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The yellow rice Tainung 76 (TNG76) was generated mutant population using
Tainung 67 (TNG67) by the mutagen sodium azide. One of the lines with yellow
endosperm was pulled out. This line was recently designated TNG76, with a neck
name “Yellow Rice”. The specific aims of this study are to detect OSALDH7 gene
expression pattern in rice plants, to investigate the ingredients of the yellow rice grain,
as well as to find out the yellow substances.

The RT-PCR experiments show that OsALDH7 gene was highly expressed at
developing panicles, while the transcript levels were fluctuated during seed filling
stage. The expression was also high under salt-treated condition. The basic
ingredient of yellow rice and TNG67 was quite similar. The content of
malondialdehyde in yellow rice seeds was higher than that of the control seeds,
TNG67. Ethanol or methanol extracts did not provide evidence for the presence of
carotenoid using HPLC analysis. With the separation of C18 column, water extract of
yellow rice gave many peaks. The dried samples from these peaks showed yellow to
brown color. The samples were then separated into supernatant and pellet after
ethanol precipitation, followed by molecular weight analysis and saccharide
component assay. The molecular mean of the supernatant was about 1000, and it
consisted of galactose, glucose, mannose, myo-inositol, sorbitol and sucrose. The
molecular weight mean of pellet was about 3000, and it consisted of galactose,
glucose, mannose, myo-inositol, sorbitol and fructose. The GC-MS analysis was also
performed to reveal the major component of yellow substances.

The yellow color of TNG76 seeds was caused by the loss-of-function of the

OsALDH?7 gene. The yellow substances were complex. Maillard reaction occurred in
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the developing rice seeds, and aldehyde was one of the by-products. Aldehyde was
not stable and was highly active, with the loss of OsALDH7 function; aldehyde may
react with nearby compounds. The final products thus consisted of chemicals with
conjugated bonds and thus provided yellow color. The products also may be
produced by stopping of flavonoid metabolism. It still required further analysis before
we understood if those yellow substances were good for human health.

Key words : Oryza sativa, Tainung 76, HPLC, RT-PCR, flavonoid and

aldehyde dehydrogenase.
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k4 (Oryzasativa) 3 - #4 F A HE I ERP > L h= A HaiF
-2t RhHy-LArarfaf iRk ¥

A8t SR I T RS AR AT ARSI /]S AT ER
LA ER S g E R o T E R o A T LR e o M S A
FRRAR KRBT S Vo e BB RRY A5 F 22900 Ee i
e D B S B A SRR AR e B KR AT T A 4

AR CRAFASS CKIBATHARES A

Potrykus {- Beyer # # 18 12 2k Flee 2™ 5% > e § ok fefi+ B-#F By
FEIEONBIFIEIZR LR RNZE  Fli A PR L EE F A A ]
RpOEEOFRE o B P Ad RAEEF gt ? IR geranlygeranyl
-pyrrophosphate » x5 B-# & § % 2 FRELSEe BAEE T
% || % phytoene synthase ~ phytoene desaturase ~ {-carotene desaturase
# lycopene cyclase fiz % & fsje 12 2 % B¢ B % > Burkhardt ¥ # %
¥ -k ih = (Narcissus pseudonarcissus ) &7 phytoene synthase (psy) #
Flgg e~ o 309 5L (TP 309) -kfe® - #%25 ¥ 12+ £ % 4 phytoene
(Burkhardt et al., 1997 )-Ye % & Jﬁ #-13 ¢ g2« F(Erwinia uredovora)
¢h phytoene desaturase (crtl) z %1 psy # F]3c » pZPsC {*48¢ - fL 5
pB1Shpc - ¥ - %8 pZLcyH £ 7 lycopene B-cyclase (lcy) & &+ 12 §
% & iF A F]---42 Hygromycin & %] aphlV o #-5 B 743 » B & 5
(Agrobacterium) # i g #-ks o HkfefEt £} A2 B-w By £ e
ek o em 2 X B RGF 005G Lenfkicy £ (Potrykus 2001 ; Ye
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etal., 2000 ) -

Bk KA S ARk fefi £ B B R AP R kR
A Flizig 4 4 (genetically modified organism, GMO ) & - f&#7#
BROMO G+ 3 Bl ¢ RHFECRERY Hh SRy R R EEF LA

ET T IR IR R R FE LT T PRS- I )

AMTRRET BAT A RS BRTE Y 2R
TGRSR A AR IEE S 2 TR S RIS 2
LB ke T-DNA £ R Hg R 2 22 o Baara nd 31 By
v g it 40 (sodium azide, NaN3z) 2 it 34 %2 > F8kfe5 B 67 5L
AR OREBRUEALIRTE - BEAKRE > F 755 3000 B o PR 67 82ZR
BN RPWY FRF I LGS 2Bk G 4K (%5 2004) -
dokzd FARATIPRE LML WA S RSEF I 2 B -
e S AL AR R - Rt o ok B RS AR d F S ff
dECHFId RS T R Ik o SRR
Fz g (05 2004) - =5 & € FlEA ALY At chie A7 A
RS TR pH Efex ¢ v B4 R EHI hE R (K&

1998)

AR EFRRTLRATHLARE LB 0 Rk 67 LR EMWL 1 N RH
PHIR A&k o LS SR T6 5 (TNG 76) 5 5F » 7 k34

s R L FFZFFI N I ABELRILFT I AL TS O



LRI FHARIHE XX PR B AR IR TR
g2 va i~ % - betalain ~ f24f ~ xanthones ~ ‘24 % B, %

(3% 1995)c 1 o R 76 5L i HF > 28~ Bk p F ¢ L afid &fl
A LI MBS BRI FRIMPREEIIAZRE 7 ERR
e > L g & f* (aldehyde dehydrogenase, ALDH) 3t % 12 i# exon
R TR 7 0 g A d R ek ieps (arginine ) o = 4 =k (glycine ) ()
S e EHM AT AP RE- AT H A FRBA R 7 R E g

7t E AT m b w2 g o

chr9:16983842..16992222 (- strand)
AK119560

0 O OO o o s
=3 : 3 untranslated region, 3' UTR
1 coding sequence, CDS

AK119560 cDNA 1530 bp

—q —

Gloden rice VOPTIEEISPSAPVVEEEELEFGPVLYVMEVONLEEAV
TNG67 VOQPTIEEISPSAPVVEREELEGPVLYVMEVQNLEEAV
Consensus vgptleelispsapvv eelfgpvlyvrkvgnlkeav

W- ~ AK119560 2. % ¢ #4742 R}

Figure 1. Chromosome and mutant location information of AK119560

Shin % ?,;—‘F% (2009) > fI* T-DNA “g##4& » KFSA Fl2 R %EH > 5
FIEH ALDH #7125 F ¢ B3 chR B REI A2 F 8 30 HR

Bk EA 360 Nnm < B4 AR P F I AL GERE RDAS c AT



kel B A RETF A EH e HF oA RGBT g ELR I
Bd FRERIOEALATFIEAN KSR THERZ  FRT § 4
cytoplasm # 3. Shin, et al., 2009 )- #- ALDH # %]+ = # 4% ;7( Escherichia
coli) 23 > HHM P4 2 AF ¢ & ff (acetaldehyde ) ~ 4 & fF
(glyceraldehyde ) {3 = £ (malondialdehyde, MDA ) i f&:p| 3t & F] ¥ #

BB IR T AL LR T R AT AR S A B -

E’%

24 7 R4 (Shin, etal., 2009) -

FRF S PR RARTok e - b AR R B § AL
FHEFF - FUEHFIRHFELL G EA Fo JI BIE IR T
PFREEFRF FMAL A F s F (5 1995) 0 5 F p &7 e pH
BETEFARTDALA S oM A2 ML ELR LG g ERE G
F M2 RPH AL FF L4 % (Friedman 2005) o % 5542
# & iv:+ 4 (European cooperation in the field of Scientific and technical
research, COST) # ¥+ 3 F Rz AP B2 22028 > FRT P ¥
W wE L G R A L e Y SRR RS S g a4 S A

F M Fu A 2 P v (Somoza 2005) -

PP PTREAZPUN T g R R o R AR g LA
Br H2P st egd A3 Pk~ Hf25 42 MDA 4 1 (3%
1995 )- &= Shln:{%—ﬂ[ﬂ}“]’ALDH A& F# 4R 2. 25 4p I (Shin, et al., 2009 ;

% 1995) -

AT Z PG HRPITINGT6 5w F e R A AR A E T2 A



FAemsl 2 R o B Tl P2 A (Fofg) W TBAZRIZH 7 2
IRERIE F 2 K P L LR ks TR RERREE
FEAMLBEEIA Y LRI 2P T RGEIMNUEHFF R 2 1E A
B K B2 AR VAR AR K LRk A EASE 5]
2 NP FEERF L AR ML 2 BR AN X AR
FHRAITR N B K2 TFE S s EGOR RV HE T a2 B e ¥ b
AFAPEE R I SRR ARG S RS ALDH A F Al F 9

%}:ﬁff:’;|97~}]ﬁm%& 7 i ﬂff’%}‘ﬁmii"“—fé\lﬁ,o



IR pvE

- RWT T I F
RETEARKEPEA IS R - P PP SR R
A A g (Fehr1987) - @M % % L g X-rays ~ y-rays fv UV
S 2 A L WA PR B RERE L) A
" R pie B (ethyl methanesulfonate, EMS) % ; f§ it 422 EMS ¥ 12 3:¢
X R hE e R % (Fehr 1987 )« 4 4+ 1135 % ¢ 45 T-DNA 3 % &2 pr i+
% (Tosl7): i£% 3 N L 4Er37enR 7] 0 @ AT A e > #3810

1l “,f (Fehr 1987) -

g CHRBETEREB I AT R AREAL EN ¥R
AR ERHL R M F ST SR 67 5L M LR AT 2
RULTE2 KSR OTH2ZREFHME AP JERFE 2 PHEERA
ISR TR TS RIS FE N S EREEY TR - ENE
2004)« TEF & &R A P 2 kRS F 0 tiRie 02k pH

#E ~2d R fé > '}?—-% %ﬁo?ﬁfrz B p e

m
:\é‘va{
‘m‘L

AFELA A E AR kRS2 R EES (3 1995) H P d L hEE
(peonidin ) % ¢ % 4% 2 % (petunidin)> % ¢ % & # ¥ 2 (delphinidin) »

