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miraculin genes related to sweet protein in transgenic lettuce
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Abstract Sweetener is one of the additives that makes you
feel sweet. Artificial sweeteners and sugar are typical examples,
and sweetness proteins with sweetness characteristics have
been widely studied. These studies elucidated the trans-
formation lettuce cells with Agrobacterium method for
stable production of natural sweet proteins, brazzein,
thaumatin, and miraculin. In this paper, we report use of a
plant expression system for production of sweet proteins. A
synthetic gene encoding sweet proteins was placed under the
control of constitutive promoters and transferred to lettuce.
High and genetically stable expression of sweetener was
confirmed in leaves by RT-PCR and Western blot analysis.
Sweet proteins expressed in transgenic lettuce had sweetness-
inducing activity. Results demonstrate recombinant sweet
proteins correctly processed in transgenic lettuce plants, and
that this production system could be a viable alternative to
production from the native plant.
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S fUT 4 ook E3 o] H e QB R A2
o H Bk, AR L AA AT LS B ARS
ob|3hek a1 8 315 g{chKant 2005). whebA] 913 7o) Ryt
A Ao B S-S BHAAL U 2S£ 4TS Y
€ QST AU A ol 2] A7 ol

& A d 7Hu e -2 miraculin
(Kurlhara and Beldler 1968), thaumatin (Wel and Loeve 1972),
monellin (Wel 1972; Moris and Cagan 1972), pentadin (Wel et al.
1989), curculin (Yamashita et al. 1990), mabinlin (Liu et al. 1993),
brazzein (Ming and Hellekant 1994), eggwhite lysozyme (Masuda
et al. 2001) and neoculin (Shirasuka et al. 2004; Suzuki et al. 2004)
5 9%0] el gtk o] 5 ZmIEh A & Arfahale] 4 B
o] ZAjste], EAuIS 0] 2 vt A8 of gtk
ol e e He) e SER USG5 & 4
L0, lysozymeg A| ] 3tal= = o] A o] 7] 92
A o] A& Gufj 2 BE 87 = 9t} 1 & brazzeind 713
2r2 B kS 71 Tl A 2 A o} 32 8] 7} A& Pentadiplandra
brazzeana Baillon2] & 1jj of] 4 £-2] ¥ ¢ th(Ming and Hellekant
1994). | 24 9 33 12k pH (pH2.5 ~ 8)o| A Q17 & Ko
W], g3} ghto] A 54 7hA|m, E4o] glof mE 4]
o] Abgo] 7}53}char 514 th(Assadi-Porter et al. 2000). E
3} brazzein T 21-2- sucrose T B2 7] & © 2 500 ~ 2000
i, & 7] 2 2 95008 B =7k ol | R 2 M 2 B
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W7 Q) th(Ming and Hellekant 1994; Assadi-Porter et al. 2000).
Thaumatin 41-9] F 10,0008 0] T} & 7hv] =2 7}
A AT 2 2 A A o}Z ] 7ol A AFAY S)= Thaumatococcus
danielli Benn. (Benth.) Gufj ol A &2 & 1 th(Wel and Loeve
1972). £5to] Gl 2ol & Lrehnl Ful SR 9 44
dol wil A A2 A (PH 1.5~ 12.5) | A eHg A o] A
ol vlal @t =7 = A= A A SA 2 Aok
Z- o] 91t} al 319 t(Farbman et al. 1987). B 3§} thaumatina-
n|Zb 7 W 57 8] ARshe Zlo] wrE A of whet AF
e B e ARl AR AR Huke =7 = 545 AY
AL Qlo] @& =Tt A AFHTMERA FelEe] AUtk
(Farbman et al. 1987, Zemanek et al. 1995). Miracullin & tf] 41
&2 miracle fruit (Synsepalum dulcificum)©] Gujj o] A =3t
T et A A 2= T JAT AISES ©@ok o 2 st
A7 4 )i 112444 24 Taste modifying activity) 2-6-2
3tc}al 519 th(Kurihara and Beidler 1968). o] 27| HE ¥ o
L2 ARO] pHE} 419kl whet A 4 = o, AR o 3,0008) =

