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Summary

Anthocyanins are members of a flavonoid class of natural pigments synthesized by plants, which are responsible for most light
yellow, blue, purple or red colors found in many flowers and fruits. This attractive characteristic contributes to seed dispersal by a
variety of insects and animals. In addition, anthocyanins have antioxidant and anti-cancer properties, which are considered potential
health benefits for human. According to the previously mentioned characteristics, more researches have been focused on plant
improvements to be able to synthesize flavonoids especially anthocyanins. This review presents the applications of genetic engineering
to create a novel purple/blue rose and purple tomato, which are based on similar concepts. The process begins with the cloning of
genes encoding the enzymes responsible for the synthesis of delphinidin-based anthocyanins, which can be groups of genes working
together, and the origins of the genes can come from different plant species. Then, the sets of genes have to be transformed into the
plants, selection of transgenic lines, and finally the plant tissue culture is employed to regenerate the whole new genetically modified
plants.
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I%Imlﬂuuaaﬂu.avmanmamﬂmﬂmmﬂmﬂmmu
ﬂﬁ’iﬁﬂﬂ’]ﬁlﬂum’)ﬁl Agrobacterrum 2AasTUY Binary
vector "’ZN“IJ'iuﬂﬂ‘Ul“lJWJEI Vector 2 %iia lawn Vector
wumnmﬂmmﬂmwm LLa% Vector ‘nuﬂauauwmn’lu
ﬂ’iu“U’Juﬂ’]'iﬁximilﬁlu (Vrrulence or Vir genes, ‘Wia
Helper plasmid) Vector ‘wumamﬂmmﬂmnﬂmmﬂ
12g Agrobacterrum tumefaciens mﬂwuﬁm Helper
plasmid guad mﬂuuma’suuumsmmﬂﬂulmumi
ﬂ’iumumjﬂa”l’iﬂ’iuﬂau Phenolic L‘liu Acetosyrmgone
Agrobacterium 3z Bunszuumsssansiuvang
auﬂiwmmmmu‘n'ﬁﬂlfznlﬂaﬂlu‘[ﬂ{[u‘[ﬁmmnwmuum
N L‘ZlE]mﬂl(ﬂ (Raven etal., 1999; Slater et al., 2003)
silovauiiaiie (Explant) ﬂi‘ﬁluﬂiuﬂﬁuﬂl‘iﬁﬁﬂ’lﬂﬂu
Lmnsiwﬁulﬂ awmmln%uéaulmmﬁwﬁlm Ll,(fﬂuni{ﬁ
o callus uazluzasity muima LE]EIG]"llm'EluLﬂ1
YNN8 Promoter ka2 Terminator mvanm ﬂ’ltlt“ll’lﬁt"lfaa
wmwﬂanmﬂlﬂiumwa “ﬂwm‘uaumu” wae “uziiin
L‘VlﬂaN’N”
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I f”"l K}j/ f"'f;b?ﬂ] _— ,,_ Akf\]:&:l C4H J\P\Cj

-3 — -‘-omnwmlrm Coumarnc acd Cinnamic acd
CHS
- Naringenin chalcone - I PAL
I:HII H | 1
| ’I\’\Q
o oM O -

O 0 " -.R' FNS Phonydalaning
Kaempferol \:j/ : Apigenin (a lavone) START
(a flavonol) . T

Naringenin
lF:]H
FLS =

“M O/J. F3 H - j F3¥'5'H CE::
ﬁ [, @ ‘ﬂ”’" 1,

[

DFR Dihydrokaempferol Dihydroguercetin Dihydromyricetin
DFR l DFR l DFR |

Apilorol Leucopelargonidin Leucocyanidin Leucodelphinidin
Aﬂsl ANEI Ausl

o
Apigenidin Pelargonidin Cyanidin Delphinidin

l GT, MT, AT

ANTHOCYANINS

(A (B) (€)

;J‘lj‘ﬁ' 2 mm'saqmﬁvwmﬂunau Flavonoids/Anthocyanins LLa“'GI’JE]EINﬂE]ﬂINVIﬂ”ﬁNm‘S
Anthocyanins LLa”a‘Ylﬂ’i’lﬂ{] (A) Yarrow (B) Salvia (C) Rose tidz (D) Lavender Snwsen
: PAL,Phenylalanine ammonia lyase; C4H, Cinnamate 4 -hydroxylase; 4CL, 4-Coumarate
:CoA ligase; CHS, Chalcone synthase; CHI, Chalcone isomerase; F3H, Flavanone 3-
hydroxylase; F3’H, Flavonoid 3’-hydroxy lase; F3’5’H, Flavonoid 3’,5’-hydroxylase;
DFR, Dihydroflavonol 4-reductase; ANS, Anthocyanidin synthase; FNS, Flavone
synthase; FLS, Flavonol synthase; GT, Glucosyltransferases; MT, Methyltransferases;
AT, Acyltransferases (ﬁ’(ﬂttﬂmﬁﬂﬂ Tanaka et al., 2008; Tanaka and Ohmiya, 2008
oz Ballester et al., 2010)
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Foreign gene

