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ABSTRACT

The colour of mangosteen (Garcinia mangostana L.) fruit changes from green to
purple black after harvest as the fruit ripening advances. The relationships between
anthocyanin composition and content during colour development and fruit maturity and
postharvest quality were determined. Fruit at different stages of maturity (light greenish-
yellow with 5% scattered pink spots to purple black) were harvested and kept at 25°C
(85-90% RH). Fruit from each maturity stage all developed to the final purple black
stage. During the postharvest period, hue values and pericarp firmness decreased
significantly, while soluble solids content increased concomitant with a decrease in
titratable acidity (stage 4-6). Anthocyanin content in the outer pericarp was higher than
in the inner pericarp and increased to a maximum at the final stage. Sensory evaluation
and fruit quality (hue values, soluble solids and titratable acidity) of fruit harvested at the
different stages did not differ once the fruit had finally developed to the purple black
stage. Anthocyanins in the outer pericarp mainly consisted of five compounds, identified
by HPLC/MS as cyanidin-sophoroside, cyanidin-glucoside, cyanidin-glucoside-
pentoside, cyanidin-glucoside-X, cyanidin-X, and cyanidin-X, where X denotes an
unidentified residue of m/z 190, a mass which did not correspond to any common sugar
residue. Cyanidin-3-sophoroside and cyanidin-3-glucoside were the major compounds
that increased with fruit colour development. In all plant species previously studied, the
anthocyanin pathway is co-ordinatively regulated by transcription factors of the MYB-
super family. Three full-length mangosteen MYB transcription factors (GmMYBI,
GmMYB7 and GmMYBI10) and all the anthocyanin biosynthesis genes (GmPal to
GmUFGT) were characterized. Sequence analysis at the protein level of the R2ZR3-MYB
transcription factor family showed GmMYBI10 had a high degree of similarity with
production of anthocyanin pigmentl (PAP1) in Arabidopsis and as well as sequences
from other plant species related to the elevation of anthocyanin pigmentation. In transient
transactivation assays, GmMMYB10, co-expressed with AtbHLH2, strongly activated the
GmDFR and AtDFR promoters. Transcript levels of GmMYB10 and GmMUFGT were
highly abundant with onset of pigmentation and subsequently during red colouration.
The expression patterns of GmMYB10 and GmUFGT correlated with ethylene production
that increased linearly until stage 5 (dark purple) and decreased thereafter. 1-
Methycyclopropene (1-MCP) and low temperature storage (15°C) clearly delayed red
colouration with resulting down-regulation of GmMYB10. These results suggest that the
effect of ethylene on anthocyanin biosynthesis may be via the regulation of GmMYB10
expression.

Key words: mangosteen fruit, temperature, ethylene, surface colour, 1-methylcyclopropene,

enzyme, anthocyanin
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Hare Hrpdroooyl grongo in Colour
Epigeraradin g Clrange
&urantivadin 356704 Cirange
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Delplymidin 350548 Purple, rame and blue
E-Hyrdroaoroyranidin 3,56 0,34 Fed
Luteolinidin 5054 Clrange
Fe nidin 3,5 7.4 Cirange, salrmon
Triacetidin SR U Y Fed

©

Hatne Hryrdrowyl group in Colour
Capensitidin 53,5 Bluish red
Europenidin 53 Bluish red
Hirsnutidin BEE Bluish red
Il alwidity 3,5 FPurple
S-Ilethrrlesranidin il Ciratige-red
Peonidin 3 Mlagenta
Petunidin 3 Purple
Pulchelidin > Ehaish red
Fizinddin ¥ Eed

Figure 1 Basic structure of anthocyanin pigments in which R, could be H (A), OH (B) or

OCH,(C) depending on the pigment considered. The most commonly

acceptednomenclature numbering carbons is indicated inside the structure. The

mostimportant naturally-occurring anthocyanidins are underlined.
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Anthocyanin Flavonol Flavone Flavanone
Pelargonidin (Glﬁ}ﬁllﬂﬂf%{ll scarlet) Kaempferol Apigenin Naringenin
Cyanidin (Gl,ﬁ}f?T 1A crimson) Quercetin luteolin eriodictyol
Delphinidin (Glﬁlf?‘f 179) myricetin
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: Chalcarie

| ans |ans [ans
mm'\?é' " Paargonidng ‘*\;iﬁfﬂ Defphinidin Q(E:ék
|seT, WT Jsam. M Eay

Anthocyanin Anthocyanin Anthocyanin

Figure 2 Anthocyanin biosynthesis pathway. (A) General phenylpropanoid metabolism.
Enzymes involved: PAL, phenylalanine ammonia lyase; C4H, cinnamate 4-
hydroxylase; 4CL, 4-coumaroyl:CoA ligase. (B) Specific steps of anthocyanin
biosynthesis. Enzymes involved: CHS, chalcone synthase; CHI, chalcone isomerase;
F3H, F3'H, F3'5'H, flavanol hydroxylase; DFR, dihydroflavonol-4-reductase; ANS,
anthocyanidin synthase; 3GT, UFGT, UDP glucose-flavonoid 3- O-glucosyl

transferase (Delgado-Vargas and Paredes-lopez, 2002).
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o dy d‘ = ad (% dy
4.1 9nA RNA MNUDLEDNY A1NITUBDI Lopez-Gomez and Gomez-Lim (1992) A4

o w 1 dy A A 09: ~ [ =

4.1.1 ihésdatiowanlasnduueniusudanvaazidealy lulaswumad
A18IATBILA Mixer Mill MM 301 (Retsch, Germany) $3d06131311a 2 5y laluansazae
A Y . Yy v Yy 9 Yy 9 A
MsLnoUAIY Tris ANMVNTY 150 mM, EDTA ANUUNYY 50 mM, SDS ANMTNYY 2% 9
= I a Y Y ] o
Hannuilunsa 8.0 uaziay B-mercaptoethanol AMIANTU 2% 50
polyvinylpolypyrrolidone (PVPP) 131181 0.5 n3 tveh lsidniu Taa s vortex uaziin l/way

4
9nA59A28 homogenizer IUETAZABLAVIIUIA

4.1.2 1ANATALAY potassium acetate ANUTNYU 5 M UT11a3 1.5 mL uaz
absolute ethanol YTH1915 4 mL MANIUATALABTFV1IUIAAIY vertex TIUN LAZIAN
1582019 chloroform : isoamyl alcohol (8051821 24:1 Tasil5uas) Y5uas 1 e
msazae i lliudreniowrumlessinnus 7,000 x g 14°C w20 i gadaula
auuulaasluraealul wazi@uarsaza1e phenol: chloroform: isoamyl alcohol (8A518U

a a 1 [l o I g
25:24:1 Tas)31109) US1as 1 M1vesensazans we1aI8 vertex aUasnN il uile
= @ o Y 9 A = A < A o ~ o us.:}
@eanu il udenioanyumisainamGa 7,000 x g 14°C wu 20 117 HA9INTUGA
druladgmuuldasluvaoaluil Bua1sazans chloroform : isoamyl alcohol (SR318IU 24:1
a a 1 ()] Y o | da' =) [ )
TaeTuas) USHas 1 mvesansazans we1ale vertex auansvnnwiluiio@ediy 1l
y 4 { { 3 ~ '
Yudrenioaryumieaninnmsa 7,000 x g 14°C w20 i gaduladuuuasluvaon
[l a a 1 A d
Tnsiazanaznou RNA A28 LiCl aAnuvudu 8 M 1513 1 1w 3 voslSuesaulainy
v Y
18 JarhlFainuaznannasaniilun 12 a5eshmaealiunlugungl 4°C sz 16
) o ~ ~ < 1 A A 1
2 Tue udrvaimaea luvyumiesinnus 10,000 seudoui i 4°C U 20 WA MdIU

Y ) [l Y
Tanadronnuse Tuneduaznou RNA ot 11l uduasuas'li
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4.13 1M92noUNdD 5.1.2 INANAATAZA898 LiCl ANUAUTU 3 M
A ) a A 3 1 ~ A =1 1 Qy
U51as 5 mL vh lvyumlesiinamud 10,000 souaewId 71 4°C Wi 20 Wi mdaulang
) 7 [ ng 9 ) y 9 4‘ = ~ I~ [
A1A1NTE I rasnniudanaznou i lliludreniesyumiesinnmga 10,000 5ouaAp
v Y I
UM N 4°C WU 20 WA azalenznoU RNA a1811111)51A910 RNase (RNase free water)
31103 350 UL gaasaza1s RNA ldluvaen 1.5 LLL 1ieN5aZa1e potassium acetate

ANV LY 3 M US11a5 35 mL 1ag absolute alcohol UT11AT 962.5 mL wanwasa I 2-3

Y KX o

oaj ) =t a o) =} A <3 1
a5 1 lungurgi -70 %o w60 Wi udrvaih lvyurlssnuEa 10,000 soua
ad 0 a3 Ay gy a Y 9
U 0 4 % WU 30 IR DVEIUVIRZABUN 1A ANETAYA1seNIUDATNTY 70 %
a = = us.:} ~ < a 1A A g
Y3115 500 mL ¥UHIBIDNATINANWSALYUNYUNUANUIY 5 UITN IAUAZNOU RNA
o Y Y v vy  J A
M 1¥usialae vacuum tdaza1enznou RNA a2811911/51910 RNase (RNase free water)
51105 50 TuTnsdns asaaeulSuaazguamues RNA Nanalddonio
spectophotometer 1A INEIAAU 260 LAz 280 U1 TUAT LATATIVNADVANHULUBI RNA
dreozmisamasanlas INTFa 0 0.8 % oz lsalu 0.5X TBE buffer Meldnszua luliln
' . o P ~ Y Y Yy 1 3 A
ANWARANG 100 Taa% w1u 30 1T 1D RNA fiasrvdovunanimudl A luduandeh —70

%4 aunay I
[} r'd a
42 M390NIUY degenerate primer ¥948U IunTEUIUMIFUAT ¥ IOU TN Toseniiu

AUAUTDYA amino acid sequence YBIBUA Turanaa1eg 1Ing1udoya
GenBank Y81 National Center for Biotechnology Information (NCBI)
(http://www.ncbi.nlm.nih.gov) 111903a11 alignment §2011)51n53 CLUSTAL-W
(http://www.ebi.ac.uk/clustal W/index.html) UATILHHIAIY amino acid sequences‘ﬁl‘]cjuuailm

-4 1 4
?UINY (conserved region) 2 FIUNO0ONIUL primer YHU1ANINETI 18-30 LU
A a ~ ax Yy .
4.3 maiulsinavessulagds RT-PCRAYY degenerate primer

WMsdunTIEH cDNA 1dun3nA28%ad 15931 Omniscript Reverse
Transcriptase (QIAGEN, Germany) Tuilfnseiaiua 20 luTasans Iael4 wtal RNA fieria

1&0nde 5.1 U510 2 te Wundnouuaz 14 wswes oligo dT,, ALY 1M, 1X

v
= a

buffer RT, dNTP A4 0.5 mM, 1o lass] Omicript RT 4 gila ¥ulfjnserigaivigil 37°C



= Aaaa y yJ ~ oy S o A
HIU 60 UIN W;ﬂﬂgﬂﬁﬂﬂﬂﬂﬁl%mmmu 93°C UIU 5 UINUAZINUUUULUINUN
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3 o o s A a = 9 Y A o N Y I v o [
nnuImMsdunsenulsnaeu lagls cDNA Lﬁumﬂ‘nmmsww”lmﬂuummummu

W1 PCR (803U GmCHI uaz GmUFGT) lualfnseoianus 25 UL 19 cDNA 1 UL, Inswesa

ponuu 13 1ude 5.2 Asa15199 2 Anududu 2 UM, ANTP Andudu 0.2 UM, MgCl,

ANMTUTU 2.5 UM, tou T Tag DNA polymerase 0.625 gﬁ@ (QIAGEN, Germany) Tagil

UNTe1ANT190 3

Table 2 Degenerate primers for fragment amplification of and anthocyanin biosynthesis genes

Annealing Expected
Gene name Sequence

temperature (°C)  size (bp)
GmPAL F- GYDATYTTYGCWGARGTBATG
(F1197127) R- AGATTNGAHGGYAABCCRTTGTTG * o7
GmCHS F-CAGCCCAARTCCAARATCAC
(FJ197128) R-ATCCAGAARAKBGARTTCCA > 4
GmCHI F-AAGTTCACRGSSATMGGMGTRTAC
(FJ197129) TTGG and 3' race > 70
GmF3H F-G TCCVAAGGTKGCYTAYAAYG
(FJ197131) R-CYTTGCTCATCTTCYTCYTGTAC » o
GmF3’H F-TAYAAYTAYCARGAYYTBGT
(FJ197132) R- CTDGATGWBGTRTCWGTYCC * 70
GmDFR F-YTCWTGGCT SGTCATGAGRC
(FJ197130) R-SCAGWDATGAGGCTYGGHG > 7
GmLDOX F-ARAARGAGAAGTATGCHAAYGASC
(FJ197133) R-CCAYGARATYCTMACCTTYTCC > 7
GmUFGT F-CAGGARGAYATHGAGYTSTTCATG 5 1430

(FJ197134)

ARKGC and 3' race



23

Table 3 PCR conditions for fragment amplification of anthocyanin biosynthesis genes

Temperature (OC) Time No. of cycles
94 3 min 1
94 30s
55 30s 35
72 1 min
72 10 min 1

o a (Qy { o 2
$1MIATINAATIZHFU DNA 71149191391 PCR A28 0.8% oz lsanadianlas
aa a 14
TW5FauazfonozmisawasisontinonTus lua asiequau DNA aeld Uv
transilluminator LAZA18NNAIYIATEY Gel Documentation (Syngene Bio Imaging System) 1
Y ~ o ° | A a o Y Y A o A o
MILeNFU DNA Yoo Tagaanad mianinaadumnaudomsniglaudagd invande
o Aa = v o <
Aana DNA THuSqnF lnogaanadu5a31 QIAquick Gel Extraction Kit (QIAGEN,

an ~ av Y a
Germany) M135M13N321) TagUTHNAHEN
4.4 Mmsmulsuavessuusnatlaie 5’ uag 3> Taemaia 5> and 3° RACE

snilymmaivlSinavedu GmCHI waz GmUFGT Tag3E RT-PCR §10
degenerate primer 541%imAfiA 3° RACE 1ite Tnauguuiaadiu Taeii RNA minmsdansiei
cDNA ‘ﬁﬁmi @0 adaptor AMMITVOY GeneRacer (Invitrogen, USA) (Appendix Figure 1) 11013
dindSinadsue Taeld lwswesuos GeneRacer 3IWRY degenerate primer (Table 2) 113
w3 oAz endensnedi 4 nasihifasedamaadi s

GeneRacer 5’ primer 5’-CGACTGGAGCACGAGGACACTGA-3’
GeneRacer 5’ Nested primer 5’GGACACTGACATGGACTGAAGGAGTA-3’

GeneRacer 5° primer 5’-GCTGTCAACGATACGCTACGTAACG-3’
GeneRacer 5’ Nested primer 5’-CGCTACGTAACGGCATGACAGTG-3’



Table 4 PCR reactions for primary condition of 5’ and 3> RACE
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Reagent Volume (L) Volume (JAL)

GeneRacer 5’ or 3° primer 3 3
Degenerate primer 10

Specific primer 1
c¢DNA (GeneRacer) 1 1

10x PCR Buffer 5 5

10 mM dNTPs 1 1

50 mM MgClI2 1.5 1.5
Platinum Taq 0.5 0.5
Water 28 37

Table 5 PCR conditions for primary condition of 5 and 3’ RACE

Temperature (OC) Time No. of cycles

94 3 min 1
94 30s
72 1.5 min :
94 30s
70 1.5 min :
94 30s

57,61 30s 32
72 1.5 min
72 10 min 1

@ 1 o A (% {
AMORAINT VLN IUYDIDU “VI1ﬂﬁ@’E')ﬂLL‘]J‘]JUlWﬂiJfJiﬁmWWHﬂg%\?ﬂWﬂ'ﬁN“ﬁ 6

[ 09/’ = o Aaan v o 9
Wﬁ\‘]iﬂﬂuumiEJ‘lJLLﬁ%“VIT]J;]ﬂSEﬂﬂQﬁTU@ 4.4



Table 6 Specific primers for 5 and 3 RACE and real-time PCR
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Gene name Sequence Expected size (bp)
GmPAL F- ATGGCTCGGCCCACCTATTGA
(FI197127) R- CTGGAAGTTGCCACCGTGTAATG 10
GmCHS F- GGCCTTCTGATACCCACTTGGACT
(F1197128) R- GGATGGTTTGGGCCGCAGATA 141
GmCHI F- GAAGAGGAGGAAGAGGCGTTGGA
(F1197129) R- GGCAGTGGGTGAAGTTACTGGGAA 108
GmF3H F- TTGTTGAGGCTTGTGAGGAATGG
(F1197131) R- CGGACATATCGAATCGGAGCTTT l
GmF3’H F-GCACATTCGAGAGGCAGAGTTGG
(FJ197132) R-TGAATACCCTCCTCCCCACCATT 0
GmDFR F- GCGTCTGCTGGTGCATTGGA
(FJ197130) R- GCTCTCTCCGCCTTTGTCTTGG 0
GmLDOX F- ACCAGCGAGTACGCAAGGCAA
(FJ197133) R- TGGAGGGCCAGTTCTTCAATGC 128
GmUFGT F-GCGAGTTTGTGATTTGCCTGAAGG
(F1197134) R-ACCGCATCCGCTTTAGGTAACG 10

4.5 M3 laauey

a 4 Q' a 4
aanamvzion Iyl lusaduuanise

o = 1 ~ [ 9 A Aan o A [
U1 DNA U938UAN9 1/]ﬁﬂﬂ‘lﬂ‘lﬂﬂlﬂaﬁﬁ’f)’l]"lﬂ‘].]i]ﬁﬂ']ﬂ']ﬂ?ﬂ?il%@ﬂﬂ@ﬂ‘]JW

o A 1 A ) [ = 1 9 4
4.5.1 MMIL¥ONAD DNA 1/]1@%1ﬂﬂ"|§‘1/n PCR 91N8UAN LNFIANDT

o ® aaa
mﬁi}gﬂ pGEM -T Easy vector (Promega, USA) luﬂ{(]ﬂ581 10 uL UszneualY 10X ligation

A a ® a A o
buffer U51105 2 1u1n58A5, pGEM  -T easy vector U311@5 2 uL, DNA 71 1491031 PCR

U311@5 7 L, 1o les] T4 DNA ligase (3 gila aio T Tnsans) USuas 2 uL ialgnsend

aaunnd 4°C WU 16 ¥ 114

£l QU
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4.5.2 WMMIMEY ligation mixture UT1AT10 pL Auisadtuaiise £ coli

4 a 3} < v o a 1 J
’ﬁ’lﬂwuﬁ DH 5QL ‘]JiiJ’lﬂi 100 ML ANWUHHUIUIU 30 u’lﬁ “]fﬂu’lWﬁ’lﬁiJ@L"i’l}'lt;ﬂ"]fﬁﬁ

A A an . A a ° A S 2 o A
uuanE e laeas heat shock transformation NOUK AN 42 °C HUIU 1 UIN LAZINUUUIUINUN

L] £

=

a g Y o oA a ° o y 4
RUAWDIN1TLH DI SOC LLa’Juﬂﬂ‘UmaEN‘VIE]meJ 37°C U 1 G]f’JIlN “ﬂu@ﬂ@zﬂﬁlumaa

q U

A A o dy 3 A aa e e Yy 9
nuaiGeraziirlUifesuueins LB umwwaumiﬂgmug Ampicilin ANMYNYY 100 pg
- a - a a < 4 A a
L uazian X-gal (20 mg puL h 15u1a5 40 pL YURIDIVTHUS Lﬁmumﬁﬁwqmﬁgu 37

° [~ ) v A Aa Aa ~ A = A ' = o
C Wura 16 6]5’)111\1 ﬂﬂ!ﬁ@ﬂlmﬂ‘ﬂL‘iﬁl‘mﬂﬂIaulﬂﬂﬁﬁ’ﬂlW’Jﬂﬂ1ﬂ’31%$M DNA @€gnay U1

