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W BRI RAREIEKEE (P > 0.05) ; DG =2RFMUEM Rtk (2, 3,
5-triphenyltetrazolium chloride, TTC) FeBERS2s4EE (in vitro germination) AgHIEEAH
T ERE AR LU E MR Fi U A EE G 225 (P <0.05) » S8
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B 1983 5 1] DRI G 8 B bt 288 1 1y
% 0 2 1996 FEELAEIE KT ~ FoKk ~ R K
HIAHHERRI AR R AR 2 - 2 1% » TSR B3
% B A FALE KA FY) T T SE KR
FACHEE - BE1S R R (F YRR ES IR TR
SRR o PREIRS SR A YIRS 3 S IR
(International Service for the Acquisition of
Agri-biotech Applications, ISAAA) Z$R » i
VEEYIARR ES TR 2008 4EELE 145 1,430 B4
UE S 23 ISR - 12 SRR IE 67 £5
TR R 2K 2 BR A= Wy Bl 1R 1 1l R R 7 A Y =
(James 2009) « 2 FUEF A BERHEGEFY) S HEY)
TEAFRHZ M ~ BERyGY Mg 4R
REIRIE 2 MRE{{F G %5¢ R (Ramessar ef al.
2007) - AR ZEAEHE B AL KIESE  FRTHET TAHBRRY
FHEZFALELRSE o A SRR RS R T F YA
A REERET AT REE R A - W R A
/NEEE RS E R - G TRER I A
279254 (Chandler & Dunwell 2008) -

FNIiMG (gene flow) ZREKIEIHEY)A:
REIR B Af b6 T SEHEAE (Jorgensen er al.
1999; Haygood et al. 2003; Andow & Zwahlen
2006) - ELRRFAR AT DAAERy ~ TR E B E RS
LA TERE (Ellstrand et al. 1999) - ¥
fEAHY) (phanerogams) [ fEX7ELAfi (pollen

dispersal) i FEAVEIRIEZL (Scheffler et al.

1993; Paul et al. 1995; Lefol et al. 1996a) - fEHY)
HISERy B T A JEEAR TR A eI e - TER R
Tl el R e B i i ] B s B I
E R SGE RS - T E fER B 2

B SUEREA/ N E LR (Mikkelsen ef al.

1996) » FL A firy ] AEM: Bl A REFEAME B AE
By R EREEA R - 1 BB A S Y AT A E
By~ 2~ BT~ EMSE BRI A R R TIR
HYAREE SR (fitness) i th AT MR 1%

F5o% 4l

(Mikkelsen et al. 1996; Hokanson et al. 1997,
Schular et al. 1999; Barton & Dracup 2000; Pertl
et al. 2002) - {HEFERFRM AR A B
B KHEHEGZE|—RYRRA B PR - 2
JHRATEE IR ~ HuEh - G 0 BREERN
$52 - BRI E YR A S U AR R AR
Al —fElst )5 - EFR— IR B BRTE @ BB
EIERERRE S (R s - 1 H el
MR U AR - it - ERGEREH
TE¥y At EAET SR - DA 3 EEA R
fF + (—) fEZE L BREIE EY) B A S
BB EAAA R 5 () 1ERFH | BATERA
AR HACHIZEMGE - AR 1 S IBE e B
B 1 Rz ARIBa{fe iR EEvI& 5 (=) 154
Vg b EREGE R B S R A —E
HREAS BRI - HAEAC R REIE W 2E0E 1~ —
R ACREMERFREREFIIFRE (Crawley et al.
2001; Simard & Legere 2004; Kuparinen et al.
2007) - FXETEEYITEREE ~ G~
B 2 e 8 1 R 2 ER R TR A 9209 £ 2N
25 o MHAPTER R R B M R0k AT T IR
TSR - FIRERE REIME—ERE -
B ER B ARTE TR = FERDBiERe3E 2F — i
TERS AL T RS B 2 MR S
MEILE (W) - HIRE — M R ek 10—
20% -+ HfS 0.001-0.005% ° pH {H 5.8-6.5 » J&
PERVE R R4 it o s E A ek i TR T
THYRER - INERRYMICR Rl E T » RElE
HELCRYERIRE L o ANFEFEYIER 22 A 221
R BN RN F] - A e iR 53
o ARG AL FRYERINT - i =Hif
RUIFERANAGAL ~ 7k ~ HEESFBEER 2 - BAE
FEARRE R ERE Ui e ek 2 20y
TG * A1 Ca(NOs), ~ MgSO, ~ KH,PO; ~ VB, (f
43 B)) ~ PEG £ (Chiang 1974; Shivanna ef al.
1991; Stone et al. 1995; Dafni & Firmage 2000) » 7k
AU ERITERAF R 2 5L TER 3 A R iR
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AR 2 iF52 (Rodriguez-Riano & Dafni
2000) - 5 BAEE BRI A S Eer g [RETEARRY
L FEHTHEARIKES (Oryza sativa L.) HIAEG
Ko Bl R AR E I ORGSR - ST
DRI A R R A R 1 SR s 2 -
TRIE R SRR BRI IR N At FE
FEIRIEETE /K AR A i ] » AR BE KT 4

