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Deciphering the Genetic Effect of a 483bp Deletion in the

PpMYBI10.1 Promoter to Determine Intensities of the Red-colored
Flesh Peach

WANG Jiao, CAO Ke, WANG Ling-ling, WANG Li-rong
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Abstract: Based on the red-flesh color peaches showing different intensities, this study attempted to decipher their formation
mechanism in order to provide theoretical basis for efficient breeding of red peach varieties. The promoter activity of PpMYB10.1 was
detected via GUS staining, and the candidate transcription repressors binding on its promoter were captured through DNA-pull down
assay. The function of these candidate genes were determined by double luciferase and yeast two-hybrid assay. The expression of
PpMYBI0.1 and anthocyanin content in flesh peaches with deep-red, red and light-red were gradually decreasing. Activity of
PpMYBI10.1 promoter with a 483bp deletion was weaker than that without the sequence. Interestingly, we identified a candidate
transcription repressor Prupe.2G302800 based on the 483bp deletion. The protein strongly interacted with PpBL, a major factor in
anthocyanin synthesis and resulted in a reduction on the transcription of PpMYBI10.1. Prupe.2G302800 is unlikely the direct factor
modulating the red flesh of peach, whereas it might play an important role by inhabiting PpMYB10.1 transcription through interacting
with PpBL.
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LRI R L R R EAR BRI (A, T RARI G R 2R . 2R —F R ORI AL, AR AR R AL
M. REKESW, MK E TR R, ARG KRB, WA, MAJHR RA LRk,
IR BT R R E M, il dbE bR R BT GRS Rk 187 (LD fENSER,
EE H R AL AR CFRALZD Bl ZRRLLA, R RGE R PpBL ¥, AAET HEZ) T EK 6688bp
TR, ZiZRRL AT R i A8 7161, PpBL 5 PpNACI R — ik, iR REE PpMYBI0.1
HRRTMRIE, 25 PpMYB10.1 X5 54— M5 1 PpbHLH3 R R4k, ERAE0O R G BB
LRIk PoDFR 5 PpGUGT, BASHMHEBRTSE LT, RREMLA,

SRR R LA, R ORE S E, X0 RIRLA. ARGRAEAFERE, MKRWFE 74O
PRIk R 2K . Hara-Kitagawa S50\A PpMYBI10.1 3 31 Lii# 5243bp FFEFHaN, XL AR AETE
A EAH —EEHS, PpMYBI0.1 J5 5 _LIEAFE— B 483bp $ARFFS, T4k, PpBL 5& PpMYBI0.1 #3511
HEREER, HE3 7 ERAAAE—1 6688bp (14 FETHli N6, G B8 2 15t 2 5 27 I RR AL (IR T
B ARCEAMEA AR RS, BT A, AL BRI A S LA AR, RIS T4
VTR, WO LS, S EROE B AR AN R 2 OBk A SR RS A
1 R 55E
1.1 B34

TR AL AR F 1 10 LR BT, )8 T ot R E R RAE R H LI ARL, Hrh < REK
5 ORAGERD, EERTHE 69.96 mg/100g;  ‘WHEA" « MKW o FRAWT . TIM
BBk . ‘b BRHIML, HORTFSE 8.501-16.003 mg/100 g; KM . AR . E
BNKEE o R 257 RABIEKRL, HERTEE 1.886-5.769 mg/100 mg. (K 1) , Mid 14 4,
SR T BV 2 e 40 M SR AR BT 7 BT B S kM o BE U RN o SR PR IR RO SR AR T SR 5 58 4 L
BEAT, BAARAPRER AN 3-5 SRS, MU, FFUIBCR RS BRI, B E T WA, waen
S RBEAEEE, BT-80CUKH.
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Note: a, b and ¢ represent ‘Tianjin Shui Mi’, ‘Wanzhou Suan Tao’ and ‘Da Hong Pao’, respectively.
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Fig. 1 Different intensities of the red-flesh color
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PO RAF PRI S I 5 220 B 952 N 7R8I, KA R bk SR AR B T B Bk oK, FRER 2. 0g, BA 1:4 11
BHE L], I 1%/ HOL- 2B (EEIRR: TGk 4RE=1:99) , T 25°CHEH 2 IRk, REXRIEHUN 624 60min.
FEHUA 4000 /min B0 10min, B EIEWOERZE 100mL, PDAIEEORE S &E.

