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B OB G SEOE TRLAE, 2R RN RMENEEZERZ —, LAY E RZ B MYB #5371
P AR OCT MYB R 45 B SR F 1A B P R 8 A BB . BE TR0 S S A A BOE 1 25 R R A SR
i s F] 1A MY B 3 D K IE B PorM YB19, 5 /% Honl G 2 5 9 ¥ SR S0 A6 55 1B W0 A o b W fl JHL 45 4 i oy
e, A HE— 25 AT POrM Y B19 X B S48 75 1 19 8 4% HL ) B9 50 SE a3 50 L K 28 B AL B cDNA S B | 5 B
PorMYB19 4K R FH A W5 B2 SR b i B I R S50 SR 2006 28 L <1 405 48 3l B I =X 7 P o 0 B A5 0000, SR
qRT-PCR XA [6] B (5 2 B PorM Y B19 B 3 3k K P #4740 8, IF 8 o 2R Se Bk 363k R gk Hohpe . 4521
LW, POrMYBI19 3 R IF 2 HE K 714 bp, i 237 A2 IR, 4> F Bt o~ 26.85 ku, T S0 20 i 5 457 F- 240 4% o
RGEREW IR EKY, PbrMYB19 5 T B A6 F H 5% M H F FaMYB1 Al PbrM Y B120 7£ [f] — > 8E 4 43 32
b, HHEE A CMEE EAR B RIINEFE S . PorMYBI19 KK 55 3 T 5 506 2 68 3 040 A 4 18 25 0 137 7548
i qRT-PCR 7301 & BR , 21 (0 M1 (0 5 iz of PorM Y B19 N (36 3k K ¥ 0 35 T4 (0 0 2 . Myl o ek 401k
IR A 75 Ak SR SE 48 SR W, POrM Y B19 53 35 36 5 25 30 ) SR Jz 4 AL
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Cloning and Functional Analysis of Anthocyanin Regulatory
Gene PbrMYB19 in Yuluxiang Pear

GAO Ge, LIU Huifang,JIA Yina, FENG Xinxin, SONG Yuqin, LI Liulin
(College of Horticulture,, Shanxi Agricultural University, Taigu 030801, China)

Abstract: Anthocyanin content determines fruit color, which serves as a significant indicator for assessing the commercial
value of fruits. The biosynthesis of anthocyanin is regulated by MYB transcription factors, however, the precise mechanism
underlying the negative regulation of MYB on anthocyanin synthesis in pear fruit remains to be fully elucidated. Based on the
previous transcriptomic data, a member of the MYB gene family, PborMYBI19, was screened out from the differentially
expressed genes, suggesting that it may be involved in the regulation of fruit anthocyanin biosynthesis. To clarify its structure and
function, and lay the foundation for further elucidating the regulatory mechanism of PorMYB19 on fruit anthocyanins, in this
study, the full-length PbrMYB19 was cloned by using the cDNA of Yuluxiang pear peel as a template. The structure, genetic
relationship, conserved domain, and cis—acting elements of this gene were predicted via bioinformatics software. The expression
level of PorMYBI19 gene in peels with different colors was analyzed by fluorescence quantitative PCR, and its function was
verified by the fruit transient expression system. The results showed that the open reading frame of PorMYB19 gene was 714 bp,
encoding 237 amino acids, with a relative molecular weight of 26.85 ku, and the subcellular localization was predicted in the
nucleus. Phylogenetic tree analysis showed that PborMYB19 was on the same evolutionary branch as the reported anthocyanin
transcription inhibitors FaMYB1 and PbrMYB120, and there was an EAR-like inhibitory sequence at the C—terminal of its
protein.In addition, the promoter sequence of PorMYB19 gene contained light regulation elements and plant hormone response
elements. QRT-PCR analysis showed that the expression level of PorMYB19 gene in red and yellow peels was significantly
higher than that in green peels. Overexpression vector of PorMYBI19 gene was constructed, and the fruit was transiently
transformed. It was found that P6rM YB19 overexpression significantly inhibited anthocyanin accumulation in peels.

