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Abstract Differences of gene expression between red flash
peach cultivar and white flash peach cultivar were inves-
tigated by Nest-generation sequencing (NGS). EST from the
red flash peach cultivar and white flash peach cultivar were
selected for nucleotide sequence determination and homology
searches. The levels of transcripts coding for proteins in-
volved in pathogenesis related proteins, temperature stress,
ethylene signal pathway were significantly higher in white
flash peach cultivar than in red flash peach cultivar. On the
other hand, the up-regulation of proteins involved in
anthocyanin and flavonol biosynthesis and protein degradation
and sorbitol metabolism were observed in red flash peach
cultivar. Chalcone synthase was preferentially expressed in
the red flesh peach cultivar, agreeing with the accumulation
of anthocyanin and expression of other previously identified
genes for anthocyanin biosynthesis. Anthocyanin pathway
related genes CHS, F3H, DFR, LDOX, UFGT differentially
expressed between red flash peach cultivar and white flash
peach cultivar. These results suggest that red flash peach
cultivar and white flash peach cultivar have different
anthocyanin biosynthesis regulatory mechanisms.
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E 2 0F(Prunus persica (L.) Batsch)x= %}1] Z}(Rosaceae) A}
F2(Prunus) E-ototd(Amygdalus)ol &8t= 2 U9
A T}4>(Childers1988) 2 n=8, 28] A o] -2 Zu|i}of <4
Sk ARHO] 742Mbpe]l H] S H LA AF2- genome size =
220~230Mbp A I 0] th(Pozzi 2009). 7] o] H1E Eo}
O] A= 286897, - Af= 2758270 2 BFe] A QLo
20009 = 27| EE AAEAE
= Z T genomeo] HF 8FE A WA post-genomic *l
Aol @2 754 Al thAhmad et al. 2011). &
o}o] A E.O polyphenol §HeFo] o} 3}"}5@3’—}7} A=
o2 UefA Yol P87 B 487 Baoli
Aol 8|3} carotinoid®} anthocyanino] o} ﬂ*PQ
715A deFo] =0} H2 §A BLof ZEof st
2} 9] &;7} Z5ta Qo] MA ko] =2 3187, %
§0 ol 259) ol dasisl o
= carot1n01d, flavonoid A] B3 HHAE SAHAF ZE o
o3t dA1= ﬁmé] Y= 3 ) Flavonoide= 2] &2
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o, 7, Qul, Bel, E, 4 5 LE 2jo] Zajalv]
Al A HS, m| A E s Sl gt W, oF e A
BIHRAA G +t, FHleoles, S, et S
A 5oz AL 1 940 725 Q) th(Forkmann

and Martens 2001). 11541 &9] Flavonoid&2 67}% 9 3
9 subgroup, = chalcone, flavones, flavonol, flavan 3,4-diol
(leucoanthocyanidin), proanthocyanidin® =2 FLEEH T Y&
9] 2 = anthocyanin™= 3£ 3% th(Park et al. 2002). Zo|L}
T4l 9] ZFA2 pelargonidin 3-glucoside, cyaniding 3-glucoside
1231 delphinidin 3-glucoside 5 <43 o] % & &&= antho-

cyanin®]] 7]913} ™ anthocyanin $H4] W82 chalcone synthase,
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chalcone isomerase, flavanone 3-hydroxylase, dihydroflavonol
4-reductase, anthocyanidin synthase, flavonoid 3-O-glucosyltrans-
feraseo]] 2]3}o] Zufj ¥l th(Holton and Cornish 1995). ©] &
3} anthocyanin pathway 33t A3 & of dst o|s+=
transposon tagging¥} positional cloning¥} 72 HZ}-,‘?,-X%Z;]
WS olgelel We ATl AAE o sk =
anthocyanidin¥} anthocyanin A gHAd ol A E0] 29l 1’41/\]-73‘
29 ozt oA a4A59) HL&] S Z24Ast= A%
oe QA7) ol maE gk Tt &
of Lol Al hybridizationol] ¥lg& = 7l&S @
o] Slth. Microarray W2 e FHAE
probe S T Z}QI3floF s= 3}, detector®] noiseo] 23l <
kS db Al 7Eol 2 HAlx Ao 2 XA E o]ttt
#A45F oons) W 9 HUE A 4E ol 5
= AR A & 4= Sl A 7]& o] RNA-Seqo] T}
Lo ‘5%}9} Next Generation Sequencing(NGS)-2 % &4
Wyl ue) Ben Age vgom dewe v
49 HOIEE 2% Al R 97149 2
7l wekth A714 9 viEE £ WS- microarray
71%o] Hgl BtE cDNAQ 47|H 2 24T = AUtk

