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Abstract Four putative promoter sequences of lignin biosynthetic regulatory factor gene MYB were cloned from the sand pear
(Pyrus pyrifolia) with homology method. The four clones have the length of 821 bp, 874 bp, 972 bp and 914 bp, respectively, and
their GenBank accession number was JF900710, JF900709, JF900707 and JF900708, respectively. These sequences have the typical
characteristics of gene promoters and contain 71, 77, 86 and 64 regulatory elements. The predicted regulatory elements can be typed
by function into tissue-specific, biological stress responsive, abiotic stress responsive, stress hormone responsive, growth hormone
responsive and basic regulatory type. The number of regulatory elements in some type changed significantly between the different
promoters. The allelic analysis of the promoter sequences between green- and russet-skin fruit sand pear revealed that a SNP (A/G)
site in PPMYBX2 promoter region may have correlation with the fruit skin character. This study laid the foundation for further
expression analysis and genetic mapping of MYB genes, and to reveal the molecular mechanisms for formation of sand pear quality
traits associated with lignin.

Keywords Sand pear (Pyrus pyrifolia); Lignin; MYB promoter; Allelic variation
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AAE 2003; Boerjan et al., 2003). B H R, A
TR E ORERT 430 3 AR H ety
A AEHGE R FEAG - P BRI 28 R IR 2 R AT (2
REE DT IR AR & O R . A AR N 28 1R
FIFLEE W EERR(HCA) S LAl A BRE: )a 2R
FENEEBEHINE A EEREE R R AR LIRS
Yt FE (R R4S, 2003; Boerjan et al., 2003). £
ARG SR TR Z S 5, KPR
FEBLARE A I BREF(CCR)A! A A i it S (CAD)
T 5 = BOR IR FRAR ) & i At

Y MYB #e5c KRR Z, EAIHE4S
F bR RUE B ARSI DNA 2554505, Of
FFE 8 71 e AT 32 A0 A0 B ) 30RO AR A 4%
A ¥ F H (Stracke et al., 2001). #%# (Eucalyptus
gunnii) FIIBTFUR I, MYB # 5K 1 EgMYB2 5
EgCCR #1 EgCAD2 Ji3 51 Ml xC % X 455, 1E )
45 T EgCCR 1 EgCAD2 711 Es 4l 4N it Ak it
T2 AR S ) 4 5 2% A (Lacombe et al., 2000;
Lauvergeat et al., 2002; Goicoechea et al., 2005).
EgMYB2 S ILAAR AL PIMYB4 il 2 R IA ¥4
JE DRV R S B A A L, A B v A 4 i e 1
HUJE, RBERSEEFR: 5ARTER G A KN
K I8 = AR W i 32 5 (Patzlaff et al., 2003;
Goicoechea et al., 2005). #1H5 7+ EQMYB2 [r] 5 3E [A]
AtMYB61 IFRIEA A5 [ T RALAK det3 HIAifL
A7 (Newman et al., 2004), AtMYB46. AtMYB83 f{]
M ERIEWOE T AR . REBRERNA RN AEY &
R AR, JE5 R AR R EE 20 23 40 i vk A= 40 R 1) Sk
JiJ%(Zhong et al., 2007; McCarthy et al., 2009), iX £t
WEGTEE RN, EgMYB2 K2 HAEAS A4 Ff v 1) [ Y5
SRR AR G I RE . € ATt K
) EgMYB2 ik 55 5 T Rl A S5 S A ot 2% 2 s MR A7
MBI AL B, XY, R RERE EgMYB2 5%
RrAR S 1S T AN [] e PR 2R A B A 1 ) A 5T A 5T
#5578 (Goicoechea et al., 2005).

R SR B IR, SRR A o= R 3R B 40
TR A5 B R R J 2 T R e 4 €5 B (Jg e S5,
2005, "R A, 34(3): 52-54, 56), AEAEA
2 )2 14 B B 43 (Pereira, 1988; Lopes et al., 2001),
PRI A T 2R (R AR 3R AT i S 2 R R A DO ) T BT oK
WEAR AR T2 2 0 L RE Y A= 45 K R 440 TR ) 2 2 i
g5, A A I EE A IR R BTERDTRR T B
I, RIRERA . Fa i 5 AR E

KREYNTF B, 2005). KIILAERD AL T EA T
A R0 2 1 HLERAIE SN 20 B 0 AL AH G b ot
TERCPILER B AT AR5 E R L.

