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Abstract Anthranilate synthase (AS) is a key enzyme in
the biosynthesis of tryptophan (Trp), which is the precursor
of bioactive metabolites like indole-3-acetic acid and other
indole alkaloids. Alpha anthranilate synthase 2 (OsA4SA2)
plays a critical role in the feedback inhibition of tryptophan
biosynthesis. In this study, two vectors with single (F124V)
and double (S126F/L530D) point mutations of the OsASA2
gene for feedback-insensitive @ subunit of rice anthranilate
synthase were constructed and transformed into wildtype
Dongjinbyeo by Agrobacterium-mediated transformation.
Transgenic single and double mutant lines were selected as a
single copy using TagMan PCR utilized nos gene probe. To
select intergenic lines, the flanking sequence of RB or LB
was digested with a Bfal enzyme. Four intergenic lines were
selected using a flanking sequence tagged (FST) analysis.
Expression in rice (Oryza sativa L.) of the transgenes
resulted in the accumulation of tryptophan (Trp), indole-3-
acetonitrile (IAN), and indole-3-acetic acid (IAA) in leaves
and tryptophan content as a free amino acid in seeds also
increased up to 30 times relative to the wildtype. Two
homozygous event lines, S-TG1 and D-TG1, were selected
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for characterization of agronomic traits and metabolite
profiling of seeds. Differentially expressed genes (DEGs),
related to ion transfer and nutrient supply, were upregulated
and DEGs related to co-enzymes that work as functional
genes were down regulated. These results suggest that two
homozygous event lines may prove effective for the
breeding of crops with an increased level of free tryptophan
content.
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A& t) A& 8H(Metabolic Engineering)2 post-genomics Al
ol 83k 377 Eof 2% DNA 7|sS oAl
theket AR A=E 245t AEAW 83 A
A 24L& g535to] o]&staL St 24l wE e,
Edod W =EYEE 5 A4 ofplnike oIz 9 7}
%ol W5 gopmolu, ool A o5 of
A Gl ol Wl EAS Gtk 35 A gl
tryptophan A -A 7 2= F4olu] A9 tryptophan O]
Qo] IAA 9 A5 W5 A4S 2L thoFsh 22 A}
AHE-S A AFSHCH(Radwanski and Last 1995). Anthranilate
Synthase (AS)= W&FE ofu| At shikimate 25-E] tryptophan
= sk oA &= HE3-Ql chorismate S AS
2 HIA|7| = vl g A o|tiBohlmann et al. 1995; Romero
and Roberts 1996). 2] E-0]|A] tryptophan®] Z%]-2 chorismate
oJ|A] anthranilate=® A¥sH= Zuf| §4~2] anthranilate synthase
(AS)9] alpha subunito] feedback inhibition®] 4 ojubR] 9
L% point mutation®d F-HAE = YThol wet dojt
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Cl(Ishihara et al. 2007, Wakasa and Ishihara 2009). x| <7}
A wjol A uyptophan Aol Tk AL Sulo] S
Z program © 2 A1} S-metyltyptophan A 3FA] EH
o] A|(Wakasa and Widholm 1987; Lee and Kameya 1991;
Kim et al. 2005), AS alpha-subunito] A E FAAE 1}
HFE A A d o] R & A A BHA|(Tozawa et al. 2001; Wakasa
et al. 2006) 5-o] ¥elA glomn, o] A=A|= tryptophan
ko] tj 2o el Y538] S7HE ATk E3F Trp &
IAA 9 serotonin} 72 o]t ArsHE S WIS £X
AlZ1tH(Radwanski and Last 1995).

FelA o) AR Fol7l e 1EA
Wi W Bo] Yt EPEW AT Hoit
L ASHE A 9] feedback inhibition 7]5 E-4] 9 feedback
inhibitiono]] F43t Ao S Foto] 1L E
HEP AL B9 sfure] B astt,

wepa] 2 Atof| A tryptophan A EH Aol 4] feedback
inhibition®f| F17}6}1A| HH-83-5F= AS alpha-subunit I+ 0ASA2
S A} o] F124V 2 S126F/L530DC. 2 HE =
AAE o] g3dte] FAATAE S5k, FEA
tholl A tryptophan FHgo] =2 AFZ o|HED}
GMH & 7S shalak 4345 qich
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Anthranilate synthase £/ ASA alpha subunit 0| F&X}

