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Hypothesis in Self-incompatible Brassica campestris

Nou, IlI-Sup, Hyo Yeon Lee* and Jin Ho Kim*
(Faculty of Agricultuve, Tohoku National University, Semdai, Japan, and
*Deparlment of Resource Planl, Suncheon National University, Suncheon, Korea)

ABSTRACT

Self-incompatibility in Brassica campestris is controlled by multi-allele system in a single genetic
locus, the S locus, and it is elucidated that S-glycoproteins are S gene products. In this experiments,
we exaimined the genetic mode(pollen tube behavior and segregation of S-glycoprotein), characteri-
stic of S-glycoproteins and DNA constitution within nuclear genome on S gene family that unexplai-
ned by single locus model, and investigated the segregation pattern of S-glycoproteins in bred
F, generation. By diallel cross among the 15 plants within one family the existence of three types
of homozygotes and three types of heterozygotes were observed, and segregation of S-allele could
not explained by single locus model. From the results of IEF-immunoblot analysis for non-segrega-
ted individual plant, the segregalion patiern of S specific bands was corresponded with results
of diallel cross except with one case(5“5* genotype). The molecular weight of 6 different S-genotype
varied in near by 50 kD, and each genotype expressed with 2 or 3 bands. Specific bands in
S8, $°SY, S§°5F has almost similar molecular weight between them. Southern analysis of genomic
DNA probed with S-glycoprotein ¢cDNA for 6 different genotypes revealed that there are clear
difference in polymorphism, mulliple bands of hybridization, when restriction enzymes of EcoR
I were used. It could be assumed that there are several sequences related to the S-glycoprotein
structural genes within their nuclear genome. Therefore, we suggested the possibilities that S-
allele system could be controlled by multi-locus, that dominance-recessive interactions could be
explained by modifier gene or supressor gene based on the results of abnormal segregation of
S-glycoprotein in bred Fi.. The F, analyses are progressing in now.

#*

=

o8} /) o Foll T EHTFAIN BtE, St FA 7 P70k
xR okbe] EETOE 3F ZREE EEEY A9 o

TR ATTREE FUgAe mTHgMe 2 A ol e Aleddlels B EETERS o) d9d
i 1Ef7e] S-EENTEETE S -ME AdEe ¢ glo SSEET Rite] 2457 E sta(de Nettancourt,
7ol dubdelc). 1ajste] xfefle] & REY TEel & 1977, AEAAE BRTENS S, THRldAs RERE
Zdde] UAslEe o FFILe] Hz EYAs-E o Fie 2 sEshs SOEEFT Rie]l Ealzle o] ZuF
figol o] EEFE] o] Rz} lEFEEH FFEAM glth(Putrament, 1960; Lewis et al., 1988: Zuberi ef al.,
Gikel glelA= gl e T e ¥hEMETIE & 1983)
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Brassica oleracea= AR 7tz BFETHEHEE L.]-E.]-
iz 9lz] wde aie Ayt Agde] Ag7A] 2
507 o429 S-EETIF FAH=Z 9lew(Thompson and
Taylor, 1966; Ockendon, 1974, 1980), A=ZF2 A= 2
M) HiE BEFES? S SHE FARH e Aol B
259 MOckendon, 1974, 1977, 1980). B. campestris 2] S-
HHITEETE 32 £ S 28 Adyntez e 29
N7} FA=o] DNAL EEE Kl He] adyrl i3
oz g9t Nou ¢ al, 1992).

olglre e JFEHE AR S-EET e
S-EEHe) EAsks Zlo] £HE =gl r(Nasrallah ef
al., 1972), @A77 o] SHEEEEA Wi 2 T
el E93E =Hth 1) SEEEES SSElTFe &4
#53} 7re] s Egci(Nishio and Hinata, 1977, 1978; Hi-
nata and Nishio, 1978). 2) S-HEEEQE 2 £EE A1 4
=5} 3) AFETAES BIE7} mEaEke] o) rles
whF|Eo) o) RSl AFERAl A 9 S-EEERE e 947
7} A Ak Nou ef al., 1993). 4) SHEHE S fifgs o2
SHEEAGY dehe] EWiEES] dei(Nou ef al, 1991).