'
a A a

J < < o o < d‘
ueneuueIMsLdsgasanigungl 37 °C ifhunan 16 %1 Tus vazih lhnu 13 un

Qq U

=

a 4 <3 A As =} I )
aunadl 4 °C iivatnuuuaiisenii TaTaiidv13 1301 master plate 11 Ta TalinTidv1791n
9

Q U

master plate 1WWUF1 R U9 1M1511A7 LB warua1sU3aug Ampicilin Anududiu 100 100

a

a J ! 4 [ < 1 <
ug L 151as 1 mL deaigairigil 37 °C vunTouvdnunsa 200 seuaoui iiunal

o Y 3 o [ 4 A A o .
12-16 %1119 wasIniuIihimsana DNA MnesaduuaiiGelaegadu5931 QlAprep® Spin

Miniprep Kit (QIAGEN, Germany) 35m3sz1 Taousingwan

4.5.3 11 DNA denaundana ldannyaduunfiEoniasi1aaeuini DNA 194
Bunsoll Taoldoulaidasumz EcoRI (Fermentas, USA) Tuilfsen 20 pL 1lsznovudae

a

DNA 1/511a3 5 1u1a358a3, 10Xbuffer (Fermentas, USA) /51105 2 uL shlasengamgi

° < o o o o 7’y
37°C L‘]JL!L’JﬁW 3 "1)"JT$J\1 wawmuumnaauwamm@mmmu"lmumﬂ 0.8 % E]Zfﬂiﬁﬁ

waotanlas W5Fa 1¥nszua Iihnaianuaisdnd 100 Taan wiu 30 win

4. 54 TMIATNAUSFUAVEIFUFNVOBUA flgnnmsinlgase
RT-PCR a0 1915n5989 DNA Technology gudwugianssumazma TuTagiinmunana
WIneIdenEATeaas Ineuvasumanm nnnshddueildnasiinnziiag
LCASTENTEH MegAlign (Lasergene; DNAStar, USA) 151Ny amino acid maﬁuﬁuq Tu
311!5191} 0318 GenBank U994 National Center for Biotechnology Information (NCBI)

(http://www.ncbi.nlm.nih.gov)
4.6 ﬂTiG]ﬁ’Jﬁ]ﬁi’)‘].lﬂ"lﬁllﬁﬂﬂ@@ﬂﬂlﬂﬁ?lu quantitative RT-PCR

H 9
111 RNA fiadannalaendunendinam 2 e Tumisnaaeenia niinumsiia

Py @ ¥ A ¥y oA
DNA mmau"lc]m DNase I (Fermentas, USA) (1Q1 19999°199281101/5171910 RNase (RNase
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free water) 1511015 50 M1 TMIFUATIZH cDNA AT UBA Superscriptlll kit

(Invitrogen, USA) Wimsnadouaan mued 1nsmesae plasmid DNA woddutgaziu
ATTOUNARIY 1 % ovm Isavadian a3 1W53a 19nszualiihiisianuaiednd 100
Tha% w1 30 1 Mmendemsnaaen InswesaznuIuna per product teenilaoud
A115091A15ATIVAOUMIUAAIDONVDITUAIBNALA quantitative RT-PCR 14 Tag
AT LUAZIATIZH AR ILIATD Light Cycler 480 system (384-well plates) Lmﬂ%ﬁjﬂ
nageU Light Cycler® 480 SYBR Green I Master kit (Roche Diagnostics, Germany) uag
Aaaa 9 4 1 a a
10 UL lnlfaTenlszneunie cDNA (50x) 3 UL, Twswesudazwiailsuag 1 UL

a

. °o < ) aaan A < = Y
(2.5 UM) tag Master mix d135931 5 UL ilgnserngamgi 95°C ilunan 5 uih awady
a I a a a o 3

QUMY 95°C 1Wua1 5 UM, 60°C WIU 5 3T tag 72°C WU 10 U9 IUIUTIHUA 40

o a 4 . . P 4 a v v v
70U NINTAUANTIEH melting peak LA dissociation curve NBATIINSIAAMTIUAINUTENIN

Jd o o 2 .

Twswes simsduis TaolSeuiouiumsiaaieonuesdu elongation factor 1 alpha
(GmELF, EU274578) auguilszansammsiinlgansenld 1dminy 1.893-1.999 uazims
a 4 =~ :ll = ~ [ @ S A A v A
WATIZHHAMTUAAIDDNUBITUNIH LA sUNeUNDTZELMINMUATZOZN 1 HTDIUN 0

HAININAQDY ANFAT

(EREf)CP sample (ERef)CP calibrator

(Etarget)cpmmple i (E

ratio = c
) P calibrator
target

a a J o 1% a
10 Eer 11 Etarget nuede Uszansmmved lnswes dmsusudren (ELF) uazou
v '
ithane (anthocyanin biosynthesis gene) 1ena1nH Cprer 1182 CPrarget Wuee Aundsues Cp

dmSuudeds (ELF) uazdwihwiine (anthocyanin biosynthesis gene)

&2

~ 9 3| o o v o ~ £ o I
ananlsluanunaaeuluiiigannaIunEAININNIIWIATUNYT  FINMIND
H 1 @ @ 4 (% < 4 o Aa o
Mevgszliaszds  Tashimenasmainuinersgimsussgeaasluaznimatadnsuau
10 dlanfusoaznd1 el ldwavssquiwnu llswnamsnaiu  vaziimswudands

Aav A [ < = 1 a oA Aav A A o v A
NuINsHaraIMsNUnY felfiansidenazisoulgnienaass ssiimsna@onwa
~ o Z =1 1 ~ 9 =1 o o T g
Neiuerueiaduazglin (wanlsadstvinallszana 75 - 90 n3w) sy 7 szee

@

Y
Tasldmsianndvouddoniudriiaail

A

d' S A 1 stl A =)
T2YSN 0 WATIVYINDIDDUMNNANIDUTUIIONULH DD

d' A A = = = % U 1 =
JEYEN 1 WANAFIVYIDULNADY 11i]ﬂﬁ“]fllwuﬂigﬂﬂﬂigﬂﬁlﬂgiuﬂ'l\iﬁﬁu 5-50% voulaen
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d' aAa A = = = 2 1 QSJJ
FTYIN 2 WANFIVYIDUINADI UYATFUWNTSIANTSIYDYNING

seoeh 3 walldvuyaduawe yadszdruyEuvesnsiuny hinjweniuedndanudaluszezi 2

v
HAINIBUIAIADULIAY

an
e
=
e
=
N
=
2
f=0
2R

523N 6 WANAUIAIVTOM

~ =2 o = % A g A A J J
NMINAADIN 1 ﬁﬂ]&l’lﬂ']5W@lu1ﬁllﬁ$ﬂmﬂ1wm@\3ﬂ\1ﬂﬂlm'fJLﬂ‘]JLﬂfJ'JGl,‘Lﬁgﬂgﬂﬂﬂﬂ'lﬂllﬂu@]ﬂ@n\i

[

N

E4
(Y < '
MInaasItaziLNIgaeenilu 2 ngu

a

VoA 9 o A A ) S o A o dy v o
NAuN 1 (A) Gl%ﬂﬁﬂﬂﬂﬂglﬁgﬂgﬂ I UnUINEINGUHYN 25 C (ANUFUFTUNNT 85-90%)

U

D=

1 Y
Juinmsdsuuasianediuas s3ne (physiological change) tagNa¥AAT (biochemical
change) tatianan]aoud 1) luszozq 1, 2, 3, 4, 5 uag 6 (19 uIubena 15 wa/szezn

nlaenla)

VoA dy Y o as.t‘ 9 % A d = Y A
NauNn 2 (B) ﬂ']ﬁW@aﬂﬂuﬁ]gisﬁuﬂﬂﬂﬁjﬂﬂﬂﬁuﬂ 90 Wa Iﬂﬂicﬁwauﬂﬂﬂ‘ﬂLﬂ‘]JLﬂfJ'Jﬂ']ﬂ@l‘Ll“Vlll
1 o A ~ 0 o R A OBJJ Y
TEYTUANANNUAD T88EN 1,2,3,4, 508 6 mmstunamsasuulasnanieau
A A 9 ~ A ~ v W [ A o ~ A A
ﬁii’mmuammmmmwummwmumﬂuﬂ’qu 1 mawamgmﬂaﬂumﬂmzﬂm 6 Iﬂﬂ

a

' Y o ' = 2 o IS o = o
izmnsaiwwamﬂmzﬂxmm LﬂaﬂuﬁﬂTﬂﬁLﬂUiﬂBWﬂqmﬂﬂﬂJ 15°C (85-90% RH)

Y

1.1 mylasuuilasdvenlasn

y g 1 & 3
ms Wazuuudveaasnnulasunladazuudly  1-6  azuuy  a1uIsV04

Tongdee and Suwanagul (1989) Ao

AZUUY 1 = LA ABWOIUNILIBNILIBDY TUVI9AIY 5-50%
& A
YDINUN
AZUUY 2 = YA ABUNOOUNTZIY NTEIBNINA
A =S
AZUUY 3 = nJaonaasumy
A =S
AZLUY 4 = njasndaunas

A = 1 9
ASLUUU 5 = wasnaulruay
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A aS o A o
iaenduemInIem

ASLUU 6

o v A A 3 k4 o v A v A .

Mmsdadilasniia 2 Auvenanine lasldnT093Ad (Minolta CR300) 518911KA
I 1
WU L, a, b 1ag hue

A o =K A
3dA1 1 L= 100 T893 9910

)y

A1 L Mugde ANuag T1ag L =0 Wine

)y

3| =2 A 3| a A
a 1 UUIN HIeDeauas uaunuedeae?
=

I 2K A A I =\ 3’ a
b 1luun vvedeEvaed Wuauvuenaduey

Mmsdma Hue (0°) Taoldgas
h® = arctan(bla) 1o 0° WUDIFUIWAY
90° WEDIAIADY

fo) = A
180~ UUYDIFUUIUVYD

O =R A t;y a
1ag 2707 NUIPOITUINY
] dy A
1.2 anuuduiievosaon

At e v 13N 3Ad 0 fruit firmness tester (Effigi) 1%umana (plunger) i3
VARUALAUINAT 0.1 UALAT 18z 0.5 ruANAT taznAdnlszIm 0.5 uRAT 7
waentta 2 § snoamitlgduiagy Taeulasausenannalandusiuigu (Newton,
N)

1 { o [ I Aa o 1 { o a %
mmaldumieduiingu = anda'ld (A Tansu) X 9.807

a 3 A g‘ . a {
1.3 USuavewdanazaerirld (Soluble solids content; SSC) Usuansan lnwsa'ld

(titratable acidity; TA) 1adAIIdIU SS/TA

Yy 9 9
dnhnuunnieiinaumiunas SSC @29 hand refractometer (Atago, Japan)
Yy 9
a ) o w . S . . °
Y31 TA ¥niauan lnmsnde NaOH 0.1 N Tag 1% phenolphthalein 1% (14 indicator 11

1 a U ~ 9) o S I 4 A A
mUsuasvesani lsnaanulesisuansagaina
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1.4 Msnageunelssamaung

o % d' v qu/ = dy 3 [ Yy
mwaumﬂumsmaam 1.2(B) WAATINALAZNALIDEI00NVINTUIA THUMS
Y
naaeugunMouilonatisnaiuau 10 au gFuiims Iiazuuu 1-5 A Aziuu 5 iy

dd‘ | % A =Y
AUNNALGINLUASASUUUNINY 1 ﬂi’)ﬂﬂlﬂ”lwulilﬂ

=2 a A a
1.5 AnyimeIniaveilasnna (Wana)
o 1 = % o dy A v a Y
MMIFUIADNANANIAATEIZ 1-6 NINTLUINIUDIIDAIYNAUA hand section LA DY

Y 9 4
ammeldnaesganssei
1.6 8A51MSHAANAY

o % d' 1 a a o 9/::‘ a 0
wmatanaszezd 1 ldlumauznarganvua 0.8 ans il 1ANgamgil 25°C (85-
90%RH) MM 3anruziu 30 1A Tagneumstlansuziinms laoimeanielumyus
9 o a ) 9 < a A Aa S Y A
AINFONNFIAU AAUNTN 1Y TUNIFULAIBITURAB WAL AAAATITHAIBIATDY gas
Y .
chromatography (Shimadzu GC 8A, Kyoto, Japan) LLgnLnNe A28 alumina 177-149 Um i

a

ADIFONAIY flame ionization detector N181AGUNAN column 1M1 80°C LAz QNI

U

detector IM1NU 150°C
a < a a
1.7 'JLﬂﬁ'lgﬂﬂiiJ'lmll’E]uTVIUl%Eﬂuu

o =R o A o I A 9 .
MeviasanuInumveIna Hlasnisnauuenilunlaenaiuuen (outer pericarp)
¢ o A g ) <
uazidend1ulu (inner pericarp) TaovuiuFuan « udwalululanuman inuluge PE

= J

<3 o 1 <3 { a [ ° a
uaznudrednluddungumrgil —70 °C auninziwenun N IEH
a a QSJ‘ A ng} 9
UTunaen TnlaeHiuianua (Total anthocyanin content) Vodrt/aeniamuuenias
a o [ A, o 1
Tu An51zv laedani)asdTmsves (Piccaglia ef al., 2002) Taal¥dind1annilasndiuuen 1
asuKTe alasndulusuiu 2 a5H IBuasazas methanol:HC1 99:1 v/v UTu1as 20 ml
v 1 Y [ v
i Tilude1nT09 homogenizer 111U 11/219111AT 049 shaken Ngavgil 4 °C w6
) 1 ) 1 A A = oa.;l ] = v as y 9
1 Tu4a neneraiulassn harumaimas ladadn 4 a59 uReInUITIdUe T UNna

v Y Y
24 ¥ Tua ihaulavesmsaian 4 asansuiuedsulsuas 1918 100 mi Tagld
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=

methanol:HCI 1hdaulai 18 T lumAseiinauns 1 8,000x g wiu 10 w1fi Hgaingd 4°

C

[ 1 4 H o 1 § Y o a a a I
Jasmsganauaauuaan 530 1 lwwas hai ladwalSunacenInlseiulasaady
Haansu cyanidin

2
Ysinaialddwnn1dTaeldgasdail

A x MW x DF x 100

Total anthoayanin (mg/100g) =
yanin (mg/100g) T M

A = Absorbance

€ = Gyd-3 glu molar absorbance (34,300)
MW = anthocyanin molecular weight (287)
DF = dilution factor

Wt = sample weight (mg)

L = cell path lenth (usually 1 ¢m)

Mmsinsizrisiaveweu Inlyeiiulasl#nied HPLC tag LCMS guI5v04
Stevenson e al. (2006) %99z a1 laveaueu Inlyeiunana ldtsduuiinsnsoaniu
. Y o Y1 A Yo a P’z Y
Gyrodisc Viadurugudnas 0.45 Um IddmlannsoaIdsman 20 UL Tns1zi Taeld
1n584 HPLC (Shimadza, LC-10AVP Series) LLONN1Y Synergi® YU particle NN 4 Um
Polar-RP, 8 nm pore size (Phenomenex, Auckland, NZ) Taeld (A) acetonitrile 1% 0.1% formic
acid 1182 (B) acetonitrile/water/formic acid (5:92:3) L‘IdJLl mobile phase U5u1iuda1ms lvia

a

A 1.5 ml/min Agauuigh 45°C @riazay

Tunin 0 azlsuliianududuues A = 0% B = 100%
o ad v q Y Y 9

ATUUINN 20 325V IRHANWTNTUYD A = 20%
o ad v q Y Y 9

ATUUINN 26 32TV IRHANWTNTUYD A = 30%
2 aa v q Yo v v

1ATHUNN 28.5 3zSuTANANUTNTUYB A = 50%

o ad v q Y Y 9
AMNUUUINN 32-35 fﬂ$‘]J§‘]JGlﬁ3Jﬂ'J"|3JLGU3J5Uu5UﬂQ A =95%

~Aq Y

QsJ‘ [ [ I~ 09/’ { g
miulddsuanududuves A navluitlu 0% dnasaluunin 36-40 viniunld

A3 N retention time Iaenf3eUINeVUND standard 7N 520 nm
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d‘ = ad d’d 1 d' % = %
NINAABIN 2 ﬁﬂmwaﬂlmm‘naumwa@aﬂmﬂafJumemiwmmmmwamq@

v '
o 1 U = 1 ~

o < a g‘
MNTFUNANINANDYTEYTN 1 NWWWﬂTjWﬂaﬂQIﬂﬂllﬂﬂﬂﬂﬂﬂJu 4 ﬂiill')% 3 %14 Qg

L) a U
9

v A
7 Wa AU

1 5u289107 (control)

=)

Ny

oD oD
=)

2 FUABENAUANITUYY 200 ppm WU 24 21309

2

y

GHY

vy

3 5UA18A15 1- MCP (1- methylcyclopropene) A uidudiu 1 Lg L'

2
=)

nquN 4 sudreteNauAMUTNTU 200 ppm + @15 1- MCP AMdudu 1 gL’

a

1 a { a 09.:’ o S o {
Tumssumsuaagaiasuluiesilgungi 25°C imiwi lilinuinunguwgil

U

Y
25°C (85-90%RH) MINFINMITUAWWANTAINANT AU FIMTTUNANANINNETT INGWaZN

= = 1 =S [ % d'
BAIAN (BULAYINUNITNANDIN 1

! Ao 1 S o @ {
ﬂ]ﬁ?’lﬂﬁi’)ﬂ“ﬁ 3 ﬁﬂ‘HWWﬁGUfNQﬂlWQNG]Wlﬁ)ﬂTiLﬂiJ’iﬂ‘HHLﬂ%ﬂﬁW@luWﬂﬁﬁJaﬂullﬂﬁ\‘iﬁﬂl’ﬂ\‘i

&2

ana

1 % A [~ ad oa' [ dy
Q’NW@NQﬂﬂi‘Hi%ﬂ%‘ﬂ 1 azueneanidy 4 NT5uI5 3 %14 L 7 Wa AU

] '
1A ) % S o =

ngui 1 thwasiananuineNgungil 25°C (85-90%RH)
oA o o S o A a o) @ 9 <
nqui 2 wailsganuSnYINgungil 15°C (85-90%RH) Wi 7 Tunazie lihy
SN neNgungl 25°C (85-90%RH)

U

&%

= z:; ng} A A =1 1 = % d‘
unnramsasundaanineas s Imeas nenil [FUReINUMINAaoIN 1

H [ 4 a
MINAaIn 4 AnyIMaatenveulunszuIumsdansizyiteu Inlseiiuvewa

HIAATTNINMINAUN AN

q

4.7 @A RNA 91NNy aui5vea Lopez-Gomez and Gomez-Lim (1992) At

o w 1 dy A A 09: A T a =
4.1.1 u']m'JE]EJ'NLHE]I;EJ'EJLL]JQE]ﬂ%uu@ﬂﬂll%um\iuqu@]aglaﬂﬂiuhluI@ﬁﬁ]uyﬂaj

A18IATBVA Mixer Mill MM 301 (Retsch, Germany) 4d308191/5u1a1 2 a5y laluensazane
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A ¥ . Y 9 Y 9 Y 9
‘VI‘]Ji%ﬂE]‘]Jﬂ?EJ Tris AMAVNUU 150 mM, EDTA NNV 50 mM, SDS ANUUINUU

2% AfiAmuiiunsa 8.0 naziAy B-mercaptoethanol AT 2% Ty
polyvinylpolypyrrolidone (PVPP) YT 0.5 05U wen 1 Tae 19 vortex uaziinlumery

4
v 9 .
DNA3IAY homogenizer IAITALABUTU1IUIA

4.1.2 1ANEN58LAY potassium acetate ANNANTYU 5 M USH105 1.5 mL az
absolute ethanol Y3119 4 mL WaNAUE50LAONAU1IUIAAIY vertex U LAZIAY
15820108 chloroform : isoamyl alcohol (8n516IU 24:1 Taell511a5) YA 1 1mMves

o y Y A = A < ~ o = 1
msazate 1 ldudrenTeanyurlesanug 7,000 x g 11 4°C w20 i gaduld
auvulaaslunaealuy taz@uansazany phenol: chloroform: isoamyl alcohol (851831

