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Localization of MLPK and SSP Genes for Self-Incompatibility of Brassica
oleracea by Fluorescence in situ Hybridization
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Abstract: In Brassica, self-incompatibility recognition is controlled by the multiallelic gene complex (S-haplotypes) at the
S-locus, which encodes both the male determinant S-locus pollen coat protein (SCR/SP11) and the female determinant S-locus
receptor kinase (SRK). Studies of MLPK and SSP genes for self-incompatibility of Brassica have been gradually widespread since
they were identified. However, the position and copy number of MLPK and SSP genes in Brassica oleracea genome are still un-
clear. In this paper, the localization of MLPK and SSP genes for self-incompatibility of Brassica oleracea on prometaphase chro-
mosomes, early pachytene chromosomes and extended DNA fibers was conducted successfully by fluorescence in situ hybridiza-
tion. The results indicated that MLPK probe was hybridized onto the short arm of a pair of homologous prometaphase chromo-
somes, and the percent distance from centromere to the signal point was about 53.41£3.16; SSP probe was hybridized onto the
long arm of a pair of homologous prometaphase chromosomes with the satellite, and the percent distance from centromere to the
signal point was about 78.36+4.26. Hybridization signals from three kinds of cytological targets with different FISH resolutions
showed that both MLPK gene and SSP gene might be located at a single-copy locus in Brassica oleracea genome. Repeated FISH
indicated that both MLPK and 5S rDNA probes were hybridized onto the same chromosomes. According to karyotype standard of
Armstrong, it was primarily inferred that MLPK gene was located on the chromosome 2, and SSP gene on the chromosome 7. The
results presumably revealed that neither MLPK nor SSP is linked to S-locus. And they locate respectively on the different chro-
mosomes in Brassica oleracea. In addition, the collinearity relationship of MLPK as well as SSP between Brassica and Arabidop-
sis thaliana was also discussed on the basis of comparative genomics.

Keywords: Brassica oleracea; MLPK gene; SSP gene; Fluorescence in situ hybridization; Self-incompatibility

S gene, SLG)! S (S-locus
(self-incompatibility, SI) receptor kinase, SRK)!* S
, S (S-locus glycoprotein (S-locus pollen coat protein, SCR/SP11)
(30671429) (9266)
’ (Corresponding author): , E-mail: zhuliquan@swu.edu.cn; Tel: 023-68250794

: E-mail: rongxy666@126.com
Received( ): 2008-10-15; Accepted( ): 2009-01-20.



MLPK  SSP  FISH 803

(arm repeat containing, ARC1)

THL1/THL2 (6]
[7]’
Murase [
M
(M-locus protein kinase, MLPK), MLPK
SI, MLPK SI
, Kakita 1! MLPK
SRK , N | 2003
, 32P
22.2 kD ,
, SI
., SRK

(SRK substrate protein, SSP) ['*'!]
,MLPK SSP SI

SI

MLPK SSP ,

DNA (extended DNA fibers, EDFs) 3
DNA (fluorescence in situ
hybridization, FISH), MLPK  SSP
1 MR5EFZE
11

(Brassica oleracea) Ky57
Ay287
1.2 DNA
Hasterok % (3
[14]
[14] Yang [15]
DNA (EDFs) DAPI s

-20C

1.3
SSP pMD18-T

[16]

(P1  5'-GCATGAGTGTTCAGGTTAAAGC-3', P2

5'-TGCTCTCTCGGTGGACGATTAT-3'),
MLPK ,
MLPK  SSP
5S rDNA
(DIG probe synthesis kit,

(DIG High
Prime, Roche)
, PCR
Roche)
1.4
141 FIAT4E 60
3h 100 ugmL™' RNase A 37°C
1h 1pgmL™ Pepsin 37 30 min 2% (W/V)
Cellulase 2% (W/V)Pectase 37 30
min 1% (W/V) TritonX100 25
2xSSC 3x5 min
(50 mmol L' MgCl,, 1xPBS )
10 min, 2xSSC 3%x5 min 70% 90%
100% ,
142 FEMH
(VIV)

10 min,
1% (VIV)

(EDFs )y 70%
(2xSSC )y 70
(70% 90%  100%)
(20 pL ) 50% (VIV)
7.5% (VIV) 2xSSC 1.5 ng uL™
(EDFs-FISH 0.5 ng uL™") 2% (W/V) SDS 0.5 pg

