) gene was cloned by RT-PCR method and
introduced into the embryenic calli derived from immature embryos of elite inbred 18-599%hong and 18-599bai via particle bom-
hardment. Bombarded calli were selected on selection medium containing 5 ~ 10 mg/L { PPT ) Bialaphos. From resistant calli,
79 plantlets were regenerated. 18 of 79 were grown and harvested. The results of Southern blotting and PCR analysis demonstrat-
ed that MDMV CP have been integrated into the genome of the transgenic plants. PCR-positive progeny plants were artificially in-
oculated with MDMV strain B, and the average chlorosis of the functional leaves of each plant was investigated. The typical
symptoms were observed from the leaves of the control inbreds. while, the presence of the MDMV CP gene provided resistance to

inoculation with MDMYV strain B.

Key words VIDMY, coal protein. genetic transformation, arificial inoculation
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M XD EER QIL EMMBFRARTIEEL 7 . EX
WEE RN REEME IR B HAERTEL
WM EH K EERRS R ET —EWHE. 5
FHE REEFNEMATRRENRREGEEE LRE RN
WEBENRENREDS AR TE . WENEE
E#H (Coat Protein, CP)EREY N EEREN I HESTHEE
B 1986 F Powell-Albel FHWRMETH IR E Y REHH
TVV( Tobacco Mosaic Virus) E-SHEHEENE. HE.
KR EX . BER EMASEES TS EHITTH
REREWIIAESEETSNAMFERERERY
H. REXTEXBEEFESEEAELEN ABERE
E.coli RIEMPIHRET 1995 F BT ZLEH DT T F
HERE. EXHERNEEZ I ARETEZEEXKGK
HAEEMER T DMV CP R EH E R ay b4
7.
1 #3545 %E
1.1 EXWHANERE

EHRME AT H 18-599 £ .18-599 A i FU N ARk K2 K
KEFFAATRE. EXAGHANES Rk kot %
B IR ELA A L OCE 11,12
1.2 MDMV CPEEMTEE.MNFEEFF M

FE TE3D 4B g TR BIE MM A 00 £ K B 8 RNAL
R {E GenBank B XF 71T iT5|40:

BB 5 AA T @A gCTC/T/AT ATETC g/ T/A T AApAd
_Afg ATgCg 3

TF#i91 4.5 TCTCT . T/C. ACCA /A gi _g/A ACTCgC

FAiA M & SuperSCRIPT one-step RT-PCR System ( GIBCO-
BRL)# 17 RT-PCR ¥ 1# . RT-PCR {" ¥ P 7L | % agarose B
o ik S U 3 ST RE B pGEM-T( Promega) # & I, DNA U IF
B _Ei8 4 T (Sangon) 5C AY , £ B GenBank A7 BLAST %f & 71
RE %

1.3 MDMV CPEBERZAH MR

HWEMDMV CPEBRARFAMERRLRSEEN
I5SIHIN( & Bar £ H) 1 PBPCATP{ BRI R RE LT
(E LA 2). AN MDMY CPREFB T (S BHFT
HEATREEBREREARERE, L Bar A ICER.

Hindl]] BumHI
_|_! 15§

HindIlT
| Adh1 Intron I_I_[ Bar I_l Nos I_l_
Fig. 1 Physical map of plasmid 338IH3X

