VLM 244 ( Jiangsu J.of Agr.Sci.) ,2018,34(3) :651 ~656
http: //www.jsnyxb.com 651

FE R B, A 3 R A (B IEE T R BUR [T] VLR, 2018,34(3) :651-656.
doi :10.3969/j.issn.1000-4440.2018.03.025

3SHRRNGBHMELTERE

o4, REER, REm, AEE, LmiE, a9k
CILIRA AR BE R ST/ 1035040 B AP 2 AR e R TSR0 T30 HIE 210014)

WE: LEDGC195(HR) Wik 35 (HER) LR KL (DBF-FEH R 20 ) BRI R, 58 T 3
bR A€ B B SR AL 7 R BLR AS SO . SRR AR SR T i R v, 3 A A AL b A8 75 38 7% 1 AR
S EFUIE . H AP B AR PSR AR R0 A RSB K ; DBF-JE N B 2T A BRI AR Sr AR S, 3%
EREAR SR H SURITH i A IR B B . JCEAETT R L R (LAR) BT 3 S (ANR ) BT 77 B2 5 2
TERG K- IR IK L, 2007 3 Bl A bk b 5 JRE T R AR R 35— B0 7E A BRI Ik, LAR 5 5E T R R
FHONEYL MAELLARE T ANR 55 AEE R R %),

SR by WG TR LAR TG ANR
FESES: S662.1 XHARIREG: A XEHS: 1000-4440(2018)03-0651-06

Proanthocyanidin accumulation in peach fruit with three types of flesh color

YAN Juan, SONG Zhi-zhong, CAI Zhi-xiang, SHEN Zhi-jun, MA Rui-juan, YU Ming-liang
(Institute of Pomology, Jiangsu Academy of Agricultural Sciences/ Jiangsu Key Laboratory for Horticultural Crop Genetic Improvement, Nanjing 210014,
China)

Abstract: Three types of peach cultivars * Ruiguangl9hao’ ( white-flesh) , ‘Zhejin3hao’ (yellow-flesh) and
‘ Hongroudahongpao’ (' blood-flesh) were researched to understand the characteristics and mechanisms of proanthocy-
anidin accumulation. During the stages of fruit development, proanthocyanidin concentrations and accumulation signifi-
cantly differed among the peaches with three kinds of flesh color. The accumulation of proanthocyanidin in white-flesh
and yellow-flesh peach decreased with fruit maturation. However, the proanthocyanidin accumulation of the blood-flesh
peach rapidly increased with fruit development and reached maximum at maturation. In addition, the activities of leu-
coanthocyanidin reductase ( LAR) and anthocyanidin reductase ( ANR) and the relative expression of their coding
genes at transcriptional level were consistent with the accumulation of proanthocyanidin in each type of flesh color. The
activities of LAR were closely related to proanthocyanidin accumulation in white and yellow-flesh peaches. In blood-
flesh peach, ANR was closely related to proanthocyanidin accumulation.
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Fig.1 The growth curve of peach fruit
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Table 1 Sampling points of peach fruit during fruit development
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Fig.2 The changes of proanthocyanidin content in flesh of peach
_Lo0[ 1.00 -
= =
= 0.80F 2
Lo Lo
EC 2
R
gz 040 H’E
% 0.20 %
~ =
~ 0 = 0 1 1 1 |
S1 S2 S3 S4 H
RELKEM

—— 5195, —m— 435, —a— RO

S1.S2.S3.84 H WL 1,

B3 BRFZLEITIEH LAR 71 ANR BGiE N
Fig.3 The activities of LAR and ANR during fruit development period