=t

S-Methyltryptophan (SMT) A3/d W #AFo A&y &
o v ZxoZHE EMS Ao 93 = 6719
SMT A+ ¥ Al E 9 £X}& tryptophan analog?l 5-Me-
thyltryptophan 50 mg/LE 3ZgHst 1/2 MS v A2} SMTE
EFeLA] b2 iAo Zb7) mhgsho] 14UTE AYSA
1% 73 Ade Hole= W Age Adsto] A+t
o] 72 ARSI Al A REE s &
St 7| g BEALS 43Y35t A3} 0s4S42 (anthranilate
synthase) -5-ZA}2] 124HH 4] o}u| Akl TTC (phenylalanine)
7} GTC (Valine) .5 #o| = 7| H|(F124V)2} 126H A o}
o] = AFQ] TCC (Serine)7} TTC (phenylalanine)2 o] &
a1, 530 A ofn=AFQl CTT (Leucine)”} GAC (aspartic
acid)2 o= ZJA|(S126F/L530D)E &2ldk 4~ A ATh
(data not shown). = 7}2] -3 9] ZZdHo| 7} WA
OsASA2 GAAE Z}ZF single mutation (F124V)3} double
mutation (S126F/L530D)o|2}x st 2ast & A
surgue o] welahgn

T-ERHA|E HEITS

>

FAAE LU pPGDI BIE S mulE = A}
o] OsASA2 (anthranilate synthase) &Z A5 CaMV
2 PDGI ZEREHo| AZAsto] Azt FAH
el 9 4B AL FHE CaMV 355
mefo] s AolEE Bar SAAE ol g3tk
9FS-2- vector 2] 0] 1% plasmidE Agrobacterium
tumefaciens LBA44040) &2 A3 Al Fth 28°Co A &
A3t B O 2 A2 Agrobacterium tumefaciens competent
cell LBA44045 G0 A &2l & plasmid DNA 1 ple}t
X 0] A electroporation cuvetteo]] = sF Th-S 1,440 V2
715 A& 7heto] FAAE A7 F SOC viA] 1 mL
< TRt 3, HatE Aol ¢ iz 28°Cof 4] 200 rpm
o7 1A7F Fot wjoFalsct vjoFH-S kanamycin 50
mg/LE EFFeE AB agar v A o]l A Adsfo] 2l wj
oFH O 50% glycerol S =& H7lslo] AL Y1l
(-80°C)oll #|7-3}3ict.

& oo
Mo fu opln ok ufm

1}

> |k ol

JaMa H Y, TRl § g 24

— =

Z2E5 2 mg/l
Fao] 30°C e

2,4-D7} Z3HE N6 H Al =] of] 3 F

o A 24 A7t FF oA A, vl Fio] BEo 227
Al ZeE 225 15 mLe] Agrobacterium FEFOH O] TA
Sl Fuol Wb oF 20 B2 HET b B
Elg|o]u] Qfof FAE Z2lFof AL Agrobacterium
o

S A A 3R T} AgrobacteriumZ FESH FAE 1 mM
dithiothreitol (DTT), 3 mg/L silver nitrate (AgNO3), 0.5%
gelrite7} 3Z3HE 2N6-AS vi 2] flof] HEFHo|HE FiL
A4sto] 25°C dxANA 3 LIt FF HjEA AL,
I3 uiA AR dFEe =ol7] A HEH ol
AAZE v o] 2]4Fsko] 25°C A 4
% vl oF5F I th(Lee et al. 2011; Jung et al. 2014). &
AN Hojxl AES} AEAE o= B A
&l Al 054842 AR =S elstr] ffsl A
3}E 9o 2 HE genomic DNAE E&|5lo] =¢84
Z} Bar 2 0sASA2 AR Eo] ZZ-& primer setE |
&350l PCR 4 4=3ystqleh. ojuf ARE-3F Bar 741
A} Zatojw= forward 5'-CGTCAACCACTACATCGAGA-3',
reverse 5-“AAGTCCAGCTCGCAGAAA-3'% A|23}9) 1L,
PGDI1 promoter forward Zg}o] W= 5-TAGCTCTTAAC
TTGCATGTC-3', OsASA2 8-7AA} Ze}o]H = forward: 5'-
ATGGAGTCCATCGCCGCCGCCA-3', reverse: 5'-AGAG-
GTTTGAGAGGCGAAC-3'2 A &3}o] 95°Cof|A] 687t
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pre- denaturation A]Z1 2, 94°Cof| 4] 30 %7} denaturation,
58°CollA] 30 %7t annealing, 72°Cof|A] 1 &7} extension
TgE 30 cyclesstglon, mpx[uto® 72°CollA 5 &1k
extensiong A A5t} ZA BT T A 74 A
tjof| A Single copy= =UHE MNAE A&HC = Myt
3}7] 915 TaqMan PCRO| ©J5) G742 Z %5}

