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FHEE: H(Prunus persica) 2 K 12 € 09 RAIRAYZ —, AR E EF AL T LI RM. AR VAR HR A6 x
EARIKE Fod ek’ A XA, £ Flllumina HiSeq™ 250038 0% -F &, KA RNA-seqi A bz 4547 # A
AT MR R FLF I AAAE RS, M3k £ 16.59 Gb Clean Datait] 74048, & T4 AR A4 K477
20 %% R AF30 2114 Unigene, £ %3 0604~ £ 7+ & A KL B ANr. Swissprot. GO. COGAKEGG# i & F 17 3|
AR, EXEERGEFLER LT HAKEGGHEKIFE R 5 £, L F 045 £ %004 A8 BKFo kA8
3%, EFAR YRR T EIE R, HERIIS3NEZFRALR B TFRAMEEETR% EF oo
RE A LR E HEROMYBAbHLHA £ 45 K B F Kk, #— 3t F 3 Rftie R b e £ IS Rl
34 04 F 4B R 1 4Tg-PCRSAT LI, CHS. CHIFF3HE Jetk’ Fa AT M & A 7 X AkABDL, 42DFR.

ANSFUFGT# (A2 X LGSR Z R, L LR UFGTAR ., @it R EEHF LS HMsM LI, KT s e
BOREPIFHFLSEENAEYEUFGTAR WA EER K., AARLERAD THAMRR R EFS TR

£ 5, AT ER A LA,
KGR bh; SR SR E T RAEF AL

WMk(Prunus persica) &1 % i Fl(Rosaceae) 2= &
(Prunus)te4), jeth 5t s Z 1MW Tz —, 5040
2, ARG A& R EGE A B R
MR T AR P B JE R A . R e kR
BRI BT, AR OR AR B ke e T SR S B R A A
B, SRR, IREmEORE, —EakPE
HHEMEILEERK Hir. REMEOREES
RZHFE S EFEVIMER, FNEEE 02 RE
HEWINREE IR B, FA T O i ML 20
Pra| b AR 47 3L 5 E B IR 18 D) R (Halliwel 155
2005; JurikovaZ£2013; WolfeZ5£2003), [Kt,
PRI R 5 AN A% AR S LB — B A Ah 2
B AR . 2 565 B & R 45 19 2 B (B 9w
T AR AL AE T 6 B & i 1) R L2 8 22 P
VA3 21 5a B, 03¢ 2R (Honda%$2002) . FL(AT I
2012). #i%j(SparvoliZ51994)5 . SN H-4
(RAH O [ il 32 E A FE: RN 2 IR 2 i (PAL, phe-
nylalanine ammonia-lyase; EC: 4.3.1.24), /R
fifi(CHS, chalcone synthase; EC: 2.3.1.74). £ /R 44
fi(CHI, chalcone isomerase; EC: 5.5.1.6). Z¥eliietl,
i (F3H, flavanone-3-hydroxylase; EC: 1.14.20.6).
A PR L 5 E#(DFR, dihydroflavonol 4-reductase;
EC: 1.1.1.219). fEE 24 EE(ANS, anthocyanidin

synthase; EC: 1.14.11.19), R A BE(UFGT,
UDP glucose—flavonoid-3-0-glycosyltranferase;
EC: 2.4.1.9)%%(Koes%:2005), £ A& i
FENLH CAE Z MY B 32 et g, FEE
o Bt S DKL 1 P ELAH I A P, 8705 05 4 ok DR P
()P0 22 1) B )2 ak, AT i A 16 75 1 IO AR &
(DaviesflISchwinn 2003; KoesZ52005; XI55 45
2013). CAKME IS 5ELT B LY SR
s R 7, HrpEFUBONT 2 IS BRI =R, [
MYB. bHLHFIWD40% 5% [A-T-(Hichri%$2011). ¥F
R ECAAENE I Bt SR Y it
XE KRBT 3ET 70 3. DhRE%EsE LA LAE
FHLHN 43 H1(DaviesfISchwinn 2003; Dubos%
2010); X =RFEFH T WAL RR TR T 5
B, H A AR W70 R FEBOR N B A A6
ME AR R FRSFEXIBRIFSE2013; Pengfl
Moriguchi 2013; ##£52017), Ravaglia%5(2013)7%

