2 % F4 (Horticulture NCHU) 43(2):45-61 2018 -45-

2 & & fis(Myrosinase, MYR) % # & 4¥ 8 7x 3~

"

v i3 4F + (Epithiospecifier modifier, ESM) 2 F]
HaI TR ESNIAY

Hos #8022 M oH 3Y § F R

Mats @ 7%  ESMATEY B/ F > ¥R

F& DB (sulforaphane)f § 4l moe F o~ b ok By lw e e B s Fuly e
ESEEY c By A ZA-BRAF MKB (sothiocyanate) » & Fi it § F o H
(glucosinolates) .5 % w3t e 4 4% ¢ N 02 K 3 fF (myrosinase, MYR)-k fzm & >
3 kg ESM (epithiospecifier modifier, # A 8 Frd-v 2473 )¢ LR §
FRgehd A o AR ¢ -F 2 Myr 2 Esm A Flz :?/ﬁq” & 4 9 E {1
(PMTY1t-Esm-Myr-GA)§4 48 » {1 % A F 2 #H @A 2% 25 F T aph? o
4 £ 18 48 %5 10 ppm spectinomycin 4% 5§ &3 - ¢ EFRL 4 fatk o ﬁfa A fHEY
2. PCR ~ RT-PCR % qrt-RT-PCR & #72_ &% B > 72 Myr 2 Esm £ %] 5 &
WAtk FEMATFIE > T4 RHE mRNA -

'é-ﬁ

w

7 =% » & ¢ Brassica oleracea var. italica » # % broccoli » 7 ¥ 4 H F#fma & >
AL AR A ITR R (40 2013) 0 2016 & r,,%% TEDP AR ML 1,900 2F 0 2 &
AREOLATLR 138 RA> FIEEFEZEMEFrELCREYIATAR T R (B ¥
Myt EAR > 2016)0 FEEF AW rgr‘s P EFERPAAEFACEFGIFT oL BTG R
ORI S Y & 4 o iR AR F (sulforaphane) ~ = wSleET SR AR~ P RS AR
FoL GRS > FwFToRUABF LR TR o I F g B (R 2011)

1) ﬁ]ft’ﬁi g@:ﬁ%ﬁ/, F]‘Jfrﬁﬁ’“—lo
2) Bz ¢ @ T eI g

ONGERESS § L X 5T RS R
4) Mzd @ARHE L FE AR
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Bymz (-2 5 pa-4-7 B fefl ™ =, sulforaphane) £ % P # 5 1k #73 X Rk s
o d sk e e g (Tilaar et al, 2012) 0 5 - 5B A F B

(isothiocyanates) » & #& i § § # H (glucosinolates) i3 {2 4~ # 0 2. 7% =+ f& (myrosinase,
MYR)-k f# 478 o . % + fF (myrosinase, MYR)— & % § % Jﬁ%ﬁ i (glucosmolates) o
RN IEEG L »«*E,f,. IR - A e —2 S EmE Y grf%ﬁ:m 3R e

o - %A BRF F IR (Pontoppidanetal., 2005) - gﬁ#% R UL E S
B R R AR B e mu*%féﬂr%%f’f?i AR T
G o K TR AE N T F IR RS S FF B B FH AL (aglycone)
(B 1) 5 #r3 fe h & ESP (epithiospecifier protein, + & #idr B 3-v )73 Apr - € ¢ wag it
&% (nitriles)shA 4 > 374 B § Fi 4 94 & (Matusheski etal., 2006 ; Williams etal., 2008) ;
% ESM (epithiospecifier modifier, # A 4 £ i d-v B &4F F )75 &pF > §FrfH i & 4
(nitriles)?); = % R B § #1 2% (74 = (Zhanget al,, 2006; Ku et al., 2013) -
BHPESMATRAL A PARBAAT 2 J #7233 8FTL 743 &
ﬂ%%a@»w'z@~@é#?u&@mwimmW?%W%fﬁ*“%%wa%
2004) - Fp AR H#p FEE A %~Mwiﬁméqﬁﬁigf@ﬁiwﬂqgfﬁw
GAO B S BATE RS FIEE2ESNY o ST A £ AR Myr 2 Esm