SRR S AR AR, DT B4
N, PSRN AL DR A ) A A v R TR O 3 2
(Yamamoto et al., 2004; Velasco et al., 2010), 3E5F A
A R FE R ZK A% S e AR TR T R b A v [ s 35
RIr M R 2% . BEN S 8)) e JE R R IA 2 rh
RIFE AN« AFFLSERIE A P55 Boh
M, ibE T 4 PR EgMYB2 (AR HE D JH 2
FEA, TS T Bk s 301 R 45 To A 20 1
HM, USSR B FAESE B 5 B R A R (1)
AR AL

18R 5508
1.1 38 EgMYB2 REERKKER

PL EgMYB2 JREHF %1, it BlastP 223
RE AR E, RS 4 KFIETH, 200N
MDP0000736994. MDP0000296109. MDP000072-
2954 F1 MDP0000204495 , {IRA T3R5 2 56 74
55 3 FNES 2 Yetadh, FRAPHGEIN R R DR 43 il i 44k
MdMYBx1. MdMYBx2. MdMYBx3 FlI MdMYBx4.

FEH R R, 1X 4 ANFERE EgMYB2 [1]4)
WIAEAE 76.1% 75.3%. 69.9%AH1 69.9% 1 £E 1 )it /7
SR s R kA D 28, MdAMYBxI .
MdMYBx2 5 EgMYB2 441, i MAMYBx3 Fi
MdMYBx4 S54RI F AMYB46 R h—4, Hit
AT CAHED, PRI A R P 41 EgMYB2 [ 5 K]
(B DFESE R SR S ARG 71 R A AT T8 A7 AL,
TEE RGN R RESNE, XA
EgMYB2 [RI 5L PR & R AR T — ISR & )5 S AL
4 /> EgMYB2 [F]Ji %5 M 5 AtMYB61. PtMYB4 i)
N

1.2 B EgMYB2 RIVEER 3 3 F /751 B 5 [

Fe A1 L BGE S MAMYBx1. MdMYBX2.
MdMYBx3 Fll MdMYBx4 i 46 % 5+ _F3if# 1 000 bp J¥
VAT AT, AR B 3 e, fEEshr b
W AR SFIXB® T 2 AN IE W 514 (MYBx1/x2:
5CCAGTAGTACTTGGGGTTGTAGA3'; MYBx3/x4:
5'GATTGTGAAAGCTCCAAATCAC3"), EfI&% H
S VAR =) B S N7 NI S S A 1 R
(5'CATCTTCCTCTGGTGACCACAA3YAL %, 435
FHF 9 48 1 AL 5 Fhop) B 48k R 20 MdMYBxL/
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MdMYBXx2, MdMYBx3/MdMYBx4 [ 35 K (1) ) 26 1
4.

— MdMYBxI
L MdMYBx2
EgMyb2
— MdMYBx3
L — MdMYBx4
AtMyb46
AtMyb83
{ PtMY B4

AtMyb61

624 — T T T T T 1
60 50 40 30 20 10 0

FLAFRER P (x100)

Nucleotide Substitutions (x100)
1S REE R EgMyb2 [RJJEHER (¥ 3R 48 % AE 43 BT
7E: MdMYBx1. MdMYBx2. MdMYBx3 1 MdMYBx4 43 514%
FPILR AL 4 AARF ) EgMyb2 [R5 EB; e A 16 1 i
TR DK 41 B4 PE(GDR, Genome Database for Rosaceae)
Y % 5 4 H b MDP0000736994, MDP0000296109,
MDP0000722954 F1 MDP0000204495
Figure 1 Phylogenesis of EgMyb2 homologues in apple
genome
Note: MdMYBx1. MdMYBx2. MdMYBx3 and MdMYBx4
represent the four different EgMyb2 homologues in apple
genome; Their accessions in the GDR (Genome Database for
Rosaceae) are MDP0000736994, MDP0000296109, MDP000-
0722954 and MDP0000204495, respectively

