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M ¥ &+ 716 (Brassicaceae) £ % M (Brassica) fE4y » X & - 6 A R @) BRI 7] &4 R E B
Z— o Bk VREEUMER RARETHEHERFHETARE R - CAF S EBILRA K (genetically modified;
GM) FXFFEFHIABBER A - KA A Buh EE R AR RMH (gene flow) & R T 2R B -
PRTREMEF A AE R T AR LR A ARAERE  FTREFAZMEHEZTE  BREERBABE -5
AR BEARBOE R R G MR AR RgE > FREL R RBOEERA S T K o KA AA

Teaeih 18 9% ) BBARK W RMELLER  BREHEATREF R MRSt TRAB R, EAFER -
MATHEZAFZHNR - RIFEA X mfp RS RS £ 0 FREMR MR Z A B 5 713818 % A% (sequence-
related amplified polymorphism; SRAP) 4 FARRFIZ A G A K » il R BRI T - FHAw
] B AR B PT AT 2 4 AR AR IEATIREE - & RBET > AT 3R BRI H AT 3E B RSN B A R &
Az AEH > AR SMR R E MK R SRAP o TARSEEAT M AR AT AL ~ HF R I TARME R ST
AME2 100% ° WAEM 2 7 XY A ERE R B @ M BRI TR F, R G LETENR - WEREET » AAMRE
FE MK A SRAP o TARARAR G B A BRI A BRI & B AFEMRM - X b XA S A R EKER
AR AN

RABEER | AOHISE ~ /INHIEE ~ AHREFP ARG E 2 A - EEMIR - TRRETRERC -

BIS AABB = 36) - &1 5 JF Brassica carinata

o . \ (2n = BBCC = 34) - S0 M5 5201940 » 1

’ ST SR A B C R4 R 2 # % & (Chiou ef
FRBUEL - f9% Nagaharu (1935) 09556~ EEE ) 2012) - 8 103l RS 0 B0 7 LI IS
PRI (genome) SR B0 R 3M 25 gt 1spmi et — R aiRaT Nl > RAH
MY R IEERAL (ancestral genome) » SIS g 0 g 4 401 B T AU 25 ATOREE &
¥~ BB YITE Brassica rapa (2n = AA = 20) AN JRATE B A i > B o3 s E (E 1
I Brassica nigra (2n = BB = 16) ~ H# Bras- B « {IBIS4E & - Pia - HEOP RIS A - B
sica oleracea (2n = CC = 18) IR 3 {HERS LR ul £(LEM SBE R AL FEEER Y

BHE N R & fE » W H B RUHSE Brassica napus  — -
(2n = AACC = 38) ~ J13¢ Brassica juncea (2n = HEAMEHNAKHEEFSHEEE > I8
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R omm it R HE TR - R ~ fE4E
Fe el 5 B0 51 R SR B 2 2 HRHEY) - T2 K
BRI T HS: (low erucic acid rapeseed;
LEAT) ifi bl ‘Canadian oil, low acid’ {E T8
5% > Z&ERKINEREENERFFREEN
{EH&iT8 Fy ‘Canola’ > % F B. napus » L H
#073 Fs B. rapa > HETCHEH 38 THARDUAOH S
om0 B BYRT o3 R T BREEIT 52 1 ~ S
FZH3FEC (pollination control system) » DL
REEMA > W7 A (lauric acid) (Del
Vecchio 1996) = 3 IR {4 % 47 2 1§ (Maenz et
al. 1999) & o FLMUHFEAVREE AP RR E R R
R RS DIMEKR A > EEESCHRAERS
R RECA s R B R A
THEE R BT (Beckie et al. 2011) o