ks 2018-12-13  f&FE  2019-01-23
B B P B AR K SR (CARS-30-Z-08) 1 AR A A&k &
KL A B VR AR (2014-38) F1 1L 2148 R A2 B Rl
R 813 TH(CXGC2016B07).
* o SEIEF (1g6536@163.com).
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B 2Bk MY B2 55 R 7, WF 0 R B SR B
MYBI105bHLH3% 5k A 7 B &1k, FifzER
CHS. DFRFIUFGTZ L, R #1EH HEWE L
(Rahim%52014; JHWE2015), JTERIEFR, AL,
%) 55 R SR UL T T B AU A WA N, (H 2
Bk Bz 35 0 2 HLEE (K I 7 HROE B R 2, o AR
NIRZR o AW FC LR L Bk R K 25 A0 5L e
B NARM, SR AR HT T A SR A [H
REMBEERRIEN Z 5, 1208 565 7 &
KGR LRI 5 R, X AE T B A A R
KR B AT T ¢-PCROMT . AR BN
V] BBk SR B 4675 7 AR ORI R 428 B A 25 5 S A,
RS TB R LR AR .

1RSI

1.1 Ry

ARk [Prunus persica (L.) Batsch] i 1L
KA BT T T IR B 20 B S Rl R S AR
BRI E ELERR, PSRRI e Ak, RS
HHI140 dAc AT, M T I AR SR B AL BT R ST
RIS RE L (117°32'E, 36°225'N), %t Hh @ T 1%
T Y DR i P 2 XU, BT 3 7K 2700~
800 mm, b3+ . XM FAEAER, BRATEE 1.5 mx
4m, EFIREER, TR, dR &M AEEAR
—BIE RIS KL

I HMRNX, FEVLHES, 3IRER, 7T
B EHIM60 d (S1). 90 d (S2). 120 d (S3)#
140 d (S4)#¥ et 4 B BE Hb T 1.5~2 mAbBEHLR UK
30N RS, M LU AR TR, —80°CIRAF % H

1.2 #mAIRNABEERANE

K RIETRNzol Universal s RNA 2B 57
£ (DP424) BBk 5 Hz ARNA, Nanodrop. Qubit
2.0, Agilent 2100 MRNAFE 5 (K41 8E . 45 Al
oM.
1.3 cDNAXCEEHDREE . MFFIEIELIE

M AL S I A BHCH IR A 7] 5E %, FIH]
[lumina HiSeq"" 2500°F & #HAT mi@ & 5, J-K
F TopHat2 4 f(ftp://ftp.bioinfo.wsu.edu/species/
Prunus_persica/)i#t 47 7 %1 b Xf, AFPKM (Fragments
Per Kilobase of transcript per Million fragments
mapped ) K S5 LI [R] 1) 2k i, R 22 e Rk Bk R g
1TCOG (clusters of orthologous groups of proteins).
GO (gene ongology)fMIKEGG (Kyoto encyclopedia
of genes and genomes) ) AEVEFE

4 22 R R IA FL A H 4 22 Plant Transcription
Factor Database v3.0 (Plant TFDB v3.0) (Jin%$2014)
Kl e, fide 22 3 R0 M e e R 12 A
1.4 ZRFEEFRAEEEPCRIHT

%ﬂﬂTransScript II All-in-One First-Strand
c¢DNA Synthesis SuperMix for qPCR (LI 44
RS IR ))& 1.2 th 3 I RN A
17 e =%, FISYBR-GreenHkH3E4T 98 72 8 PCR
(g-PCRYSIHT, LA YETH AL N (1 2 S 8. 19
MEM3IKER . M PpNI (ppa009483m) NN Z
FE A (Rahim%52014), 5197 5 W LR
15 REEEERENE

Z I8 I HE(2007) ) 77 VR A M Bk R e b 467
HEE, HE3R.