Aa Aa 1 " Y Y v I dy

25:24:1 Tae1l511a5) U5uas 1 1mvesansazate we1ae vertex aUasinuuiile
= o ) y 9 A ~ ~ <3 A o =} o 09/’
@eanu 1 Tl dudenioaryurisniinnuia 7,000 x g 1 4°C WU 20 IR HAIINUTUGA
amladmuulaasluvasalv Wuaisazate chloroform : isoamyl alcohol (8R518M 24:1

A a 1 (] o I g [ )
Tae1l51a9) U511935 1 1mvesansazans 1w vertex auasnnuduile@ennu 11y
PudreinToanyumIedinnusa 7,000 x g 14°C um 20 Wil gadiuladmuuasluvaos

1 Aa Aa ] <
Tninazanazneu RNA @28 LiCl aAnududu 8 M 1U5mas 1 Tu 3 vealSunasaanlainny
v Y

18 arh W aiinuaznannasaniiliin 1-2 ase maen lunlugungil 4°C Yszunm 16
) v < . 44 < C o ad o
2 19 udrvaimaea luvyumiesinnusa 10,000 seuaouii # 4°C w20 Wi dIU

Y ¥ ¥ Y
Tanadronnuse Tanoduaznou RNA ot 114 uduaouse'li

4.1.3 1AZABUIINTD 5.1.2 MANAGATAZA18A28 LiCl ANUIUTY 3 M

a o ~ ~ < 1 A A ~ 1 Qy
Us1as 5 mL 1h lvyumlesiinamuda 10,000 seuaewIi 71 4°C Wi 20 Wi mdaulang
Y Y] Y] 3 9 ) y 9 A = ~ < [
a10A1NIE 1 rasnniudanaznou i lliludrenIesryumriesinnusa 10,000 5oUaAD

v Y I

U N 4°C WU 20 11N azaenznoU RNA a1811111)5171910 RNase (RNase free water)
131195 350 UL gaasazas RNA lalunasa 1.5 UL Ne1302018 potassium acetate
ANUTUTY 3 M US11a5 35 mL 1ag absolute alcohol UT11AT 962.5 mL wanwasa I 2-3

qﬂ// 0 oA a (o) = Y =2 o = ] 1
a59 1 Ituigargil -70 % w60 Wi udvai lvyurIssn 5 10,000 seUAD

A A [} A 3 1 ANy a Yy 9

U 9 4 % WU 30 WA DUFIUVIRZABUN A AuETAYAIglNIUDAITNTY 70 %

a ~ =3 ule { < Aa 1A <
3119135 500 mL #MIBIDNATINANUG WA QUHYUNUANUIY 5 U 1NUATNOU RNA
o q Y , y o4
m“lmmﬂ@a vacuum Ua7a2a1eaznou RNA A28131911/518910 RNase (RNase free water)

Usmas 50 luTasans asnvdeudiuauaznmunimuss RNA Nana lddlenios
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spectophotometer 1AITNE1IAAU 260 LA 280 U1 TUINAT LALATIVAOUANHUL VDA

RNA gz Isaaadianas IW5Sa 91 0.8 % ozmlsalu 0.5X TBE buffer n1o14
nszud IWihiidinnudednd 100 Taa win 30 wif 1AV RNA finsredeunaninuda 131y

o

Yy 1 3 A ' ]
ﬂllf]ﬂﬂl\i“ﬂ 70 ~f fﬂumwﬂmm

@ 4 a
4.8 N1590NLLUY degenerate primer mﬂﬂ%uiuﬂﬁgﬂﬁuﬂWiﬁ%ﬂﬁ'lgﬁLL@UI‘VIUlG]fEﬂuu

AuAudoya amino acid sequence YoIBUA Tuilwananieg 1ngIudoya
GenBank U84 National Center for Biotechnology Information (NCBI)
(http://www.ncbi.nlm.nih.gov) ﬁw%’agam alignment A187151n31 CLUSTAL-W
(http://www.ebi.ac.uk/clustalW/index.html) AT 1241891 amino acid sequencesﬁlﬂuua’am

v o 1 4
?UINY (conserved region) 2 WAL primer YUIANIINYI 18-30 LU
Q' a = as Y .
4.9 Mmaiulsunuvessulagds RT-PCRAYY degenerate primer

Wmsdans1zi cDNA idunsn@reyad 3931 Omniscript Reverse
Transcriptase (QIAGEN, Germany) Gl,uﬂﬁﬁ?mﬁywm 20 TuTasans Iaely total RNA ‘ﬁﬁﬁﬂ
1&0nde 5.1 U5uas 2 P Wuminuunas 14 wswes Oligo dT, AMMITHTL 1M, 1X
buffer RT, dNTP a2 iduds 0.5 mM, 1011537 Omicript RT 4 giia $h1/§A5enfigamngd 37°C
W 60 i vigalfnsenTaeldnnusou 93°C wu s wfnaznanhud e vt
msdanszdinusinatulaeld coNA dunsaiidanszd 1ddumuundmsusi per
(83w GmCHI Az GmUFGT) TulfAsonianun 25 LU 19 cDNA 1 pL, Tnswe i
oonuuy T3 lude 5.2 damsed 2 anmdudu 2 M, aNTP At 0.2 pM, MgcL,
AN 2.5 UM, 1911437 Tag DNA polymerase 0.625 giin (QIAGEN, Germany) Tagil

YRNTeAI915190 3
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Table 2 Degenerate primers for fragment amplification of and anthocyanin biosynthesis

genes
Annealing Expected
Gene name Sequence
temperature (°C)  size (bp)
GmPAL F- GYDATYTTYGCWGARGTBATG
(FJ197127) R- AGATTNGAHGGYAABCCRTTGTTG * o7
GmCHS F-CAGCCCAARTCCAARATCAC
(FJ197128) R-ATCCAGAARAKBGARTTCCA » 9
GmCHI F-AAGTTCACRGSSATMGGMGTRTAC
(FJ197129) TTGG and 3' race > 70
GmF3H F-G TCCVAAGGTKGCYTAYAAYG
(F1197131) R-CYTTGCTCATCTTCYTCYTGTAC » o
GmF3’H F-TAYAAYTAYCARGAYYTBGT
(FJ197132) R- CTDGATGWBGTRTCWGTYCC * 70
GmDFR F-YTCWTGGCT SGTCATGAGRC
(FJ197130) R-SCAGWDATGAGGCTYGGHG > 7
GmLDOX F-ARAARGAGAAGTATGCHAAYGASC
(FJ197133) R-CCAYGARATYCTMACCTTYTCC > 7
GmUFGT F-CAGGARGAYATHGAGYTSTTCATG
59 1430
(FJ197134) ARKGC and 3' race

Table 3 PCR conditions for fragment amplification of anthocyanin biosynthesis genes

Temperature (OC) Time No. of cycles
94 3 min 1
94 30s
55 30s 35
72 1 min
72 10 min 1
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o a o’ay A 9 o ) a
RIMIAT9UATIZHFU DNA 11791nM3%1 PCR #129 0.8% oz 1sdmadian
aa a 14
Tas W3FauazdovozmIsanadoenimonTus lud asiagual DNA meld Uv
transilluminator A2 818 NAIBIATOY Gel Documentation (Syngene Bio Imaging System) 1
Qy ~ Y o 1 AA A o o 9 9 ~ o A o
MILeNFU DNA Voo Tagaanadiumianinaadunaiudeimsniglaudaagd invande
) a = v o & . . .

Aana DNA THuSqns lnegaanadu5o31 QIAquick Gel Extraction Kit (QIAGEN,

ad d‘ aAav Y a
Germany) 91135M135N321) TagUTHNHHEN
410  maulsuavesduusnalate 5> uaz 3° Taemaiia 5° and 3° RACE

nnilymmsiulSinavesdu GmCHI wag GmUFGT Tagas RT-PCR 419
a 4 = 1 ) o [ L4
degenerate primer 341¥10A3A 3’ RACE e Tnauduuiaau Tagii RNA iiimsdansizs
cDNA N1N15A0 adaptor MUITVDI GeneRacer (Invitrogen, USA) (Appendix Figure 1) 113
A a aa 9 4 1 Y] . o
mlSnaanwe Taely Insmesves GeneRacer 3301 degenerate primer (Table 2) 1113

3801 NT81AIN13199 4 tazsinlgnsedanisian 5

GeneRacer 5’ primer 5’-CGACTGGAGCACGAGGACACTGA-3’
GeneRacer 5’ Nested primer 5’GGACACTGACATGGACTGAAGGAGTA-3’
GeneRacer 5’ primer 5’-GCTGTCAACGATACGCTACGTAACG-3’

GeneRacer 5’ Nested primer 5’-CGCTACGTAACGGCATGACAGTG-3’



Table 4 PCR reactions for primary condition of 5’ and 3> RACE

37

Reagent Volume (L) Volume (JAL)

GeneRacer 5’ or 3° primer 3 3
Degenerate primer 10

Specific primer 1
c¢DNA (GeneRacer) 1 1

10x PCR Buffer 5 5

10 mM dNTPs 1 1

50 mM MgClI2 1.5 1.5
Platinum Taq 0.5 0.5
Water 28 37

Table 5 PCR conditions for primary condition of 5 and 3’ RACE

Temperature (OC) Time No. of cycles

94 3 min 1
94 30s
72 1.5 min :
94 30s
70 1.5 min :
94 30s

57,61 30s 32
72 1.5 min
72 10 min 1

@ 1 o A (% {
AMORAINT VLN IUYDIDU “VI1ﬂﬁ@’E')ﬂLL‘]J‘]JUlWﬂiJfJiﬁmWWHﬂg%\?ﬂWﬂ'ﬁN“ﬁ 6

[ 09/’ = o Aaan v o 9
Wﬁ\‘]iﬂﬂuumiEJ‘lJLLﬁ%“VIT]J;]ﬂSEﬂﬂQﬁTU@ 4.4



Table 6 Specific primers for 5 and 3 RACE and real-time PCR
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Gene name Sequence Expected size (bp)
GmPAL F- ATGGCTCGGCCCACCTATTGA
(FI197127) R- CTGGAAGTTGCCACCGTGTAATG 10
GmCHS F- GGCCTTCTGATACCCACTTGGACT
(F1197128) R- GGATGGTTTGGGCCGCAGATA 141
GmCHI F- GAAGAGGAGGAAGAGGCGTTGGA
(F1197129) R- GGCAGTGGGTGAAGTTACTGGGAA 108
GmF3H F- TTGTTGAGGCTTGTGAGGAATGG
(F1197131) R- CGGACATATCGAATCGGAGCTTT l
GmF3’H F-GCACATTCGAGAGGCAGAGTTGG
(FJ197132) R-TGAATACCCTCCTCCCCACCATT 0
GmDFR F- GCGTCTGCTGGTGCATTGGA
(F1197130) R- GCTCTCTCCGCCTTTGTCTTGG 0
GmLDOX F- ACCAGCGAGTACGCAAGGCAA
(F1197133) R- TGGAGGGCCAGTTCTTCAATGC 128
GmUFGT F-GCGAGTTTGTGATTTGCCTGAAGG
(F1197134) R-ACCGCATCCGCTTTAGGTAACG 10

411 m3lnaudu

a 4 Q' a 4
aanamvzion Iyl lusaduuanise

o = 1 ~ [ 9 A Aan o A [
U1 DNA U938UAN9 1/]ﬁﬂﬂ‘lﬂ‘lﬂﬂlﬂaﬁﬁ’f)’l]"lﬂ‘].]i]ﬁﬂ']ﬂ']ﬂ?ﬂ?il%@ﬂﬂ@ﬂ‘]JW

o A 1 A ) [ = 1 9 4
4.5.1 MMIL¥ONAD DNA 1/]1@%1ﬂﬂ"|§‘1/n PCR 91N8UAN LNFIANDT

o ® aaa
mﬁi}gﬂ pGEM -T Easy vector (Promega, USA) luﬂ{(]ﬂ581 10 uL UszneualY 10X ligation

A a ® a A o
buffer U51105 2 1u1n58A5, pGEM  -T easy vector U311@5 2 uL, DNA 71 1491031 PCR

U311@5 7 L, 1o les] T4 DNA ligase (3 gila aio T Tnsans) USuas 2 uL ialgnsend

aaunnd 4°C WU 16 ¥ 114

£l QU
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4.5.2 WMMIMEY ligation mixture UT1AT10 pL Auisadtuaiise £ coli

4 a 3} < v o a 1 J
’ﬁ’lﬂwuﬁ DH 5QL ‘]JiiJ’lﬂi 100 ML ANWUHHUIUIU 30 u’lﬁ “]fﬂu’lWﬁ’lﬁiJ@L"i’l}'lt;ﬂ"]fﬁﬁ

A A an . A a ° A S 2 o A
uuanE e laeas heat shock transformation NOUK AN 42 °C HUIU 1 UIN LAZINUUUIUINUN

L] £

=

a g Y o oA a ° o y 4
RUAWDIN1TLH DI SOC LLa’Juﬂﬂ‘UmaEN‘VIE]meJ 37°C U 1 G]f’JIlN “ﬂu@ﬂ@zﬂﬁlumaa

q U

A A o dy 3 A aa e e Yy 9
nuaiGeraziirlUifesuueins LB umwwaumiﬂgmug Ampicilin ANMYNYY 100 pg
- a - a a < 4 A a
L uazian X-gal (20 mg puL h 15u1a5 40 pL YURIDIVTHUS Lﬁmumﬁﬁwqmﬁgu 37

° [~ ) v A Aa Aa ~ A = A ' = o
C Wura 16 6]5’)111\1 ﬂﬂ!ﬁ@ﬂlmﬂ‘ﬂL‘iﬁl‘mﬂﬂIaulﬂﬂﬁﬁ’ﬂlW’Jﬂﬂ1ﬂ’31%$M DNA @€gnay U1

'
a A a

J < < o o < d‘
ueneuueIMsLdsgasanigungl 37 °C ifhunan 16 %1 Tus vazih lhnu 13 un

Qq U

=

a 4 <3 A As =} I )
aunadl 4 °C iivatnuuuaiisenii TaTaiidv13 1301 master plate 11 Ta TalinTidv1791n
9

Q U

master plate 1WWUF1 R U9 1M1511A7 LB warua1sU3aug Ampicilin Anududiu 100 100

a

a J ! 4 [ < 1 <
ug L 151as 1 mL deaigairigil 37 °C vunTouvdnunsa 200 seuaoui iiunal

o Y 3 o [ 4 A A o .
12-16 %1119 wasIniuIihimsana DNA MnesaduuaiiGelaegadu5931 QlAprep® Spin

Miniprep Kit (QIAGEN, Germany) 35m3sz1 Taousingwan

4.5.3 11 DNA denaundana ldannyaduunfiEoniasi1aaeuini DNA 194
Bunsoll Taoldoulaidasumz EcoRI (Fermentas, USA) Tuilfsen 20 pL 1lsznovudae

a

DNA 1/511a3 5 1u1a358a3, 10Xbuffer (Fermentas, USA) /51105 2 uL shlasengamgi

° < o o o o 7’y
37°C L‘]JL!L’JﬁW 3 "1)"JT$J\1 wawmuumnaauwamm@mmmu"lmumﬂ 0.8 % E]Zfﬂiﬁﬁ

waotanlas W5Fa 1¥nszua Iihnaianuaisdnd 100 Taan wiu 30 win

4. 54 TMIATNAUSFUAVEIFUFNVOBUA flgnnmsinlgase
RT-PCR a0 1915n5989 DNA Technology gudwugianssumazma TuTagiinmunana
WIneIdenEATeaas Ineuvasumanm nnnshddueildnasiinnziiag
LCASTENTEH MegAlign (Lasergene; DNAStar, USA) 151Ny amino acid maﬁuﬁuq Tu
311!5191} 0318 GenBank U994 National Center for Biotechnology Information (NCBI)

(http://www.ncbi.nlm.nih.gov)
4.12 ﬂTiG]ﬁ’Jﬁ]ﬁi’)‘].lﬂ"lﬁllﬁﬂﬂ@@ﬂﬂlﬂﬁ?lu quantitative RT-PCR

H 9
111 RNA fiadannalaendunendinam 2 e Tumisnaaeenia niinumsiia

Py @ ¥ A ¥y oA
DNA mmau"lc]m DNase I (Fermentas, USA) (1Q1 19999°199281101/5171910 RNase (RNase
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free water) 1511015 50 M1 TMIFUATIZH cDNA AT UBA Superscriptlll kit

(Invitrogen, USA) Wimsnadouaan mued 1nsmesae plasmid DNA woddutgaziu
ATTOUNARIY 1 % ovm Isavadian a3 1W53a 19nszualiihiisianuaiednd 100
Tha% w1 30 1 Mmendemsnaaen InswesaznuIuna per product teenilaoud
A115091A15ATIVAOUMIUAAIDONVDITUAIBNALA quantitative RT-PCR 14 Tag
AT LUAZIATIZH AR ILIATD Light Cycler 480 system (384-well plates) Lmﬂ%ﬁjﬂ
nageU Light Cycler® 480 SYBR Green I Master kit (Roche Diagnostics, Germany) uag
Aaaa 9 4 1 a a
10 UL lnlfaTenlszneunie cDNA (50x) 3 UL, Twswesudazwiailsuag 1 UL

a

. °o < ) aaan A < = Y
(2.5 UM) tag Master mix d135931 5 UL ilgnserngamgi 95°C ilunan 5 uih awady
a I a a a o 3

QUMY 95°C 1Wua1 5 UM, 60°C WIU 5 3T tag 72°C WU 10 U9 IUIUTIHUA 40

o a 4 . . P 4 a v v v
70U NINTAUANTIEH melting peak LA dissociation curve NBATIINSIAAMTIUAINUTENIN

Jd o o 2 .