AR i ST 1 2 SRS (Chen et al.

2004; Song et al. 2004; Lu & Snow 2005; Wei et
al. 2005) - 7 IFSEE S Fi8 H /KRR A Al L2 [
HESRIRAMEERIRIE - 2 1 m BEEERYIEDN
™ Pras A KRR R MR ERIGAE IR A
T 7K RS AR A SRS 0.9% LU - ik
T2 5-10 m AYZERERERE - AR E R R
0.01-0.001% (Rong et al. 2007) «

EHAESE (Brassica oleracea var. italica) &
SR T FAERHEY) - B AR St —
TERVHERBIATJ] (Prakash &Hinata 1980; Roy
1980; Scheffler &Dale 1994) - Z{ExEE/NFE K]
FEHERIWSE (Brassica napus var. oleifera
Metzger) B HAHT SRR - G045 A& & #E
(Brassica rapa L.) JEJBHEFAFEE] (Raphanus
raphanistrum L.) ~ BF7% (Sinapis arvensis L.) ~ H
I% (Sinapis alba L.) 5 » 1FAE5 S MFHEGE K]
MY TATEE (Inomata 1988; Bing et al. 1996;
Sridevi & Sarla 1996; Seiki et al. 1998; Hansen et
al. 2001; FitzJohn et al. 2007; Li et al. 2008) - [},
WEIE bar BRI EEF 7 EIIRE A Sk 1tk
TTH9E » S SRR A ER) 28 4 3= i e Bl F R
TR IR 22 52 R B P A B
eSS RIEAE AR R MREER A Bk T
TGRS MERRIAG (Lefol et al. 1996a, b) - fij
FIFREL Fy A i BB I [al 58 2 S T Ay A
B AV H ] E AR S E TR
(Mikkelsen ez al. 1996) o LA ERGE SR 4 5]
& Fy FEAS P By A JER] 0158 - WA R Fy
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AR IR - SR B RMEIE ) EOR AR 4
AR Z A A QA Z W (A8 23S (Cherve
et al. 1997,2000) - {3 EEREEA R A RERRAF K
A RAY 102 FEEFITEL 6 H A FE S SRV HES
BUHERE (Brassica napus L.) TR 2=t DIEF 7+
FeREAR » NETHEARRHERE R AR - 1T AL
Rt HAEABAINE - FHUS AMEBIR K
¥ (embryo rescue) FIEERESE (ovule culture)
M3 A EIR AT (Moyes er al. 2002) ;
ECUH B AR Ry REAS - BP IR R AURIF .
[eaZiA Mg (reciprocal cross) » A RETSFEIFER 1
A BIEEANIEL - A=A A R A 5
1K » 5 0-0.0049% (Ayotte et al. 1987; Sarla &
Raut 1988; Sharma et al. 1996; Sarmah & Sarla
1998; Stewart 2002) « AZ B it5C HZ2#E
fERy B2 B RS ~ B2 hy ~ HHRA B AR
REANFCRERRRT BRI ipt BRE A
SREH H A2 A8 e ST SRR A G T 1R B A A
FRE MRS DA ipt BRI E A
KERZET I BIEHE R A REE 1L
S PSRRI FH SR A v £ S Y B e B
[ B AT -