1 T q-PCRIHTHIFE R B SL 514
Table 1 The g-PCR primers for the selected genes

197 H1(5'—3")

H b JE A NCBI& %5
F R

CHS ppa008402m GGACCAGGACTGACTGTTGAG GCCCACACGTTTCCAACT
CHI ppa011276m TGAAGACCTCAAGGAACTTCTCAATGG ACACAGGTGACAACGATACTGCCACT
F3H ppa007636m TCCGAGGGCAGAGCGAAGAAC TTGTGGAGGCTTGTGAGGATTGG
DFR ppa008069m GGTCGTCCAGGTGAACATACTGCC ATTTCTCATGCCATCCATGCCAC
ANS ppa007738m AAGTGGGTCACTGCCAAGTGTGTTC GTGGCTCACAGAAAACTGCCCAT
UFGT ppa005162m CCGCTGCCTCTCCCAACACTC CCATCAGCCACATCAAACACCTTTAT

PpN1 ppa009483m

CCAGGAGAATCGGTGAGCAGAAAA

TCGAGGGTGGAGGACTTGAGAATG
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2 SLUGEER

2.1 NFEHTERES

X R RN 4 TSR B TR A R
i iEATRNA-seq i, £95516.59 Gb Clean Datail]
TR, 7391351566 603 686165 051 536/ reads,
GCE B 7 N45.84%H145.61%, I HLBH L H 4> b
(Qu) K T91%. W7 H 4 5Pk 1 S5 F R LG 2%
HERE 2NEE A A 56 344 011156 017 4274
readsfS BIVLAL, 5 B EL1184.60%F1186.11% (K2).

o W 54 13E AT FPKMAR [ 43 0T (G83), 4558
F B2 FE S I FPKMAE TE<S I ZE K] 15 70% LA I,
M>100f3E K 2 54%, —FHEFALEE.
22 ERFRIEAEENGEER

W B4 453K 4530 211/ unigene, fifi FIIDEG6
B, B 7= 358 (fold change)>2, 3 /K F-P<0.05
TESUNEE ERIFRIEIEER, JLR1E3 569 £ 7R
IRFER, b0 I e 7 S R DR P B A A T
B, Hody, Nefls 2273 86 3413 05943 [K], Swiss-Prot#]

e R 212 4034 HE R, GO RV E R 212 4074
FEIN, COGHEUE FEE BRI 2414 34K, KEGGH
PR 3528 LA

TERE B BIKEGGI i 115281 22 7 Rk FE (A
3 E IR (P<0.05)H 6, TES 53PS
TEFIERE . KB A KNREDA K-
FE)93 Do B A S 0 B P (3R 4) o
2.3 ERRIEEREFHH

W 22 S 2R 5 DR LSt B AR A 2 S TR 1 s
(Plant TFDB v3.0), i #|AP2, ARF. C3H. MYB.
WRKY. bHLHZ 32N E R KK, HAFE1S3 %
RIS TIRE(RS). ZHFEETTS
FS I 7 55 IR 7 9 J BIMY B AMIbHLH B 28,
MYBHEAFE 122 R Rk L, FIfRIELIAS, T
WFIEIA; bHLHE W HE 1440 2 R RIAFL R, 1
KIS, NARIEIA . HRSATH, [H—H %N T
FGEAN ] R L AAFAEAS R R, 1B A — %% 5
DR - 5 i i % () 8 2 05 TR R A A7 FE A TR Th e 22 52,
R B S A RS B AR AE S 2L

R2 WFEEHE
Table 2 Summary statistics of the RNA-seq output

b o FSNBE 4 TS A GCHE/Y% X% =Q,, Eb X % FEXf /% b B LR/ %
FE 66 603 686 8392 064 436 45.84 91.41 56344 011 84.60 54733515 82.18
HERE 65051 536 8 196 493 536 45.61 91.57 56 017 427 86.11 54 670 887 84.04

#*£3 FPKM{E 7 #r
Table 3 FPKM values analysis

fn 0~1 1~5 5~10 10~100 >100

FE 17 167 (56.82%) 4160 (13.77%) 2136 (7.07%) 5447 (18.03%) 1301 (4.34%)

ek 17 570 (58.16%) 4034 (13.35%)

2113 (6.99%)

5264 (17.43%) 1230 (4.07%)

R4 B FARNKEGGHE 73
Table 4 KEGG classification of the set of differentially transcribed genes

