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Environmental Impact Assessment of Transgenic Plants to
Target and Non-targent Organisms

C.L. Wang'*, H. D. Shih* E. C. Lin', and C. Y. Lin’

Agricultural Research Institute, Council of Agriculture, Executive Yuan, Taiwan, ROC

Abstract

The decision of whether to release a transgenic plant from laboratory to open
field is closely associated with the results of environmental impact assessment. By
realizing the risks and the consequences through the process of the assessment,
harm to environment can be avoided by developing approaches to prevent or
manage these risks. The possible impacts from transgenic plants with or without
toxic or antibiotic substances are different. The assessment should be conducted
case by case. Cultivation of transgenic plants may cause the occurrence of new
diseases and insect pests, the outbreak of minor diseases or insects, or may harm

the beneficial organisms. This paper describes some important assessment items.

Key words: transgenic plant, target organism, non-target organism, environmental

impact assessment
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B AF 8,100 F 2B e 2% o H L B MR g T8 ik 19% o e pE
5 g R A B e ik E (T o fBtE G A A 4 0 T 9%

KABT e h P B E & S (T2 - > DIRATE S0%6 A sk B A
a0 R ML R F‘ ok feanfiiio 4f > 35t 2B L5 90% 5 HP
ARG T ST 2000) ) LSRR DiEE ke
LERY BATES R BT NE B LR ES A o kAR A TR
e gpﬁ B E 2 — o 3T E KA AFE AR T A 2 o 1\7&,
BHAR S 0 # FRPUR ~ dRB - Pup 4 \#mvfw gy (s @@ %
AF e s B BEE T R feSE 0 S ATIEA R T A 2
ook AR e 5 A T LB (phytase) Kk fe ~ R K B X & Jfﬁa atyg;
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S FE K AT A e

B | R B R e

BT BHFL S BRESAP) A ITHAT R SRR s A
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AP AL B REHBEEFLIAL2I Y YR EFEOR R HATS
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%g%iﬁﬁhﬁmﬁﬁﬁo

=
A A RIB AR LR & &} AT
i
2
¥



I
‘_112
r

r\l

WK GRBOE L RAC B e e SR B
KAEF R TS T A D

% SHLf S AT B 2

- 4

j

BRI REE WA R LR
ﬁ‘m}_{_\'ﬂ],g’_,_, ®

—hr%;:i’# %%\UF'&B J\ma_
FLRE LA PR P 5 0 T L § I e
B AL T e B~ kS B R Tl

=

[
BpARAREET » § T
Bef B H S I
SIE Y E LRSS SF IR R
I - I GEPE Mg K
mqa o$;~%éﬁc%ﬁﬁﬁ%$°*#Tﬁﬁméﬂﬂmﬁf
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KR AT BRI AR O R EREMNTZREE (DS
iR %) 7J<7f~fﬁr,¢t, FORFER T A TG Lo ApARd £ o I A T
R R LR & S SO P SRR T SRR S PR R Y ]
2B *ﬂﬂéi’ﬁﬁ T4 3 83 03t PR A PG 2 'F#f'lkiééﬁ& A
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LA AL R Ak 0 B3 S AT E (genome) 0 F Pﬁz&ﬂ_sﬁﬁgﬁﬁﬁ“”ﬁ zt
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O. rufipogon Griff. (Chang 1976) 5 % & 4 4] » B3t AA A Flle » 5 8 & & 3§t
FIZATHRAEF# 3P 21929 8 900 » F A A v e iTe &Y FR> 1 107
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FINt- 0440 $ 81 3BAEHEGE > L9 1,000 7 i &sey
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MEEREFERF RB%F (R CBRRXZRE) ol FBGHrR £~ BIF
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Frim A - BT adE 5-10 A 48 o F1ER VAaFLLRABFERY2I 43X
e f““*"’ AR P 7J(7f'€5ﬁ_5?\ HAER G [ ﬁ”&r—g L F 4 AKE 40-44C8 0-6C P
g@«%ﬁﬁ@$%§ﬂ%%’ﬂﬁ+é%ﬁﬂﬂ@’@%%xﬁﬁﬁﬁ
oA ) RAFEAA HEER

(Jodon, 1938) o -k &% B ?iﬁﬁﬁzitiﬁ v A A ﬁ}
SERI RT3 < e S E NP R L L ‘T’ztk ] l'rr%}% FAp g M o 9 IRk
s € -] 3 1%(g 0 1994) iézj,}‘ﬂu o AN sk e M) o FRm ek ok
;ft:ﬂxﬁ/d A E T r‘]—% M oid = TL._},,MF & Eu?,«i ¥ % Tﬁ;}ﬂ VS S - T J\jffﬂ
PR B RE KRN LSRRk R L LB D
10-16 * @ <8 (16C) Viv § ¥R k% v 3 =2 (Linetal, 1974) - 82
PRORFRT A AR B B3 0 g Bk AeT 8 R(David 2003) LR T § T
PEE M Seeds i g o d SR Aok e KA fest ke A 0 o
- E2 PN E TR fo- X2 ) B AR - K ,Tfup e R G e
$§ﬁi££?1g?>“?h$§5§’Kﬁéﬁ °
(3) w4 %‘f b kA 2 Mﬁﬁ WA TR - T S
ME el AT Ul F R o 2 G 2 B8 AST I 45 31 fs(asian rice
Oryza satzva)'fr?f/l 32 f&(african rice , Oryza glaberrima) » 32 5 = % %4
(2n=24) > B> AA AFle > ik AFem® 4 &t » §H5F 1B
R RT F o RABIFE TN o - HIEREEERL T fEth o B
APl penlid fosed > S F4pg M 2 Hapfdis i ﬂﬂplkﬁﬁm
SHBES DK AR - TSR 4§ AA AT fed 4 ¥
ie B A TR A G o ARfENR Y PR RV N £ - LBy
M G EGR S AR 2T S Ao A AL i B ( Echinochloa)te b e
Song et al., (2002)F] * #& bar & F]-K f&2 4 I 32 2 B R = 2 B e e
ﬁ,%%ﬁﬁﬁﬁﬁﬁﬁ%ﬁ%iﬁiﬁﬁ*ﬂ#ﬁ%4é’*ﬁ%?@ﬁ
FHE VR AR R A EMET o FREZEF IS - Song
etal, (2003)* 1% % | = 2 (% Pk PRt F Rl gk Tl ) A EEAK
FETER M E I o BEET AT B ETRIERT AR
MY PR g Rk 2R ﬁ%#%ﬁéL%ﬂ#ﬁ%°
dﬁﬁ%ﬁﬁ*%ﬁ@i@%ﬂ ER v a (i)
B fes HW A TG e A% s By M~ %M Rk
fﬂ?#z’ FREMEIERPeE o A Fl el bR v & o

%rfﬂ‘**%?ieE e R s
FE K el 7 AL F e pAR
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EAKAEEARFINGRIEALEF - BRIE - EE TR BT E L
Wi o WA KAETHPBFIARAAF AT F Pl R84 LE%E K
fes H B R R T 0 B R T b p 2GR T Y R A Tl
HiERSSNRF - L AR BRI ST R E e l*f
%47 EE R TR TR PR ECEAD B AL B AT G o MR e
B BEAL ¢ 5 - LAY N Ripl Ay P AR AR fE T B2 2 e oK
FEAAiE 27 2 w7 RRERE Y R B - F BRR R HE S R Tk BT
FER o B % BT FER R SR F REAE R 4o A PE > 32 F A3 0.01%~0.7%
(Estorninos et al., 2002 ; Zhang et al., 2003, Messeguer et al.,2001 ; Chen et al.,
2002) Fd oA Bp A A L A FR G 2 % T hEEdE(Manasse, 1992) ~ % #
~ ] (Farris and Mitton, 1984) ~ i #% & “&(Klinger and Ellstrand, 1999) > f=i7 £
Fif &+ hig% (Arnold and Hodges, 1995; Arriola and Ellstrand, 1997) > 14 % {&
AL A R R L fe k %u(Govindaraju, 1988a,b) ~ ## #-7¢ (Govindaraju,
1988a; Hamrick et al., 1979)fr i~ éh%z 4 (Ellstrand and Elam, 1993) ~ B = chps /F
e HAett(Jarvis and Hodgkin 1999)% F1 2 #7258 » ¥ b i if it 4ok » -
BEvERIOBRRS 32 B TEOEI0 T T RE RTAATESS T o
V- B S AT AR ko e B w2 o AR
B B RASICE R R D BRRT AT Ay B A - BB AT ekl
FHARAEIEL S BN 2 F P % 5352 p 2 5 (volunteers) » B fofs s H T¥ 4 s
ThfERR i%%’ﬁ ERBEHRMKR O 2w F AN GREY o ¥ A KA
ffééi“]’(ﬁ;?é AW EEEEAY > RIRLEBE R KA BRER “F"
TV oA B2 R ASE 4 R e s iR 58 AL F]7T 4 (gene Contamination) e

“x =
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FE T MEA AT RGHN 2 TR B AT RE 2 G Py T AR

