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TR YRS SR A2 B S AR > BT BN KRS, FHiE
L SRl E R R T 2R E AN o 1980~1990 FEAERHA o ARl HE e b
(KR5S - 15— bR W o B G TE > SR T R B RER IR e FlE K B
TR A SRR 5 o AT A E A E B R R AT A o AR
W BREIPHEYAE - BE RS EKEE LERYENERRE A EREE  EE
NEIahn o MFE e R R R NEY  Re kRt - HEYAERZEEHREEHE
MR T R o NTIEREHHFT Ak BT ERER RIS R RIFEY YA -

F— R ER 1992~2002 £ EWRHTISE - BREREE > wEEA > BES -
MERAEYIRNY 0 1992 FRITTRERS 7 TEEIT 0 T 2002 F£EginE 14
[(FE70 (F 0 1993) o BB nEELE » MERRMEETY —5B  (BRFTHEEEE
SEEHEEE 35% 0 BREHTREN o WEREEREEMRIE R — i EE &
g B RS R EEE IR o R H R > B 2002 4 Hiii5E
N¥T&HE 45 (EETC - Hh A RSN 20% - EREEEYRE 7S 50
W > BYEEEE (IR - WIS ) KIMh 30%( £, 1993) - FIt - ER
EEY) R E R R RIRE BT -

TH 5% B 25 S AR B RS B R R BUR  3F 8 BRNEREY R E
AHIRISREE RS » — 8 B4 E LTS o RIS ANF B [EEEE B 1A AEY)
LR ARG © Piss ~ AREH - EAREB A - SESE - BB TE BRI RE KOt
PSS M I BI T o MARGTE G - RS BRI B R TT 1A ©

Z -~ HRZXEBsEMERES ZHRER

RO BEIHNELL - ERBRERI 2 EY B E FEEY < EE - £k KIS
ik IR SR S AR B - BEEY) - BRVEY (ARAE - s~ AR
3% ) SEERE AL EMNERER T KIS (Kung and Wy,
1993) o SESAEMEHLEYIAE 1986 FF 1993 4 » {5 & B B EE T H R
WGEVEY) » DUBESEE ~ JhZE ~ &l KBRS R 21 o [ IR B R g g
SR — i R B EAE  FIE B 0 BIAIKEE ~ KE - BKE
{j LR RE e I 5888 (Dale, 1995)  fEBIZKE » B 1986 4FF| 1993 4 -
Wi 31 EBR AT N EEEY I RS - HPDERBES - GFEH
HE17T 385 (EHESE - HREFHEEINE X > 535155 138 K 115 f& HiE S
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(Dale, 1995) ° 553 B 1996 BE 1997 4F > REREIEAZGAETIRNERERES
(PRSV) Z#EFHER N RIUHAIERSOES (CMV) &N » ETHHERE -

BT R EGEEY) ) H RS » FrdCE YR R « IRER - T
& > PURE - PUMEMLAS - TIEEEREREESE (FIINEEERA - EinER
BN EY) - RS ) MEGEER SR (K2 - EHEREREYHIR
B DB HERERS  HRETURSE RIURSZHR - BRiEXBEC&YER
b LM ERNEGEEYETE - SN EX - 8178 - REHZE  FIRERIME « X
T~ BB PURENE I 0 EEREBIHAR R HEE » B A& 0 B
¥R A7 #I#& A ( ]9 ) (Thayer, 1997) -

= imaECERER

FHIE T ~ M KR 3 SR R s R S il - 2SR RRIFYEENE
BRFE — o FIEEYHAEN - SEERER CWTRREZ B R/ES - BEA
B AT SR B IR SR - MEADURSRE IR - BEEE
AHEESNEY BT ES » B -SRI T o BERTT—LERERR
mENART - EHURERBRESE ARG HXENLELER MR HEHAEY
FRYaoRBiE R e = PR A o FI] A LR EEHI SR iR R aa s - B ELARIRITS LA
87TEETT o ATENEfF A #a T - 2EKEERNFaRERIBAIHE 12~13% (Boulter,
1993) o '

NHFEREDERERNEE > FEMAER LERYSEYTRRE T
Hy o —SE HUF B EBEIEY S - FIRERER SRR SRR R A%
B, BeEEmmaa brBE % o IR B R E R N E R EREY 2 H5e R
FRICEEIR o RIMAERE A E OB TUE H KM B RS N EEEY) < HoeRE - B
ETETURE R RE B - MIEERERHEEY AR T BRI
H#HEBVURETEYRE T RIFHIERE -