gol AL, AR TE Aol qlojA Mz Al Y
ot A WEEE AAY Aol el 7 {3
T Aru 5ol AR Ha Fol f85hH, E4 A
of 471ME AR} Qloj= FAA T EA o] 7H53t
%o| B} YutstE|H A transcriptome( 7
AHA) oks okl AR WA Ao Qlof NGS 7]
0] PCRO|Y microarray 7| &S A 514 € ZAo|tt. o]
o] SFR A Y EIL e FAA oA o AR
B obu 2} exon #E oA o] W, Hol, splicing 5 A 57t
Al At7F Bbsha] EHE Zopol A o] dGE THE5HA
Atk o= Tt Y Hrof 9Jgt biomarkerE E
ooto] FAAre] FxA wHolo] ok A YR
£ o]&sto] 4% markers T & 4 ke 7He A
A A Bk} L A G743 Eofof A] histon post-translational
modifications(PTM) 2] ¢ X} genome-wide DNA methylation
OFAFS B A7) 9J3) chromatin immunoprecipitation(ChlIP)
< microarray 7| <(ChlIP-chip)o|| 483t A+ A&7} 3
7 NGS7|&-& o] &3t ChIP-Seq2WE% Th Ky
Stk NGS 7142 At FHGAAE Pl
o Bofol 4 0|8 Aol Aut ulojg o Bty oz ol

F A

Brhurel o 4 U Aol

‘

590, Yol ool 4 NGS 714< A=
ATAA FFol Bag Aol £ A
2 Apgsto] WAL HRANA
WA ATE B AP T B
oblA e ATYFS AT Feh,

=

off oft 4wt & b 1|
2 o =2 oo rlu >

Mz W ah
AlZM =2} total RNA £& 2 mRNA 22

® A7 ST AR FEANTH
Hold 5 50 450t 2858 o1Bar U1
B3 udue Sy E3

9

U]H“Eg} Xq 74] %%—
T 53 FEEH 944 o 5
9UHE 89 199474 llﬂ T8, 24EEE 699U R
Bl 749 69471 53] 4 °
3}t RNA £ 22 Pine Tees Methods(Shujun et al.
1993)°) whebA Tk 2ol Sqsdlnt BT 3 el
sampleo] 15 ml9] FZ&8N(2% CTAB, 2% PVP, 100 mM
Tris-HCI pH 8.0, 25 rnM EDTA, 2.0 M NaCl, 0.5 g/L
spermidine, 2% (-mercaptoethanol A& 2 Ao A7) A
7}ttt S o]Chloroform: isoamyl alcohol(24:1)2 A7}
5Fo] 15000 rpmof| A 258 ZoF YA B ] st ASH
of % volume2] 10 M LiC1E H7}3F & 4Co| Al overnight
shgith 15000 rpmeflA] 304 F<¢F G4l stel IAH=
2 500 ul®] SSTEo| izo|i F&FO|Chloroform: isoamyl
alcohol(24:1)2 A 7}sF% et 15000 rpmof| A 305 FoF ¢
Atelsto] A5 S Eefth & 2o ofghs M7 o
10 C o A 408 Z9F A& & DEPC A 2|3h Wiaof &=
%th Total RNAZEE] mRNAE EZ3}7] 93| polyA
Tract mRNA isolation Kkit(Promega. USA)E A}&-3}%itt.
PolysaccharidE A 7 3}7] ]3] oligo(dT) cellulose column-2-
ALg-3l= tjAlo] biotinylated oligo(dT) 9} paramagnetic
particles 2 AF23Fth One mgejTotal RNAS] % & Huy]
=2 500 ulE WE T 65CoA 1087 AR & 3 ulg]
biotinylated oligo(dT) probe2} 13 ul®] 20 x SSCE #H7} &=
Ar2of A& TE SA-PMPs(streptavidin paramagnetic particles)
o] tubeQtof| A A SFA 4l o]=2 3t Zof magnetic Stand
o YA particleZ £ 3}aL, total RNAL} =35} 10
2 ZoF A& Z o] magnetic standof| A 0.3ml12] 0.1 X SSC=2
4¥ washing St F o] 0.1ml¢] DEPC A 2|3t Bo+E A7}
shelet

