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SUMMARY

Genetic transformation method and biotechnology is available in the early stage
selection and breeding of fruits, Shorten the period of fruit breeding and money
savings of the fruit industry can expect a breakthrough. Using such
biotechnology, the technical development from which a target gene can be
introduced into the excellent existence citrus varieties selectively first and
securement of the various useful genes which can be used for developed
technology are needed to bring the citrus varieties breeding of the excellent
function and quality.

In higher plans, isoprenoids have essential role in membrane structure (sterols),
rebox chemistry (plastoquinone, ubiquinone), growth regulation (gibberellins,
cytokinins, brassinosteroids and abscisic acid), defence mechanism (phytoalexins)
and free radical scavenging (carotenoids and tocopherols). Despite their functional
and chemical diversity, all isoprenoids are related biosynthetically by a common
Cs precursor, isopentenyl diphosphate (IPP). Mevalonate diphosphate decarboxyase
(MDDX) catalyzes the ATP dependent decarboxylation of mevalonate
5-diphosphate (MVAPP) to form isopentenyl S5-diphosphate (IPP).

In this study, in order to expression patterns of the MDDX gene to key
enzyme in isoprenoids biosynthesis for Miyagawa wase (C. unshiu Marc. Cv.
Miyagawa) were performed quantitative real-time PCR and northern blot
analysis. For the securement of the useful genes for the citrus transformation
were performed MDDX gene ORF sequence analysis using on genomic DNA
and cDNA subcloning. In addition, in order to MDDX gene copy number were

performed southern blot analysis.

- Vil -
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1. As the result of The Citrus 300K Microarray analysis, In a comparison of
Wild type Miyagawa wase to Mutant ripening fruit, the 583 genes, in total, were
2 folds up-(515) or down-(67) regulated. The 407 genes were matched to
Arabidopsis thaliana. The 382 and 25 genes form up- and down-regulated genes,
respectively have orthologues in Arabidopsis thaliana genes. Of these, mevalonate
diphosphate decarboxylase gene of the catalyze the synthesis of isorenoids was

identified about 2.5 fold over expression.

2. MDDX gene of Miyagawa wase recognized 420 amino acids and coding
region was 1,263bp. The size of the separated genomic clone was 3,731bp, This
gene consisted of 10 exon and 9 intron. The deduced amino acid sequences
were compared between Miyagawa wase and other organisms. The sequence of
MDDX has the highest homology with Hevea brasiliensis (81%) (GenBank
accession number AF429386).

3. By performing gRT-PCR analysis of wild type and mutant fruit was
confirmed expression patterns of MDDX gene. Approximately 2.4 fold over
expression of MDDX gene was identified day after flowering mutant type fruit

in about 150 days compared with wild type in Miyagawa wase coloring.

4. As the result of northern blot analysis, expression patterns of MDDX gene
was identified day after flowering 30, 150, 180 and 220 days. MDDX gene
expression for day after flowering 30 days was identified for wild type and
mutant respectively. 60, 90, 120 days hardly expression, day after flowering 150
days to mutant was expression first. in the study, we was identified in mutant

fruit to difference to ripening stage expression patterns of MDDX gene.

- viii -
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5. For the confirmation MDDX gene copy number were performed southern blot
analysis. as the result, when processing it in restriction enzyme HindlIl, it was
possible to conclude that one copy exists in a MDDX gene in the genome by

showing band in about 3,600bp, 700bp respectively.

6. Pigmentation of pulp and peel of fruit to use the chroma meter Miyagawa
wase wild type and mutant were measured. as the result, Mutations in the pulp
and the peel was a more reddish color. Because of fresh fruit varies depending
on the color preferences of consumers, so if Miyagawa wase mutant fruits
compared with wild type culminated with a more red fruit, can be seen as more

attractive.

_ix_
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I. INTRODUCTION

al., 2009). S-gvteb g ALEEE 290 7
26%5 AAshE AES HA O AR A" R ol 4, $xdY
5 7tEAEoR g o]&x i 9t} (Chung et al, 2000). 53], & 32
‘4=t (ripening) H8o AA L AA AeA, FuFH 54 HERH,

o) 5 Ak zANE BAHA = AZ, P L GE 5 G s}

=

rlo

T8 AATL
flavonoids 3 o] A4+ &2 A1kl A
2 AR EHE deHe fEFnolH
ol gdgt a3t dvke Ao] dHAHA ols EdEE4
Al S7Fekal 9 th (Hasunuma et al, 2010; Rodriguez, 2010). o]&] 3t o] wiT
°| carotenoids, flavonoids &> =4 9 A Fs Alojste], AL
o] ¥& 54 Ed& v AMstE= d47F A= vt (Namitha and
Negi, 2010). Ays}eta HEAAEE ] Wrdog <lste] 7184 1dE, 7]
A, carotenoids 2 flavonoids Al 59 A A BE27F v|AE 2 2 &9
A AN, 54 AEolA A Tosts F8 FHAEe] &
glof el Aot FhssiFon, olF Fole AAALE VAV 2 =4
= AdbsAY, 7 ndg=at folat

T UAl AT} (Enfissi et al., 2005).

Ao FES5 oA 7PE deE AR EIL e wv) $FY Fe 1l
Hjell A 7ist A4l ol27] flsiM = X1 FE7IZe] Hasta, FFAHR

8] Mool ABRE FFFAFN Aok 10d o]t 11 A

g

r>‘~
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Mevalonate diphosphate decarboxylase (MDDX)+ isoprenoids <} sterols A 31d
AR key &AO|t} (Helene et al, 1999). MDDXiE  isopentenyl
5-diphosphate AJ5t/d el %83l A A= mevalonate 5-diphosphates ATP<}
Mg™" o &t Eit28Ass o) 3t} (Fig 1) AX9 AETE
polyisoprenoid % sterol A3 olA MDDX7} & 3itbs AL Be Ay
ASE Fole] ¥ A Atk (Voynova et al, 2008). MDDX+ & E9] AJEo|
52 g0l (Berges et al., 1997), Streptococcus pneumoniae®l”] MDDX
-4 2Fe] 3}3 = pathogenic barcteria®] 7S A AlZIY} (Wilding et al.,
2000). =3t MDDX &49 A2 ras-transformed &= A|XQ] TS A
A 71t} (Cuthbert et al, 1995). il5 2] Eo|A o] dl (isoprene: Cs) T2
7}A] = isopentenyl 5-diphosphate (IPP)¢} dimethylallyl pyrophosphate (DMAPP)
EAE 712 I 2 THEo A+ isoprenoidst ©F 22,000717F W& UE TH
o] slgt=o] don, Ad A=Y M & TRE FA8sL e A T
stu= 2 A Qltl (Harborne and Tomas, 1991). Isoprenoid= = %
(sterols), 2Fs} 29l WS- (plastoquinone, ubiquinone), A& F4 (gibberellins,
cytokinins, brasssinosteroids, abscisic acid), ¥ 7|%} (phytoalexins) ~L2]3L =}
- #tZ A|A  (carotenoid, tocopherols) &2 ZFAQl ITs 3 3ot
(Enfissi et al., 2005; Ha et al, 2003). Isopentenyl 5-diphosphateS A3 3/d 3}
AEE 1T AEdA F AR FE5HA=Y st mevalonate 7 22
acetyl-CoA Z5-F| mevalonic acid (MVA) & &34 isopentenyl 5-diphosphate
S AgAdsiH, o A== AMEZIE (cytosol)Z AFEAH (endoplasmic
reticulum)ol| A1 € o1}l phytosterols, ubiquinone 2] Aol ot}
(McGarvey and Croteau, 1995). H=3F aromatic terpenoidstt <1 % & T}
&3tk 221 tiA}L AHEE MVA H=Z2E &5t A Eoh (Bach, 1995; Chappell,
1995). = T 3}+9] isoprenoidsE A St FEE MAA (Plastid)
A dojuy | methylerythritol -4-phosphate (MEP) 74 25 -&3ll 4] chlorophylls,

plastoquinones 2 tocopherols AA}&3} carotenoids”} A HTE. o€ A IPP &
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AL 2o ARR FREAR, MA (plastid) 99HS E3Fe] A 1 A=
AS A7 A3} (Fig. 2) A1 B upgl o] isoprenoidse] FAell A
Fo s stube SA7F HaEo] Ul (Ganjewala et al, 2009; Laule et

RS
e

il
O>”
ol

al., 2003).
TS isoprenoidst WAME S 2 A7y #AHASte] FHs| Fosk EHE &
H A 91O carotenoids®} tocopherolsi= 1ZF 174e] o]elx} F#FFe], 9,

]
kel WA W AEy dg 7o wkAl AWS Fo] F31, phytosterolsi

-

cholesterols®] & FFE =9 T3, plasma lipid profiles®l]l &%l g3}~
At B 31xo} Qlt}h (Sies and Krinsky, 1995). ©] 2|3} isoprenoids®] 7%
i-ol isoprenoids®] % ¥ FHE Eo|7] 913 dixbEEA WHo]l HFH o
2 A Ha o, nd AEAQl EwlE F$ 7]F carotenoid®d] AES

£ carotenoid 02 UALEZE shiftingsl= 1339 A4 A3 B
-carotene, lycopene % zeaxanthin 2] S7}7F Hil¥ o] 2t} (Dharmapuri et
al., 2002; Fraser et al., 2002; Romer et al., 2000; Rosati et al., 2000). H-3F
cytosol®] MVA 7d=2°] 3-Hydroxy-3-methylglutaryl CoA reductase (HMGR)E
I dd A7 FAHE A EA oA phytosterol S F717F HaE o] Tt
(Chappell et al., 1995; Schaller et al., 1995).

mheba] Ao A= isoprenoids A/l T3 aiA T ] MDDX

Al

fAAe] wE E4S dolni, 7w FAADS JF §& FA4E Fn

il

371 9ste] As Ao upE A7 =2 quantitative real-time PCR 2
northern blot £4]& 38 3k3lo™, 75 DNA® ¢DNAE &3t MDDX
A A9]  Often Reading Frame (ORF) 97]4<E& 4 3s19d. 28]
MDDX 22l Als el copy 5 &olH 7] 918+ southern blot #2<

F9 s,
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Fig. 2. Overview of isoprenoid metabolic pathways localized to the cytosol and

to plastids in plants, with an emphasis on the metabolism of
chlorophylls, carotenoids, and sterols. The symbol for anabolic reactions
is a solid arrow, and catabolic reactions are indicated by arrows with
dotted lines. Open arrows depict multiple enzymatic steps, and key
metabolites are boxed. Known enzymes involved in isoprenoid
metabolism are numbered, and question marks indicate steps for which

an enzymatic activity has not yet been demonstrated. Evidence for the
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branching of the plastidial MVA-independent pathway to yield IPP and
dimethylallyl diphosphate independently has recently been reported (27).
The following enzymes are represented: 1, 1-deoxy-D-xylulose
5-phosphate synthase; 2, DXR; 3, 2-C-methyl-D-erythritol 4-phosphate
cytidyltransferase; 4, 4-(cytidine 5-diphospho)-2-C-methyl-D-erythritol
kinase; 5,  2,4-C-methyl-D-erythritolcyclodiphosphate ~ synthase; 6,
1-hydroxy-2-methyl-2-(E)-butenyl-4-phosphate  synthase; 7, 1-hydroxy
-2-methyl-2-(E)-butenyl-4-phosphate  reductase; 8, acetoacetyl- CoA
thiolase; 9, 3-hydroxy-3-methylglutaryl-CoA  synthase; 10, HMGR;
11,MV Akinase; 12, phospho-MVA kinase; 13,MV Adiphosphate
decarboxylase; 14, IPP: dimethylallyl diphosphate isomerase; 15, geranyl
diphosphate ~ synthase; 16, farnesyl diphosphate  synthase; 17,
geranylgeranyl diphosphate synthase; 18, geranylgeranyl reductase; 19,
phytoene synthase; 20, phytoene desaturase; 21, -carotene desaturase; 22,
lycopene -cyclase; 23, lycopene -cyclase; 24, -carotene hydroxylase; 25,
zeaxanthin epoxidase; 26, violaxanthin de-epoxidase; 27, epoxycarotenoid
(neoxanthin) cleavage enzyme; 28, abscisic aldehyde oxidase; 29,
glutamyl tRNA synthetase; 30, glutamyl tRNA reductase; 31, glutamate
1-semialdehyde aminotransferase; 32, aminolevulinate dehydratase; 33,
porphobilinogen  deaminase; 34, uroporphyrinogen synthase; 35,
uroporphyrinogen decarboxylase; 36, coproporphyrinogen III oxidase; 37,
protoporphyrinogen IX oxidase; 38, Mg-protoporphyrinogen IX chelatase;
39, Mg-protoporphyrinogen IX methyltransferase; 40, protoporphyrinogen
cyclase (enzyme activity not yet characterized in plants); 41,

protochlorophyllide reductase; 42, chlorophyll synthetase; 43, chlorophyll
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a oxygenase; 44, chlorophyll b reductase (gene not cloned yet); 45,
chlorophyllase; 46, de-chelatase (gene not cloned yet); 47, pheophorbide
a oxygenase (gene not yet cloned); 48, red -chlorophyll catabolite
reductase; 49, squalene synthase; 50, squalene monooxygenase; 51,
cycloartenol synthase; 52, cycloartenol C24 methyltransferase; 53,
24-methylenecycloartenol C-4 methyl oxidase; 54, cycloeucalenol
cycloisomerase; 55, sterol C14 reductase; 56, obtusifoliol 14-demethylase;
57, C-8,7 sterol isomerase; 58, sterol C-methyltransferase 2; 59, sterol
C-4 methyl oxidase; 60, sterol C5-desaturase; 61, sterol 7 reductase; 62,

sterol C24-reductase; and 63, sterol C22-desaturase (Laule et al., 2003).
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II. MATERIALS AND METHODS