Twswes simsduis TaolSeuiouiumsiaaieonuesdu elongation factor 1 alpha
(GmELF, EU274578) auguilszansammsiinlgansenld 1dminy 1.893-1.999 uazims
a 4 =~ :ll = ~ [ @ S A A v A
WATIZHHAMTUAAIDDNUBITUNIH LA sUNeUNDTZELMINMUATZOZN 1 HTDIUN 0

HAININAQDY ANFAT

(EREf)CP sample (ERef)CP calibrator

(Etarget)cpmmple i (E

ratio = c
) P calibrator
target

a a J o 1% a
10 Eer 11 Etarget nuede Uszansmmved lnswes dmsusudren (ELF) uazou
v '
ithane (anthocyanin biosynthesis gene) 1ena1nH Cprer 1182 CPrarget Wuee Aundsues Cp

dmSuudeds (ELF) uazdwihwiine (anthocyanin biosynthesis gene)
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HaNIINAaog

= U = 4 d‘ <3 d‘ \J
1. ﬂ]ﬁﬁﬂ‘lsl1f’ﬂTWGJI1-!1@'!!@3iﬂil!cﬂTINslli’)QNﬁNx‘lﬂﬂﬂ!ﬂ‘U!ﬂﬂ'ﬂuﬁgﬂgﬁN‘]

1.1 MINANALaLAUNN

]
=

=2 a v & A Y ~
ﬁnﬂﬂﬁﬂﬂyiﬂﬁl‘ﬂaEJ‘L!LL‘]JflQﬂ1ﬂﬂﬁ\1lﬂﬂLﬂ8’JﬂJ@QWﬂﬂNﬂﬂi$EJ$‘1/I 1 (group A) N
a o A = = i 3 ' i
QUNIN 25 C UM guoawaimsiasuulased19siasa Taea L* way b* aAAIDYII

< A g 1 < 1 o 1 @ Qs}l [ 4
579157 A1 a* WNATU08195352 UM THAINVRITTZaZ N 0-4 MdaINTUARAIABIBY
IUDITZ02 7 6 (Figure 3b, Appendix Table 1) A1 hue anasog 19l dod 1 Ee (P<0.001) az ]

o o v Y] % ] [

ANUANNUTAUMINAUVDITHANIAADE1FAY (Figure 3d, Appendix Table 1) Tagiin1s
o a ~ A 3 ~ a o ' 3
WANFNaINTTeeh 1 (Szezaigmon) WUsoz 6 (F13961) 261952015918 15282981 9
Tu wagmswanndwalutieszezganio (szozi 5 -6) inimalasunilacluszozdun

< A ' 3 = A A
(Table 7, A columns) ANNLVIVDIADNANAIBEIITIAGININTZEL 0 DI52ELN 6 Iuvmeh

a < § g’ [ 1 < § g’ 1 a H

USaveadanazanirlduaz dadivveadanazaieir ldaedSnansan lnmsa 1d
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NARINTZEE 0 D932z 6 uazdTinansai lnmsaldanasluszesi 3 Daszezh 6 (Table

7, A columns)
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] [ o 3 s o A 9 ~ Y 4
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[ 1 {2 $ [ 1 [
Tuenunsanen ldndumainunelnnszesla dwa (A1 L*, b* 1ag hue) Tulinnuuanaia
AUNNADA (Figure 4, Appendix Table 2) M3Yszuaumunlszamaudauazgann
kY = < A a < A g‘ a A
vyoana laun awa (hue) ANVLTIvOIlden USavewlsnazaetiwazlsansan

Tnnsald (P>0.05) (Table 7, B columns)
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Figure 3 Colour development (L*, a*, b* and hue value) of mangosteen fruit
harvested at stage 1 compared to stage 0. Data are means + SE of three

replications.
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Figure 4 Fruit colour (L*, a*, b* and hue value) of mangosteen fruit at stage 6
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developed from 6 different maturity stages. Data are means + SE of three

replications.
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1.2 MIduaserionau

< { o d' o v W a
VNMINUNGINAIIAATZZN 1 (Tzozaodon) LazMsiaoasINsHaaL
ad 1 [ = 1 [ = Aad % = =) Q' dgl 1 d’
naylugramsiannananud sasimskaaenauveInainallsmaniugavudoniog
H { [ @ v < H [ 09/’ Y a
HazggaNIzesi 5 (@Nauad) Meluszezial 5 TUKdUN NG 1A INTUIATINIHANID
a I~3 U a =Y L%
Nauanauaniios (Figure 5) TagnuaInsanasueImsnanonauvenaiinainim

uana N Naaaeglied Ay g luITHINMINANFNAINTZ8EN 5-6 (P<0.001)

(Appendix Table 3).

10

8

production (ng kg's1)

Ethvlene

0 T T T T T T T T T

0 1 2 3 4 5 6 7 8 9
Days after harvest

Figure 5 Ethylene production of mangosteen fruit harvested at stage 1 during
storage at 25°C. The numbers of 1 to 6 in the graph represent maturity
stages of mangosteen fruit at stages 1 to 6. Data are means of 10 fruit +

SE.
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Tusgremswanndraszez 1-6 (group A) Usmnaueu In'loeriiulunlaon
9 Y v 4 ]
Funenuazyu NI UINNI 70 Baz 18 1IMMUAIPY d0AAdBINUAT hue NAAAIBENA
[ A A a 3 = 3 A d? [} < 1
aoieg Usmameu Inleeiunaua lundenduueniugaiued s iasuazgana
A qﬂ// 1 A o o @ A o = ] < a
nlaendulusdniived e (P<0.001) aapaszeznaIMsNALIEHA 0619 1snawlTunal
a us.:’ A us.:’ Q' dg’ 1 =S (% (% a a
souInleeiunaua luldendulunugaliusudsrdunulsuaenTnleoiulu
A qgj . = a a us.:} = v o
wasnsuuen (Figure 6) aia (hue value) wazdTunaweu In lsandunamualianuduius

pgnlndFatumsianndnaing

< ~ ] [ < [ 9}::' a o 1
MINUINGINANINATZEZA1Y LazNUTNET I ANguuUaN 25°C (group B) WU
2 1 @ 1 4 1 ] ) A
HAINAALAAZ ST OTE TR ARNADE TNy TG s Tez T (szezh 6) TdnnIzey
. a a 09/' = :JI 09.:’ % A Ad
(Figure 4) UsnawonIn lyentiunvua luldensuuenuazsuluvesisnaszozi 6 iny
Neluszeza19e UANUUANANNNEDA P<0.001 11azP<0.05 N1 (Figure 11, Appendix
[l I A % @ = =3 A s o ] ] o
Table 4) 0619 lsnAloNATIAANNI LB HANANANTZ0 T 6 (F12987) N bienusaswun

1 o 09/’ 3 {
laiwadenariwnuinernnszezla (Table 7, B columns)

nnmsiasesiaveaey Tn'lseriiulunlaendiuuenTas HPLC/MS Wi
wonTnlseniiufiiiuesdszounan s wila 141A cyanidin-sophoroside (M+ 611, major
fragment, m/z 287), cyanidin-glucoside (M+ 449, m/z 287), cyanidin-glucoside-pentoside (M+
581, m/z 287), cyanidin-glucoside-X (M+ 639, m/z 287), cyanidin-X, (M+ 667, m/z 287) 1ag
cyanidin-X (M+ 477, m/z 287) (Table 15, Figure 12, Appendix Figure 6) Tae X ﬁiJ”IEJﬁQﬁ”Ii‘ﬁﬂdJ
vz i 190 Flinsaianariialan fifnsfunuluilegtiu mansTiasziienin
layentiude HPLC uaz LC-MS TasulSoufisuiuaisuasgiu woueu In lyeniiv 2 vila

Y ' Y
f® cyanidin-3-sophoroside 118 cyanidin-3-glucoside LagNUINYTINUAITNG 2 FilA LU

v
0o w A

1 Y 1 @ Y a 4 4
pgNlTed Yo lusZHINMINANEHE (Table 8) UBNIINUNANTUATIZHNLAITOU

Y 1 . . . d! a Y d' a =
1@11A cyanidin-glucoside-pentoside Fanu lut/suatios Tnsnsilasunasvesdsunaansii
U 1 = U a o a a ﬂ' A L4
anvazwuReInutouIn lyeniiuvan vouln lyeniiusiaous luildoniiinanylu

a ° 1 @ = a Jd (a a
Ysuadwazanasluseninemswannd (Table 8) wamsinsizvisuaumeu Inlooiinlu

=) :JI a a 1 A A A d? 1 A v o W 1
nlaengulunuenIn lyetiurianie uaziidsunamugeiveddivedinnglusenin

] Y Y
msnlasudnaru@ernunldentuuen ualdSuaiosnimlasniuuen (Table 9).
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Figure 6 Total anthocyanin content and hue value of mangosteen fruit harvested at

stage 1 compared to stage 0. Data are means + SE of three replications.
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Figure 7 Total anthocyanin content of mangosteen at stage 6 developed from 6

different maturity stages. Data are means + SE of three replications.
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Anthocyanin profiles in outer pericarp of mangosteen fruit during colour

development after harvest and compared to stage 0. Peak identity was as

follow: 1) cyanidin-sophoroside, 2) cyanidin-glucoside-pentoside, 3)

cyanidin-glucoside and cyanidin-glucoside-X (overlapping peak), 4)

cyanidin-X, and 5) cyanidin-X. X denotes a residue of m/z 190 which is

unified atomic mass units.



Table 8 Anthocyanin contents (mg kg™) in outer pericarp of mangosteen during colour development after harvest (stage 1 to 6).

Fruit Unknown' Unknown' Unknown' Cy-glu+ Unknown' Unknown'

stage . 5 ; Cy-sop'  Cy-glu-pent! Cy-glu-X! A s Cy!  Cy-(190), Cy-(190)2  Total®
0 Oc Oc Oc Oe 0d Oe 0b 2b 2la 18a 94a 135¢
1 Oc Oc Oc 52de 0d 1le Ob 0b 11ab 11b 83a 167e
2 Oc Oc Oc 143de 0d 36de 0b Ob 3b 10b 87a 278de
3 Oc Oc Oc 359d 9d 81d Ob Ob Ob 2c 58b 509d
4 Oc 6¢ 3c 823c 27¢c 191c Ob Ob Ob 6bc 56b 1111c
5 10b 20b 14b 1403b 62b 290b 0b 0b 0b Oc 26¢ 1824b
6 15a 44a 30a 3126a 125a 842a 9a 16a Ob Oc 27¢ 4235a

F-test KKk KKk KKk KKk koK sk sk sk * kkk kkk KKk

Total values represent the sum of the individual compounds. Cy-sop: cyanidin-3-sophoroside, Cy-glu-pent: cyanidin-glucoside-
pentoside, Cy-glu: cyanidin-3-glucoside, Cy-gluc-X: cyaniding-glucosideX Cy-X: cyanidin-X (X denotes a residue of m/z 190 which
has not been identified. The 'values were x+1 transformed data and untransformed values were presented. - 2Means within any column
followed by the same letter are not significantly different (P > 0.05) using DMRT. ns = non-significantly different, * = significantly
different at P< 0.05, *** = significantly different at P< 0.001

0S



Table 9 Anthocyanin contents (mg kg™) in inner pericarp of mangosteen during colour development after harvest (stage 1 to 6).

Fruit Unknown' Unknown' Unknown' | . Cy-glu+ Unknown' Unknown' . 5 5 5
Cy-sop~ Cy-glu-pent | Cy Cy-(190)," Cy-(190) Total

stage 1 2 3 Cy-glu-X 4 5
0 0 0 0 0.0e 0b 0.0b 0 0.0b 7.0b 9.7 50.8 67.5¢
1 0 0 0 24.2de 0b 5.7b 0 9.8a 6.0b 11.5 52.0 109.2de
2 0 0 0 41.7cde 0b 11.3b 0 3.3b 15.0a 10.3 49.6 131.3cde
3 0 0 0 68.2cd 0b 13.8b 0 1.0b 15.8a 10.0 52.5 161.3cd
4 0 6 0 89.2¢ 0b 17.8b 0 0.0b 7.2b 10.7 56.7 181.5¢
5 0 1.2 0 223.3b 1.8b 66.0a 0 0.0b 0.0c 5.5 442 350.7b
6 0 1.2 0 345.2a 7.0a 72.2a 0 0.0b 1.2bc 6.2 41.2 474.0a

F-test _ ns _ sk s Heokek _ * $kok ns ns Hokk

Total values represent the sum of the individual compounds. Cy-sop: cyanidin-3-sophoroside, Cy-glu-pent: cyanidin-glucoside-
pentoside, Cy-glu: cyanidin-3-glucoside, Cy-glu-X: cyanidin-glucoside-X, Cy-X: cyanidin-X (X denotes a residue of m/z 190 which
has not been identified. The 'values were x+1 transformed data and untransformed values were presented. " “Means within any column
followed by the same letter are not significantly different (P > 0.05) using DMRT. ns = non-significantly different, * = significantly
different at P< 0.05, *** = significantly different at P< 0.001

IS
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0.1 mm

Figure 9 Light microscopy of outer pericarp (skin) of mangosteen fruit. The bar in
the outer pericarp section shows 0.1 mm. Numbers refer the maturity stage

of the fruit.
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H 1 4
MeovdsmsnneInaiinasveri 1 tazsuraienadseiau Miudimsiaue
an adm [ dy Y as
Nau (1 methycyclopropene; 1-MCP) 150199 44U 1) TUAWDINA (YANIVAN), 2) TUDNAU
AU 200 UL L' w24 32 Tug (ethylene treatment) 3) 34 1 methycyclopropene A4
g 1 Pg L' uu 12 52709 (1-MCP treatment) 182 4) 5u0NAUAIMTNGU200 U L'
WU 24 2 T34 HazTUADITI0IA8 1-MCP W11 12 $2 T34 (E+M) MeHaansTuaIsaige
' % { any 1 ' I '

WU WallgANIMeNANLAZ YA IUANNNMINANNTHA TUIZHINMITUAITFTINIINTIN 1-

T ] < A % =
MCP (Figure 10) TagW17191 hue aAa90819590157 Tuvazinssuraianadle 1-MCP ims
[ = <] ' a v o %
Wanndfisuaniiosszniemssy mIsueRauLazeIMa (ganiuan) snihldwagnge

A A o = @ o w .
sl uaned (szezh 6) meluszeznal 7 uaz 9 TuaNaAY (Figure 15a) MIsNA3
9

1-MCP aztonaus 1w 1-MCP e unsndudans W anaiaga (hue value and colour
index) 96190 Tod 1Ay N19EDA (Figure 14 and 15, Appendix Table 5 and 6) NI TUHANIAAAIY

a

o a Y A IS o ~ o .
@15 1-MCP eN30%za0mMnannd daienusnuiigargi 25°C (Figure 11)
' ' < Y 1 <
Tuseniemssuasa1es ANuudvealaenkaiinaanaiodesIaiI MIisuie
A v o <3 % < 1 &Y
nautaze e (garuny) Fnihltanundsesldenwaiigeanauiiniimssunaine
Aea13 1-MCP Haglonaus iy 1-MCP M3sua1s 1-MCP a1150%2a0n 300U VDY

S W

nlaenwaliinaed1elivediAyneana (Figure 12, Appendix Table 7)

MINAIMITUETAN) MIHAADNAUVDIHANIAATNHIUNITURNAULALDINIA (4R
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a 4%1 1 1 A A o A Y 3 A [ 09/’ a
ﬂ’J“lJﬂiJ) LW?J’@:QGUHE]EJ'I\W]E]LHE]\‘ILLEI%EI\W]QQ‘IH'JHVI 5 ANNTINULINYND wmmﬂuuﬂimmm
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9819 lsnaumsnaaenauveIHaInan lASuas 1-MCP tagenaus iy 1-MCP Wy
Q' d? = 9 1 Aan . a
MINNVUDIYAGIZAFINIINITURNAULALDINA (YAAIVAN) (Figure 13a) UTuamonIn
a 3 o A -4 [l 1 4 % ] o 1 Aa o a
lyeniiuniuavestldoninamuiiuedsaoiiliowazlinnuduiusodelndsatumsnan
an . a a 2/' A % d‘ 1 9 an
AU (Figure 13a) USunaweu Inlootiunuaveuldonnaisgaidiumssuaioenau
[ Y 1
IMNAUFINIIMITNEITOU (Figure 13b, Appendix Table 8) MITUNANIAAAIOET 1-MCP
[ Y v
sraomMsnugaiuveslsunameuIn laeiiunwiua lauazaeandosnumsnaaenaunas

MINAUITR (Figure 13, Appendix Table 8)
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Day 7

Control Ethylene

1-MCP Ethylene + I-MCP

Figure 10 Mangosteen fruit at day 7 treated with ethylene and the ethylene inhibitor
1-MCP following 4 treatments; 1) air (control), 2) 200 uL L™ ethylene for
24 h (ethylene treatment), 3) 1 pg L 1-MCP for 12 h (1-MCP treatment)
and 4) 200 pl L' ethylene for 24 h +1 pg L' 1-MCP for 12 h (E+M).
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Days after harvest

Figure 11 Change in fruit colour (hue value) and colour index (score) of fruit treated

with ethylene and the ethylene inhibitor 1-MCP following 4 treatments; 1)
air (control), 2) 200 uL L' ethylene for 24 h (ethylene treatment), 3) 1 pg
L' 1-MCP for 12 h (1-MCP treatment) and 4) 200 pl L' ethylene for 24 h
+1 pg L' 1-MCP for 12 h (E+M). Data are means + SE of three

replications.
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Figure 12 Change in pericarp firmness treated with ethylene and the ethylene
inhibitor 1-MCP following 4 treatments; 1) air (control), 2) 200 uL L'
ethylene for 24 h (ethylene treatment), 3) 1 pg L™ 1-MCP for 12 h (1-
MCP treatment) and 4) 200 pl L™ ethylene for 24 h +1 pg L™ 1-MCP for
12 h (E+M). Data are means + SE of three replications.
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Figure 13 Change in ethylene production of fruit and total anthocyanin content of
mangosteen pericarp (TAC) treated with ethylene and the ethylene
inhibitor 1-MCP following 4 treatments; 1) air (control), 2) 200 uL L™
ethylene for 24 h (ethylene treatment), 3) 1 pg L™ 1-MCP for 12 h (1-
MCP treatment) and 4) 200 ul L™ ethylene for 24 h +1 pg L™ 1-MCP for
12 h (E+M). Data are means + SE of five replications for ethylene

production and three replications for total anthocyanin content.
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25°C (Control) 15°C (7d) + 25°C

Figure 14 Mangosteen fruit at day 7 stored at 25°C (control) and 15°C for 7 days
then transferred to 25°C.
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Figure 15 Change in fruit colour (hue value) and colour index (score) of fruit stored
at 25°C (control) and 15°C for 7 days then transferred to 25°C (arrows).

Data are means + SE of three replications.
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Figure 16 Change in pericarp firmness of fruit stored at 25°C (control) and 15°C for
7 days then transferred to 25°C (arrow). Data are means + SE of three

replications.



62

15
- 13‘ || —©— 25°C (control)
=7 | 1caasc
"op
kv 11 -
o0 10 {2
£ 9 -
e
= 6 -
: L
= 4 -
<t 3 -
=N 2 -
Q 1 -
0 ] || ] ] ] ] | ] | ] | ] I |
b
4000 -

3000 -

TAC (mg kg™ 1)
[y
[—
[—]
[—)

0O 1 2 3 4 5 6 7 8 9 10 11 12 13

Days after harvest

Figure 17 Change in ethylene production of fruit and total anthocyanin content of
mangosteen pericarp (TAC) stored at 25°C (control) and 15°C for 7 days
then transferred to 25°C (arrows). Data are means + SE of three

replications
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4. ﬂ"lﬁ"I]1!!uﬂfj1-!611-\!ﬂ‘SS‘U'J‘L!fn‘iﬁ\‘i!ﬂi1$‘ﬁ!!ﬂuiﬂul“ﬂﬂ1uu‘§$‘ﬂ31ﬂﬂ1§WWN1ﬁW@T®QN@NQﬂﬂ

[} 4 a 1 [}
4.1 m3laaudulunszurumsdunizriveu Inlseiussninemsiaunanavo

HalaAA

= [ 4 a 9
ams Inaudulunszurumsdunszvnen In loeniiuIae 1y degenerate
. :JI Y A Y a o ~ a Y
primer 914 2 1duviso 19nAila 3° RACE taziiims Inauauusnulate 5> uag 3° Tagly
a = [ 4 a 3
MATiA RACE-PCR 130 Inaudulunszurumsduasizsiveu In'leeriu lanauatag

lavanziboulugiudoya GenBank meldviunemy F1197127 03 FI197134
1) Phenylalanine ammonia lyase (PAL)

NMS Inaueu phenylalanine ammonia lyase (PAL) WU Buluum 2,449 @:
v 3 a [ aa . 9 ~ 9
wenazawnsoudasimiunsaezi Tuny 718 155A7 (Figure 18) Yoyavoddu PAL 1A
= 9 9}4‘ v =) = o w
vanzioulugiudoya GenBank Malade GmPAL s¥ie FI1197127 manfssumsudidu
ninozd Tuweallsau PAL voulwnaniudoyalu GenBank i1 §10Unsaozil TUeIGmPAL
NAMUOUNY PAL2 Y09 1903 (Prunus avium) SO (Rubus idaeus) 03U (Vitis vinifera)

4 LY
UATON (Daucus carota) WNT (Pyrus communis) Qe Arabidopsis thaliana 1101 82-84%

v
=

o w Y a do w a o 1 [ 4 1
MUANLY uﬂﬂﬂTﬂﬁﬂﬁﬁlLﬂi"ﬁﬁfl"lﬂﬂﬂiﬂi’)%lliusll@ﬁ GmPAL W‘]JG]"ILL‘VIH\T@H?T\HGU’EN?JH ‘ﬁlli’)gl
1181 PAL v09d Qﬁ"laﬁmhﬂﬂ'] 1% active site consensus sequence: G-[STG]-[LIVM]-[STG]-

[AC]-S-G-[DH]-L-x-P-L-[SA]-x(2)-[SAV] (Figure 19 u?nm%mﬁ’uiéﬁ (Mabhesh et al., 2006)
2) Chalcone synthase (CHS)