Hid Zx2 F % (cyanidin) - =¢ 5 % 2 F % (pelargonidin) -

FEKABATFRALRF TRANEFAESRELY R
itk A ¥ Ha oY AR A2 3¢ (Reddyetal, 1995) -

b E T IDRRE L B AR E A AR G R L 0 B AR
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W ERBE R IR - FELETE (8 2005) -

=

xR 4 2 $7':—;L7% b g dEE P - % - betalains ~ pREE -
xanthones % 4" L § £ % (3 1995) - M F 2 "o TF A8

B <3y ook R4 d & (5% 1995) MR ALY 0 MR BREGER

>N—

MBSV R CAAMREERE R € EREWRDAS
T’; é_'}’/\ﬁ"_*;' (?’E 1995) ° -%t }.1» /vb ff’:}"’ ’ /47 r,; 1ﬂ‘ff'_%i }\ﬁ¢ﬁ «? ’ ’J\

AMEpEI p&EI TF I8¢ theaflavingallate ¥ it 2 A £z ¢ I A

3

(5% 1995)c Betalains k32 gicd ¢ 2> L35 7% L&;P“;,L-‘f#
WEF o Foug i (% 1995) - prR#EE xanthones ¥ i ki3 R 4
dEoRPRAgZFID XTI OB REY RA REEFTFR(E
1995) - Xanthones % & ¢ ¢ % 2 %4> # ¢ mangiferin 1 fepEag )% 5 &
R (3R 1995)  HH B ELAAM FEId F I FANEH

Kfcf % (% 1995)«



kiR TIHAX G ATEEY

g 7 1998 & - R%-kfEA Fle T /34 (International Rice Genome
Sequencing Project, IRGSP) ™ &5 P »d (Nipponbare) = #4#
L EP A ER PR AR RESBRTBEE T A jh
RAFFELIMPORFTG P A EFR PR LAF 2R HY P A F R
% 126784 9ik ¢ M F R} 7345 % 3 10411 x4 7 %8 ;
PRE KRB 4GSR IR A F R 5 ELI W ERE B
% 12 i1z % 11 ig3%A 4 ¢ 48 - 2004 £ IRGSP 7 # = =R f&5 F1AE 2
B 5] 99%f2#% (IRGSP 2005)° H & & {4 &3t k455 B % & Frihd A fL1F
PP AT IS 0 (9 390Mb) > * HAFI AL S R s B £ A
FLER 2 dE 00 90 & 5 o A LR S (IRGSP 2005) & 4 7 4 7

FREdlER A Flz o 0 BT R L A F A R chin g o

RFEAFI T A RS BT RIS N EAF e T O UPEREA LR
HoOo LTI BB P L BAFZHa 0 &350 % A F block ~ &
Fla it s RFIFBRE S Z o T RBF TR R TSR 2L %4
=% > T-DNA-~Tos17 & Ac/Ds ¥ # § T4 2_% % (Hsing et al., 2007 ) -
I * T-DNA S48 » B 7] 7 > AL FE (4 & block > #-pt R & @1 ¥ 42
P B L B0 0 RREATIE G 2 o € T-DNA 2 gk 5]
RP T 1-240 > T P FEF A 5 BAFSED, (An et al,
2005)- &%~ 2K -~ s fx & ¢ ]_g]g-ﬁ #02 T-DNA &h= 2 57 5 K fsze # it
M %12 (Chen et al., 2003 ; Hsing, et al., 2007 ; Jeong et al., 2006 ;
Sallaud et al., 2004 ) - i@%iﬁ Hsing % (2007 ) 41* T-DNA % 5 #& 78 »
cR BT HRAS REAZ REE GG RBIPIF L2 RES LFTHE
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.4 = 5 55000 # % % & ¢ 0 % TRIM (Taiwan Rice Insertion Mutants )
( http:/trim.sinica.edu.tw/ ) - Gibberellin 2-oxidase ( GA20x ) #£ 7] d
TDNAZMEE ¢ ERAZIF B RIS RE 5 &R0 d 1 ¥ &r GA20x

v A ¥ GA 2. F & (Hsing, et al., 2007 ) »

Tosl7 & F @& i+ v ¢ et 47 p (730 246 » >block & 7] -
B L DNA fE 4= 8B RNA > £ F #4-5 cDNA > 5836 ~ A %] H 32D #ic
2L ¥ % (Boekeetal, 1985)- ¢ * Tos1l7 2. iRBLLZ 46 » A Fl2 B F g >
e R4 P PR BB A FOT A 0 02 S p AF 54T (Hirochika
1997)- p #§ ¢ Miyao % (2003) 12 Tosl7 % A4 R #2 R EWL i
TREMEREZ2ZFHRE P 3 45 5B &% o OSHLIS A Flea:y
i.‘EaF‘«”ﬁ B > % OSHI15 4 Tosl7 4& » pF > € & -RASHE R &> & A lm7e
2>

A%tk % MERESR )T FR PR (Satoetal, 1999) -

Ac/Ds & - faf# ¥+ k%> k% 5 Barbara McClintock &  ** % 3¢
¥ 2 3. (Fedoroff et al., 1983) - Ac & Ds & Z # =+ » % [r ed_AC £ 3
BHFEEF2ZARTp A A DS Fie " HEAF > & Ac v i
# i~ (l1zawa et al., 1997 )-Ac/Ds ¢ 7| % A& Fo g * Ac/Ds 2 g4k 822 Tos17
A3 E G J"-/l’?ﬂ“ % 47 * (Kolesnik et al., 2004 )- Jiang % (2007 )
72 AclDS ZRHAFRRIZ T - BRESATHE BRRIL RS A
FZ MR RGBT AR &E LA HRERETT  F R
# pentatricopeptide repeat- containing protein z_ £ F](LOC_0s07g36450 )

i Ds &~ 1 > A& ¢ 3+ (Jiang, etal., 2007 ) -



= -~ pEwa pv 7% (Aldehyde dehydrogenase

superfamily, ALDH superfamily )

ALDH # 722 8.d - B+ £ cHALDH A F#iw it @ ko 3 4 i 4l
B¢ e 5 44 g mAziE 555 B ALDH 2 F)( Sophos and Vasiliou 2003 ) -
d AR A S A 50T 1R A S 21 B F2% I ALDH1-ALDH2 | ALDH21 >
# ¢ ALDHI1 - ALDH19 4= ALDH21 % % % &>t {24 ¢ (Gao and Han

2009) -

ALDH B¢ B 4% (isozyme)» £ = faps# (- ) L@md s
(semialdehyde dehydrogenase ) ¢ 3 #fga'=L pr & fs(E.C. 1.2.1.41 )~
10 ik L pE o @ fis (succinic semialdehyde dehydrogenase, SSADH )(E.C.
1.2.1.24) fe® AP - g pr (E.C.1.21.27) % : (=) 2% - @
% & f* (non-specific aldehyde dehydrogenase ) (E.C. 1.2.1.3); (= ) #
% ¥ % 7 f# (betaine dehydrogenase ) (E.C.1.2.1.8); (= ) A gps it 4
iz 3-#4ps " 2 f= (non-phosphorylating glyceraldehyde 3 phosphate
dehydrogenase ) (E.C.1.2.1.9);( 37 ) ¥ ¢ fiz* & fix (phenylacetaldehyde
dehydrogenase ) (E.C. 1.2.1.39); (= ) p @™ & s (propionaldehyde
dehydrogenase )(E.C. 1.2.1.22 );( = )#gfz"* & #v (ALDH-like protein) -
Hoe MR g dov E AVRARE S|P BEER A fR2L¥ 4p i end-e  (Vasiliou

et al., 2000) -

1 _InterProScan( http://www.ebi.ac.uk/Tools/InterProScan/ )¥2 ExPASy
( Expert Protein Analysis System, http://www.expasy.org/) = PROSITE

ip ¢t ALDH family 3 & & % F % 7| (consensus sequence ) » 4 %] §_$5 vk
10



%% =% (Glu conserved site) (PS00687) {2 »ixpsix¥ =% (Cys
conserved site) (PS00070) - ALDH % % 3 NAD(P) sk 5 ™ £ #5795 %
iz (aliphatic aldehydes ) &2 = 4 *%@z #g (aromatic aldehydes ) ¥ i+ % & »
i NAD(P) "i& & 5 NAD(P)H (Vasiliou etal., 2004 ) - ¢ 4:n 5 &3 2T
B B3 SR ASRE - FEREFRZERGTEAES
NAD(P)H (Fong etal., 2006 ) - fg#gerd 2 4 & 3 p 382 b0 F]F » p 307
% 52 PR BRE AR o pEAE B v TS 2 4 2 g ( Schauenstein
et al., 1977 ; Vasiliou and Nebert 2005 ; Yoshida et al., 1998) - ¢} 2t 5] %
PlARBAES rsldemd it a & 4 i TRFEHPN TG AT
AERALFEFRPEF B En PEAH N HEA PP e g

B~ wied 2 RS (Lindahl 1992) -
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J£ 4= ALDH superfamily
pbafede? FIRPOALDH AFIN § " HABEF E T H a2 1R A3
ok R A AR BT AR ¥ E ¥ S HUER (Kirch et al., 2004 ; Kirch
et al.,, 2005)- ¥ ¢t > @ e ALDH A F1# ¥ & F FFuidh B TR 8 i 4
(Huang et al., 2008 ; Kotchoni et al., 2006 ; Rodrigues et al., 2006 ) - -k
foteiz k18 Ap i § PF > ALDH2a ¥ #-2 fir (acetaldehyde ) # i+ (Tsuji et
al.,, 2003 ) - > [P % > ALDH2C4 ¢ B B 4pt (ferulicacid) foh + ik

(sinapic acid) 2. # & = (Nair et al., 2004 ) -

e i ALDH A %P a4 5 4 B 32% : ALDH2 - ALDH 3~ ALDH 5 ~
ALDH 6 ~ ALDH 7 ~ ALDH 10 ~ ALDH 11 ~ ALDH 12 ~ ALDH 22 (Kirch, et

., 2004 )-ALDH2 i ihe B4 & L Z2 30k A & e % (Skibbe et al.,
2002 )orf2 5 B % 44 2. ALDH2> ¥ fwre Frze 2 f4(Liu etal., 2001) -
ALDH3 M k= BAE R Z o3 okt & w2 % (Kirch, et al., 2004 ;
Kirch et al.,, 2001 ) - # % % 3 ALDH3 3 A" 42 {42 # ( Craterostigma
plantagineum) > ¥ & 3dtk % (abscisic acid, ABA) if 8 (Kirch, etal.,
2001); d peE 64 R FHA T > MR E TR A TiEE M0 F Qe o
ALDHS5 4= ALDH6 = SSADH (succinic semialdehyde dehydrogenase ) f%
% ° 142 SSADH (succinic semialdehyde dehydrogenase) % % > ¢ i
~iEEF itd (HO2) %4 > w SSADH (succinic semialdehyde dehydro
-genase) A3 ip| ¥ 5Tk B o ALDH7 ~10 + 11 v 12 %% 3% R i B pF
¢~ E AR ALDH7 % 3R 3 WR ~ 44k 2 R £33 (Kirch, et al,
2004) - ALDH10 % E Wi s > 2304 kU2 3R H > B # i 5
- A E ek s 53 E4k (Weretiingk and Hanson 1990 ) - ALDH11 =

