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Abstract - Self-incompatibility (SI) system is a genetic barrier that prevents self-fertilization and promotes cross-pollination
among different S genotypes. In many of these species, SI is controlled by a single genetic locus known as S locus, which
prevents the fertilization by pollen with same locus. S RNases are the products of the S-locus expressed in the stylar tissue
of Fuji Apple with gametophytic self-incompatibility system. This study investigated the various types of chemicals in
order to select more effective inhibitors and activators. The effect on the inhibition of S RNase of Fuji apples was
investigated in vitro. The result showed that the enzyme activity was reduced 24.3% by Iron(II') Sulfate, significantly. In
vitro studies of pollen growth tube showed that pollen tube growth had a higher germination rate (90%) in 10% Sucrose than
in 2% sucrose extension medium. Data on the fruit set of apples treated with inhibitor and activator. Double application of
A"(Apple Plus, ISTECH Co. Ltd.,)+Vitamin B6 had the highest central fruit set as 86.1%(Andong). One time application of
A"Vitamin B1 in Yeongju obtained the highest central fruit set (91.9%).
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glycoprotein(SLG), S locus releted protein(SLR), S
locus recepter Kinase(SRK) G722} AHEQ] o Tl 2l 9]
dEAgo] ofsf ArESle o]l AT AL Bl Qlth
- SARA ol &k AlmREe ARt wiek 22 Aujat 7}
A, oFfu|at, Wea) Fol qlon XAl -, uf
20} 2o sk, S8 9l

Nicotiana alata®lX] S H-GAZL} Co—segregateX]
o Qhzo A Wol k= grtias felsto] 11 o
A8 S—Protein(S—allele—associated protein)o]g} 0|5
At Anderson, 1986), -1 & S—Protein®] N—Z&t o}
oAl AEs doffo] S29F S6-alleleo] diddt= S—
Protein®] cDNAE £ 5} tH(Anderson, et al., 1989).
Aspergillus oryzae=5E|2] RNase T2%2} S—Protein9]
ofu| At A EE Hjaslo] S—Protein® C2, C3 domain
¥} RNase T29] sg=] o] mf-¢- H]S=oks Hel=t 1 A
o] Ribonuclease?] B4 F-jet= HolA Tr|=E 2
T HKawata et al, 1988). 1 & 71 T thil 2] 9] o}n|
wAb A go] Bl AL o] ofy2t S—Protein©] 4
A= Ribonuclase A4S 7HX] a1 Qtkal 295t MeClure
et al , 1989). St Petunia inflata®t P. hybridao| A=
S—Protein®| Ribonuclase 4L 7IA]1L §l&o| HEE]
QJthH(Broothaerts et al, 1991; Singh et al, 1991),

S 9] 7157 ATt of BLe] U 454
BT A3} Bolo] RNases} fARE T8 T A}
Ao] A o] E|o o] Ao tigt 7]5o] RAME ST
(Chung and Shin, 1997; Sims, 1993). o] thillZ 9] 7]
o= 93171 Sl8l In vitro ol Al A7|SHE BIAF7] &)
ol WhAA E994¢1 PP Q143 3HES o] g5to] 3}
W) Al gt At HagE Axt A|shEe] shE
T 2| o] AHfollA I Aol AdfEe Aer U
EPdth(McClure et al., 1990). Egt o] Pz o] 7]
52} S-RNase?] A&l 7|52 B 2514 2 (Kao and

x4

Huang, 1994; Newbigin et al., 1993), & &
= Al

o ZIMR7} Sk FRolA Wolste] SHE
o =4o] o|FoJAA E=t, ZX £7F7F S0l H 3}
F A oA E4 & S-RNaseE 2H|3to] HEQ] rRNA
7} Bolg oz wafso] S Aol E4 aES 5
= AL v W eItHAriel et al., 2006; McClure et al.,
1990), odjFE Aol A o2 Bolsl= S
SIS § RNasez} Bejo] A7 Hiet, T A2
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o= A7ighte] sl Ao S ) Slge22] A
oA oln| S-S wHi|Eo] ZHAF 02 rRNAE 2ol =
o= SR AlgEAoflA rRNAS] &7t 7HESEH
O] IR AR 0| thgh =7to] =L i},