KEGGi# % Ko%ii 5 ZE R BE /A PfE
S 4 1ER Ko000195 16 3.99E-05
By i Tlesty kg Ko00941 14 0.000665992
R FEEDE R Ko000940 22 0.0156762
T A5 5 1 TLAR Ko04626 30 0.024477014
IR AR Ko00410 12 0.0327951536
it B AR i Ko000900 12 0.0433338298
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RS T A 7 DR AR A e L R M

Table 5 The family composition and gene number of differentially expressed TF genes

IR I~ 2 R

ERFE  HEA FEHID FERXR B FE KD

AP2 3 ppa002612m, ppa005230m, ppa018704m AP2 2 ppa007768m, ppa003783m
ARF 1 ppa002082m ARF 2 ppa000479m, ppa002230m
B3 1 ppa019131m ARR-B 2 ppa002408m, ppa004161m
C2H2 4 ppa009924m, ppa019308m, ppa020870m, C2H2 4 ppa012762m, ppal027229m, ppa004548m,
ppa008361m ppa007860m
C3H 3 ppa002415m, ppa002251m, ppa008076m C3H 3 ppa002526m, ppa018470m, ppa005813m
CO-like 2 ppa006303m, ppa006893m FAR1 2 ppa002486m, ppa002952m
DBB 3 ppa010704m, ppa010493m, ppa009344m LBD 1 ppa012322m
HD-ZIP 2 ppa009498m, ppa019198m HD-ZIP 9 ppa008774m, ppa007421m, ppa009614m,
ppa008984m, ppa010647m, ppa011006m,
ppa011343m, ppa001436m, ppa001343m
HSF 2 ppa011804m, ppa008830m GATA 2 ppa007038m, ppa013280m
TALE 1 ppa005361m SRS 1 ppa017162m
RAV 1 ppa006243m MY B-related 2 ppa001765m, ppa002636m
ZF-HD 1 ppa013998m Dof 2 ppa007258m, ppa008850m
HB-other 1 ppa000565m ERF 3 ppa007193m, ppa012385m, ppa009005m
MIKC-MADS 3 ppa026083m, ppa010714m, ppa010578m G2-like 1 ppa007222m
MY B-related 1 ppa008539m bZ1p 3 ppa012507m, ppa007593m, ppa007645m
Dof 1 ppa008568m NF-YC 1 ppa010147m
GRAS 9 ppa022653m, ppa003206m, ppa003702m, NAC 4 ppa010222m, ppa008828m, ppa007577m,
ppa003323m, ppa004136m, ppa014789m, ppa009628m
ppa003310m, ppa002166m, ppa002472m
ERF 8 ppa024173m, ppa008514m, ppa011795m, MYB 1 ppa007753m
ppa010186m, ppa008915m, ppa012014m,
ppa009707m, ppa007892m
G2-like 1 ppa008837m TCP 1 ppa007243m
bZIP 2 ppa011967m, ppa004537m Trihelix 3 ppa007968m, ppa023115m, ppa002848m
NF-YC 1 ppa010187m WRKY ppa012414m, ppa004905m
NAC 9 ppa009530m, ppa022043m, ppa007314m, bHLH ppa002645m, ppa009578m, ppa010624m,
ppa025263m, ppa026843m, ppa008801m, ppa002762m, ppa006295m, ppa007656m,
ppa009438m, ppa005770m, ppa009455m ppa008172m, ppa003350m, ppa004070m
MYB 11 ppa010846m, ppa008979m, ppa010735m,
ppa009439m, ppa015973m, ppa010716m,
ppa026640m, ppa019522m, ppa009103m,
ppa008732m, ppa004560m
TCP 5 ppa010032m, ppa007094m, ppa004612m,
ppa018648m, ppa006389m
Trihelix ppa001238m, ppa003808m, ppa021097m
WRKY ppa009700m, ppa008566m, ppa007708m,
ppa007986m, ppa009647m, ppa008573m,
ppa021195m, ppa003333m, ppa004009m
bHLH 5 ppa006134m , ppa002985m, ppa004680m,