LINEBE

R ENEE E KPElEY > BRAKIKE - B —EitaEnE k&
I #RE 4> BILE 1987 F1 1988 4F (Fischoff et al., 1987; Vaeck et al.,1988) o FE2
FIF &% 775 (Bacillus thuringiensis) i 7#J 8 -endotoxins T HFEF » £ B &4 &1
Bt BaPiBNE pH B2 8E > &S ARG T BekfI5E e Kk 2
Lo WMPEC - HETE S8 60 MR hEERER (BT) » HEEFK 26 EH
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MABEEE ToBAKE - CHEHRE  MAREFREERE BT ERERE
(Vaeck et al.,1988) - ¥4t (Perlak et al., 1990) - ZEEEHZE ( L5, 1996; EE
, 1997) ~ B % (Perlak et al., 1993) ~ E K (Kozel et al., 1993) ~ /K75
(Fuzimoto et al., 1993) K &7l (Vaeck et al.,1988) » B I E S i tErk o 7F
1987 11 1988 4F » #FEF NI MR - BREENMY HE&E o (HArRRNE
HEENE  MET G R EmMEE - HRAECKREER RIS BT £RMmE
fiEde > WP AR ILRIGTE T 100 305 { (Perlak et al., 1991) ° HiEkAIEXK
A - RESHZEVIEHC LR -

R BT E ANl % > TS ma i ER - BRI
it IE BT EEMELr&E 2R - #EFEEPEYHFRERD - fla
lactins ~ amylase inhibitors * proteases inhibitors & » & R amB b & &K » GEFH
BESRASEHZE - BHIEETACBRALEDEBRINHEY (chymotrypsin
inhibitor, CpTI) % [A (Hilder et al.,1987) - cowpea xZ cowpea trypsin inhibitor
(CPT1) # KA - B $# 2 2~ wound-induced protease inhibitors (PI-I k& PI-II) R
(Hilder et al., 1987) 5 E R E b » EEPLEMEME - R T Z a - amylase
inhibitors( o -Al) 2K > EFEEHEE T RKERE - " EBHPHETEHE K E T
B fE G 822 (Shade et al., 1994; Schroeder, et al., 1995) o {H_EbBHed » iR
HA G BT BEA LR o (EHHFRE (streptomyces) H153 B HH B choles-
terol oxidase ¥k HI k&% AR » BIERIRE A HIiREE R & & (Purcell et al.,
1993) ° fEEF LI AN BB IBHELN RN RaE DS NT  BRNHAREEY
BB [ 16 e 2 e (R A R R -

LIMEBRE

Fimsa RN TRETERAAKBRERAGHNER - BHEMEEE  (coat
protein, CP) %A ~ replicase 2[4 - # 2 RNA(satellite RNA) 2R K K# RNA
HA o 55— {E#EEA T TMV (tobacco mosaic virus) HYFER > @K EHFKHE CPH
B o 1 TMV RISy 1987 EETHERE - SrEmEiEy) R & iiE
P (Abel, et al., 1986) - FafkfE#fE CP BRI IUE « Afg » AN~ BEEAIZE
SVEY) o EREEE RO E S S2 (Fitchen and Beachy 1993) - CP HRAH#H &
{EBH I3 uncoating 5 CP Blfj57 RNA R A EREEEEE/EA (translation) ;
CP 740 i S ffu el S R BB S AR o 1 ZYMV  (zucchini yellow mosaic
virus) K WMVII(watermelon mosaic virus II) B F I\ "Freedom II" HETE L
(Tricoli et al., 1995) o 7 3 1= A8 72 JH B JIUHEH o8 2 R k) f P AR s PRI A B 15 B ik
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R o ERIRAETER - BF CPERTARBERFEESRE - HIIULEFIN MR
e REE L o

TMV -~ PVY(potato virus Y) K& PLRV (potato leafroll virus) HJreplicase &5
WErE EA S UEENER (Wilson, 1993; Mueller et al., 1995) o Replicase P
AT E B R R EAE RS RNA > TILME RNA KF - 915 BBRET S
AR B A 2 = 1 LR AR 2K (S B MY replicase R A H B2 M - (HHBZENH
— PSR o BT AR replicase EHMIFFEER % o I PLRV Z 2 replicase
HRFESHE > CEYPWER  CHEOHBERIPLRV AL (Kaniewski,
1994) -