MFERTE

A B R

AT IR < B ACSRMEHE DL FTR
(Agrobacterium tumefacients mediated transfor-
mation) KA 7> 2R G K] [cytokinin
synthase (isopentenyl transferase gene, ipt gene)]
i1 R0 #Z AL H B A (senescence associated
genes, SAGs) BE)T-AERPE A F 63 n0TE
ek EAEPRH o MEEE ipr ARIKIFTOE I EVE RS R
pSG766A » £ SAG 5. FE)+5 35 ipt FL[K B
NOS Ry NPTIL YRR - REhhid:
% (kanamycin) ff3E ~ B S Ty g 48 I FE
(polymerase chain reaction, PCR) Bl REg 5 [CHERS
537 (Southern blotting) HESE ipt FKE I
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BAFERERRF - HEEE SRR HER =B M OTRRRER 48 R U KRS
BRI ek #Eb E E A HENR B 38 ARTEE 4 FrIER  EFE R R
(Chen et al. 2001; Chan et al. 2009) o HE A B R ERSE 2T E S (randomized
AGHESATEHRDILETE ipt BEREERE complete block design, RCBD) K FEKBISH 75 16
AR (RS HER - BB & —E FHERFR (103 fR) FERHEARE - £ 600
EEM N E R H BRI ERR S b AR EE PR o DUEIERELRK 4 @R - H S 2 16
ERERFR (103 k) MR Ey BRGH ~ TR JEEIE B e e 5 MM - B/ NEEE R
TEBAEREAR (104 SR RuH) Bl ik 10m 5 1.5 m (SHEETREE) - #REE 45 em ~ 1T
Tk HA 5 EHIRME [H{ETE B FE 60 cm > HEFEAE 15 R (18 1) - FAEHARRC 8%
oleracea var. alboglabra)-"E 1’ ~ ;F‘&[l Tb*ﬁ i (B B2 EMRIHIETEIH BASTER > WA E A ST
oleracea var. alboglabra)—‘['lfrﬁﬁ’ SR (B () M EEBHY - FF > HERAEHMH
oleracea var. botrytis)-"FIZ ~ °| [ 15 (B. rapa var. BRI REM RS - HaiE GR)
chinensis) ¥ [{I% (B. rapa var. japonica)] » $. 7 W/ N 2 fl - RPEEER =R A R 0
FEEL (SR B o EUpT il [ gt;fgz?‘ I HEITERAEC FER MR PCR Al [
AU T PRSI - DS T R AR S e R AR AR

—

[i] ~ == PRt = 7a il e - A = i o AT 3 A P B 30 2 P
AR SRR A0 GR) FERE 4 Bk - HAREE

ARERIY 20072008 F-A 25 B P Rt s IREE MR (4.5 cm x 4.5 cm x
TaAHEST » BREKVERERE - B4R 11 HAIAERE 5cm)  HEEEH 3 EEATEE 4 Frighy > BiEE

0 o]l a |l x | e | & %
A O
0O A
¥ O
A 103 line A
° °
0 Y
* *
A | @ | x | o | O A
1. B ipt BEDIRHESE (103 51%) BB AR SR A A A PR TS - [ ¢ 70

=25 0 AfErE-"E @ @ SmATE-FAR 5 A L /INIRE-VINEER 5 A EEE-DEZE S e HER
FRE S Kk EHER-104 5% (CK) -

Fig. 1. Field layout for transgenic ipt broccoli (103 line) and its close relatives planted in isolated plot of Taiwan
Agricultural Research Institute. [ ], Brassica oleracea var. botrytis-‘Li Syue’; (O, Brassica oleracea var.
alboglabra-‘Fu Yue’; @, Brassica oleracea var. alboglabra-‘Bai Ge Lin’; /\, Brassica rapa-‘Rapa’; A, Brassica

rapa var. chinensis-‘Pakchoi’; v, Brassica oleracea var. Italica-Green King’; v, Brassica oleracea var. Italica-
104 line (CK).



AR (26 em x 29 cm) » FRRIE M EREGHEG
NERF—5% (G IR A IR A F] ) - Hif
&R N P,0s : K,0=270: 150 : 200 kg/ha »
43 4 KfiHH » 190% 20 KA 1 2R - HREGEE
AP 2 AN TOEIRE T R 1| A S
LR (H/&E Ry 20/10C) » RFEHIE R4
IR A BB 2 T T A L Bt TR b
AEE o 0 1 IR - PGENIRE T - RPEEE
ERTE RO - FEITRECEER AR PCR
IR