1. MATERIALS

TR duk A T Ro] Ho] FAS Y AIUAA Sl
IS Fels 2828 Auszil A w2 Al71Q1 2009 59 129 H-H 30
A HACR RYA7A FAFY AN 7 5 sdH (Fig. 3). v3x
A dnk wdw E¢lwo] Aol A total RNAS FE3ko] cDNA #A|%E 9
Sk 52 ARE HSlow, oy Ao F=F% gnomic DNAS} total RNAT
microarray, southern blot % northern blot w2}l AF&E AT Ao Z12F A
7|HR et SA] AAHALEE YE5 F 70T AFste] FQof we} AL
o9t

Fig. 3. External of Miyagawa wase wild and mutant fruits during development
and maturation. Numbers from 1 to 7 correspond to the sampling stages
used for the experiments, and the seven stages are 30, 60, 90, 120, 150,

180, and 220 days after flowering (DAF) respectively.
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2. METHODS

1) Total RNA extraction of citrus fruits

THERA FEoA At AT EAWo] HAS v F ¢F 30U HAH S
2 733t Verwoerd 5 (1989)¢] S M3l total RNAs & F5731%1
o gHdEzA A 30gs TRl A A A LE HolFH 54 EA T7
3] whaslal, extraction buffer (1M Tris-HCl (pH 9.0), 5M NaCl, sodium
diethyl-dithiocarbamate, 14.3M  2-mercaptoethanol) 40ml¥}  phenol:chloroform
sisoamylachol (25:24:1, v/v/v) 40ml= Y31 2 =3 3 FH 12,000 rpmlA] 30

7 AR sl AR AS HSIT. 2 volume?] 95% oS3 0.1

Mo

volume?2] 3M NaOACE Y3l inverting $° -70Ce] 3073+ H¥ 3}t
12,000 rpmell A 3021t A4t 2] st A M-S WAL pellet? H21 % 70%
o B2 = washing 3+ Fof suspension buffer (IM Tris-HCI (pH9.0), 5M NaCl,
10% SDS)E YWil &3] =3lth. 5Y &EF< phenol:chloroform:isoamylachol
(25:24:1, viviv) ¥aL 2 Z38 3k 5 12,000 rpmoll A 30-7F AR Fto] A
NS FHstdth 2 volume® 95% ol &= 0.1 volume®| 3M NaOACE %
3 inverting ¥l -70Col 30%7F B3 SFATE 12,000 rpmol A 307 U4
2] sto] A AS WAl pellet?t H3Zl FH 70% o ¥-== washing o TE
buffer (pH 9.0)S 93l pelletS A3 =o] Frh 8M LiCIE 59 EF ¢
3l A Al inverting $-°l ice batholl Wil SAIZF W@F o] B ST
12,000 rpmell A 30&7F A2 sto] A NS WAl pellet?t HX1 FH 70%
| €tS- 2 washing 39 TE buffer (pH 9.0)2 2L pellet A3 o] £
t}. 2 volume?] 95% ol &H-=-3} 0.1volume2] 3M NaOAc= YL -70ColA 30

B2 B3 39 h 12,000 rpmel A 3087 G o] A dS wEa
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o §F2- 2 washing ¥ TE buffer (pH 9.0)S Y3l pellet
U}, Spectrophotometers ©]-83}4] 260nm, 280nmoll 4] &

total RNAs= AF&3}7] A7A] -70Ce] H 3

_10_
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2) The Citrus 300K Microarray

(1) Probe design

W& profiling The Citrus 300K  Microarray= A AISF 2™ | Citrus
clementina, Citrus reticulata, Citrus sinensis, 2 Citrus unshiu 4712 59 citrus
Lol A probe TIARIS &FAtl. AA| 174,2287112] Expressed Sequence Tag
(EST)E< NCBI (http://www.ncbi.nlm.nih.gov/entrez/query.fegi?db=unigene)l 4|
== &AL, CAP3 (http:/genome.cs.mtu.edu/cap/cap3.html)ol| 4] & 2] 2~H
H A, 67,8817H°] unigenes 7Tl 54,33570¢] wWEkgdo]l A dlom
o FHAE=L 4709 probes® TAFR] H UL, 13,68270= WA o] HE A A
kO sense?} anti-sense WHFOZE 4719 probes®E ZHZ; TRl FHof, F
326,876 71 2] probes® T]AFSl F AT} (Fig. 4). ©] Probese] Hi+ Zol& 60 nt
o, 75~85C=Z  Tm#k=  7FXTh. Microarrayi=  Nimblegen  inc
(http://www.nimblegen. com)°l|~] AAFE| I3, green fluorescence protein,

fluorometric assay [-glucuronidase, Hygromycin % kanamycin #- selection

markers ¥ FHstal Itk R EA3 &8 R 479 Al V=4 F

>
ol

Al (2255 ZAEHE T2 GC probes (40, 000)E °|n| x| Zrgl=o] 9H

go] a= As Bxsr] e 2FEH st

_11_
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+ 54,335 Known
»4 probes / gene

60 bp 60 bp 60bp  60bp

60bp 60bp 60bp  60bp

Fig. 4. The Citrus 300K Microarray probe design.

_12_
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(2) Practical method

tlo

Microarray 41| A& /3 ez flelA, SHA R FHE total
Folth Eddo] Aoyt It 3k (2008

z|
119 29)9 total RNAES Z}7Z FE3 5 cDNAE A S35+

ol
(o]

RNAs=Z 3%HE A& S 443

RevertAid™ H Minus First Strand ¢DNA Synthesis Kit (Fermentas, Lithuania)E
A& T 1u02] oligo dT primer (100uM)2} 104g9] total RNAE PCR tube
o] Wil heat blockol A 5% &<t 70 Coll 4] denaturation 3}3L, ice bathol] H.T
39T}, First strand DNAS &A1 35H7] 93549], iceoll H.3#3+ denaturation A 7!
AbEol 4u02] 5% first strand buffer, 1402] RiboLock™ Ribonuclease Inhibitor, 2
102 10mM dNTP mixture 2 1ml2] RevertAid'™ H Minus M-MuLV Reverse
Transcriptase &5 Y3l 1A &SF 42T A Hbs AlZ1S 70ColA 108
7+ Agste] §A4S TA AIFUE Second strand DNAES 34 sl7] 9lslho],
66.7102] nuclease free water, 0.2u0 (5U/xl)2] 10x reaction buffer (Fermentas,
Lithuania), 5x02] 10x T4 DNA ligase buffer (TakaRa, Japan), 3ul (10U/x0)2]
DNA Polymersase 1 (Fermentas, Lithuania), 0.2x( (5U/ul)©] Ribonuclease H
(Fermentas, Lithuania) 2 0.1x0 (350U/x0)2] T4 DNA ligase (TAKARA, Japan)
£ First strand ¥ ¥hg AbEol| F7FE YojFaL 2AIFF FQF 15TA ¥k
A Z T}, Double strand ¢DNAsi= MinElute Reaction Cleanup Kit (QIAGEN,
US.A)E AF&3te] AA sF3lth. Cy3-labeled target DNA THES 3144 5H7]
Aste] 30102 Cy3-9mer primers (Sigma-Aldrich, U.S.A.)¢} 1482] double strand
cDNAE 2 4o] & 3 108 &2 98Tl A denaturations 38 S} L, 1040
9] 50x dNTP mix (10mM each), 8.0°] ddw, % 20°] Klenow fragment (50U/
0, TAKARA, Japan) ¥ol& - 2413t g2t 37TColA wkg Az wkg A
71 DNA°] 11.5402] 5M NaCl3} 110409] isopropanolS F7}3F - 12,000xgoll
A AA FEE s A samplesoll 13u02] ddwZ rehydrationS
Y&ttt Samplese] &%=+ spectrophotomerE ©]-&35Fo] F4 8T, 10xg9]

DNAE  microarray </d3tol] ALE  3191o™,  samplest 195409  2x
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hybridization buffer (Nimblegen, U.S.A)¢} 39u02] ddws YL 2 4o 3
U}, Microarray </ 3}= MAUI chamber (Biomiro, U.S.A.)°IA 16~18A]%F &
o 2TC= S} tt. &443} | MicroarrayE MAUI hybridization station
OS2 HY AASI, FA] 250m¢ wash I (Nimblegen, U.S.A.)°l| 10-15%3F 42T
oM F7F AojFa, =L Wash Iof] 28 &< &7F A|FArk. Wash 1I
o} Wash Il 13 &< &x4 o2 §7F Ao F3ATt. Microarray™ 500xge]l
A1 B 94 e shar, & 2™ 29, Genepix scanner 4,000B (Axon,

USA)E o gate] ~Met3it},

_14_
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(3) Data analysis

Microarray+= Sum 3|42 Hl2] 43| F-2 Genepix 4,000BZ Cy3 A3 &
208kt 21552 YAds) o] Nimblescan (Nimblegen, US.A)Z W2
sttt 2El== A HAel 9, NDF 33 ojn)x] AHHAa, HHEL
=g At o] onAE eB#e] temM sttt ol A&
T A T kel o] gl Cy3 channel®] 97141 <E, probe ¥ Al
% ZEAHHE local background estimatorE ©]-835le]  dlo]E H|o]
backgroundE #jjal wiEo] QoA 2 w7 Aol s wig W A4
= M) fteliA A sl Hlolel= 53 HolA, 3 Alele] Az
THE £G87] S, e 2599 273 ARE ol &aA AP
t}. NimbleScanol A 94 t57] Ldag]E5S AFE3dle] Robust Multi-Chip
Analysis (RMA)° 23] probe-level S 2.9Fslal 31dS qhEo] AL&313T 7
T % AA/d microarray A7 Y 9% o] W Bud FHd2 2
o a7t B ARG I outliers &2 7]ojo] tiet 54 A4 A
IEA QL @ 5ol outliers probeE 2™ gt} o5 4] A7 HFE Sl A
limma 7] Aol A A& EEI} microarray A 3ol s FAA S H7FeH] ¢
&lo] Bayes W o2 3 HAT FAdsky EAF A= StelA FH7]1A] ImFita}

5]
eBayesoll 93 78 Bayes Ao &3 & 48 ERY HAIHE AHES

i

[
e

(~

1

(—

M

11

th. 7 5 P. ValueZ} 0.05 ©la =R E F7kek= FdAF 2ol oia M
A} stagel oA Zroll H|a) gk ©@A o] el A 1 HE= -1 HRFO R EA] 8}

gy, Fo T4 ok B4 FHsgYgos B4 W
o

< AEH FelzEge
Ay FEds A B 3ddd SYaHE s W eR A TAE
Fo] Ao, FHxe] Ags AAtst=H AFEEATE Microarray 4]

o] A -2 GreenGene Bio Techoll 2] 3}3Ith (Copyright(c) 2000~2008

GreenGen Bio Tech Inc., All rights reserved).
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3) MDDX Cloning from citrus fruits

FHEAY MDDX FaAHE Relsts] sAstel A2 A AP B

Hol Az A (20099 69 139)3} oA genomic DNAS} total RNAZ

.