Pl Bk e e R E A AT B hG R B PR R
MEBIFMNTT - ¢ HEWA RGBT 2 T EE 8 4 5 j2 ,;a; Az o
AFVEREG LR B AR T DTG LT A ﬂ%‘r:
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FA— P

EHGER? P AL O RTEALAT NS BT § S

Hb®d P ALl afih? i R G & T rcdnP oy L7 :t:t JEP W
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AU IAFEAE 2 LB REN R A2 b GG e E
P~ 2hp R ok 2 fUiTd B MAER R TS o P T SR
LR e 2 T e A KPR AR EEF
FaHg AR FRIE fFFAE - RAWKE - KRB - AR (A5
& CE e PRirdpths F AT EE Y 2 N R &
AR R EER G R FE ARG LB R E R
PERLIPS L SN W R NS W EF-F I ER F RERVE N
B RN R G TR AR AL G F R F e BRI A RE R EE
SHECE DS AW EPRLA W E TR GRG0
FTEALS FThoFEEE 2 PP RRE f”‘ﬁﬁﬁﬁi%%m
A FEE O g2 7 ) ﬁfﬁ#ﬂ’\wz#&* ot R S o fit o
BREAEFBEREX 220F 0 TRNA AP EFRD N2 50 o
M4EF @ el AFEAE S ~ KiciTh %G~ RBEX 2

1980 & R isHp > AF|EAw L E > 0 F’a*éﬁﬁéﬂ?& b RTHE S PRAA T A
T2 s Him B T L e A H A e AR UL | 5
Falde 2 B R M7 21990 & A.u%’,—i\_@wg;w é»r‘ DCAERSRE BT
MESNAAZTIEF S RN E o F HMEBERRZ AT T TELEE
B ERAIRT o S ATIEAEFFEL LR é ji o

7 T 7 e 4 ’é_I%\»P‘)}L“ﬁ BRARRERT MY 2 FRBL L
FomATZ G BATH 2 b R 2 B 1980 E R ALY A AT
BFEPEE > e e AR A £ B 4R 1989 # 2 & % TField Testing Genetically
Modified Organisms: Framework for Decisions y ¥ 2 # %] % & T Enhanced

weediness: a major environmental issue ; /i 52 4p B 2_ B 42 (NRC 1989 ) - iF 3 +

* U iEH (T a0 myc@tractrigovtw; % T 71 886-4-23302101-602; @ . :
886-4- 23323073 )
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pE LG AER lgk%ﬁ#iﬁfﬁ’fi%i%@fﬁ?& LRE A 2 IR o S e
f%ﬂ%%ﬁiiﬁﬁ*ﬁ’ﬁﬂ°Bﬁ<%@4ﬁiéﬂﬁﬁﬁ#ggwg
WP oA R A 2 & B8 s (Agbios 2005) o RiE B cf B OA LB R
(glyphosate ) * F|#% (glufosinate) 2. 2 i * > » ji74 fe ¥ fid 4§ 45 %
FiEf2 & 5 i ol o

*éﬂ“QNPP’%mﬁ B2 SRR R B L 2RRETGH
R OS5 =08 22 WUh S il JE IR

(- ) EB=EE S8
Wip* vy ey gy ~ B B ORI HE 3 S AMEE &
FEAGEY 245 of 2 2 FF R FFIE 32 M S LMoY
AEf B mE R weed BlE TE 5 2 £k o FFR K Y > weed - &
Tdp s SlASR AR 2 X fi e (¢ F R 2 ﬁ KB i) T ER G L
B2 & » P EA IRV FEER - FRRETE ¢ JARRY W
4 KA 3 X g2 54~ (A plant growing Where it is not desired ) ( Randall
1997) o Randall 5 sE#-3e 3 294 R > AR 29 % ~ Ja35 % p RER
2_FE o Aur B ¥y (agricultural weeds) -~ foi fe ¥ (range weeds )
B g % (environmental weeds 2 (natural-area weeds) - -
FeR s FEjeil R Rl IR RFReR c SRR B NEEE R
B2 R FoRAR R YV IRE LR X EIRER 0 REZ
Adp R f B G ¥ AT REFRY 25  RIERREIFY 2 é}]?%’i’a
GEHR AT A
Ef 2 FESFFIA F A LR k-l 5 ARG "\’*‘?“fﬁ—
c v
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4"\1
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-
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S R A ?'*7%+,w%ﬁnﬂﬂtswm%§ﬁmp#’»
FTAFVC2ZIE c RIS KA B FEIAASY > 38Ty ) - F

Sl | FHEAPME > PR RN TRE ) L& s T
HBEfEde MDA P 2R he k2 RS2 B USR] Ty
K, T, s THAfp, $34

iﬁ.p?*%'fiﬁﬂﬁﬁﬂfﬁﬁpi—iiﬁ
* 3 1 —»v%ti BARENT 2R e BHEFT YR
£z R 2 ?H#(B%ﬂﬂ%SHM-%*) o s AT A 2 BB
s ARz T G R df o Baker “TAIE F B - MAM LR 0 L4
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2.+ 4 (disturbed habitat) » 2 5 FR i 45444 i * 3t g #R4&4 (Hancock and
Hokanson 2001 ) - Keeler (1989) 2 # 7 ¥+ 23 & ke 17 A% ~ - &4
Jfﬂ bh’ﬁ T4 #7E 5 Baker j2 ¥ {22 Lot o w5 85.6 ~59 2 42% - Baker
TR Mk G L ded B - A T4 (Keeler 1989) @ B-if 4 £ -~ f&F (KR
ME L 4 ZEM S BEE P (quantitative trait) (Basuetal 2004 )
REAARHRBRZFTEFEET Y TR AL LM FTRA o
# & rselected % k-selected fi - F M-% 300 FiR A P2 EING > £ F 4

LEPmapdd R Baty s gRAES )3‘;7]2)}9‘7-,}/}7 ik EE- TR m;ﬂ!z
-t i fed AN B2 Rl w‘a f -+ 2 g 4 55 % 2 (Booth et

al 2003, Rodosevich and Booth 1984 ) - BB G ¥ X F 42+ 4o v ~ B -
EEerE 4 i%‘ii’ % % r-selected o % =~ B )T%\ L 2 fE4F 5 5 keselected £
¥ooh— 3 5 B B LAt fE (stress tolerator) © % % % A B TR ERY
%ﬁﬂwﬁ%%%4$x°r?Lﬁﬁ$%gﬂ’$%$%$@E§E%
R FTRAAREHIRF RS AT A A Bk FRE BRI e
i F & (Cyperus diffomis) 3 % v 2_% '3+ (Cyperus rotundus) B ARs W
BRRFER L > BHFARFEL P EIORRE S F °

gl WAEHEIL G

T ~2, (F Mt L 208 3. & H 2R S 3% (Ammann ef al 1996, De
Wet and Harlan 1975 )

BiEf o Ao it WA g orifo bR E - ER-THAE PR/
BT AR R B AP AT R R T AR A REF L
PRy THEA  FEHREET 35830 GRE B P39 F) ~r B
2ok % LA R 2 f R o

BRI T 5 W a3 AR R gz B o DA T AR
*fﬁﬁﬁﬁxi*‘ﬁi‘%2~ﬁ%rﬁ;§£%ﬁw%Jo&?ﬁ%g
TR RE G O AR RIRR Y F PR T MRS 2 £
ﬁ#’m%%%‘%~i;f§3ﬁﬂ“%rfmﬁ? B AR h# By
ezt ktEd o ¢ PR R T RATTF L AT HRBEZ S 5
2003) o M R2IRZ R REA G 0 ;%uf#iﬂp— FApIT2 T4 46 13 6+
mf%kﬁfhﬂ* ufé TEHM A TR o LRI SRREIT AL BT
BAIE R LT o S FIR2F & AR (Secale cereale)
( Beta vulgaris) ~ i ¥ (Brassica napu) % (Ellstrand ef al 1999, NRC 1989,

4;:
Eis
4y

U ol
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Ammann et al 1996 )

- ) BRRRS T
ARG RBELGFFFA ST @& AF2 06 (Ch 1Tk
2z HES AFIHE AT A s &S ) FWIESF (Gl i)
APRERALF (FHEFETRIERAF CETFRA A IRE) 2T
Fult T4 o
b & F]+ 2 332 (hazard identification) ¥ & 3 12 ¢ 2> T X R L
A FEATEREZ R D YR E GHRVERRGF]F L5 E (22 )
LHEHEETFF TR 2Fc  HATA L a T ez EaES D T 0 5 B R
RT3 OV oL oA & o RIE O 20 2 N 5 % logic Tree Analysis
(Fault-Tree/Event-Tree) 7 & stergs &7 2 F1+ (Koivisto et al , 200INRC
2002, Hayes 2004 ) -