9INM3 IAAUBY chalcone synthase (CHS) WU BuTYMIA 1,373 Qruatiag
v g a [ % an . Y G 4
awnsoudasiaiunsaozii Tuwiidy 394 15F@7 (Figure 20) Joyaveddu CHS Idoa
= 9y yA Y = o w a
neieuluguueya GenBank 7elade GmCHS sYid F1197128 minfssumeudduniaesil
TuveaTisau CHS vouisnanudoyalu GenBank w1 d1aunsavgil TWves GmCHS Jinnw
iilloun ey (Vids vinifera) Wiiile (Petunia hybrida) anseiues (Fragaria ananassa)

9
a . [ o w a do w a
wazuelia (Malus domestica) 1m0V 87-89% A9 UONINHUMIAATIEHE A UNTABEI
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9 v v
Tues GmCHS wudumiseysnHveseunanuaniiogludu CHS voadalizina 199 15y
active site consensus sequence GY[FY][GA]JGGTX(2)R (Figure 21 USUIAF Llelg]}) (Liew et

al., 1998)
3) Chalcone isomerase (CHI)

91NM3 IAAUEY chalcone isomerase (CHI) W31 BUTVUIA 826 fruiaiiag
v g a Y an . 9 ~ Y

awnsoulasdeniunsaozl Tusiny 209 15F@7 (Figure 22) Yoyaveosdu CHI 1dan

~ Y] P o = = o w A
nziouluguieya GenBank 7Malade GmCHI s¥a FJ197129 manfSsunsudnunsaosil
Tuveellsin CHI voudananudoyalu GenBank Wi §1dunsaozil Tuves GmCHI i

v A - - 4
mﬁauﬂuwmﬁﬂ (Petunia hybrida) uns (Pyrus communis) Arabidopsis thaliana 8% bkack
Y
(Y o w a do @

cotton wood (Populus trichocarpa) WU 31-82% MNAIAY UONNNHMIAATIZHAIALNTADY
a o ] v 3 { 1 A an 1 1
4 TUY0I GmCHI WA MUY I NHYRIBUNNANNod 1 UEY CHI YvoIdalFIna19 15
active site consensus sequence GY[FY][GA]JGGTX(2)R (Figure 23 U?L’Jmm?awma) (Ralston

et al.,2005)
4) Flavonone 3-hydroxylase (F3H)

910M3 InaUBY flavonone 3-hydroxylase (F3H) W91 dUNYUIAL,318 )

v 3 a [ aa . 9 ~ FY
wenazawnsoudasimiunsaezi Tuminy 209 15%A7 (Figure 24) Yoyavedeu CHI Ia

= 9 9/:3' % = o w
vanzioulugiudoya GenBank Mela%e GmF3H sWa F1197131 manfSoumeudsu
ninozd Tuvealls@u F3H veulganudeyalu GenBank wud dvunsaesil Tuves GmF3H
= Ao . . . aa oy . . = . Y
UANUNUDUNY Arabidopsis thaliana N (Actinidia chinensis) S1HUDT (Rubus idaeus) T3
(Citrus sinensis) ® PR IGE] (Fragaria ananassa) W% aiu (Vitis vinifera) 91101 81-85%
9

AUAIRY UPNNNTMIAATIEHAWLNTABLH THYDY GmCHI WUf MUy SnE It

9 [ v
nanuanlogludu CHI veed@alizina 199 (Figure 25 U5mIadulA) (Britsch ef al., 1993)

5) Flavonone 3’-hydroxylase (F3’H)

91NM3 Inau8Y flavonone 3’-hydroxylase (F3°H) WU 8unvua1, 711 guue

YRR~ a (Y Aaa . 9 =~ 9
Llagﬁ'lll”lﬁﬂLLﬂﬁﬁﬁﬁLﬂUﬂﬁﬂﬂguiulﬂWﬂU 507 13957 (Figure 26) UVBYAVDIYU CHI llﬂfﬂﬂ
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nzifoulugudoya GenBank meld%e GmF3 H s1ia FI197132 manfSsuifieudiunsaes
i TuveaTUsAu F3H vouliganudoyaly GenBank Wi d1aunsaezl Tuues GmF3H I
MilpuUiL Arabidopsis thaliana éuﬁﬂﬂi (Antirrhinum majus) 1993 WTle (Pelargonium
hortorum) WYWW8 (Petunia hybrida) 1ag U (Vitis vinifera) 01 66-75% Aua1a1) weRING

a Jo

MIAATIEHAIAUNIAOZH TUUDY GmF3 H wudwriseysnyvesdundidn ludu F3°H vos

AAaa 1

FIUFINA194) 19U heme-binding domain A1 U proline-rich region (PPxP) LAZA MW UIN
MervpanumMInszdueongnuuazmsanislusaou'lid active cite (A/G)Gx(D/E)T(T/S)

(Figure 27 u?nm%ngfuel&') (Britsch et al., 1993)
6) Dihydroflavonol 4-reductase (DFR)

91NM3 IAaUBY dihydroflavonol 4-reductase (DFR) WL BULUIA 1,229 7)
v g a 1 o aa . Y ~ 4
wanagasoudasiadunsaozii Tuwny 334 155@7 (Figure 28) Y03av098U DFR 14
~ 9 Sld' @ ~ o w
vanzitionlugiuteya GenBank 7181A%0 GmDFR 5¥d F1197130 msufsouisudiau
nsapzil Tuveslisau DFR vouisganudeyaly GenBank wui d1aunsaozil Tuves GmDFR
ﬁmmmﬁauﬁ’uﬁmﬁﬂ (Petunia hybrida) Arabidopsis thaliana 99391083 (Fragaria
4 1 a) [
ananassa) W3 (Pyrus communis) 03U (Vitis vinifera) 10 woiila (Malus domestica) WA
o w Y a do w a o 1 4
69-76% MUAIAY UBNIINHUMINUATIEHAIAUNIABLU TUVDI GmDFR WURMHUID YT NHUD
a o A = A Aaa ' . . . £ g 1 £
ouanuaNlogluay DFR Yoaa30% 376139 19U NADP-binding region Sl uaiuniave
co-factor binding site Han¥mzlouiUGY DFR A518911 1137990 (Lacombe et al., 1997)

LAZANU substrate specificity domain (Figure 29 VSV ‘Llﬁlél)) (Johnson et al., 2001)

7) Leucoanthocyanidin dioxygenase (LDOX)

91NM3 InaUBU leucoanthocyanidin dioxygenase (LDOX) WU dUNVUIA
1 Y] I a (Y an
1,285 Auuauazamnsoudasimilunsaezd Tumiiy 354 15%a7 (Figure 30) Yoyauostu
LDOX Idaanzidienlugiudoya GenBank neld¥o GmLDOX 5%id FI197133 M3
=) = o a = % [ 9J 1 o w
nSeumerdaunsaesi Tuvedl1)sau LDOX vesiananudeyaly GenBank W1 d1AY
n3AEH TUVDI GmLDOX UANMMNOUNY Arabidopsis thaliana woUa (Malus domestica)
& (Citrus sinensis) O GERIRE] (Fragaria ananassa) o (Prunus persica) e ag'u (Vitis
Y

vinifera) AR 77-83% MUEIHU HoANNTMINATIEH W UNIALi Tuves GmLDOX Wi

o [ ] 4 A As 1 = A Aaa 1 ] o 1 2L A
m!,mmmgﬁﬂymaqaummagiuﬂu LDOX UDNadNFINA) 1BU ALY U 2-oxoglutarate BN
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= LI g 4 9.2 = o« e qe . . !
N3ABL N 11 arginine 1Ju0IATEnOUAIAY AZUNIAOU T histidine 1A% aspatic acid Y

M51U52a1UUD ferrous-iron (Figure 31 UTIUATOINNIY) (Saito ef al., 1999)

6) UDP-glucose:flavonoid 3-O-glucosyltransferase (UFGT)

N3 IAaueu UDP-glucose:flavonoid 3-O-glucosyltransferase (UFGT) WU
1 v g a 1T W aa
Bulvg 1,680 gruanazansoaulasiailunsaezi Tuminy 457 15%a7 (Figure 32)
v =t v = ) P o
VDY aVDIYU UFGT "lﬂﬁmmmﬂu“lugmmeyja GenBank ﬂ"lflclﬁslfﬂ GmUFGT e FJ197134
=) =3 o a = % (% 9 1 o o
ﬂ']ﬁ!f]Jﬁ‘(’JUWlfJ‘iJa']ﬂ‘]JﬂﬁﬂﬂgllTuﬂ]ﬂﬂiﬂi@]u UFGT m@@maﬂ@ﬂumayaﬁlu GenBank N171 21911
n3A0zl 1UY0Y GmUFGT NAMuiiloununiile (Petunia hybrida) woilila (Malus
domestica) & (Citrus sinensis) Arabidopsis thaliana AATOIUDS (Fragaria ananassa) U0 ag'u
4

(Vitis vinifera) W 48-59% MNEIAY HennniMI AT awunsaezii 1Mo GmUFGT

o ' o o A As ~ A ANaa ' ° 1 o w ~
W”]_I@nll‘l’iuﬂﬂ‘léﬁﬂy"llﬂﬂflu‘ﬂll?)giuf]u UFGT U03a3UINA N 1FU AUAUITIATY 2 9aN
1219 C-terminal Y04 UDP-glucose-dependent glucosyltransferases (Figure 33 vinulad usligll)

(Yamazaki et al., 2002)
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TCTACCACTCACCCTTTAAGCTTTCCTTTAAGCTTTTTTCTCCACACCTTCTCTCATCAG

AAGCCTCTTAGCTCACCAATAGTATTCTTTGTGAAGGAAATGGAAACAACAATCACACAG
M E T T 1 T Q

AACGGCCACCACATGAATGGCTTGTGCATGAACGGCTCGGCTCACGTGAATAGTGACCCA
NGHHMNGLT CMNGSAHVNSDP

TTGAACTGGGGATACTTAGCTGAGTCGTTGAAGGGGAGCCATTTGGAGGAAGTGAAGAGG
L NWGY L AESLIKSGSHILETEV KR

ATGGTGGAGGAGTACAGGAAGCCTCTAGTGAAGTTGGGTGGGGAGACTTTGACCATAGCT
MV EEYRIK®PLVKLGSGETTULTI1A

CAAGTGGCAGCTGTGGCTGGCGGCTTCGAAGCTGGGGTCAAAGTGGAGCTGGCTGAGTCG
Q VAAV AGGFEAGVY KV ELATE S

GCTAGAGCCGGCGTTAAGGCTAGTAGCGATTGGGTCATGGATAGTATGAACAATGGAACC
AARAGVYVY KASSDWVMDSMNNGT

GATAGTTACGGGGTTACTACTGGTTTTGGTGCTACTTCTCATAGGAGAACCAAACAGGGC
bsSYy G6GvTTG GFGATSHRRTK QG

GCTGCCCTTCAAAAAGAGCTCATCAGATTCTTGAACGCTGGTATTTTCGGCAACGGGACA
AAA L Q K EL1TRZFULNAGI FGNGT

GAGACAAGCCACACGCTGCCTCATTCTGCAACCAGAGCAGCCATGCTAGTGAGGATAAAC
E T SHTLPHSATRAAMLVR 1N

ACACTACTCCAAGGCTACTCCGGCATTAGATTTGAGATCTTGGAAGCCCTCACCAAGTTT
T LLQGY S G I RFE 1 L EALTKF

CTCAACTACAACATTACTCCTTGCCTGCCTCTTCGCGGCACCATTACAGCTTCCGGTGAT
L NYNITT®PCLZPLRGTITASGTD

TTAGTCCCTCTTTCCTACATTGCTGGTTTATTGACAGGCAGGTCTAATGCTAAAGCTGTT
L vpPLSY 1T AGLULTSGRSNAIKAYV

GGTCCCAATGGCCAAACCTTGAATGCCGAGGAAGCGTTTTCGCTGGCTGGAGTTGGATAT
G P NGQTLNAETEAFSLAGVGY

CAATTTTTTGAGTTGCAGCCTAAGGAAGGGCTTGCTCTTGTGAATGGAACCGCGGTGGGG
Q F F ELQPIKEGLALVNGTAVG

TCTGGCTTGGCTTCTATGGTCCTTTTCGAGGCCAACATTCTTGGTGTTTTAGCAGAACTC
Ss GLASMVLFEANIULGVLATEI'L

TTGTCTGCAATTTTTGCAGAAGTTATGAATGGTAAAGCAGAGTTCACTGACCACTTGACT
L SAI1I FAEVMNGI KAEFTTDWHILT

CACAAATTGAAGCACCATCCAGGCCAGATTGAGGCTGCAGCTATAATGGAGCACATTCTT
H K L KHHPGQ I EAAAI1 MEMHTIL

GATGGAAGCTCTTATATGAAAGAAGCCAAGAGATTGCATGAGATGGATCCCTTGCAGAAG
b GSSYMKEAIKRLMHEMDUPTIL QK

CCTAAACAAGATCGATACGCTCTCAGGACTTCACCTCAATGGCTCGGCCCACCTATTGAA
P K QDRYALRTS®PQWLG®PP 1 E

GTCATCCGTTTCGCTACAAAAATGATTGAAAGGGAGATTAACTCTGTGAATGACAATCCT
vV 1 R F ATKWMI ERETI NSVNUDNP
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Figure 18 Nucleotide sequence of the gene encoding PAL from mangosteen with its

deduced amino acid sequence. The underlined letters indicate the

translation start site (ATG)
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TTGATTGATGTTTCCAGGAATAAGGCATTACACGGTGGCAACTTCCAGGGAACCCCAATT
L 1 DV SRNIKALUHGSGNZFQGT P I

GGAATGTCAATGGACAATGCAAGATTGGCTATTGCTGCTATTGGAAAACTCATGTTTGCT
G M SMDNARLAIAAI G K L M F A

CAATTCAGTGAGCTTGTTAATGACTACTACAATAATGGGTTGCCATCAAATCTCACAGCC
Q F S ELVNDYYNNSGLUPSNLTA

AGCAGGAATCCCAGTCTAGACTATGGCTTCAAGGGAGCTGAAATTGCAATGGCTTCTTAT
S R NPSLDYGFIKG GAETI AMASY

TGTTCCGAGCTGCAGTACCTTGCAAGCCCCGTCACTACCCACGTGCAAAGCGCAGAGCAG
C SELQYLASPVTTHVYVOQSATENQ

CATAACCAAGATGTGAACTCTTTGGGACTCATCTCTTCAAGAAAGACCCAAGAAGCTATA
H NQ D VNS LGLT S S RKTOQE A'I

GACATTCTGAAGCTCATGTCCTCAACTTTCTTGGTGGCAATCTGCCAGGCTGTTGACTTG
Dl LK LMSSTZFLVAILICOQAVDIL

AGGCATTTGGAGGAGAACCTGAAGAGCACTGTCAAGAACACAGTGAGTCAAGTTGCCAAG
R HLEENWLIKSTVKNTVSQV ALK

AGGGTCTTAACCACAGGAGCCAATGGAGAGCTTCATCCATCCAGGTTTTGCGAAAAGGAC
R v L T TGANGETLMH®PSIRFUCE KD

TTGCTCAAAGTGGTTGATCGCGAGTATGTTTTCGCCTACGCTGATGATCCTTGCAGCGCA
L LKVVDREYVFAYADUDU®PTCSA

ACGTATCCACTGATGCAAAAGCTGAGGCAAGTTCTGGTGGATCACGCGCTGGCTAATGGT
T YyPLMOQKLRQVLV DHALANSG

GAAGGTGAGAGGAATCCAAACACATCAGTCTTCCAAAAGATTGCAGCATTTGAGGAGGAA
E G ERNWPNTSVFQ K 1 A AFEEE

TTGAAGGACCTTTTGCCAAAGGAAATTGAGGGTGTGAGACTTGCTTATGAGAGTGGAAAC
L K DLLUPIKETI EGVIRILAYESGN

ACAGCAATTCCTAACAGGATTAAGGAGTGCAGATCTTACCCTCTTTATAAGTTTGTTAGG
T A 1 P NR1 KECRSYPLYKF VR

GAGGTAGCAGGCACTTCGTTGCTTACAGGGGAAAAGGTCACTTCTCCAGGGGAGGAGCTT
EVAGTSLLTGEIKV TSP GEEL

GACAAGGTTTTTACTGCAATTTGCCAAGGCAAAATCATTGATCCCATCCTGGATTGCCTT
DKV FTAI COQGIK 1 1 DP1 L DCL

GAGGAATGGGATGGAACCCCACTTCCTATCTGTTAGAGAATCAACAACCCTTTTTCTTTC
E EWDGTWPULUP 1 C

CTTCTTTTTTTTTTTCTGTTTTGTTCAGTGCTTCAATTAGTATGGTTTCTTTTGTGTTAT
ACCCAACGAAATGTACGGACGTCCCTTGTTTCTTTTATTATTTGTCAACTTGTTCAATGA

AGGAAATAATAACTTCCAAATCAACAATTAAAAAAAAAAAAAAAAAAAA 2449
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Figure 19 Protein sequence alignment of mangosteen PAL with other PAL proteins.

The active site consensus sequence is underlined. Identical residues are

shown in black, conserved residues in dark grey and similar residues in

light grey. The accession numbers of these proteins in the GenBank

database are as follows; Arabidopsis, AAP59438; carrot,
BAG31930; grape, ABM67591; pear, ABB70117; sweet cherry,
AAF40224; mangosteen, ACM62741.
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GACT CTTAAGT GTAGACAT CAAAARAGAAACAAT CGAAATZCCACCAACGET TEAGGAGS
M A P T W E E

TTAGGAAT GCACAGAGAGCACAAGGZCCAGCCACGETGCTAGCCAT TGGCACT GCTACTC
v R N A QO R A QO & P A T ¥ L A I & T A T

CATCGAACTGETGTGCT CCASGLT GAGTATCCTGACTACTAT TTCCGTATCACT AAT AGCE
P 58 N C V L Q@ A E Y P DD ¥ Y F E I T N B8

AACACAAGACCGAGCT CAAGGAGARATT CAGGCGCATGTGC GAAAAAT CAATGATCAAGA
E H ET E L E E K F R E M CE E 88 M I K

AGCETTACAT GCACCTAACCGAGCAAAT CCT CAACGCAAAAT CCARAACATCT CT CACTATT
K R Y M H L T E E I L KE E N P E M C D ¥

GET CACCATCCCT AGACGOC C U CAAGACAT AGT GETAGT GEAAAT TCCAAAGT T CGEEA
w & P 8 L D A E Q D I ¥V ¥ ¥V E I P E L &

AAGARGCCGECAGT CAAAGCCATCAAAGAGT GGEET CAACCCAAGT CCAAGATCACCCACC
K E A A v K A I K E W <& 0 P K & K I T H

TCGETTTTTTGCACCACTT CAGECGET T GACAT GCCCEEAGCT GACTACCAGCTCACT AAGT
L v F C T T 8 ¢ ¥V D M P & A D Y Q L T K

TTCTCGEGTCT CCGCCCCCACGTCAAACGTTT GATGATTAT CAACAGEGT TECTTT GCGE
L L & L R P H VvV KE R L M M ¥ Q Q & C F A

GTGECACCCTTCT CCGCCTAGCAAAACACT T CECECAGAACAACAAACCT GCTCETCT GO
Z & T ¥ L R L A K D L A E N N K G A E WV

TTGTGATTTGCTCCGARATTACT GCTGT TACCT TCCGT GEGCCTTCTGAT ACCCACTT GG
L v I ¢ 8 E I T A ¥ T F R & P & D T H L

ACTCTCTAGT GGECCAGECCCTTTT CGETEAT GEEECCGCT GCTATTATT GTT GGETCCE
D &8 L Vv ¢ o A L F & D & A A A I I VvV G &

ACCCTGAT CCAGCTAT TEAGCGCCCATTAT T CCARATT GTATCTGCHCCCARACCATCC
o p DD P A I E R P L F Q I ¥V 5 A A Q0 T I

TTCCT GACTCGEATGEEECCATT GAT GEACACT TGCGET GAAGT GEECCTCACTTTCCATT
L p D &8 D & A I D & H L R E ¥ & L T F H

TCETTAAACCACCT TCCTGEECTTAT CTCCAAGAAT ATT CAGAAAACCCTT GTT GAGCCTT
L , £E D ¥V P & L I & K N I E K &8 L WV E A

TTACACCTATT GGTAT TAGT GAT TGZAACT CTCTT TTCTGGEAT TGCTCACCCT GGT GEGC
F T P I & I 8 D W N 8% L F W I A H P & G

CTGCTATCTT GEACCARAGTT GAGGET TAAGT T GEGECCTT AAAGAAGAGAAGT TGAGAGCT A
P A I L D ¢ ¥ E ¥ K L & L K E E K L R A

CTAGGCATGT GTTAAGTGAST IT GEGEAATAT GT CCAGT GCATGTGT GCTGTITATTTT GG
T R H ¥V L 3 E F & N M & 5 A C Vv L F I L

ATGAGATGAGGARAAAGECCT TEEAAGAAGGAAAGCCCACT ACTGEAGAAGGCCTT GACT
O EM R EK K A L E E G K P T T & E G L D

GEGEAGTCCTCTTTGGAT TT GGGCCT GETCTAACCGTT GAGACTGT TGTT T TGCACAGT 5
W ¢ ¥ L F ¢ F & P & L T ¥ E T ¥ ¥ L H &

TCCCAACGEARACGAGAGCAT AGGCCCAACT AAAT AAATT CTAATAGT GET CGTAT GT G
v P T E T E A

AAATTGEAAT GTGGEEATAAAACCTCGTATCGAT TT CACAGT TACT TTGCT GCAT TGAAAT

TTGTAATAAAACGTGATTTCT TATAT GGTATTCCTTTTCTT CTTTAAAAARRR 1373
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Figure 20 Nucleotide sequence of the gene encoding CHS from mangosteen with its

deduced amino acid sequence. The underlined letters indicate the

translation start site (ATG).
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Figure 21 Protein sequence alignment of mangosteen CHS with other CHS proteins.

