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WTFHMOS Ik, SHHICEE - FHCOTRERRLT, FETEHT
O BM L CEBRREL Y 5 HENS D, BERARAREFIN TS, 77
S FRHEM I FRB A RRRAEEE Uy 1 EAIC 10058 8 T8 ET, S,
BEELT, tho0—H « F—BICk > THD - FHCORRNES 5 & B
XNTVB, FE. BRRAALICHE LS hORETFPY L/ BB
XN, SREFLOMERE. HE - FHCOBBBE~OBEIRHEINTS,

FWETE. £F7 75 FHOARRARFRCH LT, EEOHRORE
AL, BETIRETFORKIOVTRHL (B1E) . TORTHLHICR
BEICICHEBEES U TWAEEZ SN SIGEIEF & SRK# {z. ¥ % Brassica camp-
estrisDRETN 5Bl L, €ORE. SHETEOBREWN. TOoRIETH
OB AR Uiz (B 25) o —H. HBEITHE L. SLOZHS5%HAHD S 5
NSHE S 2y B (SRODE R, BiEH. HRAHAH EOBERIC>WTRE LK
(B3E) , ¥/, CHETREIATOAEN > LHERUTO SEEFEWOR
HERS. BEPICHEBEOSLOHIKERIET 55 vV BARE L. 208D
WTRE UL (48 . ChoOBRERE X TERRNA RO BRRISICH
55 BEFIROVTERLL SO TH 5, |

B1E 775FRHENOERATAEREOBRR
FETREEAFMEERRIC DO THETELLEEBICHRINAGHICEELT
IO—=VSINBEFEEENEE LHELEHTRE Uz, SBEFIC
B89 3 & D & LTy SLG, SRK, SRA, SRB, SAPD {5 F5% b (Table 1-1). Fi 4
BEFEOT I ) BLSILTORED D — (35058 & BUMER RS (Table 1-2)0
IhORBERGFRAHKL. HICHERHMAMICEERS LTV 3 SL6E SRE
NEBINTWH3B, ' : '

¥2E BEAMAYBrassica campestrisicBVF BSL6ESRKD V) n—= v /&
Z D _ '
BMEOWENS . HEIKHERETS SHES VI ESLONERRINAHICHEE L
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FF—¥(SROMN. B.oleraceall B THEE X h, BERITNITINT VS, £
FTIX. SLGE SRK*% B. campestrisDBHZBES' MO HEE L. BRERATIEHE N
SOBETFHOBBRER L.

B. campestris SR EFREDHETONAS 4 75 ) —%$HRE LT, SFAAVE
FF—E A VB TEEIREINTOIERZET 54 < —ICTHOTPRE
fTolc&Z A, #T00bpD K& XDDNAMTR B S Wiz, CORBEDIZ. TOD
S HRFI D & HE5E LT SRPD—ETH 5 EER bk, KIS, COMKETD
—7EUT, SPHBDNATA TS Y —2R7Y—=v 7L BEDI/O—VIiTD
WTHEERSERE L7z (Fig. 2-1)s T EFIT LT SHEHDNAS 4T 5 Y — D
SSLE° 7 o— OBEEBITV., EERIIZRE Uik, SREPRBAKED ¥ 7+ 1R
TF R T, SLEEIBSOHABD S5 S KA v2FD, BEBEREE L
SNZBUKKEOBOERICEL D, ZORAILE) VA RAVAZ VRO 0T A
vFF-ERNAAVEF LTSI EEP SN U (Fig. 2-2),

S inT & SRE, SLGRIZFOEHFHITOOTHRE T B 0IT. ET05AFT ofilk
O HMRAROEZMEED SEIEFREIENEOTHICL>TRELK, T, &
EFHEOREINIBEIT OV TSRE SLGRIZFDRFLP/N S — O 53 %~ 7,
%@%%\:né20®§E%ﬁbfn%Sﬁﬁ%@%%&%ﬁu—&b\S%
EFELIZH B EERUK(Fig. 2-3), _ : ,

SRE, SLGRIZFROTHIBHTOAERMCRIA L. HPECBOTRERR

BEINI D - 1o (Fig. 2-4),
- Brassica campestrisiZ®\TH. SRKD l/-lz7°5’ *B%&SLGM%%J:WC\#EI—J
HERUS SLCESRKZ S T AR AT, SBEFEEHLTHWEIENSEZ
5L, COMBOFEELPEBRAMAUBERRICICELEbL->TNS b0 EEZS
N3,