12



7 ALDHI11A3 - 5 2gipe i 24 i pr 3-pipi ™ & p* ( glyceraldehydes
3-phosphate dehydrogenase, GAPDH )» % #%#% i= * (Kirch, etal., 2004 ) -
ALDH12 ¥ 7 ALDH12A1 - % 1-pyrroline-5-carboxylate dehydrogenase -
ot s RE T o et (proline ) % f 5 5 rept (glutamate ) (Hare and
Cress 1997 )-ALDH22 £+ s ALDH> &3 SRR T 2 RE 7 € 2% >

i» sadE 1 & 30 (Kirch, et al., 2005) -

13



I -~ -kf&ALDH

k4 ALDH A %1 20 B A %> 4 & 10 i 7:2%> 2 ¢ ALDH2-ALDH3 -
ALDH10 - ALDH18 } 3 % %% 4 » @ ALDH5-ALDH6-ALDH7~ALDH11 -
ALDH12{r ALDH22 ' ¥ - i # ¥](Gao and Han 2009 )- # %] % 3% i »
e Z 4 & ché 35 OSALDH2-3 » OSALDH2-4 + OSALDH3-3 + OSALDH3-4
{c OSALDH18-1 - *t 7§ % R th# 42 OSALDH 2-1 - OSALDH2-3 -
OSALDH3-3 +OSALDH 3-5 +OSALDH 10-1 +OSALDH 10-2 -OsALDH 11 -
OSALDH 12 fr OSALDH18-1 o *t & gz 2 3 & M.ih# 42 OSALDH2-1
OSALDH 2-1 ~ OSALDH 2-5 + OSALDH 6 + OSALDH 7 » OSALDH10-1 ~
OSALDH10-2 - ** & 4z 2. ¥ + 4 M.h & 45 OSALDH3-1 + OSALDH3-4

OsALDH11 (Gao and Han 2009 ) -

ket R A B > BB TS { P2 5T (Luttsetal, 1995) -
4 B PER IR T 0 H P 2 2 F]# 35 OSALDH7 -~ OsALDH18-1 v
OSALDH18-2 # 3. # % - = OSALDH3-1 # 3% 1 ; 12 ABA 2 -
OsALDHZ2-4 ~ OsALDH3-4 ~ OsALDH7 ~ OsALDH10-1 = OsALDH18-1 z

AR+ mEHE (Gaoand Han 2009) -

14



=~ @E% & v 7 (ALDH7)

ALDH7 72%= £ % antiquitin (AQ) > & # 2 ALDH family e fk ik &
71| 1% 30%4p 7 o ALDH7 » 5 = B & ; ALDH7A ~ ALDH7B {- ALDH7C >
ul R A FIRE P s 54 2 2 % s (Drosophila melanogaster) 2. £ %]

(Fong et al., 2006 ) - ALDH7 ¥ s -k #rig & cro R 2r 2 6 38 » 50

¥iak kg o HY 2 - eh3 2 24 4 %% B %% (osmoprotectant )

(Burgetal,1996) Z# R ixEH [ A F e > 7 A f Lwe p i
*¢ (Chen and Murata 2002 ) - # % f4-kegs 2 ¢ 4R ALDH7 ¢ ~ & %
7. (Guerrero etal., 1990) - fe $= % 2. ALDH7B4 #iz'% ~ % B fr ABA i
BT R AR A 0% ABA B T ¥ E133% 4 s(Kirch, et al.,
2005 )- Buchanan % (2005) 4 * @' 5| ik (microarray ) 45 |- % ALDH
A 7F > w® e - @ (polyethylene glycols, PEG) - ABA fr8 @i ™ » 12
MEFHFLR A ST PEFALRY PEG 4o ABA #5 - 22 AQ
(GMTP55) 5 tdd ki z f8+ 22 A F > ¥ A FE 7 1 e f 07 o
AEP > Hfg k7 W7 RFk R > VY SR B AiLic i {es B
B bR EiEy i ehig 7 (Rodrigues, et al., 2006) - -k f52 AQ € &
KBRS EBANZPE (TRV) ZERT AR B SEF X o
v & IRE B iEE ¥ MDA~acetaldehyde £ glyceraldehyde 3 &2 >
feiplkfe AQ # it 53 R B+ hic® T STA 2 2 § AT (Shin, et al,
2009 )o# 4 2 it 775 AQ B 5 o 2 e B M AQ(Hsuetal., 1994) -
Bolve$tens R @R A g2 AQAR MARRZEF B » A 352 AQ ¥ &t
Sy AQEF ARG B EFEREMRE F* (Fong, etal., 2006 ;

Yoshida, et al., 1998 ) -

15



¥ 3 F & (Maillard reaction)

WHF BAd Tl P FnERmid > 5 - BAREELBEF b
7 vy fg e U E R Rl B TR SR F
CRME RS D ER AR 0 F i FAxE- (% 1995)- Hodge ¥ % (1953)

TR E R o RARE ERA R R R R AR TS
F &35 = N-substituted glycosilamine » H ¥ s&i s 5 dpiepidic 7 - @ fESG
Rl 2 B ('MW - ) % & F B/ F L EF Amadori
rearrangement 3; = 1-amine-1-deoxy-2-ketose( 1-%%= 4 -1-4 % -2-& A% ) ;
PH E ¢ P HF hiefm > 5 pH B 53 7 o 1 R
1,2-eno|isation(1,2--l'ﬁ fg it ) A5 = furfural (# % ) 22 hydroxymethylfurfural
(529 A4 pg) o pH B+ 7> Pl 7 2,3-enolisation (2,3--’:{5 g it ) A5
BRE A S BHGEL AP AR D c RAR AR Y R &P
¢ a3l pése 17 Strecker degradation » 2 = FEfr o-fiF & 5 (S BT i B
FOR o 4otkiv s £ %k E > R %3538 24 2% (melanoidin ) (Martins et
al., 2000 )- #f 2 # % % ¥ 5 F J& (maillard reaction, MR ) %3 /8 T (14 $ »

e sihd o NI RAFREER -

AR a 2 HZE2 He R r BRAS (mailard reaction products,
MRPs)» 384 g4z £ A E o e R R0 A F 0 R E S ~ o
B g Y Bt e AR S e o 4od-§ -15 R epk (glycine)
o X B G ERF BFF A ROREN R RE &S AR o mTE R
Yook Bofc et Hi(Homma and Fujimaki 1981 )o ¥ g -14 1% 23§ § 4
BRI BEAFAIEEAS TR PIHE ARG B BIFRE o F
TR B A F (%2 10KD) & Aa 3 (o3 10KD) $30en e 2 48

16



(Finot and Magnenat 1981 ) o A 4t A R8s joefRin o 04 € AL 3 fied $»
~ f#sofc (Ames et al, 1999) > § & £ £ 5 % 4 *=¥f ( heterocyclic
aromatic amine, HAA) 2 & » "% i HAA s jgant F > o 303 72 7 f325F 2 4

% S ik 2 s fciBAE (Somoza 2005) « A R A T B i fo
PR o TZ B G M R AR S 0 o T % E 1 (Lee and
Chichester 1983 )ed *t#g 2 4f % 4 ¢ ko )t g Fo sldefzd pi 4 v %
WEFFLRIEF AL T RIR AT B2 I AT ARG M
BiRLMAFEAMRBER T AR I HERTE HAA 55 2 5

Tod oy % (Wilkinson and Clapper 1997 ) -

S AR E I S5 N iRl Rt - B pE{oyept i (creatinine )
FEFFEn A2 M2 AHE HAA &3 Gifeie (acrylamide) % & +
HAA £ 3 ’Tﬁ fer=v i T A 48 (Granvogl et al., 2004 ; Skog et al., 1998 ) -
I pERgEp -9 & S 2 A P X F R L 2%k(Ames test)
FRVEERE P A F2ZEH 22 HF 22 REREN T3 F
(Brands et al., 2000) - 12 glycine-glucose & = g 2 4 % ¥ & R R %
»z% (Taylor et al., 2004 ) g2 sk e 53Nz L Z 2 745 > L P avfy AP

%v&‘?q%%»&gﬁ7 Bof s R Z ﬂ\;’w}s REZ_ T o

AREPN ST T HEH FAEDR AR MM AMRPS 327 - i@ P Gk A
¥ g 2% (advanced glycation end product, AGEs ) » ¢4 AGEs i2 4F
2 39 WA MRS R g m 2 MaEt [T (Forbes etal., 2003)  # 7k s &
H % ie MRPs {8 § BGE3 L& 2 Biis 278 $ e wg (Viassara

etal, 2002) X a $#3EE X T g3 28 LF B E St MRPs &9

17



B FRiE-H a7 (Somoza 2005) -
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%
-~ CEAYRH

e RGTHEEFT A LN S A P RAREFARAISZLR 1

¥ OREEHE

i

TBA 2 2 K RIF ez £ o MREBRF I > 0 HPLC A8 £ 8 2
AR T SRR A o MU TR A R EPE 2 S T 5 d SEC 1z
HPAEC ~ 74 + R S FE&F e o B 511 70907 3 5 B~ % ik = & > 112 R 5
BAH R EAA 0 Au HPLC A H Y R 2L EME T B £ o B

5] ’E‘_\\.’%/": % s 1 ,éﬁ‘)iyﬁi l/qu E?&-ﬁ GC'MS _L = ;\. ]’;\’ /?IJ“:\;:*# o #*#-&r—f :

5 R6THIrF k23 koK

| | T : : I
- - Prolyzer
e TBA HPLC HPLC orolyzel
vl
, , BN T8 % B o o o
E{f}; g\@ AP -7 £ ”I{%i%i; s 4 o Rl
TE g=-v (RS ‘
RER (b i &immk)
=g
5o A . . :
e SEC HPAEC