3G ) v I e SRASCBE 73 ok 821 b
874 bp~ 972 bp 1 914 bp ] 4 4741 75 ELEERIN,
X 4 RS 53 553 R MAMYBXL, MdMYBxX2.,
MdMYBx3 1 MAMYBx4 Ji 5741 [AI47AE 94.6%.,
95.6%, 97.6%A196.1%[FI[RIETE, X 4 475 CHEAT
GenBank (http://www.ncbi.nlm.nih.gov/genbank/), 7
H15 3 5 &y JF900710. JF900709 . JF900707 Al

JF900708, FRAVKEIX 4 253 8011 I 1R R b Bk
K23 v 4 4 PpPMYBx1. PpMYBx2. PpMYBx3 #il
PpMYBx4.

XS RS L 1) I 81 P AT R G842 5%
Mrit, X 8 Syt 2 41, 41X ok
B2 AN, A WARAE 1 AERTFHIR 1
NS AR H(E 2), 5t n] LAAEN MYBL 5 MYB2,
MYB3 5 MYB4 [u] ¥ &2 il 73 5 5 B M 43 A iy
RELY g2

MdMYBx1

|: PpMYBx1

| — MdMYBx2
PpMYBx2

MdMYBx3
PpMYBx3
MdMYBxd
PpMYBx4

44.0

T T T
60 35 30 25 20 15 10 5 O

R B A (x100)
Nucleotide Substitutions (x100)

B 2 AL 53R EgMyb2 RIS ZER B 3 F IR S R Gk R

W B EF: MdMYBx1, PpMYBx1, MdMYBx2, PpMYBx2,
MdMYBx3, PpMYBx3, MdMYBx4, PpMYBx4

Figure 2 Phylogenesis of the promoters of pear and apple
EgMyb2 homologues

Note: Promoter: MdMYBx1, PpMYBx1, MdMYBx2, PpMYBx2,
MdMYBx3, PpMYBx3, MdMYBx4, PpMYBx4

1.3 3L EgMYB2 [E¥RE: R )3 37 Hil

ST 4 ZRRP AL B ) JE B T 25 4
BoR, BIPHNTBIAEAE A BT 3558 A TATA-box
FRAE 51, e PPMYBX3 )3 3571 51 b T 77
7E 2 A~ TATA-box Fl 2 /N 8 THFESPHI(ER 1),

F 1 WARUR R B O I SR R 72 X MYB i3 3l DR AL Py /1) 7

Table 1 Predicted position of the characteristic sequence in the promoter regions of sand pear putative transcription factor gene MYB

related to lignin biosynthesis

o B JA BT (O R AT
Predicted item Promoter (Corresponding gene)

PPMYBxL  PpMYBx2 PpPMYBX3 PpMYBx4
TATA box {7 &
TATA box position 578 bp 664 bp 753 bp, 288 bp 709 bp
JAEN T E.

12 22 41

Promoter position 612 bp 677 bp 787 bp, 322 bp 741 bp
T VA
Enhancer position 484 bp 541 bp 527 bp 594 bp
TRERE
Clone length 821 bp 874 bp 972 bp 914 bp

1801



T HES, 2011, WAL MYB FER B3 T 5i ke AWME B 25T 5 A8 o0 i, 23 TR Fii(online) Vol.9 No.110 pp.1799-1806

(doi: 10.5376/mpb. ¢n.2011.09.0110)

FRA TIPS T E RO, R
W TOE I DI RERE L5 R 6 PSR 2), 1KLL 4%
T R M T BRI R IR . AR 2R RE T,
DA ot H i 2, B2 AR, I
AR RIS R T HoE e s A
KW AR Tot, a2 ot 2208 ABA
MO, DHCh SA N T AR AR
TUHFLEE T GA NZATUR TAA NARIPE, “Hog”