##f% TRSV (tobacco ring spot virus) (Gerlach et al., 1987) & CMV (cucum-
ber mosaic virus) (Harrison et al., 1987) Z# 2 RNA ZIXERE » EhEfERER
TS < Btk - EhHK 3 RNA RS ERE MG S HERRE > WInE
35 TMV Zi#itk (Powell et al., 1989) o 4} - EFEAERBHLEFHIEH
%A (dysfunctional movement protein) AR AZHIHERL 5 I3 22 RHAET A
BLARRI AR B (Lapidot et al., 1993) o HNIRATEE T A FE BRI RIBE
H o FEHMEMHERAREMEGHN  BERAREZIENTSE RS  25%E
BRI EHEE ©
SMERMRE

FIRER TR EFERE - EEFHRIETK - RFEY R ERH B ER
BB RESE ~ IH BB E A LAY - R IR B R GR RE B EI R
2 FUE R (157 polypeptides  BiE{LEILY (active oxygen species) - fiif%
973 [ TR 9E O m PR L e B AR 7€ (Shah et al., 1995)

S (B A BE R B2 (chitin & B -1,3-glucan) BELEFEY) F EIZ #HA5E 5 1
SRR AR B 5 o RS R R M B chitinase HEPR A 47T H B AR IR
s BT B A Ry A R R A B R IMI B chitinase & glucanase A {5 [FI 058
Hip 4R (Zhu et al., 1994) o 7£ #5855 [F] BF £ 3 K2 chitinase K glucanase 2
A WSEIFHREIRIRCE (Jach et al., 1995) ©

ST TGRSR B B SRR 1 » U0 chitin-binding protein Kribosome-
inactivating protein (RIP) - EEHERFEIBR - BB AZHN RIP & chintinase
HAFRE  HEREY G REOTTEREZER Jach et al., 1995) ° B3 FEAHL
AL EMIEZ S phytoalexin - B FRBTETE B MM E R HinEEER
HIf D o WAk %41 stibene synthase ZE[A ( 4 resveratrol) ERSEIEE » 81
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FEHIHU Botrytis cinerea /& (Hein et al., 1993) o K > FIJFS2E  phytoalexin
R ERREIEY > IR R KR SR E L o

BT R HUFHN (systemic acquired resistant, SAR) 5 BHIEEAHREE (pathogen-
esis-related, PR) ZE /& » #1410 PR1-a » 7RG S K BRI 2 & oomycete
A B (Alexander et al., 1993) o KEFRIHIEE R PR-5(osmotin) » FHZE Y FE 48
Phytophthora infestant A3 B35 H (Liu et al., 1994) o K I [7 EFi#f 46 # PR
B > nTREG S ¥ LB A E HEEREY) - BT PR EE4  FLMHE
polypeptides » f£% plant defensins » tHE# B H BB R EHIINE - FIA0HHE
EjH) Rs-afp2 EIEE| B EAMEY) 7471 Alternaria longipes ° H'EHEYIHY defensins -
A K B R R/ NEHY thionin » HEAEYIRY lectin & lipid-transfer proteins
(Brears and Ryals, 1994) -

EHESYE (H10 HyO,) EFRS IR RS EHE T —FEEEM AT - H#ig
glucose oxidase E|EE5%E » hNsE H,0, WEL » BB ETIMER S MMEEHEEE
(Wu et al., 1996) o KIti2SHEYIHEN:SYE » TTRER BEHEYI 26 B M S i v]
TR o
4 MlEMRE

TOME B 1 99 S B o ) B R AR R SE HE R ARG o R lm S35 HE 6 18 M B M 1Y
R > BT {ATRH Rps2 (Bent et al., 1994) K 3E7if) Pto 2  (Martin et
al., 1993) AR M — ERE YA A R B FR 2 5 FER L TR - 554
PURE N B hypersensitive response (HR) #HBIEA o 55—3810 HR tHEIE RS
serine/threoine protein kinase( BIANEF AN Pto TR ) - /R HEF BHEREE
B (Martin, et al., 1993) -~ 53—%E8 HR HHRERC EOHES leucine-rich-
repeats (LRR) ( #IA0#F 7Y C9 2 ) - HH7 8 BV AR ELAE A W #s I B 123 e e
7 ZWITHEE (Staskwawicz et al., 1995) o