I— iR RN

r
&

4y

|l

o

3
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R =Rk )
n R GT AT A R TP AR ERKE A PR A RS
FEFFR 4 F A 45 OSALDH7 A Fl2 £ 347 « ¥ 1434 Gao v Han % &
(2009) #5 32 -k 4% ALDH 2 %] > #-43¥Lpt B 7] > 2 InterProScan » 47 & &

7 F]2 Motif 1183 0 R T a2 a0 AT

o BO75L (F&F 7 7 B~ 548 - OsALDH
[o% AL A= A F 7%
RT-PCR InterProScan

LR

Motifz_ +* iz
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Fr i ihRE-s 2

- pEHE

AEHTAAXNS AT ML L 2007 £ o (SR 67 8) % F
(e BT765)~3F (SR TLE) vk (- ) fofz 2R T2 HHIS
2004 1 2008 #pri52 v K ~F B A E A (F - e FBmir2 4L 5 2007
EPTF2Z 0 K EF A (R ) AF2F L4300 o d ¢ m TRk B
R 67 52 g i IR E S 1ok R S 2 2 20 pM A % (abscisic
acid, ABA )4= 150 uM # i 4 (sodium chloride, NaCl ) a2 2 37# £ 3+ (% = ) °
Tl R EABELRE FERLG K AR E RN T 2R ERRITEP

1 (Bl= ) 5 2007 #p7ig 20 58 ~ 5 5F B FGE 24 58 HRL
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Fo RS APEA T BRI EATR Y MR S R g
Table 1. Materials, description and code for component and

malondialdehyde quantity analysis

AfE Rt kit [k

¥ K 5t 2008 & B 45p7 i3 20 2 s o YR

12 5t 2004 & B 45pv i3 20 2 i o 04TN67
5t 2005 & B 40P i3 20 2 i o 05TN67
i35t 2006 & B 45p7 i3 20 4 o 06TNG67
g5t 2007 & B 4epv iy 22 4 i o 07TN67

%k i35t 2003 & B P75 2o 4 b ok 03TN71

K i35t 2007 & B 45p7 i3 20 4 s o 07S

22



SR ARE TR Y 2

Table 2 Material, descriptions and code for gene expression analysis

LR 3 ik T
AT E 4E 142 EF NYL
130 4 £ 14 % 2433w NYR
Ty e _{TE. 35 % 2 i e NCA
BROLE 7 150uM NaCl Aoz 14 = 2§+ NSL
R E AL E S ‘20|JMABA/* ® 14 %2 F 5 NAL
R 3cm z %48 P3
8cm 2. % {4 P8
13cm 2 %44 P13
20cm 2_ & P20
28cm 2_f& P28
e R RBRE ARk PE
SRR Y WE LR S O PHW
GERRAAY BBASIZ ARTTH PWL
fa+ B fcis 1~3 % 2 93 835z 30 G1
B ois 4~6 % 29287 5" G2
B fots 7~9 X 283879 5U G3
B s 10~13 % 2 83 it Em4
B icfs 10~13 % 2 fd+ iz Eb4
B s 14~16 % 2 483 5t Ems
B icis 14~16 = 2_fa 3+ ehip Eb5
B 17~19 % 2 4863 gt Emé
Bicts 17~19 % 2 fd+ ez Eb6
B E1s 20~22 % 2 83 gt Em7
B icis 20~22 % 2 fd+ i Eb7
B Eis 23~25 % 2 63 gt Ems
B icis 23~25 % 2 fd+ i EbS

¥R A o R 67 5L

23



W= @R b
ST AL OWT 8 ¥ YR F K 0R: o
Figure 2. The polished grains used in the study

All of three grains were WT: wild type; YR: yellowrice; OR: old rice.
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S RRER

Fr¥ bl LBk 2-thiobarbituric acid
Vil > Boiling stone

FFy Boric acid

LNV Chloroform

¢ f% Ethanol

v Ak Formic acid

L Hydrochloric acid

v A% Methanol

o pl Petroleum

FRETRAR N Sodium hydroxide
T i Sufuric acid

—F LR Trichloroacetic acid
= 4 fipps Trifluoroacetic acid
TRI REAGENT

25

Sigma, % K

A ERS EAL, P A
4 EEHRNEAL, P A
Merck, 4t &

Merck, 4t &

Merck, 4t &

ma, £

Merck, 4t &

L4 ERBRN g, P A

B, &%
L, & A
Sigma, # K

Merck, &, &

Sigma, % R



Z o
(- )~ K- S LR

1 kv 2 B2
%+ AOAC (1985) z_i¥vx § & 47 (Kjeldahl method ) > 4 47 & kv 2
£ o AR K (YR)~ & B 67 (07TN67 )~ & B 71 (03TN71) frmr # (07S)
£ 19> 4cr 20 mLjEFRRFE L i mA 4% e § 4 f25%% 8 (BUCHI, Digestion
Unit K-435, Switzerland)#-3-v B A fi# > 36 T ¥ g § BmpFr B> ik
((NHA4),S04 ) £ 5536 5 Ak & & Moo sk fiu?) 2 v g v (NH4),B,07) o
¥ * BG-MR 474 01N B 2 Wi ds 2 7 & - L RTEH

= & » H 2% 12 SAS system version 9.0 4 17 ( SAS Institute Inc, U.S.A.) »

[ il 42 B (mL) -2 9 i 42 @p (mL) ]x0.0014x6.25 ( 4 § %)
15t £ ()

X 100%

2 APy vR2_ iR E_
%% AOAC (1984) > 11 T i i Bejh By ts » #-7 0d AL » 18 3l iy
7% o A5 YR~07TNG7 » 03TN71 §r 07S & 2 gt 53 428 Mt 81 ¢ 1
g A FRAP R FE > FBr ) 4 r 3IEA 7 0 44 100°C 2

BRI B IR KRR BETIRAIS A MACE S 5% 30 &4

=k

REZPIcEE P RE RS w i EY o J1% Bid d "q iRl ik (Soxtec
system HT6 extraction unit 1043, service unit 1046, Sweden ) ; ! % j& ft5 B~
MR IR FBAr ¢ s BE Bt s BuE bAoAt 7  EATE 0 B EF N

WE 30 Ak FEEBHLEER c HEEHZ X 0 Bl E 2 SAS system

26



version 9.0 4 47 ( SAS Institute Inc, U.S.A.) -

| IO T NG
IR A U

Fe s g B = - X 100%

3 AAZRE
%4 AOAC (1991) > #-3 dhc ¥ 3+ 10 YfF B > Se i 2 [ pF o 2 4r
Bediis v 3 A ki o oo i e Y Mg o Beari 2 MR E T A it (525°C)
B/ P o#E 12 | FEEBRIHELE LI L& MicE -~ YR-07TNG7 -
03TN71 4 07S & 5 52 » ¥ dhe % & i Jh - 5% > & 4 4r 3 100°C
Tt MM IR BN 30 441 RHA T RRE c REEHFZ R RIE
&% 11 SAS system version 9.0 4 15 (SAS Institute Inc, U.S.A.) -

QAR A

it 153 F (Q)-# it £ (Q)

g B= . x 100%
L E(9)
4 kA 2R
%% AOAC(1991)> 4 #-f=8 w “ie fic ] #= YR~07TN67-03TN71
fr07S & 10 g 5 o 5o B BazkZ Mok 245 SEF RFEIEL 0 k4

HEF oS L 4= =0 Bl 2% % 12 SAS system version 9.0 4 +7 ( SAS Institute

Inc, U.S.A.) -

S P w i (Q)HE S E B (Q) R £ R
M\gﬁ:[fﬁ (@& E R (O]9 % | (g)x100%

A ()
27




(=) 7 fEF R

%% Heath 22 Packer %‘?—‘ﬁ (1968) =2 » g it X & (2-thiobarbituric
acid, TBA) 2Bl 2§ L5 A 22 24 MDA $ & » R4 FiB§ 2 2R
(Heath and Packer 1968 )- 2~ % 100 mg 2. ¥ #(YR)~¥ 3 (04TN67~05TN67 -
06TN67 ~ O7TNG67 ) ~ 4 st (O3TN71) et (07S) (i &FHmFHL ~ 57
W(ER - ) ReFE&EE 4 » 2mL 2. 59 = & ¢ pa(trichloroacetic acid, TCA )
R 10 48 0 5% 20C 4w 40009 20 4 48 > B~ 1mbL 2 F 503t 2reijfic

s g @ oo 4er 4mL 2 0.59% TBA (7373 20%2 TCA) > *» 95°C™ & J& 30 »

-

&0 W 4B~ kAL 20 A 4B F H R o B F T 4CH4te 4000915 A 4B
PRl k£ 5 532 nm fr 600 nm 23 sk @ o B~ 200 L 2. 5% TCA 5
Tot iRy T30 3F&% o R4 = =0 Rl L% % 14 SAS system version 9.0

47 (SAS Institute Inc, U.S.A.) -

MDA & = %

(ODs32-ODsoo) *x1 (# s® At ) x4 (% % %) x1000

MDA z & (nmol/g) =
¢ £ (nmolig) ¥ =t % (g)x155 (K, mM™cm™)

()~ FrFh2Fs 3
1 kEP2 R aiE
%% Shin % (2009) = i » 1 B 5% YR &2 OTTNG7 & = 5 > f 5 4°C

BH o ZP R Lherd B3 3k (50091000 mL) R E353 > 1u4g

28



5 4 2 ¥ B (Bransonic® Ultrasonic cleaner 1510R-DTH, USA) & # 30 » 45
{87%¢ 4 C#8 7% » ™ 25°C 10000 g &t~ 10 4 458 - £ 2 Whatman No.1 jjg A 8
o EAEA 0 £ B 200 pL oz jpikc ~ cuvette ¢ iR U 2 E R E
(U2800A, HITACHI) il £ s et £ enge el (B1= ) ¥ b2 & iR R R
X ( BUCHI rotavapor R-124, vacuum pump V-700, vacuum controller
V-850, waterbath B-C80) » & F[#8# - ** 35 mL &« ¢ » #jgie &+ 2 50 mL
o pts o A sk (LABCONO CentriVap, RV12 pump, Cold trap,
Refrigerated Centrifugal Concentrator ) iz % & #=& » 7 | 2 §2 % & & 15 22 4°C
skia g oo
2 "HBEPRZLREAE
%%+ Mendiola & (2008) = ;2 - B~ sk &0 sk 2 4 % £ 20g- 4 » 100 mL
70%2. " BaiR O RFARTEY RF 15 A 4818 > 4 »BE T E 3 e
B G R (B2 ) #-H 4te 10000x g5 & 48 0 B~ ik v Rk SR &