(- ) BEERlaE 23530

48 A #_(science-based ) ~ # % (case by case) % ‘' $i{+ (comparative)
- B AZ R cRABAEFFZEER TS AF T f20p
REBE®2 4 8 (Ammann2004 ) B # kiev s i3fe—- 2 &8 f (R & ol
BN R R ) 2 R BV ERET AT TN B A 2R GG
PAEAFREAES P B ARt E e 2 v s AT
Tk &2 42& (NRC2002)- + #4504 =% >3k T3 (Cartagena Protocol on
Biosafety, CBD 2005 ) #73 3* 2. 3f I# Ja B| ( precautionary principle ) B| & 5 4% %
miZ p A4 % (Gray 2002, Hayashi 2004, European Commission 2001 ) » ¢t
RIZ 3% Vi $REAL FPRER G F R~ 0 R EFBERL &
AR o

™2 Rk i (risk assessment ) ¢ 7 b *& ¥ % % % ( hazard
identification ) ~ ¥ it 44+ (likelihood, probability ) 4 #7 ~ {¢ % (consequence) 4
17~ b 'k 42z (risk estimate) 2 2 FE T 2R FMHLAITEE ~ | R F2Z b %G A
17 (risk analysis) & ¢ 7 2:F T p bl 2 b "G ¥ 722 b *& /1 (Hayes 2004 ) -
WYy S T ﬁfﬁln\%‘r (epidemiological analysis) ~ o5t ~ & REF 2 ¢
#]1E21$% (regulatory judgement) %35% * 3tiA 4 2 b 'R H 2 F 12 i
R FEERB T 2T AL RRRREEG B RS A RS2 E R
BRI I SRS RO ATIRI IR R U (T o A 4T (NRC 2002) -

lbﬁiﬂ(ﬂ%&\rﬁ@«f’"%i"?;"T'L§*”>7~ b'g A 475 AR 2
MR A EERS A - BAFEREHRERR R ED A 2GR
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EREF R (dose-response) g ;E;k f?g ¥ (exposure) F 4% £ 7k w3+ 5 (risk
calculation ) » & # * "*‘ d BB AEE "fi M8 T8 2 b % Bk (risk quotient
= exposure/toxicity ) (EPA 1998) c AV ERZEZLRAMEREZ LR
( quantitative assessment ) o # @ FIE R 4 > AR P 2 B RRICE P4
Feod WRFEI A LEH OB A CFETFEAT LG A2 R TR AP
TRIEE o R GRS Stz 2 i (qualitative assessment ) ©

T E § TP b & w4 7 a1 (likelihood ) % {8 % (consequence )
g @7 ¥ N RJLA e F 2 RIER R bR IF TR H 2 AT
Rpw] it A 2 tkgp @ 3528 FlEE4E (Ervin and Welsh 2003 ) ~ 2 #]i¥ * (Hancock
2003 ) ~ #g i :}F # ( Ammann 1996 ) % -

BAQL L 22 @ARFREL G AT REN L2 PR e A
oAk 1;1‘—1" ’# TV R MR bR L ek B d M2 16 B LS FIREK T
AR R ER (VL -negligible » ™-low - * -moderate ~ % -high) (% = ) >
btk EBRiE- % 0GR YR P I22 % & k45 (Hayes 2004, OGTR/Australia
2005 ) -

(Z) BERET LR
WAL F 2 RER TR R D AR EF s IR SR
LB ZE b b hiER 2 AA L (NRC2002) - $th 4 515 (hazard) 2 4%
RAARMEA D B2t P ol @i A erE 2 2 LR R R Y
o HagfeAz R LBt oA FHEEHT LR GT6 0 RFTEE FREH
4

REFHEATFIBRAES 2P 352 PE2 3 2R A FRARES TR
ZA4 o ERALE R A R BB G R PRI RERE H
AR R ERLE G| ;ﬁ—ﬁ? w31 EF & RI%2 APHIS 38 (permit) # %
i ¥ 23 &~ (notification) 2. % ;% » ¥ 4|14 3 (control release ) & {7 @
Rz 1987 X 2004 & v RF 38z © 42318 11000 =x (2L) > % 2 8 4~ 42:F 80
#8.01992-2004 & > v ki 345 0y 2E 8 4] 2 > (non-regulated status ) 103 %
HP 67% (7 15#8FF) ¢« 73 £481 2377 (APHIS2005) o # 1 ¢k
PROFHEAGBLGER FEFELRE BRI S AR A BNER
( Agbios 2005 ) -

|

T EEEEY Y R aE 2 2 FETES
17 4 4 SR auﬁm GERTFEE R TR TS Y

> (weediness ) ~ #% 4 (competitive ability ) ~ & 5 £ (persistence ) # % ]

Ilil

(?J’r
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it 5 (ecological fitness ) » i#38/H A % Bfv2 M > H- g k2 B4
EJEX N A ;Jf;‘r,]v} ’ rﬁg@,ﬁn B T RER SRR G2 kA 2 E e d

PRy KU R A R 2 E&Fﬂf»x%ﬂ’i ?;;éi%%?ﬁﬁi
2.5 £ % (ple10trop1c effect) > o A FldFp2 sgpls 7 H BT o

(=) 22 SENTFEENL S
S PN T L ﬁg;gfg,fni’:% AR R RIEGORAE T AT i,%ﬁ;f;»

ﬂﬁfi&%?“"* *vﬂﬁ+--L 24 ﬂ”%%ﬁﬁé fk
FACRCEEFAR ZFERE - EAREFFTE ARl SEAJ
EII”/EJ;}%‘&%T‘%:‘L ’ ﬁ /E Pé‘? I8 p "}’ 3PN lhﬂfp,fn J'_Ip."i"‘ f‘;,#f]‘ﬁ-o

o A MK (trait) | FREREFGE SFT AT A REFME 402 FiE
He~Fad e FAEM) EIRT REREY i@q%“"ﬁ?fﬂff;‘ EERA
% (APHIS) #+% 6% b "% :=R ¥ 3 1%247%%{5%“ 2B TR KR
T B LK 4 % 10 7 54 2 E(APHIS 2004 )- % 5 fie & (climate-matching,
environmental compatibility) : kpiEsr @ foa F FRIZ BB E § izt > %
BTz BrEHIHRES 2 R ZRBIEE PN B2 A5
BETARE  AFME I RGES L f 2% ke R RS
2 (taxon) 2 M AT b "GP 2 B KE ¥ 452 {If»#ﬁiﬂ o & /b iﬂ’;’&;
Ry SRR 2 SRR VAP W AT ;’%L (;}:53; 2004 > Groves etal 2001) -

LR Ny 2R %‘—kiﬁp‘lﬁ— FE AV R ?Ef" o B oW F ER* 2
FEX R G LR O SN2 AT ESVIERIME kR DA AR T
EH T UEAFET RGBT T RS '*““FYEE‘J" i F oG EH (false
positive/false negative ) #i > (& % 2004) -

TR Tl AT i:’lﬁ{%k“ #l 2 % (qualitative) 326 o 3375 X 4L
Worktz 3 R3S E d FR2Z AL LT hGARRE BN RER
T E Lt &“iﬂﬂﬁa,?"l“/i\ # (domestication/cultivation) ~ F % £~
# (climate and dlstrlbutlon) s H b R (Weed elsewhere) ~ X £ % &+

(undesirable traits ) ~ Al (plant type) ~ % 78 (reproduction) ~ 47w #4]

N R b R RSB RRR S 2 A NEEZ S 6 2R
4 13

(dispersal mechanisms) ,Ei’#.f AR (per51stence attrlbutes) FAAEKTT
49 BIERE 0 FRET R AP cEHE TE )~ TFE ) A2 (FF o 2852
FEBRYEARTRP LA UEF] B0 A ATFEH RS o R A foi
PHEL RS ERHI L0 357 A 5 H (<0) KBSk
%

: )\"‘J—Av\—’a*‘6(>6) % “ﬁM'L%J)")‘L‘v\WAO6'%% rL 4

-\1'\.

(Fné_iﬁ*

W

- HE (EE 2004 Blosecurlty Australia 2005) -
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PAORFARS R BT ¥ N2 EE e 3% (release) 2
“ﬁ% - Hancock and Hokanson (2001 ) 323 *F kg4 2 7f ‘/E'J'dH'« R S
PIVAFIZ AR o m L AR a2 B - A AT
ﬁf‘ﬂ}fg*ﬂ? BB 2 R R RO .,Jfé S HESr T