B ot f P BT RRE TG E T AR ESE A -
(B, L &RIBHH,

R\l/S . Myrosinase (MYR) Epithiospecifier Protein N i ;?UE%E@} .
Glucosinolate (ESP) , Nitriles, Epithionitriles,

Aglycone

Thiocynates, etc
Glucose ("%L‘H’ﬁa g_‘x}

N\ o-so, N,

(AW EEE)
Epithiospecifier Modifier (ESM
sineve =M (R fES)

Isothiocynates
R—N=C=$

Bl EmfB(edaEimi)zsd £2#/T o (kp:Paketal,2011)

Fig. 1. Isothiocyanate (include: sulforaphane) biosynthesis pathway. (Source: Park et al., 2011)

7o g 3k

-~ R
(=)~ AFIEAE S

ABEFH L FERE T REFEE 2% 2§ 15§ (Brassica oleracea L. var. italica L. cv.
'Green King') &% ¥ %48 & 7l 2 Fé%ﬁ Ao & AR AR T o B B ehfE S T 50
ml g 20 don T0%IFHE (92 08) 0 AV RE | AHE 0 2RI E R ki
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08 AR FKE de ~ AR 3 2 1.5%:0 Colrox iR ok 0 i R R Bk L 15 4
480 3 ke ok fo YL BFRIRGRT oo Mo 2R (S 2 B 16> MS (Murashige and Skoog,
1962)1: & ¢ (MS# % A 7 7 3%sucrose ~ 400 mg/L MES hydrate ~ pH 5.7) > 3 & *+ 25°C
KFH L 12 G BB O RBESIAIBBRETREE 2B RBREAT BAIRE
AP L2 20k of? o BFAFE LT -
() ExWAFEETH

AES A 5 pMTO1t-Esm-Myr-GA (Bl 2) ° pMT91t-Esm-Myr-GA + #73 §
PpsbA fc#:+ 2 gus F E A F] ~ EsSm 2 Myr P # 2L %] ~ TpsbA % %3 2 # %% (operon) »
2 Prrn fc#+ ~ aadA & iE A 512 TpshA % ¢+ > wtrnA 2 trnl E %8 DNA 5 7 FiRE

il gl R

o

Amp 4-up
ColE1 o . E M3 Forward
Plae % ' rf 17 primer
reverse-up A Bam
T3 primer | - trml
Benill Banill
oA 1"' Prm
o pMT91t-Esm-Myr-GA - “aaaa
gap b -
TpsbA 11346 hp PpsbA
\bal 1 10
PRI SUTR psha
Ecotl ¥ EcoRtl
MYR gus
Banbl ;3“ A fma |
RES Eroft]
Mzl ESM

B 2. ¥ %402 {4 pMTOIt-Esm-Myr-G 2 2 F] Bl ¥ -
Fig. 2. Genetic maps of transplastomic vectors pMT91t-Esm-Myr-GA.