76 S1 BT LAR WTG RN W & 3 5 >Hmt
19 S>LLRRLLH, P i 4 3 50220 I KL )
2.0 %207 H B, LAR B93% 11 M3 19 5 >41
RLIHIS W4 3 5. ANR B35 SR LAR A, B
TE S1 BT ANR (935 717 4 3 5 >Hi)t 19 5 >41
PIRLT ML, Wids 3 589 ANR 3% J1 25606 19 5 F
IR RLHINY 5.0 % 8 T H B, ANR 1936 3 0
R RLAS B G 19 5 >Wi 4 3 5, 2L W KLLHI
SEEG 19 511 2.5 f5 Wi 3 511 7.0 i,
2.3 HERLAETED LAR F1 ANR IERE KX

FE R PCR 25 UL IR 4, &5 522 0 W] — Bk & Ao
LAR 1 ANR FERFERG SR i R ih i f 2 5%, (A4
LB IEAR—F, Bt 19 5 LAR I ANR ik &1

JAE S4 B IAIA BB (P<0.05) ,JRJ5 16 H i &4
R (P<0.01) . #Wi4s 3 5 LAR JERTERE K F
ERIA T TE S1 B e, IR AE S2 B[] 2 B AR
(P<0.01),Z )5, b RS0k B0 3 SR,
ANR JEHTE S1 2 S4 2% B W 1y R Gk s I f Il 35 22
S HBERET H(P<0.05), 2L KLIH LAR
FIANR Fik AR RMER  LAR SN TE S1
£ S3 B R IR KA B3 2 5% (P>0.05) ,{H
M S4B IO B A HORHI ) 4 2 o (P<0.01) 5
ANR FE PR 2% 35 7K - W Bl 4 SR SR ) & 8 B 10
BT TE S4 IR B i =5 7K F- (P<0. 01)
3Bk b 22 8] LAR F1 ANR 263k 2 A8 fl e
25U EREAFRAEZEST K, £ S1E



FeOIRGE 3 R R B EBREAET RIRA 655

1, LAR SEPR 5% 5K 1) 2655 5 i s BRIy
Wid 3 S>LL RN RAHSHHE 19 5, HbWi 4 35
LAR (A B4 R M E L 19 S0 2 £
(P<0.01) ;1fi7E H 8, LAR B9 32355 il & 2R AR R
h LR KA S GG 19 5 >Wi 4 3 %5, SR, ANR

FER R AE S1 BRI 4 3 5> Bt 19 5>
ZLARLHL (H ) H B, WA LF AR, R IR 21 1A)
KELMSEDOE 19 5>Wi4 3 5, Hpa W Kaun
ANR F3R 520 056 19 S i 4 3 5019 10 £5(P<
0.01),

0.60 - 0.60
1 8
ﬁé) 040} @ 0.40 |
= £
= =
=
~  020f = 020f
3 <
0 0
S1 S2 S3 S4 H S1 S2 S3 S4 H
RELRE M RLRE M
O #6195, B #4335, W IRRail
S1.82.83.84 HWLFE 1,
B4 BERILZEF IS LAR F1 ANR ERERE
Fig.4 Relative expression of LAR and ANR during fruit development period
3 ik RS mAmin T AP LR R MR ILER RN
? Y

JRAETT R AR OGS ZE AR S 2 AR WA
Rz, g AT R T SERES R
A0 MR A MR IE W KA E AR
() 2 BRI Bt A B B 2 i AR A A AR e TR
TR 6 25 A% L 2H 53 52 i, A 4 & IO BT LAR
1 ANR BB 2R R I 355 | A N S RE G IE 45
FHE B SEh JE AL T R Rl A T IR R DL &
AR HLERA 5 438 /L | R 0l 2 OC T 20 PR sl o PR ik
RS RAET R A B R HRIE

FERT AT A, 1 PR e 2 Bt SR S, DA
HREOBEZHFFMEY; (A Stark Red Gold I
Baifeng M JFAETE R B mbEE R L LK B E MG
MO R AR LL 3 Fh A @R S R
MoEE, EIFAT REAF N A RL LT #
R B AR, EE AR e S
REEATK , 76 P8 PRk o SR B R T o, U BHAE i e )
1 R R #5 PRI B b AR T 2R )RR SRR Bl 2 R S
ST FFAR , X 5 A A BF 98 45 1 — 205t S5 2
BRI L R A A SR S O S 46 SR A L
DBF-FEP Y21 PABK A ff A e, B 2R 582 % B 2R3
T, e RS I8 B B, HL A = T R AR RTZL Y
B, X —Z5RAE RS b e AR B, B Ak
FEE RIS N T AR T R B LR R R R LSS