W

(Z) %?%ﬁé’k@“ﬂj ER T
PIRIE D CATFIEAESF LT AGTFF AR L FHF AL R g RSN o
4 1+ (competitiveness ) ~ #F A & (persistence ) ~ » &+ (invasiveness) ~ if
&4 (fitness) HE WAL TL 2. GF * 3F > 7 {445 1 2% 1+ (weediness )
Rid o eIz FEIFRT 485 IETEJ"@Z{ HERmMEFL  ofd+ kR
Mafa3E 4 a3 F T 83§77 ~fitness component( survival, pollen, viability,
competitive ability, seed quality, growth rate, time of flowering, flower production,
visitation rate of pollinators) % (% = ) 7 235 P ¥ Ao 5 L & B £} K
p’% ELFELFE"H PR E TR F #3“11¢f?«FJF$'ZB"  ficy o
PEERREIT U R 2 Bo A BRBE SRR ARy BB R TR
FEEFVLXAGEETB Ei"'#é’ ik o b2 BBPIRE L S ode
J/fﬁ‘ffié‘ﬁ&ﬁ‘?ﬁfﬁ 2 B PR AR ET A R2ZIRB Y RURR S
B p o2 —!:}_'szl—”m«;ﬁh“ﬁ’é“rw‘ﬁ* B2 LGPy ERY
F4p T @ TR FATF o R HTZ R A AR A &
B2 23 %23
2. FF KRR (tiersystem): =973 % 38 0 2 Bl3EAR S ¥ ;1 YR TR
FAPHIS % %.1980+# & i Il ixfp g wfe 2 3 4 & (familiarity ) # {7
Fefidede 2 3G A2 o $° B2 (74 2 A MPPEFREG F2 548 (NRC
2002) - ¥ £ %‘i’ SR 22 £ B EJE S N 32 Rissler and Mellon #1993
E 3 32 } AR T2 50 Gk ke (Kjeeretal 1999 ) gt 7k buz 3 & 20 4
Liw o

3. % % (risk level): % § # XA Ekh 4R FLBMAI - L H 4
( Ammann 1996) #f 3 554 B g v pR AR TR T R

(diapores) 25 e B2 B0 A A}Vﬂl]‘i']é\ R B AT 2 61 F & er::&@

2_ ¢ ¥ 45 #% (dispersal index ) * 23] 4 {84~ 2 323 b *& ¥ % - Hancock (2003 )
RYp 4 (v 2.~ B4 (potential 1nvasweness) A e 6% B s AT
T4 4 fiif b % (fitness impact) A 5 5% & (1-7 &5 F)4emarker
genes ~ 2-7 1A F| & f£22 72 5 Fi%‘s‘é«.f:&w%‘“ SRR R R 34U
i’f@'ﬂlﬁ"] cd-dmd c BRETAZKAT S IATIHE AL 0k
AR %A AP /ﬂ\zi%é?)’#éﬁ#ﬂﬁ—t&’fﬁﬂ:.-“5»11‘;@

I
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( crop-transgene combination ) > A-Z et b "G ie R (£ 7 ) ; Hancock
e dEREFACEREE MR TFFERE LGSR F £ ft
2 2ER o
4. R 2 S REETHE C FRLFEM LY o bR RIRIEHR S R
ga%ﬁ’ﬁ:a&%ﬂ+“@ﬁ Bt % BTz AR & 2 £
BB B FRAM A A, A RSB A2 LG E 0 T LB G
B RBORFEF HAXZ B AP REAEZAFRL L%
W2 SRR T B E A T E 43516 (post-marketing ) 2 b & F I
(risk management ) e
FRBIEAEE 2 DR PR BT LR IRETR /E’f R ERHR
¢ (Council for agricultural Science and Technology, CAST ) ! 44 T Comparative
Environmental Impacts of Biotechnology-derived and Traditional Soybean, Corn,
and Cotton Crops g & 4 ¥74p B = /ﬁ"%’ WL oHIAREHeHAFFHAEL 24
RN A ?"C%’dr#ﬁ‘ PFrrRA AT AT E 2 755 W2 kB R % (Carpenter
et al 2002)° £ E * A2 FHIFE LR LR EF R FT - Crawley &
2T WA TR A gﬂgarm%m(Man%»wwlmﬁ)@m
AR ITH 2 0 BEE A GHEAZ N EREZ BT (Crawley et al
2001) « &= Wi E2 k¥ A5k (farm scale evaluations ) B 453+ 1999
ﬁ@S&,%asﬁwT4%@mqu_iwﬁ,2%nfhm$ MR R
Pl -2 b2 iR eS5r B P27 600 § 585
T Gi AR 2 AR EERLS G ]@‘_ir’r_f—'\\;_ %] (Heard et al 2003,
Defra 2005 ) -

T\ R S e ST

ES @?]_iz#r?ﬁf%e PR IR RE RO 1992 & Calgene 2 78 § iv
(Flavr Savr) 7 AP~E 7 ££3823%7 > 1 2004 # 2 0 B3vd b 2B 4 ¥
(APHIS) ¥ 87 #4322 % (P non-regulated status) ¢ 3 67 B - 7§ ¥

BEPAL Do FE RN FRRA G AN L R Y B EGPB
%5 LT k2 e B8 (APHIS 2005) » ﬁ%aﬁ%?k*ﬁﬁ+éqﬁ
# & ( The Office of the Gene Technology Regulator ) 2z % j F # E

(http://Www.ogtr.gov.au/gmorec/) o Bt 2 FEHT * U - Z RE ﬁ ’ha Pz
PPIFRZRENF o

(- ) SwEg e
Parker and Kareiva (1996)% 4| * & %= it > vt §& 1992-1995 & & %82 3
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>3 %7 Faé;i’:ai% ERoWRZERG i s AT A BB FEE B
FEoREBEORNLILTH SAN YR FFEREAE TERL
v FFRE e 501 A0 Baker z ¥ #E (£- ) B IR SR W
Bofe i o g AT D e RARF R 2 20 v AR fs#ﬂﬂ;}mgfi@
SRS SRS N (- AR Wzﬁlpéh%%.4\% A R
PSR (weediness) 2 @#S% b BAT LB~ (0-5 %) 2 i F K
¥ 4 omipe T4l 84 > Parker and Kareiva (1996):3. 5 i& 5 > 24k Z P v &
PSS ETE IR

(Z) #REZHFE]

A a2 K2 R 1990 £ ¢ B LS o REAEEHITEN R
RFePHLAR FTHEFPICHR? & RFLIRTHZ-RE-LR2R
FATARLG R R ALY i&?{i Fcase by casej 2. &%

24 (£ ®):1996 # Monsanto = 7 z Bt # %] (Cryl Ab) @ % 5 MON
810 z_4p B T4 » 4% Agbios 7] 5 BB b “ﬁi*%—??ﬁ ) (Agbios 2001 ) » iz i» 3%
2P REZITHMBRINGEFT IR ORI INGE- FRZEEFTHEIFT S
Z i (MON 810 £z f 2 T o5 5 4 4w 5 87.1 2 90.6 > 3 5 & 4 [fl ~ &
5711943 2 789983)0 R 65 E B p ¢ e MK R 16 2
BFH T 22 Fhit 02003 # Dow = # 2 Line 59122 i (Cry34/35Abl )
ﬁﬂ“ﬁ%fﬁ‘ﬂ (pat A %)) 258 > HNFE P I 2 ITHBRIINGEE- T 22
F $a i 22004 & Monsanto 2. MON88017 3 4.( Cry3Bbl )n’vff“f 3 #|(CP4 EPSPS)
LI HFL > RTZ TSR IINGE I RS T2 it e AR e f
FEING (REI0F ) F 22T HRAF T F - AT kR~ Tk F
2R ERS P RE SR FHEF RN 2 £ 20 =0 Rl

( http://www.aphis.usda.gov/brs/not_reg.html ) °

vwE (£W):1997 #4 AgrEvo =& (© & » Bayer) Z nﬁ"fi’ﬁ%id] ;TZ
Event T45 #7# d12. 384 (515 F ) 713 #g L= T4 (LETOF )
FRARIR'GLFR2IAD ¢ H£F T ﬁ* dA S ERHEF R (ﬁiﬁiﬁ
4 ;J,r?a-a )~ ek RS (aggressivity index ) ~ B # 4 5% ~ #m}ﬁsﬁ_" BB F

I FET (FPRRE R F R AEE ) AT 2 HE f#ﬁ?lw R
( PERERR) F oY WORPREF 2 AN E SRR 2
% o H N 32 o oR ok oosm £ OB & {22 oY M
(http://www.aphis.usda.gov/brs/not_reg.html ) °

t#h 7=(;£ )12002 & Monsanto 2 @ 7 Bt & FI(Cryl Ab)fff 7= INGARD
event 531 = & A FIH e 417%2 % (Office of the Gene Technology Regulator,
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OGTR) ¥ 37 #4335 (commercial release) 2. i ¥ #3+ 121 T (DIR 056/2004
- Apphcatlon for licence for dealings involving an intentional release into the
environment  Risk  Assessment and  Risk = Management Plan -
http://www.ogtr.gov.au/gmorec/irhtm#table ) }eE 0> 5 6 F & 71T H ~ 2
WP LW T I 24 A RE A C3IRE Y TR 2 B
(volunteers ) 2_% # ~ 4. INGARD Tﬁ: oz 3% 4 -~ 5INGARD Tﬁ: PR 1
Mg o IR L 2 B TR (AFAgF BT ~ i FAA 2 Fd ) AR
&g ¥ — > = 234 4 (Northern Territory ) 2. v [ ip|:#4r £ T Evaluation of
the Potential Weediness of Transgenic Cotton in Northern Australia y ( Eastick
2002) °