3

rlo

7z} #28% Yk, PCR  Thermal cycler Dice TP600 (TAKARA, JP)WF&

N

MDDX-F, MDDX-R primer (table. 1)& A}83lo] 94Col|A 5% FoF %
denaturationS 3y T, 94To|A 1% (denaturation step), 47 ColA 1%
(annealing step), 72°C 23 (extension step) 243%] Wk S}QITh wpx|Ero 2 72T
oA 5% B WES AFTH TFE PCR A2 1x TAE &39S A&}
o] 1.2% agarose geloll 5043t 50VZE #17]9 &3}, ethidium bromide & A
sl S&HE DNA "9HES &2l Stk Gel Extraction Kit-spin  Kit
(NucleoGen, KR)E A} =

ofo
ol
Lo
£
ol\
e
(i
v}
Z,
>

HEs v s3id. PCRE &
7] o]z MDDX DNA ©HELS pGEM®-T Easy Vector System II Kit
(Promega, U.S.A)E A}83}4 cloningS 43 3} Y. oA ES tA] IMI109
competent cells (E. coli) 0.2 FAHS AAY. S2AAS @ Ecoli ZHH

plasmid purification kit (NucleoGen, KR) & A}-83l4 &g 3}3lt}.
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4) Quantitative real-time PCR analysis

Quantitative Real-time PCR(qRT-PCR)< iQ™ SYBR®  Green Supermix
(BIO-RAD, US.A)E A}M&3lal MDDX-F, MDDX-R primerS ©]-&3}o]
PCRMiniOpticon Real-time PCR Detection system (BIO-RAD, US.A)Z 533}
St olw] ARE-¥ PCRE X712 94TolA 10+ &< %7] denaturations 3
Sk %], 94Col Al 1+ (denaturation step), S0 C o4 13 (annealing step), 72C I
] 145 (extension step) O & 3}o] 403 WHESFSITE wlX|EO. 2 72T oA 105
ok WSS AT o471 & S Opticon  Monitor'™  Software
(BIO-RAD, US.A)E ol&3te] &4 3lvh. #4322l mRNA &

elongation facter 1-Ahapha (table. 1) o] @& o= H=F - H|W A AT

_17_
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5) Northern blot analysis

Zy A7 R FEF5 o7 Total RNAs 5ugE 1.4% formaldehyde agarose gel®ll
A 4A1ZF &9k 45vVell A A 7]9d-53tal ethidium bromided] A A3Fo]  total
RNAsE &<l &}tk 20x SSC  AFE3F9] nylon membrane (Roche,
Indianapolis, IN)©. 2 transferd}il, RNA blotted nylon membraneS UV
crosslinkerA}-8-3}0] 3174 S} T} Cloning ¥ pMDDXc clone MDDXn363-F,
MDDXn891-R primer (Table. 1) ©] PCR DIG Probe Synthesis Kit (Roche,
Indianapolis, IN)S AF-&3}] PCR ¥ T35l Probeel digoxigenin-dUTP
Z labeling 3t th. oluw] AL&E PCRE Z7L 94TolA 58 FoF %7
denaturationS 83+ H, 94Col|A 1+ (denaturation step)3F, 47ColA 1%
(annealing step), 72°C 2% (extension step) 243 WHE SFSIc}. wix]ato & 72T
oAl 5% <t HEE& AF T 1x TAE ¢35 92 AL&38lo] 1.2% agarose gel

o] 50% ZF 50V= A 7]% %53}, ethidium bromide & @&l ZZ 3 DNA

tAS g2l 319t RNA blotted nylon membrane®]| DIG-labeled MDDXc
RNA probes 12A]7F &5<QF 48C ol A] hibridization= 578 3}%ITF. RNA bloted
membranes©]] 2x SSC, 0.1% SDS= <94 5% F 5§ ¥, 0.1x SSC, 0.1%
SDSe 68TColl A 15+ X+ 5 W washing 331 tF. Washing buffer (DIG Wash
and Block Buffer set)S AF&3lo] AFolAl 5 It washing 3}iL, blocking
solution®. & Aol A] 2417t =<t blocking 3FaL, 1409 Anti-DIG-AP (Roche,
a}

Ao A 304 7+ WkE Al ZTh Washing buffer® Ao A 158 7F F W

ot
ki

Indianapolis, IN)E 3 A+ 10ml2] blocking solution &NS A}-8-3}o
washing &k $-°f, detection solution®. 2 ZF>0A 103 HHg  Al7]aL
detection solution 1mloll 5x02] CDP-Star (Roche, Indianapolis, IN)E % 7}3t &

NS ALgEle] Ao A 10E-7F WES A FHTE MembraneS 10~15%-7F X-ra

<

film(Fuji photo film Co., Tokyo, Japan)S WH$- Al7]al filmS &3 o).
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6) The extraction of genomic DNA and southern blot analysis

TR Qb Az Badel B HEANA oY o 1gs AR

DNeasy®Plant Maxi Kit (Qiagen, U.S.A)E A}-83}9] genomic DNAE 717}

e

2]3tth. =% genomic DNA 45483 A|3+a A EcoRl, Hindlll, BamHIO %
77y Aglste] A8 Ao pglvh. AlgtEa A 2]¥ genomic DNAES
0.8% agarose geloll A 12A]3F &QF 25v=2 A 7|3k H, 158 ZF 0.25M HCI
ol A depurination S}3L, 30+ ZF 0.5M NaOH, 1.5M NaClol| 4] denaturedt U},
30% %t 0.5M Tris-HCI(pH 7.5), 1.5M NaClol A Neutralization ¥ ¥, 20x SSC
AF-23}o] nylon membrane (Roche, Indianapolis, IN)S. = transferdt F, DNA
blotted nylon membranes UV crosslinkerE A}-&38te] 314 3}t Cloning
¥ pGMDDX clong MDDXs433-F, MDDXs975-R primer (Table. 1)$} PCR
DIG  Probe Synthesis Kit (Roche, Indianapolis, IN)S  A}&3}4
digoxigenin-dUTPE-  labeling 3}%/TF. DNA  blotted nylon membrane®]|
DIG-labeled GMDDX DNA probes 12A]7F &<t 42 Co| A hybridizatione <
&) 3}t DNA bloted membranes®] 2x SSC, 0.1% SDSS 2o A 55 7F
5 ", 0.1x SSC, 0.1% SDS°| 68Co|A 15% Z+ 5 " washing 3}%)

Washing buffer (DIG Wash and Block Buffer set)S A}-83}9] washing buffer=

Ao A 5% %t} washing 8}, blocking solution®. & ‘g0 2A17F &<Q

r+

blocking 3}, 1402 Anti-DIG-AP (Roche, Indianapolis, IN)E 333}l Q)
=g

Washing buffer2 -0 4] 15% {F 5 ¥ washing 3+ $9l, detection solution

rr

10m2] blocking solution 8N Al&3sle] AF2oA 30 b HES

>

o7 Ao 1083F WH-g A]7]al, detection solution 1mlol 5402] CDP-Star
(Roche, Indianapolis, IN)E # 73t 8MS AL-&3}o] Ao A 1087F WS A

ZtF. Membranes 10~15%3F Xeray films Hb-§- A]7] GRS

111
=4
=
o



Table 1. List of primers used for experiments.

Primer name Base sequence Usage
MDDX-F 5-GAA TTT TTT TTC ATA ACG ATG GC-3' Genomic and
MDDX-R 5-AGT GAA AAT TAA TCT ACT CT-3' cDNA cloning

MDDXs433-F | 5'- TTG AAG GAA ATT CGG AGT CG -3
MDDXs975-R | 5'- ACA AGC ACT GCC TGA ACC TT -3'

Southern probe

MDDXn363-F | 5-GAC GGC CGC TGG ATT GGC TT-3'

Sothern probe
MDDXn891-R | 5-CCT GAG ATC CCA CGG AAC GA-3'

EF1-F 5-ATT GAC AAG CGT GTG ATT GAG C-3' gRT-PCR house
EF1-R 5-TCC ACA AGG CAA TAT CAA TGG TA-3' keeping gene

7) Comparison analysis of fruit characteristics between Miyagawa

wase wild type and mutant

THRRA s dnr 34y AWl A T4, 94, 2 A3 T
Vernier calipers (mitutoyo, JP)E ©| &3t 54 3QlaL, 7184 1y &E 2

7% e PR BAY] (HORIBA, RS AHgdfe]l Z4aisich 3o
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IIl. RESULTS AND DISCUSSION

1. The Citrus 300K Microarray analysis

AxA FFY 7HAdolol ok ApAd g A EdRolol] FHAe] A%
Zpol & ol ] sl A5 Bl (2008 1Y€ 2¢)olA The Citrus 300K
Microarray 1S G383t A3} (Fig. 5), WAL x}ol7} 2u] o]/, P-value
Zkol 0.05 mRkel fHAEo] 583700 e, 515709 FAx7E wdoe] Fr)
HAarL, 677019 FAATE dHoe] 7HASIS Y (Table. 2, Fig. 6). Arabidopsis
thaliana TAIR9E 7]Wto =2 3dfo] ZHeEFd2et match® 4 F= F
15,5947]] ©]™ , GOMINER (Ashburner et al., 2000; Zeeberg et al., 2003)=
9%k GO terme =43 T, GOMINERT GO term¥} expression mode
(Under, Over, Change) ° Wz} 2} {FHAE &57F38FA . One-sided Fisher?]
o9 AALHOE P-valueEs A 2, 100715 F29 = FH3iA] False
discovery rate (FDR) #%ke] 0.057]%FQl GO term= F=3ISIth. ©] <
Arabidopsis thaliana A<} RS Hole 407708 FHAE ol 3827
°of FHA7t Edo] F7F HAAL 25702 FHAZE HA| HA (Table. 3).
GOMINER & biological processes, cellular component, % molecular function 2]
37FA] category® 76T} (Table. 4). GO analysisoll A F2J3HA /749
HAA= Arabidopsis thaliana t] o] B W] o] =2} A A 5o KEGG
(http://www.genome.ad.jp/kegg) = < F ottt L A¥} AL A2t e H
A== biosynthesis of  purine  nucleotides  (AT1G74260) 74 =9
phosphoribosylformylglycinamidine ~ synthase =~ (CITRUS0034752),  Acyl-CoA
synthetase pathway (AT2G04350.2) 74=°] long-chain-fatty-acid-CoA ligase
(CITRUS0043345), & Mevalonate pathway (AT2G38700.1) 74 22| mevalonate
diphosphate decarboxylase (CITRUS0036402) 37]¢] A7} w&H o] Z7} st

A

o
AN =2

o

SkQl SFSITh (Table. 5). ©] oA carotenoids, sterols &< A<
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isoprenoidE ¥4 3= mevalonate A= Aol A= Mevalonate diphosphate
decarboxylase (MDDX) FXA7F <F 258 3 HdES 1A,
TF(Transcription factor) iAol A= 15709 FHAF FolA =AW A= 3
QA 149 R} wHel EF agle

23} T} (Table. 6).

Signal Distribution of mutant/'control

L e}
ot
i o
-
£
—s
a-.-"‘vl
=]

T T T ] | T
o 1 = - | A 5

Logidfcontmol)

Fig. 5. Comparison of signal distribution between repeats.

Table 2. Significantly changed genes classification.

Miyagawa wase Up regulation Down regulation total useful genes
Wild type
Mutant type 515 67 583

P value < 0.05, fold change: > 2fold.
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ollfcomirs
T

leai{control
=l 2OMLATL SO

I

Fig. 6. Hierarchical clustering (log2 ratio use)

Table 3. GO (Gene Ontology) analysis.

Miyagawa wase  Up regulation Down regulation total useful genes
Wild type
Mutant type 382 25 407

P value < 0.05, fold change: > 2fold, False discovery rate (FDR) < 0.05.
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Table 4. GO category classification.

i Biological Cellular Molecular

Miyagawa wase . Total
preocess component function
Wild type

Mutant type 226 65 87 378

(1) Biological process
GO ID*  Total’ Under® Over® Change” Term
G0:0007205 10 0 3 3 activation of protein kinase C activity
G0:0006020 11 0 3 3 inositol metabolic process
GO:0006066 208 0 26 26 alcohol metabolic process
CO0015 088 ) 0 ) : energy coupled proton transport, against electrochemical
gradient