d

AT

© 7P 2.8 7bA ], 100°C o] 4 75 he BlBkAl 7]
78S AR Bhghek(Faus 2000). o] 213t 2l w
o AQYUREA WS £ FIHS WR ok, 1A
of 4 A AFSH TRl 2 9k 8 Ao 9 A o] ket gy
Fo] the 7] o] AHel A ol 23] Agt Ho|etu &
S oleh uhebd QPR AR Gl AR SSA L A
A A W A AL o] G2 A 2T VO E L 4B
AS FA 3ol AR O FU AP T 5 G Y2 HG
ool A 2] 29 ko] 2415 U @ 5hek a1 5 chFaus

&3l A5 Ao T-DNAE AFIAIA g 2 2

=
FAE S48 A

Ay (Lactuca sativa L. cv. Green Skirt, 2| u}) E2}= 70%
EtOHZ 307} A=3t 5 tween 200] A 7}=E 1% sodium
hypochlorite AF-3Fo] 1557k S A3 hgick. 1 7,
a2 33 AR 5 12 MS JL A 2 off 2] 4etaL, 16
AFo] 72 71(25 + 1°C, 16h day/$h dark)o] A 2Ho} 2 9= A7
oh 3 Fof 2 2mf A= A A 2 AR
A& AEg Axge] o]-§35}3i .

HATE 2 ROA g & Ti-plasmid #E 5

A& d9H4] -8 Ti-plasmid ¥ & 5222 NCBI (https://www.ncbi.

nlm.nih.gov/) 2 5 E] brazzein, thaumatin 2 miraculin -3-4 2} 4
1.2 345 5ho] ATk B4 Vol 9 BamHI E3H5H= 7] 4
& 9] 3412 Futo] Y oK https://www.bioneer.co.kr/index.php/)
off 22| slof %35} A th(Shahina et al. 2016). T/ # 4
= brazzein 239 bp, thaumatin 701 bp, miraculin 737 bp= A 3t &
22 Abg5ho] A1 1hEke Wl E 9 pPZP-3'Pinll-Bar Ti-plasmid
HE o 22 oGt oo fFAA A 2 H S 9Tt 2=
S E] = 2x CaMV 35S (Duel cauliflower mosaic virus 35S promoter)
£ AHgstglon, FAASA AdS fJsto] bar FHAAE
o]&-st4 Tt =5 W E = Agrobacterium tumefaciens EHA105
o HAHBS] 242 YEL(SCC)] AT A%
4z Aol AT

Az 0] 2193 A H -2 NAA 0.1 mg/L™, Kinetin 0.5 mg/L" & 323}
5t MSILA|H) R of| A 24 7} pre-culture $F 3, Agrobacterium
tumefaciens EHA105 (ODgo=0.5-0.7)0]] 10527+ 72 A F ot 2
& &, acetosyringone©] 7} pre-cultured) %] of] A tlj 5} 25°C
ol A 247t oF B F S & co-culture 3t A EYS =
31t} co-culture Fofl = 7H e E 9l HH-S NAA 0.1 mg/L,
Kinetin 0.5 mg/L", PPT 3 mg/L", cefotaxime 300 mg/L"' & Z 3}
SF MSILA| Al x| of] At 5}aL 25°Col| A ¥ v 5l bar
FAZR WAol Sl A2 E f = st 25 mfo} Aol o
stk ate &, dddH o = BE =8 A3 A= MS
hormone freet} 1| of o 4]3fo] o] 2 §E ol Bel 7} B4
H ARG AT LE| o] 45t &3HAZlTh o] % o]
£ ol-&sto] FAASA o FHA} &A o] AR5