7W 2} AEAQ] Hill(Nicotiana alata) 2} HF=U oK Petunia
inflata) 9 22 WiL-AA| G A7HE2Hd 9] - S RNase
SRS Sense B-& Anti—Sensel] FX 2 RS 5}
e o =9 AEANA AHEERIA Y 715E EE
2 Bt s 23E 7P A HtHLee et al, 1994;
McClure et al., 1989). 18yt FAAS 4549 shE-&
o]- g3t wEj A A ATHEIEH Y] dEo] =Y ShE
e 2 7ls0] YA o= diE EUtHLee et
al., 1994), A= M} AAF Y S RNase 44 = A7H=
3131 9] Mechanisme] QlolA 2 TA A 1 A4S
8}, 27| o] sk Ao Asfalg o= S RNase2t
Hh30k= BHES9] Factor?} EAH= o) 7o] AJaf ot

2 A AR ARSI @Al 233 AT
8l= S RNaseE 3t522 oA 5 9 AAsto] o] a4
of gt AsAe] A 9 TE&H 1 A7HEE A3 &
e Uef= 3HE J7HA Ao B8 Tk E3,
Seubel Abh A A2 v S A wAo] 7 W
o] ZAEAO] Akl WA o] 20,128 ha® = AHiH
9] 63%5 Aoz 7ME & FARE P45kl St o]
g aefste] Al ezt w2 ke Adat JFEA9S
A7gste] Al AsiAlet A anE U= J7H
#ejoll o3t FieldWj o] At A7t &2 2ARSHIT,
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FA A3 BF23 9] 5ol s gy £ 9 g9l
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SA] AR Bl 241 AfF st AAHLE FE
ZAA BOAE 2 TS B protein extraction buffer
[10 mM sodium phosphate, pH 6.0, 10 mM EDTA, 1 mM
PMSF, 1%(W/V) polyvinyl pyrrolidine] & @o] ¢ u]A|
SPAl RISt BRAIAT ARE 4T oAl 14,000 rpm
o2 087 PR H5AS LT

otz =X Bradfold W% (Blank and McKeon,
1991) 0.2 A3} al, standard curved ZAA3}7| 13}
o] 1 mg/ml2] BSAE AF&38}o] UV spectrophotometer
4] FFE 595 nmolA S5

In vitro Afol4 $3) A13he] B A% oA B3} 24

S Aol tle 2ALE 3] Sistol, B whepol
[20 mM Mes—KOH (pH 6.0), 0.07% Ca(NOs)s:4H20, 0.02%
MgSO4-7TH20, 0,01% KNOs; 0,01% H3BOs;, sucrose] &2
TE wAE ARESESITh ShEA] thel RNase A
AIE vlashy] ffel A ARe] aolAf Ee B A
¥l RNaseE3H ujoflol| H7let 5 28 CoflA] eHiefa
36AI7E F3F veFstAT), Shate) Al Fetdn] A (<10)
(Olympus, Japan) 2= ¥t tha ARIE EYstoith

FA A sFxA o)A £33 S RNase EAE4
0 AAAStS] F3e BA
S W] Sol B 2] sl BE WS
©& 0.1 M sodium phosphateE A3}, torula
yeast RNA(sigma, USA)E 7|22 ARRslo] 84 =4S
3ttt 2k AA| S =5 RNase &4 #HIlE =4
317] Y31¢q torula yeast RNA(sigma, USA) 7|81} 0.1 M
sodium phosphateZ 37C oA 1087t PreincubateA| %]
S, 2% ANAIES SR WO F 13 mo] B
o Ak F 8TCOIA 087 WA WSS HAIA)
7171 st 0.75%(W/V) uranyl acetate®} 25% perchloric
acid® 7K 5, PRSI0l 45U UV specreo-

photometer A9 &%= 260 nmol|A A3}t

FA Ao AFA 4 YA A e F4L
=

U] AJgh AAko] Z1AF WO AR 2]o] 2 Fieldo|| A2
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AAE Qe B beAl YA FE FFA] P HS
Ao Az TA A 2 shE g
AYE 3 & S }_/\]-6}93\1:}‘ Xl—_q—g Z/\].l— o]:;q]