Next generation sequencing2t bioinformatics analysis

E2 % mRNAE= ¢cDNA TA AL 7| & high throughput
sequencing Y (Margulies et al. 2005) 2 & Roche GS FLX
£ A3} 3L, GS FLX sequencerE E3) A4 % sequence
£-& Roche GS FLX software(2.6 version) 2 132 o] &
&l de novo transcriptome assemblyS 2 3Ys}ich YA =
isotig(transcript) == blast(2.2.25+ version)(Altschul et al. 1990)



J Plant Biotechnol (2012) 39:273-280

275

£ 0]83} GO Database(Released on 27-08-2011) (Ashburner
et al. 2000)2} NCBI2] NR database(download date: 2012/05/07)
o] alignmentE 43§51 th. Singletono] tj 3 A= SeqClean
T} Lucy(Hui-Hsien and Michael 2001)2}+= software S ©]-&
310 sequence trimming(low quality, low-complexity, vector
sequence &)= A 3PSFH L trim% singletonS-2 isotig?} &
A35HA blastE 0|83} GO ¥ NR DB alignmentE 4=
Batolct.

Real time PCR

Real-time RT-PCR 4] & 7500 Fast Real-time PCR machine
(Applied BioSystems)© 2 4235} th. DNA polymerase =
= SYBR Green master Mix(Takara)E AF&3lon &
3} RNAE ¢cDNA A 3f Oligo dT primer(50 pmol) 1
ul, dNTP Mixture(10 mM each) 4 pl, template RNA(200 ng)
I ul, #FEF0]10 w7l H&=5 DEPCE A3t Ht4
£ A7tetaArt 65Coll Al 57 heating g & o] E3HE
o] 5° Reverse transcriptase buffer(Takara) 4 pl, RNase inhibitor
(Promega) 20 units, Reverse transcriptase(PrimeScript, Takara)
100 units Y2 220 ul 7} El== DEPCE A3t B4
£ A7tetanh EFES 42T A 604, 70T A 158
heating 5} %t} 96-well plateo]] SYBR® Premix Ex Taq(2x,
Takara) 10 ul, Forward primer 0.2 ul, Reverse primer 0.2 ul,
ROX Reference Dye II(50x, Takara) 0.4 ul, A3t cDNA
2 WE Y3120 w7t H&=% DEPCE A3 dat+E 3
7}3t At Standard curveS $J3)| positive =2 107, 107,
10°8 g3t gon], 2t7ke] MEEL2 207% 3|45}
PCRE 43Y5}%t}. Primer+= references(Ogundiwin et al.
2008, Ying et al. 2012)2 Z%3}9)3L PCR AL 95T
A 105 Z9F holding & 95C o A 5%, 60TCofl A 157t 40
3] Agstgon, 95CoAl 15%, 60 Cojl A 18, 95C 9
A 30%, 60C oA 1522 melt curve stageS 2 2] 5} t}.
Analysis tool-> Applied Biosystemso] A |53+ Delta Delta
CThs 7= 2 Haseinh

M biological_process
H cellular_component
i molecular_function

E No Hits

o s
Zo W 2%

GS FLX 4542 O[&¢t Next generation sequencing

Anthocyanin pathwayo] HE FAHA59 RT PCR 4
23 ojEs 79 69 AE, 2APEL 79 129 43
S AFE-3}o] NGS E4-2 313t Roche GS FLX4542 o]
$3 0]ME0) $ read S 26355901 F @714 A2
0]+ 83,456,9510] 11, read®] Ho G714 E 4ol= 316 bp
olch. ZAHEY] F read S 47,6900 0] & 7] A
7)o 144,794,6660] 1, read®] Wi A7|Ad Zol=
323bpo] T},

