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Abstract :

We have identified 14 S-locus gyooprotein (3. G - related protein kinase genesin a 323 kb contig

o rice (Oryza sativaL.) chrompsome 4 and we detected the transcription pattern of this gene duger by re-
verse transcription polymerase reaction (RT-PCR) . RT-PCR results reveded that nine putative genes were
transcribed in rice and these genes had the different expresson patterns: two genes are expressed predomi nant-
ly in reproductive tissues while the other seven genes are expressed in both reproductive and vegetative ti ssues.
Andydsd the predicted amino acid sequences demondrated that the extracellular receptor domains are highly
hormologous to 3. Gdf Brassica, whereas the cytoplagmic kinase domains contain conserved amino aci ds present

in serine/ threonine kinases.
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Receptor-like protein kinases (R_Ks) are a diverse
group of proteins that gpan the plasma membrane and a-
low cells to recognize and regpond to their extracellular
environment. A number of dmilar genes predicting to enr
oode RLKs have been identified in plants. Fve different
classes of plant R Ks have been idertified , as defined by
the predicted amino acid sequences of their extracellular
domains (Walker, 1994; Becret, 1998). One o the
larges and well-gudied classes of RLKSs is characterized
by the leucine-rich repeat (LRR) notif , which is inpli-
cated in protein-protein interactions. Arother class corr
tains the family of S-locus receptor kinases (SRKs) in
Brassica. They have an extracdlular S-domain with high
dmilarity to S-locus dgyooproteins (3. G and play a role
in the s&if-inconrpatibility regponse (Nagrdlah, 1997) .
Other classes are represented by the maize CR4, which
has a tunor necrosisfactor (TNFR)-like notif (Becrdt et
al , 1996) , the Arabidosis WAK with an epidermd
gowth factor (EGF)-like notif (He et al , 1998) , or the
Arabidopsis lecRK with a notif dmilar to legume lectin
(Herve & a , 1996) .

Fant S-locus related receptor-like kinase genes have
been ilated from a wide range of both dicotyledorous
and nmoroootyledonous plant gecies. This class includes
the SRK of Brassica (Sein e a, 1991) , SFR2 o
Brassica (Pagugia e al , 1997) , ZmPK1 of maize (for
Zea mays protein kinase 1) (Walker and Zhang, 1990) |,
ARK1, ARK2 and ARK3 of Arabidopsis (for Arabidopsis
receptor kinases;) (Tobias e a , 1992; Dwyer e al ,
1994) and OsPK10 of rice (for Oryza sativa protein ki-
nae 10) (Zheo e al , 1994) . These receptor-like kinas
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esof the S gene famly have diverse roles in plants. In
Brassica, SRK is thought to be involved in the pollent
pidil recognition gep of the sHf-incompatibility regonse
and expressed exclusvely in the papilla cdls (McCubbin
and Kap, 1996) . In Arabidopsis, ARK2 and ARK3 that
were expressed in vegetative tissues are likely involved in
cellcdl communication sysems (Dwyer e al , 1994).
Pagudia e a (1997) have shown that SFR2, a nove
member of the S gene family encoding a receptor-like ki-
nase, isinduced by a range of gimuli inducing plant de-
fense genes.

In this gudy , a 323 kb contig of rice chronoome 4
was conmpletely sequenced and analyzed. A large gene
cluger consging of 14 predicted 3. Grelated protein ki-
nase genes in a tandem array wasfound to be located in a
108 kb regon of the contig. Bressons of nine putative
genes were oorfirmed by RT-PCR and reveded that they
had different expresson patterns: two genes are expresed
predominantly in reproductive tissues while the other sev
en genes are expressed in both reproductive and vegetative
tissues. Thisisthe firg large S-locusreated R.K gene
cluger found in plant. Sudies are in progress to analyze
whether the Oryza sativa RLK ( OsRLK) gene cluger in
wolve in the plant defense regonse.