2016 4F B P& 2 2 4= W) Rl e FH AR 75 4H 4%
(International Service for the Acquisition of
Agri-biotech Applications; ISAAA) %=t &R
o HAIC A 28 (HE R it A EY ks
KA E » RRFITEARZE 1 E S T8
NEE - EE] - B -~ FRAE ~ KRR ENE Ky
TG R o ARSI NET R > 2%
i R L E L B RHUERIREE - A H A
ZARMA T > HIRE - Bnd e RBUGEH
AIREE R E R E - H o BERZES
AW % kR M (biodiversity) BiLAE R fffi (gene
flow) (Nicolia et al. 2014) - & E X {F ¥y B JE
B E IR » FEESUEYHER ATRER Fy
#2354 (adventitious presence; AP) AYEL A i
B MR E Y » &R AEE IR EY)
FH & L A A 2R FIfE (threshold) - Ky
HYBEREKER - SNFERTGVERE » &
FEAC B B EIRE TR - 258K -
Y EEM ARG EEN R E B L EE
(volunteers) o JH 3% H A& EREFR 7 56 5 22 [
BOTAN » ATREAS A 2 AN AT HE B R R F
BRI AR » BB AERMEY) R H B 4 3T 4 fd
HEAE MER B B REEE (super weed) (Warwick
et al. 1999; Busi & Powles 2016) - {E[Ef] (Belter
2016) ~ FA (Aono et al. 2011) ~ {7 (Luijten
et al. 2015) F M HRENEFRATLSE © FLAb
B. napus J¢ B. rapa C.56 5 [ s B A ER G T i

rere

]
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TTRESI BT FEAC TN AE LA ATHY B.
rapa #EFT[AIRE > A BRI 52 (Jorgensen
& Andersen 1994) - S5 Hong et al. (2016a,
2016b) DLEEH FLAY B. rapa it % REL 80 K
[B. rapa (campestris) L.] {E By REA > 0 % £
4TEPEEE K EEEEHCHEKW B. napus
bn F Ry A R R R S AR A A
& (flow cytometry; FCM) HE7E fy 3 f5hG > &6
BENREERET - K~ /INVHREE B A HACHE
7

A B DU SUA R 8 R & SR A R eSS+
REREEME > SR E A TR 5L R
T BT HAEE (lobed-leaf) BIREHIAH
8 e 51| #4826 B4 (sequence-related amplified
polymorphism; SRAP) 77 £ 5& 2 i g Ml J7
X BEEMEARENEREE IR - kB
A& ZIH A MG A R E - M AU
(sensitivity; Sn) ~ B EFE (specificity; Sp) ~ [5
14 FEHI{E (positive predictive value; PPV) K
P 7EOHI{E (negative predictive value; NPV)
Rl 280 A LB — e 2 75
HEITR ~ I T REREEEE Y
IR RER ~ /N SRR R M 2 B4

MFERTTIE

TEE

AR LI SE TR 18 57, (F R ACH
HEGH (A > ZEREE AACC) » /Nl By
TER S (BEAR > BNEL R AA) > BERIBIN
WA TRE 80 K, RAOR - R E N TR
BB REZ A GRESART2E A=
HETT > ORFEXY 21°C + 3CIfi i ¥R ELT 80% -
BrACIARE DLSE T BUSC A e S5 e Y B A S B
WELS - WY B Z R > 5 T 520
AL 1% A Y A s A3 T« AT BR R sl B e 0
2016 G AR MEAS R 1R - REEESABITEY)
Rt HUEn H & T - BEMEHUROMSE Rk
18 R, NEEE 4 51 (35 cm) & 20 /)N
F TREEL 80 K, BREREL - WHUE TR T TR
orffr o BEBREEE B AV T BEVRIEA LE
TS > 4hE &4y | em BEREAE 5 W R kA
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dr o FFEEEERE 1,000 Z10H 2 9UKIER
(Hyponex, Osaka, Japan) °

RS HER

TR A E S - T ERE 45
e BEEANMEE R T B S DUE
—Fk TR 80 K, Z4MEER ML HH
GO/G1 HA R e 3B 8 [ E 7> 50 » 7 FH A G i
fH¥ DNA & S HE G F A 8 - R mUTHL 1
em’ 2 RIFE R » A 150 uL nuclei extraction
buffer F1 5 - FHIA 600 pL staining buffer
FEE S 2 min (% 4H 8 - JER DR =04 Al 68
(Partec PA, Partec GmbH, Miinster, Germany)
sy AT 4HREE% DNA &8 E -