The active site consensus sequence is underlined. Identical residues are
shown in black, conserved residues in dark grey and similar residues in
light grey. The accession numbers of these proteins in the GenBank
database are as follows; Arabidopsis, NP_196897; apple, BAB92996;
grape, BAB84112; petunia (chsA), CAA32731; petunia (chsD),
CAA32733; petunia, (chs)), CAA32737; strawberry, AAX99413;

mangosteen, ACM62742.
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ATATTTTATCCTTTGGTTATCTCCAGCAACGTGCAGGGAAACATGGCTACTGAAGTGGTG
M A T E V V

ATGGTGGATGAAGTGTCATTCCCACCCCAGATTACTACCACCAAGCCTTTATCTCTCCTT
M Vv DEV S FPPOQI1T TTTIKWPULS L L

GGCCATGGAATGACGGACATCGAGATACACTTTCTCCAGATTAAGCTCACAGCAATAGGA
G HGMTODI1E I HFULOQII KILTATIG

GTGTACTTGGAGCCCGAAGTGCTGAGCCATTTGCAGAAATGGAAGGGCAAACCCGGAAAT
VY L EPEV L SHULIGQIKWIKGIK P G N

GAACTTGCTGAGAATGACGAATTCTTTGATGCTCTCATTGCAGCTCCTGTTGAGAAGTTC
E L AENUDEFZFDALI AAPVE K F

CTGAGGGTTGTGATTATAAAGGAGATAAAAGGTTCACAATATGGGGTGCAGCTAGAGAGC
L RV V11 KETIKGS QY GV QL E S

TCCGTGAGGGATAGACTCGCAGAAGAGGATAAGTACGAGGAAGAGGAGGAAGAGGCGTTG
S VR DRULAEEDI KYETETETETETEAIL

GAGAAAATTGTCGAGTTCTTCCAATCCAAGTACTTAAAGAAACACTCTGTCATCACCTTC
E K 1 VEFF QS K Y L KKWHSV 1 TF

CATTTCCCAGTAACTTCACCCACTGCCGAGATTGTGGTTTCCACAGAAGGGAAAGAGGAT
H FPVTS®PTAETI VVSTEGIKED

AGCAAGATTTTGGTGGAGAATGCAAATGTGGTGGAGATGATCAAGAGGTGGTATTTAGGT
S K 1 L VENANVYVVEWMI KR RWYLG

GGAACCAGGGGGGTGTCCCCTTCAACCATTTCTTGCCTGGCTAATGCACTCTCTGCTGAG
G TRGVSPSTI SCLANALS AE

TTGGCCAAATGAACGCTATCAGGGTGTTCTTGGGTTGTTTGCTGCTGATTTATGTACGAT
L A K

GATGGCAGTTTGATTTTAGTCATTATTAGAGACTTGGTTTTGTTGCTTGGGTTCTCTCTT

GCTACTATGGATATGAATTACTCTTGAGTGTTTTTAAAAAAAAAAA 826
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Figure 22 Nucleotide sequence of the gene encoding CHI from mangosteen with its

deduced amino acid sequence. The underlined letters indicate the

translation start site (ATG).



Arabidopsis
Grape

Fear

Petunia Chil
Petunia ChiE
Fopulus
Mangosteen

Arabidopsis
Grape

Pear

Petunia Chil
Petunia ChiB
Fopulus
Mangosteen

Arabidopsis
Grape

Pear

Petunia Chil
Petunia ChiB
Fopulus
Mangosteen

Arabidopsis
Grape

Pear

Petunia Chil
Petunia ChiB
Fopulus
Mangosteen

(1
(1)
(1)
(1)
(1)
(1)
(1)

[ 64)
{71y
Y
(71
Y
(64}
LEY

(124}
(141}
(141}
(141}
(141}
(134}
(133}

(204}
(211}
(211}
(211}
(211}
(204}
(203}

75

IQFQVE
IWAFEF
WSP P
WSE S

Figure 23 Protein sequence alignment of mangosteen CHI with other CHI proteins.

The active site consensus sequences are indicated by arrows. Identical

residues are shown in black, conserved residues in dark grey and similar

residues in light grey. The accession numbers of these proteins in the
GenBank database are as follows; Arabidopsis, NP_568154; grape,
CAAS53577; pear, ABQO8639; petunia (chiA), AAF60296; petunia
(chiB), CAA32730; Populus, XP_002325926; mangosteen, ACM62743.
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CCATAAGAGAGATAACCAAACTATATGGCTCCTACCCCAACAACACTTACCGCTCTTGAA
M A P TP TTL TAL E

GGAGAGACAATCCTTCGAGCCAGCTTTGTAAGGGATGAAGATGAACGTCCCAAAGTGGCA
G ETI1LRASZFVRDEUDTEIRPK VA

TATAACCAATTTAGCAATGACGTTCCTGTGATTTCACTTGAAGGGATTGATGAAGGTGGC
Y NQF S NDVPV 1 SLETGTIDTEGG

CAAAAAAGGGCTGAGATTTGTAAGAAAATTGTTGAGGCTTGTGAGGAATGGGGGATTTTC
Q K R A EI CK K I VEACETEWGIF

CAAGTGGTTGACCATGGTGTTGATACTAAGCTTGTTTCTGAAATGACACGTTTGGCTAGG
Q VvV VvV DHGV DT KLV SEMTRIL AR

GCATTCTTTGCCTTGCCACCAGAGGAAAAGCTCCGATTCGATATGTCCGGTGGTAAAAAG
AAF FALPUPEEI KLIRFDMMSG G K K

GGTGGTTTCATTGTCTCCAGTCATTTGCAGGGAGAGGCAGTGCAAGATTGGCGTGAGATA
G GF I VS SHLOQGEAVQDWREI

GTGACATATTTCTCATACCCAACGAGGACCCGTGACTACTCAAGGTGGCCCGATAAACCC
v T YF SYPTRTIRDYSRWWPDKP

GATGGCTGGGTGGACGTCACCAAGGACTATGGTGACCAGCTCATGGGCCTGGCCTGCAAA
b G wWVDVT KU DYGDQLMGL ATCK

CTCCTGGAGGTCCTATCTGAGGCCATGGGATTGGAAAAGGAGGCCTTGACTAAGGCCTGT
L LEVLSEAMSGLTEI KEALTIKATC

GTGGACATGGACCAGAAGATTGTGGTCAATTATTATCCCAAGTGTCCACAACCAGACCTC
v bM D QK I VVNYY P KU CZPIOQUPDL

ACTCTTGGGCTGAAGAGGCACACTGACCCAGGCACTATTACTCTATTGCTTCAGGACCAA
T L GL KRHTDWPGT1 TULULULQDRQ

GTTGGTGGGCTTCAGGCCACTAGAGATAATGGAGAGACTTGGATTACTGTTCAGCCCATT
vV 6 G LQATIRIDNGETWI TV QP I

GAAGGTGCTTTTGTTGTCAATCTTGGTGATCATGGCCATTTCCTTAGCAATGGAAGGTTT
E GAFVVNLGDHG GHT FLSNGRF

AGAAATGCTGACCATCAAGCAGTGGTCAACTCAAATTGTAGCCGATTGTCCATAGCAACA
R NADHQAV VNSNZ CSRLSI1T AT

TTCCAGAACCCAGCCCCAGATGCAATTGTTTATCCACTAAAGATAAGGGAAGGAGAGAAA
FQNPAPDAIVYPLIKTI1TREGTE K

TCAATTCTTGAGGAGCCAATCACATTCTCTGAGATGTACAGGAGGAAAATGGCCAAGGAC
s 1 L EEP1 TFSEMYRIRIKMMAKD

TTGGAATTAGCCAGGCTTAAGAAGCTTGCTAAGGAGCAGCAATTGACGGACGTTGAGAAA
L EL ARLIKJ KILAKIE®QQULTUDVE K

GCTAAGTTGGAGGCCAAGCCCATCGAAAAGATCCTTGCTTAAATGCTATAAAACTACAAC
A K L E A K P 1 E K I L A

ATTTTATAGTGTATCTACTTGGATCCTATATTTGCACGCTTCACTGTAATTTTTCATGTT

ATTGTAATGCTTTTCGGTAAGGAAATGCGTTTCCGTGTGCTTGTGCTGGGAAAAATGAGA
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Figure 24 Nucleotide sequence of the gene encoding F3H from mangosteen with its

deduced amino acid sequence. The underlined letters indicate the

translation start site (ATG).
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Figure 25 Protein sequence alignment of mangosteen F3H with other F3H proteins.
Five motifs conserved in flavanone 3-hydroxylases are underlined.
Identical residues are shown in black, conserved residues in dark grey
and similar residues in light grey. The accession numbers of these
proteins in the GenBank database are as follows; Arabidopsis,
AAC49176; apple, BAB92997; black raspberry, ABY84868; citrus,

BAA36553; grape, ABM67589; kiwifruit, ACL54955; petunia,
AAC49929; strawberry, AAU04792; mangosteen, ACM62745.
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ATCCTGTGCTTCTCCTTCAAAAGTCTCTATCCTGTACTTCTCCTTCAATATAAAATCAAA

AATAGGAAGTTTACTAAACAAAAGGAGGAAACACAATGTCTCCTTTTATTCTCTACTCCA
M s P F I L Y S

TTCTAATAGCAATACTCGTCTACGTTCTCATAAAGTTGGGTTCTCTCAGTAGTGGTCGTC
I L I A 1LVY VLI KULSGSIULS S GR

GCCTACCACCAGGCCCAAGACCCTTACCTCTTGTGGGGAACTTACCGCACTTGGGCTCAA
R L PPGPR®PL®PLVGNULPHTL G S

TGCCTCACCAGTCCATTGCCTCATTAGTCAAGAAATATGGGCCTCTAATGTACCTCAGGC
M P H QST A SLV K KYGPLMYLR

TAGGCTATGTGGACGTTGTAGTGGCGGCCTCTGCGTCGGTCGCGGCCCAAATTTTTAAAA
L GYVDVVVAASASVAAQOQI FHK

ACCATGACGCCAATTTTTCCAGCCGCCCCCCCAATTCCGGTGCCAAATACGTAGCGTACA
NHDANJFSSIRPPNSGAIKYVAY

ATTACCATGACCTTGTTTTTGCACCGTACGGGCCAAGGTGGCGCATGCTTAGGAAGATCA
N Y HDULVFAPYGPRWRMLR K I

GTTCCGTCCACCTCTTCTCCAACAAGGCATTGGATGACTTTAGGCACATTCGAGAGGCAG
S S VHLUFSNIKALUDUDUE FRHTIREA

AGTTGGCAGTGCTGACACAAACACTAGCAAGTGCGGGCAAAGCACCTGTAAACTTGGGGC
E LAV LTOQTLASAGI KA APVNTLSG

AACTACTAAATGTGTGCACCACCAACGCCCTAGGCCGGGTAATGGTGGGGAGGAGGGTAT
QL L NV CTTNALGRVMVG R RV

TCAACGACGGCGTTGATCCAAAGGCAAGTGATTTCAAGGACATGACATTGGAGCTAATGC
F ND GV DUPIKASDU FIKIDMMTLETLWM

AATTGGCGGGTGTGTTTAACATTGGTGATTTTGTTCCTGCATTGGAGTGGCTGGACTTAC
QLAGVFNIGD FVPALEWTLTDIL

AAGGAGTGGCATCTAAAATGAAAAGGCTACACAAGAGGTTTGATGATTTTTTGACTACCA
Q GV ASKMIKRILMHIKREFDUDFLTT

TCGTGGAAGAGCACAGGAACGGGGGTCAAGAAAAGCATGTGGACTTGTTGAGCACGTTGA
Il VE EHRNSGS G QEIKMHV DULIULSTL

TTTCGTTAAAAGATAATGCTGATGGTGACGGTGGAAAGCTCACAGACACCGAAATTAAAG
I S L KDNADGDSGSG KTULTWDTE 1 K

CATTGCTTTTGAATTTTTTTACTGCTGGGACCGACACATCATCAAGCACAGTGGAATGGG
ALLLNZFZFTAGTU DT SSSTVEW

CTATTGCAGAACTTCTTAGGCATCCAAAAATCTTGACCCAGGTCCAAAGAGAGCTGGATT
Al AE L LRH®PIKIT L TQV QRETLD

CTGTTGTGGGCCGAGATCGTCTCGTTAGCGACTTGGACCTACCCCAACTCACTTACCTTA
S VVvV_G6GRDRLY SDLDLZPOQLTYL

GTGCTGTTATTAAAGAGACATTTCGGCTCCACCCATCGACGCCCCTATCACTGCCTCGAA
S Av1 K ETZFRULMHPSTW®PLS L PR
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Figure 26 Nucleotide sequence of the gene encoding F3’H from mangosteen with its

deduced amino acid sequence. The underlined letters indicate the

translation start site (ATG).
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TGGCGGCTGAGAGTTGCGAAATCGACGGCTATCATATTCCGAAAGGTGCAACCCTTTTGG
M A A ESCEI DGY HI1 P KGATLL

TTAATGTATGGGCCATAGCACGTGACCCAGATGTGTGGGCCGAGCCTTTGGTGTTCATGC
V NV W A1 ARDUPUDVWAEUPTLVFM

CCGAAAGGTTTCTACCTGGTGGAGAAAAGGCCAAAGTTGATGTGAGGGGCAATGACTTTG
P ERFL PG GEIKAIKV DV R GNDF

AGCTTATTCCATTCGGTGGTGGTAGGAGAATTTGTGCCGGTTTGAGTTACGGATTGCGTG
E LI PF GGGRRI1I CAGLSYGG LR

TAGTTTATTTAATGGCTGCCACGTTACTCCATGCATTTGATTGGGAACTGGCCAATGGAT
vV VY. LM AATULILMHAFDWETLANG

TGATTCCTGAAAAGTTAAACATGGATGAAGCCTATGGATTGACCCTTCAGCGAGCTGCTC
L 1 P EKULNWMDEAYGLTULQRAA

CCTTAATGGTGCACCCTAAGCCAAGGTTAAGCCCTCAGGCTTACAAAGCAAAAAATTGAA
P LMVHPIKPRILSUPIQAY K AIKN

GAAATACATGTGATAAGCATTGTCTTTATTTAAGCTTATGAATTACGTTAATTAATAAAT

GTCTTTTATTTCAAAAAAAAAAAAAAAAAAA 1711

Figure 26 (Continued).
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Figure 27 Protein sequence alignment of mangosteen F3’H with other F3’H

proteins. The proline-rich region, oxygen-binding pocket and heme-

binding region are underlined. Identical residues are shown in black,

conserved residues in dark grey and similar residues in light grey. The

accession numbers of these proteins in the GenBank database are as
follows; Arabidopsis, AAG16746; antirrhinum, ABB53383; grape,
CAI54278; pelargonium AAG49315; petunia AAD56282; mangosteen,
ACMO62746.
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GCTCTCTGCCTAGCTGTATTTCTTGTTGACCATATTTTGTCACCCAATTATTCATCTTTA

AAAATTCATGGGTTCCCAAAATGAAATTGTATGTGTCACCGGGGCATCAGGGTTCATCGG
MG S QNI EIDI VCVTGASGT FI G

GTCATGGCTCGTCATGAGACTTCTTGAAAGGGGGTATACGGTTAGAGCCACTGTCCGTGA
s wLVvVMRLILERGYTVRATVRD

TCCTGATAACGCAAAGAAGGTGCAACATTTGTTGGAGTTACCTAAAGCCAAGACGCACTT
P DNAKIKVQHLLELPIKAIKTHIL

GACACTGTGGAAAGCTGAACTTGGAATTGAAGGAAGCTTTGATGAAGCGATTCAAGGGTG
T LWIKAETWLSGI EGSFDEATI Q G C

CTCCGGTGTGTTCCATGTTGCCACCCCTATGGACTTTGAGTCCAAGGACCCGGAGAATGA
S G VFHV ATWPWMDT FESIKDUPENE

AGTGATAAAGCCAACTATTGATGGGATGATTGACATATTGAAATCATGTGCCAAAGCCAA
v I K P TI1DGMI DI L KSCAIK AK

GGTGCGTAGGATAGTGTTCACTGCGTCTGCTGGTGCATTGGACGTGGAAGAGCATCGGAG
VRRIVFTASAGALUDYVETEWHRTR

GCCTGTCTATGATGAGAATTGTTGGAGTGACTTGGAATTTATCAACTCCGTCAAAATGAC
P VY DI ENTCWSDULEZFTI1T NSV KMT

AGGATGGATGTATTTCGTCTCCAAGACAAAGGCGGAGAGAGCAGCATGGAAGTTTGCCAA
GwWMYF VS KTIKAEWRAAWIKFAK

AGAGAACAACCTTGATTTCATTAGTATAATCCCATCTCTTGTTGTTGGTCCTTTCATCAT
ENNLDU FI1 S 1 1 PS LV V GPF 1M

GCAATCAATGCCACCTAGCCTTATCAGTGCCCTCGCTCTAATTACTGGAAATGAAGGTCA
Q S MmPPSLI SALALITSGNEGH

CTACACAATTCTGAAGCAAGGCCACTACGTGCACTTGGATGACCTAGTCGAGTCACATAT
Y T 1 L K Q GH YV HULUDU DLV E S HI

TTACCTGTACGAGAATCCAAAGGCAGAGGGAAGGTACATTTGCTCTAATTACGACGTCAA
Y LY ENPKAEGRY Il CSNYDVN

CATTTTTGAACTTGCCAATATGCTCAACAAGAAGTATCCAGAGTACAACATCCCCACCAC
Il F ELANMLNIKI KYPEYNIPTT

GTTCAAGGGGATTGAGGAGAACTTGCCAAGTGTGATTTTCTCTTCCAAGAAATTGTTGGA
F K GI1I EENULWPS V1 F S S KK L L D

CCATGGATTTGAATTCAAGTACACCCTGGATGACATGTTTCAGGGAGCCGTTGAAACCTG
H G F EFKY TULDT DMMFOQGAVETSC

TCGGAAAAAGGGATTGATTCCACTTTCTCATTTTAATAATGATGCAAAATAAATGGATGG
R K K 6L I P L S HFNNUDAHK

AGTACAAAACATCGCAAGCATAAATATTTGTTTCGATGTTTTATCCTTGGAGGATGTGAC
CAGTGAGACAGTCAGTAATAAGTAACATTGTTTATGCCAGATTTTATAAAATAAAAATGT

CCACGGTACTTCCTTGGATGAAAAAAAAA 1229
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Figure 28 Nucleotide sequence of the gene encoding DFR from mangosteen with its

deduced amino acid sequence. The underlined letters indicate the

translation start site (ATG).
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Figure 29 Protein sequence alignment of mangosteen DFR with other DFR proteins.

