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SERTH B 548 S-RNase BE1ER y - BRE ik
RETE

e, &AL, AMR, WEF, FRE
CoP AR R 3 5 AR B B A 5 T RS, 3¢ 100193)

B OE: U OEDE R (SS) RRAMEL, Ik T Rk pGADT7-cDNA S, AL N

1.2 % 10° - ug™, A BOK/INE 300 ~2 000 bp 2 [a] . 3l i R4S J7 4, HISER S,-RNase [#) C2HVC3
IX i 1k SRS AF — MK 505 bp HI cDNA F B, ST A% cDNA FE8] B —A4 261 bp HIIT 5 S2HE
(ORF), % ORF %ifid—/MH N uiuf5 SR 2K, SR 2 Ikl 64 AN EIRMALS, & i F A e
BRFRS 2R, o C iy 8 A BB —A y - R ThReIR, S5 B n L BG4 o i80E, 34 BT
T, 4NTHREE, dtk, HEWIOHER y - TR, 48 MdD1. RT-PCR 4 #1 KI: MdDI1 R HH’
SERI L L e T RS RER SR GUh A RIE, REZTh R s . BERERURAC S R
XU MdD1 B T 5% 3 S,-RNase [ C2HVC3 X IL{E4L, ik 4 S;-RNase ) C2HVC3 X, S;. S,-RNase [f]
R KX AEAE BAE . FIA A SR y - SRV Relid 5 S-RNase JRFEF 1 BLAE, 1E04EHE S BIF5

5 AREASER Y o
KB FH; S-RNase; HAIAEAM; 168} cDNA SUPE; BEREXUINAS; y- fidh
FESGHES: S66l.1 CEkFRINED: A XERS: 0513-353X (2011) 08-1437-10

Screen and Identification of Pollen p-thionin Interacting with Style S-RNase
in Apple

SUN Hui-ling, MENG Dong, BAI Song-ling, HU Jian-fang, and LI Tian—zhong*

(Laboratory of Fruit Cell and Molecular Breeding, College of Agriculture and Biotechnology, China Agricultural
University, Beijing 100193, China)

Abstract: Yeast pGADT7-cDNA library was successfully constructed for apple ‘Ralls Janet’ pollen,
with a transformation efficiency up to 1.2 x 10°- ug” and being inserted by sequences of 300 - 2 000 bp
in size. Through yeast two-hybrid(Y2H )assay, one cDNA of 505 bp in size was screened from the library
by C2HVC3 domain of apple S,-RNase as bait. The cDNA was predicted to contain one complete ORF of
216 bp in size, coding an peptide with a signal peptide on its N terminal. The deduced mature peptide was
designated apple p-thionin MdD1 for that it contained both 8 cysteines and y-thionin motif on its C
terminal, was rich in Lys and Arg with positive charge. Structure prediction revealed one a-helix, three
[-sheets and four disulfide bones. RT-PCR showed that the gene MdD1 preferentially expressed in anther,

Wis BH: 2011 - 04 -22; fEEIRHA: 2011 -07-07
ESWE: HEXARFFEESIE (30871697, 31071784); Jbniii ARRIFAIEEIE (6102017)
* JW{E/E® Author for correspondence (E-mail: litianzhong1535@163.com)
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though also expressed in other tissues such as leaf, sepal, petal, ovary and style of apple ‘Ralls Janet’ .
Y2H assay showed that MdD1 interacted with S-RNase nonspecifically, because it not only interacted
with apple S,-RNase-C2HVC3, but also with S;-RNase-C2HVC3, mature peptide of S;-RNase and
S,-RNase. All these results taken together suggest that apple y-thionin MdD1 may be involved in SI as a
pollen non-S factor interacting with S-RNase nonspecifically.

Key words: apple; S-RNase; self-incompatibility; pollen cDNA library; yeast two-hybrid; y-thionin

HAZA GRS TR — PR A8, Bk BACH K E SRS . AL S0 A N IR S AR )
TR A BAAASEMER (GSD. HUTHITUAR, % HZARFRI R —A7 al S {7 s8] (de
Nettancourt, 1997), G¥E{EkE S YoE FHRIAEH S WE FHEK . FuAE S Y 1 nts BAT R IR I PE Y
B4 1 S-RNase (Anderson et al., 1986; McClure et al., 1990; Lee etal., 1994; Murfett et al., 1994),
1K S Yo F4ifid N it &5 5 £ 55 F-box 45#438 ) SFB/SLF (Laietal., 2002; Ushijima etal., 2003;
Sijacic et al., 2004). FHAZAZEH (SD W 3= I P Rk 78 1 ) (A B FH v . FEE A2t
OB SRR, BEARP S SRR A HH AT 2 ANk YuE F SLF,  Ho gt (1) 8 1 W (4R H L R
FEAEH ) S-RNase,  HHIEH i A ACAS SRR V[ & A2 (Kubo et al., 2010). {H# ik 48 st 44 2% F 4y
T AL TR I, BARAAFMIGIE AR EE 332, FHARTEm FILEARTE S Yo 1 Al ) 5
BUNYER . Beecher il McClure (2001) 38 i M54 FE DRI, K Sqo-RNase SER 4 NJHEE Nicotiana
tabacum (SC) JGIFAREMULHSE R, BIIMIL 4 5 —11) S-RNase JE[H, AN—E R Al H AL B A
AR A AE R EHAEAER I fE J) (McClure et al., 2000). 3K B F AS AN AN B A& — R Ae i FAe A 40
WA A2 2 M5 S 3 S R, BRAEATRIAER) S Yo 14, N 4Ie AR 2 HARKIAE S A7 (non-S-RNase/
SLF factors) &5,