Genomic DNA & %! PCRE4M

Brazzein, thaumatin, miraculin 521 &} 9] Q] o] B 3ko] 2 )
w3 A3 9 & 2 5L ¥ genomic DNAE 2 2] 5} o] PCRE-A]
= AAIsEo] gl skl o] uff AR-&-3F primer set+= Table 12}
Z+o] bar-fw L nos-rvE A ZF51o] 95°Co]| A 527} pre-dena-
turation A] 71 &, 94°Cof| A 30% 7} denaturation, 58°Cof| A 30%
7} annealing, 72°CoJ| A 157} extension T4 2 30 cycles 2 4=
Yo} o, upxjut o & 72°Cof A 587t extensions A A] 8f
SERETES

RT-PCR 4 gRT-PCR 24

T AR R A2 P A S A4S 25E total RNA
£ 35319 RT-PCRY qRT-PCR &4 535+ 35+
t}. Total RNA= FavorPrep ™PlantTotal RNAMiniKit (Favorgen,
Korea)E AMg-3}Fo] £ 2]5}4) 12, Inclone™One-stepRT-PCRKkit
(IncloneBiotech, Korea) S AF-&-5}4] total RNAZ F-E| cDNAS

flo
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Table 1 Primers used for PCR amplification and RT-PCR amplification in this study

Primer name

Sequence (primer direction 5’-37)

Genomic DNA PCR primers
Bar Fw

Nos Rv

RT-PCR primer
Brazzein RT-Fw
Brazzein RT-Rv
Thaumatin RT-Fw
Thaumatin RT-Rv
Miraculin RT-Fw
Miraculin RT-Rv
Actin-Fw
Actin-RV

CGTCAACCACTACATCGAGA
TTGCGCGCTATATTTTGTTTT

GAAAACTACCCGGTGTCCAA
GGTTGCGTTTTTCGTCGTAG
CTGGTGACTGTGGTGGTTTG
GCACATCTGACGCCTCTACA
TCCACCGATCTCAACATCAA
ACGGTGGGACAGAAAACAAG
AGCAACTGGGATGACATGGA
GGGTTGAGAGGTGCCTCAGT

314 314 T} PCR WH-8-2 94°Cof| 4| 457} pre-denaturation A]
71 3, 94°Cof| A] 3027} denaturation, 55°Co| 4] 3027} annealing,
72°Cof| A 1327} extension 2} 4 S 30 cycles 2 3} 2.1, m}%]
al 6 g 72°Cof A 557t extensionS A A| 5} T PCR AHE 2
1.5% agarose gel Aol %% 3 2, ethidium bromide 2 ¢ A 5}
band: 21218} 91c}. RT-PCR 2312 A Za7] 913, =97
©2 7] 28 total RNAZ 0|-§-510] 23] A& uhuabgict.
E5F A k2] A A 7FPCR A E S )3, SuperScript ™I Platinum
One-Step Quantitative RT-PCR system (Invitrogen, Carlsbad, CA)
S 0] §3H9ICh PCR 4H3-2 919, uh-g Ao h At m A
= Platinum SYBR Green qPCR SuperMix-UDG (Invitrogen,
Carlsbad, CA)o] Tt A zAbo] =2 & 2o whef 42519
t}. Thermocycling ¥ &3 7 &8 Illumina's Eco Real-Time
PCR System (Illumina, Inc. California, U.S.A.)& ©]-&5} o] 4=
st PCRE 95°C 108-9] o] 94°C 30, 57°C 30 4
68°C 13] 20 ~ 25 Abo] 3-& -3 51Tk PCR 2 T}E Q1%
317] 914l 33] A9 S WHE-5}F 9 ch(Livak & Schmittgen 2001).