ppa009077m, ppa020972m
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2.4 FEIEBRREERREEENKIEEDHT
IR B ARSI R B & R i v 5%
R [N CHS (ppa008402m). CHI (ppa011276m).
F3H (ppa007636m). DFR (ppa008069m). ANS
(ppa007738m)MUFTG (ppa005162m)3E: [l i3 47 Bk
RSN K B I #g-PCRISGE BT 458Kl
1R, KEEEEFE R CHS. CHIRIF3HAE JERE A FK
T R L Rk 5 SURFRL, STIARIA KR
B SRR B RIA R, JEAk TE R AT IA B i
ICAEL, TR E BRRAT B R 2k KA B i, I H
SRUSCHT IS4 R BRI Rk A = T AERE
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Fig.1 Fluorescence quantitative analysis of key enzyme genes in anthocyanin metabolism pathway of different colored peach skins




T P55 B TR A ARG Gl R B AT HRIB B S He % A 7 315

25 FRIZEBREEETHSENH

HE2-ART DUE H, FREBRR B A2 R B 1S
S22 LR, SIHIHENTL ], S4B IR,
FEME FSZAEST. S2. S3WIH Hz S R A,
ATSA R R T . AR A SR B A8 5 E A I K
L, ARk BB R e S B NS THEE S4 A I
i, KT RIS S EERLARKE
AR ALK, TERTEAS LRI B 5 R Bk 16 75 15 &
HAHML, S2HI)E K BhBEE B I h, 167
o BRI n, B AT S4 M L A Bk v 8 4%
% (I42-B).

3 g
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Fig.2 Pigmentation of the fruit skin
AR SE G, B RLfEtaty & i

B> At H4, @it llumina HiSeq™ 25003 & Il /7
FOAR KA R A R R R 22 Ll )7 3R 45
16.59 Gb Clean DataZ{i#f &, Hbx £k 25 B K4
FreadsER4% LA I, Wl ¥ 4 3L 3k 45330 2114
unigene, 43T H3 5694 % Rk FE K, H A3 060
ANFERSRAR R . 0 5 Y SR s bk
SR A Lot 7 22 7k BE DR Hh i R 31153
N ERRIBWEFHTREE, B T320MA 5%
K7 xigk, P amiREe® FAEY S R Gt
IR 2214 UMY BFIbHLH P 2 55 PR 1 5 e
R R RIS MR EER R —,
RS B T S R B R, RIS TR R B
FEHE N REAEF T S R(ERE2015). ARG
FEAEI PP 0 MKEGG AT, i ik HE 6 75 Qi
AR S B G B, A DG 1 14N B R E AR
B NAE R A6 AR 42 L O E WA
(Springob%52003; HichriZ$2011; Petronifll Tonelli
2011), 520 A €028 AR K 3 [R] 43 Dy 25 40 56 DR F
WIS, 7E R I E FAED G B E BiERIE
H B AL K L 45 PAL. CHS. CHIFMIF3H, H3%
k55 RSk B HERE AN < (Kumar f1Ellis 2001; Muir
££2001; Honda%52002). 7% 1675 H A &
WA TR SN S R W HEDFR. ANSH
UFGTHER, F 70 I IR S (o i i I, X L il
[R5 2146 74 (Kobayashi%2001; Honda%2002; 24
#42009; Han%52012; FH242012). AHF5Tx 2%
T A 378 B v 2 S 3R (R 64N SRR i S R 3k — B 4y
PR B, s B3 B R RICHS . CHIMN
F3HAEJERR FRK S Bk b 2Rk o7 AR AR, (HR
WCHTHA(SAHA) ‘K PR R IA &= & T AEdk; T
(134N Ko fg KL RIDFR . ANSHIUFGTAE JEKE F1FK
TR R IE R AR ZE 5, 18R USCHT 1A
ok X S I R R IA B B O RERE, U2
UFGTHE . AR AL 1 o i, 25550,
IR Rk R R I AR A 5 UFGTH:
IR ) R IA A aRAR L, 7R UFGTHE R & B S Bk AE
FHH AN BRI . Ravaglia®:(2013) 75 i Bk
‘Stark Red Gold” 5125 (4 /- Hr i R I UF GTAE R 1)
KPS RS e A 2 G, Tuan®(2015)
1T Akatsuki” Bk [ SRS I B UFG TR R |2 2 3R
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15, ATEIRIGAE T UFGTHEN R B & B L1
ThRe. 1675 & Rugh f L R i 3Rk 3 B2 4 e 1A
TR, FERE TR T EREMYBE K
F. bHLH# K FMWD40HE & & H (ChiuZ:
2010; Hichri%$2011; Schaart?$2013). 7 K, Xt
TR (Malus domestica)ili 5, MYBIER 2 355 i
Tt SRS 0 72 ) T R PR 3R (Ban®%2007; Kui
£62010), bBHLHE: Sk K12 5% &) 2 M Ak B AR,
VAT A R S O A A A (HichrigE2010;
Park%52007), MWD405 I 7EH %)« - SRATA AR
e B A s k154 142 4F FH (Brueggemann
£2010; An%52012). AHF 58 i i 31 2 5 16
B H A IR R FMYBHHLHM S, 3L 26
2R RISFR, FOHTR A, B[R —
e S R ZRAS IR B R AR AEAS R B . B
LT B AR R — N E IR, L
FAEPT IR T H . 5 AL E T A G R
FE MO AT 1 SR i #2 (Vimolmangkang 55
2014), A7 FIKEGG o M FIFEE £ 2] 1 OotE
K. A, RN RAEME R EY R w AR
G AR 7R E AR, X AU IE S £ R S
HEEAERHMABEE. Z73REEKNKEGGH
B AT R GG 5 R T A V)G O S i A R
S R, IR S R IR, (E AR B R AL
W T — 0 RN T