The putative NADP-binding domain and substrate specificity domain are

underlined. Identical residues are shown in black, conserved residues in

dark grey and similar residues in light grey. The accession numbers of
these proteins in the GenBank database are as follows; Arabidopsis,
AAA32783; apple, AAD26204; citrus, AAS00611; grape, CAAS53578

pear, AAO39819; petunia, CAA56160; strawberry, AAC25960;
mangosteen, ACM62744.
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AAAAGAAGGCCAAGATGGTGACCTCAGTGGCTCCAAGAGTAGAGACATTAGCAAGCAGCG
MV T SV APRVETLAS'S

GGATCCAATGCATCCCAAAAGAGTACATCCGCCCACAAGAGGAGCTAACCAACTTAGGAA
G 1 Q ¢C I PKEY I RPQEETLTNTLG

ACATCTTTGAGCAAGAGAAGAAAGAAGGCCCCCAGGTGCCAACCATTGATTTAGAAGGCA
N 1T FEQEKKEGWPQV PTI DULEG

TAGTTTCTGAAGACAAGGAAGTGAGGGACAAATGTTGGGATGAACTAATGAAGGCTGCCA
Il v S EDKEVRDI KT CWDETLMK A A

AGGAATGGGGGGTAATGCACTTGGTTAACCATGGAATTTCCAATGAACTCACTGAGAAGG
K EWGV MHLVNMHGI SNETLTE K

TGAAGATTGCTGGAGAGGCTTTCTTTCAACTTCCCATAGAGGAGAAGGAGAAGTATGCTA
v K 1 AGEAFF QL P 1 EEKE K Y A

ATGATCAAGGGTCTGGGATGATCCAAGGGTATGGAAGCAAGTTGGCTAATAATGCTAGTG
NDQ GS GM 1T Q G Y G S KL ANNA'S

GGCGGCTTGAGTGGGAGGATTACTTCTTTCACTTGGTGTTCCCTGAGGAGAAGAGGGACT
G RLEWEWDYUFFHULVFPETEIKRD

TGTCCATTTGGCCTAAGACACCTAGTGACTATATTGAGGTAACCAGCGAGTACGCAAGGC
L s 1 wpPpKTW®PSDY 1T EVTSEY AR

AACTGAGAGCTCTTGCAACAAAGGTCCTATCAGCACTATCACTGTGCTTGGGATTAGAAG
Q LRALATAIKWVLSA AL STULT CLGTLE

AAGGAAGACTAGAGAAAGAAGTTGGAGGCATTGAAGAACTGGCCCTCCAAATGAAGATCA
E GRLEKEV G G 1 EEL AL QMKI

ACTACTACCCCAAGTGTCCTCAACCCGAGCTAGCCCTTGGTGTGGAGGCTCACACCGACG
N Y Y P K CPQPELALGVEAMHTD

TGAGTGCACTAACCTTCATCCTCCACAACATGGTCCCTGGCCTCCAACTCTTCTACGAGG
vV S A LTZFI1ILHNMYVZPGLOQLFYE

GCGAATGGGTCACAGCCAAATGTGTCCCTAACTCAATTATCATGCACATTGGTGACACAT
GEWVTAKZ CVPNSI1T I MHTI1I GDT

TGGAGATTTTGAGCAATGGGAAGCTTAAGAGTATTCTTCATAGGGGAGTTGTTAATAAGG
L E1 L SNGI KULIKS 1T LHRGVVNK

AGAAAGTGAGGATTTCTTGGGCTGTTTTTTGTGAGCCTCCTAAAGATAAGATCATTCTTA
E K VRI1 SWAVFCEWPPIKUDI K1 1L

AGCCTTTGCCTGAGCTTGTGAGTGAGACTGAGCCACCTATGTTTCCGCCTCGCACGTTTT
K P LPELVSETEPZPMFZPPRTF

CACAGCATATTCAGCACAAGCTCTTCAGGAAGAACCAAGATGATGTTGGTCCCAACTGAT
S Q H1 Q HKLFRIKN QDUDV G PN

TACTTGATGTTATTGTGTTTAAATAAAATGTGTGGTCTTATTATTGTTAACTGCATTTAA
TAAGTTCGTGACGTTCAACGTACTTTTATTAGTTAAGTAGTTTTATATTCATGTGTGACA
TTAATGGGTTCATTAAAAGAATATATCCAAAACTACTATGTAAGATGTAATGAAATGAGT

TTTACATGCTTTCCTTCAAAAAAAA 1285
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Figure 30 Nucleotide sequence of the gene encoding LDOX from mangosteen with

its deduced amino acid sequence. The underlined letters indicate the

translation start site (ATG).
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Figure 31 Protein sequence alignment of mangosteen LDOX with other LDOX

proteins. Arrows indicate conserved His and Asp residues as required for

ferrous-iron coordination, and Arg residue of putative binding site of 2-

oxoglutarate. Identical residues are shown in black, conserved residues in

dark grey and similar residues in light grey. The accession numbers of

these proteins in the GenBank database are as follows; Arabidopsis,
CAD91994; apple, BAB92998; citrus, AAT02642; grape, BAC07545;
peach, ABX89943; strawberry, AAU12368 ; mangosteen, ACM62747.
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ACTCTAATCACACACTCACTTCCAAGCTTCTGCTCTTTTCACAAAGCCAATGACCAAACC
M T K P

CACCACCGATGATCATCCCCACGTGGCAGTGCTAGCCTTCCCATTTGGAACACATGCAGC
T T bDDHUPHV AV L AFUPFGTHAA

CCCACTCCTCTCCATAACACACCACTTAGCCGCACTTTCCCCCTCCACTCACTTCTCCTT
P L LS 1 THMHILAALSUPSTHFSF

CTTTGGCACCCCATCTTCCAACTCCTTCATCCTCTCGTCCAACACCAACTTGCCACCCAA
F GTPSSNSF 1T LSS NTNILPPN

CGTCAAGCCCTACGACGTCTGGGATGGCACCCCTGATGGTTATGCCTATACAGGTGACGT
vV K PYDVWDSGTU®PDGYAYTGDV

ACAAGAGGAAATGGGGTTGTTTATAAGTGCGGCTCATGAAAGCTTTAGGAAGGGGGTGGA
Q EEMGLZFIIT SAAHESZFRKGV D

TAGGGCTGTGGAGGAGAGTGGAAGAAGGGTTAGTTGTTTGATGAGTGATGCGTTTTTTTG
R AV EESGRIRVSCLMSDATFTFW

GTTTGGGAAGGAGATGGCTGAGGAGATTGGTGGTGGTGTTATGTGGGTACCCTTTTGGAC
F GK EMAETEI GGGV MWV P FWT

TGCTGGCCCTCATGCGCTTTCTAGTCATCTTTATACTGATTTTATCAGGGAGAGTTTTGC
AAGPHAL S SHULY TDZ FEFI RE S F A

TGGAGATGTGACGCAGCGTGAAGATGAGCTACTAAGCTCAATCCCAGGAATGTCTAGAGT
G bVvVvTOQREDELULSSI1T PGMS RV

GCGAGTTTGTGATTTGCCTGAAGGAGTGGTCTTTGGAAGATTGGATTCACTCTTCTCTCA
R vCDWL®PEGVVFGRLUDSLFSAQ

AATGCTACACAAAATGGGACAAGCGTTACCTAAAGCGGATGCGGTCTTCATAAACTCATT
M L HKMGO QAL®PIKADAVF 1 NSF

TGAAGAACTGGACCCGACGTTTACAAACGACCTCAAGTCCAAGCTCAAATGCTGTCTCAA
E E L DPTUFTNUDIULIKSKULIKT CTCLN

CATTGGACCATTCAACTTGATCTCGCCACCGGCACAAGTACCAGATACATATGGCTGCAT
I G P F NLITSPPAQVPDTYGCI

ACCCTGGCTTGACAAGCAACAATTAGCCTCCGTGGCTTATGTAAGTTTTGGATCGGCAAC
P WLDIKQQL ASVAY VS FGSA AT

GATACCACTGCCTCATGAGCTCGTGGCACTGGCCGAGGCCTTGGAGGATAGGAAGGTTCC
I P L PHELVALAEALEUDIRIKVP

TTTCATATGGTCACTAAAGGACAACGCAAAAGTACATTTGCCAGATGGGTTCTTGGAGAC
F I w S L KDNAKVHLUPUDGT FTULET

GACAAAGTTTCAAGGGATTGTGATACCTTGGGCTCCCCAAGCAAAGGTTCTAGGACATAA
T K F QG I VI PWAPO QAIKV L GHK

AGCAGTTGGGGTGTTTATTACCCACTGTGGGTGGAACTCACTTTTAGAAACTATAGTTGG
AV GV F I T HCGWNSTULIULZETTI VG

AGGGGTGCCCGTGATCTGTAGGCCTTTTTATGGTGATCAAAGACTTAATGCGAGAATGAT
G v PV I CRZPFY GDQRULNARMII
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Figure 32 Nucleotide sequence of the gene encoding UFGT from mangosteen with

its deduced amino acid sequence. The underlined letters indicate the

translation start site (ATG).
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AGGGGACGTTTGGAAAATTGGTGTTATTGTTAACGGTGGAGTTCTTGCAAAGGAGGCAAT
G bVvwXIKI1I GV I VNGSGVLAIKTEAMWM

GATTGATTGCTTTGATAAGATACTGTTGCAAGAGGATGGGAAACAGATGAGGGGAAGAAT
I D C F DK 1 L L Q EDGIKQMR G R 1

AAAATCCCTAAAAGATCTTGCACTTGCGGCTACTGCTTACAAAGGAAGCTCTAGCGACAA
K S L KD LALAATA AYKG S S S DN

TATGAGAGAATTGTCTCGGCTAGTATCGAGCCCCTGCAAGTAATAACTGCTGAGAGCCGA
M R EL SR L VS S P CK

ATCCTTCGTTTTTCTGTGGTGCATGTAGGTTTATCATGTCAAATGATCAGAACATTTCAC
TTCAAATAACAACAAAGACACGGTGCAAAATAACGTAGGCTTTCCAAAGTAGCACATGAA
CCCAAGCTTGCTCTTTAAAATAATGGCCATTGAGTTTTGAATGAACATTAGGCCATATTC

ACCTATTTCAACTTCCATCTAATTTAATTATTCAACCGTTTTTTCTTTAGATCAAAAAAA

Figure 32 (Continued).
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Figure 33 Protein sequence alignment of mangosteen UFGT with other UFGT

proteins. The underline indicates the common motif found in

glycosyltransferases. Identical residues are shown in black, conserved

residues in dark grey and similar residues in light grey. The accession

numbers of these proteins in the GenBank database are as follows;
Arabidopsis, NP_197207; apple, AAD26203; citrus, AAS00612; grape,
BAB41021; petunia BAA89008; strawberry, AAU09442; mangosteen,
ACMO62748.
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Figure 34 Expression profiling of mangosteen anthocyanin biosynthetic genes
during colour development. Real-time PCR was used to analyze GmPAL
(a), GmMCHS (b), GmCHI (c¢), GmF3H(d), GmF3'H (e) , GmMDFR (f),
GmLDOX (g) and GmUFGT (h) expression patterns. Each column height
indicates relative mRNA abundance of mature green fruit (stage 0) which
was set to 1. All real time-PCR reactions were normalized using the Cp
value corresponding to a mangosteen ELF gene. Data are mean + SE of

three replicate reactions.
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Relative expression

Figure 35 Expression analysis of anthocyanin biosynthetic genes in mangosteen

fruit. Fruit were treated with air (control), 200 uL L™ ethylene for 24 h
(ethylene), 1 pg L™ 1-MCP for 12 h (1-MCP treatment) and 200 ul L™
ethylene for 24 h +1 ug L' 1-MCP for 12 h (E+M). The sample of air

(control) at harvest time (day 0) was set at 1. Data are mean + SE from

three replications.
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Figure 36 Expression analysis of anthocyanin biosynthetic genes in mangosteen

fruit. Fruit were stored at 25°C (control) and 15°C for 7 days then
transferred to 25°C (arrows). The sample of 25°C at harvest time (day 0)

was set at 1. Data are means + SE of three replications.
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APPENDIX

Appendix Table 1 Colour development (L*, a*, b* and hue value) of mangosteen fruit

harvested at stage 1 compared to stage 0.

Stage L* value' a* value'” b* value' hue value'

0 68.8a -7.9f 38.8a 101.5a

1 61.1b 1.0e 33.8b 88.1b

2 56.8¢ 11.8¢c 27.1c 66.4c

3 46.3d 21.7b 18.7d 40.8d

4 35.0e 30.1a 13.2¢ 23.7¢

5 25.6f 17.8b 4.8f 15.1f

6 23.0f 4.9d 0.3g 3.7¢g
F-test . . . sk

Mean values followed by different letters in the same column are significantly different at
P<0.05 using DMRT

The 'values were x+100 transformed data and untransformed values were presented

***= sjgnificantly different at P=< 0.01
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Appendix Table 2 Fruit colour (L*, a*, b* and hue value) of mangosteen at stage 6 developed

from 6 different maturity stages.

Stage L* value' a* value' b* value' hue value'

1 24.5 4.9ab 0.47 5.23

2 23.6 4.9ab 0.40 4.69

3 22.9 5.6a 0.47 4.54

4 23.1 4.6b 0..46 5.57

5 23.6 4.7b 0.49 5.94

6 23.0 3.7¢c 0.26 4.13
F-test ns ok ns ns

Mean values followed by different letters in the same column are significantly different at
P<0.05 using DMRT

ns = non-significantly different

** = significantly different at P=<X 0.01
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Appendix Table 3 Ethylene production (mg kg>1 s_l) of mangosteen fruit at stage 6 developed

from 6 different maturity stages.

Days after harvest (days) Ethylene production (mgkg's )’
0 1.021
0.25 1.59kl1
0.5 2.13kl
0.75 2.63jk
1.0 3,39
1.25 3.51j
1.5 4.36hi
1.75 491gh
2.0 5.05gh
225 5.44fgh
2.5 5.99efg
2.75 6.46def
3.0 6.91cde
3.5 7.68abc
4.0 7.70abc
4.5 8.17ab
5.0 8.49a
6 8.00abc
7 7.81abc
8 7.90abc
9 7.17bcd
F-test Hokk

Mean values followed by different letters in the same column are significantly different at

P<0.05 using DMRT

***= sjgnificantly different at P=< 0.001



126

Appendix Table 4 Total anthocyanin content (mg kg_l) of mangosteen at stage 6 developed

from 6 different maturity stages.

Stage Outer pericarp1 Inner pericarp1

1 3550.3d 312.5¢

2 3629.4d 331.9¢

3 3765.2cd 407.4bc

4 4239.9ab 488.8ab

5 4050.2bc 385.8bc

6 4509.9a 544.8a
F-test ok *

Mean values followed by different letters in the same column are significantly different at

P<0.05 using DMRT
** = gjgnificantly different at P=<< 0.01

#*%= sionificantly different at P=< 0.001



Appendix Table 5 Fruit colour (hue value) of mangosteen fruit treated with ethylene and the ethylene inhibitor 1-MCP following 4 treatments; 1) air
(control), 2) 200 LLL L ethylene for 24 h (ethylene treatment), 3) 1 g L' 1-MCP for 12 h (1-MCP treatment) and 4) 200 Lu L

ethylene for 24 h+1 [lg L 1-MCP for 12 h (E+M).

Days after harvest

Treatment 0 1 2 3 4 5 6 7 9 11 13
Air (control) 88.9 28.1b 22.5b 17.6b 13.8¢c 11.6¢ 12.9b 10.2bc 5.8¢
ethylene 88.9 28.0b 21.9b 17.5b 13.9¢ 10.9¢ 9.7b 6.8c
1-MCP 88.9 78.3a 75.9a 65.8a 66.1a 59.1a 52.1a 45.5a 23.5a 12.7 8.1
E+M 88.9 29.2b 23.9b 23.4b 21.7d 21.0b 16.7b 17.9b 12.2b 10.3 5.6
F-test ns ok ok ok o ok ok sk ok na na

Mean values followed by different letters in the same column are significantly different at P< 0.05 using DMRT
ns = non-significantly different
***= sjgnificantly different at P=< 0.001

na = no analysis

LTI



Appendix Table 6 Colour index (score) of mangosteen fruit treated with ethylene and the ethylene inhibitor 1-MCP following 4 treatments; 1) air

1

(control), 2) 200 LLL L ethylene for 24 h (ethylene treatment), 3) 1 g L' 1-MCP for 12 h (1-MCP treatment) and 4) 200 nirL
ethylene for 24 h +1 Llg L' 1-MCP for 12 h (E+M).

Days after harvest

Treatment
0 1 2 3 4 5 6 7 9 11 13
Air (control) 1.0 3.7a 4.2a 4.5b 4.9b 5.1a 5.2a 5.8b 6.0a
ethylene 1.0 3.8a 4.3a 4.9a S5.1a 5.2a 5.9a 6.0a
1-MCP 1.0 1.2b 1.3¢ 1.9d 2.0c 1.9¢ 2.3d 2.8d 4.9b 5.0 5.8
E+M 1.0 3.7a 3.9b 4.0c 4.2¢ 4.7b 4.7¢c 4.9c¢ 5.4b 5.9 6.0
F-test ns ook ook o ook otk ook ook otk na na

Mean values followed by different letters in the same column are significantly different at P< 0.05 using DMRT
ns = non-significantly different
***= sjgnificantly different at P=< 0.001

na = no analysis

8¢CI



Appendix Table 7 Pericarp firmness (N) of mangosteen fruit treated with ethylene and the ethylene inhibitor 1-MCP following 4 treatments; 1) air

(control), 2) 200 LLL L ethylene for 24 h (ethylene treatment), 3) 1 |lg L' 1-MCP for 12 h (1-MCP treatment) and 4) 200 nir

ethylene for 24 h+1 Llg L 1-MCP for 12 h (E+M).

1

Days after harvest

Treatment
0 1 2 3 4 5 6 7 9 11 13
Air (control) 815.0 105.3b 82.7b 65.8b 58.9a 49.1b 47.4b 47.9b 44.0a
ethylene 815.0 97.2b 85.8b 68.4b 58.9a 57.4b 48.4b 42.9b
1-MCP 815.0 224.0a 161.3a 103.9a 83.4a 73.1a 56.1ab 54.3a 47 4a 52.7 48.4
E+M 815.0 106.7b 101.0b 80.3b 73.4a 68.6a 66.7a 54.8a 50.7a 56.5 43.4
F-test ns oAk ok hox ns ok * ok ns na na

Mean values followed by different letters in the same column are significantly different at P< 0.05 using DMRT

ns = non-significantly different
*  =gignificantly different at P=<< 0.05
** = significantly different at P=<X 0.01

***= sjgnificantly different at P=< 0.001

na = no analysis

6¢Cl



Appendix Table 8 Total anthocyanin content (mg kg_]) of mangosteen fruit treated with the ethylene inhibitor 1-MCP following 4 treatments;1) air
(control), 2) 200 LLL L ethylene for 24 h (ethylene treatment), 3) 1 |lg L' 1-MCP for 12 h (1-MCP treatment) and 4) 200 Lu L

ethylene for 24 h+1 Llg L 1-MCP for 12 h (E+M).