RE BB B

FRMIAATIE AR PR AZFAF2 4 AR A2 ERARHLREZ 2R
B %4 & Fx (The National Academy of Sciences ) i 3% #& 7L FliE 423 51 11 37k
"% ( The transgenic process presents no new categories of risk ) » @ & 5L f& 2 #
T AT A A 2 Rk (trait) RIBT ERF 2 b %% (NRC 2002) - d 3¢
ERRZX2EHRAPHEATREAL FEGC FERFASPHBATE
AP TR “ﬁﬂlfé 2 IR AFRFAE R AN BN AR s i
o2 % 2 HREF %ﬁ’k TR kAR BN 2 TR 2k,
(Protocol on Blosafety) 54 4 # (living modified organism ) 2. 41 #* %

b*G3EE ET P REL R 'Iﬁ_*ﬁ,# (CBD2005)° »#seztia G » ey ﬁ

R ‘l‘f | R kL3 & o

BPEAAZHEATHFIOZ U ERRRL G TR E2 TR EFEERGIET
7 ﬂ?ﬁﬁztkﬂ WWREA TS Bt 3 20 HE P L3 F ~ - ENEH
2AGAIOET  h%iFH F B LB RIS (casebycase) ViR (T o A B H

Z_ 5Btz Ll‘“fE—F??%&”TPﬁJB’fE o LAREZ G E A RE Z

(tier) RIFEM & o o PLE 2 k2 S Pplid2 REMR TR R4 3R F*’L'p
AL o ¥HEEL R R B 2 1‘547" TR A SRR L B MR SRS 0 R
B RAGHREBES > FEFELEFT -

>3k A i¥ 4 (genetic modified crops, GMCs) 2004 # £ 32 & # © £ 8.1
+FF 0 FRIE4T75FF 205 (James2005) - # R E £ 4544 € (CAST)

B ¥ 472 (Carpenter er al 2002) %7 » A< 2 ~ 258 ~ 2 H

AR FENETA AR MR AR RT 2 G FRGREE HE
’5/‘1’;:‘ S4E A 2AERREI0E 2T BT o or AEAETHF57 2

-
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2% 14 (Crawley et al 2001 ) - ﬁ@]%mﬁf_vr% WE S L F R A E2 R R RK
3=z (farm scale evaluations ) ;8% > 7 A F = A A (FH 2 5 S22
B PE 20 RAH BT FiThe TR (PR BBEHER8)
ES I "’T‘_ﬂrﬁ'ﬂ |i¢ * :xg 2. B2 (Heard ef al 2003, AgBioView 2003, Defra 2005 ) -
ii%lﬁa/}r@’ﬂ'ﬂ?* o R s A ok iF A B R
(http'//wwwgreenpeace org.au/) e @ %fﬁﬁﬂq".\%&ﬁ%ﬁfiﬁvégf 3| @}ixfi’
2B, vk d M rﬁs{xa,,}g\/’i’r%};mﬁiﬁk J,_
BT R L £ R T e SR T A s
¢b %~ ZE4e 4 (alien invasive plant) »E RN B Jp'ir‘!”:ifs- N 23MA F)5
# (Hancock and Hokanson 2001) o n N BEHEY R L 0 M4
&?ﬁ AT A G L LA AT AR < R
BY ~2WRFHT-FERFYH %m ch g HTES éﬁ%ﬁﬁﬁﬁ(%%ﬁ
2003) 5 Bk /EES RS RN RFBE T B SBRAT
ERE bz 4P B P AR S 5 N Bade o SR T 2 ﬁ%ﬁ#%%
Askfes g HEF FRE-AEESRBRAIADTA 4 532 f647;
KN BHEFAPRZ T > AT T2 e X R SGITREEMA E TP T 0k 0 &
AH AT TR E IR B2 o
ﬁfﬂ%@#’mr«%% LA P g2 £ R8P FEFEFEC F T RA
PERFRZHE RN LB E IS B 30 i n BRIRFE -
fe arsm BBEE 107 FlBaTA £ Basitad (382 % 20040 32 4
2004 ) F AL F) 4 78 E'if’”‘?’ F&Eﬁﬁﬁm?ﬁég# EdiTd o% (EBZ£ € 2005)°
L‘ﬂié%%ﬁj\*ﬁ IHFRTORBRL 2IFS ARFYH 2z A oRE
K~ A2 EFE EFLFE i’; o o AR }ﬁf})*”’ﬁ rﬁ)ilﬂif;' v 1% % %/E‘.L"%
s EIRB LR Mg (R E F 20020 % & 20030 5°8% % 2004)
AR KB RP FRAS (L2 A B BEFT ) LR R
dOAHEARM L F I AL BT IR B RS B FE o
w2 AR Bk Lﬁ-‘#”“&?_“ C o B R 2 R 72 R U
;frg;;gm PAh A RREFMIET - LFTAAELEBRL %G TG ¥ 3247
RS F 2 RES R PR RSB HERE R R BRVE LD
L7 ¥ o PR TR TRE i%ﬂrﬁﬁii’t TR FEER T g H mg\;LﬁPﬁi"
BELFEEERALZ FREZAE  PERT AT E 2 A D2
ﬁujo

3 Fm
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LT B
2 B40 ~ th & 02004 - GMO/GMF B % 3®ia 7 b " 32 j2 o JRE(- « 2 &
2. (%hiR) ;imp%?ﬁ\ S L FIBY 18299 (ki b ¥4 R ¢ e
FIFERE R
BAE S BRI 20020 v A BREHET AR TE A AFEELEF
o SR EEE S Y 40:119-128
FAE CHE O BRI 020030 ST L IR IEMT A FEMET
0B A A SRR o e i € T 45:329-342 -
FREI- 2 B2 (%iE) 2004 KRF et kMK LTEY - Frcle P £4 8
gt R
FREIZ ~ B 4w o 2004 - %;ii%#&ﬁvi;ﬁém% o FREI= 2 A2 (HIE) A
Flieid RA- KL L P EF 1120-157 - AP EL R e PA KA
BL g 22005 AF gt o Mok § By%2 o 2RERFTHE -
http://law.moj.gov.tw/
BHERIL AP R MAESEAD o 20030 S kit 2 BFiL g f o 2003
EPAF S RPEyr TRAFH Y P gm F 14765 A5+ 5 o
BRI KRB AT FEAD o 20040 X EAKEFREITRAL o
Fre L2 R R EES I P BB THeE T 5 133 50 -
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1. Germination requirements fulfilled in many environments
PERERTVET

2. Discontinuous germination (internally controlled) and great longevity
of seed
rER e N S I 5 S

3. Rapid growth through vegetative phase to flowering
Poig 4 £ 3 BY

4. Continuous seed production for as long as growing conditions permit
TRy e

5. Self-compatible, but not completely autogamous or apomictic
PR

6. When cross-pollinated, unspecialized visitors or wind utilized
R Tt

7. Very high seed output in favorable environmental circumstances
FERBETIEA ST 2 A

8. Produces some seed in wide range of environmental conditions;
tolerant and plastic
Pl wPA RRET AL A A

9. Has adaptations for short- and long-distance dispersal
BFEE & FERTTE

10. If a perennial, has vigorous vegetative reproduction or regeneration
from fragments
BEY A FANE 2

11. If a perennial, has brittleness, so not easily drawn from ground
E g7 % #‘i“,ért

12. Has ability to compete interspecifically by special means (rosette,
choking growth, allelochemics)

5B A




E T

)

LS W R RN R R TER T P 2 2 IR

< 1,%‘ ¥ FH M I ¥ (weediness) kb &3 e
7P

Calgene (1994) seed germination (from various depths), Calgene = & 4
dormancy (baseline, heat-induced, cold-induced), ¥ 7 % 3432 2 |
seed bank decay (2 years), seedling vigor, stand &7 P
establishment, pest susceptibililty, winter
survival, pollen movement, hybridization with
wild relatives

Purrington (1995) seed viability, seed dormancy, seed production, = }f?v - alD -
seed dispersal, growth rate, growth period, clonal % 32 % kb *& ip]3#
reproduction, lifetime survivorship, ATER* 2 35 P
competitiveness, geographic range, pollen flow,
pollen performance, fitness of hybrids with other
cultivars, fitness of hybrids with wild species

Eastick (2002) seed germination, dispersal, survivorship(plant TR ESR2Z
numbers), fecundity (seed production, seedlings 2% kb *& i
recruitment), invasiveness (population growth
rate)

Hayes (2003) density dependant threshold, fitness and FIBEFE b e AP
competitive ability, intrinsic rate of increase, B PR TE B
pollen dispersal, pollen viability, seed dispersal,
seed dormancy and replacement, hybridization
and introgression, gene flow, horizontal gene
flow, spread, establishment

Heard (2003) seed banks, seed rains, weed densities, weed < HAe FIEG

biomass Z_38 p
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FZ BRI EAL PR GARR 2 H]4 0 b % F % (high, moderate, low,
negligible) & & *% ¥ it 1+ (likelihood) % 78 % (consquences) 2 % &
7-%_o (OGTR/Australia 2005 )

Consequences _ ) ) ]
Marginal Minor Intermediate Major
Likelihood
Highly likely Low Moderate High High
Likely Negligible Low High High
Unlikely Negligible Low Moderate High
Highly unlikely Negligible Negligible Low Moderate