HATHIBE 7O e b T S Yo 1 b, e S it . caRMP eSS A
SRR N IAE S PR 2 - L0 SRR B R TR — Fh AR AT 4 7 1A 11 & 11 HT-B (McClure et al.,
1999; Goldraij et al., 2006; Alejandro et al., 2009; Puerta et al., 2009), #JfEfFE N E3 12 254 Bl
Z 577 4B f# S-RNase [ SBP (S-RNase binding protein) (Sims & Ordanic, 2001; Hua & Kao,
2008), Z 5 SCF &2 A1 5 1 SSK1 (S-Locus F-Box interacting-skp1 like 1) (Huang et al., 2006;
Zhao etal., 2010) Al Cullinl (Li & Chetelat, 2010) %%, iXU&AE S K7 ZELEK AL AT A R FE
o, ATREE BRI R PR S-RNase, dIMUfE 55T, W EmEEKSEN, R&mT SheTs
Ak S BRI RFE I A2 B AASERIN G . BRIk, BB A A SR RIS AT, Y 2 4k 3 ) a
AIRES Y AR AER NV HAE S 7.

HFHEIERAH h SR JOE + S-RNase HAF H AT §ES 5 H AR MAE S B+, AWHH
DL RAEARTE S,-RNase 1) C2HVC3 XAEAIHM, RHMBERENZAS A E DG SRRk
pGADT7-cDNA FERESCHEE, 3RAG T —N/No s IR AT y - g MdD1. i MdD1 JEPRZH 8
R RIS 73T I 2 JIKE S-RNase [ BEXUAAT HAE 537, M1 R FE T e A ST S H I EE S A1

QY ViR SRS DARES

1.1 ##

T 2009 A1 2010 11 5 AL T8 BRI BHRARAT R AR DS SER (858 75
MR EZ . A6kt MRS 2R el Fhe. wZiT)E, -20 CORAFSH, HRMESRAE G L/
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B, -80 CHRAAAH.

1.2 ##E2E cDNA XERIHE

KA R ) CTAB ¥ (Changetal., 1993) $2HU ‘[EDE” ek RNA, ] DNase [ 2:f% DNA,
ToK CPELEAL o R T 2RO 73 Y66 L TR I ODogo ODago FME, 15 RNA ML BAfEK RNA
ok, {8 BD Matchmaker ™ Library Construction & Screening Kits (Clontech) #1415 ff] RT-PCR
R, & dsDNA. /i BD CHROMA SPINTM TE-400 Column #iift, dsDNA, 772 BD CHROMA
SPIN™ Purification T-l} (No. PT1300-1). *f dscDNA. pGADT7-Rec. Herring Testes Carrier DNA
AL B BEREH AH109 B2 540 M0rh, SD/-Leu F#59%E 3 ~ 6 d, BEHLERECTHR L1 i B, H pGADT7-
Rec EAIE 514 AD-LD (L 5'-CTATTCGATGATGAAGATACCCCACCAAACC-3', Filf 5-GTG
AACTTGCGGGGTTTTTCAGTATCTACGATT-3") & H4l 2] pGADT7-Rec 244 EAME cDNA F Bt
Ko WERATRRAAS]—E W1k SD/-Leu H', B I3%e/8 1 mL, - 80 CIRIEE&HH . FHRERE R
A% 1/100+ 1/1 000, 1/10 000 FiFEFHIRAGLE SD/-Leu [, THHFER .