Sy sy B SRS VNI B S E v o SRS = 29 S F)
T IO R BARRL, (R AR e R A %
PRECH EAFE B2 . SHEIERM )G 8 17
HIARLE, PPMYBXL Ji3 811 7 41 v AR 4 e R AR K
EMNERICA M EH Y W%, PpPMYBx2 Fl
PpMYBX3 J3 81 J7 41 v i 25 Y 2 28 o AR (1 4L
HHEMmE . X—IMEEH, 4 MPAL EgMYB2
A5 BE PR AT BEAFAE R IA )20k

R 2 AR U B O IR S R 2 X MYB J3 3l 1 iR e R S H

Table 2 Type and number of regulatory elements in the promoters of sand pear putative transcription factor gene MYB related to

lignin biosynthesis

LR A4 R JA B TR TR R H
Gene name Types and number of promoter regulatory elements
IRV Br s G731 S[SES7)7) SR /B & S KPR e A
Tissue specificity ~ Biotic stress Abiotic stress  Stress hormone Growth hormone Others  Total
PpMYBx1 16 8 8 9 25 5 71
PpMYBx2 23 4 8 20 16 6 77
PpMYBx3 28 4 12 17 13 12 86
PpMYBx4 23 4 7 11 12 7 64
14 R 55 R EBELF EgMYB2 FIUFE R H3) - p B " e
TSR HT MYBS2 111 NINTGRGAA TATRATTTARGOATARNTTOTCCACACACTOGAGT 56
NAHTREAL EQMYB2 [AURAEIR S B FIFAUM S AraToccAATATANTITARGOATARATTGTCEACACACTABAGT 61
REEAFES R BB OMIREIEOAET, BIMIE (555755 AaTcacar TATATITANGATAMNTTGTCCACACACTOOACT 56
MYBS$2-3-3 ATATGAGAA-TATAATTTAAGGATAAATTGTCCACACACTGGAGT 86

W3 AN R R 3 AN e pRL, DAHAERIZH DNA
N, SERER AR EgMYB2 [R] LA )3 31
FEH, W0 IG5 5 o B 5 A B R R 3 I AU A A
S E XN N N VA S STy
PpMYBX2 Jid 2 DX 71 SR B 55 2 R R 0 B4 k1]
AEAE—N 5 J A AR — B AL AT R 2 R 57
VAL RUTE T M S B s B rh 3 O SRS G, T
JIT A 3 5 B0 o I vh 3 O RPEE RS AT 3).

25501 SNP A7 55 SO AL R B (/4
AN, FAHEARA i AVt T —1E 1 SNP 514
PP0180 (5TAAGGATAAATTGTCCACACGCAA3'),
Z51Y 5 KA 514 (5 CATCTTCCTCTGGTGACCA
CAA3YAL A, WLAIX 431 SNP AV 2T AR [ S5 AR 5
Wikl 3 s, 1% SNP 54 &%t SNP A7 sikb 5
HINRES A (P FEAT SR 6 (& 4, 4 kiE, 5 9k
1, 6 JKiE), 1MxT SNP A7 s A & 47 SIS G P4
P CRARG( 4, 1 ¥K3E, 2 PkiH, 3 Jkid).

MYB5'2-3-6 ATATGAGAA-TATAATTTAAGGATAAATTGTCCACACACTGGAGT 86

MYB5'2-4-3 ATATGAGAA-TATAATTTAAGGATAAATGOTCCACACACTAGAGT 8%

MYB5'2-4-4 ATATGAGAA-TATAATTTAAGGATAAATTGTCCACACACTAGAGT 86

MYB5'2-5-1 ATATGAGAA-TATAATTTAAGGATAAATTGTCCACACACTAGAGT 86

MYB5'2-5-4 ATATGAGAA-TATAATTTAAGGATAAATTGTCCACACACTAGAGT 86

MYB5'2-6-6 ATATGAGAAATATAATTTAAGGATAAATTGTCCACACACTAGAGT 88
&

K 3 PpMYBx2 Ji ) 1 X FEAR R B 5 S R B RD AUM R N7 A
R S A S

F: MYB5°2-1-1, MYB5°2-1-8, MYB5°2-1-9, MYB5°2-2-1,
MYB5°2-2-8, MYB5°2-3-3 Hl MYB5°2-3-6 7K 4 AN R
M BRI B BE YW 5, MYBS5°2-4-3, MYB5'2-4-4,
MYB5°2-5-1, MYB5°2-5-4 1 MYB5°2-6-6 #7523 |4 AN JF] 4%
REARI SE R Gy *: SEALAR AL