OEH = of A0l gene ontology &A1

o] |l &= ] gene ontology24 AiKFig. 1) 7| 5HE A3}
= fAAEe BE AsEeEol A f17 AEe] B
o] 5}= molecular function o st AR 28%, AY
EgH o g t}ofst E 2o Bojdl= biological process=
28%F AA et G2 AL QA of] Hofst= cellular
components +A48t= FAAE 23%, HIE [fARRe}
FE = HEPH A &= transcriptome©] 21%0] T} o] of H]
3 ZAE =9 gene ontology ZI}= biological processo]
Tosl= [ A A7} 27%, molecular functiono]] 3l &
HAA7F 27%, cellular component= 21%, B 1% G X}t
4Ede UEHH Al ¢ transcriptome©] 25%0©]t}. o] 9}
Aspi wgA Bpolo] g ATE A% Aol
AT A5A Fgoto] it A7} ob2] st
stof Ede UEtW Al %= transcriptome©] ol
al, gro= oo tigh dtet EA4e Faw itk
Gene ontology £-4] Z 3} w9l = 9] biological process(Fig. 2)
o) 3 g5h+= transcriptome= EH unclassified 7} 25%, metabolic
process 22%, response to stimulus 16%, biological regulation

o
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10%, cellular process 8%, establishment of localization 6%, de-
velopmental process 6%2] G- A7} 2} a1, =AY
F o A= unclassified”} 26%, metabolic process 23%,
response to stimulus 15%, biological regulation 10%, cellular
process 8%, developmental process 7%, establishment of local-

H biological_process
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u molecular_function

H No Hits

Fig. 1 Result of GO analysis. (A) GO analysis of Mibaekdo (B) GO analysis of Josaeng Hyuldo
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Mibaekdo (B) GO analysis of Josaeng Hyuldo
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Fig. 3 Cellular component of GO analysis. (A) GO analysis of
Mibaekdo (B) GO analysis of Josaeng Hyuldo
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= t}oF3t transcriptome ©] £ 3t njWl ol A FA R}
AES] §1A] o] #oist= cellular component FA 23t
(Fig. 3)+= cell part 42%, unclassified 14%, membrane 15%,
organelle 14%, cell junction 4%, organelle part 4%, membrane
part 3%, macromolecular complex 3%E *}x]3}al Qlal, &
AE = o A= cell part 42%, unclassified 15%, membrane
15%, organelle 13%, cell junction 4%, organelle part 4%,
membrane part 3%, macromolecular complex 3% = 1| &= @}
H] =3} transcriptome X5 Ho|il T} AJstetFo
A FA A AR O] o] Sh= molecular functiono]| 3l s}
+= transcriptome -4 (Fig. 4)0]| A+ u]u¥l =7} binding 36%,
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Table 1 The levels of transcripts coding for proteins were significantly higher in Josaeng Hyuldo (J) than in Mibaekdo (M)

M J Gene

0.00 203.06 aspartate transaminase [Malus X domestica]

0.00 203.06 No hit

0.00 203.28 predicted protein [Populus trichocarpal)

0.00 207.78 No hit

8.07 1943.78 unknown [Glycine max]

0.00 224.55 No hit

0.00 225.88 No hit

0.00 226.88 21 kDa protein precursor, putative [Ricinus communis]
0.00 241.48 9-cis-epoxycarotenoid dioxygenase [Malus hupehensis var. mengshanensis]
0.00 241.72 beta xylosidase [Fragaria x ananassa)

0.00 242.39 microsomal omega-3 desaturase [Phaseolus lunatus)

0.00 255.94 No hit

0.00 281.11 No hit

0.00 283.00 No hit

1.97 863.12 chalcone synthase [Prunus persica)

3.81 1409.10 PREDICTED: E3 ubiquitin-protein ligase makorin-like [Vitis vinifera]
0.00 294.80 polymerase [Apple chlorotic leaf spot virus]