1.3 1E#F S-RNase iFEE KiGiE

MR Y5 RAEHE S)-RNase (355 : D50837) Hl S,-RNase (&53%'5: U12199) ¥4, it &k
S, b RS IR Sy IS BV AL S EcoR T Pst T (R RIZR) RS BRIE . LLAER cDNA
R, P14 cauves X, 4 S -FiT Sp-RNase 151499 1 5-GGAATTCCCAACTCCTTGTAAGG
ATCCTCCTGACAAG-3'; Filf 5-AAAACTGCAGACAAGAGCCATGTTTATCCCACTGTTTACG-3';
i 5-CAGGAATTCCCTACTCCTTGTAAAGATCCTCCTGAC-3', il 5-TATAAAACTGCAGA
CAGGCGCCGTGTTTGTTC-3") . [Allf, F L IKIX (mat), 2051 S;-+ S,-RNase 19514 ( I
W 5'-GCGGAATTCTTCGATTATTATCAATTTACGCAGCA-3', Fiff 5~AAAACTGCAGATACTGA
ATATTGGTGGGGCAGAAA-3"; L 5'-CCGGAATTCTACGATTATTTTCAATTTACGCA-3', Fiif
5'-CGGGCTGCAGATACAGAATATGATTGGTG-3") . PCR /=¥ Hiik. [nli. &EF] pMDIS-T #;
P, FEAGIRER, PRBEM PCR, FHPEREIE 227 WP B ook, BEATRED), H T4 EHme H
() F B 2 i BRIk 848 pGBKT7. #1H iUkl pGBKT7: S;-mat. pGBKT7: S,-mat, T2 )&M)
TAE%5E, Jiki pGBKT7: S,-C2HVC3. pGBKT7: S,-C2HVC3 JH LAFHGE ST . 4005 1 ff 1) 5 4
Jitki pGBKT7: S;-C2HVC3. pGBKT7: S,-C2HVC3. #*# pGBKT7 H LiAc/ss-DNA/PEG 4% (Gietz
& Woods, 2002) 7 HlEALEIRERE Y187 1, ¥RTE SD/-Trp ViR, 30 CHiFE3 ~4d, KHkEH
T S

A, WK v B B iR AT B ik (SD/-Trp-Leu) . —#t (SD/-Trp-Leu-His ). Yk

(SD/-Trp-Leu-His-Ade) BEREREFRIE [, RuE AFAE H S RON A 3 #:E .

1.4 MBS cDNA XEFRIESEEFRBEE
¥ pGBKT7: S;-C2HVC3. pGBKT7: S,-C2HVC3 FMH TR Y187 55168 cDNA ]

AH109 BHTAZIS, V40777525 % Matchmaker'™ Library Construction & Screening Kits (PT3955-1,
Clontech) HiHi15. 30 ‘C. 30 ~50r - min" #4% 20 ~24 h, SD/-Trp-Leu-His-Ade M §#i%#575 L. 6d
i, BREAGKEART 2 mm RN 1 ~2 pL X-o-gal (4 mg - mL™") SO0 H0 . WL Bk
et (3 h LA FIE AR EVE I BHIE 7%, K2 TW4K SD/-Trp-Leu-His-Ade fE %3595, $eHUR
¥i, JFH pGADT7-Rec Ll H 514 % e fli3k (1) AD ok EEA11K) cDNA Jv BRI

i 16 SCPESRAF I RIS E. coli DHSo % )5, $EHTRL, 2 5iFMHEFURL A LiAc/ss-DNA/PEG
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% (Agatep et al., 1998) ILHALEERE AH109 LLFF XA B AT, pGBKT7-53 #l pPGADT7-SV40 4[]
PEXT I, pGBKT7 #l pGADT7 AR, 21T X-a-gal 5 f-gal {4,

15 EEBNFFFI

B Tk pGBKT7: S,-C2HVC3. pGBKT7: S,-C2HVC3 #i3k[#) AD JFkiill>. Tl DNAMAN
381 AD _E/) cDNA J#41, FFH] NCBI /) ORF Finder 7 £k 3k 3L /Y ORF FK ] NCBI _L[#) Blast
R T H S AR, b 53 R R AT LEX) (http:  //genomics. research. iasma. it/#), F5ill
R AR e HENE . B R RAF I B AT AR R A0 i 0 A 1 S BEAGE T (ProtParam tool)
IIfEsL (CD-Search). {55 ik (SignalP) FlgZk &5 F 1l (ESPript 2.2) 4%,

1.6 EEABEDFRMEST

PRI CEDE SER/NEZ) (RRET R S8 BEF LY 0.5 cm) HAE 2y (FE7E 55K v B2 1~ 3 (E
25 Lem) fEAE. M L 6. T A RNA 53k 1.2) , ¥k cDNA, A5
MMLV J st 4, HTAHZUE R

H51%) (L 5-CAGACAAGGTAGCTAAGGAAAGGACATG-3', Fiif 5-TACGACGAAAGCC
CTGGCATTG-3") #4T PCR ¥4, LKL MdD1 fES5 AN RIENE DL, B-Actin 1ERFERNS .

2 HiR50H

21 ‘ENX FERTEHMEEE cDNA XERIHE

FER} i RNA FLIK /R, 28S: 18S BIAFIIZE R 2: 1 (B 1, A), WKEN 0.74 pg - ul™', 75
B EEER

FAeR) B RNA [ 5% )5, LLFRUEE cDNA AR HEST LD-PCR 1 cDNA SCJ% . A& i XUE cDNA
K/NEE0.5~4.0kb 20 (KB 1, B).