Key words: pear; PorMYB19 gene; cloning; phylogenetic tree; functional verification
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mORE . EBEERAT TR PorM YBI19 0 78 B X I RE 43 Hr

— U BESEIE B A8 T LA R 0 B A AT
FEAE Wy AR AR W Wk 38 vh R P TR AR Y. 6,
LT REVE bR A 3L PO, A 25 T A MR f R
REHFHMRRLBRZHE ACE SR 86
UV-B 48§ & H Z m™, B, R w s i
TR B BT O A A R A AT 5 B

16T T B 2 W0 A B ad A8 A v S A ) P e R
SO BESE R, RN R A (PAL) A-F
- A S (4CL) A RER A L (CHS) A
IR S F6 il (CHI) JS 8 -3 -2 3L il (F3'H) K #
M -3', 5'- ¥ K W (F3'5'H) | % &% B 3- 5 X i
(F3H) . & ¥ BB A-i8 5§ (DFR) AL H £ & K
fitt CANS) Fl UDP— 4] % il — 2% % i 2% 3-O— 4 %
B (UFGT) %2 5T EY & B,
1T 33X 26 25 ) JEE D 1) 3% 38 52 2 st DR 1A 3 S KO 1
P8 5, I DL R2R3-MY B B8 P — 2L e — 35 — 428 Jig i1
WD40 & 41 Bl 1 % S s 2 G 1R (B MBW &
BT 2, Hid , MYB X8 T 1 1A Rk
FOCHE PR MR D AR E MYB B & 19 R LT A
W, 7l L4y h 426 RI-MYB . R3-MYB . R4-MYB
fl R2R3-MYB, H b J§ T 5 6 T & SG6 1Y
R2R3-MYB 22 5#IE AL H AV 6 k12,
i) 40 3 J MdAMYB10 . MdMYB1 #l MAMYB110a,
A FaMYB10, # #f MrMYB1, %4 PyMYB10,
PyMYB114" "2 5 MBW & & W% 5, i1 -
VAL T 45 0 L B 2R KT AN AR A
2 AT AR A R R 4R 1 MY B 10 i T
%0125 )2 R3-MYB M il F, ¥4 R3-MYB &5 &
bHLH & H i, 52 PR 7 MBW & &K1 JE B,
bl A e S ST A i
il A R A B RV R R A v S
TSRS e FH R R R3-MYB® 2 45 2 240 1
J& F SG4 ) R2ZR3-MYB, BB % B 42 ) il 4E ¥ 1 45
P RE R 223k, E B Ry B AT B A L0 R e A4S
A A P SE S (EAR) JE PP, i 4ieiE
SG4 MY B fEAL 3R A 45 Mk AR AR AE N I I
22 K SR it Aol v o) SR S AT AT Y e AR

I3 B X 25 5 €0, 356 722 b 19 2 S 2H B0 W 5T
K, MYB KN 3 B PorMYB19 76 3 526 5%
A AL ) 22 2R Gk (A BRI e i ANV R . AR
DL 58 A AL cDNA SRR, o b 18 4 S S 76
T MYB 55 73 PorMYB19(Pbr013413),
IRt G5 A G A B B AR M R AT A M B
G3AT [ B A ok 3R 3K A JS AR S SRR S AT IR

P B L 0, IO T — T A o i A
S MY B 2K DR T T A
O P T

1 M T &k

1.1 R Ie A

AL A O K 88 AL (Pyrus bretschneideri
Rehd. cv. Yuluxiang) , T 2020 4E 8 F JF #1176 4«
Ml R A Bl 25 2 B el AT R e € B SR S, S B iz [l
S T HTHI R J7 0 UR K WAL PSS A R
-80 “CUKA , 1 T RNA B4R I, R & QAL 2R
(Malus domestica L. cv. Delicious) 1 F L P§ K444
FAE o 58 BUBE E AL RAE T 1 5 S 5 A 20 HILER
GEBAL B SR B, T A6 1 3 e E .
12 EZBEF PhrMYBI9OE R M