1 Materialsand Methods

1.1 Pant materialsand growth conditions

Seeds of rice (Oryza sativa s. indica Guang uai
4) were germinated at 37 and the seedlings were grown
inthe light at 30  for 3 dfor RNA extraction from root
and bud. Leaveswere oollected &ter 10 d of germination.
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Howers and young panicles were prepared from 3-rmonth-
old plants.
1.2 doning and sequencing of BAC clones

A bacterid artificid chronooome (BAC) oortig,
which was anchored on the region from 110. O centinorgan
(cM) to 111.5 cM of chromosome 4, was condructed by
usng colony hybridization and chromposome walking. The
contig condged of 20 BAC clones which came from two
BAC librariesdf O. sativa Quanguai 4, and the genetic
markers used as probes were provided by rice gerome pro-
gram (RGP) inJapan (Teo et al , 1994; Hong e al ,
1997; Sasaki, 1998). 9x tiled BAC clones (BAC
H0410@08, HO0315F07, HO613A10, BO0808HO3,
HO105C05 , H0323C08) with minimum overlaps were se
quenced and analyzed. The BAC DNA was purified by
Cesum Chloride gradient centrifugation, and subcloned
into pBluescript  plasmid vector (Sratagene) dter oo
ication. Subclones were sequenced at both ends usng the
DYEnamic™ ET dye terminaor kit ( Amersham
pharmecia) and andyzed on Megabasel00 (Amersham
pharmaecia) . The sequence data were assembled usng
PHRED/ PHRAP sftware. Honology searches were per-
formed udng the BLAST program (Altschul e al,
1997) . GENSCAN program was used to predict posshble
genes in this contig (Burge and Kain, 1997) .
1.3 Oligonuclectides

All oligpnucleotides used in this sudy were synthe-
dzed by Sangon company , China, except for Oligp dT-
Adaptor primer which was provided by RNA RCR Kit.
The sequences of dl oligunucleotides are shown in
Table 1.
1.4 RT-PCR

Totd RNA o roots, buds, leaves, flowers, and
young panicles of rice were extracted following the manu
facturé s indruction (Qiagen RNeasy Hant mini kit) .
For RT-PCR, 14 g of DNase-treated totd RNA was re-
verse-transcribed with gene- Pecific antisense primers and

Table 1 The sequences o primers desgned for RT- PCR

AMV reverse transcriptase usng an RNA PCR Kit
(Takara, Jgpan) , and the entire reaction mixture was
used as a tenplate in the subsequent PCR. Each PCR cy-
cle ondged of 94 denaturation for 30 s, 60  ar
neding for 30 s, 72 extenson for 2 min, for 30 cy-
cles.

2 Resultsand Discussion

2.1 ldentification of a OsRLK gene cluster in the
108 kb fragment

Sx overlgpoping BACs representing a 323 kb regon
o rice chronoome 4 were sequenced and andlyzed by us
ing the gene identification sftware GENSCAN to predict
the location of the genes. The prediction results showed
that 14 receptor like kinase genes were clugered in a 108
kb fragment. This gene cluger was dedgnated as OsRL K
(0. sativa receptor-like kinase) , and each gene of this
cluger was named according to their order in the 108 kb
fragment. Sequence analyss of the deduced protein re-
vealed that the dructuresof OsR_K2-14 were smilar and
their extracdlular domains al had high smilarities with
S domainof SRK in Brassica. OsRLK1 encoded a ser-
ine/ threonine receptor kinase but it lacked a 3. Glike ex
tracelular domain. Table 2 shows the sequence conpar-
ionsof OsRLK2- 14 and the reevant protein features of
OsRLK1- 14 are sown in Table 3. Thirteen OsR_K genes
had the same direction of transcription except OsRLK6.
Two retrotrangpoons were found in the OsRLK cluder.
The length of the two retrotrangposonsis 13 kb and 14. 22
kb repectively. Retrotrangpoon1 was located between
OsRLK2 and OsRLK3 ; Retrotrangposon 2 wasfound to be
located in the firg intron of OsR_K8 and this gene was
disrupted by the 14. 22 kb retrotrangposon.

To date, only OsPK10 from rice (Zhao & al,
1994) and ZmPK1 from meize (Waker and Zhang,
1990) were reported as S-locusrelated receptor-like
kinaee genes in noroootyledorous plant gecies. The