Recombinant
plasmid
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|
J

Agrobacterium tumefaciens

Infection

by Agrobacterium

Transgenic

T
Plant / Integrated T-DNA
with foreign gene

chromosomal
DNA

plant

Eﬂﬁ 3 Agrobacterium-mediated transformation Togszuu Binary vector

(Raven et al.,

mannwmuammu
ﬁﬁmuulﬂmmmﬂLwawwmwuﬁlmaﬂlwuaau
SN BENUNI VAN (Floriculture) Fupananluaiu
1%mLﬂ@]mﬂﬂ’]'ﬁﬂW‘Uﬁumuuﬁu’dN’dﬁ Anthocyamns
(Katsumoto et al., 2007) mﬂuﬂmswauwuﬁwmaﬂ
(Traditional plant breedmg) ﬂ’m’l’iﬂﬂ'ﬁNWﬁﬂaﬂﬂNﬂ
senuuanaeiuly LLGIﬂQVIlNﬁ’]N’]’iﬂ“V]’]IﬂI(ﬂEIl‘Zi
mﬂuﬂmﬂanﬂamiwauwuﬁmaﬂnwam’lwua‘[‘nu
Wiy Lummnmannwmuluuﬂuwmwuﬂmiaiw
taulaw Flavonoid 3°,5”-hydroxylase (F3’5°H) AT
°lw1mnm'mmmiwm Delphinidin-based anthocya-
nins Feilalnusnaniule ('iﬂ‘n 2) G]’JEILWG]W\N‘VI’ﬂMHﬂ
'mﬂauhl,tauﬂsuﬂnmlﬁmﬂuﬂmqwummn‘ssﬁlums
mwnwamamNuamwmum WnIneneansan
UIHN Suntory ﬂsumﬂmﬂu LAz USEM Florigene Ussine
aaam'ﬁtaﬂlmmuanummﬂLwamamnwamamqm
Gudasau mmmﬁf\mﬂuiﬂluﬂ W.d. 2547 uale
iuaumwmlwmwumaaﬂammmuamaquﬂamﬂu
2552 N‘Zia‘Yl’Nﬂ’]:iﬂTJ'] “SUNTORY Blue Rose
APPLAUSE” (gﬂﬁ 4, B; http://www.suntory.com/
news/2009/10592.html)

1999)

©

31]‘?; 4 ﬂanqwmuﬁﬁwﬁu (A, B)“SUNTORY
Blue Rose APPLAUSE” (Katsumoto
et al., 2007), (C) MILANNIUFN
aanwmﬂu'ﬂmwuﬂmsasw,aulw
F3’5’H ann@an Pansy; (D) MsU®
mnmiwmuwmﬂu DFR Tuman
nwmuwuﬁmmuwmﬂnumimu
M9 udaNean2asdu DFR naan Iris
wazfiu F3’5°H 21n@an Pansy
(Tanaka and Ohmiya, 2008)