IR R E T « HEMRGSFHE Y
rnfEREE SR (International Union for the
Protection of New Varieties of Plants; UPOV)
RO SEEE R AN 2 f 9 (International Union
for the Protection of New Varieties of Plants
2002) - {45 UPOV JE £ » M4k & 23-27
d W R & B AA 203 > TS (leaf
blade) 2 KEEAEERN (leaf petiole) HfER 2 &
FEAH A HHAL R 8 S iR 3 5 2 11 (notch) 2
REZVBARGREN—F Ao A
T o HERBZMAR o [5 Hong et al. (2016a) Fit
REZEZGR - EREEARE - EFO A
HEEGEHEETRE -

SRAP 73 FHEGEHIE S « (4R R
PRI - BEELhIE R HH DNA - & 5
57 G E T (Thermo, Waltham, MA, USA)
TEEEMTE R 100 ng L (R -20C -
FottEORIHEL DNA S5 > DL Tub 6 BLRI{F Fy inter-
nal control #E {7 2 i » Polymerase chain reaction
(PCR) [Z 2 0.5 uL gDNA ~ 0.5 uL =2 Br TU
B6_f (5-GTGGAATGGATACCGAAC-3") } Br_
TUBG6 1 (5’-GTTGCGTCTTGGTATTGC-3”) ~ 0.25
pL Takara Ex Taq Polymerase ~ 2.5 pL Ex Taq 10
x Buffer ~ 2 uL dNTP Mixture - 37 fiil A 18.75 pL
ddH,O {HHERGIREE 25 uL [ ERRIF Fs 04 CFE4E
5 min > FLL4C ~ 520C ~ 72C#% 30 s A i3 35
R B2t 72°CH 4 7 min 1T HERE - SRAP
5| FFF51£% Li & Quiros (2001) » BEFES|F

¥ SRAP_me5f (5-TGAGTCCAAACCGGAAG-
3) K SRAP_ emlr (5-GACTGCGTACGAATT
A AT-3) #ELTHE - B 1% {0 {4 [5] Hong et al.
(2016a) - PCR [ZJE&E 1% > DL 1.8% Z3EAEEE
BREE KT HE - BRE L OREITR G -
EZEM& T (diagnostic test)

A DUR AR AR TR 80 Ky K
ANLFEHFRZAAEEEE - LIFh2ERE
ZEAH 0 B RHETTANEI A EE MR K SRAP 5
TR ZZERE - MESRIEIR % +
REETE  MEGERHR T REESCEL
Bk Ry T, o M ESE R Z Sn~ Sp~ PPV & NPV
21577275 Akobeng (2007) -

_ BBRBHRE
s
Rk HESCE A
7 e

Sn

_ WRBRRAARMRHE
KA Z Bt
RE—REE D > REEHBEHTE
PR -

PPV = Af'fﬁf%ﬁj‘% —
Tl Ry R A 2 TR B

PRI M 5E 2
o B B R -

EAMEE
HRER Py AR 2 I

(REFTE B BRI 2 I
o BB RHERCE 2 B -

NPV =

EEES
mZEAN LS EIEEHE
BETEPREE 258 PROR = A LR T AU TE
5 > HAEAERE 4-5 ERER TR 4R ®
7 BREHEDIE % TREL80 K, Z40
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MIER Rt s B HE GO/GL HHRY & il (E
G E TS 50 > fEME R T8 18 9%, 2 GO/
Gl &3 B 108.92 + 7.64 (& 1) - 234
258 {[E £ & > 130 {f £ fh GO/G1 28 Yt i B
JETA 51.24 + 4.26 > B IS L TRE 80 K
BHEEEE HAERSHERERETN2ME
BE (AA) = 5540 > 128 £ fh GO/G1 & Kl {E
Al 5 76.23 + 4.10 > fp A T2 EL 80 K, Bl &
RO 18 5% [ HIE B A B AEECH 3 B
(AAC) (& 1) -

