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‘LR R FTRRZSEREXEEEHE
5 CCoAOMT RiZENHT
Fnik, £ 5, % K X A HRAL B, kIR

CRRAN R 22 B 22 E N SE 80 =, SR 230036)

B OE: N THE IR SEARRR CEEER R TR LR, SR oy VR E A IS
25.50.75.100.125.150 A1 175 d H 5 PR ZE & EAA WG 1EA 10 MR 451K 117 SSH-cDNA
S R e 5 K R AR A R VDA S ) CCOAOMT-EST, il Seht 9% % i PCR ME T “ig 1L kAL
HEEIR” A Bz rh CCoAOMT (MARN Fik . 45 REW: K KRR EITHAR R R, HAM
FIhEFIT LAY m 12.2%; A ILBRAL AN AEBRT ALBZh PAL. 4CL. CAD FREVERITEIE )
75 d IEFIFH KA, 1 POD MESTEMIFEAE S 125 d Lm0 8 Rl 4 FhEgis v AR A A — 3,
B BEEE B PRI 4RI SRR PAL M 4CL WS PR OR TS ARG B B B IR MR,
M7 ALRAE R 2B e RS KR E KA, BEIR A CCoAOMT AHX & ik &1
T LERAL . DRIURAEN, IR SRR (O B R BT R BT AR R S R AR = A OG, R
' CCoAOMT MM RRIA R “BAIR" A9l i U i R 2 —.

KR L R KRE; BEEPE; CCoAOMT; %865 f PCR
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Analysis of Enzyme Activity and Lignin Content and Expression of
CCoAOMT Gene in the Pericarp of ‘Dangshan Suli’ and Its Russet Mutant

LI Xiao-feng, LI Xue, JIABing, LIULi, YE Zhen-feng, HENG Wei, and ZHU Li-wu’
(Key Laboratory of Pomology, Anhui Agricultural University, Hefei 230036, China)

Abstract: To investigate the mechanism of russet skin formation in ‘Xiusu’ pear, the sport of Chinese
pear ‘Dangshan Suli’” (Pyrus bretshneideri Rehd.), the lignin content and activities of Phenylalanine
ammonia-lyase (PAL),4-hydroxycinnamate Co-A ligase(4CL), Cinnamyl alcohol dehydrogenase( CAD)
and Peroxidase (POD) related to lignin biosynthesis, in pericarp of ‘Dangshan Suli’ and ‘Xiusu’ pear at
25, 50, 75, 100, 125, 150 and 175 days after full bloom were tested by spectrophotometry, respectively.
From the positive SSH-cDNA library of ‘Xiusu’ pear, CCoAOMT-EST was screened out and the relative
quantity of its expression was analysed by Real-time PCR. The results showed that there were three peaks

of lignin increment in the pericarp of ‘Dangshan Suli’ pear, and lignin accumulation was 12.2% higher in

W BHA: 2011 - 12 -24; fEEHE: 2012-04-28

HEWH: EFRWARN T WHAREREBR LT (CARS-29-14); [HFK AREREILETIH (31101519); mfE#RA FAFHENA I
43 H (2012SQRLO60ZD)
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‘Xiusu’ than that in ‘Dangshan Suli’ pear when the fruit matured. The activities of PAL, 4CL, CAD in
pericarps of ‘Xiusu’ and ‘Dangshan Suli’ pear all reached to the maximum at 75 days after full bloom,
which of POD attained the maximum at 125 days after full bloom. Although the trends of the four enzymes
dynamic change in ‘Xiusu’ were similar as those in ‘Dangshan Suli’ pear, their activities in the former
were higher than in the later. There was positive significant correlation between PAL or 4CL activities and
lignin increment in ‘Xiusu’ but not in ‘Dangshan Suli’ pear. As the fruit developed, the relative quantity
of CCoAOMT expression at each stage in the pericarp of ‘Xiusu’ was evidently higher than that of

‘Dangshan Suli’ pear. It was postulated that the mechanism of russet skin formation in ‘Xiusu’ pear was
related to lignin accumulation and the relevant enzyme activity enhancement, and the expression increment
of CCOAOMT gene may be a key factor contributed to the russet skin formation of ‘Xiusu’ pear.