44k f¥) dscDNA 55 pGADT7-Rec JLHALTARE AH109, 168 cDNA SCIERFER LN 1.2 x 10° -
ug' (K1, O

BEALRECEAR b e e, SR BURORL S 951 T PCR, A WA A BEAE 300 ~ 2 000 bp 28] (& 1,
D).

DL 45 R cDNA SCER R .

2.2 FERILH S-RNase BB WA X IFEHIRHE

PLCEDE SERAEH cDNA AR, 439 14 S;-RNase. S)-RNase ) C2HVC3 X Fl mat X,
H bR A BE S1-C2HVC3 4 206 bp, S;-mat 4 618 bp, S,-C2HVC3 4 217 bp, S,-mat 4 621 bp, &%
4 pMDI18-T AR JG >, FRAFIERI ) ek

TRy B )5, SRl B 2 W B A 34K pGBKTT Lo BEFUIAIIN 45 SR W 44k o (&
2,

#iF ik pGBKT7: S;-C2HVC3. pGBKT7: S,-C2HVC3 FIZ# itk pGBKT7 43 )k LhE4k
PIWERE Y187 J» RIUE AL JAE SD/-Trp _EAEK, ANFE —# (SD/-Trp-Leu) —#kt (SD/-Trp-Leu-His )+
PUsk (SD/-Trp-Leu-Ade-His) 57755 FAEK, UEBATC RN 7 5 W TORE RN 2% 30 I0RE I % RE )
AL CFRANIT, AT ] YPDA 5557 € IN [a) J5 TR M) ODgoo (B IE 5, U6 W5 TH BURE 2 IA (1) 3
XTERE Y187 Tt .
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10 kb

2000 bp

1000 bp

P N R

M

2 000 bp

750 bp

250 bp

B1 ‘EX FERIEH cDNA BETEMME
A: 168 E RNA; B: LD-PCR £ fIREE cDNA (M 24 1 kb ladder; 1 43U cDNA)D; C: JRESCIE 7SN Gl pGADT7-cDNA
O REEARE 10 000 PrHIOTERE s D Je SO S E R (M Jy DL2000 marker).
Fig. 1 Construction of yeast pollen cDNA library for apple ‘Ralls Janet’
A: Total RNA of pollen; B: Double strand cDNA amplified by LD-PCR (M for 1 kb ladder; 1 for double strand cDNA);
C: Estimation of the capacity of constructed library by yeast clones contained pGADT7-cDNA in 10 000 dilutions;
D: The qualification test for the library (M for DL2000 marker) .

M 3 4

2000 bp
750 bp
2000 bp
250 bp
750 bp
250 bp

B 2 FREH S-RNase B NAZHi St
M: DL2000 marker. 1~ 4 4375 pMDI18-T: S;-C2HVC3, pMDI8-T: S,-C2HVC3, pGBKT7: S;-mat Fl pGBKT7: S,-mat [FXUAEFIIE
Fig. 2 Plasmids construction of apple style S-RNase for Y2H assay
M: DL2000 marker. 1 - 4 for the double digest products of pMD18-T: S;-C2HVC3, pMDI8-T: S,-C2HVC3, pGBKT7: S;-mat
and pGBKT7: S;-mat, respectively.

2.3 5 S,-RNase-C2HVC3 E1EH) B42 HI3515
BL pGBKT7: S;-C2HVC3 Ml pGBKT7: S,-C2HVC3 i, IHiEiE et cDNA FE. #

'

PP e 7 B pGADT7 (AD) JFiki, F§ AD-LD 514347 PCR, %54 A cDNA [f K/, H
W, pGBKT7: S,-C2HVC3 fiiik3kf5—4%i'5 4 B42, PCR =%y 538 bp [K) AD ki (&3, A #ik
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FiR)e ¥ Z MNIEBLTE 4388, & E. coli DHSa §7%, SiH1H TR, pGBKT7: S,-C2HVC3 JLiL% L
AH109, VT SD/-Trp-Leu I, 28 3 RAMK Ak, HHkBEMRA/ T SD/-Trp-Leu-His-Ade, 7R
ek, H p-gal rbriiite (B3, B), Ml EAE(FLES

MIPIG, FxFs) SRR, RIVEAAET e’ FERIEHRALE 13 54k MDC
001747.422 I'. ORF Finder Y5l 2 — TP B4, #E 4 4: B42-ORF. 4 BLASTp KI'eH HA
AL (Pyrus pyrifolia) Wit AFRER A Z — (BAB64929.1) ML 78% (E = 1e-31), Y
S>-RNase- C2HVC3 L AEI 5 H vl RE MBI 1

3 FERIEM pGADT7-cDNA BB LEEFIE (A) SFEMTRE B42 EE (B)
A FIERBURL A Y cDNA K/, #7375k UKL AD-B42 [ PCR iff; B: SUTRIILE: AH109 J5HEAT B-gal e g5 4L (a Jy BHIERT I
b ABATEST I ¢ 4 AH109 % pGADT7: B42 5 pGBKT7: S,-C2HVC3; d j AH109 ¥ pGADT7: B42 5 pGBKT7).
Fig. 3 Screen of apple pollen pPGADT7-cDNA library and identification of the positive clones B42
A: The PCR products of cDNA inserts of prey plasmid. The arrow indicated the PCR product of plasmid B42;
B: The f-gal assay of AH109 co-transformed with double plasmids (a for positive control;
b for negative control; c¢ for AH109 co-transformed with pGADT7: B42 and pGBKT7: S,-C2HVC3;
d for AH109 co-transformed with pPGADT7: B42 and pGBKT7) .