Name Sequence Name Sequence

OsRLK1 5 5- ctatcc aaa ctg caa cac cg3 OsRLK1 3 5- cgt aag agc @atggtae cc-3
OsRLK2 5 5- gog tga age tge cag aca ¢ 3 OsRLK2 3 5- gec act tet ctg gog asa tc-3
OsRLK3 5 5- tcacgytog agg at gca g3 OsRLK3 3 5- tgg tgt agc cgt it aca ge-3
OsRLK4 5 5- geataacoe gac of gga 3 OsRLK4 3 5- cgaca cat ctc cac ctc tc-3
OsRLK5 5 5- caa act tga cca tag ccg gc-3 OsRLK5 3 5- acaag cct ctagct act cc-3
OsRLK6 5 5- ttg gog ttc atc tct ccatc-3 OsRLK6 3 5- cct aca cct act tga ccg &3
OsRLK7 5 5- dgctt oct ttg oot tog tg-3 OsRLK7 3 5- ttc cge caa ama tte ttg co-3
OsRLK8 5 5- gac git cog tat gic gec asa g3 OsRLK8 3 5- cag cag caa tgt ctc caa aac-3
OsRLK9 5 5- gct ctt ctg cag ctg cat g3 OsRLK9 3 5- gig gca gea gea dtt tet cc-3
OsRLK10 5 5- gea act tga cca aag ccg ac-3 OsRLK10 3 5- gt gec geog aca acg tat te-3
OsRLK11 5 5- cag caa ctg ctc ttg caa g3 OsRLK11 3 5- cgt gee tee ctc caatat te-3
OsRLK12 5 5- cag gaa cag aac cit tga g 3 OsRLK12 3 5- ccc ctt oot cag at cct tg3
OsRLK13 5 5- cct acg ctt acg cca act tg-3 OsRLK13 3 5- ccc aag cat git gig ac ag-3
OsRLK14 5 5- gca caa ctg ctc ttg cac ag-3 OsRLK14 3 5- tcc ttg ccc aga acc ctt ac-3
Actin pl 5- ca oct ac cct cg ctc g3 Adtin p2 5- cge act tcatgatog agt tg3
Oligo dT primer 5- (dT) » gitttcocagicacga ¢ 3
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Table 2 Conparion o putative amino acid sequences of the OsRLK protein excluding OsRL K1

OsRL OsRL OsRL OsRL OsRL OsRL OsRL OsRL OsRL OsRL OsRL OsRL
K3 K4 K5 K6 K7 K8 K9 K10 K11 K12 K13 K14
OsRLK2 66.93 63. 65 45.52 40.48 45.31 54.65 63.65 42.39 40. 48 46.99 49.39 48.80
62.11 58.27 38.03 32.89 38.02 48.11 58.27 35.63 32.89 38.82 41.99 41.04
OsRLK3 65.74 43.90 39.95 47.23 55.79 58.23 41.98 46. 66 46.33 48.44 47.48
60. 69 37.06 34.28 40. 60 49.64 52.61 35.42 39.54 38.53 40.97 38.85
OsRLK4 45.59 40.05 46.28 56. 72 57.58 43.21 46.38 45.47 46.31 44.80
38.82 32.63 39.23 50.88 51.06 35.32 37.87 37.57 39.07 37.22
OsRLK5 67.61 76.20 50.78 52.95 79.03 76.20 64.81 75.00 65.21
62.68 72.39 45.19 46.90 76. 46 72.39 59.08 69.88 59.16
OsRLK6 65.81 45.39 47.46 65.23 57.33 56.38 57.33 58.93
59.61 38.80 40.78 59.84 49. 67 50. 36 49.67 50. 67
OsRLK7 57.02 58.13 74.62 69.44 67.17 74.05 69.09
51.40 51.60 71.21 63.36 60.71 69. 47 61.96
OsRLK8 81.27 50.67 52.37 49.92 51.18 53.84
78.73 44.72 44.81 41.89 44.82 46.32
OsRLK9 53.93 56.28 56.51 57.12 55.17
47.64 49.93 48.48 50.45 48.55
OsRLK10 64.24 62.67 70.30 63.02
56.67 55.30 65.20 55.68
OsRLK11 61.24 69.85 68. 86
53.93 62.62 62.28
OsRL K12 67.31 61.98
61.38 55.85
OsRLK13 72.88
66.99
The dmilarity is shown in the upper row and the idertity isin the lower row.
Table 3 Rdevart features of protein sequences deduced from the OsRLK gene cluder
OsRL OsRL OsR OsRL OsRk OsRL OsRL OsRL OsRL OsRL OsRL OsR OsR OsR
K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11 K12 K13 K14
AA lengh 699 817 782 803 713 791 816 714 1086 750 771 743 792 758
I0d ectric point 8.14 815 6.68 49 704 7.00 6.92 7.9 7.36 811 6.4 6.54 7.06 6.68
Molecular weight (kD) 75.2 83.4 8.2 8.1 79.6 887 90.9 77.1 119.2 84.3 8.6 83.1 8.4 839

extracelular domains of OsPK10 from rice and ZmPK1
from maize had about 20 % and 25 % dmilarity to 3 Gof
Brassica, repectively. However , these 13 OsRLK genes
(except OsRLK1) had higher smilarities (45 %) to .G
than the dmilaritiesof ZmPK1 and OsPK10. Therdore,
the gene cluger could be classfied as S-locus related re-
ceptor like kinase cluger (OsRLK) .
2.2 Sructural features of the OsRL Ks