S RNase2] &4 4 AA2te] T8 24

AsAZ g2 Tron(1l) Sulfate, Boric Acid, Copper
(I) Sulfate, Calcium Nitrate S3} Z-& o|7} 0]&& &
3lal 7)1 2L o] 8alo] A AlaboA] Haldt S RNase®}
71491 Torula yeast RNAS ARESlo] a4 SAS RA}
314 ct 1 A3} S RNase?] &AJo] Iron(Il) Sulfateo] A
24.3%(Fig. 1), Boric Acidof|A] 6.5%(Fig. 2), Copper(Il)
Sulfateol| A 2.8%(Fig. 3), Calcium Nitrateo]|A] 1%(Fig. 4)
22 GAo] AEE AoE UePdTh In vitroo)A S
RNase®] &4 2 25 AeA| Z Iron(Il) Sulfate$}
BHEoklE w A SHA DA 24.3% ko] Asaat
b ol Aoz ety

In vitro oA ¥A] A3te] SHEHE A7 A Aw}
oAl $2] Atte] Sucrose 5=
w2 SHE dop A¥S el Aol L 10%
SHEE A1 2] A 36A17F el BF%S

T v o

Fig. 5+= In vitro A9l

Sucrose ,
2% Sucrose THE AIFHIA] KT} oF 90% o)4e] =& SHEE
Holg-S vehfoh o]#3t Aul 7)9)9] A sucrose

5~10%%]| A (Keiichi and Takahashi, 1989), 7| 25%

oA Sh Hrote}l hEHe] Ao gusirhe AvH(Kim
of al, 1985945 Tha ol Lhehglet. BH2 wolx)
12
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Fig. 1. Analysis of RNase activity with iron(1l) sulfate.
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Boric Acid Concentration (mM)

Fig. 2. Analysis of RNase activity with boric acid.
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Fig. 3. Analysis of RNase activity with copper(1l) sulfate.
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Fig. 4. Analysis of RNase activity with calcium nitrate.
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Fig. 5. Pollen elongation test by sucrose concentration.

Sucrose®| T &2 ShEA| S} HIO] RS =
Aefjen, shEyto] Al wf Alzuke] AR A=
| Ao 72 A= THVisser,
2 3lE=o] ulgdHlz] 9l
o] F¢ HolE 6]:}?3]'/‘]751 Sk oot s Al
g A &4 A QcHIwanami and Yamada,
@r—rJ Ak 2180l ghofstof o}
S A3 Axtel AyzE=EIth(Shivanna
and Johri, 1985),

FA Atae] AA 9 32 YA Ao uE IS
24

Table 1:& M 25 4] 3R EeiA| 9 S/ A3l
ol W AgE 2ARE| fI5ke], ke A YollA] &3]
£ e r A2 AEE AAslt A9 $REe
LA 2]7E A'(Apple Plus, ISTECH Co, Ltd,): =334
A"+V1(Vitamin Bl), A"+V6(Vitamin B6), A'+V1+V8,
A"+A, A(Amino acid standards, basics), ATHVI+HVE+A A
2 HAsklen, Aesles 27 13 9 237 oWHE e
= Aot 13] A= %«‘:‘E} Wsb], 23] Al 13
A2l 2~ 39 ol Attt FA3 Ago] A F
AHE| T 72.9% 2 GEREoL AT 13] 9 23] A 2] o)A
27+ 78.4%, 59.3%, AT+V1 13] 9 23] AT 64.7% L
84.4%, AT+V6 13] 2 23] Az TLo)A] 80.7% L 86.1%,
ATHVI+VE 13] 9 23] AHFLoA 78.0%, 81.0%,
A'+A A 18] B 28] AHEoA] 79.3% 2 70.8%,
ATHVI+VE+A A 13] 2 23] ATt 2+2F 82.3% 2 85,
5% 2 e 18] AT Fol A ATHVI+HVE+A, AR
2ol A 2Hgo] 82 3%E 74 & YElRgal, AT+V1
Aeltoll Al 64,728 717 W AakgS Hot E3 23]
g Fofl YolAE AT+VE 2| TollA 86.1% 9] 71 &
< 2eE Hol 2T A FF E ASlee] o
g} 2aHg0] Zfo|7F et A o2 ZAMEILE AT+VE,
ATHVIHVE, ATHVIHVE+A AX 217} B2t Ko} =
Al vergon B3] AP SEA 13] AHelts AT+V1
+V6+A A9 ZA@} AAlgo] 85 5% & 71 =gkon 2
3] Az tgolae A+VeREAI 86.1% 2 7MY 7
ZAME IS, &3] AAgol A 3 A9 atte
0] Ao A FojAdo] A=A kon AHE
o] AzsH Uetth, o= EEA|9 ofa A&7 F