HEFEEREAEI T4 lysozyme BNEIBEESZEIRAIHT Erwinia » 2 AIEE B HEY)
(VI & F/E 967 (During et al., 1993) o #8f K2 o -thionin FIJEEL » B
S INPTHI B 4R E Pseudomonas (Herbers et al., 1992; Anzai et al., 1989) o 1
1R S R NG BER B IR - FIA0#F  tabtoxin-specitic-acetyltrans-
fcrase  EJEEL K #8F% toxin-resistance ornithine carbamoyltransferase ¥/ EL Kz 45
Voo BYUHE SR ER SR (Carmona et al., 1993) o
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* LR EH]

FIF A Bl 8 B R BB 2 ) 2 R A i 5 TAF L B BRI BB 5
SRR S R B BT & VE PRSI A VDI o B R AR IR R B N AT o3
REAME : 1LY ZBESLEE & BiBE%E  (acetolactate synthase, ALS) MIEYEH] > &,
¥5471 chlorsulfuron ¥ csrl £ ~ #{ imidazolinone #J imr Z£[A 5 2.8l 5-enolpyru-
vyl-shikimate-3-phosphate & BB (EPSPS) HIFREH] » WIHTIZEHZE
(glyphosate) HJ aroA H:[A - HUMEMiES (phosphinothricin, PPT) Yy bar K pat
HEA 5 3 HIEIEE BH LB F R » EIEHT bromoxynil  #J bxn FER ~ 1T
IR (triazine) #9 psbA 3 - §i phenmedipham #J PMPH R ; 4.3
Auxin SZESRARES]  IEH 2,4-D WY tidA K dhfr ZER ;5 5 THEEHEEGRN
TR RS » AL 3EDT norflurazon #Y crt-1 K pds ERA (ZFEFH , 1995) -

FIR AV B » EIRAERERNEAE T FEH=(E T RERIH - #i5
itk « OUBE R EY 0 QEFEES 0 ROERKERE (Dyer et al,
1993; Mazur and Falco, 1989; Hinchee et al., 1993) - i i RERFNWEY A
L FEFF S EY D BRSSO EERE o ot Roundup
(glyphosate$# ) HIHIZE & AE.  #i bromoxynil #HETEELHT gluphosinate HRHIZE K T
KEE LHHE -

WAt > FERFFE AR S RS R B AE B2 b o BB R N AT R
il VR B RSB RS AO SR R 2 Y o R PUAREEAIEE N - A AR R
T DGR BV E RS AR se 28] A FES ST IEEY R RER R AVERE - UL
bar LRSS A AR RE A i e S O SR B+ mT DABKR FRAE AR
(Somer et al. 1992) - /2 (Vasil et al., 1992; 1993; Nehra et al., 1994) 22
(Castillo et al., 1994) VWi EEREREK 2 % o DA aroA BN BE SRR -
FEMIES AR o v UERERE « INESEGEEY) o 1t4 0 DL csr-1 ~ bxn o
psbA  ~ tfdA SIEE - UEAEEEREA o 5 BILARIEEIRSE © bromoxynil ~ ERRIF K
2,4-D fiffifsege] > METHEEER AT SE - T DUR SEGER A EE (Wilmink:
and Dons, 1993) o X EPSPS X - fiFsfmsimiat A - BE0n2em 6 S e > 12
Sy EHEETEYI WG » CEBAITIAE (Wu et al., 1995) -

I EiRE LAk

1 % BUE R AR AR R R 2R - AR A2 E - AR

%%1
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EIRE ARG IR S i 5 o BN TR SR F B A Bl 7 A
EHGRE PR ERB RS » ACC GEBERILZ MG HiBES (ethylene forming
enzyme, ETFE) WINRFEER » NMINH ZEHIERL o Oeller et al. (1991) 1 SoiEisg
[ ACC SRBERFIEMT » BEEMRALRETEG » (HRAINZH R
(Al et o EERAYESEN 36 EFE & BREREI &Mt » 7NBEE) B s it i
18 (Hamilton et al., 1990) ~ i HER ZHEKESD ~ EFRELEE - HERER
s (Picton et al., 1993) o HAl > HFHiRFEENEHMEE KERZ S HE (Ayub
ct al., 1996) o FF » FIHITERECI VY - fERZEA KR T2 & S5tk
YR FE R H B B 8 (Wilkinson et al., 1997) o