Key words: pear; fruit skin color; lignin; enzyme activity; CCOAOMT gene; Real-time PCR

ZiJE (Pyrus spp.) FMR U647 (5 (ground color) FIFE{f (cover color) 2.5y, JRAT “#
B CE PR, HEAA T R CaE” s CERSE, 200100, BT, AL AL K Akt
. RETE RN R P B8 %2 (Fischer et al., 2007; Dondini et al., 2008; Du Preez & Rees,
2008; Volz etal., 2008; Pierantoni et al., 2009; Fengetal., 2010; Zhangetal., 2011), [fiH K3
W OR B ERIIE A, BAEWEURIE (oflgs 4%, 1979; E9°% 4%, 1991; Kimetal., 2005;
KAt 4, 20100 , (HEERZERIEK,

Spencer (1965) #FFLINA, BHAERI IR, KRG “4” ) “imape” B, 2R
S s B S DRI IETEL. sk SR (1996) WHFTRIL, BRI OIS AR TE A
WORREY], BEEHHOCHE PPO A1 POD WG TERIFRAS, ARBTER SRR, R O] BT, B
34 (2005). Sugar Fil Basile (2008) H5TINN, fE—EMAMTAAT R, SRR L4 et
WA, FRAIE KA B, AL IR D0 M 3RS T8 B 253 P = A AR R 2], 5 B i
W, SMZAMREL, B RCR AL E R AR, BERE AR AR RR R T R B . A
4y S I C T B R O BRE IS 30, 12N S % R 5 e ) A S S R AR 1 55 A (Sugar &
Basile, 2008). HHij ¢ TR B (0 ik B4 & Mg v MEAR AR DL e 5 R R R B 2 1A
FHICHE IR D

WNMERE S A - O - LM (Caffeoyl CoA 3-O-methyltransferase, CCoAOMT) &R iR A
V)G AR R AR P ) — R OCHERE, X G RBTERG R I (FgE 4%, 2007). Meyermans %%

(2000) 7r:4M] CCOAOMT ik IR 4 ik LRIz B v A IR J5it 2% 1) % B MK T 12%, 1717 Zhong 55 (1998)
RAG T X CCOAOMT ik Y FE DRI 50, AR 8 B T 36% ~ 37%. W53 H], CCoAOMT
) A  1H 5 AK JB 2% o B DA OGS

TEZ B LTRAL FAR DR X TRUR S8 I —HE 50 AFAER) ‘LAY Z2R48, wEah 5
WE” o hmlRAL Rk, AR R BRI RBCRII (L, 22 AFLP. ISSR 70 FFrid W10t
50, W NBEEA S (Zhuetal.,, 2009; RAZE %%, 2009).

ARG UL AL BRARL R CBEEET i, WE AN RN ISR e AR 5T ER S B A DG
PE, il e S R U ER Z A AR OGE s B FRaEAES 100 d SRS, DI T I 1) HH B0 €601 51
W HHEIPE A (SSH) HiARME 45k 1E. JxIn SSH-cDNA (. 7EiF [ SSH-cDNA S
HRE 2R T2 AR A e R P DG L CCoAOMT,  HE 1T e Bt i /% R 7 41, A SYBR
Green SER%¢ 62 5 PCR FEBF 5T CCoAOMT 78 ‘i1 lRAL” F1 “45IE" ANRIB 30T e Fh it I8 22
Ft, JE— DRI R R A T LB
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s
HE

QY VR SRS DARES

1.1 RIEH R

BERA RN EERR CAgILBRAL O AR ) ORE R B I I B s, BRI B s il E
b 2. 2010 50 MIAEAE )G 254 50, 75, 100, 125, 150 f1 175 d, M 5Bk WESNEIA. FE.
VUL AbT A  ER 46 BN BURSZ & 2 A4S, BAUKE RS2, YIEUS R A 0.5 ~ 1.0 mm 1) 5
%, SWEMEEIREIE, RAFT - 80 CUkKFh & . UL “lhlkEy AxIH, pk/DX, 4K
G-I