TagMan probe real-time PCRE 9J3}o] 2 x Brilliant |l
QPCR Master Mix (Roche, Switzerland) 10 pl, dH,O 5.5 ul,
sense primer 10 pmol 0.5 wl, antisense primer 10 pmol 0.5
ul, probe 10 pmol 0.5ul, 3==3%F DNA template 3 ulZ
total 20 W& PCR tubeo]] E& & E3lol-S thermal
cycler (7500 Real Time PCR system, Applied Biosystems)
oA FEstor SAHELORE oot FAA
ShAfol ARRSE FRlo|A 53 DNAE o] &5h3l,
G dxo=® ojn] AFH FAXSA T, homo #|
237} T, hetero ) F2] DNAE ©]-235} % th TagMan probe
PCR HHg A& 95°ColA] 10 £7} predenaturation A] ]
5. 95°Cof|A] 20 % denuaturation, 56°CoJ|A] 1 & annealing
2 40 3] W2 AA5E AL, annealing B3 Z0f| Quencher 2
Hel Ba)d fluorescein FAMo] 2443} & wjujct fluore-
scenceE TA|olL &S BA]H cycle 4x(ct)~= amplification
plots® ¥ & 3}9th TagMan probe real-time PCR A2
EAE ZZAHEL nos terminator®] E0]2] 2l labeling
3} probe primerE o]-83}o] EAEQAtt 0s4S42 A
A7 EQE PAAEA O] AT A4S total RNAY
229} cDNATHIS E510] RT-PCR 2 qRT-PCR 54
2 435ttt o|u AFE3) actin primer set+= forward
5’-ATGGTTGGGATGGGTCAAAAA-3’, reverse 5’-TCTT-
TAATGTCACGGACGATT-3’9} Zro] A|&+s}9ith. Total
RNA+= RNase H-Reverse Transcriptase (Gibco BRL, Rockville,
MD, USA) protocolo] whe} 4~3Y3} % S ™, first strand
cDNAXE total RNA 5 ugS 2 EE gAlsch A=
¢cDNA 2 WE FF OS2 3}o] 10xPCR buffer (200 mM
Tris-HCI pH 8.4, 500 mM KCI) 5 w2} 50 mM MgCl, 1.5 ul,
10 mM dNTP mix 1 ul, Taqg DNA polymerase (5 units/ul)
0.4 wl, forward primer (10 uM), reverse primer (10 uM)=
247k 1 WA Hrskar datg 380 W2 HF Fa 50
wE ko PCR 412 5k3ich PCR BE3-2 94°Co]
A 487} pre-denaturation A]Z71 B, 94°Co A 1 E7}

denaturation, 55°CoJ|A] 1 E-7I annealing, 72°Cof|A] 2 &
7} extension ¥}A 2 35 cycles® 3} Ow, npx|Hto g2

72°Col| A} 10 E-7F extensionS Al A| 514t} PCR A&
1.5% agarose gel’yol 9% 3t &, ethidium bromide® F
Asto] band S EFQ16FSITE qRT-PCR 412 31433t cDNA

£ A8-51o] SYBR Green Realtime PCR Master Mix (TOYOBO
co, Japan) 1§ 3tol AASH: ol ol st
t}. Threshold cycle (Ct) gkl 9]t Whaof 2o o 44
o2 AAIF O, AACEE A A EH Q(Ct target gene —
Ct actin gene) — THEAEA(C target gene — Ct actin gene) Ol <]
3l AArele] 423} 3} th(Livak & Schmittgen 2001).