olafat w2 AlarALE SHEEpHe] SEMTF AE
ol BEFRFMEHS WA sleld BHNES 7Tl
o] BAst l= AL et AAsta eleh A& /el
1= B campestris®) LA 2 =37 Turkeye] 3 oA
Ak 4 wALH e 7 Rusle SSEET Rito]l ¥H
o] [EFEAFS S&FE T2 FH Y, SEEEE 5
Azl DNA 74 52 sln FxEshalow, BRaned
S-iEETole] Fi& S5 TEHY 8T EERHT
P Aol tale] RAlsloic). =3 SHEERBe Feld
- O FfRel WStz A AEgch
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WEEFAES Brassica campestris®] Zx+= Turkey2]
Balcesme A|Hrell 4] =% 8}ed(Ozturk ef al., 1983), B4
HbKE A 2% Fl C-T01%RME "lﬁ}dﬂr A
o] FA-L e 2o Lol F ow(E, 7)) A4l
glglom, 71 &A= -‘r’r“’”ﬂMV‘] 9°C, 304zt &
TERBEE AAatadct zh AF4le Js gRETE =5
o 2ls] dgit)

TEHE 1TE) ﬂﬁ%?- LU S-EEFH FME A F
THIEHES S8 2447F 3, Aniline blue(0.01%) <24
(Kroh, 1964)"*] —4611 adEtg e, REAe 2 A5
g SSEFTAHE —maclie A% 2ol GEEA) m
kel 23 SpEEREEe] BAate wime Axslgc

HERERMS| ERAE. AME A FEH S 20
Coll #2459l HIEE 50 mM Tris buffer(pH 7.5)2 23}
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4°Cell 41 10,0002, 20821 148w shan) FUEEF,
1soe1ect11c focusing) FEHRAEFIS LKBY instruction®l] 3
alaleiom, alwbd e 2 3 laneol] 1.9 pg/uld & ELHS
=alglgc}. IEFE ¢35 05 mm F4¢ &3 geld 6%
polyacrylamide¢} pH 3.0—10.02] pharmalyte® 241819
ow, 72Wella] 30270 gibkdE # Al2E FUskdx o
A 44WR 2417 ApkEhS std.

SDS-PAGE 9 2k . ‘@ mikEH(IEF/SDS-PAGE) S #8h
1mm FA9 gele 45%2] polyacrylamided] == ;.,clx]—
10%¢] polyacrylamide 2] gelZ FA3lalrh (ﬂ(TJj
mA constanl® A A]stg el

S8-polyclonal antibody2] 8L SEpETERE-L Isogal
S(1987)2] kel 2la) A lch muss Hsl 340 pg
SHEERES 6 mL2) PRS(phosphate buffered saline, pH
7.0)el &7 &, 853 2) [emale mouse(Balb/c) 3 =|=|%t
75 pgd kel HAH F7) FAbEgch 1 2k FARElE
freund’s complete adjuvants- A}4-5)g] e, 3K ‘71;"]"‘]
e PBST AMg-dtqich WAL 3k FARRFE 34l
A Fskc) AHF MBS 25°Cel 4] 3 A]71 1ncubat10n°‘l'
3, 4°Cell 4] 12417 A& x| 2] s}e] 4141(3,000 rpm, 20 min)
shedrt AbAele] HifgE ik HBE AMEshch

Immunoblotting. gz 5 whlAL pylon memb-
rane(GVHP; Millipore, Japan)sll #j%34] #cl #17&= mem-
brane-& TBS(G0 mM Tris-HCI, pH 8.0, 0.9% NaCl, 0.02%
NaNa) @} 0.5%(w/v) skim milk % 245 blocking &2 2
Aze A 6417 v-gAlF o, 6,0000] FHY 1k MR
6417F o)al AFAIFE 43R 1k FHE mouse [gGell

5o goatell 41 RFE{(Promega, USA) 27k Fifi{conjugated
A atA)Z o). 28] 5L nitro-blue tet-
razolium(NBT)#} 5- bromo-4-chloro-3-indonyl-phosphate-
p-toluidine salt(BCIP)2 Z&ff Az}