BEANTLRPFANERITEANEE SRAP
SEEEIE

A ERE 22 ATk 258 MR E N TRB 7R
SNBIMEIR > &R AR A E R R B S RS
f9 130 R F-1 » 4hEE B % (margin) E 4/
JER (undulation) » S E4E (& 2A) > B
BOERERGRR - MOHENERE > EH
JEIE IS (wax) > BIIRALTE TEE 80 K, —
£ (& 2D) - &R MR A E BB B EHER
09 128 BEFX > 4hEEBL R EREE B MBI BLAE R
HRGE TEREH 18 5%, > 4GRS
HEHE (B 2B-2C) - 4 FKEAM 2 R AEE
TSy A[E TS UPOV il > ZUBEMEAR -
EaRE TR FRERDEARE > ¥
SRR E e AW 18 5%, /D (J& 2D-2E) -
258 BEF R EE 128 #R B EFRREACHTN > B
IHRRAS > FBIFE A R RN R RS Bl 1T R
SOEFTE IR o SHIA SRAP 73 FAEEE T
258 B ZE N TH FR 0 S RBERE R A4
BB B S A R RS 128 BR TR HARAE
(LB A EFEM E R TE5Em 18 9%, —3 -
1~ 1,000 bp A —FF BT - 9 EEHER
(19 130 fR TR HARTT o3 A7 Al B 0 i el TR B
80 K, B R—EL > 1,000 bp fir B B 14 fiF (5 75
(& 3) -

RN S EREEZE DT

k188 i B B sy sk B T JEUBE 56 4 51 (35
cm) fi 20 fl £ A% L - [ % 88 HL 155 B 1
TS AT IR EER K SRAP 43 1
a0 DUETT T OB R EAE - HEMR A
SRAP 7y THEGEHIE % - B FIETH o 139 PR 1

rere

]
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Fig. 1. Flow cytometry analysis of the DNA content
of (A) ‘Nongxing 80 days’; (B) successful F1 hybrids;
and (C) ‘Deza oil No. 18’.

REIZE BTN 2 58 > 54816 BRAI A
HREEFATH 3 25 SRAMEER R
O E fegR o HIEMEIREL SRAP 77 FHEEEHIE
3£ Sn ~ Sp ~ PPV EL NPV &5 100% (% 1) -
R e T T ) 2 e B X A AL A e A
E—E o BA RFERNRER -

S
578 H Al i RO T A e (E Y (3
BB U SR T U Ry P e A - R
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2. TEMRGIEBLRAIE R SMEIMEIR - (A ~ D) TR2EL 80 K, - (B~ B) HEXC TR - (C ~ F) "M 18 5%, -

R =1cm e

Fig. 2. The phenotypes of young leaves and mature leaves in ‘Nongxing 80 days’ (A, D); ‘Deza oil No. 18’ (B, E);

and successful F, hybrids (C, F). Bar =1 cm.

HIRCHE » AT LL T 18 5% ) BB K
KHEFEZLERAENBEN > WERBHESL AR
i R% © Luijten et al. (2015) FI A =L 4HHAA
% - BETEREUN R AFLP 1Y 720540 > B. rapa
Bl B. napus FERX B2 F K4 B AAC: B
80 KX, A B AA » fERIEMBERE 2 12
el 18 5% BN B AACC » Wi & FEXF1X
ZIRRAHINE By AAC - FH[E 1 7% 040 A 3 12

BEBH EE R T A > TEHEH 18 98 MRS
Bk BE 80 K, MWRE - R TR
SRR AR AR » 8 Hong et al. (2016a)
Z&ERAMHTFF o Chiou et al. (2012) & DU A 4H
R 55 8% R TR EE (B. oleracea) ¥ (B. rapa)
MR TR EFRIKEBREEIN R WE
AR BUrom A KB T AR S
B EBENARLE -
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Fig. 3. Hybrids detection method by SRAP marker analysis. Specific band amplification (1,000 bp) was used as the

molecular marker. Lanes 1-3: ‘Nongxing 80 days’ (9); Lanes 4-7: unsuccessful F, hybrids; Lanes 8—11: successful F,
hybrids; and Lanes 12-14: ‘Deza oil No. 18’ (3).