FST =4
B AT ol A =g HRe] 4He19%] Bhel e Thole
1. (2009)0] E 113} adapter PCR WH-& 7[jgFsto] ARE-
At FAXSA RB AR AE EA o AHE-SE primer
NCBI BLASTo] 4] Genome Survey Sequences Database
o 7lze] wnH LB AHAD] $A4E A5l
ST 23 e A7MLS vhoR AL,
50 ng@) total DNAS 5 U9 Bfu I Astas a2 SHAT
AlZl 5 5 U% T4 DNA ligase (England Biolabs)Z} 1
pmol 2] adaptor DNAES 4 7}5}o] 25°Cof|A] 16 h HF-2-A]
A F @A 9 PCRE 4=3¥5kith dak PCRE A A 25
ul pre-mixture -0 4] 7 ul& DNA template © 2 10
pmol®] AP13} LB1 = RBI primerE % 7}8}o] PTC-200
thermal cycler (MJ Research, Waltham, MA, USA)E o] &
sko] Hh-g-A it YA} PCR HH-g-2 702 95°Cof| A} 5§ &
7 A X283 2 94°Cof A 30 &, 67°ColA 1 &, 72°C
oA 1 &3t 71277 = ko] F 20 3] RhE W35}
2 72°CoIA] 10 B2 2% 2 AR 0% PCRE
2} PCR YA E | ule 2P0 = 3to] AP29} LB 2 BX
RB 2 primerE AR§-8Fof 94°Coll A 5 &7 A A2 3
3B 94°Co A 30 %, 60°Cof|A 30 %, 72°Co|lA 15 30
Z27h& REEF712 A 40 3] ¥HE vESA1 71 - 72°C
oA 10 &7+ 2F SHsko] APt F%H% PCR
HES-AME2 1% agarose gelof] A7) 95 5} ethidium
bromide2 10 E7F M35} bandS &1ttt ==
% DNA ¥WHE=1= HiYield™Gel/PCR DNA Extraction Kit
(RBC Bioscience, Taipei, Taiwan)E ©|-83}o] A3}
S LB 2 = RB 2 primerE 0|83} G714 ES
BAsI 3, BAE 7)Y A H = RAP-DB program
T} NCBI9] Blast = 713l (http://blast.ncbi.nlm. nih.gov/)
= o|&sto] EAE U

P
a

€

o2 o

lo rlr

offett =4

obulieqt BAS fistel AR 10 62 52 A2 ¥
o} 3132 500 mgS 35} sample tubeof g1, AFSI)
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A& 9l5le] 5 ml2] 6N HCIS 7184 N2 5 Bzt
purge A]F T} Tube cap S 2 53t & 110°C heating block
o A 24 AJZF REA|SFAL Zhp el AlAA fS w2
= YA Esto] A5 qE 50°C heating blocko A &
Z510] HCIS A7 3Ht}. 20mM HCI (pH 2.2) £0<
AR5l 5 ml2 A-L35F -2, 0.45 um membrane filter
2 s ojole 5ol AccQ-Tag AloS AHEal
SEASA7] B, HPLC & B4 A 22 AL3t3ct

Microarray £4& &t high-throughput screening
9J%t transcript®] HESALS FHSHY|

gzl B FAATAF TG TG2E
m SMT7} SH-¢-8 MS iAol A 3 F7F HjoFsl

fllo

RNAE 353 £, microarray 242 2 WHE 0 2 43}
sto] el zpo]E EASHTE 52 cRNA probes}
hybridization> Agilent's Low RNA Input Linear Amp-
lification kit (Agilent Technology, USA)& A&} S,
Microarray 42 93t chip2 AH-8-3) H 37 Q1= Agilent
Rice 4 X 44K Oligo microarray2 AH2-5}911L, hybridization
%, image quantification GenePix Pro 4.0 A}8-3}%
31, LOWESS =2 13- o]-& Z} spot®] nomalization
st BA =2 I3:WES Agilent GeneSpringGX
73S AFE5HS oW, Hybridization Z}ZF 2 HEE O &
s

=k

712} =] J_'—E

OsASA2 REA =2 gZdeH s9

1 9] tryptophan (Trp) &4 Al S0l A feedback inhibition
of] 2-8-3}= key enzyme$l anthranilate synthase (AS) a
subunit &1 FAREF O] SRl 0sASA2E SMT A%
d =dHo] AFozmRE Eestal 54 o =95t
of gAML HE AASFTh 054542 F-HA= 2,166
bp2 full length® o]Fo]# ¢lom, 3 H FMA| long
armo]] 9]Z|5}aL 10 7H o] A& JAa} 972 JIEE ¢
oo 1821 bpo ORFQ} 21 bp 27]¢] 5’UTR, 324 bp
o] UTRO.Z o] Eo] ZTHNM 001056176). SMT =}
A AGORRYE Y 054542 A= g HA 9
124 bpoll $A|3t Lo TTC (phenylalanine)”} GTC
(Valine) &2 Ho|E 1, T Th 2 7JA] 9] 126 bp2} 530
bp7} IA|ZE Lol A 212t HE AR o] 7t WA ste] TCC