AR B Y O 3 A S S B R R R R B b B B s ey
L Ed AL > MR F FLIERSEES (polygalacturonase, PG) RIS HBIG RS - K v sk
) PG EREBEIFAN Pl ERIRbEIe s RE - MREEG - Ak - ZHERE
AH#{L (Sheehy et al., 1988; Smith et al., 1990) o &5 —{EZLHN TFEIEY - $54E
FITTESEI RN - EEEHIH] polygalacturonase REIH) FLAVR SAVRTM &if o

—4 (= 2y
\"° E&%nnﬁ

HT 2 2 ERkE R EEECT S - AhEE FIrEE R ST W
e - ERTFIFFEED  BRHASHBETERGEHLE - ER8EL4 Y
WK TREFZE K % 8 AR EAR ST BB &2 Gk~ R BAERE T 2 B DR
ik R 2 EER Wi REAEIERRZEK - B - MiEREOE  MEAS
LERECRN s (IS EM— BRI SR, o A {8 E. coli 288/ ADP-
glucose pyrophosphorylase R:NZ|EE5E » EZHEINEERBMERE  (Kinney,
1994) o HA B T S I WD X BERESR (starch-branching enzyme) FERIE FE5 % »
SO E SR (amylose) RIBEKS (amylopectin) < FLBIBREE R HIE: 4 (Martin
and Smith, 1996) o #HAZKE [ (glutenin) FEREFI/NEE » BB EE 75 Q09
I SeE R E K & B R ANER) (Blechl and Anderson, 1996) o 3 A fERsfs -
il 5B (fatty acid desaturases) FERFIHIZE - SOBH IS  (Voekler, et
al.,, 1992) e WILURER - TENARIRER » 3R EMA R B A S RIS R A HA
iMIERE B 7 » K S e Ak o

FRERRIR » SHEYIR AL T AT AR R E T ERR B W |/
GE TRV SHE - B AR — T B SE AR o T 20K 75 L IR T i
555 % > SH#HE (Johnson, 1996) o HESEEITEM AL » EEEERENE



BYERES 21

o LUK i AR E T A il 2R (W BRE AR IR » B2 T FARY (Ma and Hein, 1995;
van-Rooijen and Moloney, 1995) o [ B B&%E T S i —(EBTHY BB -

+ - WEEE - TEREIERERE

{84 RS R A RO OB BT > RS fIfe R E K —(EEE G
HIBCR SR MRS o (BB 8B R BAEYIBE N RI B - (156533 H B AT
E BRI AE A SR R T T o B AE R G RE RILEYRIEHE F (antho-
cyanin) ° FEfEH FHA A KAREF - KK B 1 CHS(chalcone synthase) -
CHI(chalcone isomerase) K DFR(dihydroflavonol 4-reductase) & =& B# B
FRH A R 223K (pelargonid) ~ 2543 (cyanidin) ~ PAKIR#HE SR (delphinidin)

o TR I RIS i AR 7 R UEE RER W B B G R RBLIEROE - &
SERIFEE# mRNA ~ K38 mRNA 5021 ABISRER RN G IRRERES k&
Bt L DEBESMRE o K RKEN CHS RGBS - EEA
TE5E (corolla) ~ fEAE (tube) HHAFAMBAGEHL - {BRICEERIEROANIE A LR (Krol
et al., 1988) ° <M DFR EREAEFES b > ATIHIRZ 2R A B (Huits
et al., 1994) o CHS R A b FBBEOE S > 108 -~ 168 - 16
Bt 5L (Blokland et al., 1994; Martin et al., 1993) ° # K &#J CHS &
A&t &EENLEEETREXRIEL (Martin et al., 1991)  ZFCOH
SR MRCRGAERER o BRI RG - 156 - Bl SO (Fran-
cisco, 1996) o — AR HEIGHEEM FRAREE R B 6 RO ORIENERS -
SHEEE > TR m kA o A RER R AR, - ARTERK
FERAAE N T A TA S A o S R E & A T E R G B RILAIE
HFT G K& T Y KR 8 B W fF -