- H3E  BELRMAMEBrassica campestrisiCFET ANy VN EOEREE
- BimIZDLT

777 Y OEBRICIISLe S HEE R SRR R NS S VoS o E

SROPBREEN TV S, FWETIE. COSRAO BRFAHEEDBEEREHS

DICTBHIHIC. TOBEE. BR, BEAASHE & O BEIC D WTHSRAM L
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SSRE RO A T W EHISRA Hitk & IV IBF-1 &) T 0y METREY
A&, STB(SRAIRE, SRA*RE. SRA'SRA* AT O )DSRAD /NS — VI BT
720 WTFHNDSRAICE T HHEEDO /NN FRZ L ITRICKRB Iz, 2. Thb
DSRAD 3 F- I Fl—Tdh o WITS SESIATF O « SRA'SRA'AT o IBARD EAER
RIT DU T SRAD BHE 2 Tz o SRS & B TERE D1TH) & SLOD H I =410 —
M UTc, —H SRAD B 1 BIETEIC & - THIB . SLODAMHE & I3AHE L
1o 7o, (Table 3-1, Fig.3-1)o BRRU M2 BRAFIEY:B. campestris
P ofl i L7300 SHERROSRAOERIC OV THENT, SIGRIZTFORRLE
RID, SRABEBEORLZ 4EE LI IO - 72(Fig. 3-2), SRAIZ
Brassicalf DA B TIC b IE/L C FE L. TOIEFA BB VTR IR LR
WU RNy — v E LTHRBIN(Figl-3). BRREKBOTLENSY VI BT
REVHNEEZ SN, B |
EFEN S, SRAL SLEVER O 2 RESBEFRXMINTEY . SRIZER
AR ELREEER LTI EEFHOMIC U, TOFEO—BENSGEZ S
L ERRBIRASHAOEENREEE-TEEEL SN,

4T BHEAMANHBrassicaBHYOBICHEET A SHY VS0 BHKES /%7
B2t '

T73FBERRMAHICENT, TERMO SHRIZTFENOREFEE L -
Tb, BFETIE. TV RAEAOTHEREOBHOASLE HikESR. 14/ 70
v MEIZK D FHICSLCEHRAEDH 25 X7 BEEBRE L. TORFHEEHS
NI Uz,

S8, 8%, SPORBEAL) Ty MERK - TAMZET I & THEOODSL6Z
BAREEONY FERIETHREBOF G ER I, JOHRKERNTS,
S, SUEDFH MMM EMTUILE I ABBEMIC 1 KONy FAREENT, LHL,
SEBETFOREVICIISBHROZERIBEINGDI > c(Fig. 4-1)o ZDF I¥J
'H %-SAP(S-glycoprotein-like anther protein) & MESZ &I Uizs.

PR 2RTERKIICL > TAML, 14/ T oy METSAPERIELT
AFRDOMEET S E & bIZ. ConA-peroxidaseik & i L TSAPD ConAR JISHEIZ DU
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THREZIT-7. TORE. 2 DSAPIZ29kDa, 29" kDa, 83kDad 3 DD AR v b &

LT XN7d3, ConA-peroxidaseiE T ZD ARy MIHIGT A HDIEIRE X
NIE > 7o (Fig 4-2) 0 DI EN S, ZDSAPICIZ A7 < & HSLE [ LR
WHD EZZ T, '

SSRERMEMBE U 35 TOSAPO BB % M7 L 7zo SAPIR. 1 4HIRT~
R (BITELTED EASRBE U, 28 MI%EN~ 3 IR (BIFE 7 B g
REBEBARES -7, HEOSLEEHBLTHE HIFLERIAL. RAEEIE
K ER DM SRS > Tz (Fig 4-3),

WIT 2 DSAPAN, TERICERET 3 ODBEICEET 3005 B Lic, Trisikfl
B EDOVThOFETIERERE LT OSAPIRFTEMIC I Ui, 7o, BE%IC
F O AR I b Z OSAPIRMR I X je, Uid L. TEHIEIC S 05 Vot s K
DEAET B DML > % ) LI Do 7oty T U QBB IZ 5 AD /N
RO ENIc, JOSAPRBEFICTARRETHEELTVSEEZ SN,
SAPiZ BrassicaBR & T DERBAERBIZEAFELTORD, BICK->TEEAN
EFRILB I ENbh - 7o (Fig. 4-4), |

IV EDNS, BHICRERE. AFR. BEOHRHUTIIERE B,
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Table 1-1 Tentative terminology of S-relevant genes
and glycoproteins used

Proposed name of Proposed name of Described proteins or DNA

gene at DNA level corresponding proteins and references

SLGi(B.oleracea) SLGi(B.oleracea) SLSGL:S-locus-specific
glycoprotein

Nasrallah et al. (1987)

Dwyer et al. (1989)

Trick and Flavell (1989)
SLGi(E.campestris) SLGL(B.campestris) S~glycoprotein

Takayama et al. (1987)

Isogal et al. (1987)