1.2 REARRZEDERHEFERINE

RN E S FIEE (1996) 77757, WA FEAsES (Sigma-Aldrich, USA) 2k
ERRE PR RS E, SRS RO 2 ER (%), N SPSS AT % 5 W 44T
AT A N E 37

RN RARZEN (Phenylalanine ammonia-lyase, PAL) ?ﬁ‘f@ﬁ@?ﬂﬂ%@ﬂﬁﬁmﬁ (1980) M5k,
DABESEPAE 290 nm ALWOGEEAR MK 0.01 Frg s — MBS TERAr ;s 4 - FURAE A EH

(4-hydroxycinnamate co-A ligase, 4CL) 5 i 52 2 FR ER KA FITRK 5[517‘6‘%g (1990) W77, LA
1€ 0.0001 OD {H 4 —/MEEEPE AL s AEREN NS (Cinnamyl alcohol dehydrogenase, CAD) 511
M5E B Goffner 25 (1992) [KJ57LHE4T, LL 1 min 284k 0.001 OGN — NG PERAL; 14k
W3 (Peroxidase, POD) JHTEIIMIE R @EIAENE (274, 20060, LAREME Ay 21K 0.01 24—
AP A
1.3 RNA 12E5 SSH-cDNA X EHE

RH SR CTAB IAFIUREAE 5 100 d Y AL IRAL AT “BIE" JLBCE RNA CORGR RREEAT
» 2003) , DNA I HfbERT-T - 80 C& .

K HFNHI A48 (suppression subtractive hybridization, SSH) 7774 (Liuetal., 2009) , #J#

1E+ JIn) SSH-cDNA U, M ik th 5 AR i 2 A2 W06 i3 DIAH G I 2R I8 7 H1I1 R T (expression
sequence tags, ESTs) .

il

1.4 CCoAOMT 3'i[F513%45 5 LB K E E RT-PCR 734

M4 CL0 ) CCoAOMT — B e # ik RE 514 (3R 1) 3 2 SMARTer™ RACE cDNA
Amplification Kit User Manual W& U360 152088, DL 3'-CDS A#isk (R 1), RELF13F] cDNA J&
HEAT 3'% PCR M9 48 . SOV FEF 94 C AR YE 5 min, 94 ‘CA81ME 30's, 60 “CiEk 50,72 ‘C4EAH 3 min,
32 MER G, B PCR PR 10 5 /E 8 28 404 BRI, 15514 UPM #:24 NUP, PCR R NAK R
PR Lo KR 0 H W B B, SE e RBH P s R IR e, 184 B A T AR AR A Y

Hi4 CCoOAOMT LI 373 /3741, vt 26514 ygCCoAOMT-PF Fl yg CCOAOMT-PR (3 1),
GAPDH 1E NS #4514, LUEAEIS 75, 1004 125, 150 #1175 d “DILkEL A 4RIE" SRRz
MARFE, 34T Real-time PCR 373,

S ViAA F 4% TaKaRa SYBR Premix EX Taq il &2 BIFATHAE . SR ML, {6 AB Step
One SERF%¢JG PCR X _E#HEAT, 95 CTIAEME 90 s, 95 ‘CAE 30s, 60.6 CiE-KHILEM 40 s, 40 4
PEER, 15 60.6 CHATHIAF T RA, NS R GA G . FEM& 4 NES, 2Rl N—
ANAZ, LU ROX AR ZEEHIRIE, I 2722 LA A & B .
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F1 PCRYEMRENIMRLFT

Table 1 PCR amplification required primers and sequences

GlE LR 1751 (51039

Name of primer Sequence of primer

3'-CDS AAGCAGTGGTATCAACGCAGAGTAC(T)30 VN

UPM Long CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT
UPM Short CTAATACGACTCACTATAGGGC

NUP AAGCAGTGGTATCAACGCAGAGT

CCoAOMT GTCTACACTGGCTACTCCCTCCTT

ygCCoAOMT-PF CAAATGAACCACCAACCCTAATTG

ygCCoAOMT-PR GAACCATCCAAATACAAATACAAAGTAG

2 HiR50H

2.1 ‘BUERE 1 CBER REPARARESELR

BICG AR, B R ARRESENEE ST LA (E 1, 1). PR EHR
ARIUE SRR LA — AR R a, ZEMIARREEE. ERENIRE, B REARH
WEAE AT R AT N, EEE s 0 L BRAY R TPOR R E NS I 3 k. fE)E
75 ~125dxul, Ble ARl 8 H bA), & ‘BRIt A OB R ], ORI Sl
KRBT mbmE (B 1, 1D R EREELRET, BE B AR R R S
be LAY & 12.2%, XATRERE BRI AERRE L —.