P FE T & R R ZVENNE B 2mL iR EIEWE 43 3 F PH=1. 0[0. 2mo1/L KCL: 0. 2mo1/L HCL=25:67]
55 PH=4. 5[0. 2mol/L NaAc * 3H,0:0. 2mol/L HAc=1:1]HIZZ MR 2 20mL, 20mL (2mL ¥4 71)+18mL L2 )
PERNZE AN G HIAE 510nm 5 700nm AR &6, FIHLL FARIHERGRTS =,

A=[(As10— A700)pr1.0— (As10— A700)PH4.5]

ACY (mg/100g)=[(A X 449.2 X 10X V)/26900 X m] X 100
Ve FRECGHPLEARTR: m: BUFEE; 449.2: RERR-3-HIEEEIE/R S FiE; 26900: KEHKFR-3-
] W ) BE 2RV O R AL
1.3 H kB

PE PpMYB10.1 38131 (1126bp. 1609bp) &k (CIbm/NEHEREREHGAR AR, Jbut, HED
FEIEFER pBI121 FIAH A MCS X, Z XA T4 & 5 H GUS L. CaMV35S a3 F/E N BH XS BRI, R
PpMYBI0.1 MEEF)T (1126 bp 5 1609 bp) JFAl&E K (AEHSEERERNBHE R AR, 650, FED
HEFES] pGreenll0800LUC #ifAk I, A E AL Tk 53 F LUC LM, 4% PpBL. Prupe.2G302800-
PpNACI 1Y) CDS X [ HIEHZ 2] pBI121 #i4k b, A BT CaMV35S 231 FilF, 1MWK 1. WHH
CaMV35S F3 5 2 K GUS B X R,

1.4 BEREI GUS 32

N T BT 483bp BRAEXT PpMYBI0.1 ¥ G MERIREM , P A6 B i 1) B AR A0 B R AT B2 A5 4
GV3101 H1, 28°CH55% 2d. M-PAR EPREUR B VS, 3% T 1.0mL LB 85554 (% 50mg/mL RIBHEZR)
28°CH59% 10 he MHRIREL 10pL, %) 15mL LB Bifeded (5 50 mg/mL RIBEHRD , 28 CREIKE:IF 8-12
ho ZJ&, 5000 rpm &0 10min, WERFEAE, HHBREZEMH (0.5 M MES, 1.0 mM MgCL2, 1.0 uMAs) F§
& OD {H A% 0.4-0.6. RIFIEHREFY T ZiREE 2-3h, FHESELIRA A EABER A . B4 16-24 h,
WOt IR 24 h J5, H GUS & (BB EMRHEA AR, Jbut, ED Jem,

1.5 DNA-Pulldown

NTHELET 483bp LIEFANHIE T, Kz p Bt MiREr, I RS AR AR AR
GArrg, HHED G R EAHEORIOGOG SRR (R TAEYM TERMERAR, B, HED .
%6, 200 pmol ZEMERFFICHIIRE DNA SR GRS, BCEMK 500 pL AR, W5 B
W E h, WiJI58 BREDI5r B BB, DM TR SRR AR . R, H A IZIR I & 2 b %
2R, AW E MG 2 IR TCERIZE B e, JHRICEER. B2, BEARIYSEAREZMT
A E B 500 uL #A %R, 5 DNA-WERE &) 4CHEE IR, LUEME A-DNA-MRE G . BN, ¥iZEE
VIR BRI BE B8, IURPTRE 230k B3, FTUA I AR AR & S0 e ik 6-7 ¥k, WEEDTE . SR,
BIN 100 pL B A PERR, 95°C/K¥ 5 min, 12000 rpm &50» 5 min, WHL EiEWR. )5, BB TRELE
€, LU E B R A R SR A5
1.6 B R BRI