Figure 3 Allelic variation exists in PPMYBx2 promoter region
between the green- and russet-skin-fruit sand pear genotypes
Note: MYB5'2-1-1, MYBS5'2-1-8, MYB5'2-1-9, MYBS5"2-2-1,
MYB5'2-2-8, MYB5'2-3-3 and MYBS5' 2-3-6 indicate numbers
of the clones from different russet-skin-fruit sand pear
genotypes; MYB52-4-3, MYB52-4-4, MYB5'2-5-1,
MYBS5"2-5-4 and MYBS5'2-6-6 indicate numbers of the clones
from different green-skin-fruit sand pear genotypes; *: Allelic

variation
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M 1 2

3 45 6

1 500 bp

1 000 bp
800 bp

500 bp

Kl 4 SNP 5171 PPMYBX2 i3 5l 1 X S5 A A2 S04 3587 ) Lk
M A FERRIL 1 24 3 20l ok B A e B D A6
¥ PPMYBX2 JA 3 7 X 5% MYBS°2-1-1. MYB5°2-2-1 #il
MYB5°2-3-6; 4. 5. 6 43l sk B AN RIS Kb BUB R
PpMYBx2 J3 3 T X 3¢ ¢ MYB5°2-4-3. MYB5°2-5-1 Al
MYBS5’2-6-6

Figure 4 Gel electrophoresis of PCR products amplified by the
SNP primers located at the allelic variation position in the
PpMYBX2 promoter region

Note: M: Molecular weight marker; 1, 2 and 3 represent
PpMYBx2 promoter clones MYB52-1-1, MYB52-2-1 and
MYB5"2-3-6 from different russet-skin-fruit sand pear genotypes,
respectively; 4, 5 and 6 represent PPMYBxX2 promoter clones
MYB5°2-4-3, MYB5’2-5-1 and MYB5’2-6-6 from different
green-skin-fruit sand pear genotypes, respectively

FIBTBEHIR 5 1) 53 397 19 8 A2k HERAN 8 A4
BERMEHHE 4] DNA(K 5), SRR SR
MEAT 7 A WSS H bR Aty s 4 SRR
YA S MR a8, HA 3 MEHEYT
FEHYWISE IR H bR 2 o

M1 2345 6789 10111213141516
1 000 bp
800 bp
500 bp

K 5 PDMYBX2 Jii 5l 71X SNP 5IW)1EA [l 4 S L5 i B b A4
R RE TR a7/ B0 SR S ol

TE:M: 2 PR 1~8: 2R AR 19-59.19-67.21-65,
20-62, 20-71. 19-52, 5-18 FI‘HIE 4 (L4 DNA Bt
9-16: #HRH AR R L 19-39, 19-40. V. 19-38.
19-42, 19-43. 19-47 [1J5E[AI 2 DNA Kt

Figure 5 Gel electrophoresis of PCR products amplified with
the SNP primers located at the PPMYBx2 promoter region in
different green- and russet-skin-fruit sand pear genotypes

Note: M: Molecular weight marker; 1~8: Corresponding to the
genomic DNA templates from the green-skin-fruit sand pear
genotypes 19-59, 19-67, 21-65, 20-62, 20-71, 19-52, 5-18 and
‘Chu-xia-lv’, respectively; 9-16: Corresponding to the genomic
DNA templates from the russet-skin-fruit sand pear genotypes
‘Akibae’ pear, 19-39, 19-40,°Qing-xiang’, 19-38, 19-42, 19-43
and 19-47, respectively