(Serine)7} phenylalanine (F)©. & CTT (Leucine)”} aspartic
acid (D)2 et} (Fig. 1A). Feedback inhibitiono] &
Ao sk EYES A A Ao 2 A EA
O] MHRe- 3f| 4 F124V single mutation -8 2}2} S126F/
L530D double mutations -5-A A& Z+ZF CaMV 358 &2
LElof ofaf Alo]E|= Bar A AHUE AlE Ud
HE ¢l pPGD15 ©]-§-3to] Hof =)k ithFig. 1A).
H o] PAASHe A 115 7] FollA Z 35 7He 3
148t A48 do] &2 8% K SIthFig 1B). 3
SR A DojRl &3 AEAE = o
BollA 0s4S42 AR =Y o RE &6t
e, AE3E Ao ZEHE genomic DNAE H 2|5}
EAGHAR Bar U 054542 GHAA Eo0] ZZ-L primer
setE ©]-&3to] PCR 41 =35} ith. =43t F124V
single mutation - *}2} S126F/L530D double mutations
SANEIE dojxl 217} 10 Ao AL} AlZA o]
A Bar @ 0s4S42 S-AA7} 7] 25 9 thFig. 1C). o=
0sdS42 §HA7E 8 Aol 2 =H o] U4&E o
glo] ol& FAATA = To A HE ASHIEE F

skolch. E3F Single copy 2 = FHAASAE AT
&}7] 9]5ko] TagMan PCR-S =333t A} 7421 10 7] 9
FAAZ To WA Sl A WA =Y -FH A7} single
copy = A =l o] Q1 3th(Fig. 2A). Single copyE =

N

il
d
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— TTC...TCC CTT — OsASA2 gene

— GTC Single ion (F124V)
GAC — Double mutations (S126F/L530D)

TTC

F124V single
MPW 1 23 4 5 67 8 910111213 14 1516 1718 19 20

o> m Bar gene

MPW 1 234 5 678 91011 1213 14 1516 17 18 19 20

S126F/L530D double

500bp | OsASA2 gene

Fig. 1 (A) Ti-plasmid vector constructs for overexpression of
single (F124V) and double (S126F/L530D) point mutations of
OsASA2 gene in rice. A PGD1 promoter and CaMV 35s promoter
gene, a 3’PINII: protease inhibitor I terminator gene, a herbicide-
resistant gene Bar (phosphinotricine acetyltransferase gene), and
a nopaline synthase terminator (3’nos). (B) Transformation of
these genes through the step by step processes of Agrobacterium-
mediated transformation. (C) PCR amplification of transferred
genes (Bar, OsASA2) in transgenic rice lines. The amplified
products were separated on 1.5% agarose gel. Lane M: DNA
ladder, Lane P: PCR products generated from the DNA template
of pPZP-Bar plasmid that contains Os4SA2. Lane W: wild type
plant, Lane 1~20; independent transgenic lines
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A oot st o OMIE HESY U |EA WA

I 054542 SAA7F A TAT) L T, To AlTh 242
;,,0 I . | II I h I III II T ol AR B Aol & =oEo] ko w I
' T — FE= AAYELS Ak single copyS AT B
********** e — AZo]HA intergenicql FAHATA S & AL}

B A4 GMOZZHT A )} F5 gt GMO Z7K(T,
- = G A T ATAL A5t Sastan. §
oo o T A OE T Al AEAE Hyo o A 3
" e — 01]A1 0sASA2 G- ARA} 2] 594 < srolsta 9AR B
S126F/L530D double T, #1 00702052050 m 050240204400 o]:/L]-_Q_ A]—ﬁ EOH:HFlg 3) U‘jﬂ -f-),—?‘(j_X}- E?Q o]‘%
e '@ﬂ ' T; A=A 25 H *XP Aol AT 20 A FAE
S126R/LS30D double T, #2 (ORI, Josotooioczno> sl ar, WolAl7l &, 14U 7o) 4 ppm 2] Bastar #]

5820bp ! 4522bp

Fig. 2 (A) TagMan PCR analysis for the selection of a single
copy of transgenic rice. (B) Analysis of intergenic regions flanking
to the left or right border of the T-DNA in T, single copy plant

o FAAZA ZEE Intergenic A S Adsto] oFA
902 EQH GM MAIES $A43H7] $J5to] FSTHA]
223519 CHFig. 2B). 0s4S42 A 949 W F124V
31 6F/L530D .2 Xd{;f@ﬂ%OlEl ‘WXWP E‘”‘El

S 7z X}7} Intergemc.‘li

=
He 4%} 23} A7) 9l §
?_] ]‘: Al 2 xﬂL OﬂAﬂ

o ASAE 4 Atk
A 0s03g0311000]| 4] 9,988 bp (single #1), Os07g0410220]| 4]
26,820 bp (single #2), 0s03g020430004] 220 bp (double
#1), 0s01g01021009] 4] 5,820 bp (double #2) Ho]Zl 3t
of MO AAE AL SHIsHechFi 2 B).