SEU D TERRE RS TR, 21 PIBE SR SR 1R
R A AR R AT g L A A R R A
HEAK, FXARkhEATZA N TEAR
Bk B IR L R Ll SR R A R BRI, A S AL
T BT — R AW R

LAR F1 ANR 3 PHJ2 B 42 W45 R 0 R A 75 2
TRLL SR A S5 4 B0 TE B Y SR B il 3 R 22 AL
Hl, LAR &1 A K 2, 3- 0 s Be-3-08, LA K,
ANR A2 A B 2, 3- 0 X 3 Be-3-l, R LA &R
Daniela %' $2 1Y CHS .CHI ,FSH .DFR .LDOX  UF-
GT ANR LAR FLSI Z5HEEH MR IL 5 FAEFT R A
WA 5%, VA KT PAI X} ANR Fl LAR B335 HA
PEVEHT 5 100 Zhou 25107 A 5 ) 25 0 45 1 R 4% [ 7
MYBT P85 LAR B33k AR ANR, A B8
DL 3 MRk R, 0T T AR R RS e
fiti LAR ANR [P 1% 3 RNl 3 R Rk B SC R, 45
RFRW AER] — B LAR ANR 1§35 F1 K H: 4
T PRI 5 SR AP RN G L5 AL R R R
— 3, ARWFITLS ARG RS LAR FI ANR JEHE R
SEHRARTT R A ) SCEE AR LR, AN AR B S
RITE N RBCFN B AP, LAR BTG 1 A3 R 3%
RS FEE RSB Y, MAELL A
e ANR 5)FAEHE R B &), X — 4531
AR AR A A5 R A LA R S AR A ARk



656

AN N A o

2018 4F 4 34 % 3 M

M pAbkeE, MR ILANBEL NPT &, AT
RO T ARRRNBEHRAEE RRRY
LAR ANR W15 71 M gmi 3 R 2Z B N EEE R, N

BE—

SBGITHRAETT RSB SR {1 3R A

Sk

(1]

(5]

[10]

[11]

[12]

DIXON R A, XIE D Y, SHASHI B S. Proanthocyanidins-a final
frontier in flavonoid research? [ J]. New Phytologist, 2005, 165
9-28.

TR B R T AR R ANR FEIR B o R e R A 4)
Bl J]. TEoRgeliRl2%,2017,45(4) :22-25.

ZHAO J, PANG Y Z, DIXON R A. The mysteries of proanthocya-
nidin transport and polymerization [ J]. Plant Physiology, 2010,
153.:437-443.

SHEN Z J, CONFOLENT C, LAMBERT P P et al. Characteriza-
tion and genetic mapping of a new blood-flesh trait controlled by
the single dominant locus DBF in peach [J]. Tree Genetics & Ge-
nomes, 2013, 9.1435-1446.

I8 TR SR, AF. BRSSP IR B ST (D],
Sp 224 ,2014,31(3) 477-485.

ASAMI D K, HONG Y J, BARRET D M, et al. Processing-in-
duced changes in total phenolics and procyanidins in clingstone
peaches [ J]. Journal of the Science of Food and Agriculture,
2003, 83:56-63.

HONG Y J, DIANEL M, BARRET A E, et al. Liquid chromatog-
raphy/Mass spectrometry investigation of the impact of thermal pro-
cessing and storage on peach procyanidins [ J]. Journal of Agricul-
tural and Food Chemistry, 2004, 52.2366-2371.

JE OB HRORE ek B AR BT HR S a  rh y BR
B BN R B2 [ T]. [& 2054, 2009,36 (12) -
1717-1724.