FECEW R TR o R E X R B w3 100967 fF 0 X2t 4C ke &

* o
3 UEHBEFPZ AR
%% Mendiola % (2008) = ;2 - 2§ K ¥ v K4 k& 20g> ML fEEP >
TRIFABRTE? R 10 2481 T 228k o 4w 10000x g 10 4~ 45 > 14 R R
AR I SmL o AR RMA R A g A2 REERME

ot ACHKEE T o
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W=~ 1% ke ? Aia# B2 B kpd
WTH,O : v #-k%B$ ; YRHO: §F F£-kEBF ; WT MeOH :
53k 709%° fE B4 5 YRMeOH : § & 70% 7 554 o
Figure 3. Wild type and yellow rice extract by water or methanol
WT H,0: water extract of wild type; YR H,O: water
extract of yellow rice; WT 70% MeOH: 70% methanol extract of

wild type; YR 70% MeOH: 70% methanol extract of yellow rice.
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4 EWRArE A

\\?{r

4 Ohta % (1990) 2.3 o B~u F 22§ k2 K EB R 112 70% 7 it 5
P > ML 3tk BeR B EE A TLC B 6 20 % > e b 84c ik TLC F g &
2z » & 471 » 14 Dichromethane : Methanol:H,O: Formicacid =5 :3 : 0.5
0.2 ~ Dichromethane : Methanol : H,O=7 : 2 : 0.2 ~ Hexane : acetone=2 :5
PIEAR A AT R ¢ P F LS ) o P RApES T TLC F 2 TEste > R-TLC ¥

£ PUR B T R TLC P 23R T RS o

5 F k& FLF AL

kEBRSd HPLC A #x b2 55 > 2% 6 @£ 5 269 g5
FP4{r2448g v A Fp o pd =02 - 8 (§ 4 08979 v 5 0.816
g)> w3 1.5mL50%" i > 4% 25°C 7500x g s 3 A4m o i A G
I R o P R RS KT oA T RRMLIFET S 0 BT R R AT
SR He F B 25°C 20000x g & 5 4 4s 0 iRk i i 0.45 pm 2 R st
# 0 % 25°C 10000x g 3t~ 3 & 48 o Rgpow il e 2 ik 1 HPLC & 47 » F b i
bR SLZBHLE

HPLC i & 4o

#4] & Agilent Technologies 1200 series ; ¢ ++ = HYPERSIL® PEP300 -
4.6 x 250 mm ; i 5 0.7 mL/min; @] ® 5 UV/VIS detector 360 nm -

Ftodp s = 85 A ul 538 A0.019% TFA; 34 B:0.01% TFAin 40

9% MeOH ; 24| C:0.01% TFAin 100% MeOH -

FHIEEL0 ~4EPFAB:C=95:5:0;3044&FA:B:C=2:98:

0;60 44 A:B:C=0:0:100;75~»4 A:B:C=0:0:100-
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6 RF2FddorFEHFEELIT

%+ Cheng % (2008) = % o fc - K & o F F24n B & ipdld 4 ikic
Wi o BITIFWEICERE o M BAFHPEIC S o p A 250 pl 2 B ok

» £ ¥ AL 80°C 6 | FF o 4t 10000x g 10 4 4 » B+ Fik e » 937.5pL ¢
f% 530 4°C i 042 F Hro 10000x g 10 4 480 b iF i 21 ik 4 A B4 R 40 16
G w gt 200Ul k¢ i 0.22 pm R S 1 R% B R K 15 i
( size-exclusion chromatography, SEC) 4 73 & + & % /] o @ ik 4 »
250uL 4 &3 kw3 15> 7 5 0.22 um B RS 4 U SECA T H AT R4 ]
& X100 L = » B E L 47 -

SEC if i+ 4o :

#4] 5 Viscotek ; ¥ 1 5 G4000PWy, > 7.8 x 300 mm ; /ii¢ = 1 mL/min ;
WR®E % Rldetector; #&4p 2 HO » i 3kix i+ 5 30 448 -

SRR PR > U BROK RN R M BEA R 5 B BES BEPE o B 50 L sk
TR 2 % A4 ~ 450 pL 2 A oK AR o ¥ P~ 100pL R4 4e » 1.6 mL 2 #r+
ko E4er» 300Ul 22 = & fir pk ( Trifluoroacetic acid, TFA) *z** 80 CiE & » -k
i34 o P~ 400 pL ok R b dcE w2t I mL 2 43 ok > B 20 ul B ek A
#+ 2 ¥ K 472 (high-performance anion-exchange chromatography, HPAEC )
AfrHpERE e S > ¥ B 100 L 02 SEC A 454 5 & o b iR e b psaenpE
5o P A H AT E S > B 50 Pl e » 450 Pl 3 #3 ok 0 EEF B 10 uL v
Ei4e » 990 UL 2 B3 ok > B~ 20 UL i ~ B A 47 o

HPAEC % i% 4 :

#] 5 Dionex BioLC ; # #L3 PA-10-4.6 X 250 mm ; 7=i 5 1 mL/min ;

R E 5 PAD-II ; f# ~ &k % % PRIME DAK ; # % 4p 5 18 mM NaOH -
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-3 3 EW T
#v KB K2 7T0%7 R P-4 022 pm g o &P 20 L iz~
HPLC » & {7 Z & Bls# L% 2 v i o
HPLC i i 4o
#4] 5 HITACHI; % £ 5 HYPERSIL®HS C18° 4.6 x 250 mm ; /i & 0.5
mL/min ; % % 360 nm ; f# ~ ik £ 5 D-2500 chromato-Integrator -
oAz S FAB R 4B AR AL0.05% TFAIn water ; 73 # B : 0.05%
TFAin 100% MeOH -
HHIEE L 044 AIB=95:5; 544 A:B=95:5;30 44 A

B=70:30;50 »45pF A:B=0:100; 60 »45pF A: B=0:100-

8 WHEFRLAN

v S BTE F 2 ¢ FEE Bede il 15 0.22 um R M % £ B~ 10 yL 47 » HPLC >
R Bl AEZ Z R o

HPLC % 2 40

¥ 5 HITACHI ; # 4+ 5 YMC™ Carotenoid C30 » 4.6 x 250 mm ; i i 3
1 mL/min; % % 450 nm -

FEAn 5 A 48 H > A4 5348 A MeOH : MTBE : H,O = 81:15: 4 ;

A% B:MeOH: MTBE=6:90-

HEIEE S 0448 A:B=100:0; 90 ~ 48P+ A : B=0: 100 -
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() HHRS LS

Bev ke F kL 300 ug bk o BB RERF AT TR (gas
chromatography mass spectrometry, GC-MS) %4 +7= 4 » #4] 5 TRACE GC/
POLARISQ (Thermo Finnigan ) > ¢ ++ % DB-1701 (60mx0.25mm i.d., 0.25um
film thickness); GC z_ £+ 2> 35 C a4 10 £ 4 > & F 12 3 C/min 2 :# F 4%

3 220°C » *+ 220°C#a4F 28 » 48 ; jnik 5 50 mli/min -

()~ ALDH &2 l‘ﬁ.&f..%’i"iiiﬁ.
1 RNA 35
%+ Chomczynski = Sacchi (1993) = 2 o 2 5 B 67 2. -k fsfe th2 & 3%
et Gy (22 ) pske HFEBANRES B4 3300
BOC /& * o MR AEF ¢ FESH AR 4~ - B4# TRIREAGENT ™

(Sigma, USA) > 2 4°C 12000x g &t 10 ~ 48 - & F -1 i H 1 ¥ - ik

\““b

H

S o F R D A4 BF4r 0.2 BREFE & (chloroform) o B 3460

g

154 > *x % 10 248 > £ F & 4CH4< 12000x g 15 ~ 48 - B~ K i I A7
Mo d o 4o r 25 B2 B A A8 (Isopropanol) i £355 » 2%t 8 10
A48 32 F 1 ACH - 12000x g 1048 4 %% F iR o 4o~ 1 R HAE 7596 ft
(ethanol) > ZF 54 > £ 11 4CH.~ 7500x g5 » 45 - 3 “fj Akt o Bk

0 b §230 A4 win et 30Ul & Fk o

# ¢ i 2. RNA # 53 i Invisorb®Spin Plant RNA mini kit (Invitek,
Germany) ; 4c ~ 900uL lysis Solution RP = £ &*¢ » 3 B T F 27 30 » 45 -

tS-4gc 1300091 ~ 4818 > P~ iFik I receiver tube 4. 12000x g 1 4 48
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4~ 500uL 99.8% (wiw) <z fig > 8 £353 - B~ 750Ul % ;% 2 RTA-binding spin
filter set s *c® 1 44515 > 4w 12000x g 1 A 4k > & % Ak » ol Breia i o
RTA-binding spin filter set ® » &g« 12000x g 1 4 45> 3 K,ért)ga;‘.’% o4r » 500uL wash
buffer R1 &t.« 12000x g 30 §; » 2 "&£ &g ° #v » 750uL wash buffer R2 #t.<
12000x g 30 ) » 4 % Aeik o £4F A = o - filter 4 B0 RTeMCR o F e

15000x g 3 4 4 o 4 » 30 UL & F-k i3 1 RNA » % %22-80°Crk fa i *

2 HREREPFRGF K
%% Mei4r Lei( 2007 )2 =+ ;% - ¢ * SuperScript™ Il First-Strand Synthesis
System RT-PCR Kit (Invitrogen) - 2 1 ug RNA #4: 50 ng/uL random hexamers
UL ~ 10 MM dNTP mix 1 uL > ™ & k4 2 10yl - *> 65°CF & 5 ~ 4 > B
7k 1 &4 - 4~ cDNA Synthesis Mix ;2 £ 353 » 3t 25°C» Ji& 10 » 48 ~ 50°C
50 445 » &% £ 85C 544 %>kt o 4er 1uL RNase H = 37CF+ & 20