rn

dHA =% 4l Western blot =44

ol
QN

gk 5o Tl kg A2 Western blot & = >3
5tk Tl A =2 brazzein, thaumatin, miraculin -3-7 &}
7F = ) =] o] mRNA 8] &l o] =2 3 2 7 24| 2} wild type
9] ¢l o 2 HE extraction buffer 2.0M KPO4 (pH 7.8), 0.5M
EDTA, Triton X-100, 1.0M dithiothreitol (DTT), 80% glycerol and
dH20200 412 A}§-8 o] % T2 & 22 sl Sich A2 24
N5 4°Cof A] 13,000 rpm & & 20E7F A4l F 2] 5k 445l
S g akol 27h 240 ALg 59T % Th S Bradford
(1976)°] whet A dHE Y-S FF O 2 AHS-5)= Bio-Rad
Shab ) o4 & Aol 7125191k Z17}) brazzcn,thauatin
miraculin 2421 © 2 H ¥ 5 U3} 9F o] & thull & 20 pg/laneS

rict
S~

o O

12% SDS polyacrylamide gelso]] A 2]} 1 (Laemmli, 1970),
semi-dry transfer (5 mA /m?, 155)0] ]3] PVDF membrane
(Bio-Rad, Korea) © & 27 t}. FLAG HRP anti-flag2 12} &4
(1 : 1000, v/v)= A}-8-3} 11, anti-rabbit IgG-alkaline phosphatase
(Roche, Korea) S22} 31A|(1 : 3000, v/v) 2 AFE-5Fo] H&319 T

Zn|crIE I QERIo] 2P S4 U Tiplasmid HE] 715

Z 2} brazzein, thaumatin 2! miraculin 4] =< uf|
brazzein->- Ming and Hellekant (1994)0]] 2] 3fj &+
7l Tl A 2 21671 2] ORF 9 717 9] ofu] At o &2 4]
E o] 6.5 kDa2] A5 zFa1 Q)th. Thaumatin® Wel and
Loeve (1972)]] o]} 4k} thul 2 & 6787) o] ORF 2 2257}
O opm| e Abo 7 S/ E o] 22.33 kDad] EAFE S 2L 9l

(U
=

i
u 2o

W42 714709 ORF W 2377)9] ofu]eAto 2 745 of
24.36 kDa®] A2 B 3 th(Fig. 1). ZH2Ho] -4 2} Hreto]
= FLAG-tagE F-2sto] 3 A8k | Aol A eha 2 o) vt
& A &8t AH8-3}53 T Brazzein, thaumatin 2 miraculin
FARAE AF Amol ZAA7I7] Slg A ddeE
Ti-plasmid ¥ €} &= 2 x CaMV 35S X 2 X §| 3} of 42} ¢] vt
do] 2 A= =5 stal, A ubA 2 bar §-HAE AHE-5}
TFEokth o] A 5 A= S d WE = A wmefaciens
EHA10509] 3 A A8k Al A 45 A A of] &= 513l ch(Fig. 2).

oN

NSRRI QFA E9f BEME A4F S

oN

FaE Agdd o2y Ao AL ek Al 5 970A



260

J Plant Biotechnol (2018) 45:257-265

(D) Miraculin237a.a 24.36kDa
MKELTMLSLSFFFVSALLAAAANPLLSAADSAPNPVLDIDGEKLRTGTNYYIVEVLRDHG
GGLTVSATTPNGTEFVCPPRVVQTRKEVDEDRPLAFFPENPKEDVVRVSTDLNINE SAFMP
CRWTSSTVWRLDKYDESTGQYFVTIGGVKGNPGPETISSWFKIEEFCGSGFYKLVFCPTV
CGSCKVRCGDVGIYIDQKGRRRLALSDKPFAFEFNKTVYFDYKDDDDKGDYKDDDDEK -