Aslo]l wro| A AEA7)E 24-81%7] iR R 22T}

Table 2= FFAHONA 24> Ao ik A4FL &
Ao T 4 Ao iE g UEd 22
A FES A FE5E d R APE Al F
A E, AT, ATHVL, ATHVE, ATHVL, ATHALA, ATHVI+

Hu

nEFas A7 AReERM Al oAl 9%

V6+A A ZEA|E o8t AEfSla= 13] 9 23|12 AA|
shqlct, FA2l e S48 2L 47.2% 2 et
o A'9] 18] 9 23] Az]Fol= 247t 81.3%, 50.0%,
AtvigelA] 18] 9l 23] Aol 47 91.9% o
87.8% A'+V6 At 18] Y 23] He| oM 22} 87.5%

Table 1. The ration of self-pollination applied with S-RNase inhibitors and pollen activator (Andong, Fuji)

seEn a5 R 2 34-5(%)
LA = 2] & =35 = X & =5
- =4 3} =3} =43} =3}
cont. 70 268 72.9 69.8
K 1 80 270 78.4 76.7
2 57 285 59.3 742
ARV 1 V) 198 64.7 76.1
2 81 296 84.4 ** 77.1
AV 1 51 183 80.7 71.5
2 62 198 86.1 ** 68.8
. 1 67 263 78.0 76.5
AHV1+V6
2 68 236 81.0 ** 70.2
AMAA 1 73 277 79.3 75.3
' 2 68 283 70.8 73.7
AVIVEFAA 1 79 261 82.3 68.0
‘ 2 71 240 85.5 ** 72.3

cont; THZT, A.A; Amino acid standards, basics, V1; vitamin B1, V6; vitamin B6, A"; Apple plus.

Table 2. The ration of self-pollination applied with S-RNase inhibitors and pollen activator (Yeongju, Fuji)

i 2= j]_jl 9 (o

FAER  Agus L _ HHECH

A8k =3} F 48} =3}

cont. 34 209 472 72.6

A 1 78 240 81.3 62.5

2 48 141 50.0 36.7

. 1 79 233 91.9 ** 67.7
A+V1

2 65 150 87.8 ** 50.7

. 1 84 244 87.5 * 63.5
A'+V6

2 85 181 88.5 ** 47.1

. 1 81 237 84.4 61.7

A'+V1+V6

2 80 199 83.3 ** 51.8

N 1 83 224 86.5 * 58.3
A+AA

2 59 149 90.8 ** 57.3

. 1 77 204 80.2 53.1

A +VI1+V6+A.A
2 48 119 53.3 33.1

cont; tHZT, A.A; Amino acid standards, basics, V1; vitamin B1, V6; vitamin B6. A™: Apple plus.
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4 88 5%, TS A AT+VIAE T 13] 9 23]
M= 247F 84.4% 4 83.3%, A+A AX P 13] Y 23] A
Lo A= ZHE 86.5% I 90.8%, A'+VI+VE+A AT
A 13] 9 23] AejgtoA= 22 80.2% 9 53.3% = U
Epgron AT+V1 18] HE|FolA 91.9%9) FukgE 7H
=2 ANE YehfiQie), v AT 23] Ae|told A
5092 7P @& AnE Uetdtt 13] A2tolA=
80.2~91.9%2] &S B, 23] Ao A= 50.0
~90.8%9] &S Hof 23] A k= 13] A2+t
A Aggo] Aol ATbAQl Ao RAESIT &
o} 2 FA gt B B w2 25kgo] 9lSl=T
ol FEA9 okaE FAHTto Y Ao 7H AoR
et ol 7t