JH AR R e F S i # K, 1z HT 2t R CTAB
PP U B 1 RNA, # B cDNA 3t 7 &
(TaKaRa) it B 454 5 RNA K% cDNA JG % 1

il A P 2H B 48 P (http://peargenome.
njau.edu.cn/) #15 PorMYB19 # K CDS %1, H
Primer Premier 5.0 851151 ¥ (% 1) , PCR 52 &
HIERE . PCR MR FR HH cDNA 2 pl, bR
54 (10 mol/L) 4% 1 pl, 2 X Taq Master Mix 10 pL,
JIDEPC/KZ 20 pl.. PCR W FER :94 ‘CHiEk 6 min;
94 CA 1 30 s, 55 “CiB k 30 5,72 ‘CHEf# 1 min,
30 MEI . ZJa , PCR“HIHEAT 106 SR AE I
VKR Rl W gl Ak JS Uk S O T b B AR A
PNC-AEnTopo i 4% , i & BH 4 52 B 5 3% 22 ] A=
Yy 280 ety A RS W), FI ] SnapGene 4.1.9 8 47F
X A5 2 B PorM Y B 19 4 it X 7 51 147 He Xt .

®1 519F35

Tab.1 The sequences of the primers

EIE7ER

P (5" —3") Fis

Primer name Primer sequence(5'-3") Application
PborMYBI9-F  ATGAGGAAACCCTGCTGCG  FikgE4aK
PbrMYBI19-R TTATCTGAAGAGAGGAAGGATG

Actin—F ACAACTGGTATTGTGCTGGAC WS K
Actin
Actin-R CATATGCAAGCTTCTCCTTC
qPbrMYB19-F TTGTTGGCGTACCCTTCCTC G i
PCR

qPbrMYB19-R TGCCTAGGAGTGCATGAAGC

1.3 PbrMYBI9EEMEMEBREZDH
F FH DNAMAN A4 %F PorM Y B19 % [H #F 47
SR B A L2 A He o, ) AR L b T A
.37.
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ProtParam (http://web. expasy. org/protparam/) ik
1 8 B R E 0 B, R AE R B TR Protscale
(https://web.expasy.org/protscale/ ) # 17 3 i 7K 1
3B, AL FEZ 53 A T2 NetPhos 3.1(http://www.
cbs.dtu.dk/services/NetPhos/ ) #F 17 B B2 4k 137 45, 7
-, ) AE £k 43 1 1L H SignalP (https://services.
healthtech.dtu.dk/service.php? SignalP-5.0) #£ 17 15
KA, A NCBI M 3 CCD T H (https://ww.
ncbi.nlm. nih. gov/Structure/cdd/wrpsh. cgi) #F 17 &
I PR S &5 0 3003 B, A 7E 2623 B T2 B SOPMA
(https://npsa—prabi. ibcp. fr/cgi—bin/npsa_automat.
pl?page=npsa_ sopma.html) # 17 2 1 = g 45 14 il
W, ] AR 243 M T2 SWISS-MODEL (https://
swissmodel.expasy.org/interactive ) JE 17 85 [ = 24 45
T I, ) AE 2643 A T2 Plant-mPLoc Chttp://
www.csbio. sjtu.edu.cn/bioinf/plant-multi/) #£ 17 I
4 ] 7 57 T 53 B, B MEGALO7 #5475 R Ge itk 1k
WA, R 7E k40 A1 T H PlantCARE (http://
bioinformatics. psb. ugent. be/webtools/plantcare/
html/) 43 #7057 F o4
1.4  PbrMYBI197E ¥ R R Ll i R iA

FHI Nimble Cloning (NC ) 5 [ J7 %5, % %
ATT# & PNC-AEnTopo B PorMYB19 3K 5 A
PNC-Cam2304 i % ik # 1K , I 4 801k 6y 4
PorMYBI19-OE . ZJ5 ¥4 i 3 1k 8008 & AT B
EHA105 3 KI5 3%, BRI A 1 mL LB #
B J5 5 (5 pu A 3 75 28 °C 180 r/min £ IR £
Fe B HE 1 L BB 50 mL A B F7 2k oh 7

28 °C. 180 r/min ¥ K P 15 5% 12~16 h. B.OUER
(UNRESS RS e S DI =R R R N S i ]
ODgo £ 0.3 47, IR KT 5% 3 he F 5 mL VE ST
i W B DR KB SR R B AR AR R B A E
BRI SRS A BB R R A P A S 3~5 d.
1.5 ERERRESH