Ao H20CHk A B

ok A5 F1RE ¢ > 3k 3 0809926880 & - 513+ 5 RT-F~RT-R(#% = )~

i * PCR Master Mix (GeneMark, U.S.A.)i& {7 & & p=:2 4%  J&(Polymerase
chain reaction, PCR) > i£i# 5 cDNA1uL-50ng 3!+ % 1uL- ¥ &R & 5 94°C
3 448 (4% DNA B 5~ ) &~ PR 94°C 30 40 31+ 2L & & 5 507C 30
FowBER S T2CL A4 £ 25 chifth » {6 T2C3 A4 7 = & > 37 4T
o] L 18SRNA #-31 3 3 & 50 ng 18s rRNA-F 22 18s rRNA-R % 1uL

(%2 )3l 34& AR5 60C30F > His ﬁ%fi%’fiifﬁk o #-PCR # & > 1 1%
TBE(tris-borate ethylenediaminetetraacetic acid) agarose "% * it {7 & ik 4 47 »
100 RFRER L | FERRSE% -
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% = ~ 444 0s09926880 & 2. & - 313 22 18srRNA 251+

Table 3. Primer sequence for Os09g26880 and 18s rRNA

Primer Sequence
RT-F ATTCTTCCTGAAGGGATTGG
RT-R TTAGTGGGAACAATGCCATT

18s rRNA-F  GGGATGGGCCGGCCGGTCCGCCTT
18s rRNA-R CTCCACTCCTGGTGGTGCCCTTCC
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|

()~ -k#2 ALDH & F] 2 A 4%

%+ Gao fr Han £ % (2009) -kf2 20 i ALDH A %] » 11 % d fgaT ¢

~

-k #mMRNA 20bp MPSS # #( http://mpss.udel.edu/rice/ X Brenner et al., 2000 )
I %+ DDBJ (http://www.ddbj.nig.ac.jp/index-e.html) = BLAST (Basic local
alignment search tool) = 2t $f » BLE! A FI A7 B 2 g {2 ™ - mRNA
2L AT, o b g 20 BATF P NEL I E R T BN E I

InterProScan ( http://www.ebi.ac.uk/Tools/InterProScan/) g p|¥ it 2. motif &2

AL e
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Table 4. Analysis of basic grain components

ey o ¥ 4% X
BRI S 4 76.4%%0.06° 75.8%+0.15° 77.6%+0.11"* 77.2%20.13°
¥ Fv 8.6%+0.00"  8.4%x0.00°  8.0%*0.00°  8.2%20.00°
87 v 0.9%+0.00°  0.5%x0.00°  0.2%*0.00°  1.3%=+0.00"
kA 13.6%+0.00°  14.9%+0.00" 13.9%+0.00° 12.6%:+0.00°
A 0.5%+0.00°  0.4%%0.00°  0.3%*0.00°  0.7%=+0.00"

Means of triplicates + standard deviation.

5%
a-d : Means followed by the same letters are not significantly different (P <

0.05).
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FomzEr
AR e 35 & > fc 2 TN67 ~ 07S ~ 03TN71 4= YR » 2 TBA i #
BRI ZfEZ & MR FTEE CORR o BRAe (23 ) 97w 0 07S 1 7 F P
FomEEFVEe S § R 5 11.5340.77 nmol/g; # = 4 04TN67~05TN67
= YR 7 B4 %% 9.80+0.74 ~ 9.70+0.73 - 9.4620.75 ; # ¥ 5= 06TN67 4r
03TN71: 3 £ & % 8.7520.66 4~ 8.69+0.00 ; 07TN67 % Ag ¥ M+ H & 5> &
£ % 7.44%0.56 nmol/g - 2008 & jc+ 2. § ;5 = fF 7 £ & 2006 & Jc+ 2 5 B

67 HAp i JBIAF A AL TR AFIRE RSP B3 D fieh

|

-
Rt °
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L7 FomrEAH

Table 5. Analysis of MDA quantity

& P = %z £ (nmol/g)
07S 11.53+0.77%
04TN67 9.80+0.745¢
05TN67 9.70+0.735¢P
YR 9.46+0.75°
06TN67 8.75+0.66"
03TN71 8.69+0.00°
07TN67 7.44+0.56%

H i~ % nmol/g

a-e : Means followed by the same letters are not significantly
different (P <0.05).
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N Y IS ST

FA B F 2 EPRREN DA E RS TRtk H L A E T2 LR
kg (Be ) F 4 #5360 N 2+ 2 kB 200 A5 ¥
3k 4772 (thin layer chromatography, TLC )4 47 H &2 3 ¥ 2245 Dk sk ix i
B4R 4 4 & 5 &P F 2 Dichromethane : Methanol:H,O: Formic acid
=5 : 3 ! 0.5 : 0.2; Dichromethane : Methanol : H,O=7 :2: 0.2 & &_
Hexane : acetone=2:5 3tz #-2 &~ 4t (B )o 4 HPLC # 473 5 &6 5 -k
Frfhe (B2 ) WRIFPHCKREBRI "R 3 FHREEF AR RE L FTH
FERi® i kif i SRR S e IARSLFTREL 431 804
2w F B0 A R&E25/%23F S %3 oF o ff 5 318569; 9 i w ff 5 12764 -
8441 20 48, F B ¥Y K HR&EHN4LAL B23F 5% > 5 K o f 5 340869 ;
vk m s 7808 1&g 500 pL 2 i FirhkF ok tks 4 1 8 448 (M48) 1

% 83 20 # 48 (M820) % 18 » Rl TH& g2 kEX i pfd v LiFwd -
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Figure 4. Using full spectrum scan to examine optical density of extract

A water extract of wild type; B water extract of yellow rice; C methanol extract

of wild type; D methanol extract of yellow rice.
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T R S U A S
AT FLRkEPHE G5 70%"mBEP>HsF - AZC: R4 DI GRIME
e d cWie FEBR Y EKEBR -
T N
A ~ D : Dichromethane : Methanol : H,O : Formic acid =5
3 :05:02

B - E : Dichromethane : Methanol : H,O=7 :2:0.2

C -~ F : Hexane : acetone=2:5

G : Hexane : acetone=2:1
Figure 5. Extract sample analysis by thin layer chromatography
From A to F are water extract; G is 70% methanol extract. From A to C is

original color; from D to G are used sulfuric acid react on samples.
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Figure 6. High-performance liquid chromatography profile of the water extract
analyzed

A chromatogram of wild type; B chromatogram of yellow rice.
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i i

W= ~4cB HPLC F 3P /F 20 A 4% 2 R i 2 & F 2 360 nm 2 =k i@

Av L 5Pps g ki i BR FEPRF R LE -

Figure 7. the absorbance of water extract from HPLC

A the absorbance of wild type water extract before 20 minute; B the

absorbance of yellow rice water extract before 20 minute.
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T~ AFEL

Mg oK e o 2 R F PR 56 HPLC A i e B 5 54 5 5 M48
¥ M820 » S FpF K (S 0 A 5 b iR UK o b iR IR GOPRAEEE UK
Wi a I (F2) a5 (RN) #4808 & PR gtz 1%
AFE TSGR G A o bR 0 MAB 1 R 2 L G AL T304
+ 8 5% 1140 1 & ~ 5 & 1066 > & # = 952.8 (mV xmL)- M820 2 & 2 i '#
5 C2-C34rC4> T3on 3 § 4 w5 19531593 4928 i & » + & 5 1772~
1445 =856 » & ff » 7.5+6.5 % 22.3 (mV x mL) - M48 f= M820 _} i ch4

L IDY P A ITARER G o UK IR > MA8 A £ 2 % 5 B2-B3 4 B4 T

3

s

s+ 3 5 5789~ 1856 £ 1099 - 1 & &~ + & & 10530 ~ 1705 - 1013 » & #
% 198.3+137.34-149.5 (mMVXxmL)-M820 i & 2_ % 5 D3> L3Hs 3+ £ 5
13950 1 & » 3+ & 5 17350 0 & # 5 47.3 (MV xmL) - M48 2_ itk = {1 fix
KRG Lo+ A AR S ELVE2{-E3 T 320 3 £ 5 9978 -
1335 819> 1 & ~+ & 5 90801251 4r 749 & f# 5 1.7 ~1.94- 2.6 (mV

XxmL) o
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25 RPEREITE LA T EANA

oA S g TR -

Table 6. Molecular weight list of SEC

English letters of the alphabet and numbers are correspondence with Figure 8.

A B
1 2 1 2 3 4
Mn 1140* 622 Mn 73540 5789 1856 1099
Mw 1066 566 Mw 153400 10530 1705 1013
RI 952.8 110.0 RI 38.6 198.3 137.3 149.5
C
1 2 3 4
Mn 17090 1953 1593 928
Mw 15930 1772 1445 856
RI 6.9 7.5 6.5 22.3
D
1 2 3
Mn 3685000 1009000 13950
Mw 3499000 917800 17350
RI 3.0 2.9 47.3
E
1 2 3
Mn 9978 1335 819
Mw 9080 1251 749
RI 1.7 2.0 2.6

Mn 2 L3043 8 ~Mw 3228438 ~RIZHA 0 #

*mV x mL
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T T T T T T T
0 5 10 15 20 25 30 35
Ret Vol(mlL)

B~ G ERA T A F Bk LB

AM48 1 iFi% 5 BM48 ikt~ 5 CM820 % 5 DM820 ik 4~ 5 E M48 fié -k
fRis 2. A B % Uk o

Figure 8. Size-exclusion chromatography (SEC) profile of M48 and M820

A supernatant of M48 peaks; B pellet of M48 peaks; C supernatant of M820

peaks; D pellet of M820 peaks; E pellet of M48 peaks by hydrolysis.
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2R
MA8 z F ik 5 PEELEE - VO E A TPEM RS oA U A PR B R
kfEA i A ATPEAR A o b iR 2Tk ¥R 3§ myo-inositolsorbitol~galactose
glucose ~ mannose - fructose {r sucrose (B4 ~ % = ) sk 3% i» > glucose
fo fructose ik itk > 382 47.4% 14 2 39.49% -t 5 i% (h¥% i > sucrose {r sorbitol
ikt FiR 282 61.9%1-18.8%- ¥ ‘Hiwisk b} fructose @ ik fbF sucrose

(B4~ 2= )
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Table 7 Sugar composition of polysaccharides about M48

B TR MEE R KR R E
myo-inositol 79.92+0.61*  2.8% 202.48+3.15 2.9%
sorbitol 130.32+5.96  4.6% 1311.23+15.2  18.8%
galactose 103.99+1.77 3.7% 241.99+31.53 3.5%
glucose 1337.1+4.61 47.4% 773.71+26.67 11.1%
mannose 58.30+2.7 2.1% 124.48+21.33 1.8%
fructose 1113.35£2.54 39.4% O 0.0%
sucrose 0 0.0% 4311.68+£16.91 61.9%
*umol/g
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Figure 9. High-performance anion-exchange chromatography (HPAEC) of