2 E 3 Hk(References)

An XH, Tian Y, Chen KQ, et al (2012). The apple WD40 pro-
tein MATTG] interacts with bHLH but not MYB proteins
to regulate anthocyanin accumulation. J Plant Physiol,
169: 710-717

Ban Y, Honda C, Hatsuyama Y, et al (2007). Isolation and
functional analysis of a MYB transcription factor gene
that is a key regulator for the development of red color-
ation in apple skin. Plant Cell Physiol, 48: 958-970

Brueggemann J, Weisshaar B, Sagasser M (2010). A WD40-re-
peat gene from Malus % domestica is a functional homo-
logue of Arabidopsis thaliana TRANSPARENT TESTA
GLABRAI. Plant Cell Rep, 29: 258-294

Cheng JH, Lei M, Yang FC, et al (2009). Anthocyanin ac-
cumulation and UFGT gene expression analysis by RT-
PCR from cultivars belonging to Vitis vinifera. J Fruit
Sci, 26: 808-812 (in Chinese with English abstract) [£

FEB TG, R AE(2009). RO R & 1L G R
AR K UFGTHE R RT-PCREIL 531, A 2248, 26:
808-812]

Chiu LW, Zhou X, Burke S, et al (2010). The purple caulifol-
wer arises from activation of a MYB transcription factor.
Plant Physiol, 154: 14701480

Davies KM, Schwinn KE (2003). Transcriptional regulation of
secondary metabolism. Funct Plant Biol, 30: 913-925

Dubos C, Stracke R, Grotewold E, et al (2010). MYB tran-
scription factors in Arabidopsis. Trends Plant Sci, 15:
573-581

Han Y, Vimolmangkang S, Soria-Guerra RE, et al (2012).
Introduction of apple ANR genes into tobacco inhibits ex-
pression of both CHI and DFR genes in flowers, leading
to loss of anthocyanin. J Exp Bot, 63: 2437-2447

Halliwell B, Rafter J, Jenner A (2005). Health promotion by
flavonoids, tocopherols, tocotrienols, and other phenols:
direct or indirect effects antioxidant or not. Am J Clin
Nutr, 81: 268-276

Hichri I, Barrieu F, Bogs J, et al (2011). Recent advances in
the transcriptional regulation of the flavonoid biosynthet-
ic pathway. J Exp Bot, 62: 2465-2483

Hichri I, Heppel SC, Pillet J, et al (2010). The basic he-
lix-loop-helix transcription factor MYC/ is involved in
the regulation of the flavonoid biosynthesis pathway in
grapevine. Mol Plant, 3: 509-523

Honda C, Kotoda N, Wada M, et al (2002). Anthocyanin
biosynthetic genes are coordinately expressed during
red coloration in apple skin. Plant Physiol Biochem, 40:
955-962