Zow s WEFFHEA R R R RS (tertest) 2 £8P F

o 3% M (weediness ) iz - RMER T
@
(Rlssler 1993) (Kjeer et al 1999)
Tier | Az i (2 RFHRET LRI er T LMy 2 L MB L
FE o R RET M OE ORI o
Tier2 A TR T2 3 B4R (BFHE A LRy e- HEn (R

(population replacement):&Z @ £ 4 F X3t 1 74 ~ T i)
RCER IR RN il I Il - B R N
P EEFER)

Tier 3 AT T2 e (RFEATRETH 2 BUPR T RPN (2
W ATRGAT TR A T RREE e

ﬁﬁé%wiga)

Tier 4 -

n i
Tier 5 - TR E B E TR




§4 B\NWT ALY 1 4e 2 ST HAF T
# I ~ Hancock(2003)¥t# 78 T4+ 3o 5 R &= 28402 [ &30 4 - 7 % RE2
7 RFIEA T (TA-TE) &4at 4% (S1-S6) 2 1@ AR
A fedEs 2 AR L
i e s e 1 REB L 3 s ap 2
%w iidandag &mmmo V FEARES
S1 e3> (%2 40% ) * £ N R
S2 EP H#F iR * &3 # T H AL
S3 & fdmpe iR FHRASRERE G A IpMmiri il
T
S4 L #cpe Rk FRIAPEERREIE G ARAfr T2
[ T A
S5 EF H#FziiM  FTRHILERBRE G E AL Aol 2 T 43T
RN B & Te L ¥l
S6 Ed#pI Mkt vHERIERERE T LM{op2 BT
fhoe 5 AT %4
B: @A N2 BEER
A S b A0 B 2K F) i R & (fitness impact )
TA Hse 2 7] -2 BERRE
TB 27T, RAST, LT R
¥R AR, R ER
TC #’Jf 3 X e BT~ BIER
F4 3
TD Jﬁ‘vi‘ﬁ’ﬁ]‘%’ﬁ.ﬁ!@ ;’»i* Fﬁ/r'}\-g‘ 2
TE PR (F 52~ £28H) %2 RBEER
Bz, ERET

ﬁgﬂwwm#@ﬂ

- HER 2 P

TA/S1-S6; TB/S1-S3, ss,ss,
TC/S1,S2,84,85; TD/S1,S2; TE/S1
TB/S4, S5, S6
TC/S3, S6
TD/S1, S2

TE/S1

¥ f#3c (release) 7 7 £ B

FEuH p A T4 FE
FEIE 4 fE T A S
FERIFA R AP A RA F TR
BRAP i REPREY R EA T
2R 2 R
FERIT 4 RE F G AP A RA

(Rak. 3:% .30

?’ El /F \zé‘
T4 2 Fe 2 qp 4 2 i It
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Weed risk of transgenic plants: research and assessment

Mou-Yen Chiang* and Chiou-Ing Yuan

Taiwan Agricultural Chemicals and Toxic Substances Research Institute

Abstract

Weediness is the major environmental concern of transgenic plant. It is
covered along with other major hazards such as gene flow, non-target and evolution
of resistance for most environmental risk assessment of genetic modified plants.
Currently, all weed risk assessment of genetic modified plants are qualitative in
nature, and based on comparative evaluation of modified plant with the appropriate
un-modified counterpart. Major parameters for weediness evaluation are seed
germination, seedling vigor, vegetative growth, seed production, proprogule
dispersal, dormancy, seed bank, stress tolerance (biotic/non-biotic), survival rate
and net replacement rate. Subset of these parameters is used to characterize
invasiveness, persistence, competitiveness or ecological fitness of transgenic plant.
Ideally, assessment needs to deal with likelihood and consequence of risk, and risk
level determined by interaction of these two components is subsequently used for
management and regulatory decision. Based on literature review, we present
expert-proposed approaches for differential treatment of risk assessment covering
tier systems and category systems on risk level. Case studies on weed risk
assessment presented cover transgenic produced maize, canola and cotton. In
Taiwan, considerable resources are allocated for development of transgenic plants
and related upstream research. However, framework and procedures of
environment assessment are still at the enfant stage of development. This would
slow down the eventual commercialization of transgenic plant. We introduce
current situation on environment safety of transgenic plants in Taiwan with
emphasis on weed, and propose future direction and approaches suitable for local

condition.

Key words : Weediness, GMT, GMC, Risk Assessment, Environmental Safety

* (corresponding author; E-mail: myc@tractri.gov.tw; Tel: 886-4-23302101-602; Fax:
886-4- 23323073 )



86 EINBIAI=Y U e 2 ST (AT

i DRttt g S5 FH ) -1 B o il o2 58 %8 B i Mk
Bz br
PR’ FEREET Mk

2E
YL ELEFEV IV ERITIFENE
ArREELR R ERERGLE T

N

\:

2 B
Flrog et i B - d N IEP PR THIT AfEp L it
¥ ;ﬁ_mDNAbt’ié_\i}éxE/\ka“‘v’ ’i}“ﬁ? c A2 AT
AR OAHEFAFZ FAIRLI SRS or]t’*ﬂkvﬁ'#éw:fg,}w
Vs
Jp»

S
8

(' {ﬂf.g

ER SRR L T Hﬁ—?bﬁﬁﬁﬂv Y C I
PR E R
#~$%\%@% FEWE A ATIRT B KL P

%—3:: " ~ ,a. ‘I\i o

ok B e

i
e
E\—

w4
“e

£ g

a!
=
ol

po1983 £k o I * 4 P Egwk A J;;?.;A_ AHE O end b T

- AT e Jid A+ A F a0 R SHIDNA R T - #F Lhim e
Pt lmie A 3 i g R jﬂ;ﬁd K ‘%i“‘ & BT ) mre g B A
BB Gldrz A F0 e 3 o » PRI A ailics B o jr?u}]%% SER- N
AE e RFTEE bn BRGS0 # Y ol DNA Jof 7 & RS o
AT EE TS a g @A DNA R » 2H fpigenfade? o> &
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TEAEIEY A PEFAFRTBE S FRAHA O FRE D FRY IR
2 RiphOp Rt w AR oA TBES L2AL P (£- )

# R A 1996 £ 7 & Ciba-Geigy #L sciifh 3 5F * 308 fr &l e il
At E o 7§ %K 0 f-lactamase F F12 &k p pUCIS 48 cipads + 2747 A=
B (ori)> AR ap RR? ¥ LOPH (- Bwie? V42 43 18 B4
Ao g R 2 PMT Ao Blwre? A2 AZE 600 BAF A 0 F]PE FE R T
(MAFF) 25 @A A A ZERE DL 25 - TRAREDR G -

2R ﬁ%‘« LS A 7]'5‘_‘.‘51_]%‘« ( World Health Organization/Food and
Agriculture Organization, WHO/FAO ) % 2000 & % % #ick 3F 2 3 e iv g @
#* gt FATFG - BRA PER HELERES AT - HBE I RS
PORRIAMAE P 0 R T AfRA Y R A R FIDNA 23 &
PAELS R RBEE BT mERY B g0 a Ritje sy P nl i g
# DNA o - S A F{ 7 it & » % 2w 7?  (Meier and Wackernagel, 2003 ) -

2 WEFF (USEPA) ki itd 3 A4 HET 2 A6 & RREFHRET M
MeAd P RaAFIFEIFL > FIE P05 DNA P 2/ T > B 5 A RBP4
A fE e fed WRTHFT AR L 4 ) & % ( Nicotiana tabacum ) % 5 # % (Solanum
tuberosum ) thigzE R F A ¢ w33 0 40 X 2+ (Widmer et al., 1996 ) °
& F1# % (Bata vulgaris )i 78 L F]¥ A4 ¢ & 3 3 18 I * 2+ (Gebhand and
Smalla, 1999) ¢ @ i2d A F fed ¥ P AT M EEPT e~ R4 P T
P o BAAFRT B A E R R BEAYT AL P X 4 8 (Halftlife)
Agip 30 % ko Iﬁifﬁ?ﬁ‘?#ﬁﬁi?ﬁi@)‘ FOE AR o T E RIRIRFITE KR
Wk KRR FRET MEALFIARRY O fadR o XEREE > 1Y D
A PR RE E R T A il o
ROCEMISS R

AT iEf @ iR A TP N E Lt FAREORATFIET Y 0 95 84%:D
Arriv @ % ¥ 4 2+ 7% (Kanamycin) > #7# % (Neomycin) % »%
e npt I % ¥] (Neomycin phosphotransferase gene ) e
Wer A FPp g i £ F A~ PIRAF @ o AFA &5
% #8135 # A F]( Selection gene, # Selectable marker gene )% 4 2 # F]( Reporter
gene ) o *F kA Flehf eV %’ﬁf d B & F#& A ( Agrobacterium-mediated
transformation ) » # 3 # (Particle gun) > ## /2 % (Microinjection ) > 2 J #
## 3] (Protoplast transformation) % kit {7 A FI45 4 > (gt A Fli 7 o
AP F A EAF R oL T RBEFE Ar AL A e pere S i
A A FIEAE RS BT ¥ - 2 e 7] (Co-introduced with the
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gene-of -interest ) iz — 23 T_ z&"]q‘ L H AL L Fle U P fﬂﬁ* TR AN |
ek scim?e (Transgenic cell) 3 %3t 3 :}rd —% PR R R R A A