M48

A chromatogram of M48 supernatant; B chromatogram of M48 hydrolysates.
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1 HPLC » 4% 70% " M5 2% 4 &0 K 2 85/ > % A F TP 36.72

ZZamFF s AR L2 g > A F TR 36.72 2 (52 gV O KRR
36.78 & | » FZIBIFHFF ARG K2 Xs o AT L AL XNFTERS
36722 s AR > LAFRH FIPFLAIRF I AL 25T (F

__L)o

o x s ~
-~ Y RFRIZIBEEB T

" HPLC A 47e fEB-f A e A 2880 Bd > A iRty i > o
BT A BREYAGIEVET S (B2 - ) 3 TRET 50 A4 L

BBREFG - BAE - SHREFARLE e Y phH R ] g A e
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WL ok eE kb Rz 70%° fE 5 B4 Bl
Ad F 2 70%° 5 B4 B f k2 70%7 iE 5 B4 o

Figure 10. High-performance liquid chromatography profile of the rice grain
powder of 70% MeOH extract analyzed

A chromatogram of wild type; B chromatogram of yellow rice.
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Figure 11. High-performance liquid chromatography profile of the rice grain
powder of EtOH extract analyzed

A chromatogram of wild type; B chromatogram of yellow rice.
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s LR

MEAES e K Bk o £ d GC-MS A 47 SFREHNG =B
 F ez £ 8 0 A~ %W L furfural ~ 5-(hydroxymethyl)-2-furfural  §r
2-ethylhydroxy-4-hydroxy-5-methyl-3(2H)-furanone: v 3} &% 4 B R 5 26.07 ~
55.88 4r 59.34 » A u| ik 2302 5 £ L 129 ~ 19%4- 189% - % F chiF F R 4

25.83 ~ 55.35 ¢ 58.68 » 4 w| ik >3

ﬂ\q.

5 £ % 109% - 20%4-33% (B~ = ~
ST ) FFRER L T8 A 90 L AR ZFAHEY X HI TR A
2 @l g4 s @ o 9 5f 2 furfural -~ 5-(hydroxymethyl)-2-furfural f-

2-ethylhydroxy-4-hydroxy-5-methyl-3(2H)-furanone z & » %] 2 § K 211 & ~ 8

1 ALDH &7 F 2372 4 %
(Bl ) ket 7 b2 8 RNA 23 p 48 - %5 1 1 14
% s % 100 bp marker~G1-~G2 ~G3~Em4-~Em5-~Em6~Em7~Em8 -~ Eb4 -
Eb5s ~ Eb6 ~ Eb7 122 Eb8 (3imF A4l (£ =) ) o ¥ g * 18SrRNA s
FEEA 2 RNAER GAIR iz e F S5 F R RFE BB 183X 2 2 RER

oA BEFER R AR AR 0 D IEE S 14-16 2 0 AR

I

$B IR 19X AMEBE R EBATE o 3R ARSI AT 0 AR
#7186 10~13 % 2 {6 Wil 5 RED| LR o

(Bl = )5 kfe? b g mg? 2 L Fa) 51 1 14 # & 5 100 bp
marker ~ NYL ~ NYR ~ NCA ~ NSL -~ NAL + P3 - P8 -~ P13 ~ P20 - P28 - PF -
PHW 122 PWL (3EmF A+t (£ 2 ) ) ° tR2 18STRNA 315 # 5 i2 » RNA
ERhizE - FRFRAREPHI AL 14X 2 F5 95 55150

Fed2 2 EFfer B R T4 £ 14 2 2. £ 5 2 5% 20 ym ABA A2z 5
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BEARAEARY 2 & 14 AR EZE 35 X2 e A FAMMITE &
14 2. FF o v FpRRB 2L SRTHUE 20 F RAECHEET > HF|

B R RE A BT BTG AR e
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2 34 5.6 7 & 910 11 12° 13:14

& 497 bp

B
e < 2

WIS =~ iR L el 4 F A 5K R 153 X 8k RNA £ eogp
e

Ik

A®4d 13 14 4% % 100bp marker - G1+ G2~ G3~ Em4 ~ Em5 ~ Em6
Em7 ~ Em8 - Eb4 ~ Eb5 ~ Eb6 ~ Eb7 v Eb8 (FwmF# %% (£-)); B
B 5 18s rRNA ¢ % -

Figure 12. Expression pattern of 0s09g26880 during seed development
analyzed by RT-PCR
A The ranked from 1 to 14 are 100 marker, G1, G2, G3, Em4, Em5, Em6,

Em7, Em8, Eb4, Eb5, Eb6, Eb7 and Eb8(detail in ( 4 = ) ); B 18s rRNA

was used to monitor equal loading.

59



40 -85 w6 - a8 2910 11 1213 14

WLz~ M ESR LR R BA T KET P2 5T RNA 4 Ridp
HE

ARBd 13 14 % %5 100 bp marker ~ NYL ~ NYR ~ NCA ~ NSL ~ NAL ~
P3-P8 P13 P20 P28+ PF~PHW 2 PWL (:xmF# 2% (£2));
B B 5 18SrRNA % % -

Figure 13. Expression pattern of Os09g26880 during different stress and

tissue analyzed by RT-PCR

A The ranked from 1 to 14 are 100 bp marker ~ NYL ~ NYR ~ NCA ~ NSL ~
NAL ~ P3-~P8~P13-P20 -~ P28~ PF ~ PHW and PWL(detail in ( Table 2) );B

18s rRNA was used to monitor equal loading.
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L~ sk$ ALDH A FI 352 A 47

(% ~) % %% GaofrHan & %45 21k £5 20 i ALDH & 7] - #5500 87 &
Fo BRI AT AL M i R Ry P AT RN Rk
20 i ALDH A %)% » B % 2 723 5 BAF: $ 3 52%F 5 BAT; ¥ 5+
671112422 28R4 1R AT ¥ 10 7255 2 BAT ; & 18 7255
2 BHATF o NELL OSALDH7 5 % K2 R A T B30 % 7 752 27 #-450
£ %> 41* ExPASy (http://lwww.expasy.org/) gip|diz. » 3+ £ 5 54.5 KDa >
£T L 6.7

(%4 ) 5 4% OSALDH7 » {1* BLAST '/ 7] » % 304 L
F % #48> A Query 3 CK078131 ~ CX107533 ~ CK084384 - BP432941 #; *
> HhiE4 ; BP184642 £ * 7& ; ABL178669 5 * % 3 i 4e U B AESR 5 ) B o o b

7 4 OSALDH7 A F1 ¢ £ 302 R EF ~ 0 2 Bz g o
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%~ ~ k4= ALDH £ Fllocus ID ~ » + & ~ & 7 g2 vl pl e P
Table 8. Locus ID, molecular weight, pl and amino acid number of Oryza

sativa ALDH gene

a7 # TIGR_Gene 3§ (KDa) %7 ‘mpAp#EP
OsALDH2-1 LOC_0s01g40860 54.2 6.4 502
OsALDH2-2 LOC_0Os01g40870 54.2 5.6 507
OsALDH2-3 LOC_0s06939230 45.4 6.4 423
OsALDH2-4 LOC_0s02g49720 62.4 6.6 583
OsALDH2-5 LOC_0s06g15990 59.3 6.3 549
OsALDHS3-1 LOC_0s02g43194 54.5 6.6 487
OsALDHS3-2 LOC_0s029g43280 54.6 9.2 491
OsALDHS3-3 LOC_0s049g45720 54.3 8.9 499
OsALDH3-4 LOC_0s11g08300 52.5 8.4 482
OsALDHS3-5 LOC_0s12g07810 52.4 9.4 484
OsALDH5 LOC_0s02g07760 56.1 8.3 527
OsALDHG6 LOC_0s07g09060 57.2 6.0 534
OsALDH7 LOC_0s09g26880 54.5 6.7 509
OsALDH10-1 LOC_0s04939020 54.6 6.6 505
OsALDH10-2 LOC_0s08g32870 54.7 54 503
OsALDH11 LOC_0s08g34210 53.4 6.6 499
OsALDH12 LOC_0s05g45960 514 6.1 464
OsALDH18-1 LOC_0s01g62900 79.5 6.1 735
OsALDH18-2 LOC_0s05g38150 7.7 6.4 716
OsALDH22 LOC_0s079g48920 66.0 7.5 597

%+ Gao fr Han & ﬁ (2009) % M2 K fEpE"™m & fix
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%4 ~ fI* BLAST * #f AK119560 -k f&# IR i

Table 9. Compare the sequence of AK119560 with DDBJ database by

BLAST
Query Identified tissue_type dev_stage note
CB668570 815/831 (98%) Leaf 3 week
CB660759 806/825 (97%) Leaf 3 week
CB644271 778/794 (97%) Leaf 3 week
CB635080 781/798 (97%) Leaf 3 week
CB665477 763/779 (97%) Leaf 3 week
CB624476 771/788 (97%) Leaf 3 week
CB628926 759/776 (97%) Leaf 3 week
CB633543 756/773 (97%) Leaf 3 week
CB617895 726/743 (97%) Leaf 3 week
CB618136 723/742 (97%) Leaf 3 week
CB634472 719/739 (97%) Leaf 3 week
CB661220 666/686 (97%) Leaf 3 week
CB652130 662/684 (96%) Leaf 3 week
CB681311 637/655 (97%) Leaf 3 week
CB663959 657/680 (96%) Leaf 3 week

CT843430 620/639 (97%)

] germ cell generating
BP184642 598/618 (96%) Panicle

stage
CB640975 565/583 (96%) Leaf 3 week
CB641126 562/579 (97%) Leaf 3 week
CB640035 550/567 (97%) Leaf 3 week
CB662043 782/798 (97%) Leaf 3 week
CB633532 759/777 (97%) Leaf 3 week
CK078131 611/612 (99%) whole plant booting
CB652320 830/835 (99%) Leaf 3 week
CB652322 719/721 (99%) Leaf 3 week
CB629516 661/662 (99%) Leaf 3 week
CB657721 808/810 (99%) Leaf 3 week