3 0 AE RS AT A U R A 0 AR
EBRERNEE, W EIG6 a6 e, FIHIR
& SYBR Premix Ex Taq Il kit(Vazyme)#E475E
i ¢ )6 € B PCR. A Primer Premier 5.0 & {4 1%
RS PE S  (36 1), X 29 i 1 728 Ak iy e 4 fige il
LT oM e B 2 IR PorM YB19 1E
AN TR) Ak B0 ) ARG A . RN ERE A 3R,
RAEEAH S~T R,
1.6 EEERENTE

2% UBL P ik 3R - B (V: V=
1:99) 48, i FH 43 6 6 31 7E 530,620,650 nm 4k
I 5 W '
1.7 #HiEsbiE

X ] Microsoft Excel 2017 3 47 % 5 % 3 1
FehIE R I SPSS 21.0 8 A4 #4788 440 b L R
AVONA #4725 Ab P 8] (1) 8 2 MK 56 (P<<0.05) o

2 HREGH

21 EBEEFZPhrMYBIOEEM=EEEEWL SR
S

PborMYBI19 5 ¥ % 5 2 H W )7 5 a0 & 1
FiR

+ 38

1

1

61
21
121
41
181
61
241
81
301
101
361
121
421
141
481
161
541
181
601
201
661
221

ATGAGGAAACCCTGCTGCGATAAGCAGGACACGAACAAAGGAGCTTGGTCCAAGCAAGAA
M R K P C c D K Q D T N K G A W s K Q E
GACCTGAAGCTCATTGAATACATTCGTAARAATGGCGAGGGTTGTTGGCGTACCCTTCCT
P L K L I E Y I R K N G E G C W R T L P
CAGGCTGCCGGCCTACTTCGTTGTGGTAAAAGTTGTAGGCTGAGATGGATARACTATCTA
Q A A 6 L L R C G K s €C R L R W I N Y L
CGACCAGACCTTARAAGAGGCAACTTTGCTGAAGATGAAGAAGATCTTATCATCAAGCTT
R P D L K R G N F A E D E E D L I I K L
CATGCACTCCTAGGCARAACCGGTGGTCATTGATTGCTGGGAGATTGCCAGGACGTACAGAC
H A L L G N R W S L I A G R L P G R T D
AATGAAGTGAAAAACTACTGGAACTCTCATTTGAGAAGAAAGCTTATGAACATGGGTATA
N E VvV K N Y W N S H L R R K L M N M G I
GATCCAAATAATCATCGACCGAACAACGTCAATCTCCCTCGTCTTCATCATCAAAATTCA
D P N N H R P N N V N L P R L H H Q N s
CAAACTGTCAGTAGTACTGCAACATTGTCTGCGGCTTTAAAAARACCCTACCAATTATCAG
Q T v s s T A T L S A A L K N P T N Y Q
CTGCAAGCAAGATCCGGTGGTAATAATAATTGTGACCATGAATCGGACGGTACRAGTTGC
L Q A R S G G N N N C D H E S D G T s C
TTAGAGGATGATTCTTGTGGCCGGCTGCCTGATTTARAACCTAGACCTCACAATAACTGCT
L E b D s € 6 R L P D L N L D L T I T A
CCTTTGTCTAATCCAGTTCCTGATAACCTCAAGGAGGAGCAAAATTTCGAGTCTAAAGTG
P L s N P V P D N L K E E Q N F E S K V
TCAAAGAAGTCATCAGAATTTGCTTCATCTACCATCCTTCCTCTCTTCAGATAA
s K K S S E F A S S T I L P L F R *

1 PorMYBIYEERFINSEEBEFT

Fig.1 PbrMYBI19 gene sequence and amino acid sequence
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A5 R EE AL T S IL ) PorM Y B19 18 v2 I K Tl RE 43 Hr

DL 58 AL R 2 cDNA B, PCR 3™ 1 - ik
A7 5 B, 25 SR s (B 1), PorM Y B19 3 R 5%
B F ) e HE K R 714 bp, 3L 4R A 237 & K
MR, 55 AL DR 8l P b e A 0 b — 3 AR T
S HT R, PbrMYB19 43 F it 2 4 26.85 ku, 73+ X
1 CriseHigsuNiassOasoS 11, kb LT 3 7374, HLg 45
HL 5 pI o 8.90 5 AFRE F8 8 4913, B A N A Ea
SEE M. PbrMYBI19 4 % 28 4 & 4 7 1 H far 1 &
FE R 7% (Asp+Glu) 284>, & A 7 T | faf il & 3k
PR 7% 56 (Arg+Lys) 344~
2.2 PbrMYBI9ZEHREH D

i# 3 Conserved Domain Search X} PorMYB19
FE R g 1 1) B PR SE 5 R IR AT o AT L, S5 R
N, HJE F PLNO03091 #8 2 K K i (B 2-A) o X
PbrM Y B19 % X 4 it 8 11 E 47 B 2 A 467 00 , 245