1 i
a0 - —e&—EWE Xiusu 0 45Wf Xiusu
—a— T 1[I EfF Dangshan Suli a 12 B 7% 1L EfFL Dangshan Suli
35 +

Increment of lignin
(=}

RIREEGE/ %
RIHRIEE /%

The content of Lignin
Ny
(=}

0 : 0

0 25 50 75 100 125 150 175 25 50 75 100 125 150 175
TERFRE/d TERFRE/d
Days after full bloom Days after full bloom

1 ‘GLKER SEFTRR FH KRETARRSE (1) REEE (D
ARNE FRERIRZFIEF B EKT (P < 0.05); ANFRKEFRERORZERIEIREZ KT (P < 0.0, T,
Fig. 1 Lignin content in the pericarp of ‘Dangshansuli’ and its russet mutant ‘Xiusu’
Different lower case letter indicates significant difference at P << 0.05 level; Different capital letter indicates extremely

significant difference at P < 0.01. The same below.
22 ‘FHUEREL N HRER REPEEIEM L
22.1 R PAL BaiE M6 TG
T EREL R IR R PAL BEVEPEY RSETAR LT, JE 2R NI BREIEE
150d 2 4h, BBk 1) PAL V&R T W4 LiRaL” (& 2).
222 REF ACL BaiE M T AL
TEAE)G 25~75d, “ILlREL R CEBIRT R ACL B VR L HESI R, fB)5 75 d iR F &
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KAE, BHJG SR R . fE8AE)E 50 ~100d, “E5MK" S 4CL BHEME s T bkl (| 3).

800 —e— &R Xiusu
~ 700 —=— %11 BREY Dangshan Suli _
@ 600 2
T 500 H
& =
" 400 .
2 =)
= 300 -
—
g 200 d
100
0 L L L L
25 50 75 100 125 150 175
BJERE/ d
Days after full bloom
B2 ‘BRI 5HFTHAR BB RET PALBEE & 3

Fig.2 PAL enzyme activity in the pericarp of

‘Dangshan Suli’ and its russet mutant ‘Xiusu’

223 RE P CAD BgiE M e) T4k

1200 - —o— &I Xiusu
A =7 IEREL Dangshan Suli
1000 -
800 -
600
400
200
0 1 1 1 1
25 50 75 100 125 150 175
TERFRE/d
Days after full bloom

‘BURE SHFERZR R RED 4CLBEYE
Fig.3 4CL enzyme activity in the pericarp of

‘Dangshan Suli’ and its russet mutant ‘Xiusu’

BEE R RKE, A M BER Rkrh CAD BEEPEZURIT s, fEqE)s 75 d i85
ONME, G RRE, PIEARERAILT— . BRIESS 25 M1 125 d 4k, “BBIE” BT CAD i

¥ ET gamREL (- 4),
224 REF POD BgE M T AL

Dl ERAL AL OCEEEERT Wb POD BEEME, FEAENG 25~ 125 d b TR E ARG, SUR R .
EAE)G 50 ~125d,  “$BmR’ S )%+ POD BHEMEM BT sy (| 5) .