m'anaﬂuﬂaﬂﬂwam’lwLﬁuaIwuuaquWLquTﬂﬂ
E]’]ﬂElL‘VIﬂuﬂ‘Vl’NW‘uﬁ'Jﬂ’Jﬂ'S‘iNuuﬁ’lﬁJ'l’iﬂVIﬂﬂ‘Via’]il’JﬁLLa“’
mmﬂﬂmmmsmmiw ‘Via’l’i Delphinidin-based
anthocyanins pEazLEEn (’Sﬂ‘VI 2) Tanaka and Ohmiya
(2008) mm'ﬁnuJawmannwamm‘[mﬂnmuﬁum
Tmiudislolosiumsusasonn (Overexpression)
yasiufimuuansasaaulas F3°5°H :naan Pansy
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('iﬂ‘Vl 40) aﬂLmewuwmmsowmumannwam
Iwuamwwuuloﬂamsmmwmimqmwamu
DFR luﬂaﬂqwamwuqmtou (Knockdown of the
endogenous DFR gene) muaﬁumirﬁummamaan
29484 DFR naanlasd (Iris) 'u,azﬁu F3°5°H
NNABN Pansy lunadeniu (U 4D; Katsumoto
etal., 2007) M3BUEIMINNUYE Endogenous DFR
gene mmioaﬂmsaiw Cyanidin-based anthocyanins
mNaumﬁuwu,avamumuma‘lmmmamaanwm“‘[‘wu
munNu‘[mﬂmsmqmﬁmmﬁlﬁu F3’5°H (109N
Pansy) ttae DFR (f\nﬂﬂaﬂ Iris) mumﬂmu MIMNUY
wawﬂﬂu"lmmmﬂuanmuou‘[@ﬂﬂuaqmwia
Promoter ‘Vlmim’l “Enhanced CaMV35S Promoter
(E35S Pro.)” "Ziﬁlﬂi]’]ﬂ Cauliflower Mosaic Virus vfu
ﬂumm’smﬂ‘sﬂmamﬂumamuﬂu'lwﬂuummam
aanluiwﬂuwaq (High levels of gene expression)
N anAENI (Purple tomato)
wmnwalumwummmmaswua OGS aum{lu
nau Flavonoids 161 iy o lnay uama’s wazin
LideN wmmsnmwms Flavonols, Anthocyamns Hae
Isoflavonoids muamu (Bovy et al., 2007) aenalsh
o munegiie wu sudSaesay mamﬂmt,ﬁuwrf
\AsEgNa Tuanansoda m‘swmmﬂunau Flavonoids Ta
meLuaqmﬂminauuuﬂ’siaﬁumnmaml@manum
PNAU wﬂwnnmaﬂLwawmmwmﬂswnﬂwmmm
aswmsmnmﬂm Seamdamaiuiadlasuanu
aulauii alwmmsaamoiwwmj Anthocyanins (28
walaaniluiduas arulvatieannnsazauas
aslaladu (Lycopene) mr.ﬁum'saumluﬂa N
unalsituasa (Carotenoids) Ng mamﬂmmsoa‘mms
Iunau Flavonoids (Chalcone) latnsualuusnadi
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UBHIINUAZFZFNRNE U%Lamﬁa Talaauiiovas
NzLdawme (Bovy et al., 2007) Gratiy mlﬂum'swwm
N mamﬂomLLﬂaqwuﬁﬂiiu‘lwmmsnmNm'ﬂuﬂau
Flavonoids lagtanzagai Anthocyanins Tugiile
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‘[m%ﬁn (Structural genes) wmwummamnmulwu
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wamumuou (Regulatory genes) mtﬁuﬂauﬂu‘ﬂm
wummuqumsmmuwm Structural genes Snaumiia
(Gonzali et al., 2009) umaﬂmqnau (%W Muir et
al., 2001 s sauamuaiSalumailvug mamﬂ
W]N’]'iﬂﬁ“ﬂﬂﬂ’]’ﬂ‘hlﬂﬁﬂ Flavonoids %16 Flavonols L‘WN
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wanani Butelli et al., 2008 ml,ﬁuﬂauumaﬂmn
d071% John Innes Centre ﬂ'swmﬂmﬂqw Useauana
aniﬂum‘swﬂwmau LADNANNHAFZENEIS Antho-
cyanins Ta (iﬂ‘n 5A, B) Tagmstiiumsuaniaanas
ﬂuﬂmﬂﬂuﬂaumsamw Transcrlptlon factors 2 %1l
mnmuaumns (Snapdragon, 'iﬂ'ﬂ 5C) warsmey
nauuwnamuu mamﬂmﬂ‘lmmimumwm Fruit-
specific promoter "21\‘1 Lﬁuﬂum ﬂ”l'i‘VI‘-JuUQﬂUGLMEIUﬂaNu
LLamlqaaﬂ‘nwaﬂamwmamﬂmmu NANANTNADDY
WUN wﬁm’saxaumi Anthocyanins Fam lnanuaesin
uaztilang Lﬁammﬁuﬁmqﬁwm ‘[maﬁﬂ"%mmmq
Anthocyanins E]EI'V]‘IJSUN’Im 3 mg g waqmwunam
(Fresh weight) mtﬁuﬂ'ﬁmmawaﬂwnmmmmu'lu
Nz@ane

sﬂ‘n 5 Ng mamﬂammavmuaumni (A) mm mamﬂwvlulﬂnﬂmmﬂﬂu (i, wrﬂmuou) uaze mamﬂamwnﬂ
mmﬂﬂulunau Transcription factors (u), (B) NaNLITDINAFULAILRE amwnnumﬂsq ©) muaumns
(Snapdragon) mLﬁutmmwmﬂumnmmﬂLmamuu 2@ (Butelli et al., 2008; Gonzali et al., 2009)

unau

NNEIBENIAY f\lvmulmwmﬂﬁmﬂuﬂmqwuﬁ
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