Genomic DNA Hig#2F DNA gel blot 5347, Genomic
DNAY CTAB(cetyltrimethyl ammonium bromide)'d(Ro-
gers and Bendich, 1985)¢] ¢js)] F&&}<l o, Gene-Sc-
reen Plus membrane(Du Pont, USA)el| #5343t} Mem-
brane-& 5x858C, 0.1% sodium N-lauroyl sarcosinate, 0.02
% SDS2} 0.5% blocking reagent= F3}4l A-alle) 4] preh-
ybridization(65°C, 44]17h) *]# 25, $*-cDNA probed %
3l 4719 el 4] hybridization(65°C, 124]7})) *]Zit}
Membrane2] ##E-& 0.5xXSSCs} 0.1% SDSE E e A
e ® 65°C, 544 25 A4tk

Hybridizationel AF&-%F probe(S$:-cDNA)+= dioxygenin
(conjugated alkaline phosphatase)el] ch3F figle} A4
How AR L »]zZA =4 Lumigen PPD(Tropix,
USA)E o]4sle] Xray film(Kodak, USA) Aol i f(EEf
WE-128

alkaline phosphatase)#} 2
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Fig. 1. An example of segregation of S-genotypes (A)
and IEF-immunoblot profile of stigma proteins of each
S-genotypes (B). The stigma protein was reacted with
anti-5*-glycoprotein-antiserum. Symbols in A indicated as
follows; +, compatibility; —, incompatibility. $* dominant
to S* at pollen side in this family.
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Fig. 2. Anomalous segregation of S-allele for single-locus
hyphothesis within an intra-family. Symbols indicated as
follows; +, more than 20 pollen tubes penetrating; +
5-20 pollen tubes penetrating; —,

tubes penetrating.

’

less than 5 or no pollen

Aot #igrs] band2 jehiliezx]o] o] S HAlE o 5
Sev) ASdl el o)AdSE fEel -ﬁ% HEE B
= T PR fephel o3 EEEe] WEd v]eldrtn

ol4r FEdgt 47t dwtael el RedFgh ol A
= fEdE(e] 3 FApielet ATHrt
9 dsteinh

?Tﬁl"ﬁ‘—* HlFig. 2), 37e] S
W fEfERSHSe, S SSoe) 3Eie] S HH 2 {ERE(S-S,
8‘1’9‘ Si598 2R ke ¢ alded, fEgat £ A
S 5o tigled, S S disted kel m, S'e) S
S viehic. Ea Sl Stof] el g T
ezt 32 (@i e fEive TEe- BEAsh Hx
(£)5 vepieh ol2ig dag Sy, S25>5e
AZ dEE F slch B4 E--BATEES st e
S-ffliTFe) ezl 1:2: 188 S8 SIS ARl 4
Wejubz] ekAx]mk(Nou ef al, 1991), ©) e 4ASLed=
gt E Wt glgdvl o]7-2 TEIRES] A#e] o= &
e FEliTel o8 QA€ goEETR 32 T
Fel Qadel Mot oFF 5L BE 5 glo] THGe] Hel
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AAAS 2 (BREel] id SEEAE-S [EF-immuno-
blot &+418F 718 Fig. 3¢l vleldie} §54a) So] 4 bande
A Feoll e, SU84(D), S'SH()4FEM band= <7kE]
Zof viebge). o= § Bold bandS4] 8 ofihe S48
R =] 5857, 88 4%3R[) band S #3F ]_x" gl= A& Zﬂ
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Fig. 3. IEF-immunoblot profiles of S-glycoprotein for 15
S-allele individual plants within an intra-family. The sti-
gma protein was reacted with anti-S¥-glycoprotein-antise-
rum. a, S°5% b, $°5%; ¢, §°5° specific bands, respectively.
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Fig. 4. SDS-PAGE immunoblot analysis of stigma pro-
teins for 6 different S-genotypes within an intra-family,
comparing their molecular weight. The stigma protein
was reacted with anti-S¥-glycoprotein-antiserum. The mo-
lecular bands in No. 6 and 8 were not elucidated. SLG,
S-locus-glycoprotein.

oe ArElE ARE & sl ti(sensitivity 1 $959 > S0t =
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Fig. 5. Estimation of molecular weight among a, b and
¢ bands in plant no. 1. after two-dimensional electropho-
resis (IFF/SDS-PAGE). + and — indicate the PI values
in the [irst dimension. The stigma protein was reacted
with anti-5%-glycoprotein-antiserum.