F1. P TROMBIZISEREIR (obe) B SRAP 43 TAISEGESE < BsEs B0 Sn - Sp ~ PPV NPV i Ea T 28 -

Table 1. Determination of sensitivity (Sn), specificity (Sp), positive predictive value (PPV) and negative predictive
value (NPV) between the two different diagnostic tests.

Item SRAP Lobe
Sn 100% 100%
Sp 100% 100%
PPV 100% 100%
NPV 100% 100%

RAMBEEAE T AR E R - R H 189, BMAEBET > EBEGHEGRZ
FREBESRNVESERY  FEGERE LRI RPE L TR R A S H R
B E R R EE A AR - AR ERI - EERXTRECHER > Mo TRER
SMELMEIR B SRAP 7 TREGEH A HIE FE . HEARE - EHEB &R TR 18 5%
TR ER A EAEEERTE - (18 2) o o S A0 35 B PR A R e A o sl R
AWt aELFEMEE RN BES BE  BREXRWHILIERET - Ek—HEik
Ky HEEGENRR - AESE > BEE  ASHEHESHENHSE > BolE i
REATER G - TEMOH 18 5%, EBGERE FKHIAIEREE (Ni et al. 2015) - MHEHRIEE
R ERAETERAEHERENER XA B M TR 18 5% sl
E A MR T IMBMIRE SR B WARE  EREVEEZHEREL (very
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long-chain hydrocarbon compounds; VLCHC)
{EFs F2R 5 © B. oleracea (CC ERAY) TEFR
HEAERE 1 S EHZ AR (Laila
et al. 2016) » H#E IS TP R AH BR 3 12 B R FE JE2
N CERAERM - AR T2 18
9% ER4H R AACC » TRREL 80 KX, ARAE S
AA - BEBIZEE TS0 (AAC) ERINEAH
BH  HERMEESZHBER BIEE - %
K~ BLFFREMAAR  BEEFREER
SNELEAR A E R R - 551 SRAP 73 M & o7
FI F SRAP_me5f 81 SRAP emlr 5| % iy 3%
i 1,000 bp 2 H¢ EAEGRT - oA R R
80 K, ~ FEFEH 18 5%, BT TR 0 BEEM
L EBS R T REFAE L OB (HAH R 2 2 > 0 T8
80 K FsBAI M dhF o HIA AW IEE
FREMLE 2 GRFT - 72 T8 18 5% Bl
TFREAEFREHFHNM X281t E Sp > Sn»
PPV K NPV % 1] 3 100% - 37 B 4 54 B o P
i Za P {18 B ] 2 (R A Y 22 S0 A o 2 TR L
80 K, ~ "W 18 9%, BURAT TR HIEE -
AN > TR 18 5F) BT TREBRA C A&
(RI4H DNA » & HIHEH 1,000 bp 2 B MR
JERETE S C BN - AE RS EAREERY)
BE - IR E— IR ERES
RS HH S BE Ry AT 1 TR L 80
Ry~ EFEH 1898, REBTTFRIVERZ
R BARKKEFEIRTTEE R B. rapa B1ELIY
B. napus ZFEAC1% AN - IS REFRLAERE PR
RABENHA TN ZGRHEEMAEES
F > BRFIRIRT S B A3 AR TRREEEHIH
MIRRRM 2B - KR BT
A R B AT B 2 B R
MR - PCR 54l 75 R R FI A SRAP 2
1,000 bp A7 Ry 8 AEEEE - WF9E R LAY
Y e 5 S 1B T T R PRI R B R e A o 7 A R 2
% > sEFHLAI M R E 7 S Al B AR & R RERC
TR o IR DA AR KR A TN ~ BRfif
NS BEEEE - AR & EER AL
U BEEMUAEERAGERES R ERETE
WA S HEEZ TR MEE B EERTE
SERSIE - R AT — 5 F R (4T A 2 SRAP
Ll TN LARERY o ARZE TN AT R AR AE ]