(@ Brazein 71a.a 6.5kDa
MDKCKKVYENYFPVSKCQLANQCNYDCKLDKHARSGECFYDEKRNLQCICDYCEYDYKDDD
DKGDYKDDDDER—

(3) Thaumatin 225a.a 22.33kDa

MATFEIVNRCSYTVWAAASKGDAALDAGGRQLNSGESWTINVEPGTNGGKIWARTDCYFD
DSGSGICKTGDCGGLLRCKRFGRPPTTLAEFSLNQYGKDYIDISNIKGENVEMNESPTTR
GCRGVRCAADIVGQCPAKLKAPGGGCNDACTVEQTSEYCCTTGKCGETEYSRFFKRLCED

AFSYVLDKPTTVICPGSSNYRVTFCPTADYKDDDDKGDYKDDDDK~=

Fig. 1 Amino acid sequence of sweet and taste modifying proteins. Sequence was collected from the Swiss-Prot biological database

of proteins

RB = - -
[Brazzein|
2xCaMV 355 rLag [ PmllT
trg
Hind ITI I Dtk

IxCaMV 35s > Bar H NosT —I

MATFE IVNRCSYTVWAAASKGDAALDAGGROLNSGESWTINVEPGTNGGKIWARTDCYFD
DSGSGICKTGDCGGLLRCKRF GRPPTTLAEFSLNQYGKDYIDISNIKGEFNVPMNESPTTR
GCRGVRCAAD. IWQCPAKLKAPGGGCHDRCTWQ‘I‘ﬁE YCCTTGKCGP’I‘B‘ISRPI’?CRLCPD

APSWL-'DKP'I'TVTCPGSSN’Y‘RW!‘CP‘I‘A YHDI

DYKDDDDK -=

LE

I— 2xCaMV 385 Thaumatinl] paBT
HFLAG tag]|

2xCalV 353 > Bar [ NosT _I

Hmd I ¥hel BamH1

MHEELTMLSLSFFFVSAL LAAAANFPL LSAADSAPNEFVLDIDGEKLRTGTNYYIVPVLRDHG

GGLTVSATTPNGTFVCP PRVVQTRK

EVDHDRPLAFFPENPKEDVVRVSTDLNINFSAFMP

CRWTSSTVWRLDKYDES TGQY FVTIGGVKGNPGFPETI SSW!‘KI!.E‘. F\'.‘GSG!’Y‘K !..W'C PTV

COGSCKVKCGDVGIYIDOQHGRRRARLAL SDHP FAFE FNKTVYF!

I_ 2xCaMV 355 Miraculin 1} ponr M apcanmvass > Bar H NoeT —I
2FLAG tag

Fig. 2 Development of transgenic lettuce plants with genes. (A) Ti-plasmid vector construction for overexpression of brazzein,
thaumatin, miraculin genes in lettuce. T-DNA region of pinll-gene. RB, right border; LB, left border; gene::FLAG, genes with
FLAG-tag; Bar, bar gene; Nos-T, nopaline synthase terminator; 2xCaMV 35S, duel cauliflower mosaic virus 35S promoter

= brazzein(57§ 4]), thaumatin(37] A1) % miraculin(17 4]} &
23} ThFig. 3). SA E T0 A A8 A5 Agx *J% A
a7] 9ste] Qut Z7], Wmelo] Zo|= 5h AT
wild-type (WT)Q} G- A5t A AFOFAFS EO]—E— % o135}
ch(Fig. 4).

THESIE AR Z0[CHITTR QAR /R0l o wel
=
=1
SR AR E R R AR S 9N A5 AL o]t
27t DNAS 353 F, § 24 =4 o] 2ol bar §414

ohnos B o] & %o o] 3z8fo]v] & 5 o] PCR 241

Se 3 g ch(Table 1). 71 27} WTo] ] ko] 97]1€] A) &3} A
B4 PCRVF LFELFS AL 3113 5 9190, ufekA
A B3} A E-A|E-& brazzein, thaumatin Y miraculin 8- 2} 7}
242} A2 Aol QP4 0.2 =91 E A S BRI} EhFig. ).
2ol = 97} & A A & AFS=of A] brazzein, thaumatin 2 miraculin
6 79| uFelof b Bol e k7] 9] 0 2 1E] total RNAS
Z2Z3}o] RT-PCR 547} qRT-PCR E-4] 0 2 28] 5}9ich.
LW el YA I A o
F T3 Q)22 3H2l5HSI T 1 = brazzeino A= Bl, B3 7}
A2} thaumatino]] 4] = T27l 4], miraculin®]] A = M1 7] A o} A