2.4 BAEIEBFIE B42 R LTINS 54

S;-RNase: C2HVC3 #ifi 33 2] B42-ORF Fff SignalP /347 & B N i — % 23 MEER
IfE5 Ik (& 4). £ ProtParam 7EZE P LA K Ny : 64 NEIHERR, 4T &M 7 018.1 D, PI
957, HEBZHIHMEEILR (Arg+ Lys =154, ks, HHEA 8 AEMER (OAlEK
RIS 200 31, 37, 41, 51, 58, 60. 64 7).

DR R : HEH y - ik (SFHi 2, gamma-thionin, IPR008176, E=4.77e-09). Hj
TP A E R % 2 k5 H AR RL T (B 81 3 T AH AL, Pelegrini 25 (2008)1A A y - i 4% ( gamma-thionin)
BA Bt 1 (plant defensin). S8R RIA M HER 11 2 1 NaD1 (PDB ID: 1MR4)
AEAZf: PhD1 (PDB ID: IN4N) HHATZIER I FHILEA S R WoR: =3 C im ) 8 P2 R IR~

{55 Ik Signal peptide JEZ Ik Mat peptide
A A
e N TN

MEHSMRLVSAAFVLVLLFAATEMGPMGVEARSKSDKVAKERTCEAASGKFKGLCFSSTNCKNTCKVEKFTGGQCQGFRRRCMCNKKC
— _

y - i % Gamma-thionin

4 MdD1 HEEEEFSI
Fig. 4 Amino acid sequence of MdD1
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gEf g (5 Eor: ZEATH 1A a BhE. 3N IR, 4 i (disulfide bond).
A e B42 HAT p - B M SUBYERE, WOAE B42 ASER y - B4, 44 MdDI.

Bl al B2 B3
NaDl  -RECKTESNTFPGICITKPPCRKACISEKFTDGHCSKILRRCLCTKPC
PhDI  -ATCKAECPTWDSVCINKKPCVACCKKAKFSDGHCSK I LRRCLCTKEC
MdDI  ERTCEAASGKFKGLCFSSTNCKNTCKVEKFTGGQC-QFRRRCMCNKKC
Lt | b

fik Disulfide bond

B 5 MdD15 NaD1. PhD1 #84 % RKFF5I L3 & MdD1 K — R L5H TR
Fig. 5 Partial peptide sequences alignment of MdD1, NaD1 and PhD1 and possible secondary structure of MdD1

25 EEWHZWIE MdD1 53ER#4E S-RNase BIEEXF

3 TUER MdD1 215 53 B AEFE S)-RNase [l Z iK[X . S;-RNase 7 7E H.AE, LL pGBKT?7: S;-mat.
pGBKT7: S;-C2HVC3. pGBKT7: S;-mat AR, 4305 EG" SRR EERE S 4 351
S IR pGADT7: B42 2p WIS YL &R AH109 F, WRATAE 6k (SD/-Trp-Leu) #5353 I, 30 °C
iR, 3 R T AT, U0 TORI B s i itk 25 .

4 KPR BeFP 8] =5k (SD/-Trp-Leu-His) F1PQHL (SD/-Trp-Leu -His-Ade) £5773E |

SR EIR: NI EEERE (B 6, 1 ~6) AREFEPUBEEFREE FAEK, BHiARL K240 TfifH
PEX IR 2R SL 4, T MdD1 55 S-RNase ) C2HVC3 Fl 3 K G B REER REAE DY BB 77 0 AR K,
WHEE M (K6, 7~11), HE X-a-gal Bta)5, 2. 458K, AD-B42 kil 5 pGBKT7:
S;-mat. pGBKT7-S,-C2HVC3. pGBKT7: S;-mat JFURA74E HAE, iEW] MdD1 5 S-RNase [f EAE L
FATCHYRE S o

----E
= '_a.-

6 MdD1 53Rk S-RNase MIREH EE

1. pGBKT7 + pGADT7; 2. pGBKT7: S;-C2HVC3 + pGADT7; 3. pGBKT7: S;-mat + pGADT7; 4. pGBKT7: S,-C2HVC3 + pGADT7; 5. pGBKT7:

S;.mat + pGADT7; 6. pGBKT7 +pGADT7: B42; 7.pGBKT7: S;-C2HVC3 +pGADT7: B42; 8.pGBKT7: S;-mat+pGADT7: B42;