XS E AR oA

RIS HE Y i PRl B - A5 PR 1000
R LU REEE—2E A8 7 > 1000 %7 ERFHY 1/3 &
T (OS%(EFEUKIE M RHUGRZ Ry £ 1.9%)
HEITRERE - BRAEETE 2 0 FIIFH PCR B4 EE
TR ipt BERZSTEAE - 4K Chen et al.
(2001) 2z PCR Z3#fr /5% » FHHEA PCR $58Y ipt
B R/ INEs 750 bp » SRR EKEYEFE (G
B H ML c AU S ipr BR
B HAESR/ N EE 3 % AL 0.5 g HER
{#¢3% Plant Genomic DNA Purification Kit Protocol
(Gene Marker, Taiwan) $HEURE DNA » DITEEE
T LR B AR -

BETHHEERIE - Al ipr BRIERS |
¥ 5’-ACCCATGGACCTGCATCTA-3’ B[] 5 |
T 5-GGAGCTCAGGGCTGGCGTAACC-3 3
ITRE TR - B 1 ng FEYELXIRH DNA
VER I » BHHTHHEN 100 ng EHE DNA {F Ryfé
fiiz > I 200 uM dATP ~ dTTP ~ dCTP ~ dGTP >
1x PCR buffer [10 mM Tris-HCI, pH 8.3, 50 mM
KCl, 1.5 mM MgCl,, 0.001% (w/v) gelatin] » 1.5
units Dynazyme Taq DNA polymerase » 5[ F%%
1 uM - RS ERSRE By 25 uL o [FERRAFATT
BLO4ChngL 2 4388 FAK 25 EfEER 2 94°C i
15380 60CHREE 1 4788 R F T+ E] 727C3
ST EEITIERCE » BRI T2°CRER 7 Sy S ST
2% THIY] PCR 883 ipt & Fr BeK/[NRy 750 bp e
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B B vk B - AR A E 10 ul
PCR EYIE 1.2% 2 B IEREE (agarose gel) » L
EJEE 110V A 0.5 TBE (Tris-Borate-EDTA buffer)
IR TEYK » 20T H DNA B -

FER FFFT T MR (%) = (SEH
FEIRIRR B HE AR B < 100 -
EMEEAE

Rl & i GR) F—EHEEDBIZ
1000 frAEk KL » ACKTEMEHIE IR 3 A
[FIJ71k © TTC Rt E L (2, 3, S-triphenylte-
trazolium chloride, TTC) (Norton 1966)~%&t:44ff
1% (fluorescent diacetate, FDA) (Heslop-Harrison &
Heslop-Harrison 1970) K ftfyife 2 40 E ik
(in vitro germination) (Seiki et al. 1998) - [IZy
TER B S ARy BB S EE BA TR - 3%
TRERITE TR ER © 3 FEEMTETEEIE < B E
JIESFHANE

TTC 3% : #&#8 Norton (1966) Z Jii% @ 5%
BCE AR K - DL Na,HPO42H,0 83.2 mg Jili
= KH,PO,427.3 mg > Jjl1 2 R/KE&Z 100 mL >
AfFR%EE pH {EZE 7.1 - REFRARECE L 35 mg 1Y
BAL=RFEVUE M (2, 3, 5-triphenyltetrazolium
chloride, TTC) JilIA 100 mL iFESEERR > HL 20 uL
QB A —EZETER) » 30°CH5 3% 20 438 - I
JIER RS S - TS TR R R
Ty TTC BIFRBAER/KIFL Bkt &
) formazan - | formazan NEEEEHFHRESP -
B CARE s R €0 - REBAL A 534
AL S BB RS - B HIE T ?ﬁ Jpy ek
B e e

FDA 33 %45 Heslop-Harrison & Heslop-Har-
rison (1970) Z 53 » USRI B3 (fluores-
cent diacetate, FDA) HEAMZE G EAEE -
EIERCEL 0.5% (W/V) (ZBERERR A SCRIE I
Bl i FH  SRER AR BB ESE DA 20 pl i 2 16%
FEREAWET » FEINE 10 pL EEREERS S - R
BRMEERI A L 3 EER R RELEM
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BT EITEIEE > BT AIE BATE e AT g
HiFk Y - ST ORI R R - w
et HER ISR -

TERDBERE R 2RI - K Seiki et al. (1998)
TR R A T ICMELE - SRR F
SR A8 A AT S B B RS 28 25 15
& o BB F A WRIC /1Ry H3BO; 80 ppm -
CaCl, 80 ppm ~ BSA 0.4%J% Sucrose 16% ° L
H,0 FE &% 100 mL - fEFHERALEFAZEAT > LA
S EEE - TROASEE T EIIA 10 uL y&kie
B SR CEEREIC f ER R - FEomRH ek
Rrorfitars) - & BES R R 25 CHE# 2 /INRs >
TEREDSER Pt BRAERREFHE - LB EREXR
TR 172 FERRE B E R A R B 2 FIEATHE
HEt ot