2 T8

SRR B A A R B b AL AR
FIALE SR E R R, HW G TR AR
KA A TG oy FHLER A ST RE . %5 T EgMYB2
S L [R)8 J DR AR AR 538 A b ) o O s 4
. kb AL EgMYB2 [ 5 3 R 3EA TR 5T,
AT BEXT A2 7K VR B D B L R 48 € 5 4 i T
BEHLE B I . AR e 4 AN
AL EGMYB2 [R5 R I Bl e &1 2 oA (0 F0ill 3
25, T T WP AL EgMYB2 [R] Y5 R [ 26 A5 11E
PLRTHIRFIE R B, AAR ) PIMYB4 3K 3= BEAE A iR
e ik, M) EgMYB2 ) ZAEAR R K
AP R, BRI AMYBA6 EEAEAE T
YL hb 21k (Patzlaff et al., 2003; Goicoechea et al.,
2005; Zhong et al., 2007), FAT{ERP AL EGMYB2 [F]¥i
BRI A i 2 7R 2 AR iRl
KIEWTCrE, XK, WAL EgMYB2 )5 A n] g
L e U (AR T 22 B A G . bk, BT
WHRZA RS, FhrrhRIE PR Tor:, Ktbrb AL
EgMYB2 [RIJsIERIIL P HE 2 s TR E . A1
REIARTTZE A e JA B e 5P 4 7 T b AL
% EgMYB2 [R5 R R T 2 oA A7 A 43 (R 2) .
R TF R W ST R W], AMYB46 B4 LT Th &
ik, T AMYB83 IR 25 [ 4R 4 i Ry R A
(Zhong et al., 2007; McCarthy et al., 2009). b EA
EgMYB2 []3J5 3 PR 1)t v] e A7 7E R R I 7 AL

oy 52 5 2 B2 W0 R T0] 1) I3 301 e 90 S 0 A8 S oy A
KIL, PpMYBX2 38T X AFAE 1 /> SNP s, 1%
Pr S SRR 4 o/ Sk PR IR IR A7 AE AR G, B
AR AR BB R AT ETE. OF
W7 R, Y MYB ¥ FRIBR A RZ, ©
ARS8 B R U2 B AR A B2 AN A 5E
HEEN DNA 45 &3, XER T E G AT
MYB ¥ H 18 TN ER(R2R3)EM, 7L r
FRHEPZE TP HEAT 133 4> R2R3 M MYB #45% [H 13
B, X EeSL KL P R AR R0 24 ANIE4L
(Stracke et al., 2001). AT A AH KT AMYB46
MW YRS 13 W4H (Kranz et al., 1998), iZZH T T
AtMYB81 1 AtMYB83, L5 54 6 4~ MYB F:[A
(Allan et al., 2008), XKW FE T+ AT BEAF AL D) RE
JURE) MYB BE[A. o LAHED, B T AT O
4 MDA EgMYB2 [RIUEIE, APALILP A ik n]
REAFAE AN S EE TS 13 W20 MY B [R5 4 5% A
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TRYEE. Wk 4 MPAL MYB a3 8h
2 F T o3 B A, R % 8 31 R A R o
AR, (HYUSAIER 2), RIIE AT LAEN: X 4
AN MYB BRI ATREERP AL AR Kk B R A 5
SERH AL LE )2 T g, PPMYBX2 I E Ml — i #2310
FURFRE A IRIFE N o Ak, ARFEEY G M
Z AN IR B RAS [R] 1) AT 28 (R 7K S8 48, 2003,
Boerjan et al., 2003), UL AHEERAA/E MYB LASM S
PR 1AL S 5 RS (R AR B R A DG M IR J0 1 22

AW EIRTT T 4 MNP AL EgMYB2 [R5 A
MR F I, A 2R o b B 06 T A i
A AR OCEEEER  R45 P41 o ZIUETON T4
B D AL 5 A T 32 A 56 SR A 11 23 7 BIL A A0
AR AR EAT AL R E i A R
o Gihh, FIRADE BEAEL MYB LN E 3)
TUREICAAT T A AT, AT TR sh 77
G AR 43T, A FF R Z3E R 1) SR IA RF 7 st
feedr, H—LifeILThresie 7 Ak,

IMABLS
3.1 ME

12010 4F 4 AL LM RE Bt A (B )
B2 B b AR BE 19-59, 19-67. 21-65. 20-62.
20-71. 19-52, 5-18. ‘YIH L. 5-18. 31-3, #th
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