M WT Mock S1 S2 D1 D2

g
~

L PGD1::0sASA2

JFITI

II
'

'
'

(@]
= N
5] S

Normalized transgene
mMRNA levels
w

Mock Single 1 Single 2 Double 1Double 2

0OsASAZ2constructs introduced in GM rice

OBar
B OsASA2

2 59 ARAS B ABAS olgsto] =AfA
2} Bar Y 0sASA2 GAAF Eo] ZZ8 primer setZS O]
{3}o] PCR B4 £33}t 1 ZAa}t 0545429
F124V single (S-TG) ¥ SI126F/L530D double mutations
(D-TG) #AA7F =dH FAAS Sdjo|A Bar U
O0sASA2 SHA7} AEE 0] 0s4S42 AR ¥ A=
of =A% o & Hol&il 5= FlstArt
(Fig. 3A). 0sASA2 %X%xm = FAATA ] HE
2 242 93] RT-PCR ¥ qRT-PCRY S =335+ A7}
HAATAE YREA =) AR 0s45429] F124V
single % S126F/L530D double mutations 37 A}7} A2
WolAl AR wAsT 9ee SHISHETHFie.
3B). QRT-PCRY o]l &J &t 0sAS42 A & gt
Asts gzl ML uf, W Mocke] 1|5}
S-TG} D-TGY] FAAZA oA &4 Ldst= A&

WTMock S1 S2 D1 D2

S e - e e |OsASA2

SR S S see Ses e | OsActin

D WT Mock S1 S2 D1 D2

Fig. 3 Analysis of transgenic rice with overexpressed event lines of single (F124V) and double (S126F/L530D) point mutations of
OsASA2 gene. (A) PCR amplification of genes (Bar, PGD1::0sASA2) in transgenic rice lines. Lane M: DNA ladder, Lane WT: wild
type plant, Lane Mock: vector control, Lane S-TG: single point mutation, Lane D-TG: double point mutation. (B) Analysis of Os4SA2
expression in the transgenic lines obtained by RT-PCR. Rice actin gene was used as a loading control. (C) Quantitative RT-PCR
analysis of RNA extracted from transgenic lines and wild type control. CT values were calculated based on actin expression level
as a control. Bars show the standard error of the mean for three replicate measurements. (D) Phenotype of the wild type, mock control
and OsASA2 event transgenic rice (S-TG: single point mutation, D-TG: double point mutation)
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E]
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Fig. 4 Comparison of agronomic characteristics of wild type
(Dongjin), Mock control, Single 1 and Double 1 event plants.
(A) Yield measured by weighing all panicles per plant. Bars
show the standard error of the mean for three replicate measurements.
(B) Dispersion plot showing the number of grains per panicle
(X-axis) and number of panicles per plant (Y-axis). For S-TG
and D-TG, data from all the T3 events were merged
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Fig. 5 (A) Comparison of the total IAA, IAN and soluble Trp contents in wild type (Dongjin), Single 1 and Double 1 event plants.
(B) Expression levels of selected genes associated with Trp metabolism. The rice actin gene was used as a loading control for

gqRT-PCR values
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AR Q] W3ty dojudttal 31 th(Ueno et al. 2003;
Hattori et al. 1996; Murch et al. 2000). & Aol A 04542
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Fig. 6 The relative value of free amino acids in seeds of TG plants compare to the wildtype. The contents of free amino acids other
than tryptophan in mature seeds of TG plants are higher compared to the wildtype. Means followed by the error bars are not
significantly different at a 5% confidence level (Student’s ¢ test)

Table 1 qRT-PCR primer sequences of some genes associated with Trp metabolism

gRT-PCR Primers (5* - 3°)

Gene name
Forward Reverse
ASA1 GAGCTGATTGACCAGATGGA CATGTCTCCACGGAAAGAAA
ASA2 CGAGGACAACATGGAGACG CCATGATTGTGACCTTGTGC
CYP79B1 CCTCAAACTCTTCGGATCTCA TTGAGAAGCATCACCAAGGTT
CYP79B2 CGAAACATCGTCGTTTAGCA CGGAGGGAGAGTCAGTTTCTT
CYP79B3 CATTTCAAGCCCTTGTAGCC TTTTAAGCATCGCCGGAAT
SURI1 GTCTCGAGATCCGCAAGTTC ACGTTTCCACATGGGTTGTT
S-GT CACTGCGAGTAAGGGACCTG AGCTCGTCGAACGTGTTGAT
NIT1 AGCTTAAGGGCAAGCACAGA AAGATCCTGCCCAGCAGTAA
ATRI1 GGACACCATGTTGCAAAGAA AGTACGCCATCCACCTTCAC
OsActin ATGGTTGGGATGGGTCAAAAA TCTTTAATGTCACGGACGATT
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=7 YER S ™, alanine, glycine, phenylalanine, threonine
2 serine SFEFol| A T x| v 4.2, 4.0, 44, 3.0 &
3.0 87} = A Yebstth(Fig. 6). webA] 0sASA2 A
2 ke 4|71, tryptophan AVEH4 8] 2 ARl A feedback
inhibition®] =715} & o] ofw|litgteFo] MA Aoz
ol A3, B% ofulito] £ ANE 2ATL o

Qlatot.