Bl 1 FBUk: 35SIH3X B9 4 BEFE
BamHI FeoRl

B2 FhL PBPCATP ) 9138 5
Fig. 2 Physical map of plasmid PBPC47P

1.4 FASEBEF HRBEAEKNRESSTEE
BREHF10- 12 EXRRE. ZEHEE 0% BEH D

EHG Promoter

HindIII

Bl smin R GRAT R EHE RESBETEZEHTER
BRELH#HTEHUANANET. EHLZHN. K van %
(9 HMEMFEN EXDHARLETSBLBE . H#%
B Wan S (1995) IR B A AR # ITH LT  FARRA
ftt 4 PDS-1000/He (Bio-Rad) , &8 Bl H 15 4 1pm. it W 5%
BHE SR 1100psi(7.58 MPa) M Al WA K th ARk A L
PRI M H TS 4 28 inches of Hg(9.83kPa) , HE % &
T0mm. EHEEHEGESEREERE WEHEEH M. 10,
Smg/L ( PPT ) Bialaphos ) EFR I I & F Uik 3 8, B8
IM. EERHSAE EFAFEEE AKBEFHNEHASR
BITREES. BN HALEBE MLBRE. ML
EHFTEFHEB LM EERE L A KE 2 A H
H3~4RERE BEEBEEFRLONER + I3 BRK)
B/ DER AP AT TR IERE D LR |~ 2 AF e A7
BRIIKHES . IIRHBRBEEHEEE 10 R E A ftk#
1 PCR 13, & WS H B S (U — 25 17 Southern F47%6 4
1.

MCTABEHRBRWBAZTRAMAEE Exr Ao A
DNALH T PCR ¥ 1% H1 Southern 2% 52 43 #1. il # PCR 9i
W, ad¥Ry Hd 920bp WHERT R . ERES[H 0. 5 AT-
GTCGAAGAAGATGCGCCTG 3'; F ¥ 31 ¥ & 57 TCACCAC-
GAGACTCGCAGCAC 3. PCR L & 4 04 CTAH 4min;
94C 1min. 55C30s. 72 lmin, {& & 30 % 72°C & M 10min,
AT PCRY O ™M 1.0% Agarose B L B ik, £
FHETHTRE.

LLCPREFREESFEEHITITAZ AEXTAR
HLHI S DNA £ Hind [l BB 15 3% McCouch(1988) 19 4 i i 17
Southern BT B 40 F24: 27 L LARE I T-DNA 6 AR5 M 4.
1.5 MREBAFTATBEHFBORELEE

EEIR R 7 . 4 BRI MDMV-B B9 F M 2 f i ik, A
0. 1mol/L B B8 SR 48 M3l (pH7.0) BFEE R B R ECE B 1110
(TS ) AU EYSRTESEA AR,

5 EE R R PR R B R AR Tk B R 3 R IR
GRS IR L 600 BT NIER  IE F oK 10 0F M K5 RE
O 23R . F-HESMABEEE R SdFHEE
ERER, AT,

R tE R A 18-599 4T 20 eRAEER LU B T1 R E R &
ETEM FEE AT HREREE KR ENEEEE R
TP HeREMmT .

08It 5 XAEAR K A

V. 0F A RR I ER R T WA

2B EHBENER M AL

3. FEES HFREEREX. RUER;

4R EBRAS.

MREEETE.

BimMhEZEFEI=S(Fth R EBFHREENE
x B MBS CET A ED
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2 BERGHM

2.1 MDMYV CP XE K%K
B TE3D 42U H Al A R % £ B B L R AE R
FRAA SR R I RNA, #RIBIRIT A5, 8 RT-PCR &
BPEEYE 1.0% ISR R kR W, 2R A 3 AT
e THABMBERAR BAEHRESREW, KK b
E# ,5 GenBank HUCF M B T KM,
M 1 2 3

B3 RI-PCR I M ™¥Ryd ik
Fig. 3 Isolation of MDMV CP gene by RT-PCR
M: GeneRuler™ Ikb DNA Ladder marker; 1: no amplification product
from healthy young leaves of maize plants; 2,3: amplification products
from young leaves of maize plants infected naturally in Gelds.