S -
(=)~ AFIHEE 2
1. # %) f2:% 748 DNA 55

H - FiE R SmILB R &% ? > 4o~ $4 % (ampicillin)dk & 5 100 ppm > 12 37°C
i 100rpm 32 & 12-16 -] P 5> 5B~ 100 ul /% ] 100ml LB ¥ i 100 ppm ampicillin>
™ 37°C #&3# 100 rpm 32 & 12-16 /] PFie > B~ B30 50 ml g F ¢ 12 8,000 rpm 4°C 3
o 10 & 48 ‘% 2 i o £4F 3 X8 0 4o~ 10 ml solution I (alkaline lysis) vortex E ¥/
FAEAR L2 0% 0 4e ~ 15 mlsolution IT (alkaline lysis) + TR 3 2 448> B 307kt 3 44
"B i (12,000 tpm) 4°C 4 30 4484 % 1 i o 4e 10 ml T0%3EE - pellet Yeds -
B i (12,000 rpm) 4°C d 30 A48 1 i > e 30 A4 B i RS ER
2 AT 50 ml s F ¢ oo 4e » EAEAR isopropanol R 3 R R ETHEE 20 A4 B R
(12,000 rpm) 4°C &= 20 4 452 % Fogike o e s 10 ml 70%IFpE #- pellet “g4e » 12 BB i
(12,000 rpm) 4°C . 10 & 482 %% F 5% > 4e » 500 ul TE buffer v ;% pellet 4 » RNase A
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#%ERS 10mg/ml>37°C kg% 1/ P B 1l 3% RNA @ /ﬁ",f o L& B
I 1.5ml 3t ¢ @ 4 » 884 £ <0 phenol/ chloroform/isopropanol (24 : 25 : 1) vortex 15 4
150 Beg i (15000rpm)4°C &< 10 4 480 P~ 3% 4c » 3 484§ £ < phenol/isopropanol
(24 2 1) vortex 5 4~ 48 » £ F & (15,000 rpm) 4°C &< 10 & &85~ 50k » e~ 2 B0
G HiE & 0.1 B 59 3MNaOAc R 3 140 32i8-70°C k48 20 A &> BB # 4p< (15,000
rpm) 4°C 20 » 48 > 2 f bidie a0 4e o~ 10 ml 50 T0% EpE (4 #- pellet Az > & B # 4o
(15,000 rpm) 4°C 10 4 48 > 4 * 1 jfi pellet 12 if § 1 TE buffer v i3 » 4l 4 & e
DNA #4 % 127 image Jﬁ}ﬂ?ﬁﬁ—f’f DNA EEE - % DNAER DAL 1 pg/ul > #&5> 4°C
/’}\%El'% * e

2. &4+ (0.6 um gold particle, Bio-Rad) 7= 7 £ i-i%

AP~ 50mg £ F AR YL F P o de r ImlT0%IFRE 0 B RF 2 A48 0 1 600
gHs 3044 FiF o 4er Iml ®EPK B ﬁfzé\ﬁw > 11600 g dr 30 f54 ¢
EAF G Z At 4 > 833 ul e1150% glycerol » B i RF 1 A4 0 303 A KA E F S0l
BEGFT20C H * o
3. &4 $ R B 48 DNA

Pod PR Fen— g SOl Fiei g ka0 de 0 Sl (1 pg/pl) ik e {48 DNA >
ML WA~ S50ul2.5M & Y453 07% > 333 R & £ 4v > 20 ul 0.1 M spermidine
(SIGMA) » R £353 (5 2 B#E 10 ~ 48 o £ 1 600xg o 17 fydafs 2+ ik > 4v » 150
ul g KGFpE R £353 18 0 £ 10 600xg 3 17 fr4ats £ ¢ ik o Bofs 4o r 55 ul @ KIEH
REDZ o
4. & 51 &F

*49 %% 1 Bio-Rad 2 @ #7#7 % 14k ] 4] 55 Biolistic® PDS-1000/He Particle Delivery
System i {7 75 FI#f SF o 7 L 12 T0%FE 4 £ ) (7 o EAFHE 3 p g s AR
% (1,100 psi) ~ 48 4 5 2K F)HE 4244 12 95%2. ffﬁ% RS :I%-ﬁfzi\ 2 7 macrocarrier holder %
KRS EWERFES S #* > K spacerrings & stoppmg screen support £ % {8 B fz UV
R 15 A\ﬁa o M-F F AL ELREB I 1,100psi P BB SR BiciwF Bz
AFIEREMES T EE &HF - % 10 pl DNA-coated gold particles 323 % 3 # e K43 e
macrocarrier-macrocarrier Holder #7¢ «w » @ &£ 3 pFH L 4018 - #4975 AFR F e
=7 %r{”ﬁilj\ ,,ﬂjz,_gg:,,gy ‘“’fﬁ%“' s K%'}fﬁrj T3 ’rjq‘fa*,ifg 3 ,f‘gﬁ’rﬂri\; u_,;g: ‘”fﬁﬂ?ﬂ
62 R AT o BEFERTR I T RERATR M £ 27-28inHg £ &
TARBEM N FF R 1,100psi PF § R4 EREL > e ‘#,} %3 DNA 2 &3
FARI I SR AR LR P EN B B EMAR R MP
FARM PEZEFIREFT FRALYSOF BRI R P ZH AT -
(2) fHRE 4 a2 F L HE -