REW(E 2-B),PbrMYBI19 3 N & 4 74 Thr i
JL 1A Tyr 7 5,194 Ser i #5155 IR Hr 45 32
WR VZEAANEER SR, SREK P25 R %R
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B $5c i, o4 2,100, 8 /K M S i 5 55 125 0 o0 e fIK
-3.156, FE K ok (K 2-C) .

Xt PorM Y B19 %& X g b5 11 2 #E AT 451
O, 2Rk (F 2-D), % & o125 el
36.71% , 4 i 85 5 b 5.06%, B i i Hb ol
5.91%, A th 4 il 7 Lt 52.32% . PbrMYBI19 %
PR 4 B 1) 35 11 % A 21> B/ /B2 Rossmann 7 & X
WK 2-E). 1A, FIHAEL S Hr T H Plant-mPLoc
HEAT 0 40 5E A 0 o3 A, S5 R R W, PorMYB19
5 DAL 4 B 1 R AL T A A
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Sequence position
ALKEH T B RS 5 B R BERR G 4 AT < CL 3R 1 0 3% /B K R 3 AT s D 5 T (8 (0 AR 2 T L U6 5 8 (AR o — MR E 41 (AR R S fif
BE R ORE R E = RS T
A. Conserved domain of gene sequences; B. Phosphorylation analysis of proteins; C. Affinity/hydrophobicity analysis of proteins(The purple part in-

dicated random coil; the blue part indicated alpha helix; the red part indicated extended strand; the green part indicated beta turn); D. Secondary struc-
ture prediction; E. Tertiary structure prediction

2 PbrMYBI9 FF 51 M & 53 4
Fig.2 Structure analysis of PbrMYB19 sequence

FIE & FaMYB1 X463 H 89 4E 9 & Rl £ 1a) 08 2
.39.

RGN 2H (K 3-A) , AL PbrM YB120
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B VR D2 T AL PhrM Y B19 38 2 53 — 3E 1k 4>
L HED PbrMYB19 HA ML B EE . PbrMYB19
B & TR 5 548 E 97 AtMYB4 . %45 FaMYB1 .

A

———MdMYB9
PbrMYB9

A PhRMYB4 . (1%L PbrMYB120 # 47 £ T JF 4]
Hext, 45 5 8 on (B 3-B) ,PbrMYB19 9 C 3w A 5
FaMYB1.PbrMYB120 Z£ A1l i) EAR 0l 7% %71

AtMYB123  #\Bi I Arabidopsis thaliana (Q9FIA2)
3 B Malusdomestica (DQ267900)
F1 Pyrus x bretschneideri (XP_009334686.1)

PbrMYB120 #{Pyrus x bretschneideri (XP_009360095.1)

FaMYB1

% Fragaria ananassa Duch. (AF401220)

———PbrMYB19  #Pyrus x bretschneideri (XP_009357784.1)

AtMYB75

AR Arabidopsis thaliana (NP_176057)
PbrMYB114 FPyrus x bretschneideri (ALU57826.1)

——MdMYB10 3R Malusdomestica (ABB84753)

PbrMYB10  FLPyrus pyrifolia (ABX71488.1)