Days after harvest'

Treatment
0 1 2 3 4 5 6 7 9 11 13
Air (control) 98.8 391.2a 582.3ab 832.6b 1307.0a  1630.5b  2131.2b  2944.8a  3428.8a
ethylene 98.8 384.9a  667.0a 1284.4a 1312.4a  2028.7a  2491.1a  3239.8a
1-MCP 98.8 131.5b  180.0c 262.0d 451.3b 590.5d 937.1c 967.7c  1893.3b 2192.0 2990.3
E+M 98.8 4223a  463.0b 518.5¢ 695.1b 997.2¢  1073.6c  1402.1b  2015.3b 3039.7 2979.4
F-test ns *okok *% *okk *okok *okk *okk *okok *% na na

Mean values followed by different letters in the same column are significantly different at P< 0.05 using DMRT

ns = non-significantly different
** = gjgnificantly different at P=<< 0.01

#x%= sionificantly different at P=< 0.001

na = no analysis

0¢l



Appendix Table 9 Fruit colour (hue value) of mangosteen fruit stored at 25°C (control) and 15°C for 7 days then transferred to 25°C.

Days after harvest'

Treatment
0 1 2 3 4 5 6 7 9 11 13
Air (control) 88.9 349 21.1 18.1 13.1 13.3 11.1 5.7 7.4
15°C (7d)+25°C 88.9 67.3 65.5 69.7 68.6 58.2 54.0 48.3 19.7 16.5 5.9
1-test ns skk skksk sksksk skskesk % skskesk skeksk skksk

Asterisks indicate a significant difference between mean values according to Student #-test

ns = non-significantly different
* = significantly different at P<< 0.05
** = significantly different at P= 0.01

#**= sionificantly different at P=<< 0.001

1€l



Appendix Table 10 Colour index (score) of mangosteen fruit stored at 25°C (control) and 15°C for 7 days then transferred to 25°C.

Days after harvest'

Treatment
0 1 2 3 4 5 6 7 9 11 13
Air (control) 1.0 34 4.2 4.9 5.0 5.0 5.5 5.9 6.0
15°C (7 d) +25°C 1.0 1.3 1.7 2.1 2.0 2.2 2.7 2.8 4.7 5.3 6.0
t-test ns sksksk skksk sksksk sksksk skksk sksksk sksksk skksk

Asterisks indicate a significant difference between mean values according to Student #-test

ns = non-significantly different

#**= sionificantly different at P<< 0.001

43!



Appendix Table 11 Pericarp firmness (N) of mangosteen fruit stored at 25°C (control) and 15°C for 7 days then transferred to 25°C.

Days after harvest'

Treatment
0 1 2 3 4 5 6 7 9 11 13
Air (control) 815.0 132.2 75.3 65.0 61.2 52.2 59.1 43.8 45.7
15°C (7 d) +25°C 815.0 327.9 266.9 266.1 215.6 172.3 131.0 120.3 64.4 50.5 45.7
t-test ns skk % sksksk * % skk skskesk sk

Asterisks indicate a significant difference between mean values according to Student #-test

ns = non-significantly different
* = significantly different at P<< 0.05
** = significantly different at P= 0.01

#**= sionificantly different at P=<< 0.001

eel



Appendix Table 12 Total anthocyanin content (mg kg-]) of mangosteen fruit stored at 25°C (control) and 15°C for 7 days then transferred to 25°C.

Days after harvest'

Treatment
0 1 2 3 4 5 6 7 9 11 13
Air (control) 98.8 275.2 790.7 871.9 1334.0 1849.3 2386.6 2931.7 3250.7
15°C (7 d) +25°C 98.8 167.2 222.6 270.5 497.7 347.1 435.2 484.0 1340.5 2023.2 3240.6
F—test ns ns ns sk skksk % sksksk sk skksk

Asterisks indicate a significant difference between mean values according to Student #-test

ns = non-significantly different
* = significantly different at P<< 0.05
** = significantly different at P= 0.01

#**= sionificantly different at P=<< 0.001

vel



Appendix Table 13 The relative expression of mangosteen anthocyanin biosynthesis genes during colour development harvested from tree.

Genes'
Stage
PAL CHS CHI F3H F3’H DFR LDOX UFGT
0 1.00d 1.00e 1.00d 1.00e 1.00f 1.00c 1.00d 1.00e
1 2.78¢c 5.95d 7.11c 19.87d 8.87¢ 13.04b 11.97¢ 125.77d
2 3.63¢ 7.51c 12.15bc 30.20c 13.82d 12.95bb 16.02¢ 187.15¢
3 3.70c 6.86 10.26bc 26.07cd 10.97de 14.03b 18.13¢ 178.68¢
4 5.62b 9.69b 14.16b 45.98b 23.25b 31.83a 39.08b 370.74b
5 11.51a 13.10a 26.65a 70.03a 42.58a 31.76a 58.95a 571.45a
6 6.11b 5.70d 12.74bc 43.37b 17.28¢ 17.03b 34.79 225.21¢
F-test o ook Kook ook ook *okok ook ook

Mean values followed by different letters in the same column are significantly different at P< 0.05 using DMRT

***= sjgnificantly different at P<< 0.001

Sel



Appendix Table 14 The relative expression of mangosteen anthocyanin biosynthesis genes during colour development after harvest.

Genes'
Stage
PAL CHS CHI F3H F3’H DFR LDOX UFGT
0 1.00c 1.00e 1.00e 1.00e 1.00d 1.00c 1.00e 1.00f
1 5.30b 7.10d 8.80d 20.66d 22.10c 8.28¢c 10.34d 193.36e
2 12.83a 19.68b 28.15¢ 72.62b 44.39b 30.07b 32.15¢ 517.39¢
3 16.26a 2591a 4491b 105.06a 69.34a 42.06a 56.49b 678.77ab
4 12.65a 16.65b 45.41b 98.36a 63.79a 29.02b 56.24b 645.10b
5 14.35a 18.24b 81.49a 95.92a 64.05a 35.33ab 69.10a 763.36a
6 7.51b 10.67¢c 27.16¢ 49.80c 31.65¢ 25.26b 35.68c 400.87d
F-test o ook Kook ook ook *okok ook ook

Mean values followed by different letters in the same column are significantly different at P< 0.05 using DMRT

***= sjgnificantly different at P<< 0.001

9¢l
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Appendix Table 15 The relative expression of PAL of mangosteen fruit treated with ethylene

and the ethylene inhibitor 1-MCP following 4 treatments; 1) air (control),

2) 200 UL L ethylene for 24 h (ethylene treatment), 3) 1 Llg L' 1-MCP

for 12 h (1-MCP treatment) and 4) 200 LLI L ethylene for 24 h +1 Ug L

1-MCP for 12 h (E+M).

1

Days after harvest'

Treatment
0 1 2 3 7 11
Air (control) 1.00 3.18a 3.49a 3.12a 2.06ab
ethylene 1.00 2.36b 2.90b 2.87a 2.18a
1-MCP 1.00 0.88d 1.01c 0.91b 1.43c 3.26
E+M 1.00 1.79¢ 0.44d 0.96b 1.61bc 243
F-test ns stk seskok Kok * na

Mean values followed by different letters in the same column are significantly different at

P<0.05 using DMRT

ns = non-significantly different

* = significantly different at P<< 0.05

***= sjgnificantly different at P=< 0.001

na = no analysis
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Appendix Table 16 The relative expression of CHS of mangosteen fruit treated with ethylene
and the ethylene inhibitor 1-MCP following 4 treatments; 1) air (control),
2) 200 UL L ethylene for 24 h (ethylene treatment), 3) 1 [llg L' 1-MCP

1

for 12 h (1-MCP treatment) and 4) 200 LLI L ethylene for 24 h +1 Ug L

1-MCP for 12 h (E+M).

Days after harvest'

Treatment
0 1 2 3 7 11
Air (control) 1.00 3.18a 4.07a 3.87a 3.50a
ethylene 1.00 2.76b 3.06b 3.56a 2.93ab
1-MCP 1.00 0.73d 1.18¢c 1.21b 3.46a 4.46
E+M 1.00 2.09c 0.32d 0.76b 2.39b 4.42
F-test ns stk seskok Kok * na

Mean values followed by different letters in the same column are significantly different at
P<0.05 using DMRT

ns = non-significantly different
* = significantly different at P<< 0.05

***= sjgnificantly different at P=< 0.001

na = no analysis
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Appendix Table 17 The relative expression of CHI of mangosteen fruit treated with ethylene

and the ethylene inhibitor 1-MCP following 4 treatments; 1) air (control),

2) 200 UL L ethylene for 24 h (ethylene treatment), 3) 1 Llg L' 1-MCP

for 12’ h (1-MCP treatment) and 4) 200 LLI L ethylene for 24 h +1 g L

1-MCP for 12 h (E+M).

Days after harvest'

Treatment
0 1 2 3 7 11
Air (control) 1.00 3.86a 5.24a 4.26a 4.04a
ethylene 1.00 3.61a 4.33b 4.34a 3.70ab
1-MCP 1.00 1.04b 1.45¢ 1.27b 3.30ab 5.57
E+M 1.00 3.42a 0.72d 0.62b 3.10b 471
F-test ns EETS EEES EEES ns na

Mean values followed by different letters in the same column are significantly different at

P<0.05 using DMRT

ns = non-significantly different

***= sionificantly different at P=< 0.001

na = no analysis
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Appendix Table 18 The relative expression of F3H of mangosteen fruit treated with ethylene
and the ethylene inhibitor 1-MCP following 4 treatments; 1) air (control),
2) 200 UL L ethylene for 24 h (ethylene treatment), 3) 1 Llg L' 1-MCP

1

for 12 h (1-MCP treatment) and 4) 200 LLI L ethylene for 24 h +1 Ug L

1-MCP for 12 h (E+M).

Days after harvest'

Treatment
0 1 2 3 7 11
Air (control) 1.00 4.63a 4.94a 4.27a 2.88a
ethylene 1.00 4.62a 4.62a 3.29b 2.76a
1-MCP 1.00 0.94b 1.12b 0.81c 1.27¢ 4.89
E+M 1.00 3.79a 0.70c 0.84c 2.25b 2.64
F-test ns skkk skskk skesksk sksksk na

Mean values followed by different letters in the same column are significantly different at
P<0.05 using DMRT

ns = non-significantly different

***= sionificantly different at P=< 0.001

na = no analysis
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Appendix Table 19 The relative expression of F3’H of mangosteen fruit treated with ethylene

the ethylene inhibitor 1-MCP following 4 treatments; 1) air (control), 2)

200 L L ethylene for 24 h (ethylene treatment), 3) 1 Llg L' 1-MCP) for

12 h (1-MCP treatment) and 4) 200 LLI L' ethylene for 24 h +1 |lg L'1-

MCP for 12 h (E+M).

Days after harvest'

Treatment
0 1 2 3 7 11
Air (control) 1.00 4.01a 4.36a 3.95a 2.66a
ethylene 1.00 3.87a 3.87a 3.36a 2.47ab
1-MCP 1.00 0.65¢ 0.81b 0.75b 1.31¢c 3.92
E+M 1.00 2.58b 0.53b 0.80b 1.84bc 2.42
F-test ns skkk skskk kkok kk na

Mean values followed by different letters in the same column are significantly different at

P<0.05 using DMRT

ns = non-significantly different

** = significantly different at P<< 0.01

***= sjgnificantly different at P=< 0.001

na = no analysis
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Appendix Table 20 The relative expression of DFR of mangosteen fruit treated with ethylene
and the ethylene inhibitor 1-MCP following 4 treatments; 1) air (control),
2) 200 UL L ethylene for 24 h (ethylene treatment), 3) 1 Llg L' 1-MCP

1

for 12 h (1-MCP treatment) and 4) 200 LLI L ethylene for 24 h +1 Ug L

1-MCP for 12 h (E+M).

Days after harvest'

Treatment
0 1 2 3 7 11
Air (control) 1.00 3.06a 4.09a 4.16a 5.01a
ethylene 1.00 2.17b 2.87b 3.18b 3.99ab
1-MCP 1.00 0.43¢ 0.89¢ 0.85¢ 4.04ab 6.03
E+M 1.00 2.31b 0.37c 0.78¢c 3.08b 5.26
F-test ns skkk skskk kkok * na

Mean values followed by different letters in the same column are significantly different at
P<0.05 using DMRT

ns = non-significantly different
* = significantly different at P<< 0.05

***= sjgnificantly different at P=< 0.001

na = no analysis
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Appendix Table 21 The relative expression of LDOX of mangosteen fruit treated with ethylene

and the ethylene inhibitor 1-MCP following 4 treatments; 1) air (control),

2) 200 UL L ethylene for 24 h (ethylene treatment), 3) 1 Llg L' 1-MCP

for 12 h (1-MCP treatment) and 4) 200 LLI L ethylene for 24 h +1 g L

1-MCP for 12 h (E+M).

Days after harvest'

Treatment
0 1 2 3 7 11
Air (control) 1.00 5.30a 7.38a 7.87a 6.55a
ethylene 1.00 5.44a 6.94a 6.35b 6.04a
1-MCP 1.00 1.11c 1.86b 1.50c 4.52b 8.74
E+M 1.00 4.70b 1.01c 1.54c 4.36b 7.30
F-test ns skkk skskk kkok kk na

Mean values followed by different letters in the same column are significantly different at

P<0.05 using DMRT

ns = non-significantly different

** = significantly different at P<< 0.01

***= sjgnificantly different at P=< 0.001

na = no analysis
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Appendix Table 22 The relative expression of UFGT of mangosteen fruit treated with ethylene
and the ethylene inhibitor 1-MCP following 4 treatments; 1) air (control),
2) 200 UL L ethylene for 24 h (ethylene treatment), 3) 1 Llg L' 1-MCP
for 12 h (1-MCP treatment) and 4) 200 LLI L ethylene for 24 h +1 g L
1-MCP for 12 h (E+M).

Days after harvest'

Treatment
0 1 2 3 7 11
Air (control) 1.00 3.92a 4.84a 4.22a 3.26
ethylene 1.00 4.12a 4.74a 3.84a 3.20
1-MCP 1.00 0.95¢ 1.25b 1.19b 2.39 4.85
E+M 1.00 3.56b 1.07b 1.54b 3.00 3.66
F-test ns skkk skskk skskok ns na

Mean values followed by different letters in the same column are significantly different at
P<0.05 using DMRT

ns = non-significantly different

***= sionificantly different at P=< 0.001

na = no analysis
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Appendix Table 23 The relative expression of PAL of mangosteen fruit stored at 25°C (control)

and 15°C for 7 days then transferred to 25°C.

Days after harvest'

Treatment
0 1 2 3 7 11
25°C (control) 1.00 3.04 3.90 3.45 2.51
15°C (7 d) +25°C 1.00 0.63 1.01 0.91 1.54 3.73
t-test ns % EE *k *

Asterisks indicate a significant difference between mean values according to Student #-test

ns = non-significantly different
* = significantly different at P=X 0.05

** = significantly different at P<< 0.01

Appendix Table 24 The relative expression of CHS of mangosteen fruit stored at 25°C (control)

and 15°C for 7 days then transferred to 25°C.

Days after harvest'

Treatment
0 1 2 3 7 11
25°C (control) 1.00 3.21 3.88 3.86 3.38
15°C (7 d) +25°C 1.00 0.70 0.87 0.83 1.18 5.04
1-test ns skksk * kk skkk

Asterisks indicate a significant difference between mean values according to Student #-test

ns = non-significantly different
* = significantly different at P= 0.05
** = significantly different at P=X 0.01

***= sjgnificantly different at P=< 0.001
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Appendix Table 25 The relative expression of CHI of mangosteen fruit stored at 25°C (control)

and 15°C for 7 days then transferred to 25°C.

Days after harvest'

Treatment
0 1 2 3 7 11
25°C (control) 1.00 4.00 6.93 5.63 4.45
15°C (7 d) + 25°C 1.00 0.82 0.84 0.68 1.23 5.84
t-test ns kkok %Kok * *kk

Asterisks indicate a significant difference between mean values according to Student #-test

ns = non-significantly different
* = significantly different at P=X 0.05

***= sionificantly different at P=< 0.001

Appendix Table 26 The relative expression of F3H of mangosteen fruit stored at 25°C (control)

and 15°C for 7 days then transferred to 25°C.

Days after harvest'

Treatment
0 1 2 3 7 11
25°C (control) 1.00 4.00 5.56 4.66 3.48
15°C (7 d) +25°C 1.00 0.78 0.76 0.69 1.17 5.95
1-test ns sksksk Kk skkk skkk

Asterisks indicate a significant difference between mean values according to Student #-test

ns = non-significantly different
** = significantly different at P=< 0.01

#*%= sionificantly different at P=< 0.001
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Appendix Table 27 The relative expression of 3 ’H of mangosteen fruit stored at 25°C

(control) and 15°C for 7 days then transferred to 25°C.

Days after harvest'

Treatment
0 1 2 3 7 11
25°C (control) 1.00 331 5.07 437 2.83
15°C (7 d) +25°C 1.00 0.42 0.53 0.48 0.77 5.07
t-test ns 3k 3k * kokok

Asterisks indicate a significant difference between mean values according to Student #-test

ns = non-significantly different
* = significantly different at P=X 0.05
** = significantly different at P<< 0.01

***= sjgnificantly different at P= 0.001

Appendix Table 28 The relative expression of DFR of mangosteen fruit stored at 25°C (control)

and 15°C for 7 days then transferred to 25°C.

Days after harvest'

Treatment
0 1 2 3 7 11
25°C (control) 1.00 2.63 2.76 3.06 4.51
15°C (7d)+25°C 1.00 0.60 0.69 0.74 1.58 5.51
t-test ns ok ok * ok Fokok

Asterisks indicate a significant difference between mean values according to Student z-test

ns = non-significantly different
* = significantly different at P=X 0.05

** = gjgnificantly different at P<< 0.01  ***= significantly different at P 0.001
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Appendix Table 29 The relative expression of LDOX of mangosteen fruit stored at 25°C

(control) and 15°C for 7 days then transferred to 25°C.

Days after harvest'

Treatment
0 1 2 3 7 11
25°C (control) 1.00 4.29 8.14 8.13 7.00
15°C (7 d) +25°C 1.00 0.74 0.73 0.74 1.26 9.35
t-test ns EEEY K% %%k %

Asterisks indicate a significant difference between mean values according to Student #-test

ns = non-significantly different
** = significantly different at P=<X 0.01

***= sionificantly different at P=< 0.001

Appendix Table 30 The relative expression of UFGT of mangosteen fruit stored at 25°C

(control) and 15°C for 7 days then transferred to 25°C.

Days after harvest'

Treatment
0 1 2 3 7 11
25°C (control) 1.00 3.33 4.74 4.19 3.55
15°C (7 d) +25°C 1.00 0.80 1.16 1.16 1.46 5.83
r-test ns P BT %% %

Asterisks indicate a significant difference between mean values according to Student #-test

ns = non-significantly different
** = significantly different at P=< 0.01

#*%= sionificantly different at P=< 0.001
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mRMNA or total RNA

Dephosphorylate with CIP
Fhenol extraction
Ethanol precipitation

Full-length capped mENA
Dephosphorylated non-mRNA
and truncated mRNA

Decap mREMA with TAP 3" ends only: Skip o
Fhenal extraction reverse transcription
Ethanol precipitation

Decapped mRNA
Ligate GeneRacer™ RNA Oligo

Phenal extraction
Ethanol precipitation

GeneRacer™ RNA Oligo ligated to full-length mRNA

Reverse-transcribe mRNA with appropriate
RT and GeneRacer™ Oligo dT Primer (5 ends
only: Can use Random Primers or GSF)

RACE-ready cDNA

~ .

5'RACE 3' RACE

GeneRacer™ 5' Primer
GeineRacer" 5" Nested Primer

—— >’RACE TTTTTTT-(N)ss

First-strand cDNA — —

1
| Reverse GSP primer
Reverse GSP nested primer

Forward GSP primer
Forward GSP nested primer
1

- -

—— TTTTTTT-(NNNNNNNN)
First-strand cDNA 3’RACE = *

1
GeneRacer™ 3" Nested Primer |
GeneRacer™ 3' Primer

Appendix Figure 1 GeneRacer protocol (Invitrogen, USA).
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Sca 11890 \Nae | 2707
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Amp' ]
pGEM®-T Easy lacZ
Vector T
(3015bp)

ori

Appendix Figure 2 pGEM-T Easy vector (Promega, USA).
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Appendix Figure 3 LC-MS of anthocyanin in outer pericarp at stage 6 of mangosteen fruit.
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Appendix Figure 3 (Continue
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