2 min,

uL ™" ssDNA( DNA) 85 10 min,
10 min
143 FRAz kR ,
R , 85 10 min, 37
18~24 h
1.4.4 25 RBLAEAZT T4 2xSSC
5 min, 37 (EDFs-FISH 40 ),
4xSSCT (0.2% Tween 20) 2xSSC  1xPBS
5 min (Sheep

anti-Digoxigenin-Fluorescein, Roche) 20 uL, 37

30 min , R 8 min
(Rabbit anti-Sheep-
Fluorescein, Roche) 20 pL, 5 ug
mL! DAPI , , Nikon Eclipse
E600W , Digital Sight DS-U2 CCD
S NIS-Elements BR 2.20
Photoshop
2 HR5HW
2.1 3 FISH
FISH
( 1.4) EDFs-FISH



804 35

, (  3-A, B); SSP
b 3 1
5 5 ( 3_Ca D)
FISH MLPK
MLPK SSP PCR , 11.8%, SSP 9.1% 3-A
R PCR
MLPK SSP 1 721 bp ( by
1) 1251bp( 2) 20 pL R 3000 75
0.1~1.5 ng uL™"' (EDFs-FISH 0.5 ng pL™) , 1000
750
500
1 250
’ ¢ D 100
> FISH
) 1 MLPK Z£EFE PCR # & BIikE
FISH Fig. 1 PCR products of MLPK fragment
1 DL2000 DNA marker; 2 MLPK PCR
70% 1: DL2000 DNA marker; 2: PCR products of MLPK fragment.
(2 , 70C 2 min | 5
; , bp
5000
42°C ~37 C 6 3000
2000
> 3
, 37 > 1000 R23Lkp
750
5 EDFs-FISH,
500
40 , >
250
> 100
2.2 MLPK SSP FISH Bl 2 SSPEREFE PCR ¥ g jkE
Fig. 2 PCR products of SSP fragment
MLPK SSP2 1 1 DL2000 plus DNA marker; 2 SSP PCR
( 3) MLPK 1 1: DL2000 plus DNA marker; 2: PCR products of SSP fragment.

F 1 ZTHARALENBLS AT FHLEEK FISH ESREERSEREMENII(MLPK 5
Table 1 Effects of pretreatments on rate of detected signal and ratio of signal-to-noise in prometaphase FISH(MLPK probe)

c

RNA AT . ' 2%(WIV) cellulase & 1-% W) Rate of
];rrlzfriltt- RNase A Pepsin 2% (WIV) pectase TritonX100 detected signal sigr}lzzllfig—?lt(;ise
37C/1h 37°C/30 min 37°C/30 min 25 /10 min (%)
1 + - - - 3.7 B
2 + + - - 8.9 C
3 + + + - 10.9 D
4 + + - + 10.3 E
5 + + + + 11.8 F
6 - - - - 1.1 A
*RNA A 100 pg mL™'; ° 1pgmL™;° (%)= / x100%;
+ ;= ; A~F

*: the working concentration for RNase A is 100 pg mL™"; *: the working concentration for pepsin is 1 ug mL™"; ©: rate of detected signal
(%)=cell number of detected hybridization signal/observed cell total numberx100%; +: treatment; —: without treatment; A—F: enhanced ratio
of signal-to- noise gradually.
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Table 2  Effects of chromosome denaturation conditions on FISH (MLPK Probe)
Rate of detected signal(%)
Treatment Denaturation.condition
(' /min) Prometaphase chromosomes Early pachytene chromosomes
1 65/2.0 0(++) 0(++)
2 65/3.0 2.1(+) 6.7(+)
3 70/2.0 11.8(+) 31.4(+H)
4 70/2.5 3.5(-) 30.8(+)
5 70/3.0 0.2(—) 30.3(+)
n -
+: good chromosome configuration; —: chromosome distortion or dilating.
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Fig. 4 FISH of MLPK and SSP probes on early pachytene

chromosomes and extended DNA fibers in Brassica oleracea
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A: FISH signals of MLPK on early pachytene chromosomes; B:

FISH signals of SSP on early pachytene chromosomes; C: FISH

signals of MLPK on extended DNA fibers; D: FISH signals of SSP
on extended DNA fibers. Scale bars=10 pm.
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Fig. 5 Physical localization of MLPK and SSP genes by FISH
on chromosomes of Brassica oleracea

A MLPK ;B 5S rDNA ; C SSP ;D
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EDFs 1.5 kb A: FISH signals of MLPK; B: FISH signals of 5S rDNA C: FISH
’ ’ signals of SSP; D. The karyotype of metaphase in Brassica oleracea;
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Table 3 Localization of MLPK and SSP genes on Brassica oleracea Chromosomes
Gene Chromosome Relative length Centromere index Percentage distanf:e from the centromere to Ratio of arm
(%) the signal site(%)
MLPK 28 11.89+0.59 36.22+2.68 53.41£3.16 1.44+0.19
SSP 7L 10.28+1.17 25.6+1.07 78.36+4.26 1.96+0.86
S ;L S: short arm; L: long arm.