Jin J, Zhang H, Kong L, et al (2014). Plant TFDB 3.0: a portal
for the functional and evolutionary study of plant tran-
scription factors. Nucleic Acids Res, 42: 1182-1187

Jurikova T, Balla S, Sochor J, et al (2013). Flavonoid profile
of saskatoon berries (Amelanchier alnifolia Nutt.) and
their health promoting effects. Molecules, 18: 12571—
12586

Kobayashi S, Ishimaru M, Ding CK, et al (2001). Compari-
son of UDP-gulcose: flavonoid 3-O-glucosyltransferase
(UFGT) gene sequences between white grapes (Vitis
vinifera) and their sports with red skin. Plant Sci, 160:
543-550

Koes R, Verweij W, Quattrocchio F (2005). Flavonoids: a col-
orful model for the regulation and evolution of biochemi-
cal pathways. Trends Plant Sci, 10: 236242

Kui LW, Bolitho K, Grafton K, et al (2010). An R2R3 MYB
transcription factor associated with regulation of the an-
thocyanin biosynthetic pathway in Rosaceac. BMC Plant
Biol, 10: 50

Kumar A, Ellis BE (2001). The phenylalanine ammonia-lyase




T P55 B TR A ARG Gl R B AT HRIB B S He % A 7 317

gene family in raspberry. Structure, expression, and evo-
lution. Plant Physiol, 127: 230-239

Liu XF, Li F, Yin XR, et al (2013). Recent advances in the
transcriptional regulation of anthocyanin biosynthesis.
Acta Hortic Sin, 40: 2295-2306 (in Chinese with English
abstract) [XIBES5, 2577, B4 A-55(2013). fEFH HAEM &
R SR T . [ 254k, 40: 2295-2306]

Meng R (2017). Analysis of genetics of apple skin color and
expression of genes involved in anthocyanin synthesis
(dissertation). Yangling: Northwest A & F University,
50-58 (in Chinese with English abstract) [7;#£5(2017). 3%
IR B P AR I S AE T 1 6 O R R TR 0k 7y
(AL S0). M VEALRMBHECIR A, 50-58]

Muir SR, Collins GJ, Robinson S, et al (2001). Overexpres-
sion of petunia chalcone isomerase in tomato results in
fruit containing increased levels of flavonols. Nat Bio-
technol, 19: 470-474

Park KI, Ishikawa N, Morita Y, et al (2007). A bHLH regula-
tory gene in the common morning glory, Ilpomoea pur-
purea, controls anthocyanin biosynthesis in flowers, pro-
anthocyanidin and phytomelanin pigmentation in seeds,
and seed trichome formation. Plant J, 49: 641-654

Peng T, Moriguchi T (2013). The molecular network regulat-
ing the coloration in apple. Sci Hortic, 163: 1-9

Petroni K, Tomelli C (2011). Recent advances on the regu-
lation of anthocyanin synthesis in reproductive organs.
Plant Sci, 181: 219-229

Rahim MA, Busatto N, Trainotti L (2014). Regulation of antho-
cyanin biosynthesis in peach fruits. Planta, 240: 913-929

Ravaglia D, Espley RV, Henry-Kirk RA, et al (2013).Tran-
scriptional regulation of flavonoid biosynthesis in nectar-
ine (Prunus persica) by a set of R2ZR3 MYB transcription
factors. BMC Plant Biol, 13: 68

Schaart JG, Dubos C, Romero D, et al (2013). Identification
and characterization of MYB-bHLH-WD40 regulatory
complexes controlling proanthocyanidin biosynthesis in
strawberry (Fragaria * ananassa) fruits. New Phytol,
197: 454467

Sparvoli F, Martin C, Scienza A, et al (1994). Cloning and
molecular analysis of structural genes involved in flavo-
noid and stilbene biosynthesis in grape (Vitis vinifera L.).
Plant Mol Biol, 24: 743-755

Springob K, Nakajima J, Yamazaki M, et al (2003). Recent
advances in the biosynthesis and accumulation of antho-
cyanins. Nat Prod Rep, 20: 288-303