SHEERHEGLG)S SZ o S-EMTS Genomic DNA
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kDo EApekg zk5. gltHTakayama ef al., 1987). o]=#gh
AEE 7122 sle] 6709 S-EMTHC] oiste] SDS-
PAGE-immunoblot #4-& salgdchFig. 4. 2~3%4
hand?} 43~67 kD Abolell )27} A=te}, 1, 6, 84 {HEL2]
band®) 7-2 Fig. 3o 48] §°5° Zo]3 band sensitivity7}
AU *]- LA 5] HEEE AR w]Fe] Hol o
WHele] Abge] SHEEREE A=) £33 °]E band
£-& conA-peroxidase % Aol % wh-5-5le] {EES TET
9= Zle] FHAA Sglci(rlAlA]l 2p7). 1, 691 EiRS A
FArEke] bande dA iA=L A ek

Se5e, S 2SS 4EEFY bandd] EAERE AT
38, 2E bandE 738 %I 9= 14 EEE o)&3y
2T WHIKOIJIEF/SDS-PAGE) % immunoblot®4-2
el vl 2B hande AR SrAbaksdchFig 5)‘
o|2ig Az o)F band7} S-EETS AHEA o] o
AlF d45E Aot

6719 S-EETHS HIERS Hst7] f5i] SHEE
ET{ ¢cDNA probeE ©]&5l¢] genomic DNA#] RFLPZ
z Akl ek (Fig. 6). 3~5712] v}dl 2] ERl shd o) 77
tE 272 FeEger, 6709 SRl HE F
o33} genome A& k3 9lA] 92 o HwgEh, o) F
7holl = T8k SHEETHe v Aoz AEAE 4
t). Isogai S(1987)el 2]s}H S% SR EFEF= 259 co-
ding regionell EcoRI A&E4 29547 gtz ns)
Ak e BFsky B0 ghHEe] HAEH AL B
genometf o] SHERNE HiEST o 412 F 79 se-
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Fig. 6. Genomic DNA-gel blot analysis for 6 different
S-genotypes with an intra-family, indicating polymor-
phism of each S-genotype. DNA was isolated from leaves
and digested with EcoRI and hybridized with S% cDNA
probe.
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Fig. 7. IEF-immunoblot analysis of S-glycoprotein for F,
progenies from plant no. 8 (5459 S%5% (A) and S¥8%
plant no. 6 ($%5*) (B), respectively, indicating that the
segregaton of S-glycoprotein was not corresponded with
normality. The stigma protein was reacted with anti-$%-
glycoprotein-antiserum. a, $°5¢; b, S ¢, S°8% ¢, $358%
specific bands.

B B SonflirEe os AuiEle wESETRE
A 2z SsEETe AERAM SHEESHY
LA wel Ak & A B BT R o)
AET T gt SHEET R wrzi"o“&(?"liﬁj“‘;é‘ {18, S-
BERE 78, SHEESH 54, @ A% DNAY
A& ZAEAA, Fig 48k SERAES #de
@ka}‘}iﬂn AR B o8, 22 HatAel 1508
& el 3FFY T (EiEel 3FF 9 Wdz ERl &
Aahz o] AlHAden], SsEETe) S BaE
o] Eafel o d=d 5 ggdeh [EF-immunoblot £
qo2re] SEEILEETY 4Bq SHEEMAEY S £
o)F band® Fe|gpe # AAHSSHE Asdsn =
Eﬁ)cEEA Z7e} d3stgic) 6%—"4 Abelg S-EMTALY
EAREE oF 53kD Fel 4] wWelalel 3, 2 349 band 2
Fstdch 2 B w (BBl thEk 3T 9 S-iEE fHle) Al
:f’ e AR delstdden & Al SEEOT S
BET o A sequence”}t vhF EAISE AL dals)
STk Z1z|ste] o)l v LA Q] REEMS S-HENTIENY
T EEEETE 9% 229 ¢ dtke ¥4, F
°4 H]Z“W‘ﬂ SHEESES IR gy BEENT

< RTS8 @537 A¥T F v )

AR shelel.

.f-r-

R
A

=4l 8.
[~ <

2 E X K

Dywer, K.G., A. Chao, B. Cheng and ].B. Nasrallah. 1989.
The Brassica self-incompatibility multigene family. Ge-



132 Korean ]. Bot.

nome 31: 969-972.

Hinata, K. and T. Nishio. 1978. S-allele specificity of stigma
proteins in Brassica oleracea and Brassica campestris.
Hervedity 41: 93-100.