N T RS E B S KX PpMYBI0.1 WIS 14, % 2 20 304 1) ) B A2 02 P R 1 i 46 ] 1.2
A pGreenll0800LUC H A FAA R Y, OD HIHZE 0.6, #44 Pbil2l EAHBAANIIR I, OD 1EH A
1.1, 2, B, L5 ARRELIRST, 58 30 min, FIVES SSE NS, BEabFE 16-24 h, W%



B398 24h, ZJa, BHABRANNEOCRMNERGZ MR CETAEM TRERBAERAR, L, $E) , 10min
JEEUH, MABEERS (ElERAERHECARAR, big, ED K LUC 58 .
1.7 B X ZL 38 i 06

9T AEM PpBL 5 Prupe.2G302800 2 1812 S AF1E HAE, ¥ PpBL () CDS [ %1 v [ 3Fi% 45| pGBDT7 1)
MCS X, 5I¥)0#% 1. HEAHAFAEF A PEG/LIAC £ N Y2HGOLD (_FifgMER AN FEAGIR AR, Lif,
FED , AT 3-AT IREERRFE Y SD-Trp/X-a-GAL &, LUK PpBL (¥ [ W b Pk, s i B 380S0
2 3-AT WRFE o [FIRERITT, K Prupe.2G302800 () CDS J¥511iE#: %] pGADT7 ff] MCS X . E4L [ pGBDT7
K pGADT7 34k LR B b 1:2 EFAE M Carrier DNA, # A\ Y2HGOLD, B8 2); 2 Ja I 300 uL 1 x TE
/LiAc/PEG, R%1; 30°C/K¥% 30 min, & 10 min $25]—; &I 20 uL DMSO, BHIRE]; 42°C/KIBH
¥ 15 min, & 5 min B RERNES— G SEE 15s, 3F L. H 1 mL YPD Plus EE 1A, 30°C, 250 rpm
HI51h; mEEC 15s, F.EIE: 100 uL NaCl(0.9%)E 2 F K, 45 T SD/-Ade-His-Leu-Trp/X-0-Gal/3AT
PR by 30°CHEEFRM IR 3-5d. T M e K
1.8 RN EE PCR

RS RNA AP A @5 i (b nt S AR A IR AR, b, ED o FiA/E RNA, LS
ul, R FRA &SN cDNA CRIRAENFHEE R AR, dbnt, HED  REAREE: 2.0 uL Wik
580N 10x1) cDNA, 0.5 uL EF3##514, 10 uL SYBR mix, 7 pL [ ddH0. ¥k R & W FH5%: 95°C
for 30 s, 45 cycles of 95°C for 155, 58°C for 15 s and 72°Cfor 15 s. WS 53T PpTEF2 Wity #a & 34
HAREZM, FIYRE L,
1.9 BIES

FIH NCBI 7E£3 1 Primer-BLAST(https://www.ncbi.nlm.nih.gov/tools/primer-blast/index.cgi?LINK_LOC
= BlastHome)#t47 5 ¥ %% 1t: A Excel2007 X & EHE #4740 5 FIH Prism BABAT I K43 BEL; F
F PhotoshopCS6 X A [R1ZE A i ] Jr kAT 245 o
R 1 WG REG R BEREXN AT A A E 519

Tablel Primers used in dual luciferase and Yeast two-hybrid assay

GBIk B S (5°-37) & H

Primer name Primer sequence Applicaton

PpBL F acgggggactctagaggatccATGTTGGGAATGGAAGACGCA Vector construction (pBI121)
PpBL R cgatcggggaaattcgagctc TTACTTAGCATCCATGATATAATCCA Vector construction (pBI121)
PpNAC1 F acgggggactctagaggatcc ATGGAGAGCACCGACTCCTC Vector construction (pBI121)
Pp NAC1 R cgatcggggaaattcgagctcCTATCCCAAATTGGACTCAG Vector construction (pBI121)
Prupe.2G302800 F acgggggactctagaggatccATGGCTTCCGATCTCGAAAA Vector construction (pBI121)
Prupe.2G302800 R cgatcggggaaattcgagctc TTAGTACTCCCATTTCTTCA Vector construction (pBI121)
PpBL F1 tggccatggaggeegaattc ATGTTGGGAATGGAAGACGCA Vector construction (pGBDT7)
PpBL R1 ccgetgeaggtegacggatccTTACTTAGCATCCATGATATAATCCA Vector construction (pGBDT7)
Prupe.2G302800 F1 ggccatggaggecagtgaattct ATGGCTTCCGATCTCGAAAA Vector construction (pGADT7)
Prupe.2G302800 R1 ctcgagetcgatggatcccgt TTAGTACTCCCATTTCTTCA Vector construction (pGADT7)
PpMYB10.1F GAAATGATTGGTGGGAAACC Real time quantification
PpMYB10.1R GTCCTTCTTCTGAAACATTGGT Real time quantification
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2.1 PpMYBI10.1 BN FiEME &