G0:0044255 387 0 22 22 cellular lipid metabolic process
G0:0044237 5252 7 168 175 cellular metabolic process
G0:0044264 96 2 5 7 cellular polysaccharide metabolic process
G0:0008610 270 0 15 15 lipid biosynthetic process
G0:0007097 3 0 3 3 nuclear migration
G0:0006006 86 0 18 18 glucose metabolic process
GO:0008152 6268 8 193 201 metabolic process
GO0:0006091 186 0 20 20 generation of precursor metabolites and energy
GO:0006098 27 0 7 7 pentose-phosphate shunt
GO0:0000742 4 0 3 3 karyogamy during conjugation with cellular fusion
GO:0051716 65 0 6 6 cellular response to stimulus
GO:0007059 36 1 3 4 chromosome segregation
G0:0009206 31 0 3] 5 purine ribonucleoside triphosphate biosynthetic process
G0:0008202 52 0 5 5 steroid metabolic process
GO0:0006754 29 0 5 5 ATP biosynthetic process
G0O:0009970 5 0 3 3 cellular response to sulfate starvation
G0:0044403 34 0 4 4 symbiosis, encompassing mutualism through parasitism
G0:0006084 22 0 5 5 acetyl-CoA metabolic process
GO:0005975 583 2 30 32 carbohydrate metabolic process
GO0:0006935 11 1 2 3 chemotaxis
G0O:0051704 387 1 18 19 multi-organism process
GO0O:0006810 1395 2 53 55 transport
G0:0030163 219 0 14 14 protein catabolic process
G0:0006402 17 0 3 3 mRNA catabolic process
G0:0044260 2423 3] 78 83 cellular macromolecule metabolic process
G0:0015986 28 0 5 5 ATP synthesis coupled proton transport
GO0:0043255 7 0 2 2 regulation of carbohydrate biosynthetic process
G0:0009267 34 0 4 4 cellular response to starvation
G0:0034220 30 0 5 5 transmembrane ion transport
G0:0009259 52 0 6 6 ribonucleotide metabolic process
G0:0042743 11 0 3 3 hydrogen peroxide metabolic process
GO:0045143 6 0 3 3 homologous chromosome segregation
G0:0046490 7 0 2 2 isopentenyl diphosphate metabolic process
GO:0006696 5 0 3 3 ergosterol biosynthetic process
G0:0044248 524 1 44 45 cellular catabolic process
GO:0048015 16 0 3 3 phosphoinositide-mediated signaling
GO0:0042744 5 0 3 3 hydrogen peroxide catabolic process
GO:0006767 77 0 16 16 water-soluble vitamin metabolic process
G0:0019852 11 0 3 3 L-ascorbic acid metabolic process
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GO ID*  Total’ Under* Over" Change” Term

G0:0009416 252 1 18 19 response to light stimulus

G0O:0006950 1102 4 58 62 response to stress
G0:0006099 10 0 3 3 tricarboxylic acid cycle
GO0:0046165 34 0 6 6 alcohol biosynthetic process
GO:0006635 27 0 6 6 fatty acid beta-oxidation
G0:0009141 35 0 5 5 nucleoside triphosphate metabolic process
G0:0048284 23 0 5 5 organelle fusion
GO0:0019751 36 0 4 4 polyol metabolic process
G0:0006163 56 0 6 6 purine nucleotide metabolic process
GO0:0016036 16 0 3 3 cellular response to phosphate starvation
GO0:0042542 31 0 5 5 response to hydrogen peroxide
G0:0009260 51 0 6 6 ribonucleotide biosynthetic process
G0:0000746 20 0 3 3 conjugation
GO:0051327 43 2 3 5 M phase of meiotic cell cycle
GO0:0019318 116 0 19 19 hexose metabolic process
GO0:0046365 80 0 16 16 monosaccharide catabolic process
GO:0000747 20 0 3 3 conjugation with cellular fusion
G0:0048869 240 1 12 13 cellular developmental process
GO0:0007067 39 0 5 5 mitosis
G0:0042724 7h 0 2 2 thiamin and derivative biosynthetic process
GO:0016485 31 0 4 4 protein processing
GO:0009611 87 1 7 8 response to wounding
G0:0042364 40 0 8 8 water-soluble vitamin biosynthetic process
G0:0033674 13 0 3 3 positive regulation of kinase activity
GO:0006629 508 0 22 22 lipid metabolic process

G-protein signaling, coupled to IP3 second messenger
G0:0007200 12 0 3 3

(phospholipase C = activating)

GO0:0019395 29 0 6 6 fatty acid oxidation

G0:0046500 4 0 2 2 S-adenosylmethionine metabolic process
GO0:0006733 48 0 8 8 oxidoreduction coenzyme metabolic process
G0:0030473 3 0 3 3 nuclear migration, microtubule-mediated
GO:0015985 28 0 5] 5 energy coupled proton transport, down electrochemical gradient
GO0:0051321 54 2 3 5 meiotic cell cycle

G0:0009199 32 0 5 5 ribonucleoside triphosphate metabolic process
GO0:0016052 100 0 17 17 carbohydrate catabolic process

G0:0006740 28 0 7/ 7 NADPH regeneration

GO:0043648 56 0 5 5 dicarboxylic acid metabolic process
GO:0051603 195 0 11 11 proteolysis involved in cellular protein catabolic process
GO:0009165 77 0 7 7/ nucleotide biosynthetic process

G0:0044257 208 0 13 13 cellular protein catabolic process

G0:0009142 33 0 5 5 nucleoside triphosphate biosynthetic process
G0:0010324 42 1 4 5 membrane invagination

GO0:0019853 11 0 3 3 L-ascorbic acid biosynthetic process
G0:0042331 8 1 2 3 phototaxis

GO:0031669 36 0 4 4 cellular response to nutrient levels

G0:0005976 102 2 6 8 polysaccharide metabolic process

GO:0005996 137 0 19 19 monosaccharide metabolic process

G0:0046034 30 0 5 5 ATP metabolic process

G0:0046356 10 0 acetyl-CoA catabolic process

GO0:0019941 194 0 11 11 modification-dependent protein catabolic process
GO:0000070 14 0 3 3 mitotic sister chromatid segregation
G0:0000289 3 0 2 2 nuclear-transcribed mRNA poly(A) tail shortening
GO:0006818 56 0 8 8 hydrogen transport

G0:0015992 56 0 8 8 proton transport

G0:0043085 20 0 3 3 positive regulation of catalytic activity
G0:0006007 77 0 16 16 glucose catabolic process

G0:0009409 132 1 12 13 response to cold

GO0:0009152 49 0 purine ribonucleotide biosynthetic process
G0:0009060 16 0 3 3 aerobic respiration
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GO ID*  Total’ Under* Over" Change” Term
G0:0019752 552 0 27 27 carboxylic acid metabolic process
G0:0007626 20 1 3 4 locomotory behavior
G0:0009109 13 0 4 4 coenzyme catabolic process
GO0:0042594 39 0 5 5 response to starvation
GO:0046173 9 0 4 4 polyol biosynthetic process
GO0:0006995 11 0 4 4 cellular response to nitrogen starvation
G0:0009225 21 1 3 4 nucleotide-sugar metabolic process
G0:0009056 544 1 46 47 catabolic process
G0:0019362 39 0 7 7 pyridine nucleotide metabolic process
G0:0006096 50 0 8 8 glycolysis
GO:0051647 4 0 3 3 nucleus localization
GO0:0044272 29 0 4 4 sulfur compound biosynthetic process
GO:0007129 6 2 0 2 synapsis
GO0:0007610 32 1 3 4 behavior
G0:0009605 206 p) 14 16 response to external stimulus
GO0:0051187 22 0 4 4 cofactor catabolic process
G0:0044262 277 2 24 26 cellular carbohydrate metabolic process
GO0:0015931 20 0 3 3 nucleobase, nucleoside, nucleotide and nucleic acid transport
G0:0009408 96 0 14 14 response to heat
GO0:0030258 35 0 6 6 lipid modification
G0:0032787 246 0 12 12 monocarboxylic acid metabolic process
GO0:0019538 2354 3 75 78 protein metabolic process
G0:0043170 3957 6 116 122 macromolecule metabolic process
GO:0051347 14 0 3 3 positive regulation of transferase activity
G0:0044419 34 0 4 4 interspecies interaction between organisms
G0:0009145 31 0 5 3 purine nucleoside triphosphate biosynthetic process
GO0:0043562 11 0 4 4 cellular response to nitrogen levels
GO0:0043285 271 1 18 19 biopolymer catabolic process
G0:0000302 38 0 § 5 response to reactive oxygen species
GO:0019953 70 0 7 7 sexual reproduction
G0:0009205 32 0 5 5 purine ribonucleoside triphosphate metabolic process
G0:0006732 125 0 16 16 coenzyme metabolic process
GO0:0046395 32 0 6 6 carboxylic acid catabolic process
G0:0042330 13 1 2 3 taxis
GO:0006164 54 0 6 6 purine nucleotide biosynthetic process
G0:0009062 28 0 6 6 fatty acid catabolic process
G0:0009201 31 0 5) 5 ribonucleoside triphosphate biosynthetic process
GO0:0033554 54 0 6 6 cellular response to stress
GO:0009628 653 3 42 45 response to abiotic stimulus
GO:0044275 99 0 17 17 cellular carbohydrate catabolic process
GO:0044267 2333 3 74 77 cellular protein metabolic process
GO0:0006021 7 0 3 3 inositol biosynthetic process
GO0:0046164 82 0 16 16 alcohol catabolic process
GO:0000743 3 0 3 3 nuclear migration during conjugation with cellular fusion
G0:0032147 10 0 3 3 activation of protein kinase activity
G0:0008204 5 0 3 3 ergosterol metabolic process
G0:0007010 203 2 10 12 cytoskeleton organization and biogenesis
GO:0016114 45 0 5 5 terpenoid biosynthetic process
G0:0006624 4 0 3 3 vacuolar protein processing
G0:0042816 5 0 2 2 vitamin B6 metabolic process
GO0:0016042 45 0 7 7 lipid catabolic process
GO0:0006720 104 0 8 8 isoprenoid metabolic process
G0:0008203 4 0 2 2 cholesterol metabolic process
GO:0051656 18 0 3 3 establishment of organelle localization
G0:0044238 5152 7 160 167 primary metabolic process
G0:0007017 120 1 8 9 microtubule-based process
G0:0006694 36 0 4 4 steroid biosynthetic process
GO0:0055085 39 0 6 6 transmembrane transport
G0:0009240 7 0 2 2 isopentenyl diphosphate biosynthetic process
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GO ID*  Total’ Under* Over" Change” Term

G0O:0009453 8 1 2 3 energy taxis
G0:0016054 32 0 6 6 organic acid catabolic process
G0:0044242 41 0 7 7 cellular lipid catabolic process
G0:0019320 79 0 16 16 hexose catabolic process
GO:0051179 1449 2 54 56 localization
GO0:0015672 98 0 10 10 monovalent inorganic cation transport
G0:0006739 29 0 7 7 NADP metabolic process
G0:0009110 50 0 8 8 vitamin biosynthetic process
G0:0009051 6 0 3 3 pentose-phosphate shunt, oxidative branch
G0:0009117 125 0 14 14 nucleotide metabolic process
G0O:0040023 4 0 3 3 establishment of nucleus localization
GO:0006772 7 0 thiamin metabolic process
GO:0051234 1404 2 53 55 establishment of localization
GO0:0006457 198 1 15 16 protein folding
GO:0008299 75 0 7 7 isoprenoid biosynthetic process
GO:0000819 15 0 3 3 sister chromatid segregation
G0O:0009415 86 1 6 J response to water
GO:0006753 125 0 14 14 nucleoside phosphate metabolic process
GO:0006979 179 0 16 16 response to oxidative stress
G0:0009314 264 1 18 19 response to radiation
GO0:0042723 7 0 2 2 thiamin and derivative metabolic process
GO:0045132 13 0 3 3 meiotic chromosome segregation
G0:0009414 83 1 6 7/ response to water deprivation
G0:0000741 17 0 5 5 karyogamy
G0:0006073 77 2 5 7 glucan metabolic process
G0O:0006119 51 0 5 3 oxidative phosphorylation
G0:0009228 6 0 2 2 thiamin biosynthetic process
GO:0006511 194 0 11 11 ubiquitin-dependent protein catabolic process
GO:0051186 199 0 19 19 cofactor metabolic process
G0:0006401 19 0 3 3 RNA catabolic process
G0:0042221 895 2 37 39 response to chemical stimulus
nuclear-transcribed mRNA catabolic process,
G0:0000288 5 0 2 2
deadenylation-dependent decay
G0:0015980 33 0 6 6 energy derivation by oxidation of organic compounds
GO:0051258 17 0 4 4 protein polymerization
GO:0006082 553 0 27 27 organic acid metabolic process
GO:0006556 3 0 ) 2 S-adenosylmethionine biosynthetic process
GO:0006113 5 0 2 2 fermentation
GO:0006769 35 0 7 7 nicotinamide metabolic process
GO0:0034440 29 0 6 6 lipid oxidation
GO0:0006997 30 0 7 7 nuclear organization and biogenesis
G0:0050896 1853 S 80 85 response to stimulus
GO:0009991 58 0 5 5 response to extracellular stimulus
GO0:0007127 27 P 3 5 meiosis I
GO:0006766 87 0 16 16 vitamin metabolic process
GO:0006695 3 0 2 2 cholesterol biosynthetic process
G0:0009266 231 1 25 26 response to temperature stimulus
G0O:0006508 531 0 26 26 proteolysis
G0:0055086 153 0 15 15 nucleobase, nucleoside and nucleotide metabolic process
G0:0009144 32 0 5 5 purine nucleoside triphosphate metabolic process
GO0:0009987 6637 12 210 222 cellular process
G0:0000956 14 0 3 3 nuclear-transcribed mRNA catabolic process
GO0:0043632 194 0 11 11 modification-dependent macromolecule catabolic process
GO0:0044265 323 0 32 32 cellular macromolecule catabolic process
G0:0000087 39 0 5 5 M phase of mitotic cell cycle
G0:0042819 5 0 2 2 vitamin B6 biosynthetic process
G0:0045860 13 0 3 3 positive regulation of protein kinase activity
G0:0045333 22 0 4 4 cellular respiration
G0:0009250 36 0 4 4 glucan biosynthetic process
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GO ID*  Total’ Under* Over" Change” Term
G0O:0009411 40 0 5 5 response to UV
G0:0010224 21 0 4 4 response to UV-B
GO:0006108 12 0 4 4 malate metabolic process
GO0:0009057 355 1 34 35 macromolecule catabolic process
GO:0006721 73 0 6 6 terpenoid metabolic process
GO:0007126 43 2 3 5 meiosis
G0:0031667 50 0 5 5 response to nutrient levels
G0:0009150 49 0 6 6 purine ribonucleotide metabolic process