BTG BEMTRE I RA 2 RE TR ENLABRA - O A HIHEL
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AEIZA (RLER ik/fj‘ 4v 10 mg/L spectinomycin)» # & ¥4 - x> & DFE D TS o
BT TH > FREAEA [ 3 22 g/L Murashige and Skoog medium (Duchefa
Biochemie) ~ 0.4 g/L MES hydrate (SIGMA) ~ 15 g/L sucrose (Biochemie MERCK) ~ 0.3 mg/L
1-naphthylacetic acid (MERCK) ~ 8 g/L Agar (USB) ~ pH & 5.8] » 2 #2137 o F34 & 114338
Da G BN TRERNCAT FRE CBIRE AR =811 AR FERR
BB B I B “ff PHRREREEH
() HE2 FEFEEE R R
1. ® & pr34a4 F & (Polymerase chain reaction » PCR)4 47

##* Thermo Hybaid ik % i& {7 PCR $itef g B LA F1 ¥ Bt R~ T L ZF ¥ 7
PEAA T o 2 4 DNA 7 5 0% > PCR A F ebiff 5 25 v & 7 4 ¢ 1 & ¢ Blend Taq
buffer ~ 0.2 mM each dNTP ~ 0.1 uM % & 51+ ~ 0.625 U Blend Taq® -Plus- DNA polymerase
(TOYOBO) » £ 114 3+ -k4F % - B3> DNA R et 2488 F B EY 27 PCRF - &2 44
FIE R 3 A e T

1B Myr £ #1313 »5>-GAGGAATGCCAAGAGAACGAGC-3’ Myr-1)%2 5°-ACACCCT
TCTCCCTGATGACCT-3" (Myr-2) » ¥ 35 41 1,331 bp % £ o F 42 5 94°C 10 4 45 > 1
B cycle ; 94°C30 #; » 55°C30 4y > 72°C60 §) > = i& {7 35 B cycles » & {5 £ &7 72°C 10
il Beyclee F 28 B A SuUI A 1% EFHR PREFTIALIT o

B Esm & 131+ > 5>-TGTGAGTGTCATGGGAGCAC-3’ (Esm-1)% 5’-CGACGACG
AATAGACGGCTT-3" (Esm-2) » # s tg % 1,101 bp £ o F JEinAz s 94°C 10 » 45 0 1 B
cycle ; 94°C30 ) » 55°C30 §) » 72°C60 §) » £ i& {7 35 §# cycles » & {5 £ &7 72°C10 &
1 Bceyclee F BB BB AL SuI 3 1%L EFHRPEFRIALIT o

i 3R A Esm & F1 3] Myr £ F]en51 3 5 5°- ACGCTTCTATTCTTGGGG CTCC-3’ (Esm-
3)% 5’- GCAGCAGAAGCAACACCGAATA -3° (Myr-3) » # 3t 11 1,104 bp # £ o F i
A2 % 94°C 10 ~ 45> 1 I cycle ; 94°C30 5 » 55°C 30 #; » 72°C 60 #) » & &7 35 B cycles >
RISEEFT2°C10 248 1 Beyclee F B 28 » % A4 8ul 3t 1%2 FFW 277
A