0.00 295.64 hypothetical protein VITISV 001809 [Vitis vinifera]

0.00 311.46 Omega-3 fatty acid desaturase, endoplasmic reticulum, putative [Ricinus communis)
0.00 319.10 unnamed protein product [Vitis vinifera)

0.00 32141 microsomal omega-3 fatty acid desaturase [Betula pendula)
0.00 365.29 polymerase [Apple chlorotic leaf spot virus]

0.00 372.28 No hit

0.00 408.99 No hit

0.00 420.87 unnamed protein product [Vitis vinifera)

0.00 461.75 chalcone synthase [Prunus persica)

0.00 471.10 heme oxygenase-1 [Cucumis sativus)

0.00 623.35 polyubiquitin, partial [Gladiolus grandiflorus]

0.00 2071.02 endopolygalacturonase [Prunus persica)

0.00 3537.65 endo-polygalacturonase [Prunus persica]

0.00 4942.66 endo-polygalacturonase [Prunus persica)

F2 e = AR5 Table 12} 2t} Endo-polygalac-
turonase= A|Z ¥ ZZ 9] A3} 2 Az H3}o]| o5t
+ enzyme(Lester et al. 1994) 0.2 XA X = 0|5 Od=2
24FOR W T 85 o] o] Adeiel 1057}
7] Ao a5 A A ") wEha FAE n e
9} vl s A ZAYE o A= o]u] endo-polygalacturonase”}
o] wo] Aol Astrt AP FE T Polyubiquitin
DNA repair, cell cycle control, circadian rhythm, stress response,
apoptosis 12| XA 2o A Fagt A AHE ] Al
EA 750 Tolst= Ao 2 U4 A Qlth(Martin and Boris
2010). E3t ubiquitin-dependent protein £3f 7|22 F &2
]x%/\o L@EXIO]L} o /\ _4 u}uﬂx] 0 Hoﬂo}ﬁ J,};H
oA & 4 A ThHDrexler 1997). ©] H gt ubiquitin®] W& o
A AES] spopossel A & S Ao R 2AE
EAOA 7]A% FHAe wWd@o=Z AZETh Heme
oxygenase-1-2 A|EZAlo|L} ARZHEZ O At T
o] 5} = (Raffaella et al. 2010) == Ha] A Ao A Wo| vt
dol &
acyl chain®] B4 Alo] Q]

17, microsomal omega-3 fatty acid desaturase+ fatty
o|FAgE Tkl APt

ZA3}= enzyme©]| tH(Kristin et al. 2005). Beta
B aAF xylan degradation, xylobiose

EX3HE
xylosidase= 7}
2} xylooligosaccharidesE xylose= 7}4-E5l= a4 =2
et& A @lth(Carolina Di Santo et al. 2009). 9-cis-epoxycaro-
tenoid dioxygenase+= 7}FZE|lo|E A LA Q] Htho] A A}
&= ABAY A S X H-dl= A A Z(Zhang et al
2009) A o] A< THA A ABAS] 7t Fof ol
S7HE 7HALA HedH, 2AEEY wWE A
THo| Q= SHAF O E AYZHE T Aspartate transaminase
= aspartate aminotransferase2} 11 %= S} amino acid metabolism
of] Tod 3} o] aspartate?} alpha-ketoglutarate S oxaloacetate 2}
glutamate 2 21 EHA] 7] = G 40| tH(Goffreds et al. 1991).
NGS 4 Z#E vigto 2 njiir oA W go]
E2t Bt 2AE oA THAEA FAY FE T
TS UeU &= FAASLS Table 22} 2t} Chlorophyll
A/B binding protein> I 524 &9 GEA oA Aol
ok FQ 3k LA A Eo|th(Butler 1978). FaHA] 114 o A]
o] EYA= Yo #8A=A AEF stal o7]E oY
A= A 13 FA 1= o] g rh(Thomber 1975). o] T
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Table 2 The levels of transcripts coding for proteins were significantly higher in Mibaekdo (M) than in Josaeng Hyuldo (J)

M J Gene

593.95 0.00 predicted protein [Hordeum vulgare subsp. vulgare]