63



Query Identified tissue_type dev_stage note

CB622489 786/790 (99%) Leaf 3 week

CB669527  847/850 (99%) Leaf 3 week

CB643880 809/810 (99%) Leaf 3 week

CF310058 574/576 (99%) Leaf 14 ) .days after
germination

CB652147 764/765 (99%) Leaf 3 week

AB178669 827/845 (97%), seedling 2 weeks 250mM NacCl for 5 h

CB673763 792/794 (99%) Leaf 3 week

CF304224 556/558 (99%) Leaf 14 ) .days after
germination

CB664930 805/807 (99%) Leaf 3 week

CB671109 767/769 (99%) Leaf 3 week

CB664888 745/749 (99%) Leaf 3 week

CB670104 731/735(99%) Leaf 3 week

CB666549| 523/524 (99%) Leaf 3 week

CB664879 802/804 (99%) Leaf 3 week

CB664838 768/772 (99%) Leaf 3 week

CB664922 762/765 (99%) Leaf 3 week

CB638237 568/572 (99%) Leaf 3 week

CX107533 574/576 (99%) whole plant  whole-life-cycle

CB660213 793/796 (99%) Leaf 3 week

CB660215 760/779 (97%) Leaf 3 week

CB660252 731/742 (98%) Leaf 3 week

CK084384 571/574 (99%) whole plant  booting

BP432941 610/616 (99%) whole plant  seedling
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(%-+) 544-k4 20 ® ALDH 3 %] > 12 InterProScan # #8355 B2 + it
2z motif- % 7 OSALDH18-1 - 18-2 * s 3L ¥]% 3 aldehyde dehydrogenase
motif ; 4 ** OsALDH % = 7. *% ¢ 3% & 5 aldehyde dehydrogenase
NAD(P)-dependent: OsALDH2-3-5-10-1 f- 22 £ 5 aldehyde dehydrogenase,
conserved site CYS £ aldehyde dehydrogenase, conserved site GLU ; =
OsALDH7 ¢ 10-2 # % 5 aldehyde dehydrogenase, conserved site GLU -
OsALDH18-1 ¢ 18-2 £ 3 aldehyde dehydrogenase, C-terminal : ",f K
OsALDH2-3 # 7 7 aldehyde/histidinol dehydrogenase > -k #% 2% ALDH £ 7
AN aldehyde dehydrogenase, N-terminal ¥ aldehyde/histidinol
dehydrogenase; OsALDH % 18 2% j{ 3 aspartate/glutamate/uridylate kinase
delta I-pyrroline-5-carboxylate synthetase - gamma-glutamyl phosphate
reductase -~ glutamate 5-kinase ¥ glutamate 5-kinase, ProB-related -
OsALDH22 j$ 3 carbohydrate kinase, FGGY, conserved site ; OSALDHG6 J 5
methylmalonate-semialdehyde dehydrogenase ; OsALDH5 J& 3 succinic
semialdehyde dehydrogenase - & } #7% %2 £ %] OSALDH7 » ¥z H = ALDH
A Flmotif st b o 75 W A & comotif ¥ 3 aldehyde dehydrogenase
7 £ transmembrane regions -

(#+-) ZRkfEet A28 3 MRNA 2§35 5 2 RMhi
OsALDH2-1-2-5-3-4-5-6~7~10-1-11 fv 12> % ¢ % R & $ % 75 OSALDHG -

74011 -
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%+ -~ f1* InterProScan g |-k f& ALDH £ ¥ i motif

Table 10. To use InterProScan predict the motif of ALDH gene in rice

OsALDH 2-1 2-2 2-3 2.4 25 3-1 3-2 3-3 34 35
Aldehyde dehydrogenase X X X X X X X X X X
Aldehyde dehydrogenase NAD(P)-dependent X X X X X
Aldehyde dehydrogenase, conserved site CYS X
Aldehyde dehydrogenase, conserved site GLU X
Aldehyde dehydrogenase, C-terminal
Aldehyde dehydrogenase, N-terminal X X X X X X X X X X
Aldehyde/histidinol dehydrogenase X X X X X X X X X

Aspartate/glutamate/uridylate kinase

Carbohydrate kinase, FGGY, conserved site

delta |-pyrroline-5-carboxylate synthetase

Gamma-glutamyl phosphate reductase GPR

Glutamate 5-kinase

Glutamate 5-kinase, ProB-related

Methylmalonate-semialdehyde dehydrogenase

Succinic semialdehyde dehydrogenase

unintegrated (including down) X X X X
ALDEHYDE DEHYDROGENASE X
ALDEHYDE DEHYDROGENASE 7

BETAINE-ALDEHYDE DEHYDROGENASE

DELTA 1-PYRROLINE-5-CARBOXYLATE SYNTHETASE
GLUTAMATE SEMIALDEHYDE DEHYDROGENASE

signal-peptide

transmembrane_regions
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OsALDH 5 6 7 10-1 10-2 11 12 181 18-2 22

Aldehyde dehydrogenase X X X X X X X
Aldehyde dehydrogenase NAD(P)-dependent

Aldehyde dehydrogenase, conserved site CYS X X

Aldehyde dehydrogenase, conserved site GLU X X X X

Aldehyde dehydrogenase, C-terminal

Aldehyde dehydrogenase, N-terminal X X X X X X X
Aldehyde/histidinol dehydrogenase X X X X X X X

X X X X
X X X X

Aspartate/glutamate/uridylate kinase
Carbohydrate kinase, FGGY, conserved site
delta I-pyrroline-5-carboxylate synthetase
Gamma-glutamyl phosphate reductase GPR

Glutamate 5-kinase

X X X X
X X X X

Glutamate 5-kinase, ProB-related

Methylmalonate-semialdehyde dehydrogenase X
Succinic semialdehyde dehydrogenase X
unintegrated (including down) X X X X
ALDEHYDE DEHYDROGENASE

ALDEHYDE DEHYDROGENASE 7 X

BETAINE-ALDEHYDE DEHYDROGENASE X X

DELTA 1-PYRROLINE-5-CARBOXYLATE SYNTHETASE X
GLUTAMATE SEMIALDEHYDE DEHYDROGENASE X
signal-peptide

transmembrane_regions X
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%+ - ~MPSS F# ¢ A 2%} 2 mRNA £ 3R

Table 11. mRNA expression of immature grain (IG) in MPSS database

Treat
Gene
OsALDH2-1
OsALDH2-2
OsALDH2-3
OsALDH2-4
OsALDH2-5
OsALDH3-1
OsALDH3-2
OsALDH3-3
OsALDH3-4
OsALDH3-5
OsALDH5 62
OsALDHG6 267
OsALDH7 145
OsALDH10-1 33
OsALDH10-2 0
OsALDH11 467
OsALDH12 39
OsALDH18-1 0
OsALDH18-2 0
OsALDH22 0

IG 5ok fEw A R 2K

o

O hh OO ONOOO N
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Figure 14. Gas chromatography-mass spectrometry profile of WT rice and yellow rice powder
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A furfural

|

B 5-(hydroxymethyl)-2-furfural

Hc:/\@/E%G

C 2-ethylhydroxy-4-hydroxy-5-methyl-3(2H)-furanone
HO O

7
HsC ’CK\/CH

WL -2 GC-MS Hpld 3 B#F 2 i &4 4

0

Figure 15. Higher percentage compounds of GC peak area
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9 H i § 1 ehie {7 (Rodrigues, et al., 2006 ) - OSALDH7 # % 3. ¢ i = MDA ¢

el

# 4 (Shin, etal, 2009) - MDA Z " § it 2 Ad2 - » 7 s b g g it dp
# (5% 1995) - MDA £ 5 B evdf» BT AFREA2 1 ikl
el AR fRE B T IR B A2 SR B 2 545 (Weber et
al., 2004 ) -

MDA ZEAVEF A ZER e £ R&ARF K20 CAER V9 K
o BB MDA B7 4 BENTF L enF R @i &R ARA ik
FF ERRCERERLSFE (55 1995) 0 d WA d 7 2 Bic A ko
PR R S Nl Ep R A TR
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(http://www.cdc.gov/niosh/) indF 2 45 41 » < B 3§ MDA ¢ 5143 © AR LT 1
% %% 5 dwe s o Crawford § 4 (1965) 4p &) MDA $13% + Blind i3 5> #| £
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o~ PR LS
A RE RS BT B % S P &0 GC-MS A 5 B B

furfural ~ 5-(hydroxymethyl)-2-furfural f-

T

RTINS

it

e ZERS e
2-ethylhydroxy-4-hydroxy-5-methyl-3(2H)-furanone % - >t 3 g » &= » ¥ 5 4t
BEEEH O TR AL FEANEETF B LS HET L SRR
M2 2 it v K2 ke A F f > N AF k2 A A d % OSALDH7 7 £ 4
PR mE g H AR EE L GC R Vb R FFLER K
MPBBLG  FALE- LA 7L LipR P T2 oA I A&
¥k ApR 24 F o 2 ¢ 5-(hydroxymethyl)-2-furfural #:s 5 3 % #ehiv
( Friedman 2005 ; Surh et al, 1994 ) - v 3 2 5 3} & & ¢ 2
4-hydroxy-5-methyl-3(2H)- furanone » Hiramoto ¥ % -4 (1997) u F o SR
# I 4-hydroxy-5-methyl- 3(2H)-furanone v % = DNA %74 82 % % o
Fookfey s A MPIER P F 2 ARSI S (BOKTEES 67%  f
F9 1696 ~ 48 7q 75 290 ~ kA 12% e A 2% ) Bk s (58 ) 2 AR A (B
kit £ 4 869 Az F-v 890 ~ 27575 0.596 ~ -k A 159 v A 0.495) 481 BE
kit 2 T EEBE Y LG TS (32 1994) - 11 GC-MS (250°C 10mins)
MR FkZFRERAY > EREVHIIAR 2SS e 45 furfural -
5-methylfurfural ~ 2,3-dihydro-5-hydroxy-6-methyl-pyran-4-one ¥ 2-acetylfuran
(Adams etal., 2005) @ 4 fh2 5 p F TS 4% B3 A2 1L &5 & A 8l )
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v kR R

o

T EiEF > B R ¢ s B2 2xS (Maillard 1912) - »tpE

R~ o FEASY 222 S ML RA > w7 BEHFRF B

(Schauenstein, et al., 1977 ; Vasiliou and Nebert 2005 ; Yoshida, et al.,
1998) -

FoA 2 AN A LA Bk S5 2k MDA § B RE 0 T fopEl
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"3

RHE BT A EL o @ A R S G MDA 6 B ARITE g 1 (B
5O F b BN BREEYSR LS A NARES AT GC-MS i
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Praé|ffEp s B2 2 A EMBETER Rk, R M pH E£E (5
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