P gus & F]51 % > & w5 5-ATGTGCTGTGCCTGAACCGT-3’(gus-3)% 5’-TTTGCC
TCCCTGCTGCGG -3’ (gus-2) » ¥ #tgd 425 bp 7 F o F JinAes 94°C 10 ~ 48> 1 B
cycle ; 94°C30 5 » 55°C30 §5 » 72°C30 §) » £ i& {7 35 # cycles » & 5 £ &7 72°C 10 &
481 Boyclee F g2 &t > ¥ AS 8l 3t 1%L EER PEFT AL o

i aadA & #1513 5 & B 5 5’-ATGGCAGAAGCGGTGATCG-3’ (aadA-1)% 5°-CTAC
CTTGGTGATCTCGCCTTTC-3’ (aadA-2) > ¥ 3 g1 0.8 kb ¥ £ o & B4z 5 94°C 10 »
48 > 1 1 cycle ; 94°C 30 ) » 55°C 30 #j » 72°C 60 #) > = :&{7 35 # cycles > & {5 L & {7
72°C10 » 481 Beyclee F g 218 > B3 A5 8ul 3t 1% FER 7T IALIT o
2. F @SR EFBERRY 5 & (RT-PCR)A 47

o

Yy
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i {7 RT-PCR ¥ 12 cDNA iF 5 fifr i€ 7 PCR 1 fF = i | & A F12 313 2 PCR 7 Jyin
AR (ﬁf*i‘%ﬁf PCR %~ 19)1p IF ©
3. v F AR EPEE @4 F B (Quantitative real-time reverse transcriptase
polymerase chain reaction, qrt-RT-PCR) 4 7

$#* * CFX Connect Real-Time PCR Detection System & % i& {7 qrt-PCR » ] #* % £ 4
W % 2% - P SYBR Green I e P~ 1 pul c5cDNA 4 » 33 0.5 u 0.1 pM sl + 2 10
ul iQ™ SYBR® Green Supermix (BIO-RAD) » £ 112 33 k4@ % 3 20 ul o B > pF 28 B
Lprsal F O EY 217 qrt-PCR F Jls o & A FIH R 44 ik 4o o

B Actin £ 131+ > 5°-CATGTTCACCACCACAGCCG-3* (Myr-4)2 5’-TCTTCTCG
ATGGAGGAGCTGGTT-3" (Myr-5) e & Jiin 425 95°C3 ~ 4> 1 # cycle; 95°C 10 #; » 60°C
10 5 » 72°C 30 ) » £ &7 39 & cycles °

B Myr 2 #1513 > 5’-GATAAGACTGACCAAGCCAGCAGAG-3’ Myr-4)2 5’-GAAG
CCGACTACCCACAATTTCC-3* (Myr-5) » & A2 5 95°C 3 £ 45 0 1 B cycle ; 95°C 10
# > 60°C 10 #) » 72°C 30 #) » £ & {7 39 % cycles «

B Esm A& 131+ > 5’-CTAGCACCATTGGGTTGCTTACC-3’ (Esm-4) % 5’- CGGACC
GATCTTCTCGTTGTG-3’ (Esm-5) ¥ J&in4z s 95°C3 4~ 45> 1 & cycle; 95°C 10 #; » 60°C
10 45 » 72°C 30 ) » £ &7 39 & cycles °

PR

- %*:%?hﬁﬁ;%%“"%ﬂﬁﬁ CREHEEEFEL L

L AL EE A R D (RIS
BFE A AT AT RF CEL T i 2RISR T2 24 PR R (W
3m,@ﬁ%§o%§@@ﬁTu%%ﬂaﬂﬁ%w’ﬁiﬁi%%é%%—ﬁ(”%D
E GBS o LT ARphT 5520 7 5 10 ppm spectinomycin {24 33 AP EFEE
FAE A F LI ZF AT 10 ppm spectinomycin sHfE 4 32 & P o L EIFGHFER A HfE
%o