534.34 0.00 chlorophyll A/B binding protein, putative [Ricinus communis]

387.16 0.00 No hit

1108.51 2.19 Histidine-containing phosphotransfer protein, putative [Ricinus communis]

299.69 0.00 No hit

281.44 0.00 No hit

279.30 0.00 unknown [Populus trichocarpa % Populus deltoides]

275.94 0.00 No hit

275.70 0.00 No hit

275.66 0.00 No hit

275.49 0.00 unknown [Populus trichocarpa % Populus deltoides)

274.89 0.00 plasma membrane intrinsic protein 2;5 [Mimosa pudica)

271.02 0.00 hypothetical protein MTR 5g051160 [Medicago truncatula]

266.26 0.00 No hit

266.26 0.00 No hit

254.84 0.00 No hit

249.62 0.00 No hit

242.18 0.00 No hit

238.80 0.00 No hit

237.14 0.00 No hit

234.06 0.00 PREDICTED: oxygen-evolving enhancer protein 3-2, chloroplastic [Vitis vinifera]

228.70 0.00 chlorophyll A/B binding protein, putative [Ricinus communis]

227.65 0.00 No hit

223.19 0.00 hypothetical chloroplast RF1 [Prunus persica)

223.19 0.00 No hit

220.59 0.00 No hit

210.79 0.00 No hit

210.79 0.00 No hit

1223.81 4.82 Histidine-containing phosphotransfer protein, putative [Ricinus communis)

208.47 0.00 PREDICTED: dehydration-responsive protein RD22-like [Glycine max]

207.90 0.00 No hit
A RANEL S ARG ABT GG ABEAN 2 ASAH 2 5 l% EE FEREE BRI
Y E UL, 304 167] o] fAATeR FHH] oA Udo] He Aoz dEA lthHMayfidld et al. 1987).
Q] tH(Dunsmuir 1985). ©] G A9 &3 v & AlakA of Dehydratlon-responswe protein RD22+= salt stress T+ 55

A Z7Vsta, 43
sto] Hejol A= Ao WA gon T2 HApEI
A ZA=EC I A Qi Walling et al. 1988). Histidine-
containing phosphotransfer protein= o€ dl AlSHAE 7|2t
of| A sensor kinase¢]] £0] = C-LH9] receiver domain &
ZHE U receiver 2 21417] 2] o] Q1014 phosphohistidine
intermediate 2 A] ZH-&3FcH(Wurgler et al. 1997). Plasma mem-
brane intrinsic protein< A Z2-S F3F F2] 0|52l symplastic
pathway°1]/\1 ?35} Oﬂzﬂ 0 3l= 74 oz 0]—3:]74 o] o u:]
Al EA oA ol AR WS 24 Fol] Ao AL gt
BEEY 2] wfje FolAel Fert Hiuwy
o|5o] AE9 FHLEH A lﬂ*é X, 5% 5 & ¥
Tt HHE WA wEo] Hol g AeR A
Zte]o] ofof gt A7t Eits] o] Foj A il YItH(Zhu et
al. 2005, Peng et al. 2007). Oxygen-evolving enhancer protein

Hzo] os dd s thl A 2 oxygen-evolving enhancer
protein ] ¥ & F 2 FE O] AEH Ao thgk Hrof 7] Hof A
dhd o] Fth(Hanana et al. 2008). NGS 24 AE HW
DMEolA HAEE SARES 22 BAY B o
;é_l ol = /\Eg-ﬂ/\ oﬂslgﬂ Al & % T‘/h,]— IAH E]—uﬂxloﬂ
Sgeks AAS R o] B9k, 2R HE
anthocyanin}- flavonol AY&A] 9] up-regulationo] #ofd}=
oA, ekl J2af, sorbitol tHARRFY I T Tl
o] it
Anthocyanin pathway & |TXSS| U

E o] 1o} 7 #Alo] 213 H anthocyanin pathway©f]
T = transcriptome =, 1|9 = ]HL dhg ko] & o
G 2AEEOA ¥ A% Ut SEA4E CHS
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Fig. 5 Molecules of anthocyanin biosynthesis pathway and Real
Time PCR of anthocyanin biosynthesis pathway
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