MLPK  SSP  FISH 807

BrGP-BAC Blastn s
(Arabidopsis thaliana) MLPK
2 BAC F8N16
(GenBank AC005727.3)
TAIR (http://www.arabidopsis.org)
F8N16 2 12.4 Mb
[,19»20]
2 2 3 49
, 2 12.2 Mb
13.8 Mb 4 (20-21,
MLPK
(Brassica rapa) MLPK
BAC KbrB068E07 (GenBank AC189432.2),
97% , KbrB068EO7
MLPK NIAB-

KOREA (http://www.brassica-rapa.org/KBGP/)

B

KbrBO68E07 2 12.2~12.5 Mb
, , MLPK 4
2 (221, FISH
SSP ,
T13C7 (GenBank AC007109.7),
TAIR , T13C7 2 8.8
Mb 7 (21
sSSP 4 =2, FISH
4 7 , 4 ,
> b [18]7 2 SSP
7 , SSP
, SSP
7 ,
, FISH
Wang (23] s Cy3
3.4 kb 70%, 3.1 kb 63%,

4.1 kb 5

40%
SLG SLR1 , SLG
1 24
, MLPK  SSP
DNA ,
FISH ,
s Howell [2%
1 880 bp , Cy3
, 3 -Cy3 ,
3.3 kb Cy3
FISH ,
,MLPK SSP 3
FISH
DNA ,  DNA
; DNA
, DNA ,
[25]
, MLPK  SRK
, MLPK SRK
[9]
SI , SSP ARCI1
[11,26]
.S 6 9 [22,24]
, MLPK SSP S
MLPK SSP
SSP
SSP SI MLPK
SSP S
SI )
SI MLPK  SRK
4 58
, MLPK SSP
, S



808

35

MLPK  SSP

FISH

References

(1]

(2]

(3]

(3]

(6]

(7]

(9]

[10]

[11]

[12]

[13]

Stein J C, Howlett B, Boyes D C, Nasrallah M E, Nasrallah J B.
Molecular cloning of a putative receptor protein kinase gene en-
coded at the self-incompatibility locus of Brassica oleracea. Proc
Natl Acad Sci USA, 1991, 88: 8816-8820

Goring D R, Rothstein S J. The S-locus receptor kinase gene in a
self-incompatible Brassica napus line encodes a functional ser-
ine/threonine kinase. Plant Cell, 1992, 4: 1273-1281

Takayama S, Shiba H, Iwano M, Shimosato H, Che F S, Wata-
nabe M, Suzuki G, Hinata K, Isogai A. The pollen determinant of
self-incompatibility in Brassica campestris. Proc Natl Acad Sci
USA, 2000, 97: 1920-1925

Boyes D C, Nasrallah M E, Vrebalov J, Nasrallah J B. The
self-incompatibility (S) haplotypes of Brassica contain highly
divergent and rearranged sequences of ancient origin. Plant Cell,
1997, 9: 237247

Gu T S, Mazzurco M, Sulaman W, Matias D D, Goring D R.
Binding of an arm repeat protein to the kinase domain of the
S-locus receptor kinase. Proc Natl Acad Sci USA, 1998, 95:
382-387

Cabrillac D, Cock J M, Dumas C, Gaude T. The S-locus receptor
kinase is inhibited by thioredoxins and activated by pollen coat
proteins. Nature, 2001, 410: 220-223

Goring D R, Walker J C. Self-rejection: A new kinase connection.
Science, 2004, 303: 1474-1475

Murase K, Shiba H, Iwano M, Che F S, Watanabe M, Isogai A,
Takayama S. A membrane-anchored protein kinase involved in
Brassica self-incompatibility signaling. Science, 2004, 303:
1516-1519

Kakita M, Murase K, Iwano M, Matsumoto T, Watanabe M,
Shiba H, Isogai A, Takayama S. Two distinct forms of M-locus
protein kinase localize to the plasma membrane and interact di-
rectly with S-locus receptor kinase to transduce self- incompati-
bility signaling in Brassica rapa. Plant Cell, 2007, 19: 3961—
3973

Wu N-B(
and Correlative Characters in the Self-Incompatible of Brassica
oleracea L. PhD Dissertation of Southwest Agricultural Univer-
sity, 2003. pp 51-52(in Chinese with English abstract)

Zhao Y-B( ), Zhu L-Q(
analysis of SRK substrate protein gene from Brassica oleracea.
Acta Agric Boreali-occident Sin ( ), 2007, 16(6):
102-106(in Chinese with English abstract)

Hasterok R, Wolny E, Hosiawa M, Kowalczyk M, Kulak-
Ksiazczyk S, Ksiazezyk T, Heneen W K, Maluszynska J.