S5ZH IR, PpMYBI0.1 JAh T FAFAEPIANAE S, — AN 483bp (2L, BEES ATG £ 554bp,
A2 5243bp HIEERETHEN, FEES ATG £ 1609bpl4l, £ 27 Tl < I PR 4H 41 20 #8721 A B SR sS4 iy I 1k
HUHD — 32, FRATTR X 19 Ach 0 S f 0 DR 28 5 SR PRI AT €0 7 LA AR L R I, a0 22433 7 A A S 73 Sl 3 R
9°0bp/0bp’ 55 *0bp/0bp i, FEPI RILRLL A, 2445 519 0bp/483bp’ 5 0bp/Obp’ B, R ZILLE, 453 51H
‘483bp/483bp’ 5 ‘0bp/Obp’ I, HEP RIIRLL A, 443 51l )9 483bp/483bp’ 5 5243bp/0bp’ 5. 5243bp/5243bp’ I,
KRB %k A BB .

T HE— PR AL AR SR AL I BR LD IR R, FRATTE SR RTR AL 4L, IRLLX B PpMYBI10.1 3%
BB ORT S EITIE. SRR, RO RAXK PoMYBI0.1 FikE AR TS B, 46
RARZ, RARWE=, (El2a. b, KAWL ERATESE T PpMYBI0.1 53T &1,

Bt J5 , BATT6F Horh 2 — 1) 483bp [ER P HIREAT T I0E L TH T R B PR 41, 35— BOAVEL 483bp
BRI, KN 1126bp (B 2¢) , H—BALE 483bp, KJE A 1609bp (& 2¢) o BIELF 4120 5 B 4 pBI121
FILFAR GUS L) 35S HBh 141, fad 2 DM GUS MRIEEAK proPpMYB10.1(1126):GUS 5
proPpMYB10.1(1609):GUS, FBN ALk R, LLSEMBT AN EshiEtE. 4iRERM, #HWa
proPpMYB10.1(1609):GUS [JH I, Y iE B 55T proPpMYBI10.1(1126):GUS (& 2¢) , KHIAL A 483bp
18 37 7 5 B A BRI B s, WA SR T AR RS, B s s .
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a, b: Detection of anthocyanin content and relative expression of PpMYB10.1 in different intensities of the red-flesh color. ¢: Detection of influence of 483bp
deletion in PpMYBI0.1 promoter on its priming activity.
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Fig.2 Validation of influence of two mutatins in PpMYBI10.1 promoter on priming activity



2.2 483bp FEFIRAE PpMYBI0.1 BEHTFiEMENE 54

PpBL 5 PpNAC1 JER Mk, i PpMYB10.1 #5360, e 483bp A IAFAE, FIRERSM SRR GE &
R THITERE, SEUL IR TE TR, 18 PpMYBI0.1 Fik EE K. N T RAEIZIEN, ¥ PpBL 5 PpNACI K]
CDS P AR E] pBI121 RKIEF M L, & 35S FiFHI GUS 741, LAb @ B 413844k 355:PpBL % 35S:PpNACI .
it L A3 483bp [ 1126bp K 1609bp (1175143 A5 pGreen0800LUC # 75 2E Kl LUC i&E4%, M B 4 34k
proPpMYB10.1(1609):LUC 5 proPpMYB10.1(1126):LUC . LAy DIFALKIT H GV3101, 2 J5 347 G
B, 45 R R W, HH PpBL+PpNACI+proMYBI10.1(1126bp)’ ) 1% & £ A, LUC % 1 JL F 5

‘PpBL+PpNAC1+proMYB10.1(1609bp)” #124 (& 3a) , ¥I1253R ] PpBL/PpNAC1 Xt ¥ B A 2l F HI B e
JUTF—FE, DAt n] DAHENT, 483bp JFHIHIMF(ELS 15, W REXS PpBL/PpNACI 454G PpMYBI10.1 Ja ) ¥520 5
.