B
AtMYB4 M 7t RNy CRLRWINYLRPDLXRGRH] D 1 90
FaMYB1 . T, RELP ‘RFGKCCRLRWIWx RPDLKRGEH] E 89
PhMYB4 M AE R QPZ:HQKNE D 1 90
PbrMYB120 I RN €51 E 1 89
PbrMYB19 . C RT3 RCG(SLRLRWIWX‘QEHAAR NE IE WLLG 89
Consensus rpck t kgaw ed 1 wyi geg w 1lp aagl rcgkscrlrwinylrpdlkrg e e 1ii 1lh llgn ws
AtMYB4 RPN IR TS SRN IEINON 1)z TR INRlE IDPTSHRE IQESSASCOSKPTCLEPVTSNTINISFTSAPKVETFEESISFPGKSERISHL 180
FaMYBL IRTe 38 leyuntla VERBER S LRI LETE TTLRFNKEHENN. ... ... ... . JHAPNNKLVELENEMD. ..o oo v v v v nnn DEVVD 151
PhMYB4 LIAGRLPGRTDNEMEKNYWNG EROiz EOMAGI: CRR) w1230 | BSTCKVITISFAAG.NEDIXKCCKISIKAEFECQIK.. 164
PbrMYB120 IR W-1e) 3 el BT VERBON e TRHNL LKMeSTLCPXKKEHDHEDPHLRRG. . . .. TTASVPVLCPLARKP...ILFASS....S5DSMST. 166
PbrMYB19 LIAGRLPGRTDNEQXNYWNS H#:3z KaoN IDPNNHRENNVNLERLHHQNSC..TVSSTATLSAALKNPTNYQLQARSGGNNNCEHESD. 176
Consensus liagrlpgrtdne knywn h [+]
AtMYB4 TFREERDCECPVCEK RISLPCCVDRLCGHGKSTTER.. .4 W CFRCSLGMINGMECRCGRMRCLVVGGSSKGSCMSNGELELG 264
FaMYBL . .EVSSALDSAAGCL LS IR STGMAL POV A . vt eutatoatosensatssnanescstaneatoesanttsesansasnna 187
PhMYB4 . .CDEIISKPIKEC ISPPYCCHSDRALCCSTTGSGGASTICFTCSLGLKNNKGCSCSRNRSMNVAG. ..o vvvuns YDFLG 242
PbrMYB120 . GRKIHSNESG. . I I B, . .. ittt inrnnnrarasansssssnorasssananansasanassssnnsanssannnnsnn 186
PbrMYB19 . .GTSCLEDDSCGR FITAPLSNPVFCNLKEECNFES KVSKKSSEFASSTILELFR. cvvvvvvrrnnrnrrnnnnnns 237
Consensus
ATMYB4 LAKKETTSLLGFRSLEMK EARHIH| B 5 282
FaMYBL = iieieiesnssnsnsnes EAR suppression sequence 187
PnMYB4 LKTNG LLCYRTLETIRT 257
PbrMYBl20 = ..iviivsrassnssesses 1g¢
PbrMYBlY  ..iiiiiiiessassesaes 237
Consensus

E3 PhrMYBIOSHMMYBEAMARSEHMLSIH (A) MEEBEFILL3T (B)

Fig.3 Phylogenetic analysis (A) and amino acid sequence

2.3 PbrMYBI19E A5 31 F IR T 4 4 7

XF PorMYB19 K& K i %5 1% - Hi 2 000 bp J¥#
AN T A T oy A, S5 R R (SR 2) , PorM YB19
WA 3 TR A ﬁﬂﬂzﬂﬂ@ TATA-box I CAAT-
box #% 0 Ji 3 F JT A A L & & A 4 A R T

*x2 PbrMYB19EEF

alignment (B) of PbrMYB19 and other MYB proteins

GT 1-motif 2 /> i # i 52 b i 5 #F JH 78 7 ABRE
I REHE S ok ARE (1440 A 48U 3R 8
o CAT-box 14~k 8 £ i b 764 P-box Al 14~
MYB 45 & {ii 55 MY B-binding site.

H;F IR TR

Tab.2 Analysis of cis—acting elements in the prommoter regions of PbrMYB19 gene

T4 Element name J#%1  Sequence IRE  Function #ie /4 Number
CAAT-box CCAAT/CAAAT/CCCAATTT Ja 27 A0 5 7 e e 1 46
TATA-box ATTATA/TATAA/TATA/TATACA 0 I8 2 F etk 42

GTl-motif GGTTA G R T A 4
ABRE CACGTG/ACGTG I8 % TR S5 7 149 I =X A P T A 2
ARE AAACCA DR A 5 T 5 oM 1
CAT-box GCCACT a3 A A R IR 4R T 1
P-box CCTTTTG iSSP 1

MY B-binding site CAACAG MYB %54 0 1 1

+40-
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Fig.4 The relative expression level of PbrMYB19 gene
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