350 ——ERPR Xiusu
—&— 77 1111k %4 Dangshan Suli

300
w2350 w
T 200 E
& &
5 150 .
g 100 A
S 5 g
0
25 50 75 100 125 150 175
BRRY /d
Days after full bloom
4 ‘BB EFTRE GH RE® CAD HEH 5

Fig.4 CAD enzyme activity in the pericarp of

‘Dangshan Suli’ and its russet mutant ‘Xiusu’

23 ARREZEEESAFREEEZEMBXES

350
300
250
200
150

100
—— Bk Xiusu a
50 —=— 17111k L Dangshan Suli
0 1 1 1 1 1
25 50 75 100 125 150 175
BRRY /d
Days after full bloom

‘BB SEHFETRE HBF RET POD MiEH
Fig.5 POD enzyme activity in the pericarp of

‘Dangshan Suli’ and its russet mutant ‘Xiusu’

MR BN,  “BEF BT EMES S PAL . 4CL BEEME R B EMSG, H
PAL 5 4CL BuE I 5 B E 1EAH5¢, 4CL BFiE M S CAD Bt S B # IEASS.  “gillREs B
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HER 4CL BEAT CAD FiRh TR SR Wl 3% IEAHOCHh, RS MRRZ AR MR AR B W K7 (R 2)

#2 ‘BURR #1 ‘FH RRPAREESEMFEEXESH
Table 2 The correlation analysis between enzyme activities and increment of lignin in the

pericarp of ‘Dangshan Suli’ and ‘Xiusu’

izt PN RN B R A 2 Ity 4 - F IR AR RN AU AL
Item Lignin PAL 4CL CAD POD
AR Lignin 0.1816 0.2544 0.2178 0.2507

RN SRR A 2 I PAL 0.7961" 0.7198 0.7514 0.1818

4 - HEBRANH A SR 4CL 0.7622° 0.7995" 0.9144" 0.1032

PR AR i S CAD 0.7047 0.6957 0.9771" 0.4478
4L POD 0.3129 0.2918 0.3903 0.3924

e PRI EA K, 2 RR B WMEH BB LR o ZE NIRRT .
Note: ** mean extremely significant differences at 1% level; * mean extremely significant differences at 5% level. The data of ‘ Dangshan Suli’

is in the upper right of the diagonal line, and that of ‘Xiusu’ is in the lower left of the diagonal line.

2.4 CCoAOMT E [ 3'i 52 [# & H Real-time PCR #3]1|

{E “4FWk° 117 SSH-cDNA CEEH ikt 7 CCoOAOMT-EST. it 3'-RACE #F— 3K B IE A
3T IRIT 51, Kk 746 bp. 225k NCBI Blast LEXT, 52 8 CCoAOMT 3[4 30 #% 11741 (&
6).

10 20 30 40 50 60 70 80 90
T T L I T e L e e T I
GTCTACACTGGCTACTCCCTCCTTCTCATCGATCTCTCAGTACTCTGCGTTEGATACCACTGCTTTTGCCACTGCCCTTGCCATTCCTGAT

100 110 120 130 140 150 160 170 180
FR TR TP [ (Y [ TR I [ I [ [ [ [P IO (PR U I |
GATG GATCTTGGCCATGGACAT CAACAAAGARAATTATGAACTGGGTCTT CCOGATAAT CGARAAGGCTGGTGTTGCCCACAAGAT

190 200 210 220 230 240 250 260 270
e T T T T T T T T T e T
GACTTTAGAGAAGGCCCCGCCCTCCCAATGCTCGACTTATTGAT CGAAGATAAGAAGAATCATGGGTCCGTACGATTTCATATTCGTGGAC

280 290 300 310 320 330 340 350 360
L I I I I I I L T I I I I I I I I I
GCAGACAAAGACAACTACATCAACTACCACAAGAGGCTGATTGATTTGGT CAAGGTTGGGGGTCTCATTGGCTACGACAACACCCTATGG

370 380 390 400 410 420 430 440 450
B T T e e D N N e P T
AATGGETCTGTEGTCECGCCCCCTEGATECTCCACTCCGCARGTACGTCAGGTACTACCGEGACTTCGTGCTCGAGCT CAACAAGGCACT

460 470 480 490 500 510 520 530 540
R T TP T [ [ [P T [ [P [ (A I [P IO (R P I |
GCTGCTGACCCTAGGAT CGAGATCTGCATGCTTCCCGTTGGTGAT GGCATCACTCTCTGCCGTCGAAT CARATGAACCACCAACCCTAR