“Interquartile range(IQR) of raw signal intensity

*Total gene number to Go term

*2fold Down regulatied gene number to correspond GO term

"2fold Up regulatied gene number to correspond GO term

"2fold Up or Down regulation regulatied gene number to correspond GO term
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(2) Cellular component

GO ID*  Total’ Under* Over" Change” Term
G0O:0005737 4034 7 160 167 cytoplasm
G0:0031143 6 1 2 3 pseudopodium
GO0:0031252 10 1 2 3 leading edge
GO:0005816 13 0 4 spindle pole body
GO0:0005945 7 0 2 2 6-phosphofructokinase complex
GO0:0005886 365 1 16 17 plasma membrane
GO:0005881 11 0 3 3 cytoplasmic microtubule
G0:0044424 5359 11 182 193 intracellular part
GO:0005828 3 0 3 3 kinetochore microtubule
G0:0044446 1514 5 51 56 intracellular organelle part
GO0:0005829 441 ) 23 26 cytosol

proton-transporting two-sector ATPase complex, catalytic
GO:0033178 10 0 4 4

domain
G0:0016020 2282 4 76 80 membrane
G0:0044422 1515 5 51 56 organelle part
GO:0043227 4391 4 145 149 membrane-bounded organelle
GO:0005759 46 0 5 5 mitochondrial matrix
G0:0016469 35 0 7 7 proton-transporting two-sector ATPase complex
GO:0005783 302 1 23 24 endoplasmic reticulum
G0:0000932 6 0 2 2 cytoplasmic mRNA processing body
GO:0005635 53 0 5 5 nuclear envelope
GO:0008540 13 0 3 3 proteasome regulatory particle, base subcomplex
G0O:0031980 46 0 5 5 mitochondrial lumen
GO0:0005622 5652 11 187 198 intracellular
G0:0000922 21 0 4 4 spindle pole
G0:0044430 151 2 11 13 cytoskeletal part
GO:0005739 801 0 47 47 mitochondrion
GO:0005758 6 0 2 2 mitochondrial intermembrane space
G0:0044437 61 0 8 8 vacuolar part
G0:0043234 983 1 35 36 protein complex
GO0:0031224 626 2 29 31 intrinsic to membrane
G0:0045261 8 0 4 4 proton-transporting ATP synthase complex, catalytic core F(1)
G0:0005856 174 2 13 15 cytoskeleton
G0:0005777 63 0 10 10 peroxisome
GO0:0016021 463 2 22 24 integral to membrane
GO0:0043226 4786 8 153 161 organelle
GO0:0044444 3670 5 142 147 cytoplasmic part
G0:0031090 656 0 27 27 organelle membrane
GO:0005887 33 0 4 4 integral to plasma membrane
GO:0005880 3 0 3 3 nuclear microtubule
GO0:0005623 8831 20 245 265 cell
GO:0005827 4 0 3 3 polar microtubule
GO0:0031226 35 0 4 4 intrinsic to plasma membrane
GO0:0031967 295 0 14 14 organelle envelope
G0:0045259 13 0 4 4 proton-transporting ATP synthase complex
G0:0043231 4387 4 145 149 intracellular membrane-bounded organelle
GO:0005753 8 0 4 4 mitochondrial proton-transporting ATP synthase complex
GO:0031975 295 0 14 14 envelope
GO:0005773 100 0 12 12 vacuole
G0:0045298 13 1 7 8 tubulin complex
GO:0005874 42 1 8 9 microtubule
GO:0005838 28 0 4 4 proteasome regulatory particle
GO:0005815 26 0 4 4 microtubule organizing center
G0:0031970 7 0 2 2 organelle envelope lumen
G0:0022624 28 0 4 4 proteasome accessory complex
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GO ID”  Total’ Under* Over" Change’ Term
G0:0015630 122 1 10 11 microtubule cytoskeleton
GO0:0044464 8831 20 245 265 cell part
G0:0044425 917 2 39 41 membrane part
G0:0042579 63 0 10 10 microbody
GO0:0005884 8 1 2 3 actin filament
G0:0043229 4786 8 153 161 intracellular organelle
G0:0044429 208 0 12 12 mitochondrial part
GO0:0005819 49 0 5 5 spindle
GO:0005876 9 0 3 3 spindle microtubule
GO:0005774 58 0 8 8 vacuolar membrane

mitochondrial proton-transporting ATP  synthase complex,
GO0:0000275 6 0 4 4

catalytic core F(1)

“Interquartile range(IQR) of raw signal intensity

"Total gene number to Go term

*2fold Down regulatied gene number to correspond GO term

"2fold Up regulatied gene number to correspond GO term

"2fold Up or Down regulation regulatied gene number to correspond GO term
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(3) Molecular function

GO ID”  Total’ Under* Over" Change’ Term
G0:0008233 439 1 21 22 peptidase activity
GO0:0015078 78 0 8 8 hydrogen ion transmembrane transporter activity
G0:0003924 47 0 6 6 GTPase activity
G0:0000287 39 0 6 6 magnesium ion binding
GO:0015075 450 1 19 20 ion transmembrane transporter activity
G0:0016872 9 0 3 3 intramolecular lyase activity
GO:0017111 441 0 24 24 nucleoside-triphosphatase activity
GO:0008135 131 0 10 10 translation factor activity, nucleic acid binding
G0:0048040 7 1 1 2 UDP-glucuronate decarboxylase activity
oxidoreductase activity, acting on the aldehyde or oxo group
GO:0016903 58 0 5 5
of donors
G0:0008234 92 1 8 9 cysteine-type peptidase activity
GO:0016614 124 0 16 16 oxidoreductase activity, acting on CH-OH group of donors
oxidoreductase activity, acting on NADH or NADPH, NAD or
GO:0016652 6 0 4 4
NADP as acceptor
GO0:0004345 6 0 3 3 glucose-6-phosphate dehydrogenase activity
G0:0004470 7 0 4 4 malic enzyme activity
hydrolase activity, acting on acid anhydrides, in
GO:0016818 471 0 25 28
phosphorus-containing anhydrides
G0:0016740 2110 2 66 68 transferase activity
G0:0004096 3 0 3 3 catalase activity
GO:0050661 6 0 2 /) NADP binding
GO:0032555 757 1 30 31 purine ribonucleotide binding
G0:0017022 8 1 2 3 myosin binding
GO:0003872 7 0 2 2 6-phosphofructokinase activity
GO0:0045182 132 0 10 10 translation regulator activity
GO:0016746 182 1 11 12 transferase activity, transferring acyl groups
GO0:0032553 757 1 30 31 ribonucleotide binding
G0:0016830 96 1 6 7 carbon-carbon lyase activity
G0:0050897 3 0 2 2 cobalt ion binding
G0:0030554 624 1 24 25 adenyl nucleotide binding
GO0:0016615 15 0 4 4 malate dehydrogenase activity
GO0046912 s 0 3 . transferase e?ctlvny, transferring acyl groups, acyl groups
converted into alkyl on transfer
GO:0004681 12 0 3 3 casein kinase I activity
GO:0046527 80 0 6 6 glucosyltransferase activity
GO:0004616 8 0 3 3 phosphogluconate dehydrogenase (decarboxylating) activity
GO:0016853 154 1 13 14 isomerase activity
GO:0051082 102 0 14 14 unfolded protein binding
GO:0004420 3 0 2, 2 hydroxymethylglutaryl-CoA reductase (NADPH) activity
G0:0003746 31 0 6 6 translation elongation factor activity
G0:0050284 4 0 4 4 sinapate 1-glucosyltransferase activity
G0:0008324 326 1 17 18 cation transmembrane transporter activity
G0O:0004021 3 0 3 3 alanine transaminase activity
G0:0003824 6084 10 195 205 catalytic activity
GO:0004473 5 0 ) ) ma‘laFe dehydrogenase (oxaloacetate-decarboxylating) (NADP+)
activity
G0:0016831 54 1 5 6 carboxy-lyase activity
G0:0032559 587 1 24 25 adenyl ribonucleotide binding
GO0:0004108 4 0 3 3 citrate (Si)-synthase activity
G0:0004802 3 0 2 2 transketolase activity
oxidoreductase activity, acting on the aldehyde or oxo group
GO:0016624 13 0 3 3
of donors, disulfide as acceptor
G0:0005524 578 1 24 25 ATP binding
- 31 -
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GO ID”  Total’ Under* Over" Change’ Term
G0:0004743 12 0 3 3 pyruvate kinase activity
GO0:0004619 4 0 2 2 phosphoglycerate mutase activity
GO0:0004739 5 0 2 2 pyruvate dehydrogenase (acetyl-transferring) activity
GO0:0005507 91 0 7 7 copper ion binding
GO:0016462 469 0 25 25 pyrophosphatase activity
G0:0003988 3 0 2 2 acetyl-CoA C-acyltransferase activity
G0:0022890 156 1 9 10 inorganic cation transmembrane transporter activity
G0:0017076 795 1 30 31 purine nucleotide binding
G0:0003723 347 1 17 18 RNA binding
GO:0016868 9 0 4 4 intramolecular transferase activity, phosphotransferases
GO:0004512 3 0 3 3 inositol-3-phosphate synthase activity
G0:0003979 4 0 2 2 UDP-glucose 6-dehydrogenase activity
GO:0016597 21 0 4 4 amino acid binding
GO:0015077 100 0 9 9 monovalent inorganic cation transmembrane transporter activity
hydrogen ion transporting ATP synthase activity, rotational
GO:0046933 26 0 8 8
mechanism
GO0:0010178 7 0 3 2] IAA-amino acid conjugate hydrolase activity
G0:0004222 39 0 4 4 metalloendopeptidase activity
oxidoreductase activity, acting on NADH or NADPH, heme
GO:0016653 7 0 2 2 !
protein as acceptor
G0:0008237 72 0 6 6 metallopeptidase activity
G0:0004478 4 0 2 2 methionine adenosyltransferase activity
GO:0016491 951 1 35 36 oxidoreductase activity
GO:0004175 195 0 12 12 endopeptidase activity
GO:0004618 3 0 2 2 phosphoglycerate kinase activity
GO:0016817 473 0 26 26 hydrolase activity, acting on acid anhydrides
GO0:0016787 2075 4 69 73 hydrolase activity
GO:0005515 1695 1 60 61 protein binding
G0:0016887 364 0 17 17 ATPase activity
G0:0003958 4 0 2 2 NADPH-hemoprotein reductase activity
oxidoreductase activity, acting on the CH-OH group of donors,
GO:0016616 103 0 14 14
NAD or NADP as acceptor
G0:0035251 45 0 5 5 UDP-glucosyltransferase activity
G0:0004738 6 0 2 2 pyruvate dehydrogenase activity
GO:0016866 24 0 4 4 intramolecular transferase activity
GO:0004680 19 0 3 3 casein kinase activity
GO:0016651 55 0 7 7 oxidoreductase activity, acting on NADH or NADPH
GO:0004143 9 0 3 3 diacylglycerol kinase activity
GO0:0003997 7 0 2 2 acyl-CoA oxidase activity
G0:0043176 21 0 4 4 amine binding
GO0:0005200 39 2 10 12 structural constituent of cytoskeleton
G0O:0016860 28 0 4 4 intramolecular oxidoreductase activity

“Interquartile range(IQR) of raw signal intensity

"Total gene number to Go term

*2fold Down regulatied gene number to correspond GO term

"2fold Up regulatied gene number to correspond GO term

"2fold Up or Down regulation regulatied gene number to correspond GO term
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Table 5. Molecular pathway analysis.

Seq-id  TAIR UP-Down pathway EC Enzyme name
CITRUS ATIG | biosynthesis of 63.53 phosphoribosylformylglyc
0034752 74260 purine nucleotides inamidine synthase
CITRUS AT2G I mevalonate 41.133 mevalonate diphosphate
0036402 38700 pathway decarboxylase
CITRUS AT2G . acyl-CoA e long-chain-fatty-acid-CoA
0043345 04350 synthetase pathway ligase

_33_

Collection @ jeju



Table 6. TF(Transcription factor) analysis.