BRI E SR AR 528 (FREEAI
WA TESE BT SEAE) T2 BRIV M
AR R A SRR MG - £RFIIF SAS 9.1
a4 MRS (SAS Institute, Inc. 2004) #TT
#5387 (analysis of variance, ANOVA) K ix
INEEEE =T (least significant difference, LSD)
g -

5 59 &

54 1

wm R
EFFESERMABIREZCHESE
b=

PR T S A BRI 2
SIESER » TENITS R DA « {EIERAR
BHBEE R RS R LSS - R BTEIT 5
Wi 53 - AHRRTERIBE » (RYIREAT R
FEIBEAE E I 2007 4E .2 FUIRT3E 3-28
Ko DIHETEFFE B3 R E 88 K Hx
K7 HEE ~ SRR EURSAR + NEISER 104
LR AEHIE 28 KRR © 7 2008 SERAER
FEE 844 K DIETEIREEIR'S Roit
S R BT - R 104 SR AEE
B 44 FRE R -

TEREME

DIRGRRL(H: (TTC B FDA) RAER 3
M EE SR A A (R) 2Bk
e < RIS T » L FDA WAl dE ()
[l BRI /K (P > 0.05) 1 TTC M
W aHE (R) MEBEEREE (P <
0.05) » BN SEBU/INHIEES: 79.9% 5% 78.2%1E
B Rt B ER - CEIREAR - 103

® 1. WA ipr FLHAESRE (103 dfR) KRB AEHAEBTE (2007 J 2008 4F)

Table 1. Overlapped of flowering periods for transgenic ipt broccoli (103 line) and its close relatives (in 2007 and

2008)
Flowering period No. Overlapped flowering
(month/day) flowering days days

Variety (line) 2007 2008 2007 2008 2007 2008
Brassica oleracea var. italica-103 line 1/22-2/18 1/05-2/17 28 44 — —
Brassica oleracea var. italica-‘Green King’ 1/18-2/28 12/29-2/17 42 51 28 44
Brassica oleracea var. alboglabra-‘Fu Yue’ 2/02-2/04 1/19-1/26 3 8 3 8
Brassica oleracea var. alboglabra-‘Bai Ge Lin’ 1/24-2/23 1/06-1/30 31 25 28 25
Brassica oleracea var. botrytis-‘Li Syue’ 1/31-2/18 2/07-2/16 19 10 19 10
Brassica rapa-‘Edible rape’ 1/15-2/10 1/13-2/01 27 20 27 20
Brassica rapa var. chinensis-‘Pakchoi’ 1/15-2/22 1/29-2/18 39 21 28 21
Brassica oleracea var. italica-104 line (CK) 1/15-2/18 1/05-2/17 35 44 28 44




sk~ 104 R (CK) RiZ > /T 56.8—-72.6%
R T LL T 49.2% Ak - 103 SLR ok
62.6% » 104 75 (CK) By 56.8% - BE/T<HEAH 5y
Ak BAMHE TG - B A AR 2L
THEE 34. 1% 0 ZINESE 20.9% K2 0 BT
SET S FEE S 103 SRR 6.8-12.7%f
LA 104 5% (CK)~  HAEM AR (4.4-5.8%)
103 5B ZAERENE 7.3% ~ 104 545% (CK) J
5.8% (3 2)  JRERHEE TR ER I AT
P o