Isogai, A., S. Takayama, C. tsukamoto, Y. Ueda, H. Shiozawa,
K. Hinata, K. Okazaki and A. Suzuki. 1987. S-locus-spe-
cific glycoproteins associated with sell-incompatibility
in Brassica campestris. Plant Cell Physiol. 28: 1279-1291,

Kroh, M. 1964. An electron microscopic study of the beha-
vior of Cruciferae pollen after pollination. I#, pollen ph-
ysiology and fertilization (ed. H.F. Linskins), Amster-
dam: N. Holland Publ. Co. pp. 221-224.

Lewis D., S.C. Verma and M.I. Zuberi. 1988. Gametophytic-
sporophytic incompatibility in the Cruciferae--Raphanus
sativus. Heredity 61: 355-366.

Nasraliah, M.E., D.H. Wallace and R.M. Savo. 1972, Genoty-
pes, protein phenotype relationships in sell-incompati-
bility of Brassica. Genet. Res. 20: 151-160.

Nasrallah, M.E., T.H. Kao., C.H. Chen, M.L. Goldberg and
ML.E. Nasrallah. 1987. Amino-acid sequence of glycopro-
teins encoded by three alleles of the S-locus of Brassica
oleracea. Nature 326: 617-619.

de Nettancourt, D. 1977, Incompatibility in Angiosperms. Sp-
ringer-Verlag, Berlin. 230 p.

Nishio, T. and K. Hinata. 1977. Analysis of S-specific pro-
teins in stigma of Brassica oleracea L. by isoelectric {o-
cusing. Heredity 38: 391-396.

Nishio, T. and K. Hinata. 1978. Stigma proteins in self-inco-
mpatible Brassica campestris L. and self-incompatible
relatives with special reference to S-allele specificity.
Jpn. | Genet. 53: 27-33.

Nou, LS, M. Watanabe, A. Isogai, H. Shiozawa, A. Suzuki
and K. Hinata. 1991. Variation of S-alleles and S-glycop-
roteins in a naturalized population of self-incompatible
Brassica campestris L. Jpn. | Genet. 66: 227-239.

Nou, IS., M. Watanabe, A. Isogai and K. Hinata. 1993. Com-

Vol. 36, No. 2

parison of S-alleles and S-glycoproteins between two
wild populations of Brassica campestris L. in Turkey
and Japan. Sex. Plant Reprod. 7: (in press).

Nou, LS., Y.H. Lee and J.H. Kim. 1993. Research trend on
Homomorphic self-incompatibility: I. Genetic analysis
and Molecular research on sporophytic sell-incompati-
bility. Kor. J. Breed. 25: 65-80.

Qckendon, D.J. 1974. Distribution of sell-incompatibility alle-
les and breeding structure of open-pollinated cultivars
of Brussel sprouts. Heredity 33: 159-171.

Ockendon, D.J. 1977. Rare self-incompatibility alleles in a
purple cultivar of Brussel sprouts. Heredity 39: 149-152.

Ockendon, D.J. 1980. Distribution of S-alleles and breeding
structure of cape broccoli (Brassica oleracea var. italica).
Ther. Appl. Genet. 58: 11-15.

Ozturk, M., K. Hinata, $. Tsunoda and C. Gomezu-campo.
1983. A general account of the distribution of the cruci-
ferous plants in Turkey. E. U Fac. Sci. J. Series B. Vol.
VI: 87-97.

Putrament, A. 1960. Studies in sell-sterility in Raphanus sa-
tivus (L) var. radicular (DC) Act. Soc. Bot. 26: 289-313.

Roger, 8.0. and AJ. Bendich. 1985. Extraction of DNA from
milligram amount of fresh, herbarium and mummified
plant tissues. Plant Mol. Biol. 5: 69-76.

Takayama, S., A. Isogal, C. Tsukamoto, Y. Ueda, K. Hinata,
K. OKazaki andA. Suzuki. 1987. Sequence of S-glycop-
roteins, products of the Brassica campestris sell-incom-
patibility locus. Nature 326: 102-105.

Thompson, K. F. and J. P.Taylor. 1966. Non-linear domina-
nce relationships between S-alleles. Heredity 21: 345-
362.

Zuberi, M. I and D. Lewis. 1988. Gametophytic-Sporophytic
incompatibility in the cruciferae--Brasssice campestris=-.
Heredity 61: 367-377.

(1992. 12. 30 #%)