FE A T A ) RO R i e (B 3D) o BIE S IR T bR
v sk gy TR (R 3E) "ﬂﬁ spectinomycin 1 e % » IR T i ghi 4 X T pEE N3
FARR e CIE (B 3F) MY HMEE S EEREE > Y EEHHHL = > 2 F
Foat A RS g (B3G) WAL 2 M Al } spectinomycin & # GE R A T i ¢
FA N T ¥ TR (B 3H) 3 afatkR# 1 7 7 spectinomycin 3 %Qiﬁ%ééﬁ EFR
(BI3D)> 9= 2w i FRESH A D2 s (8] 3)) %3 3% 2 it g ot
TR ABRE AT PRI CHEE EF=3111) 2 ERRER (K 3K)
Pl 2 2B BE 2R %EET (W3-
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IFEETRMEATIRES AT FE2 FERERL 22 - (A) 4 ES
EFAHA- XS0 B)RE AHA- 24 FT a2 e 2 om Ol ¥ R
EEHF C) BEHBF B AL A BI LA BEARAL 4 - X2 3, (D) #iE
B REMLENFCE FEFEREEML EF 0 (F) 5% 10 ppm
spectinomycing & % (s fE ke Y 2. 355 (G) & E L3 {8 > AR = 2 B iR e
it S(H) e HERITomE AL L2 () FEGELERSI S
REEA0) 7Hs R ERIK) £ AERDIS T (L) TR T HERKe

s

Fig. 3. Regeneration of transplastomic 'Green King' broccoli from hypocotyls after biolistic

bombardment. (A) Broccoli seeds were germinated in vitro for 7 days. (B) The hypocotyls
were excised from 7-day-old seeding and placed in a circle within a 2 cm radius for
biolistic bombardment. (C) After biolistic bombardment, hypocotyls were cultivated in
dark for 2 days and then transferred to the regeneration medium for 7 days. D), (E)
Regenerated shoots were subjected to 10 ppm spectinomycin for 2 weeks and 6 weeks,
respevtively. (F) Bleaching leaves were appeared in non-transplastomic explants after 10
ppm of spectinomycin treatment. (G) After 10 weeks of cultivation, non-transplastomic
explants showed chlorosis and bleaching. (H) Vigorous growths were shown in
transplastomic plantlets in 10 ppm spectinomycin. (I) Induction of root formation was
performed in root-inducing medium. (J) Growth of roots. (K) Putative transplastomic
plants were transferred to pot and acclimated for ambient environment. (L) Putative

transplastomic broccoli was grown in the greenhouse.
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S BEA T CERERZATIZ AR
()~ REmpERH 5 BPCR)A 17

AR AR TR BF S F T b 0 T spectinomycin & i 0 3 EAERRE 4 o TR
AR FBE S AT DNA > & 912 Esm~ Myr ~ aadA 3 gus %2 fhiEFfipesl+ &
7 PCR 47 » |2 F % 5 EsmMyr ~ Esm ~ Myr ~aadA ~gus % p %4 %] - PCR 4 47 % %
Bom £ g1 39 f%wﬁ#%?:% °

PCR % 45 ESmMyr 4 7] & £ 5 % & v > 39 thigid 7 g: 23 4k 1 B F] 1.1kb 2
EsmMyr 2 F] 7 £ o Bl 4A A o1 Be3d o136 trig e 7 ?‘:;,:ﬁ 3 FE 8 EsmMyr K %] 5 ECiE
¥ (1.1kb)en23 tkig stk » A s 48tk (CKI ~ CK2)R| & - /,,\ 7 Esm A F2 2 5% T o
OREEE AT ITEY 77 64T FRITIHEAS 11k 2 Esm AT A A iEix (CKI -
CK2)pl& (Bl 4B) - = 3Rip ﬁfﬁi E R %ﬁf_ﬁjﬁ_ﬁjﬁfs? WRIFY - EiEF B2 A %%
175 kb ehF FEE N R Esm A TFEF o A7 Myr AT % B A 0 39 PREE AT ]
F £ 4 25T SR P A 13kb 2 Myr A5 > & AR (CKI ~ CK2)BI & (@)
4C) o bt AT T A %\ﬁ‘é;fﬁﬁa“’fi" WRIT] ¥ Z 55 1.5 kb 2 23kb e 75
R ORI Myr 2 F] o A 47 aadA & F12 % BT 0 39 BREE R F TS E ¢ 28 BT R
7|45 < 0.8kb 2 aadA £ 7] > aua;t,za_m;\ (CK1~CK2)R| & (] 4D) - I p¥ & > #icht 7 +
¥ RIPIY - 55 0.65kb chaadA A FikF o @ @ 48 (positive comtrol) 2 X & 7E
R (CK3)Rl & o