9. pGBKT7: S,-C2HVC3 +pGADT7: B42; 10. pGBKT7: S;-mat+pGADT7: B42; 11: BHMEXH#
(224 1ET HIFE SD/-Trp-Leu-Ade-His 35975 EA KR, 430 B0O)5 REGORIFED;
12~15: [ 7~ 10 BERER () X-a-gal B4,
Fig. 6 The interaction between MdD1 and S-RNase in yeast

1. pGBKT7 + pGADT7; 2. pGBKT7: S;-C2HVC3 + pGADT7; 3. pGBKT7: S;-mat + pGADT7; 4. pGBKT7: S,-C2HVC3 + pGADT7; 5. pGBKT7:
S;-mat + pGADT7; 6. pGBKT7 + pGADT7: B42; 7. pGBKT7: S;-C2HVC3 + pGADT7: B42; 8. pGBKT7: S;-mat + pGADT7: B42; 9. pGBKT7:

S,-C2HVC3 + pGADT7: B42; 10.pGBKT7: S;-mat+pGADT7: B42; I11. Positive control (Left: Normal yeast on SD/-Trp-Leu-Ade-His:

Right: Blue yeast after X-o-gal assay); 12 - 15. X-a-gal assay for picture 7 - 10.
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2.6 MdDI HFERBLFFHERIEST

PLCEDE” SERM L SR B 5. bMEZ. thRZy. TEHER) cDNA AR, PCR 414
MdD1 3R, R EIR: CHESNMAL A RE (B 7D, HERAPREER S . XRIZIER
A RE R AL B Rk

WER I, 76 RBIAER R, %4 T KR mRNA, e85 E 1A S KRS, 25
e E W R A (Mascarenhas, 1988). XIS/ | MdDI1 546Ky (e Wik Al e H AT B D) Hb K
o

MdD1

Actin

7 MdDl E ‘EX’ FANAR/FHBRERESHT
L: M/ SE: # )5 P: f8ilf; O: Fh5; SA: /MEZE; MA: fe#y; ST: fekt.
Fig. 7 Expression pattern in several tissues of the MdD1
L: Leaf; SE: Sepal; P: Petal; O: Ovary; SA: Small anther; MA: Middle anther; ST: Style.

3 e

AAHFUH R FHACAE S,-RNase FAE AT eSS SR U HV X RUZ R B S R L 751 C2. C3
X— C2HVC3 X AiFH, ffik EY" SER (5,8, TeH cDNA U, 3R /N T I I HL AT
(17 y - G E MdD1. ARHEILP IR S R A R EAENTE R T AMPs K& F BT E W KR . X2 AE
Rie EE AR RN R EARIRE AR T R AR, HS5 RPN
FI% (Romeiro et al., 1981; Goodman, 1983). HHl, y- M Z/EME (Gu et al., 1992). a4
(Karunanandaa et al., 1994). filfE % (Bloch & Richardson, 1991). BLE. (Melo et al., 2002) 4%
HAEMWIE, ZHMIEMIL. 250 W BEEGYRH Fr J At o R Ok 2 B0 2 B A Ui s 1k,
IBAh, A7 EEfR I A A ] B Ve by Ml I 5 R IR TS T 2 AT (Melo et al., 2002;
Pelegrini & Franco, 2005; Pelegrini etal., 2008),

AW AR Z Ik MdD1, 75 64 NEIER, 7y TR 7018.1 D, EERIEIRTGFI S 45 ~ 47 A
TR, 7 FHEN 5000 D (AR (Florack & Stickema, 1994) B&tHK. 4k, NN y - (i
(gamma-thionin) H 2B 15, 4 45 ~ 54 NI (Pelegrini et al., 2008). Hilk, Z ik MdDI.
B ES  y - B B AR 25 AR T SR R P A AR L T &g, H 2 R 9 1) 22 e X T
Z Ik MdD1 D68 5 e AN XA 4 A1 o

ZEINSEERN AL P H A RIL, (AR Rk EICH . W] AT B8 5 108 ) e
WY&, e KBTI EAE R B VIBR . REEE TR 2 A (s 591
Z 5 QA SERPEE PR E (Suzuki et al., 1999; Takayama et al., 2000; Wheeler et al.,
2009), {Hi TRERER S MdD1 5 S-RNase — 3% HAEMARR: ek, whoHEbR =& 0 BAE ek 1
FERRE 0N, HAEWT MdD1 AT RE21EATE S 7255 AACASEAL

S-RNase (3 PS40 FAE M SN T A 75 19 (Huang et al., 1994). A SCHRIGH: 468 Th AT REAEAE
ZIRIEHIH] T (RD BEXS S-RNase MG L= 491 (Golz et al., 2001; Luu etal., 2001, #EN MdD1
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Al AR N S — A, LA 8 R RS P i ) S-RNase M3 . BT 2 S e U 1) s A
DX ARTE % 1 X (Bt RT 454 X OC2 Fl C3 X i), 1y £ B 4 S M TR B4 8 DA 7~ BE TR0 H 3% S-RNase,
MITTBEAS MdD1 % 1 3 S-RNase 36 22 (19304, 12E1f1 F 3 S-RNase fe K IEAM M BEEVER, B fetn &
RNA (McClure etal., 1990), IX5HMHIFEEA (Luuetal., 2001) Fig—5, DL R ® 7 2@ K
I MdD1 5 S-RNase I HAF & RAELEAER B M HAFJG S-RNase G P2 15 T FEEI0IE .