TF up regulation

SEQ ID pfam ID pfam abb. Description
CITRUS . L
pfam09310 PD-C2-AF1 POU domain, class 2, associating factor 1
0000948
CITRUS . -
pfam03514 GRAS GRAS family transcription factor
0005000
CITRUS . oy
pfam00447 HSF DNA-bind HSF-type DNA-binding
0018319
CITRUS | .
0019973 pfam04684  BAF1 ABF1  BAF1 / ABF1 chromatin reorganising factor
CITRUS CTNNB1 . Lo
pfam08347 o N-terminal CTNNB1 binding
0022779 _binding
CITRUS ' .
pfam05368 NmrA NmrA-like family
0023906
CITRUS . . .
pfam02365 NAM No apical meristem (NAM) protein
0024966
CITRUS L —
pfam03514 GRAS GRAS family transcription factor
0030871
CITRUS LISCH7. This family consists of = mammalian LISCH7
pfam05624 LISCH7 .
0045222 protein homologues.
CITRUS
pfam02309 AUX TAA AUX/IAA family
0050278
CITRUS
pfam07777 MFMR G-box binding protein MFMR
0051321
TF down regulation
SEQ ID pfam ID pfam abb. Description
CITRUS . -
pfam03514 GRAS GRAS family transcription factor
0017825
CITRUS 3 oy
pfam09310 PD-C2-AF1 POU domain, class 2, associating factor 1
0022854
CITRUS .
pfam05764 YL1 YL1 nuclear protein
0044530
CITRUS .
pfam01398 Mov34 Mov34/MPN/PAD-1 family
0066144

@ jeju

_34_



2. MDDX Molecular cloning and sequence anaylsis of Miyagawa wase

TR duk RAY =
realing flame (ORF) & X3l FAAE FEIIAY (Fig. 7). G7IHE &
Al Ay At A Aol dA ] MDDX A} Aol A ske
M, 129 MDDX %A= coding region ©] 1,263bp ©]™, 4207]¢] ©
1 :=2kS coding 3FITH (Fig. 8). MDDX +2%+e] Al WA +x2 &
A7) fall As FAASF =T E i DNAS EEdte] drIAEs &

Attt EElE Ame A7E 3,731 bpEA, =717} 210bp, 199bp, 64bp,

[40

o] 1A Molecular cloningS &3l A open

-

64bp, 81bp, 87bp, 158bp, 49bp, 125bp, 226bp 1 10712] exon¥} Y@Tho] <l
A F-$7F GT/AG 2ol dA]8li= 186bp, 130bp, 164bp, 96bp, 642bp, 313bp,
88bp, 687bp, 162bp2l  97H¢] intronC E o] F3 AR A Hogutt
(Fig. 9). MDDX Al 7| E2  Hevea brasiliensis (AF429386),
Arabidopsis_thaliana (AK228357), Panax_ginseng (GQ455989),
Solanum_lycopersicum (EU216564), Arnebia_euchroma (DQ631830),
Ginkgo_biloba (AY757921) 5% MDDX -+7%1AF9} nucleotide level °llA Z}Z};
81, 80, 78, 75, 74, 73% L3 21, amino acid level oA % A Z& &
29 FAME S YEFATE (Fig. 10). ZHEolA MDDX #AAE ol 7] A A
Aol WEHAA gken, & AgeA Aso= MDDX Aol Al
genomic clone?} cDNA cloneS & H3IATE o]st A= YO E sense
antisense MDDX 325 AZtete] o]F e AXxUE =4O mA
isoprenoidsE ¥} d L& A AAE FH A gF AEAE H=aH

Fad 7124t 9 gole Az
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Fig. 7. MDDX genomic DNA and cDNA fragment subcloning. The PCR
products of MDDX were subcloned into pGEM-T easy vector. The
plasmids for MDDX digested with EcoRI, and then electrophoresed onto
agarose gel. Lane: 1. Control MDDX gonomic DNA clone. 2. Mutant

MDDX gonomic DNA clone. 3. Control MDDX c¢DNA clone. 4. Mutant

MDDX c¢cDNA clone.
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1 ATGGCGGCGGAGAAATGGGTACTGATGGTGACGGCGCAGACGCCGACGAACATAGCTGTG
MAAGLTVLMVTAGTZPTATIAWVW
61 ATAAAGTACTGGGGGAAGCGAGACGAAACCCTAATTTTGCCTGTCAATGATAGCATCAGC
I L. TTGLAAGTTLTIULPVAASTIS
121 GTCACCCTTGATCCCGATCACCTCTGTACTACCACGACCGTTGCCGTCAGTCCTAGCTTT
v TLAPAHLT CTTTTVAVS PSP
181 GACCAAGATCGTATGTGGCTCAATGGCAAAGAAATTTCTCTTGGAGGGGGAAGGTACCAG
AGAAMTLAGLGT SLGGGATG
241  AATTGTTTGAAGGAAATTCGGAGTCGTGCTTGTGATGTTGAGGACAAGGAGAAAGGGATC
AACLLGTIASAACAV GALGTLGI
301  AAGATTGAGAAGAAGGACTGGCAGAAATTGCATTTACACATTGCTTCGTTTAACAATTTT
L I G By ApTSGC L L H L & AF A AP
361 CCGACGGCCGCTGGATTGGCTTCCTCTGCTGCTGGTTTTGCCTGCCTIGTTTTTTCACTG
P TAAGLASSAAGPACLVPSL
421  GCTAAGCTGATGAATTTGAAAGAAAATCAGAGCCAGCTTTCTGCTATAGCTAGGCAAGGT
A L'LMALLGAGSG GLS SATIAAGAOG
481 TCAGGCAGTGCTTGTCGTAGTCTGTTTGGTGGATTTGTCAAGTGGATAATGGGAAAAGAA
S G SACASLPGGPVLTTIMMGTLG
541 GGAAATGGAAGTGACAGCCTTGCAGTTCAACTTGTTGATGAAGAGCACTGGAATGATCTT
G AGSASLAV GLVAGSGHTAATL
601 GTTATTATTATTGCTGTGGTGAGTTCACGGCAGAAGGAAACAAGTAGCACCACAGGAATG
vI11T1AVYVvVSSAGLGTSSTTSGNM
661 CGTGAGAGTGTTGAAACAAGTTTGCTTTTACAACATAGAGCAAAGGAAGTTGTGCCAAAA
AAGSV TSLILULGHAALGV VPL
721  CGGATAGTACAAATGGAAGAAGCCATCCAAAATCATGATTTTTCGICTTTTGCACAATTG
Al VGGMGGATIGAHAPSSUPAGTL
781 ACCTGTGCTGATAGTAATCAATTTCATGCGGTTTGCTTGGATACATCTCCCCCAATATTT
g C A A STARG P HgdmVge L AN P P I R
841 TACATGAATGATACATCCCACAGAATTATCAGCTATGTTGAAAGATGGAATCGTTCCGTG
T MAATSHATIISTVGATAASYVY
901 GGATCACCTCAGGTGGCATATACTTTTGATGCTGGGCCTAATGCTGTTCTGATCGCTCGT
G SPGVATTPAAGPAAVLTIAA
961 AATAGAAAGATTGCTACCGAATTGCTTCAGAGGCTACTTTTCTTTTTCCCACCAAACTCA
A A LN Te L L GALL Pg P LORPaA S
1021 GAAACAGACCTGAACAGTTATGTTCTTGGTGATAAATCAATCCTACGTGATGCTGGTATT
G TALASTVL GALSTITIULAAATGII
1081 GATGGGATGAAAGATATAGAAGCTTTGCCACTACCTCCTGAAATTAACAACATATCAGCG
AAGMLAI GALPLUPPGTIAATISA
1141 CAGAAATATTCAGGGGATGTCAATTATTTTATCTGTACAAGACCAGGTGGAGGTCCTGTT
G LTSGAVATPTICTAPGSGTGTPV
1201 TTGCTTTCTGATGACAGTAAGGCTCTTCTCAACCCCAAAAGTGGTTTGCCTAAGGAAGCT
L L SAASLALLAPLSSGLZPTLGA
1261 TAG
*

Fig. 8. Nucleotide sequence and deduced amino acid sequence for the MDDX

cDNA clones isolated from Miyagawa wase.
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61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521

ATGGCGGCGG AGAAATGGGT ACTGATGGTG ACGGCGCAGA CGCCGACGAA CATAGCTGTG
ATAAAGTACT GGGGGAAGCG AGACGAAACC CTAATTTTGC
GTCACCCTTG ATCCCGATCA CCTCTGTACT ACCACGACCG
GTATGTGGCT CAATGGCAAA gtataatttt

GACCAAGATC
ttcgacattt
ttaaattaaa
cttgtagatt
TACCAGAATT
GGGATCAAGA
AATTTTCCGA
attgttgatt
agaaagtttt
tgcagTTTTT
TATAGCTAGg
ttgatctgaa
gagaatcaag
TCAGGCAGTG
tgttatatat
tagctaatgt
GTTCAACTTG
acttatgatc
tacgaacagc
gcattttttg
tattatgtgg
aactttaatg
aactgaccat
tttgacctat
atatttttac
gctaagtgtt
ataattcgta
taactttgtg
AGTAGCACCA
AAGgtacaat
tgaggtgttt
ataatgaaat
ttctattttt
tatcgaactt
ttggaccata
AAATCATGAT
GGTTTGCTTG
cctaatgtat
ttgatttgca
GATCACCTCA

tttattttat
ttaacttttt
aacactgtga
GTTTGAAGGA
TTGAGAAGAA
CGGCCGCTGG
ttattaacca
tagggattat
TCACTGGCTA
taattagtat
atggtatttg
aatgctagtg
CTTGTCGTAG
atatgtatat
tagtgccttce
TTGATGAAGA
ttgttattgt
catagcattt
attgcattct
atcatccagc
gacccctaaa
gattcaagtt
tgatttgatg
aaaatattta
tgctgcaact
ataagcagtt
ctcttatttt
CAGGAATGCG
ttctcatect
ggttctaaga
ttccaggtgt
ttattttggt
ttagtttgtt
atatagGAAG
TTTTCGTCTT
GATACATCTC
gtttgtttgt
aacttgtttc
Ggtttgttca
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ttaaaacatt
ttaaaaaatt
ttgctgatta
AATTCGGAGT
GGACTGGCAG
ATTGGCTTCC
aatgctatct
cgtggtatat
AGCTGATGAA
gtctggttta
tgtgtatttg
gttcatatat
TCTGTTTGGT
atagctatgt
tcaacatctc
GCACTGGAAT
tattgcttct
tttaagtggt
gaagtgttta
gatagctgta
tgtaggttat
agatatgtgc
aggttgctaa
atgttgtaat
acagcttcaa
catgtggaac
atttttttcg
TGAGAGTGTT
gagtgattgt
agtgtcaggce
tcttggtggg
cctttttett
tcaaaagtgt
TTGTGCCAAA
TTGCACAATT
CCCCAATATT
ttattcgctt
agAATTATCA
ttttttgcaa

tcggaaattg
ttttgctegg
gegt agGAAA
CGTGCTTGTG
AAATTGCATT
TCTGCTGCTG
atttattgat
tgttcttttce
TTTGAAAGAA
attggcataa
atcttgtatc
atattttcct
GGATTTGTCA
tcagtcctge
cagGAAGGAA
GATCTTGTTA
agtgctgtaa
tttaggttgt
cttgattcac
ctttattttc
gttgatccta
agtcaattta
gtgtttgctg
tcgtaataat
atataatatt
cttttctgtt
tttaagGTGA
GAAACAAGTT
cttgaagata
tcatttcttg
aaagttttct
gaggccattt
tttattgtct
ACGGATAGTA
GACCTGTGCT
TTACATGAAT
attcatcttc
GCTATGTTGA
cgttatctgg
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CTGTCAATGA
TTGCCGTCAG
tacgctatat
tgataattta
taacttaata
TTTCTCTTGG
ATGTTGAGGA
TACACATTGC
GTTTTGCCTG
ttataagctt
tttttetttt
AATCAGAGCC
cttttettct
atcatagcat
ttttctgatc
AGTGGATAAT
ttttgaggtt
ATGGAAGTGA
TTATTATTGC
tttatttatc
tctgttcccec
tggtagaaag
ttagaaactg
atgtgttgga
ttattgctat
cgagaacagc
gctattgatt
tttacaaaat
atggttcttce
GTTCACGGCA
TGCTTTTACA
ttggcagttg
taatcattcg
gcaaatttat
tttcttttaa
gtgatgattt
CAAATGGAAG
GATAGTAATC
GATACATCCC
ttcatcactt
AAGATGGAAT
gaggtgttat

TAGCATCAGC
TCCTAGCTTT
ttactatttt
aaaatttaaa
tggatcttag
AGGGGGAAGG
CAAGGAGAAA
TTCGTTTAAC
CCTTGgtaat
ttgtttcaaa
ttgggtttta
AGCTTTCTGC
ttcgagttgce
ccatataaca
cagGCAAGGT
GGGAAAAgta
tattttcacg
CAGCCTTGCA
TGTGgtatgt
ttttctaaaa
tcttcaaatt
cttttgaatt
agacacagtg
ccaacactgc
tctgtcttgt
ttcaaataca
tgatgaggtt
atttaatgtt
tgtgcccectt
GAAGGAAACA
ACATAGAGCA
ctacaacaac
agataatgat
ttttttattt
cttaattatt
cttttgtgct
AAGCCATCCA
AATTTCATGC
ACAGgt aagt
tggttgatta
CGTTCCGTGG
gaattctgtc



Fig. 9.