SRki(B.oleracea) SRKi(B.oleracea) SRK:S receptor kinase
. o Stein et al. (1991)
SRAL(B.campestris) SRAY(B.campestris) NS-glycoprotein

Isogai et al.(1988,1991)
. . Watanabe et al. (1992)
SRAL(B.oleracea) SRAl(B.oleracea) SLR1:S-locus-related
’ glycoprotein-1
Lalonde et al. (1989)
Trick (1990)
Umbach et al. (1990)
SRB(B.oleracea) SRB(B.oleracea) SLR2:S-locus-related
glycoprotein-2
Scutt et al. (1990)
Boyes et al. (1991)
- SAP SA-protein:S-glycoprotein-
like anther protein
Watanabe et al. (1991)

i: allelic gene number ‘
Genes are symbolized with three letters, and allelic genes are
indicated with superscripts as in many literatures, though subscripts
have been used in the case of self-incompatibility. Proteins are
presented in Roman and the corresponding genes at DNA level in
italics. ’ ' . : :

Table 1-2 Averaged homology (%) of amino acid
sequences among SLG (D), SLG (R),
SRA, and SRB

SLG(D) SLG(R) SRA  SRB
SLG(D)  77.5 68.5 56.1  64.3
'SLG(R) 91.2  52.6  85.3
'SRA 92.5  52.0
SRB 97.
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Fig. 2-1. A cDNA sequence encoding SRK® and deduced amino acid sequence. The
dashed line indicates the signal peptide and transmembrane domain. The encircled N's
are potential sites of glycosylation.

79.2 742 79.6 75.0 76.6 80.0 59.3 88.7 84.1 799

66.1 77.4 65.6 75.9 65.8 40.9 389 70.6 59.5  64.2

Fig. 2—2 Companson of deduced amino acid sequences of SL69 and to SLG" SRK‘
SRKZ, and SRK, that were cloned in B. oleracea (Stem et al. 1991, Chen and Nasra]lal{
1990) The homology level (%) was calculated by using DNASIS (HITACHI Co.). SP,
signal peptide; SD, S-domain; TD, transmembrane domain; D, ]uxlamcmbrane domam'
KD, kinase domain; TE, carboxyl terminal domam

— 247 —



Fig. 2-3. Restriction fragment length polymorphism analysis of an F, progeny segregat-
ing for the S* and $° self-incompatibility alleles.” Genomic DNA was isolated from
parental (P) plants homozygous for either the S° or §° allele, F, hybrid between $*- and
S°~homozygote, and from 13 E, progeny. The DNA was digested with BamHI or Hind—
11l and analyzed by DNA gel blot hybridization. Segregation pattems observed after
hybridization with probes specific for SLG°*~cDNA (A), SLG°-cDNA (B) and SRK’-
PCR fragment (C) are shown. (D) Incompatibility phenotype of each plant was deter~
mined by test pollination. 8;S°-homozygote, 9; $°~homozygote, H; $°5*-heterozygote,
nd; not determined. . L

Fig. 2-4. RNA blot analyses of SRK and SLG transcripts in several organs probed with
SRK’-PCR fragment (A) and with SLG°~cDNA (B). To investigate the expression of
SRK’ and SLG’, 1ug of poly(A)* RNA was isolated from leaf (lane 1), anther (lane 2)
and stigma at a few days before flowering (lane 3) of $°~homozygote. The hybridized
signals were obtained only in stigma at 2.85 and 1.43kb. The higher band (arrowhead a)
corresponds to SRK” transcript and the lower one (arrowhead b) to SLG’ based on their
molecular sizes. No band was detected in either leaf or anther even after long exposure.
Size markers are indicated to the left of the gel. '
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Table 3-1 Classification of the selfed progeny to S genotypes
by test crosses

Identification Test cross Expected
number of 3

progeny plant . x88 1) xg9 self s8x s%x S genotype
1,2,3,%,7,11, -2) . - - + s8s8
14,17,19 : .

6,8,12 ' + - - + - 5939
5,9,13, + - - - - s8s9
16,18,20

1) xSa means F, plant (female) x s8 tester, and Sax means S¢
tester (female) x F, plant.
2) +: Many pollen tubes penetrated the stigma papilla, compatible.
-: A few or no pollen tubes penetrated the stigma papilla, incompatible.