B R 518 4 5 A B, F SRR B T-Vector, DNA ) F
B2 B ¥ K /b O 920bp, B W TE GenBank F ( Gen-
Bank accession number; AF540989), ZFF|W & CP EA M
SFEF(666 bp) M3 EHMERBEFH ., RAIFZEHN
MDMV CP 5 MDMV-KS1 # % ( A34978 ), MDMV-A £ %
{A34974) .MDMV-B £ £ (A34976) & & H 09 MDMV-B #% &
(S77088) ) [F) 9 #E i 17 L3¢, DNA FF 3 80 ) B4 2 B A
56.0% .73.0% .89.0% 98.0% ; MBI E A M A EMFFI
FIR Btk 4 9 7 57.0% 88 .0% 85.0% ,100.0% ;3" JF 44 i3
X %1 o [ B 4k 40 B K 37.0% .53.0% .86.0% .98.0% , Hi
LR A DNA FERREB FERBHEMHEBEHKER.
2.2 MDMVCPEARARZH&NHE

FEJG K PBPCATP 1, # A3 Hind [l F! BamH I %1~ FR 1 #
AV TREARSEERS T . R EARERTREEAR
1B M 355IH3X BT F A 35S R 3l 7. EiRIH I CP EE
wal4red S B in L BemH 1 B§ Y1 4. A PBPC4TP
FH BamHI S L CPEEA ERXBFISSEIHFT R
JGH Hind [l M 35SIH3X LI F Bar ZEE F A &, % 5l PB-
PC4TP i) Hind ML WEBATERBE AN ERERE
pMCBOI-3( WLIH 4).

HindIll HindlIl BamH] BamHI  LeoRl
J—| 355 Ttowon [ Bar | Nos ]-ll 355 | Intron DMVCPH.] Nos }-L-
/M4 [ pMCBO1-3
Fig. 4 Physical map of plasmid pMCBO1-3

2.3 BERSEBHEREKGES
EBRVEXEBELE 18-599 £1.,18-599 A H R B AK
ZMERE" FIREERES MDMV CPEE R A E XS
BRESHGHHAF SREFEFMEEREE . HETEHN
REEN 1O REAFENERT AR, A 18 BREHEHKRHK
BAELLAF T, HP 18-599 47 12 #k,18-599 1 6 Bk (F& 1)

%1 NtEHGHRARBKEE
Table 1 Resistant callus and its plant regeneration

No. of
No.of No. of No. of No. of
plants
Inbred plates resistant plants bef plants
[
bombarded callus regenerated harvested
transplant
18-599 hong 15 320 206 45 12
18-599 bai 10 295 180 34 6

2.4 HEESHNSTERE

it F 1B 77 18 69 18 BEFF 46 7, SR T3 R 41 8 DNA fE PCR
BRI EFE I 18-599 £1 F1 18-599 H 4y B4 10 Bk F 3
BREMEME, EPCREMEMEMNHEE S & T 7 kit —
1€ Southemn 7787, E KM K B DNA £ Hind [ 8§ 1 /5 #%
B, LU CP R 1 I B AT 4T Southern 247 thF CPEE+
B Hodll B2 BEER LR E CPEBABANME
AFAZEEENRERS . K findI MU KEEHELE
Tl  HERERERAEBEXMHESR. M Southem I
GREF XEHELEBEETSANEEE 1 -4 BH
5)e

Bs Tofl¥EREKAEMN Souhem 53 8
Fig. 5 Southern hybridization for TO transgenic plants
1: 18-5%%hong; 2 ~ 8: TO transgenic plants.
2.5 HMDMV CPEREANBELEHREBNREER
W #k 13 4> PCR KW S P EBRM R T, T1 R R 13
BiT ERME 859 A —RATHFEHNAHEE. &
BArTOREEEFEZES, TOHEEHEBEK CPT WK T 20
EE#HT HREERHKNARERTI TR 2. EEAR
BRTIAHEAMAKRAYAAEREXEAENER ]
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FH 4 HBITA b BLET R SR . ] X R R R
EoR1~3 A EBH MR ERRENFAER, B MG
EFREREGHEENESETR, tREXREET RE
EFHEE BT A AR R R R R

ZE. OREHTARMEEMEEE N B S8 REY
EREHEHAEEEEE MDMY CP H 2R UE Bk E &
TR ES XWAERS O UEREMKEMNE T
CPERASHEEMA.