53] tryptophan- T Z2+-of] B]s}o] 13 wjofl A 30 B o] 4

MicroarrayzAds St TAK| a4

H PAHASA FollA dojXl o|HE AF TGI (S1)
W TG2 (DY Ty AL WolAl7l 3, U FHE
microarray 542 93t A|& 2 AFE3}91Th Microarray
A5 vlE o 2 data mining 43§ 5}o] transcript W

opAbe] 2o & A B A3} Table 2 % Table 33} 2t}
TG19] ZSo|= 2,542 7|} 4,704 7| Q] GAR7} up-
= down-regulation ¥ ¢l om, TG29 7 L-of+= 2,634
Me} 4,653 7RS] A A7} up- = down-regulation T
Sl th(Table 2, 3). o|HIE A Zo] A up-regulation® 57
AHE-S Ay B, receptor kinase, histidyl tRNA synthetase,
cyclic nucleotide-regulated ion channel, alpha 1-2 subunit of
20S proteasome, nicotianamine synthase, LEA-like protein,
UDP-glucose:salicylic acid glucosyltransferase 5 2] -5 &}
=0 2 oA 4 v H= EA FEHU ol A
Ae HFEE AEZ Y o]& 5, g2 39 5o %
S F= SARRE EH A th(Ishihara et al. 2007).
E3}F Down regulation® -3 A A5 receptor protein kinase,
AUXI-like permease, ferredoxin-nitrite reductase, beta-glucosidase,
chitinase, protein phosphatase, Cyt-P450 monooxygenase,

Table 2 Expression profiling of commonly up-regulated genes resulted in a two-fold increase in response to SMT treatment between

wildtype and transgenic plants, TGl and TG2

Log2 fold

Probe ID
change

Genbank UniGene

Description

A. WT vs TG-1

A_71 _P120836 AK111258 0s.57297  4.10
A_71_P114515 AKO065486 0Os.48269  4.03
A_71_P100872 AK102745 0Os.32822  4.94
A_71_P124491 AK058243 0Os.15841 225
A_71_P126087 AK063993 0s.8771 4.67
A_71_P108807 AKO072250 Os.53356  2.19
A_71 _P113340 AKO099789 0s.3394 2.50
A_71_P107379 AKO067626 0Os.58245  2.42
A_71_P117819 AK102448 Os.6411 2.38

Unknown expressed protein

clone MGC:5406 IMAGE:3447276, mRNA, complete cds.[PRI

putative receptor kinase (At3g47570) mRNA, complete cds.|PLN
AT5g22580/MQJ16 12 mRNA, complete cds.|PLN

Unknown expressed protein

clone 117402 mRNA, complete sequence.PLN

mRNA histidyl tRNA synthetase.|PLN

mRNA for putative cyclic nucleotide-regulated ion channel, cngc2.|PLN
OsPAA2 mRNA for alpha 1-2 subunit of 20S proteasome, complete cds.[PLN

B. WT vs TG-2

A 71 P113250 AK107819 0s.55295  2.62
A 71 P116816 AK066954 0Os.87669  2.38
A 71 P117713 AK103557 0s.409 11.97
A 71 P121562 AK103890 Os.21960  2.23
A 71 P122323 AKO072749 Os.11296  7.89
A 71 P109957 AK112069 0Os.1478 7.92
A 71 P109956 AK112011 0s.9311 20.93
A 71 P115338 AK107134 0s.54934  2.13
A_71 P115137 AK102039 Os.16538  2.23
A 71 P128524 AK100280 0s.53824  3.11
A 71 P126180 AK103636 0s.9805 4.52
A 71 P123920 AKO072077 Os.46062  2.56
A 71 P111136 AK110892 0s.89035  2.88
A 71 P118320 AK101924 Os.12660  3.74
A 71 P101394 AKO068661 Os.12629  11.42

mRNA for hypothetical protein, complete cds, expressed under carbonate stress.[PLN
bacterial-induced peroxidase mRNA, complete cds.|PLN