2

a

A7REsRH 9] 714 olslisty] flsiA H 7HAl model
S0l Al7]Ee] gk, 2 o2 S locus®] F-344 27} 35
Hog FAEO|A 77| ThE 75 SF= tripartite model
2 72 AR THLewis, 1960; Liang and Pardee,
1992). Tripartite model®] 355 £ Eo|&o] HELO 3]
o SpExA A AR ol osf ZAHt
Spa=ef shEAloflA BAo] Qe Fi 47 54 A=
= EZ3TE o] model> A} B0l A ARk
Aol thet Mol E 7|22 disteltt. A=kl
gt 2 A9 A, Sl BAE THAlE AREE S
RNaseQl 22 Uepgo), shtxzloxo] gy Bie
2 A7 AL Ql=tle EH6kaL opA7HA] Hialk
I A g ofot widi®, APTlElgtAd el AEAY P
hybrida7} A7V AEAQ] P inflata®t AEAZ
< o 2] wHjE AEA= AR S YE it
(Ai et al., 1990). o]|A-L modifier §-AA7} A71315HA]
A EA|9) Bfasoll A A E 1AL, S RNase®] 24 245}
AR FE39t ® v 7t R s AR
o= 7 2E wejE AlEAlE 44 Azl 9
8 A7HESFA O HAA - I5FE 7ol AlAE
ot 2222 modifier FHA7F AR A= Aol A
EASH= S RNaset 22485 dh=A] 134 b2l
et A SA= oA 47l vt Qi E skt
9] model-& 3}E9] LAl Q@ A7} self = non—self &

1o fr
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< 5817 918 S RNased| A £ 4EAH|=H 9| 2
& & Zol2kal Thompsont Kirchol oJaf A<t ct
(Xu et al, 1990). McClure et al (1989)¢f w=Zw S
RNase= AF7}H9] 3hito] 3l o] Mol x2 oAl A2
oo 1 shEte g 3Esto] rRNAS 343ttt 53
e}, A7t oA A47] o] AR= S RNase] 7]
Zel Aol lojAl S RNase7} A7 ShEtol| o4
A= A Gl=Alol] tiEk 9t A7IAl Fok ol 9
Gray7h 7|l Al A1g3E shEato] ofs) YAk P2
SAIZL S o] SO R F4ke S S5t
4t} S RNasex in vitro AolA 1 Eo|Xof TA Qo]
ot FAAE e hEHoRE T} 7hse A0 R U
EFtH(Gray et al,, 1991), 181}, S RNase 7|54 o
HAAAA Bolid2 o3| o9& A= ot qlrt,

AFH o2 IAARESRHMI O] shubi e oo}
ol 57kA7F & A Qlck, D vl&gh Hofl 43t 2
A7 Aol oJelf Bl ol el AT
B 9] ol A7RESR el ek S proteino] oF4]
B E| 2] o¥9k7] Wiolt}, @) CO2 gas A2|(3~5%) @
714 AlojAe] @ NaCl Az © Ted & Aofst
= FAAIQ! cyclohexamide #2]o] o8l E31gHdo] Bhut
He Aom defA ITHEAIAQ] o 4o AA)).
olZ|3t A2l FFA1E2] metabolismo] A/l Aol
A 7hsstn, PAsHA Fojwl fEAlaRolA] S W
ofstA| gr=th.

olo} whHof| vj-2HA A7HESkR g o] ehubi ol
A= AAZEA] HaiE ol 2jol| 3kl Bt WY
A wpb glek wieRbA| AphEslede stk
RNase?| 245 Asfigto® A7hasletdS ehulst
ShEdof wel] HuskGItHKim et al., 2001),

-

o o

T r

3.

L T

e ofr rlo

¥ 2
B QT Ake] ALY @] Bl A5
o FEAZ B SA ofel BRI LS 2

o}, 37 Abke] sl A4 EH| == S RNased] tigh
A EE ZABH] Y8l In vitro Ao A &4 AAIS
Yol a48dS 435 A} Iron(Il) Sulfateof| A &4
a1 2ol 24.3% #aEe] Asjart Hold ACR
e}, n vitro Aol Al 32 Abke] Sk A1 oA



a3kg BAT A, 37 Ao R
Hj X Et} 10% Sucrose AIZHI RO A 2F 90% o)At =

ok Uit =3t AsAlet H7HAl A2l ofgt "J
=27} 9229 FieldolA] &A] Abah 2k 2A} 2
1}, oFER| oA AT+VE 23] A7} 86.1%2 A8}
Hahgol 7V E5ko, JFA A AL 13 42

O 9% Sucrose /;_]

7} 91.9%% F413} 2Hkgo] 7MY} =2 ASE UEyT
A AL
Bl 20109 thA7FEE sk Sherdtu] X Yol
o3 Ry ofof FAR=HYT,
g=d
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