w#
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Fig. 3 Development of transgenic lettuce plants with brazzein, thaumatin, miraculin genes. Agrobacterium mediated transformation
procedures in lettuce plants. a~c, pre-culture on MS medium with NAA and kinetin; d-f, co-culture after infection; g-i, callus
formation; j-1, multi-shoot differentiation; m-p, regenerated plants in rooting medium; g-r, acclimation in soil

WT Bl B2 B3 B4

Growth length (em)

WT B1 B2 B3 Ba

B5 T1/T2 T3 M1
Oshoot
Oroot
mleaf length
BS T T2 L E M1

Fig. 4 (A) Phenotype of wild-type (WT) and transgenic lettuce plants. (B) Plant growth of shoot, root, and leaf length in WT and

transgenic lettuce lines. Significance level p < 0.05.

M WIW2 W3 Bl B2 B3 B4 B3 T1 T2 T3 Ml

?mbp_) — Nos:Bar primers

Fig. 5 PCR analysis of bar and nos terminator region. M, molecular
marker; W, wild type as negative control plant; Bl to MI,
transgenic plant lines. B, Brazzein; T, Thaumatin; M, Miraculin

7bg Bho] wrAsHe AL Sl st thFig. ). QPg A 0.2
Aok FAAB N2 v e wAn 57 b
X £ westernblot 5.4 & E5te] £-a5teich. 21 A3t 3

%

1 A3 97| A 5ol A = ¢ 3t brazzein, thaumatin 2 miraculin
A7} XM} 2 Hod 7 AL AR obA 2 o 7 thal A A AL
3

= A0 2 YEGTHFig. 7). Western blot4] © &
=5 E]—lﬂi 2L 7] H11% A A brazzein E2}21 6.5 kDa
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A WT E1 B2 B3 B4 B3 WT T1 T2 T3 WT Ml
| o — oL [
e e R e [ etz
B -
Brazzein lines . ; i
160.0 0o . Thaumatin lines o Miraculin lines
5 140.0 I h b i
® 1200 l 2 30 =
§ 1000 ; 2 § 50
& w0 i £ a0
E 60.0 T ; 40 _g 3.0
Sl ’—]~ ﬂ 1, %20
T 200 & : ﬂ Z 10
el | o i O ] I 5
WT B1 B2 B3 8 85 WT T LE! wT M1

Fig. 6 (A) Expression of the brazzein, thaumatin and miraculin genes in transgenic plants by RT-PCR analysis. WT, wild type; B1
~ M1, 9 transgenic plants. (B) Quantitative RT-PCR analysis of RNA extracted from transgenic lines and control (wild type). CT
values calculated based on actin expression level as a control. WT, wild type plant; B1~BS5, Brazzein lines; T1~T3, Thaumatin lines;

M1, Miraculin lines. Bars render standard error of mean for three replicate measurements

oo [ ] o

Fig. 7 Western blot analysis in TO generation of transgenic
lettuce plants with the FLAG-tag (DYKDDDDK). Protein was
isolated from transgenic plants and wild type. WT, wild type;
B1~M1, transgenic plants; B1 to B5, Brazzein lines; T1~T3,
Thaumatin lines; M1, Miraculin lines

(Ming and Hellekant, 1994), thaumatin &2} 8521 22.3 kDa (Wel
and Loeve, 1972), miraculin E-2}2F2] 24.3 kDa (Kurihara and
Beidler, 1968)7} 1 %] 5} % th(Fig. 7). E 3 brazzein =9 & 2
218k WA Foll A= B1,B2 € B3| A 7H =2 4l & e