B HE FE Dm0 R chp X 28 A& FH e (& fu)
PR R e 2 A AT B ET 2 him ( FLld) o F7E » e AT
VEREZSIAFBEL e A A EBMOREY A 35 E i‘aﬁ’ ’
ARSI AFHBEEL Eriwm? - FIEEDT Pt 3 o HAcIRERY

(Glufosinate ) sfhec?{ 3 » H PR A T 5 bar A7) ZEH AL F 5 nptll 1 7] -
P A EEEE A A A A > B P RATIS A ARG S B B9 AT PRSV
CP> EHAF L nptll (Bl= ) -

BaAFx FIEiT* v L mes e fd (42 »Napetal,1992)° % - 45
S AU ER AT W Y A i F AT Z AT AT TR
% (Kanamycin) > #7# % (Neomycin) > % Geneticin (22 % G418) % »xin
¥ % Aminoglycoside-3’-phosphotransferase I [ APH(3*)II,* # NPTII] £ 7
npt Il - @& 5 +* & +k (Ampicillin) % sz bla R Fl o % = f6 5 R sl B 3 H|
E il 7)o blde v Y (Glufosinate) % £ 3 % (Bialaphos) 7 bar
ATFE pat £ F) 0 2V E R (Glyphosate) e epsps & F) o FRLE F AL F]
FOREY AT R GO RAT R 2 A RHIEAT] AN AT
PP S AR L AT AR ftkﬂfm TR ATEE A 2
BEIZHAF e AR RLAFIEY ¢ ERIWHLPN B4 - fAfEE
B R TR AR AL FANKHBAN oIV R T L ES AT
e dm T o 4 23RS Es'ﬂ;ﬁ”ﬁ B TR i P om R * chdR AT
H_uidA (gus) % gfp »

EEAE TER G B ( Organization for Economic Cooperation and

Development, OECD ) #13F 2, #ﬂ VECF ek A F)w = L5 aphd2(nptl])
5 bar> 2= 5 pate B¢ A 0L aphA2 A F B A iESR > 95 84%1’%
Fliedr & * 0t E 4 A ¥ (Flavell ef al.,1992) » WHO 4R £ ldn & fhscjg 47 @
N5 T70%¢ A& * npt I A FiT 5 E A Feh (de Vries and Wackernagel,
1998 ) e Hemmer (1997) 4F & 45 ) ¢ 2 chfhecivd 28 ¢ #& * nptll 75 F) 0
4 1746 (60.7%) > & * 358 fads 3 e 22 46 (78.6%) > # * nos %
T AT 16 8 (57.1%) > @ nptll 514 IR 7 4 sc ik~ + 70CE $R
Z i A Flenil e iwmre (Nielsen et al., 1997 ) »

nptll R F]= 5 B F * R B ER AT B R i SRR A
FlekiE? 5 % & YE%‘—U“& AL R A GrEFEY R S F IR oaptll
1R 72 Tn5DNA A 7] o % Smalla & A cr#7 7 382 ¢ (1993) gt A
LIRS > #E DT K E L g (Kan-R) d fF LIS AR E 7



>
2>

TH A=Y U Yo S[BTREE 89

I
dod
b

*ES

355 fh 0 B¢k p R RARSL S 3RS puE R 150 43573 apill
AT e LRRET apl AF R RBEEY HETRE

BRI R b _FT

BB RFRIHE T THe (1) Sl wEprhE s V- A o
(2) d et g2 FRGMKEY Q) AP E S 24 J fEf B
Borjicd oo B¢ @A e DNA R » jic2 5 0 FH L wFpE & o
Pldrte X A2 HF ART g 2 A2 DNA A7 & B 5 DNA &%
( Lorenz and Wackernagel, 1994 ) -

R (v g & % B K F) bla > nptll 2 aacCl KT #% 3 I Jo 087
T B 1995 & B 4y o 822X AL T4 &4 5 1< (Gebhard and Smalla, 1998 ; Nielsen et
al.,2000 ; Loetal.,2005) 28m A— 43 P a4 3 £ 9 5 10753 > 4ofs
BATE 5 1077 PIAE 52 e G 107 8 il o e BT S S
10° pleassid @ v it 10 @A 35 et F o L 5B BwiE R
{8 ’Ji‘u? RHEBERAZ TR Gy AEIPART B D o TR HER
TrPEF O OBFRECZERL AT S T XMV A TR TR

% ';,A?;J[:i,ja.fn L‘»#’g‘r.f;i%“ﬁﬁﬁviih‘ :

fégff.@_«‘ll”’m?«__kj WY Az BRSO S - BRREI A AL g @
B 2 4BBEa % >0 5= Iﬁfbﬁxiévﬁﬂ PHER DL 2 % 2 BIFE
FAS D ST 2B (8% T 2HRBET > ) FRERMA 2002 & TH 4
FREMHEAFIAREY D% 2 PR (B2 ) P 9@k im AT o

BECEME B 2 S B
po1999 # ik s - WRL g AES T L S g - £
g,ﬁu&m=@mg&ﬁ#%4§%&%ﬂm@$o
1. &% 2 ' 54 Griffiths & £ (2000) #7357 24 2 &% % Lectins (ConA) >
2 Agglutlma(GNA> RS LEHIEHETORENL B ARS8
EVURPRBA P EE D2 B g o ey A B SR TR
s ﬁ_%fg‘)]&yﬂ =
2. ik mig ehikicid ¥ ¢ Siciliano # Germida ¥ % (1998) 4% £ 45 I iidmh
Fenfhein FHPBMA FEFEAA G FIHETG AR o
3. AL ! Donegan ¥ 4 (1997) #F & AL hEF g g
RPEEDR Lbingpx{ﬁ‘jrﬁjbgyz{ﬁ‘jfmg EEES S
P oo FIEF A %Fa,itg,,&rﬂljp,ru BT A G R e S it
FEOERFEREIEKI AR > B0 E IR FEFDRL o
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4 B AR AT TEFLACIIHIERRL FE L2 L RO
¥ Z(Vierheilig et al., 1993) : Vierheilig % * #7 7 % IR 3k :T'§ 3 (Nicotiana
sylrestris)i& » % p T & (Nicotiana tabacum)<h$ = [ g% » ¥ "% 449 & 5 B
Rhizoctonic solani ¥H'& ¥ 703k T 40 w2k X 2 F Glomus mossease i it ¥

(4R R

5. é‘_ # Opine sk 2248 4 Lotus corniculatvs (Oger, P. et al., 1997 ) 11 7 4%
BEEEARBE R EABE AP H AL P D Fe®
o R FR AL HITT & 0 Opine 1% wjF > B+ Opine
%&ﬁ%ﬁ?%@ﬁﬂﬁmﬂé%o

ed BFHREFDOET S (VR F R S R P S R

A P S R 3 &iiwaﬂM$#ﬁ4¥ﬁ4#67@@
AP B EMAFEEARRTR B2 2HEBRFRIN 1 A RL &
[ ﬂ' % o b4 Gibberella zeae » Fusarium spp. »* Pythium spp. > Rhizoctonia
spp. * Setosphaeria turcicum > Ustilago maydis > Colletotrichum graminicola >
Puccinia sorghi » Sphacelothecia reliana > Erwinia stewartii > % Pseudomonas
syringae % « $1 BBREE FEHPATA L 0 T FIA S ol 4K
BRERF DREI R G PRET KT b oipihfic bR FR
BARDPEENE & Mk AscfEdh 4+ AReniEE kg7 oo ¥ 4 50
G IR xR Sl BRI R R RERRR *’jtig:ﬁégi » # & WTO
PN - B P ERe ks vEREELLMDAES G Ao

BICEME L EE bt Maegm g7 F

AL dth B 4 (PRSV) 2 fheth A 2 iR 2bJhoch o2 fggr 2 o
AR BY SRR R AR L AREER 2S5 ERAERR
(10-38 2 )@ 3 4 i & (+hik &% L >2004) atEds I 2 eFgar
ﬂmﬁ7%%’mﬁéﬁ¢ﬁmkﬁﬁktﬁ%ﬂii%ﬂ??““ﬁﬁm
*E:’]' o

BB A By Aok fe BTk T N IRAp e enficd
WERG(6-18 28 L@ AL E ATl £ 52 LEE%D 1Y
BB FFF oF  RoR@ L fAEEky At A S ok A =
(20 & )o@ A ?':fﬁrs;*?% foi-fiz 23 P fofife ey WD
2L FALR6ED) PERFUELRBLI AT -

zév;c 1. ﬁ\ g g B%‘:%i’ﬁ A 2 R AR FIR T o FI2he AT
FAREAEIPAAF T AR GNERER A AV RAE AL 2
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Hre 2 g ) 4 e