JREFIURE SEE, — RS 45E H B A 7% V)M G [15]. BT 483bp FRAIIAFLE, RS T
BB TR, RERAT, ZBITHI T Ress & A M. S8 7 RIEZaE, AT 483bp
FER B R e, Ibmid ERBAEY BAL, SAABRAZEARE, DEESEH ERREEN. 4
REW, SWHAENEAZEY, f@diksenth, HE 15 MEFRES (B 3b. o , Hi—4 %
WRKY #3%[HF (Prupe.4G232600) , 534k 2 4~ (Prupe.2G302800 }% Prupe.6G284800) (£ 2), MRIEThAEIERE,
RE B HIGITIRE, =F WA T 25 R T REIE .

&°°Q Q
& & &
a b KDa @‘P Qe° &e? \‘\Q
— - —E————— - — - ] * w—
1609bp 116

66.2—
- - —— . - Iq 45 —
-1126bp L] 35 —
NAC-binding elements MCS LUC 25 —

18.4— =
35S:PpBL+PpNACI 144— S am—
+proPpMYB10.1
(1126bp):LUC 35S:PpBL+PpNACI

+proPpMYB10.1 Test group Control group
. (1609bp):LUC
35S:PpBL+PpNAC1
,‘ +MCS:LUC ¢
386
(95.1%)

a: PpBL/PpNACI %t PpMYBI10.1 JA3N¥ (5 5AMEH 483bp) WHRESIAIM: b: RUKEARNBHIEIRE: oo FilkaHr e 2 R EA
a: Detection of PpBL/PpNACT activation to PpMYB10.1 promoter (with and without 483bp sequence), b: Polyacrylamide gel diagram of fruits nuclear protein in

test and control groups, c: Fruit nuclear proteins identified through mass spectrometry

&l 3 483bp FFHIEW PpMYBI10.1 ¥FHLH 7347
Fig. 3 Influence of 483bp deletion on PpMYBI0.1 transcription



% 2 @it DNA-pulldown 45 B RLBEA

Table2 Fruit nuclear proteins captured through DNA-pull down assay

HARE RS H R i EHFS TR HRER

Accession Gene ID MW [kDa] Description

A0A251MZG7 Prupe.8G176700 38.8 Uncharacterized protein

MS5XHN6 Prupe.1G253600 15.1 Uncharacterized protein At4g28440

M5W271 Prupe.7G227300 45.9 Uncharacterized protein

AO0A251R8ES Prupe.1G360400 22.1 Uncharacterized protein

Ms5SX1T4 Prupe.2G232500 38.5 NAD(P)-bd_dom domain-containing protein
A0A251PT15 Prupe.4G232600 59.4 Probable WRKY transcription factor 20
M4QFW7 Prupe.2G162400 28.1 Phosphomannomutase

MSWSTO0 Prupe.6G284800 12.1 Macrophage migration inhibitory factor homolog
M5X2Q0 Prupe.4G074900 19.5 Coatomer subunit zeta