FI SRAP R MR HIE T M A e 5=t > 3f
AE B PR P A 8 A [ A/ N 3 2 RS 7%
0 Bl R AT R E T2 -

AW FRAETRIREEZ 8GR E
106 E2F4-6.3.2-f2-C1 3+ S 2 0K - FE B
f: -
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The Accurate Detection Methods for the Adventitious
Presence (AP) of Hybrids of Brassica napus and
Brassica rapa (campestris) L. during Winter
Cropping in Taiwan

Yuan-Kai Tu', Han-Wei Chen', Yi-Chu Hung’, Yen-Chun Lin’, and Bo-Jein Kuo®*’

Abstract

Tu, Y. K., H. W. Chen, Y. C. Hung, Y. C. Lin, and B. J. Kuo. 2019. The accurate detection
methods for the adventitious presence (AP) of hybrids of Brassica napus and Brassica rapa
(campestris) L. during winter cropping in Taiwan. J. Taiwan Agric. Res. 68(1):69-77.

Brassica oilseed is a member of Brassicaceae and is one of the major oil crops along with
Glycine max, Arachis hypogaea and Helianthus annuus in the world. Nowadays, many genetically
modified (GM) commercialized oilseeds have been bred in order to reduce the use of pesticide and
herbicide. However, GM crops may cause the gene flow problem and result in hybridization with wild
species or relative species. Therefore, the GM oilseed may cause the contamination of non-GM rela-
tives. As a result, it is necessary to establish a fast and reliable detection method to efficiently discrim-
inate F, hybrid derived from crossing GM with non-GM oilseed. In this study, Brassica napus from
Mainland China called ‘Deza oil No.18" was used as donor parent and the winter cropping Brassica
rapa in Taiwan named ‘Nongxing 80 days’ was used as recipient parent to produce the F1 hybrids. In
this study, we tested the feasibility of detection methods, including flow cytometry (FCM), lobed-leaf
trait investigation and sequence-related amplified polymorphism (SRAP) marker analysis. Firstly, the
aforesaind detection methods were used to examine the F, hybrids derived from crossing by artificial
pollination. Then, we verified the detection methods using F, hybrids obtained from natural cross-
ing in the field. The results showed that regardless of the F, hybrid collected from artificial-crossing
or natural-crossing, lobed-leaf investigation and SRAP marker analysis were able to efficiently and
robustly identify the F, hybrids. Besides, to some extent, we also found that F, hybrids are very sim-
ilar in morphology to their donor parent. Values of sensitivity, specificity, positive predictive value
and negative predictive value were 100%. The lobed-leaf discrimination and SRAP marker analysis
methods could be used for correctly detecting the adventitious presence (AP) of hybrids derived from
crossing B. napus and B. rapa in Taiwan.

Key words: Brassica napus, Brassica rapa, Sequence-related amplified polymorphism (SRAP),
Lobed-leaf trait, Interspecific hybridization.

Received: May 29, 2018; Accepted: October 15, 2018.
" Corresponding author, e-mail: bjkuo@nchu.edu.tw
! Assistant Research Fellows, Biotechnology Division, Taiwan Agricultural Research Institute, Taichung, Taiwan, ROC.
? Research Assistant, Department of Agronomy, National Chung Hsing University, Taichung, Taiwan, ROC.
* Research Assistant, Biotechnology Division, Taiwan Agricultural Research Institute, Taichung, Taiwan, ROC.
* Professor, Department of Agronomy, National Chung Hsing University, Taichung, Taiwan, ROC.



	臺灣農業研究68(1) 07 郭寶錚(190314)