AP E - BATEOPE D AE SR SR ® Frop 2 D chdy % A
PRl c FRHEFFADVREEF LSS NRE LT TR - B AR
71'5{7 PEDER DG R REFTLIEL 2PV EEL - B HEP D
AF o T A EBRE o Kitfe g xR FRE- A0 T ME S N
RPN o Glde Btk HD-1 3¢ A& sufkecifd b anz £ 5 114 pug (114
ppm, w/w)> Bt CrylF % 2224 ug 1 o Fpt 2 5 FI L @it chj-d Fiefs
BB BN R A BT 2 E R T 2R (£ )

S AR bl Rt 5 B9 5 20ug 0 9T Bd 5 0.01% o 12
B 1% 7] Agrobacterium sp. Strain CP4 & # (9 EPSPS 3-v 2 dcfife A 7|2 H is 4
¥ & 4 ch EPSPSs 3-v "kt A 5| 4 5 4 %ﬁ&#&%fr (100% » — 444 + 48 2
'r—*) H 22 5 (84%) A F#REF (78%)> <& (77%)> 24 (73%) -
PRETEREY iy 2 Ay gilde- ARG ARETH
S B o RN Ft A3 i 2 (Hazard) o de@ 5 b )I*Z [
T HEREBACIRES MBRE O MEBAEEGFTEF (572mg/kg p k2
it 2. CP4EPSPS %% )» =+ 7 R»c% » F]pt & »c& £ NOEL (No effect level )
5 572mg/kg (Harrison F A5 1996)

AIHE 2 & MR G R F2 F b e FIE FIA TS 2 Red
MR et oM o RERIREHE P AR k2 PR ES
o HWREEZMHRGITR- HENTIARE

B — 40 x RAME & — $2 x Pal x &%

B FPEvd BHFF %Y T axHE NOEL & NOAEL (No
observed adverse effect level ) » £ ¢ ¢+ ¥ 3] RfD & (Reference dose ) » ¥2 PAD
& (Population adjusted dose ) - & & | & P| ¥ %%‘E’ hafd mpERYT LY
' #~& (Residue consumption) o e & d 3t p 50 end (p2E S 2 87 7| A rTdE
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Table 1. Antibiotic resistance marker genes used in genetically modified plants, and

the related antibiotic used in human health.

B AL F 2 % * i#
nptll Kanamycin =~ 2 £ 48 3 > 5 524 % % > 3 14 & Neomycin i %
% > 1T % Gentamycin 3 & % o & & * 30 B & Mk
SRR P H B d F AP
Neomycin % - (v ¥ Kanamycin 4p F > 2 F (5% o
LB K H oo
bla Ampicillin -~ % - S % % LW e 0§ g o R 0 P

g

;}:}-_ ) ﬁmﬁ,ﬁ"”mng‘_\k o 7R :‘é -‘%;{EC)*

TR RS B RER AT o 2R GFT ke mpE Y FT 67 At

2~ RN ATEE Y ER AT R AT

Table 2. Selected marker genes and reporter genes used in transgenic plants

% 7 i % ERER NPT

NS SRR oA

-aphAl (npt I) Aminoglycoside-3’-phosphotransferase, Kanamycin % H 5 5 fl fe

aphA2 (npt II) APH(3’)LIL,% III, NPTIL, 1,3 III pE48 ( Aminoglycosides ) °
aphA3 (npt Ill)

-aacCl Gentamicin-acetyltransferase, AAC(3’)I, Gentamicin 2 H is ¥k fie
aacC3 11 2 IV ,AAC(6) Y

aacA (6’°gat)

-hpt (aphlV) Hygromycin phosphotransferase, HPT Hygromycin B( i & 5 # 4

)
-spt Streptmycin phosphotransferase, SPT Streptomycin
-aadA Aminoglycoside-3” — adenyltransferase, Streptomycin
AAD(3”) Spectinomycin
-ble BEFEL DR T Bleomycin > Phleomycin
-dhfr Dihydrofolate reductase, DHFR Methotrexate, 3 ik % 4
-bla B-lactamase Ampicillin (Btl1)
-bsr Blasticidin S deaminase, BSR Blasticin S
-sull Dihydropteroate synthase, DHPS Sulfonamides
2. E/ AT R T AL
-bar Phosphinothricin-N-acetyltransferase, Glufosinate ( B A% ) |
bialaphos (£ £ %) |
pat PAT % p Streptomyces hygroscopicus ~ phosphinothricin

( Basta,Finale )
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-epsps kpfEd Glyphosate ( £/ % )
epsps 5 5-Enolpyruvylshikimate-3-phosphate

synthase, EPSPS
-aroA, aroA(sml), * p #c?d F e Glyphosate ( £/ % )

and aroA(cp4) 5-Enolpyruvylshikimate-3-phosphate
synthase, EPSPS

-gox Glyphosate oxidoreducatase, GOX Glyphosate ( £/ % )
bxn Bromoxynil nitrilase, BXN Bromoxynil
-tfdA 2,4-Dichlorophenoxyacetate 2,4-D
monooxygenase
-als (ahas) , Acetolactate synthase, ALS Sulfonylureas
csrl-1,-2, Acetohydroxy acid synthase, AHAS Imidazolines
SuRB-S4-hra Triazolpyrimidines
Pyrimidylbenzoates

3ERAT AH

Tdc Tryptophan decarboxlase, TDC 4-Methyltryptophan

dhps , dhps-rl Dihydrodopicolinate synthase, DHPS, S-Aminoethyl-L-cysteine(A
DHDPS EC)

ak Aspartate kinase,AK Threonin % Lysin

badh Betaine aldehyde dehydrogenase, BADH Betaine aldehyde

manA 6-Phosphomannose isomerase, PMI Mannose

aprt Adenine phosphoribosyltransferase, Azaserine, alanosine, *
APRT Adenine

4. 3 AT

uidA (gus) B-Glucuronidase, GUS B-Glucuronides

luc Firefly luciferase, LUC Luciferin, ATP % %

luxA and luxB ‘m 71+ Luciferase, LUC Decanal, FMNH, %2 %

lacZ B-Galactosidase, B-GAL Galactosides

cat Chloramphenicol acetyltransferase, CAT Chloramphenicol

gy % ¢ ¥k F-d B (Green fluorescent E4EY

protein, GFP )
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Table 3. Investigation the influences of transgenic crops in soil microorganisms by
TACTRI and TARI
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Table 4. Comparisons between pesticides and transgenic proteins used in bosafety
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Table 5. Acute toxicity of insects treated with microbial derived protein and

punified transgenic plant expressed protein

ko , , ,
N Bt & W30 et 4 R 3y
A 0.5 0.5
B 2.0 2.0
C 2.5 2.5
D 50 15 (B~ #E)

E 70 25

(& 2 Befh g i3 )
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Table 6. List of some selected pesticides whose consumption and sale have been

banned in Taiwan (Council of Agriculture)

L o# € v g v % T8
&3
# i % (DDT) 1944-1972 SR EI R ¥ i
28
A F 1952-1983 R
(Chlorobenzilate) 31
T4 £ % 1962-1990 IR
(Daminozide) 28
LI 8 1946-1997 B+ 0 R C s
(Parathion) 51
_ £ (EPN) 1949;19998 YR 5o e L

-~ FREPA By gL § 0 B

Table 7. Cost for transgenic plant registration estimated by USEPA

g REE4 SH(1:32)
‘ ARTH 3 20,000 640,000
CTARTEE T RN S
BB GG 735,000 23,520,000
LEEE B A 1,667,000 53,344,000
2R 411,000 13,152,000
£ = 2,833,000 90,656,000
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Fig. 1. Potential ecological effects from transgenic plants use and relase ( Myhr and
Traavik > 2003 )
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Fig. 2. Gene constracts of transgenic sugar beet (a) and papaya (b).
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Influence in Soil Microorganisms and Toxic Effects from
Transgenic Plants

Chi-Chu Lo™', Chiuan-Yuh Chien’, Ming-Huei Jhang®, Ching-Liang Liao’,
Shu-Chuan Chen'

Abstract

Transgenic plant materials and transgenic DNA can be released into the
environment from agricultural practices, from senescent or rotting plant material, or
from pollens. The persistence of transgenic DNA and transgenic proteins in soil
have raised many concerns on potential gene transfer, influence on soil ecology,
toxicity to animal and human health, and to non-target organisms. Therefore, this
report is focused on the possible influence of transgenic plants on soil
microorganisms, and toxicity (human, and insects), some data from Taiwan
Agricultural Chemicals and Toxic Substances Research Institute (TACTRI) and
Taiwan Agricultural Research Institute (TARI) were reported.

Key words: transgenic crops, rice, potato, cauliflower, corn, horizontal gene

transfer, microorganism community, toxicity

* (Corresponding author; Phone : +886-4-23302101 ext. 825 ; Fax : +886-4-23323073 ;
E-mail : lcc@tactri.gov.tw)
'Division of Biopesticide, Taiwan Agricultural Chemicals and Toxic Substances
Research Institute.

? Division of Agricultural Chemistry, Agricultural Research Institute.
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