FIAH 103 §LR R fERy ERGER - 5 FOEER
A LL FDA 3Eig ] A5 SR EURRIA Ry 103 54
2 R FERBSEBEER ~ 104 1R (CK) Z Fy
BARRITER & B R A Ry BT B & IR K
HALVE A2 F sfm H e A R
7K#E (P < 0.05) 5 TTC LAl F, fEA TG
s R BRI R fEM B 2 F &A1Y
TERE R (75.0%) MREA Ry 103 58
F, BB ES M ERARy 104 5% (CK) By
Fi & s o BERE S 2R hal] Fo A s ARHI
DRI e R 2 Fi A ek iE 1
K (4.0%) TiREAR 103 R Fiik R
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TERNEMEEREAR Ry 104 5% (CK) & Fi &R
WHEEEZR  ERHEELR FOHERERR
A MEIEREE (£3) -
AT BERWN Kk ARZ B AR
DUEAE 103 SR B AR » f& £ ~ 104
(CK) ~ “E iR~ B ~ ‘FEA ~ /N R
HEERREAR > S RIEST A TRER R - AT
HOFE T-RELERRE o /NS PCR AR ipr 5
Kl FEAc s AL (B 2) > DU#E ~ 104
% (CK)~ "B~ B R FAE AR s > 53 7]
Hy 95.8~92.2 100 ~ 95.1 ~ 86.0% » i/ ]NHEE
B/ NASHEAS R A B3R Ry 0% » BHERIR
il H B R (R 4) - B Ry B
13 DB B Ry ik 42.5% 0 H
RATETTEE B 1R Ry 37.8%  HeRbkLZ HEac
BEARE]10% (3R 4) « "B~ /NI ~ NEEZ
FHRS AR HIT AR MM E GR) &
AL - (B 10% (5 4)  $55 DL SR
FFRR B RIEAH A E SR S MRS IRIAE N TS
B AR FEIRE L SR SSEAR MR 1 ] Il i
TEVIFE RIS A 2 A -

222, BUH ipr FEIREALSE (103 §55%) BRHAHBASEAERNIF FDA ~ TTC keSS 2 ik M ekt M & i
Table 2. Pollen viability of transgenic ipt broccoli (103 line) and its close relatives by FDA, TTC and in vitro

germination tests

Pollen viability (%)
Variety (line) FDA TTC in vitro germination
Brassica oleracea var. italica-103 line 71.6 £ 39a” 62.6 + 39ab 73 £ 1.0c
Brassica oleracea var. italic -*Green King’ 739 £ 6.6a 492 £179¢ 125 £ 1.7¢
Brassica oleracea var. alboglabra-‘Fu Yue’ 785 £ 4.1a 704 £ 4.0ab 127 £ 3.0¢c
Brassica oleracea var. alboglabra-‘Bai Ge Lin’ 723 + 4.7a 68.0 + 3.6ab 44 + 03d
Brassica oleracea var. botrytis-‘Li Syue’ 735 £ 35a 72.6 £+ 7.4 ab 10.7 £ 14c¢
Brassica rapa-‘Edible rape’ 72.7 £162a 782 + 32a 341 £ 42a
Brassica rapa var. chinensis-‘Pakchoi’ 70.5 £142a 799 £ 4.1a 209 £ 3.1b
Brassica oleracea var. italica-104 line (CK) 656 £ 29a 56.8 + 84D 5.8 £ 1.7d

? Mean + standard error (n = 4); each value in the same column followed by the same letter are not different at 5% significant level

by LSD test.
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3 3. BEUH ipr BIEAER (103 5R) BLHAHRSERL.L F HEACER A FDA ~ TTC KBRS E T ERG
Mo o

Table 3. Pollen viability of F, progenies between transgenic ipt broccoli (103 line) and its close relatives by FDA,
TTC and in vitro germination tests

Pollen viability (%)

Variety (line) as pollen recipient FDA TTC in vitro germination
Bassica oleracea var. italica-103 line 71.6+39ab” 62.6 £3.9 ab 7.3+1.0ab
Brassica oleracea var. italica-*Green King’ 799+23a 69.6 5.2 ab 6.9+ 1.7 ab
Brassica oleracea var. alboglabra-‘Fu Yue’ 63.6 £ 5.6 bc 409+1.6¢ 5.1£06b
Brassica oleracea var. alboglabra-‘Bai Ge Lin’ 555+2.8¢ 62.7+ 1.4 ab 99+3.1a
Brassica oleracea var. botrytis-‘Li Syue’ 763+2.6a 750+5.7a 40+£0.6b

Brassica rapa-‘Edible rape’ — —

Brassica rapa var. chinensis-‘Pakchoi’ — —

Brassica oleracea var. italica-104 line (CK) 77.0+0.8 a 59.6+5.6b 52+1.1b

* Mean = standard error (n = 4); each value in the same column followed by the same letter are not different at 5% significant level
by LSD test.