g bprik: MdD1 WRERAENAE S IF2 5 AASER, XTe M 78 MR § 7 E A £ T
WD

7

References

Agatep R, Kirkpatrick R D, Parchaliuk D L, Woods R A, Gietz R D. 1998. Transformation of Saccharomyces cerevisiae by the lithium
acetate/single-stranded carrier DNA/polyethylene glycol (LiAc/ss-DNA/PEG) protocol. Technical Tips Online Chttp: //tto. trends. com) .

Alejandro R P, Ushijima K, Koba T, Sassa H. 2009. Identification and functional analysis of pistil self-incompatibility factor HT-B of Petunia.
Journal of Experimental Botany, 60 (4): 1309 - 1318.

Anderson M A, Cornish E C, Mau S L, Williams E G, Hoggart R, Atkinson A, Bonig I, Grego B, Simpson R, Roche P, Haley J D, Penschow
J, Niall H D, Tregear G W, Coghlan J P, Crawford R J, Clarke A E. 1986. Cloning of cDNA for a stylar glycoprotein associated with expression
of self-incompatibility in Nicotiana alata. Nature, 321: 38 - 44.

Beecher B, McClure B A. 2001. Effects of RNases on rejection of pollen from Nicotiana tabacum and N. plumbaginifolia. Sex Plant Reprod, 14:
69 - 76.

Bloch CJ, Richardson M. 1991. A new family of small (5 kDa) protein inhibitors of insect alpha-amylases from seeds orsorghum (Sorghum bicolor
L. Moench) have sequence homologies with wheat gamma-purothionins. FEBS Letter, 279 (1): 101 - 104.

Chang S J, Puryear J, Cairney J. 1993. A simple and efficient method for isolating RNA from pine trees. Plant Molecular Biology Reporter, 11:
113 - 116.

de Nettancourt. 1997. Incompatibility in angiosperms. Sexual Plant Report, 10: 185 - 199.

Florack D E A, Stiekema W J. 1994. Thionines: Properties, possible biological roles and mechanisms of action. Plant Molecular Biology, 26:
25-37.

Gietz R D, Woods R A. 2002. A transformation of yeast by lithium acetate/single-stranded carrier DNA/polyethylene glycol method. Methods in
Enzymology, 350: 87 - 96.

Goldraij A, Kondo K, Lee C B, Hancock C N, Sivaguru M, Vazquez-Santana S, Kim S, Phillips T E, Cruz-Garcia F, McClure B. 2006.
Compartmentalization of S-RNase and HT-B degradation in self-incompatible Nicotiana. Nature, 439: 805 - 810.

GolzJF, OhHY, SuV, Kusaba M, Newbigin E. 2001. Genetic analysis of Nicotiana pollen-part mutants is consistent with the presence of an
S-ribonuclease inhibitor at the S locus. Proceedings of the National Academy of Sciences, 98 (26): 15372 - 15376.

Goodman R N. 1983. Occurrence and possible role of thionin-like proteins in apple, tomato, melon and rice seed. European Journal of Plant
Pathology, 89 (6): 306 - 307.

Gu Q, Kawata E E, Morse MJ, WuHM, Cheung AY. 1992. A flower-specific cDNA encoding a novel thionin in tobacco. Molecular and General
Genetics, 234: 89 - 96.

Hua Z, Kao T H. 2008. Identification of major lysine residues of S3-RNase of Petunia inflata involved in ubiquitin - 26S proteasome-mediated
degradation in vitro. The Plant Journal, 54 (6): 1094 - 1104.

Huang J, Zhao L, Yang Q, Xue Y. 2006. AhSSK1, anovel SKP1-like protein that interacts with the S-locus F-box protein SLF. Plant Journal, 46:
780 - 793.

Huang S, Lee HS, Karunanandaa B, Kao T. 1994. Ribonuclease activity of Petunia inflata S proteins is essential for rejection of self-pollen. Plant
Cell, 6(7): 1021 -1028.

Karunanandaa B, Singh A, Kao T H. 1994. Characterization of a predominantly pistil-expressed gene encoding a y-thionin-like protein of Petunia

inflate. Plant Molecular Biology, (26): 459 - 464.



1446 W 2 % 38 4

Kubo K, Entani T, Takara A.2010. Collaborative non-self recognition system in S-RNase-based self-incompatibility. Science, 330 (6005): 796 -
799.