). Study on Evocable Protein Phosphorylation

). Cloning and sequences

Comparative analysis of rDNA distribution in chromosomes of
various species of Brassicaceae. Ann Bot, 2006, 97: 205-216
Chen R-Y( ), Song W-Q( ), Li X-L( ). Wall

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

degradation hypotonic methed of preparing chromosome sample

in plant and its significance in the cytogenetics. Acta Genet Sin

( ), 1982, 9(2): 151-159(in Chinese with English
abstract)
Zhong X-B( ), Fransz P F, Wennekes J, Kammen A, De

Jong J H, Zabel P. Fluorescence in situ hybridization to pachytene
chromosomes and extended DNA fibres in plants. Acta Genet Sin
( ), 1998, 25(2): 142-149(in Chinese with English
abstract)

Yang K, Qi HY, Zhu L Q, Wang X J. Localization of S genes on
extended DNA fibers (EDFs) in Brassica oleracea by high-
resolution FISH. Acta Genet Sin, 2006, 33(3): 277-284

Zhao Y-B( ), Zhu L-Q( ), Wang X-J( ).
Cloning and sequences analysis of M-locus protein kinase gene
from Brassica oleracea. Acta Agron Sin ( ), 2006, 32(1):
46-50(in Chinese with English abstract)

Cheng Z K, Buell C R, Wing R A, Jiang J M. Resolution of
fluorescence in situ hybridization mapping on rice mitotic
prometaphase chromosomes, meiotic pachytene chromosomes
and extended DNA fibers. Chrom Res, 2002, 10: 379-387
Armstrong S J, Fransz P, Marshall D F, Jones G H. Physical
mapping of DNA repetitive sequences to mitotic and meiotic
chromosomes of Brassica oleracea var. alboglabra by fluores-
cence in situ hybridization. Heredity, 1998, 81: 666—673

Li G, Gao M, Yang B, Quiros C F. Gene for gene alignment be-
tween the Brassica and Arabidopsis genomes by direct transcrip-
tome mapping. Theor Appl Genet, 2003, 107: 168-180

Suwabe K, Tsukazaki H, Iketani H, Hatakeyama K, Kondo M,
Fujimura M, Nunome T, Fukuoka H, Hirai M, Matsumoto S.
Simple sequence repeat-based comparative genomics between
Brassica rapa and Arabidopsis thaliana: The genetic origin of
clubroot resistance. Genetics, 2006, 173: 309-319

Lukens L, Zou F, Lydiate D, Parkin I, Osborn T. Comparison of a
Brassica oleracea genetic map with the genome of Arabidopsis
thaliana. Genetics, 2003, 164: 359-372

Howell E C, Barker G C, Jones G H, Kearsey M J, King G J, Kop
E P, Ryder C D, Teakle G R, Vicente J G, Armstrong S J. Integra-
tion of the cytogenetic and genetic linkage maps of Brassica ol-
eracea. Genetics, 2002, 161: 1225-1234

Wang C J R, Harper L, Cande W Z. High-resolution single-copy
gene fluorescence in situ hybridization and its use in the
construction of a cytogenetic map of maize chromosome 9. Plant
Cell, 2006, 18: 529-544

Kamisugi Y, Nakayama S, O’Neil C M, Mathias R J, Trick M,
Fukui K. Visualization of the Brassica self-incompatibility
S-locus on identified oilseed rape chromosomes. Plant Mol Biol,
1998, 38: 1081-1087

Van De Rijke F M, Florijn R J, Tanke H J, Raap A K. DNA fi-
ber-FISH staining mechanism. J Histochem Cytochem, 2000, 48:
743-745

Stone S L, Anderson E M, Mullen R T, Goring D R. ARCI is an
E3 ubiquitin ligase and promotes the ubiquitination of proteins
during the rejection of self-incompatible Brassica pollen. Plant
Cell, 2003, 15: 885-898