(A) EsmMyr £ %] % £

H:0
K

=
e
..
=
=
|

*=1L1kb
e (EsmMyr)
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B4 m#E#HwEy “FE RS2 DNA L #59 > @ * Esm-3/Myr-3 (A) ~ Esm-1/Esm-2 (B) ~ Myr-
1/Myr-2 (C) ~ aada-1/aada-2 (D)¥2 a3 + & (7 R A p2 R 4abh F B2 A4 > LT A Y
& 45 EsmMyr 25 F]1 8 £ (1.1 kb) (A) ~ Esm (1.1 kb) (B) ~ Myr (1.3 kb) (C) ~ aadA (0.8
kb) (D) A Fleh2) - CK1~CK3 : A&7 i o Positive: pMT91t-Esm-Myr-GA -

Fig. 4. PCR analysis of EsmMyr fragment (A), Esm (B), Myr (C), and aadA (D) genes in putative
transplastomic broccoli. The parts of EsmMyr (1.1 kb) (A), Esm (1.1 kb) (B), Myr (1.3 kb)
(C), and aadA (0.8 kb) (D) gene sequences were amplified from plant DNAs using primers
Esm-3/Myr-3, Esm-1/Esm-2, Myr-1/Myr-2, and aada-1/aada-2, respectfully, and analyzed
by electrophoresis. CK1 CK2: un-transformed broccoli. Positive: pMT91t-Esm-Myr-GA.

() FRESREMPEFEHF B RT-PCR)S 177§ - F 1tk

RT-PCR 4 #7 EsmMyr % £ 2. mRNA 2 % %1 > 39 %%%‘E#ﬁ?iﬁ_% =P G 2447 0p
$|#E 1.1 kb 2 EsmMyr % £ 2 mRNA » @ 2 % £+ (CK1 ~ CK2)R| & (Bl 5A) » A
17 Esm A& F] * B & Bt 039 %%a%ﬁiﬁ% EP 27 %%?K’F’ R3] 1.1kb 22 EsSmmRNA-
B 5B B m #3#cn 24 R F 7T 5407 R FE ) Esm mRNA (1.1 kb) » A 8 7 & 5
AlE (CKI)& 5% 2 R 4Bikss (CK2) (B 5B) - PRt ir ¢ T EF dRID Y - 54
1.8 kb e Esm mRNA » @ # 78 §* 8 (positive comtrol) % X # 7 f& t& (CKI1 ~ CK2)R| & - &
15 MyrmRNA 2 % 7 > 39 thigth 7 7% ¢ 5127 $h#8F § /3] 1.3kb 2 MyrmRNA -
B SC B 386024 PRk A F 75§ 5457 i 1T 8 Myr mRNA (1.1Kb) » 4 # 7 £
Pl& (CKI -~ CK2) - 417 aadA mRNA 5 % B > 39 it + 7C 5 ¢ § 28 $h7 Rl 3]
0.8kb 2. aadAmRNA - ] 5D & 7+ 38723 %%%3;5_;1 TEHREY 3 22T RIS
0.8kb z_ aadA A ] @ A etk (CK1~CK2)R|#& (B 5D)- 4 7 gus & F2. mRNA %
FAT 39 BRI AF ITEY § 20 kT @RI T 043kb 2 gUsmRNA - @ K
t (CK3)R|#& (B SE)
(2) TR TEF @R E PR R4 5 B(qrt-RT-PCR)~ 47878 § 1~ F o x