Tuan PA, Bai S, Yaegaki H, et al (2015).The crucial role of
PpMYBI10.1 in anthocyanin accumulation in peach and
relationships between its allelic type and skin color phe-
notype. BMC Plant Biol, 15: 280

Vimolmangkang S, Zheng D, Han Y, et al (2014). Transcrip-
tome analysis of the exocarp of apple fruit identifies
light-induced genes involved in red color pigmentation.
Gene, 534: 78-87

Wang H, Li MF, Yang Y, et al (2015). Recent advances on
the molecular mechanosms of anthocyanin synthesis
in fruits. Plant Physiol J, 51: 29-43 (in Chinese with
English abstract) [T4¢, 254, M155(2015). AL
HREWE R THLEIOE Tt . YA B, 51
29-43]

Wang N, Yan JH, Zhang KC, et al (2015). Polynorphism of
DFR gene intron 2 and intron 3 sweet cherry. Sci Agric
Sin, 45: 320-329 (in Chinese with English abstract) [ T 11,
BRERAE, TRFESE(2012). FHEBEDFREFR N & 728 A
T3M AN R ERIEE, 45: 320-329]

Wolfe K, Wu XZ, Liu RH (2003). Antioxidant activity of ap-
ple peels. J Agric Food Chem, 51: 609-614

Yang ZY (2007). Anthocyanin content in mulberry red pig-
ment by pH-differential spectrophotometry. Food Sci
Technol, 4: 201-203 (in Chinese with English abstract)
(e H4(2007). pH/R Z23500 58 R R IEF RS
BHIWTA. frahBHE, 4: 201-203)

Yu B (2012). Studies on isolation of anthocyanin biosynthesis
related genes and their expression analysis in red Chinese
sand pears (dissertation). Hangzhou: Zhejing University,
70-89 (in Chinese with English abstract) [#7%(2012). £1.
R RLAETT 1 AW G B SR 3 IR 23 3 S AW FL (3
RLI830). BUMI: HVL R, 70-89]

Zhou H (2015). Mechanisms underlying the regulation of an-
thocyania coloration and proanthocyanidin synthesis in
peach (dissertation). Wuhan: University of Chinese Acad-
emy of Sciences, 5-19 (in Chinese with English abstract)
[ (2015). BRAETS T € R AET 3R & R I T
HITE 5E (AL 10 0. BB I B2 B K2 (R )
i), 5-19]




318 T A P )

Comparative analysis of anthocyanin expression patterns and
transcription factors in different colored peach skins based on
transcriptome data

HE Ping, LI Lin-Guang’, WANG Hai-Bo, CHANG Yuan-Sheng
Shandong Institute of Pomology, Taian, Shandong 271000, China

Abstract: Peach (Prumus persica) is an economically valuable fruit and ornamental tree species. The pigmen-
tation of the peach fruits’ skin is an important consumer trait. In this study, we used Illumina RNA-seq technol-
ogy to gain transcriptomic data from fruit samples at different developmental stages for red-skinned (‘Qiuxue’)
and a non-skinned (‘Feitao’) peach cultivar. The results showed that 16.59 Gb transcriptome data were ob-
tained and 30 211 unigenes were generated from de novo assembly. Among these unigenes, 3 060 differential
genes were annotated by blast against Nr, Swissprot, GO, COG and KEGG databases. For these annotated dif-
ferential genes, 6 biosynthesis pathways were significantly enriched by KEGG analysis, including photosynthe-
sis signaling pathway and flavonoid biosynthesis. By mapping these differential genes to plant transcription
factor database, 153 differentially expressed genes were screened to belong to 32 transcription factor families,
including 12 unigenes predicted in MYB family and 14 unigenes in bHLH family. g-PCR analysis of key en-
zyme genes in anthocyanin metabolism pathway was further conducted. The result indicated that the expression
pattern of the CHS, CHI and F3H genes was higher similarity, but DFR, ANS and UFGT existed larger distinc-
tion, especially UFGT gene. The change trend of anthocyanin content was consistent with the expression pat-
tern of UFGT gene by anthocyanin content in pericarp detected. All these results will be useful for the elucida-
tion of genetic differences in different colored peach skins and lay a foundation for revealing its regulation
mechanism.
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