U} 137, thaumatin = ¢} g &
A& H it Miraculin
chul 2l o] =7 BHe ¥ A S slo| 3t 4

A A o A T20 A 28
$AA7H = H FAATMIo] A=

o1giek. netA, 2

o Lo A 7R3t & A A3} AlS=of A] brazzein, thaumatin 2
o2 3 AL AAdsto]

miraculin 7o) el 2 o]

oFA A ©

fE

Fof S40 AHg3hant.

Aol A AR A o2
(B1,B2, B3, T1, T2 & M1)o] A
&Ho7 A
B S 545 55k TIAI ) 4
&3tol At

=YgE e &

of| A basta®] 2] &

)

i

A4 77 (Chi-square analysis)-2 4

7}l @ o] ] 2] of) U] brazzein 9

H HA=B1 B2 £

7P7_‘Lo

wslr] ¢

A

a}s
=

=23
=
K

she FUAB 43
Z &} 7} single copy =
3

o o5 AR =2
S50, TIA
A2 Aestel 7ol

} 9 tH(Table 2). 1 2
Z &} 7} single copy 2 =)
A=A 2 27041 & 4

X 9F5} 94 11, thaumatin

Table 2 Chi-square analysis in Tl generation after transformation with brazzein, thaumatin and miraculin in lettuce. X*-test for

resistant and susceptible strains, estimated with the bar-strip test

Result of basta treatment®

T1 Seeds generation Total seeds - - X test P-value
No. of resistance ~ No. of susceptible

B1 123 97 26 0.97 0.50 < P <0.20
Brazzein B2 105 78 27 0.028 095 < P < 0.80

B3 98 89 9 13.06 P < 0.005

Tl 189 161 28 10.45 P < 0.005
Thaumatin

T2 201 143 58 1.45 0.50 < P < 0.20
Miraculin Ml 122 87 35 0.88 0.50 < P < 0.20

914 days after sowing in %4 MS medium containing 3 mg/L PPT
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A A A A
—— —— —
= X =
— —a— —a—
a a a
To generation To crossbreeding

B WT

A A a
—a— —a— —o0—
—— —o— —o—
A a a
o1 2 1
‘l’ | Selection of T1 generation

30.0
25.0
20.0
15.0
10.0

5.0

Relative expression

Ak

T2-14

o

M1-11

0.0

Fig. 8 (A) Schematic diagram for breeding of homo and hetero lines. (B) Phenotype of wild-type (WT) and T1generation plans. (C)
PCR analysis of T1 homo and hetero lines with bar and nos terminator primers. M, molecular marker; WT, wild type; B2-7, brazzein
T1 generation; T2-14, thaumatin T1 generation; M1-11, miraculin T1 generation. (D) Quantitative RT-PCR analysis of wild-type (WT)

and T1 generation plants

9 miraculin 3721 &} 7} single copy 2 =% 7] A= T13} Ml
Al EA &2 ZH 2 17HA A A S tH(Table 2). o] 5 Al &4 =
B FU 84S 5] 413402 2ol homo 2 hetero
AT 1A ) BT, T2-14, MI-11& Zh7be] Zhujghal ) 64
A7} EQ1E 0] QA 0.2 WS gl AL THlalsict
(Fig. 8). Zm) okl &l 64 29| brazzein, thaumatin, miraculin©]
EoE FJAASG A= SR EE A o7 HE o] =
L G AHA= brazzein FAR7F = E A EA 2 Ve
(Fig8). o] A4+2] A7}2 K] A o)A brazzein, thaumatin % miraculin
Sl AL A 2R = ] kel A abo] 75l 4t
MO o] § 7l ABCR AR Teby 2 1
A AT AF2= 2 B 7hu]chea R AL 7He A L 3 ﬂo] 3}
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