2 qrt-RT-PCR A~ {74878 § 7= Esm 2 Myr A Flejp 4 mE > H 2 5% 0B 9 #7
oo 39 PREREEF SR Y EsmAFHARE SRR F 24 5 NoT (5 HER D684 )
No0.36(49.5 2)~No.15(31.2 )+ # = % No0.31(19.5 )~ No0.38(17.2 )~ No.16 (14.8 &)~
No.35(14.8 %) ~ No.45(14.8 ) ~ No.24 (14.4 )~ No0.32(12.5 &)~ No.27 (12.4 &) ~ No.43
(11.7 )~ No.19 (10.2 ) » £ # = % No.6 (9.8 &) ~ N0.29 (9.7 ) ~ No.8 (9.5 &) ~ No.39
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(D) aadA # 7]

(E)gus 2 %]

BlS. My -FE S 2 RNA F 42 cDNA 5 # » #& * Esm-3/Myr-3 (A) ~ Esm-
1/Esm-2 (B) ~ Myr-1/Myr-2 (C) ~ aada-1/aada-2 (D) ~ gus-3/gus-2 (E) +%pa3!+ & {7 F
ERER4AE F 2 A Y > T AT 247 EsmMyr 2 F] R £ (1.1 kb) (A) ~ Esm (1.1
kb) (B) ~ Myr (1.3 kb) (C) ~ aadA (0.8 kb) (D) ~ gus (425 bp) (E) 35 - CK1 ~ CK2 :
* 7§ =% o Positive: pMT91t-Esm-Myr-GA -

Fig. 5. RT-PCR analysis of EsmMyr fragment (A), Esm (B), Myr (C), aadA (D), and gus (E)
mRNA in putative transplastomic broccoli. The parts of EsmMyr (1.1 kb) (A), Esm (1.1
kb) (B), Myr (1.3 kb) (C), aadA (0.8 kb) (D), and gus (425 bp) (E) mRNA were amplified
from plant RNAs by RT-PCR using primers Esm-3/Myr-3, Esm-1/Esm-2, Myr-1/Myr-2,
aada-1/aada-2, and gus-3/gus-2, respectfully, and analyzed by electrophoresis. CK1, C2:
un-transformed broccoli. Positive: pMT91t-Esm-Myr-GA.
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Fig. 6. The relative normalized expression of Esm (A) and Myr (B) genes in putative
transplastomic cabbage by qrt-RT-PCR analysis. CK2: un-transformed broccoli.
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Transformation of Myrosinase (MYR) and Epithiospecifier
Modifier (ESM) Genes into Broccoli Chloroplast

Yung-Shen Lin " Yi-Chun Pan®  Po-Heng Chen”  Meng-Jiau Tseng #
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Summary

Sulforaphane has been found to inhibit proliferation of cancer cells, prevent cancer cells to
develop, and anti-metastasis of cancer cells. Sulforaphane is an isothiocyanate which is produced
from glucosinolates in myrosinase-catalyzed hydrolysis. Myrosinase (MYR) is physically
separated from glucosinolates in intact plant cells. Production of sulforaphane is upregulated by
the MYR and ESM (epithiospecifier modifier). Brassica chloroplast transformation vector,
pMT91t-Esm-Myr-GA, harboring both myr and esm genes was transferred into the hypocotyls of
'Green King' broccoli via biolistic bombardment. Transformed plantlets were selected by 10 ppm
spectinomycin. The results of PCR, RT-PCR, and qrt-RT-RCR analysis indicated that the
transformed genes were present in the chloroplast genome of transplastomic plants, and expressed
its mRNA.
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