DANIELA R, RICHARD V E, REBECCA A H,et al. Transcrip-
tional regulation of flavonoid biosynthesis in nectarine ( Prunus per-
sica) by a set of R2ZR3 MYB transcription factors [ J]. BMC Plant
Biology, 2013, 13.68.

ZHOU H, WANG K L, LIAO L,et al. Peach MYB7 activates
transcription of the proanthocyanidin pathway gene encoding leuco-
anthocyanidin reductase, but not anthocyanidin reductase [ J].
Frontiers in Plant Science, 2015, 6:908.
8GR AR AR ARG Bk 10 A2 4 BT
TR [T]. 2R ,2014b,41(2) :319-328.

LOMBARDO V A, OSORIO S, BORSANI J,et al. Metabolic pro-

filing during peach fruit development and ripening reveals the met-

[13]

[14]

[15]

[17]

[18]

[19]

[20]

[21]

(22]

(23]

[24]

abolic networks that underpin each developmental stage [ J]. Plant
Physiology,2011, 157.:1696-1710.

XIE D Y, SHARMA S B, DIXON R A. Anthocyanidin reductases
from medicago truncatula and arabidopsis thaliana [ J]. Archives of
Biochemistry and Biophysics, 2004, 422:91-102.

W 5L & RS ZAWAETE R R Y R R T
FELI]. 2RI, 2013,33(3) :221-228.

TONG Z, GAO Z, WANG F,et al. Selection of reliable reference
genes for gene expression studies in peach using real-time PCR
[J]. BMC Molecular Biology, 2009, 10.71.

SETH D C, JULIE M T, GREG A G, et al. Impact of diurnal tem-
perature variation on grape berry development, proanthocyanidin
accumulation, and the expression of flavonoid pathway genes [ J].
Journal of Experimental Botany, 2012,63(7) :2655-2665.
TAKASHI A, AYAKO K, KEIZO Y. Proanthocyanidin biosynthe-
sis of persimmon ( Diospyros kaki Thunb.) fruit [ J]. Scientia Hor-
ticulturae, 2011, 130:373-380.

REBECCA A, HENRY-KIRK T K, MCGHIE, et al. Transcription-
al analysis of apple fruit proanthocyanidin biosynthesis [ J]. Jour-
nal of Experimental Botany, 2012, 63(15) ;:5437-5450.

JAN G S, CHRISTIAN D, IRENE R D L F,et al. Identification
and characterization of MYB-bHLH-WD40 regulatory complexes
controlling proanthocyanidin biosynthesis in strawberry ( Fragaria X
ananassa) fruits [ J]. New Phytologist, 2013, 197(2) :454-67.
CLAUDIA N, SYLVAIN G, NATHALIE M, et al. Characterization
of plum procyanidins by thiolytic depolymerization [ J]. Journal of
Agricultural and Food Chemistry, 2008, 56.5188-5196.

CHEN Q, YUA H W, TANGA H R, et al. Identification and ex-
pression analysis of genes involved in anthocyanin and proanthocy-
anidin biosynthesis in the fruit of blackberry [ J]. Scientia Horti-
culturae, 2012, 141.61-68.

KENNEDY J A, HAYASAKA Y, VIDAL S, et al. Composition of
grape skin proanthocyanidins at different stages of berry develop-
ment [ J]. Journal of Agricultural and Food Chemistry, 2001, 49,
5348-5355.

BOGS J, MARK O D, JOHN S H, et al. Proanthocyanidin synthe-
sis and expression of genes encoding leucoanthocyanidin reductase
and anthocyanidin reductase in developing grape berries and grape-
vine leaves [ J]. Plant Physiology, 2005, 139.652-663.

LIAO L, VIMOLMANGKANG S, WEI G, et al. Molecular charac-
terization of genes encoding leucoanthocyanidin reductase involved
in proanthocyanidin biosynthesis in apple [ J]. Frontiers in Plant

Science, 2015, 6.:243.

(ALY 4 TR