2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721

atttaaaaca
tatcctttcc
taatgaattt
gttgatgttg
aagatttgag
cccttggggce
gataggatct
gtcttgagat
tgttaatata
aagtagttat
attgaaatat
GGCCTAATGC
TACTTTTCTIT
gttaaagtct
ttgggtgcat
tttcatttac

AGGAAGCTTA

wase.

tatttttgtt
ctgaaagttg
gtacctctgt
aattagaaaa
ttgagtgatt
cacctactct
ggtaatagcc
tgaaagaaaa
ctagcttcac
atagaaatcc
tttgacttag
TGTTCTGATC
TTTCCCACCA
tgagagaata

ctgtctattt
cctcatatgg
ggctaatact
tcattttctg
atgccctttg
ggatataata
ctcaatttca
agagagttga
tatcattttt
agtgctggaa
acaaaataaa
GCTCGTAATA
AACTCAGAAA
cagcactgtt

tgagtgcttc
ctttctcatt
ttceccaccca
ggattggatt
gcatgtatca
tctcgttatt
cactttgtta
gctcgececege
cattttgttt
aattgatatg
tcttatagGT
GAAAGATTGC
CAGACCTGAA
ctttaacagt

catccttttg gataacttat ttcagtgtat
ttttcttatg tctagTTATG TTCTTGGTGA TAAATCAATC
CTGGTATTGA TGGGATGAAA GATATAGAAG CTTTGCCACT ACCTCCTGAA ATTAACAACA
TATCAGCGCA GAAATATTCA GGGGATGTCA ATTATTTTAT CTGTACAAGA CCAGGTGGAG
GTCCTGTTTT GCTTTCTGAT GACAGTAAGG CTCTTCTCAA CCCCAAAAGT GGTTTGCCTA

G
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cgccagagaa
ctatctcaat
atcagaagag
gagctctcte
agtggtcaag
gttgtcatgg
actcccaaga
ctggcccatce
cctctgtata
tgctcgaaat
GGCATATACT
TACCGAATTG
CAGgtaattg
acaagataca
tttcttctaa

aattcttata
ttgttttcaa
aagatagtaa
acgtaagtcc
ggtttattcce
atactgagat
aaggctaggg
atcaacataa
gatattagat
tatgctggtt
TTTGATGCTG
CTTCAGAGGC
gtatttggtt
ttaaagggat
tcatttgcgt
CTACGTGATG

Nucleotide sequence for the MDDX genomic clone of Miyagawa



Solanum_lycopersicum
Arnebia_euchroma
Panax_ginseng
Hevea_brasiliensis
Arabidopsis_thaliana
Ginkgo_bi loba

Citrus

Solanum_lycopersicum
Arnebia_euchroma
Panax_ginseng
Hevea_brasiliensis
Arabidopsis_thaliana
Ginkgo_bi loba

Citrus

Solanum_lycopersicum
Arnebia_euchroma
Panax_ginseng
Hevea_brasiliensis
Arabidopsis_thaliana
Ginkgo_bi loba

Citrus

Solanum_lycopersicum
Arnebia_euchroma
Panax_ginseng
Hevea_brasiliensis
Arabidopsis_thaliana
Ginkgo_bi loba

Citrus

Solanum_lycopersicum
Arnebia_euchroma
Panax_ginseng
Hevea_brasiliensis
Arabidopsis_thaliana
Ginkgo_bi loba

Citrus

Solanum_lycopersicum
Arnebia_euchroma
Panax_ginseng
Hevea_brasiliensis
Arabidopsis_thaliana
Ginkgo_bi loba

Citrus

Solanum_lycopersicum
Arnebia_euchroma
Panax_ginseng
Hevea_brasiliensis
Arabidopsis_thaliana
Ginkgo_bi loba

Citrus

Solanum_lycopersicum
Arnebia_euchroma
Panax_ginseng
Hevea_brasiliensis
Arabidopsis_thaliana
Ginkgo_bi loba

Citrus

——MAAEQSKKWILMVTAQTPTNIAVIKYWGKRDENLILAINDSISVILDPAHLCTTTTVA
***MCEQCENWILMVTAQTPTNIAVIKYWCKRDESLILPINSSISVTLDPSHLCTTTTVS
MAESWVIMVTAQTPINIAVIKYWGKRDETLILPINDSIRVSLDPDHLCTTTTVS
- MAESWVIMVTAQTPTNIAVIKYWGKRDEKL ILPVYNDSISVILDPAHLCTTTTVA
***** MAEEKWVVMVTAQTPTNIAVIKYWGKRDEVRILPINDS ISVILDPDHLCTLTTVA
MSGEQRELNSWVEMVTARAPTNTAV IKYWGKRDEKLILPINDSISVILDPDHLSATTTVA
***** MAAGLTVLMVTAGTPTAIAVILTTGLAAGTLILPVAASTSVILAPAHLCTTTTVA

sk ko skkskok * sk sk ok ok ok kok sk

VSPSFQQDRMWLNKKEI SLDGARYQNCLREIRARANDYEDEKKGIKISKNDWQNLHVHID
VSPSFKQDCMWLNGKEI SL SGGRFQRCLREIRSRACDVEDEKKGFK T AKKDWEKLHVHIA
VRPSFEQDRMWLNGKEI SLLGGRFQSCLREIRSRARDLEDEKKGIVIKKMDWEKLHFHIA
VSPSFAQDRMWLNGKEI SLSGGRYQNCLREIRARACDVEDKERGIKITSKKDWEKL YVHIA
VSPSFDRDRMWLNGKE I SL.SGSRYQNCLREIRSRADDVEDKEKGIKTAKKDWEKLHLHIA
VSPSFSSDRMWLNGKEVSLGGERYQNCLRETRSRGRDVVDEKSGTL IKKEDWQTLHLHIA
VSPSPAGAAMTLAGLGTSLGGGATGACLLGI ASAACAVGALGLGILIGLLATGLLHLHIA

SYNNFPTAAGLASSAAGFACLVESLAKLMNVQEDNG-RLSATARQGSGSACRSLEGGFVK
SYNNEPTAAGLASSAAGFACLVESLAKLMNLKEDHG-QLSATARQGSGSACRSLEGGFVK
SYNNFPTAAGLASSAAGLACFVFALAKLLTLQEDNG-QLSATARRGSGSACRSLYGGFVK
SYNNFPTAAGLASSAAGFACLVFALAKLMNAKEDNS-ELSATARQGSGSACRSLFGGFVK
SHNNFPTAAGLASSAAGFACLVFALAKLMNVNEDPS-QLSATARQGSGSACRSLFGGFVK
SHNNFPTAAGLASSAAGFACLVYALAKLMDIEERYAGELSATARQGSGSACRSLYGGEVK
CLVPSLALLMALL(A(S GLSATAAGGSGSACASLPGGPVL

skokkokk ok Rk ok

WVMGKEEDGSDS T AVPLADEKHWDELVI I TAVVSSRQKETSSTSGMRET VVTSAL IDHRA
WDMGKESDGSDSIATPLVDEKHWDELVIVIAVVSAHQKETSSTSGMRDTVETSPL IQHRA
WIMGKEENGSDSTAVQLADEKHWDDLVIVIAVVSARQKETSSTTGMQDSCKTSML IQHRA
WKMGKVEDGSDSLAVQVVDEKHWDDLVIITAVVSSRQKETSSTTGMRETVETSLLLQHRA
WNMGNKEDGSDSVAVQLVDDKHWDDLVI I TAVVSSRQKETSSTSGMRESVETSLLLQHRA
WDMGKERDGSDSTAVQLATEEHWEELVILVAVVSSRQKETSSTTGMRESVETSELLHHRA
TIMGLGGAGSASLAVGLVAGGHTAALVITTAVVSSAGLGTSSTTGMAGSVGTSLLLGHAA

EES EEE S * sokk kokokok seoksksk Skok EETE T

KEVVPKRIVQMEEAIQNRDFPTFAQLTCSDSNQFHAVCMDTSPPIFYMNDTSHRVISCVE
KEVVPKRIVQMEEATSNRDF STFAHLSCSDSNQFHAVCLDTSPPIFYMNDTSHRI ISLVE
KEVVPKRILQMEDAIEKRDFPSFARLACADSNQFHAVCLDTSPPIFY INDTSHKI ISCVE
KEIVPKRIVQMEESIKNRNFASFAHLTCADSNQFHAVCMDTCPPIFYMNDTSHRI ISCVE
KEVVPVR ILQMEEATKNRDFTSFTKLTCSDSNQFHAVCMDTSPPIEYMNDTSHRT ISLVE
QEVVPKR I VQMQEATANHDFASFAR I TCVDSNQFHAVCLDASPPIEYMNDTSHRT INCIE
LGVVPLATVGMGGATGAHAPSSPAGLTCAASAGPHAVCLATSPPIPTMAATSHAT ISTVG

sk k% * ko k sokokok Hokok dokk ok

KWNRAEGTPQVAY TFDAGPNAVL I ARNRKAATLMLQRLLFHFPPNSDTDLDSYVIGDKST
KWNRSEGTPQVAY TFDAGPNAAMIARNRKVATLLLQKLLYCFPPQADADLDSYVIGDKSL
KWNRSVGTPQVAYTFDAGPNAVL IARDRKTAALLLRRLLFHFPPHSNTDSNSYVIGDKST
KWNRSVGTPQVAY TFDAGPNAVL I AHNRKAAAQLLQKLLFYFPPNSDTELNSYVLGDKST
KWNRSAGTPETAYTFDAGPNAVMIARNRKVAVELLQGLLYCFPPKPDTDMKSYVLGDTST
KWNRFEGTPQVSY TFDAGPNAVICAPSRKVAGLLLQRLLYYFPPDSSKELSSYVIGDTST
ATAASVGSPGVATTPAAGPAAVL TAAAALTATGLLGALLPPPPPASGTALASTVLGALST

* ok % kkk ok * * % kk ok ok % %

LKDAGIKDLNDIEALPPPPEIKDKVPAQKCKGETSYF ICTRPGRGPVLLPDESQALLCLE
LKEAGVGTMNDVDALAPPPELTTSVPAQRTKGDVSYF ICTRPGKGPVLL TDENQALLDSK
LQDVGVQDTKDIESLPPPPEIKDNIPAQKSNGDVSYF ICTRPGRGPVLLPD-SRALLNPE
LKDAGIEDLKDVEALPPPPETKDAP-=—RYKGDVSYF ICTRPGQGPVLL SDESQALLSPE
VKEAGLEG——————-1 ELPQGIKDKIGSQDQKGEVSYF ICSRPGRGPVVLQDQTQALLHPQ
LGEIGLKSMKDVESL IAPPEFRSQNSSSIHPGEVDYE ICTRPGKGP I ILRNEDQAFFNNK
LAAAGIAGMLAIGALPLPP-GIAATSAGLTSGAVATPICTAPGGGPVLLSAASLALLAPL

* 3 * sk Rk kk *

TGFPFRISET
SGLPLGA-—-

* ok

Fig. 10. Alignment of deduced amino acid sequences of MDDX isolated form
various species. Multiple sequence alignment was done with cDNA
encoding MDDX, including Hevea brasiliensis (AF429386),
Arabidopsis_thaliana (AK228357), Panax ginseng (GQ455989),
Solanum_lycopersicum (EU216564), Arnebia_euchroma (DQ631830),
Ginkgo biloba (AY757921). Names are GenBank accession numbers.
Stars (*) represent the perfectly matched amino acids. This alignment

was generated by Clustal W.
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3. Quantitative real-time PCR analysis

MDDX -5-#z}e] A]7]
Hol #AS g T

BE 5 ATE A8 FHRA Awabds) =9

2 total RNAE &3} 3L(Fig. 11), qRT-PC
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¢l STt (Fig. 12). =<AWo] Aol A Frxte] Al7]E 3ol xpo| 7}
dut A3 v WEke] cycle threshold (24-Cr) #k©] FHA 0.0005 oA Z )
0.18 744 S7ksks Aoz &l HAv. G #hol T7hehs AL Fd49
o] A2 AS gtk =dwo] oA MDDX FHAe] T
T 3 304, 60, 90¥, 120%, 150%, 180, 2104 Z}ZF 0.8, 0.94),
1390, 1.480, 244, 139, 18] ©@okow FxxAo] AAME= A7l 73}

— - b e G D) Sl
g oo G ) ol

PN ] G e s e G oy
188‘ S O s Sl G

Fig. 11. Total RNA extraction from Miyagawa wase fruits. A: wild type, B:

mutant type
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Fig. 12. Variation of cycle threshold (2 -Cr) of MDDX genes in wild type
fruit and mutant type fruit of Miyagawa wase. Lane 1~7: The seven
stages are 30, 60, 90, 120, 150, 180, 210 Day after flowering (DAF).