AO0A251R812 Prupe.1G352200 43.5 Alpha-galactosidase

MSWTZ0 Prupe.4G038700 34.9 PKS_ER domain-containing protein

M5X1L2 Prupe.2G302800 40.7 Suppressor of G2 allele of SKP1 homolog
A0A25INBV4 Prupe.7G153600 59.2 Succinate  dehydrogenase [ubiquinone] flavoprotein  subunit,

mitochondrial
Q38JCs Prupe.7G259600 21.5 Temperature-induced lipocalin

MS5VZS0 Prupe.6G076300 27.3 Uncharacterized protein

2.3 {RiEEE R THREIRE

L7 G 2 T 56 A FH R B8 1E 3 AN ik izt A DR () 5 s A A 35 1% o Prupe.4G232600  Prupe.2G302800 J¢
Prupe.6G284800 ff] CDS ¥4 pBI121 RIEH AN GUS 41, B 35S JH 5 F i1 (35S: Prupe.4G232600- 35S:
Prupe.2G302800 % 35S:Prupe.6G284800) » BN proPpMYBI10.1(1609):LUC 737l # AL R ¥ 1 GV3101,
R REME. GRERY, £MEM P, B PrupedG232600+proMYBI0.1(1609) K
‘Prupe.2G302800+proMYB10.1(1609) (FVES AL s, o LUC #& 1 & T4 B *GUS+proMYB10.1(1609) . T B A
‘Prupe.6G284800+proMYB10.1(1609)° X 41 47 ri., LUC & JL-F- 5% B GUS+proMYB10.1(1609)° #1124 (I 3=
lav b f o) o IXREERB, 3 AMEIEIELF XS PpMYBI0.1 J5 811 A BAT 0P o

AR, FEHEH B Prupe.2G302800+PpBL+PpNAC1+proMYBI10.1(1609)° AL FF TS A7
R, LUC 3% 1 BAR T GUS+PpBLAPpNAC 1+proMYBI10.1(1609)”, iX W] Prupe.2G302800 A fEX+ PpBL 1k
PpNAC1 BAHIHIEH (B 4a) . Z )5 » Prupe.2G302800 i b I 1% 8 2 #i4k pGADT7 I, PpBL &#:%] pGBDT7
b, AL Y2HGOLD. 45K H, #4071k —#F B REE bR, £ SD/-Ade-His-Leu-Trp/X-a-Gal/3AT it
KGR PR BIEGREBE, K Prupe.2G302800 7] LAY PpBL KA HAE ([ 4b) o KA PpBL 24 AR
B RBERE A, W2 B PpMYBIO.1 W EZR K1, L, 25Ul EE5R, FATTHEN Prupe.2G302800 F]
PL5 PpBL 454, FRAMH| AL 3G, #EMES PpBL X PpMYBI0.1 %% SH0S RE




GUS
a

PpBL
358 - NOS - LUC -~ NOS
PpNACI

Prupe. 2G302800

35S:PpBL+PpNA | 35S:PpBL+PpNA
Cl1+Prupe.2G302 | C1+GUS+proP-
800+proPpMYB | pMYB10.1:LUC
10.1:LUC

b -
pGBKT7/PpBL + pGADT7/Prupe.2G302800 l

pGBKT7 + pGADT7/Prupe.2G302800 SD-Trp-Leu-His-Ade/3AT/X-a-Gal

pGBKT7/PpBL + pGADT7

a: AW S RIE Prupe. 2G302800 RiE =L 55, PpBL/PpNACI XF PpMYBI0.1 A2 TH#EGE /1K ; b: Prupe.2G302800 5 PpBL HAE /3 # o
a: Detection of PpBL/PpNAC lactivation ability to PpMYB10.Ipromoter at injection sites with and without Prupe.2G302800products. b: Detection of interaction
between Prupe.2G302800 and PpBL.

& 4 Prupe.2G302800 TRESHT
Fig. 4 Prupe.2G302800 functional analysis

3. 14ig

TR E R EER G BR R L ), B2 LG R, WoRNEAR 3 2458 (PAL) , WHEEK-4-
ALl (CAHD , B/RBAE RS (CHS) , A/REASHIEE (CHD , SEEARE-3° /0B (F3’H) , —F2AEn
IE SR (DFR) M HHA-3-O- B He i (UFGT) 101, fwfithix Lol SRl 154437k P b 52 3 e oW
PR 7~ 55 ) R - A7) R Se R S R 1 I B RP IR SIS RIS MR R R 3 1, HET R sh i
ST . AN, PR T A AN MYBL2 SO ZA4- i) MY Bx, ZEBK A Ui 251 B A #0145 #4180 TLLLFR,
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