ST R HFZehih R E T s EIEYSE (18 ¥ IR) BAERNER KR
FREE AN BH - TR R R IhEERIEEA (Couplan, 1995) ° 6 > BAFTHA
TR (E B R B B R R B A R Y R 2 R T 0 R RIS SRR Rk
BB T AT o A BHVELEE (phytochrome) & HERRIEREEREZ IR » B
T AR 5 B R A B AT 4T1E (Robson et al., 1996) o REITI 5 RGRGR 240
fa] B R VEFRIRRSE » I S RSB M SGE A R RHIEL B o B2 vl 8 e fy 5 K
» SR HEY PR B B LR B SR 0 RIS T S R BURIRER)
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N~ SIRIRHIR 2 (EY)

YIS RIT @ 2 R MBI AR - YRR EZEY - &
B~ ok~ pH ~ Ei5r ~ B REVERNZE - YIRS R Z g > v UE
RFEE IS ~ S BREYIEfEE M REMKAZE - Huist RS ser 3
REFEFE R 2 > QN BN — BVKTe 2 B M BRACEHHBARYRE A (transketolase) » ifif %%
BN — v s 0 EE KRN R > MESBERN -\ESHEOER >
ARER - WEREBEER  TWES &R — B € B#% (choline dehydrogenase) %
& o 3T IR g AR A MR R M E B 5240 SOD(superoxide dismutase) + AP(ascor-
bate peroxidase) * GR(glutathione reductase) - catalase KR o KFHL WIEH
B B EREEIEY) > DUSINERBERIEE T HseRE » WIS o B
T B ER T E O 2R EE A RTH AR TT (Lee et al., 1995; 1996) » wI 3@ firt 24
P 5 ¥ SOD H:[K#5# A K% 5 (Bowler et al., 1991) K& » A8 IRARIG I % —
SALHT ~ FRE R R AR 5 B PR (0 T 5 Ak RS b BE RS S A i s o
(phophatidylglycerol fatty acid) & A BB E K (Murata et al., 1992) 5 8%
cyanobacterial #g AL 8 5 B3R (desaturase) 2 [A (Ishizaki-Nishizawa et al.,
1996) » TIHESAERABE e SIZ B < M ERE R 5 B E. coli #Y choline dehydro-
genase A > A FEEI N NaCl #9AE /7 (Lilius et al., 1996) o

Bl > RESHENR - BRSO BRIV EEN RN BEEY) > g
BB E HIEEE B B Z o [FISHI PR SEEE T A2 B8 5% A 47 (phytoremedi-
ation) Biffr » FIAMEYIHIH ~ RSB MEYIIRE AR B B E A Eh B R
AR REEYE DS HRB(CNAERERR  BEEAEREIIE -

L% &8

EREY YRR S S 2R LI R G ERME KRR 2 PR &S
ZAER] o EMBIEGE S BRI 2K - THEREE - BUBRKIALEA B
() —{ 8 BEHE o KR+ R E (P ERMEK 29 ER - BREH
ity 5 B ERE G w1 s VIBEX EEENSE - HERRENERKEGHS
W HIERER L B LAERME  SREMBMIET R awkbhs iz -
RILEF % ey K amaLE 2k - REHREE K I mE—EHeEE - HE
HZ R BIR AT 2 A G e » BIEERNE G SRR % - EiEEREY
MR SR 2P ERERE T X (Nasto and Lehrer, 1997) o BARER]
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B B R A SO R R R A O AR EREEREEES - RREEH
B o WERF AV AEAEEELEIRE  2REEN -

BT #RE—EHERAENEE  BEEMBITNRRLAENN : BEFY
ERERA - WATBRACRER (R - JBR) - @InTEY SRS SRR —
R mi - BE - et - R 0 HuATETS ERA-EERAENEE
i o FEREY R AR - MR E R TFIRRER DL ERTE IR K o

2E IR

LE = 1993 o RIEEHTEEMNBEIARRK o LV EHEEEEEEN 1(6): 2-
21 -

2. THER ~ T BRRSE - 1996 o BB AL ISE O BRI EIF R - 1o
TR R/NEZE o PBIEE 42 (4): 312-330 ©

3. RBER ~ FEE o 1997 o HNERBAREDERBEEHE W - BAR
B 22 (1): 61-73 »

4 BERHR - B - ER o 1995 - BIREREREE A - BAFEZE  20:
15-26 ©
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Table 1.Estimated marketing values of biotechnology in
USA from 1992 to 2002°
BAL : HESETT