103 Progenies of ‘Green King’ % 103 line

2. WA ipt FEAEAESR (103 o) Bk T2 A FHR] F ARMER L # AU PCR Al » (50 A L — 145 [ TR Y
£ DNA A/]NRy 750 bp EJP T P O ) i B A I
Fig. 2. PCR analysis for natural outcross between transgenic ipt broccoli (103 line) and ‘Green King’ broccoli in

isolated plot. DNA fragment of expected size of 750 bp amplified from the transgenic lines by PCR using the
primers specific to the foreign gene. The specific fragment was indicated by a arrowhead on the right.
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) 4. W ipr FLHAESE (103 fsR) BRHAHRBESERERS R A TAfEAC ~ BIERKD ~ HHIATH AR A AR LEIK

Table 4. Hybridization percentage between transgenic ipt broccoli (103 line) and its close relatives by hand, bees and

natural pollination

Hybridization percentage (%)

Hand Bee Natural
Variety (line) as pollen recipient pollination pollination pollination
Brassica oleracea var. italica-*Green King’ 958 £ 3.6a” 75+ 62b 64 +18a
Brassica oleracea var. alboglabra-‘Fu Yue’ 100.0 £ 0.0a 378 + 40a —
Brassica oleracea var. alboglabra-‘Bai Ge Lin’ 86.0 £ 11.5a 1. £+ 05b 1.1 £05b
Brassica oleracea var. botrytis-‘Li Syue’ 95.1 + 43a 425 £150a 9.0 +4.7a

Brassica rapa-‘Edible rape’
Brassica rapa var. chinensis-‘Pakchoi’

Brassica oleracea var. italica-104 (CK)

922 + 7.1a

26 £ 13b 21 +£15b

* Mean = standard error (n = 4); each value in the same column followed by the same letter are not different at 5% significant level

by using LSD test.
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Pollen Viability and Cross Ability of Isopentenyl Transferase (ipr)-Gene

Transformed Broccoli (Brassica oleracea var. italica) and Its Relatives'

Po-Yu Ting?, Hsiang Chang’®, Yu-Wen Kao®, Hsiu-Ying Lu*, Long-Fang O. Chen’,
Min-Tze Wu?, and Lit-Fu Chan*¢

Abstract

Ting, P. Y., H. Chang, Y. W. Kao, H. Y. Lu, L. F. O. Chen, M. T. Wu, and L. F. Chan. 2010. Pollen viability and
cross ability of isopentenyl transferase (ipf)-gene transformed broccoli (Brassica oleracea var. italica) and its
relatives. J. Taiwan Agric. Res. 59:261-274.

Gene flow is an important index for environmental biosafety assessments. Pollens are potential carriers for
genetically modified DNA to other plants. For phanerogams, pollen viability and cross-compatibility are key
factors for successful outcross hybridization. In this study, broccoli (Brassica oleracea var. italica) transformed
with the ipt gene, designated as line 103 was used to investigate its potential outcross by pollen viability test and
pollination with non-transgenic broccolis (line 104 and cv. ‘Green King’) and closely 5 related varieties, such as
Chinese kales (B. oleracea var. alboglabra) ‘Fu Yue’ (white flower) and ‘Bai Ge Lin’ (yellow flower),
cauliflower (B. oleracea var. botrytis) ‘Li Syue’, Pakchoi (B. rapa var. chinensis), and edible rape (B. rapa).
These results provide valuable information for isolation and co-cultivation systems. Under field condition,
flowering periods of transgenic ipt broccoli and non transgenic recipients were overlapping by 3-28 days in 2007
and 8-44 days in 2008. The pollen viability of F; hybrids was determined by TTC (tripheny! tetrazolium
chloride) method, FDA (fluorescein diacetate assay) and in vitro germination. The FDA showed no significant
difference (p>0.05) in pollen viability among transgenic line 103, non-transgenic and other tested cultivars.
However, the differences of pollen viabilities were significant (p<0.05) using TTC and in vitro germination.
This result indicated that the cross abilities of transgenic and their hybridized offsprings were still existing. The
range of hybridization rates were 86-100%, 1.1-42.5% and 0-9% by hand, insect (bee), and natural pollination,
respectively. No hybridization was found from Pakchoi and edible rape as pollen recipients. The results
showed that transgenic DNA insertion did not alter potential risk for outcross among broccoli varieties; however,
there is possibility of gene transfer between transgenic and non-transgenic broccoli varieties.

Key words: Chinese kale, Gene flow, Hybridization percentage, Overlapped flowering days, Trans-
genic broccoli.
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