Bar mean is standard deviation.
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4. Northern blot analysis

MDDX Fx#te] W3 54 A5 fla] ez A 22 dAE total
F%3%}3l DIG-labeled MDDX DNA probeE A}-8-3}9] northern blot -
2 A3} (Fig. 13) A E+= uvie} o] MDDX F#A+= T 2 30
A, 1504, 180¢, 220dellA &l HE & = F7F AT WA+
control?} mutantol] Al 30| ZFZF MDDX A x7F 2He FQlow, 1509 A
M= Al A HA] 2th7E 1504 73 ol mutantof] A
3L, controldl A& 180Y F-H 7] A|Zeldth. MDDX 37 &4
WHol A NA e dAE FaAY dEFo] & AE &<l Sgin. g
= BF27IQ 6ol 7HE F75H, 1 olF XA or A surl 9
doll Al 29 FHiAE BAY. Al 29 SUAE YEUE AL 7,89 Al27]
of Aol o thA] F7F skaL, o] 5 37t AA gkokxlth (Kim et al,
1999). A A& T3 Hy e FAo| w} ko] W3}t stv, MDDX {4
Zhe] BEFE Ai A I wstel dA sl o= a R4 MDDX
RS WA Fe] F7F S sterols®] Yol F7F b= Kol UA| 313l
o

o oynova et al., , L3 §ifs & Sl e 5
(v t al, 2008), =3+ 1% A EoA MDDX Ao ke kol

e

Z] MDDX7} @&

<7} S} sterols, aromatic terpenoids % <1 3L

<

_%!4
Ho} (Bach, 1995; Chappell, 1995) EHo] FHzAA oF 304 HA

it

&gk MDDX % A7} isoprenoids 1A 34 Al
o] WA g Hol o} A5 v F4
dutA o g zhgol g Aol Fodess

ol AlZtA R £ ¢ AAXNOR HY F Q& By olyg, VE THx
A BTk 13gr)e] uFd e Pt B § 9L Aol I Hh AR
< E 49 flavedoz ol ¥ e WEAAEOZ, 4yt (Dabbah and
Edward, 1970), 2t (Donpedro, 1996) &% & A&EILAHE 7HA 1 U & 7

ofug}, &, oofE Fol o8 =i 3l (Shaw, 1977). AFo F+& T4
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721 d-limonene~> Aspergillus parasiticus®] 2733} aflatoxin A S A
tal B 3¥ o] Y} (Alderman and Marth, 1976). ]2k A A& A4

2

Lo
(il
ot

0l isoprenoidsE ¥A3t= MDDX 79 3} o AR{ AHE

[e) o = o]
THS =Y T Jde Adow Adn

WT

) Bl S et Qe Gl O O
rRNA e e e S
MT

— e e G Gl G
rRNA el LR X K

Fig. 13. Northern blot analysis of MDDX gene expression wild type and
mutant. Lane 1~7: The seven stages are 30, 60, 90, 120, 150, 180,
210 Day after flowering (DAF).
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5. Southern blot analysis

szl Ae] MDDX A7 Al el EAlsks copy TE EotRr] 9
3ol southern blot 4l 3 3F3UTH. MDDX &A= Hindlll Algha i~
X 646bp, 1369bp, 3,569bp, L 3,725bpell & 570 AFEA THE 7HA
I 9Jal, EcoRl Algtas A= 2,572bpoll 1705 7FAaL 1S ™, BamHI A|
S aa 19 7Rl A @ EcoRl, Hindlll 2 BamHI A|¥t& A=z 7}z)
Aeld gAY LR genomic DNA ©F S o] genomic DNAY| 433bp -
Bl 975bp7hA] S542bp= TIAFQD O] X southern probes &3} A1 A},
MDDX A A7} 646bp2t 1,369bp HindIll #|3+& 4~ o] 2] WA probe”’}
3,600bp, 700bp 271¢] band= WEFStIL, EcoRIZ} BamHIo| A+ band7} 17]%F
Uehd 212 31289 MDDX Ak Alw el &4 & 77 S48
AR WE e, AsddA ARk A SRl T

copyT AFol7t gleS & UATE (Fig. 14).
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6.6 —
43—

3.6— rp.-

Hindlll 646 1369 3569 3725

Probe EcoRI 2572

Fig. 14. Genomic Southern blot analysis of MDDX wild type and mutant. E:
EcoRI. HI: Hindlll, BA: BamHI. Lane: 1~3 control, 3~6 mutant. Size

marker (bp) are indicated on the left. Bar
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6. Comparison analysis of fruit characteristics between Miyagawa wase

wild type and mutant

ol
2
BN
o
e,
r]I
<)
>
i
it
re
E
o,
oX,
1 4
<)
>
1o
1o,
ot
SE,
=
ot
%
J{m
oX,
filo
S
1%
&

#ko] 465 ¢F 492 B = wWo] FAo] 2.7 Wkgkor, agle 928 7007 22
= JeEbar, bike 226 I 160 ©Z 6.6 %A YEST (table. 8). 3] €]
L#t2 6099 6830 % E<dwio] WA 74 WA UEFSAL, agke] 41.0
277% 133 A YEL, bake 5733 682% 109 wHA YERSTE 3-&3)
] o kol skl = Frol FolArh A=A AFE] fd ttest A S
2 Ad 59 ab 7S AL A=
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Table 7. Comparison analysis of fruit characteristics between Miyagaw wase wild

type and mutant.

Fruit height Fruit width Fruit weight Peel thickness Soluble solids Titratable
(mm) (mm) ((3) (mm) content ("Brix) acidity (%)
Muant 47.6+4.9 55.8+3.9 77.0£16.4 1.8+2.4 10.2+0.3 0.9+2.3
Control 44.5£3.0 54.9+4.3 73.1£16.7 2.4+0.2 10.0+0.3 1.4+0.1
t-test ns ns ns ns ns ns

P<0.025(*), P<0.005(**), P<0.0005(***), ns: not significant.

Table 8. Comparison analysis of fruit hunter color value of peel and pulp

between Miyagawa wase wild type and mutant.

Pulp peel
L a b a/b L a b a/b
Mutant 46.5+2.2 9.2+1.3 22.6+2.7 0.44+0.0 60.9+1.6  41.0£3.0 57.3+1.2 0.7+0.0
Control 49.2+1.8  7.0+1.4 16.0+£2.8 0.4+0.0 68.3+1.3 27.7£1.0  68.2+1.5 0.4+0.1
t-test kok skokok kokk ns skokk skokk skokok skokok

P<0.025(*), P<0.005(**), P<0.0005(***), ns: not significant.
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a5 AEoA o] A&3Zdl (isoprene: Cs) T-%5 7FA+= isopentenyl 5-phosphate
(IPP)¢} dimethylallyl pyrophosphate (DMAPP)E 25 7]E @9z wEojx]:=
isoprenoidst= ¢F 22,000707} Y& 9E 79 &l doH, A AiE
of 7pE & FRE T8 e A T stuE & dElA 3dth. Isoprenoid

+ " X% (sterols), Ats} - WbE (plastoquinone, ubiquinone), 37 A

v

(gibberellins,  cytokinins,  brasssinosteroids, abscisic  acid), W] 7]

vy

(phytoalexins) 12| 3L Ak ¢}TZ A A (carotenoid, tocopherols) 52| Z %]

ol H3ts 438 3}, MDDX+i isopentenyl S-diphosphate A &/dell 2F&3l+=

Ll

T A% mevalonate 5-diphosphateZ ATPS} Mg’ o] ¢Eslo] ©Il=543
= ghet

2 AT M= isoprenoids Aol =8 &AQ MDDX fF21Ae] HE E
Ae gotra, e FEAMASS A% & FdAE FGHe] Hstq A
Ao wE A7]'HZE quantitative real-time PCR % northern blot 415 <~

3 slglom . Al DNASF cDNAE #25te] MDDX f%1AF2] often reading

f

frame (ORF) A7I1AES& &4 sisith. 1831 MDDX F3dAFe] copy

otolr 7] 913} southern blot 412 473 3}SIT}.

L FARA EE Aol oF AuAE Eedvolo] fuixte] @

F apol & dolr ] 8l A FAe|A The Citrus 300K Microarray

r I

1%
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S 3T A, 583700 FAAEe] THF AeolE HoH, 515709
Az7E wdo]l F7F HAL, 6709 FHATE Lol HAET o] F
Arabidopsis thaliana 7422} JHAAES Hole= 407719 FAAE Fol 382
Aol FAA HEo] F7F HAar 25709 FAATE A HALE o] Foll A
Carotenoids, Sterols 52| 7321 isoprenoidE 743} mevalonate 3=
of 91 Mevalonate diphosphate decarboxylase (MDDX) %1 x}-7} ¢F 2.58] 3}

g Sskg.

2. MDDX?2] #4& T3 A FFe] EAS gtz sy gHxRA

dnt I Aol A9 molecular cloningS F3] HA| ORFE *E3}s)
+ RS FEEGY. A7IAE £4 A3E B dnk Ay S0

Hde] MDDX 37k dEdel A skgler, gzl MDDX #HdAh=
coding region®] 1263bp ©]™, 4207]2] o} =2FS coding 3} TF MDDX
Az Al HellX el 25 £46H7] 9l Aw A2 do iy g
DNAE 23ty d7IMds 24 sk 85 e 271+ 3,731 bp=
A, =717} 210bp, 199bp, 64bp, 64bp, 81bp, 87bp, 158bp, 49bp, 125bp, 226bp
A 1070S] exon FETO] AF FL7F GT/AG fF ol dX|sk+= 186bp,
130bp, 164bp, 96bp, 642bp, 313bp, 88bp, 687bp, 162bpS! 971 2] intronS = ©]
FA AR 44 Hol A MDDX A @7 Ee] e
Hevea_ brasiliensis (AF429386), Arabidopsis thaliana (AK228357), Panax ginseng
(GQA455989), Solanum_lycopersicum (EU216564), Arnebia euchroma (DQ631830),
Ginkgo biloba (AY757921) &< MDDX - %22} nucleotide level oAl Z}Z}
81, 80, 78, 75, 74, 73% &3t 2™, amino acid level %= A e 5
28] A& YERIT
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3lo] Mevalonate diphosphate decarboxylase (MDDX) ¢ & xzfol& gl 3}
). Zoido] Ao MDDX SAAFe] wraE ke ubyl & 302, 602, 90
A, 120%, 150, 180%, 2104l 2zt 0.89, 0.99, 1.3¥, 1.4uH, 2.4%), 1.3
o, 18] Betow Al HAAE= A17]Q st 5 oF 150 &AM o]l
o] Akt Blustel MDDX A A7F 3 HEE S &<l shel.

4. Northern blot 412 &¥ Z3 MDDX FAA= ®7 F 309, 1504,
180, 220¥A Tdo] HE= AL B F7F dAT Wl T control¥}
mutantol] A 30€ 9 22 MDDX+Z1 A7 2d EH o, 1508 A 7HA] = A
o] Wy Hx Lrirt 1509 4o mutanto]l A WA MDDX7F wE Hda,
controlol| A= 180U H-¥] W = 7] A|ZFel¢ltl. MDDX FAA7F Zddoe] z}
2o A A= A

5. XA MDDX FHAe] Am Wl A copyTE H<let7] 918t
W FHAzAe] MDDX frAzbE AlE ol

H 2] o 7§
single copy® =4 3l ZS &<l )

Southern blot A4S 33t

l]j_
= oA (P<0.025)7F lolth. #A o] wpylet ol HALS NAAS AL
€ o] gAY dnk AT EdWe] S FAS A= HHolA L
2 46.5 ©F 492 2 EAWo] HFol 2.7 HHkom, agkS 929 7.02% 2.2
= YL, bgkol 22.6 3 160 O & 6.6 A vl dulo] A Lgko]
6099} 68302 EdAwol 7} 7.4 WA el agto]l 41.0 F27.7=
133 A Jelga, bake 5733 6822 109 A YEbh 353 1y 9
gholl istel = trell Foyx7F A=A S Al ttest A4S i A

3 5e) ab g AN AL BE folge] gl Ao ek
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