Fig. 3-1 [EF-immunoblot analysis of segregation in F, plants of the $°- and S’-glyco-
proteins and NS~ and NS*~glycoproteins, demonstratmg that NS~glycoprotein does not
cosegregate with the S-glycoprotein. The stigma proteins of plants numbered under the
lanes were detected with S®-antiserum (A) and NS*-antiserum (B). Arrowheads indicate
S$®- (a) and S°- (b) glycoproteins, and NS*~ (c) and NS~ (d) glycoproteins, respectively.
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Fig.3-2 Four types of NS~glycoprotein were visualized by IEF~immunoblotting
analysis of 27 different S-homozygotes in B. campestris. Arrowheads a to d indicate
NS!-, NS%-, NS>~ and NS*~glycoproteins, respectively. The lanes from the left, 1-1, to
S10 are S-homozygotes sampled from a naturalized population in Oguni, Japan. The
lanes from 27-11 to 25-12 are those sampled from a wild population, from Balcesme,
Turkey. ’ '

Fig.3-3 Interspecies variation between NS—glycoproteins from Brassica and allies as
indicated by their IEF-immunoblot profiles. Lanes 1 to 3: B. campestris (NS’, NS° and
NS*. Lanes 410 9: B. oleracea (5%, §*°, §*%, #162, Kairan-1 and Kairan~2). Lane 10: B.
insuralis (#1). Lanes 11 to 16: B. napus (#107, #130, #263, Westar, Senposai—1 and
Kugi-1). Lane 17 to 20: Diplotaxis catholica (#1), D. harra (#7), D. muralis (#1) and D.
siifolia (#4). Lane 21: Eruca sativa (#9). Lane 22: Moricandia arvensis (#5). # indi~
cates the accession number of the genetic stock at Tohoku University.
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Fig. 4~1. Immunoblot analysis after isoelectric focusing for characterization of the
antiserum against S®-glycoprotein (S®-antiserum).

(A) Reactions of S®~antiserum with stigma extracts taken from S°- (lane 1), §°~ (lane 2)
and 5%~ (lane 3) homozygotes. Arrowheads a, b and ¢ indicate S*-, S°- and S™*-glyco-
proteins, respectively.

(B) Reactions of S®~antiserum with anther extracts taken from S°- (lane 1), $°- (lane 2)
and $7?- (lane 3) homozygotes. Arrowhead d indicates SA-protein.

(C) Reactions of S*-antiserum with laccase from sycamore cells (lane 1) and bromelain
from pineapple stems (lane 2) which have oligosaccharide chains similar to those of S-
glycoprotein.

(D) Reactions of S*~antiserum with extracts from leaves (lane 1), immature seeds (lane
2) and ovaries (lane 3) of the source plant (S°~homozygote).

Fig. 4-2. Estimation of molecular weight
‘and reaclxvxty ‘with Con A of SA-protein
after two-dimensional electrophore51s
(LEF/SDS-PAGE).

Anther extracts taken from Sg—homozygoles
were reacted with antiserum against S®~
glycoprotein (A) and with Con A (B).
Arrowheads indicate SA-proteins. pl 3 and
p! 10 indicate the pI values in the first
dimension. Molecular-weight standards
(kDa) are indicated on the right side.
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Fig. 4-3. Immunoblot analysis, after isoe—
lectric focusing, with antiserum against S8
glycoprotein of extracts of anthers (A) and
stigmata (B) from plants at different devel-
opmental stages from the youngest bud (lane
17) to the flower in bloom (lane 0).
The developmental stage of microspores
was determined, by staining of nuclei with

- DAPI, to be as follows: uninucleate (lanes
17-10), binucleate (lanes 12~4), trinucleate
(lanes 6-0). SA~protein appears at the
uninucleate stage and its level increases
until the binucleate stage, while S—glycopro-
teins appear at the binucleate stage. Arrow-
heads a and b indicate SA-protein and S°-
glycoprotein, respectively.

Fig. 4-4. Variations in levels of SA-pro-

. tein in anthers (A) and S-glycoproteins in
stigmata (B) among species in the genus
Brassica and in related genera, as deter-—
mined by immunoblot analysis after isoelec—
tric focusing,.

Lane 1, Brassica campestris (§%); lane 2, B.
oleracea (#171); lane 3, B. oleracea (S*);
lane 4, B. oleracea (S™); lane 5, B. oleracea
(5%); Jane 6, B. deflexa (#1); lane 7, B. nigra
(#138); lane 8, B. fruticulosa (#202); lane 9,
B. maurorum (#1); lane 10, B. maurorum
(#3); lane 11, B. insularis (#1); lane 12, B.
barrelieri (#103); lane 13, B. adpressa
(#111); lane 14, B. campestris (#146); lane
15, B. napus (#119); lane 16, B. juncea
(#473); lane 17, B. carinata (#101); lane 18,
Raphanus raphanistrum (#8); lane 19,
Eruca sativa (#4); lane 20, E. vesicaria (#3);
lane 21, Erucaria hispanica (#3); lane 22,
Cakile maritima (#3). Numbers in parenthe—
ses indicate the S-allele or the accession
number (#).
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