550 560 570 580 590 600 610 620 €30
Y TR T (PR TR [P [ IOV (ORISR IRV TP (RPN IDNMDIDES [PUPR TORPIPRRS [P TR IR |
TGGCCTGCCAATCATATATGAT GAAGARAARATGTGTTTCTTTTTATTATTTTTCTTAATCTACTTTGTATTTGTATTTGGATGGTT CAT

640 650 660 670 680 690 T00 710 720
T T e T T T |
CGTCAACGTTCATGTCGGAGAACTATTACAAGGCARAAAGAARARAARATATTATAAGGCGGACAATARAAAAARARALARARAAALARAR

130 740
R I I T .
AGTACTCTGCGTTGATACCACTGCTT

6 ‘4EER’ CCoAOMTERE3imikHBRFFS
Fig. 6 The 3-end sequences of CCOAOMT gene in ‘Xiusu’ pear
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FERSEARKAH SN, BRI SR CCoAOMT JEKBfRIL, “HFlE
MR ER T gAY (&7, SRR IR R BN R R E N 2

O %Wk Xiusu  m #1134 Dangshan Suli
1.2 4 a LA A 4
1.0 ¢ B
0.8 | B s |2 |B
0.6

0.4 r

CCoAOMTHIN ik &
CCoAOMT relative quantity

0.2 r

25 50 75 100 125 150 175

ERRE /4
Days after full bloom

B 7 ‘BURR SHIFLTMER G RECCoAOMTEEIENRIAR
Fig. 7 CCoAOMT relative expression quantity in the pericarp of ‘Dangshan Suli’ and

its russet mutant ‘Xiusu’
A} ‘/\

3.1 KRERESHEXEE FF REEEEAPRER

ERSEAERK R F SRS, BRASIN AL, BBk B PAL. 4CL. CAD LA POD M 1t 4
st LR . B TEIRTEAR TR G N IR, AR TR ARG Y B, IR R g
MR TR Z A G RNV e ) Bk m T L iREL s BBk BRI R Rl Wi ‘gl
FRAY i 12.2%. (HAHCA T4 IR BoR,  “BEIR WM A EM R 35 PAL M. 4CL B4
REWEFIEAI W LERAL TR O DGR P S AT ER I AR A R A DG AR IR B R UK
HARBL G T 1 AR A A 0%, (HAR U A OCEERY PAL. 4CL. CAD. POD (13t 5 A
FWEMAHXKXRDNT, IERAE MLERELY . BEE PRI AN —SUh A, 3 IR
TSI TE LR R A% T ARTRRAED SO FEP R E L . MR RE S, W LR K
AR EARNERYS B A, FRBAREE LA . IR R ORI RS RS
TR G A TR O R, P R AR AL R R B AR R S S RO, T —
2T

15 B R ETE A DGR ], B T R R S, R 2 BT E,
BN ARRACREE R (Frfh 25, 2011 o Kk, ATRERREATfEFUE M BER R tar=4t
(11# 2 B K 2 —

3.2 CCoAOMT ERFRIEERREZLEMER KR

PR R F AT 3 PR A i, it e i F 20 T HAEERERE, 110 CCoAOMT {4k niimE
WE4HEE A JEATHIJE4L Y. (Meyermans et al., 2000). 1] CCOAOMT kik, S ARRHE T
O A, JFAEREAL A (Li et al., 20000, EAR HEERT S AN CCoAOMT A
PR R EmI B m T kAL, B E)E 50 fl150d, “WpIliBREy F R i 9 40 e
FeT BER, EIA L R ILERRY R R A G O R s A A Y



53] RIS LIRS W R R i R K PR CCoAOMT ik 73 # 835

BUEARHER 1, B Tk PRk .

VFZ TR, L RIS R P24 mRNA KV, AR E AR GERIRIE=) K
FIIBEIE, AR mRNA 5REE A AR, HHARCREEE I E AN m, AHRRBHACT 05
(Anderson & Seilhamer, 1997; Gygietal., 1999). % ‘7% A 450k IE. &1 SSH-cDNA
P ESTs HIZ4r#rRIL, BBk R tar=4ia 5 )UT . FHfp 28, RIREY A L. ‘46
Wk SRR O T AL, e B BT 27 AR 427 AR B AR R ABIFS T
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