OsNramp1=Nramp1 homolog/Bcg product homolog .[PLN

mRNA for ubiquitin/ribosomal protein S27a fusion protein.[PLN

AP2 domain containing protein (AP2DCP) mRNA, partial cds.[PLN

osnasl mRNA for nicotianamine synthase 1, complete cds.PLN

osnas2 mRNA for nicotianamine synthase 2, complete cds.PLN

putative I-box binding factor (At5g04760) mRNA, complete cds.[PLN
hydrophobic LEA-like protein mRNA, complete cds.[PLN

At5g65740 mRNA for unknown protein, complete cds, clone: RAFL21-12-106.PLN
Unknown expressed protein

At3g08040/T8G24.8 mRNA, complete cds.PLN

UDP-glucose:salicylic acid glucosyltransferase (SA-GTase) mRNA, complete cds.|PLN
putative receptor protein kinase (At2g37710) mRNA, complete cds.|PLN

Unknown expressed protein
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Table 3 Expression profiling of commonly down-regulated genes resulted in a two-fold increase in response to SMT treatment between

wildtype and transgenic plants, TGl and TG2

Log2 fold

Probe ID
change

Genbank  UniGene

Description

A. WT vs TG-1

A 71 P113273 AK105282 0s.54478 0.48
A 71 P122056 AKO071589 0s.9660 0.23
A 71 P117449 AKI101959 0s.21891 0.40
A 71 P122307 AKO072517 0s.16493 0.42
A 71 P125957 AK110310 0s.9468 0.50
A 71 P114919 AKI111659 0s.9339 0.46
A 71 P116773 AK110332 0s.56712 0.44
A 71 P111906 AKO066850 Os.35154 0.27
A 71 P102212 AK061893  Os.142 0.45
A 71 P103612 AK107646 0s.31233 0.18
A 71 P124224 AKO059264 0s.50889 0.44
A 71 P112517 AK102369 0s.54178 0.29
A 71 P100416 AK099465 0s.12757 0.37

unknown protein (Atlg12880) mRNA, complete cds.[PLN

Ccclp (CCC1) mRNA, complete cds.|PLN

mRNA for open reading frame.PLN

Unknown expressed protein

putative receptor protein kinase (At2g37710) mRNA, complete cds.|PLN
Medicago truncatula mRNA for putative AUXI1-like permease (lax2 gene).PLN
At1g45200 mRNA, complete cds.|PLN

beta-glucosidase mRNA, complete cds.|PLN

mRNA for ferredoxin-nitrite reductase, complete cds.[PLN

Unknown expressed protein

Unknown expressed protein

mRNA for chitinase, complete cds.|PLN

putative protein phosphatase (At5g10480; F12B17 _170) mRNA, complete cds.|PLN

B. WT vs TG-2

A 71 P101433 AK102809 0s.12501 0.48
A 71 P107010 AK060722 0s.5479 0.25
A 71 P109152 AKO070517 0s.20163 0.50
A 71 P102416 AK109763 0s.27505 0.45
A 71 P116870 AK101267 0s.54009 0.25
A 71 P122322 AKO065344 0s.88551 0.18
A 71 P126544 AKO072461 0s.53402 0.31
A 71 P118050 AKO067895 0s.14948 0.17
A 71 P128331 AKI111230 0.49
A 71 P112242 AKO070216 0s.52974 0.34
A 71 P118328 AK105640 Os.16563 0.48

Nt-gh3 deduced protein mRNA, complete cds.|PLN

Cyt-P450 monooxygenase (PM-II) mRNA, complete cds.PLN

clone 39127 mRNA, complete sequence.PLN

mRNA for pectin esterase clone.|PLN

putative selenium-binding protein (At5g48910) mRNA, complete cds.|PLN
AP2 domain containing protein (AP2DCP) mRNA, partial cds.PLN
OsDTC1 mRNA for putative diterpene cyclase, complete cds.|PLN
At2g41900/T6D20.20 mRNA, complete cds.PLN

Unknown expressed protein

At2g02040/F14H20.11 mRNA, complete cds.PLN

clone U10950 unknown protein (At2g44260) mRNA, complete cds.PLN

pectin esterase, selenium-binding protein, diterpene cyclase
o2 AEZ W 7ls A dds g9ttt 28
& 50] 03914 0.5 Az We WHAFS B o
d ARz vFRo] & uf, =YFHA7} intergenic O 2
AUE Ty AHE WA QP shElthar A Zhen) @
& AFAREe] B SHE o8-8k arsinh (Huber et
al. 2002), cube root (Keay et al. 2003), rice (Jung et al.
2011) oA AR HAGAY Aol FARRE pattern

AU

H e

Anthranilate synthase (AS)= EHEIHTrp)} indole-3-
acetic acid, indole alkaloids®] AY3HA ZHZ oA Q3T
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