Lai Z, Ma W, Han B, Liang L, Zhang Y, Hong G, Xue Y. 2002. An F-box gene linked to the self-incompatibility (S) locus of Antirrhinum is
expressed specifically in pollen and tapetum. Plant Molecular Biology, (50): 29 - 42.

Lee HS, Huang S, Kao T H. 1994. S proteins control rejection of incompatible pollen in Petunia inflata. Nature, 367: 560 - 563.

Li Wentao, Chetelat R T. 2010. A pollen factor linking inter- and intraspecific pollen rejection in tomato. Science, 330 (6012): 1827 - 1830.

LuuDT, QinX, Laublin G, Yang Q, Morse D, Cappadocia M. 2001. Rejection of S-Heteroallelic pollen by a dual-specific S-RNase in Solanum

chacoense predicts a multimeric SI pollen component. Genetics, 159 (1): 329 - 335.

Mascarenhas J P. 1988. Anther and pollen expressed genes//Verma P S D, Goldberg R B. In temporal and spatial regulation of plant genes. New
York: Springer Verlag: 97 - 115.

McClure BA, GrayJE, Anderson M A, Clarke A E. 1990. Self-incompatibility in Nicotiana alata involves degradation of pollen rRNA. Nature,
347: 757 - 760.

McClure B A, Mou B, Canevascini S, Bernatzky R. 1999. A small asparagines-rich protein required for S-allele-specific pollen rejection in Nicotiana.
Proceedings of the National Academy of Sciences, 96: 13548 - 13553.

McClure B A, Cruz-Barcia F, Beecher B S, Sulaman W. 2000. Factors effecting inter- and intra-specific pollen rejection in Nicotiana. Journal of
Experimental Botany, 85: 113 - 123.

Melo F R, Rigden D J, Franco O L, Mello L V, Ary M B, Grossi de S M F, Bloch C J. 2002. Inhibition of trypsin by cowpea thionin:
Characterization, molecular modeling, and docking. Proteins, 48: 311 - 319.

Murfett J, Atherton T L, Mou B, Gassert C S, McClure B A. 1994. S-RNase expressed in transgenic Nicotiana causes S-allele-specific pollen
rejection. Nature, 367: 563 - 566.

Pelegrini P B, Lay F T, Murad AM, Anderson M A, Franco O L. 2008. Novel insights on the mechanism of action of a-amylase inhibitors from the
plant defensin family. Proteins: Structure, Function & Bioinformatics, 73 (3): 719 - 729.

Pelegrini P B, Franco O L. 2005. Plant-thionins: Novel insights on the mechanism action of a multi-functional class of defense protein. The
International Journal of Biochemistry & Cell Biology, 37: 2239 - 2253.

Puerta AR, Ushijima K, Koba T, Sassa H. 2009. Identification and functional analysis of pistil self-incompatibility factor HT-B of Petunia. Journal
of Experimental Botany, 60 (4): 1309 - 1318.

Romeiro R, Karr AL, Goodman R N. 1981. Isolation of a factor from apple that agglutinates Erwinia amylovora. Plant Physiology, 68 (3):
772 - 777.

Sijacic P, Wang X, Skirpan AL, Wang Y, Dowd P E, McCubbin A G, Huang S, Kao T H. 2004. Identification of the pollen determinant of
S-RNase-mediated self-incompatibility. Nature, 429: 302 - 305.

Sims T L, Ordanic M. 2001. Identification of a S-ribonuclease-binding protein in Petunia hybrida. Plant Molecular Biology, 47 (6): 771 - 783.

Suzuki G, KaiN, Hirose T, Fukui K, Nishio T, Takayama S, Isogai A, Watanabe M, Hinata K. 1999. Genomic organization of the S locus:
Identification and characterization of genes in SLG/SRK region of S’ haplotype of Brassica campestris (syn. rapa) . Genetics, 3: 391 - 400.

Takayama S, Shiba H, Iwano M, Shimosato H, Che F S, Kai N, Watanabe M, Suzuki G, Hinata K, Isogai A.2000. The pollen determinant of
self-incompatibility in Brassica campestris. Proceedings of the National Acaemy of Sciences, 97 (4): 1920 - 1925.

Ushijima K, Sassa H, Dandekar A M, Gradziel R M, Tao R, Hirano H. 2003. Structural and transcriptional analysis of the self-incompatibility locus
of almond: Identification of a pollen-expressed F-box gene with haplotype-specific polymorphism. Plant Cell, 15: 771 - 781.

Wheeler M J, de Graaf B H, Hadjiosif N, Perry RM, Poulter NS, Osman K, Vatovec S, Harper A, Franklin F C, Franklin-Tong V E. 2009.
Identification of the pollen self-incompatibility determinant in Papaver rhoeas. Nature, 459: 992 - 995.

Zhao L, Huang J, Zhao Z H,Li Q, Sims T L, Xue Y B. 2010. The Skp!1-like protein SSK1 is required for cross-pollen compatibility in S-RNase-based

self-incompatibility. Plant Journal, 62 (1): 52 - 63.