#£2 MDMVBHEMABXRISSHAR TIHEEEGENRTEH
Table 2 Leaf damage ratings of 18-599hong and T1 transgenic plants after artificial inoculation of MDPMY strain B

‘ The second leaf The first leaf The leaf The first leaf The secend leaf Average damage

Materals under the ear under the ear on the ear above the ear above the ear ralings
18-599hong 1 1 3 2 3 2.0
cP7 1 1 1 1 1 i 1.0
CpP7-2 0 0 0 0 H 0.2
CP7-3 4] 0 0 0 0 0.0
CP7-4 1] Q 0 0 0 0.0
CP7-5 1 1 2 2 3 1.8
CP7-6 1 1 1 1 1 i.0
CP7-8 0 0 1 1 2 0.8
CP7-9 0 0 0 0 0 0.0
CP-10 1 H 1 1 1 1.0
CP7-11 0 0 1 1 I 0.6
CP7-12 0 0 1 1 1 0.6
CP7-13 1 1 2 2 2 1.6
CP7-14 0 0 0 0 1 0.2
CP7-15 1 1 1 3 2 1.4
CP7-16 4] 1 1 1 1 0.8
CP7-17 1 1 1 2 2 1.4
CP7-18 1] 0 0 1 1 0.4
CP7-19 0 1] 1 1 1 0.6
Cr7-20 0 B 1] 1 1 0.4
Cp7-21 0 ¢ 0 ] 0 0.0
(P7-22 0 0 1 1 1 0.6
CP7-23 0 0 1 1 1 0.6

3 b U EAFEENRERN KE AR SERE T X 5

ERERIHEEVMOMV)BETIEREYRERSEEY
WmAER HEPEAZHENN2TEEHNSCEEENHT.E
E4oh ABCDEF.OCH KSLBRE" Y . HEW I
EYWMEMOU S MELENREEHNHEFFINNESEE
856 L b LB CP ERI EE BRIV AR Bt & g0 Ll L H
3RS 6 K B 7 90 B9 AR M 42 759 LI B0 A] o 0 Rl —
B " . Frenkel i MDMV-B #1 SCMV-5C MIMiE < % 5
SHET DL S MDMV-B 1 SCMV-SC i1 CP T B 3 R g IX
BY 5 FE 82 IA A MDMV-B W7 M MDMV 7 55 R N B
PR HERY 1 T ERE (A & B SCMV-MDB) ° . 3R fiT AT SRR
i MDMY CP EH G IFE R MBIHE AT TR ER T LA
wntfe e BRA -

Beachy "F A (1990)IA A CP A FHMER B T CP ER
HEEHATHEEREN—T2WHER AHM THERTF
B %5 ™ . M4k, Reimann-Philipp % (1993 ) 18 — e 45 55
BIEEN XA FiEr cP BHGEMFHERA

EEHCPEEHGTFHNAMPFEEAERBE T CPEOE S
BRI ILE BT EEEH AN CPEEEA RS EHREZ
31 B %5 4 RNACRNA BB T #E ., B 2 5 % 50 15 4% 25 B 4L
. Haldeman-Cahill (199881 7% % B 3'E f ) X FE 91 4 2
AR P & CTEV ) SE R AL A0 55 B RNA B0 B 4
BRUFHWMT . ddiEsmE CPEFRSAAY P~ EHARE
RO R EC ARSI RE, N R RSB ER
FEMHEE(PVY) MEERSHNHE (PLRV) M X5 &
P EEBTHTRIFUESHAEDER HRENR
HENHEYHEFELEN -TREMONE. Vum T A
(1993 )38 MDMV CP EE T A #If £k 8§ L & R0 # R9I
hOREHEREEE R MDMY EREA S ALY &
—#RERNLTBFEGH TH# HIE%L. i EXME
B i THAEORER T8 cPERFH LUF3F
mMXEN. ZFVEGHB TH--SREAKEFEAD
HEAHBENS FATTH XS BRI ROEEHHK
Btk — 5 T HR S A -
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