A
1992 1997 2002 g;;z)
B % 2,250 4,800 9,200 15
ta AT 1,050 1,700 2,500 9
BO¥ 70 375 1,400 35
FrR L 95 400 1,300 30
Ho b 10 100 250 38
8 it 3,465 7,375 14,650 16
* Data resource: T3C11J, 1993.
£ EREERNE ARSI
Table 1.1. Transgenic plants produced
Type of plant Examples
Monocotyledons asparagus, maize, millet, wheat, orchard grass, rice, rye
Dicotyledons
Legumes alfalfa, clover, peas, soybean, moth bean
Solanaceae eggplant, petunia, peas, soybean, moth bean
Vegetable and cabbage, carrot, cauliflower, celery, cucumber, rape,
fruit crops horseradish, lettuce, grape, muskmelon, strawberry
Special crop cotton, flax, lotus, sugar beet, sunflower
Woody plants apple, pear, poplar, walnut
Special plant Arabidopsis

Medicago varia, Vigna aconitifolia, Stylesanithes
Other groups - .
humilis, morning glory, kalanchoe

"Data resource: Kung, 1993.
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Table 3.Examples e?f plant characteristics modified by transformation during
1886-1993

Total number of

Modified characteristic field releases

Insect resistance 127
Antifeedant protein
Bt protein

Viral resistance 164

Alfalfa mosaic
Cucumber mosaic
Papaya ringspot
Plum pox
Potato leafroll
Potato virus X, Y
Rice stripe
Soybean mosaic
Tobacco etch
Tobacco mosaic
Tomato mosaic
Bacterial resistance 11
Cecropin
Fungal resistance 29
Chitinase/glucanase
Lysozyme
Herbicide tolerance 340
2,4-Dichlorophenoxyacetic a
cid
Asulam
Atrazine
Bromoxynil
Fosametin
Glufosinate
Glyphosate
Pyridine
Sulfonylurea
Modified quality 184
Delayed ripening
Dry matter content
Improved processing
Increased soluble solids
Increased yield
Modified oil content
Phytase content
Seed storage proteins
Starch metabolism
Stress tolerance
Marker genes-resistance to: 93
Chloramphenicol
Gentamycin
Hygromycin
Kanamycin

Multiple traits
Unspecified

26
31

2 Data resource: Dale, 1995.
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Table 4.Genetically engineered crops are reaching the market

Genetic Trait Crop Companies
Insect resistance Cortl Mycogen, Novartis, Monsanto,
et T or DeKalb Genetics
Cotton Monsanto
Potato Monsanto
Herbicide resistance Canola, Soybeans Monsanto
Cotton Monsanto, Calgene
Co DeKalb Genetics,
m Pioneer Hi-Bred
Virus resistance Squash Asgrow Seeds
Specialty oils Canola Calgene
. Calgene, Monsanto,
Sl 1
OWeT Tipening Tomato DNA Plant Technology
Increased pectin Tomato Zeneca Plant Sciences

“Data resource: Thayer, 1997.
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Plant Gene Transfer

Meng- Jiau Tseng

Summary

Biotechnology has rapidly emerged as a practical means of improving economi-
cally important crops. Biotechnology opens up the possibility of creating modified
plant forms tailored to meet specific agricultural needs. Expression of a foreign in
transgenic plants was first reported in 1983, and this breakthrough has facilitated
direct analysis of gene function and gene regulation mechanism. Moreover, in the
applied arena, gene transfer has allowed the engineering of specific, useful modifi-
cations in transgenic crops. Of the many strategies devised for gene transfer, only
a few have been successful in a wide range of plant species. Direct gene trans-
fer, in which naked DNA is introduced into protoplasts or intact cells, may be
achieved by polyethylene glycol (PEG), electroporation, microinjection, macroinjec-
tion or pollen tube pathway. Alternatively, plant tissue can be bombarded by DNA-
coated particles using particle gun; Agrobacterium-mediated gene transfer exploits
the natural gene transfer capacity of this soil bacterium. This report draws
together the results so far reported on the emerging strategies and opportunities
for crop improvement by gene transfer, to provide an overview and suggest the
way forward for future work on plant gene transfer. Major focus is the recent
success in engineering resistance to herbicide, insect pests, viruses, disease, delay-
ing ripening, nutrient improvement, alternations of flower and growth patterns, and

environmental stresses.

Key words : Biotechnology, Gene transfer.

Professor, Department of Horticulture, National Chung Hsing University.
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