Gonputer andyss of the 14 OsRLK amimno acid s
quence reved ed that except OsRLK1 , other 13 geneswere
al conposed by three domains: the large extracdluar 3. G
like domain; the trangmembrane domain; the cytoplagric
kinale domain. The putative exracelular domains of
these 13 genes dl contained 12 cysteine resdues clugtered
near the membrane- panning segment. These 12 cydeine
resdues are invariant in the Brassica .G and SRK gene
products and are probably involved in disulfide bond for-
metions that would have an inportant role in determining
the seoondary and tertiary gructure of the .G extracd lu-
lar domain. The putétive cytoplagmic domain contained al
11 conserved subdomains and 15 invariant amno acids of

eukaryotic protein kinases in the proper order (Hanks et
al , 1988) .

The predicted OsR.K proteinswere al serine/ threo-
nine gecific kinases. It isintereging to note that the en
zymatic activitiesdf nmog plant receptor-like protein kinas
es were serine/ threonine ecific. f not coincidenta ,
this mignt be suggedive that protein-serine/ threonine
phogphorylation rather than protein-tyrosne phogphoryla
tion was the main scheme o trangmembrane sgnd in
plants. This in turn indicated that a unique dgna-
transducing component interplay pattern might exig in
plant cdls.

2.3 Trangript levels o OsRL K gene cluster

The expresdon of the OsRLK gene cluger in differ-
ent tissues of rice was examined by Northern hybridizar
tion. Totad RNAs were extracted from roots, buds,
leaves, flowers, and young panicles. However , no obvi-
ous sgnal was detected in the Northern hybrid experi-
ment. Therefore, to raise the sengtivity of detection , amr
plification by RT- PCR was performed ugng tota RNA ex
tracted from the organs described above. These RNAS
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were al trested with DNase to renove any contaminated
geromic DNA. The gene ecific primers ( OsRLKs 5/
OsRLKs 3 , Table 1) oorregponded to the firg and the
third or fourth putative exon of each gene, regectively.
As a control , amplification by RT- PCR was performed us
ing two primers (Actinpl/ Actinp2) ecificaly for the
rice actin 1 gene (ACT1). An ACT1- ecific fragment
(340 bp) was amplified from dl organs examined , and
the intendties of the bands corregponding to these frag
ments were dnod the same, indicating that an equa
anount of total RNA of each organ was used for RT- PCR
anplification (Fg. 1) .

OsRLKI
OsRLKZ
OsRLK7
OsRLK9

OsRLK10
OsRLK11
OsRLK1Z
OsRLK13
OsRLK14

Actin

—

=]
i

o

=N
] "

Fig.1. Bqresion o the OsRLK cluger.

RT- PCR andyd s was perfformed udng primers desgned for gecific
anplification of each gene. Tissuesfromwhich RNA being extracted
are indicaed atop thefigure asfollows: 1, root; 2, bud; 3, leave;
4, flower; 5, young panicle.

As down in Fg. 1, PCR products corregonding to
OsRLK1,2,7,9,10, 11,12, 13, 14 were detected in
different tissues of rice. Gonparion of the sequences of
these amplified fragments with geromic DNA proved that
the termplates used for PCR amplification were not contamr
inated with geromic DNA. The transcriptsof OsRLK3 , 4,
5,6,8 ocould not be detected in dl tissues of rice. For
OsRLKB, it is possble tha the insertion of
retrotrangpoon-2 led the inactivation of this gene. And
for OsR_LK3,4,5,6, this result indicated that these four
genes might be pseudogenes or the transcription of these
five genes could not be detected under normal conditions.
It remains to be determined whether the expresson of
these five genes are enhanced by environmental changes.
Transcriptsof OsRLK7 , 11 were detected in flowers and
young panicles, but rot in other tissues. Genes of OsR-
LK1,2,9,10,12,13, and 14 were detected to be tran-
scribed in reproductive and vegetative organs.

In O. sativa, the Slocusreated RLK had quite
didinct patterns of expresson conpared to the expresson
of the Brassica SRK genes. The differential expresson of
these RL K suggeded that they had different physologica
functions degite their rdated extracdlular domains. In

Brassica, SRK was thought to be involved in the pollent
pidil recognition gep of the sdf-inconpatible regponse
and expressed excludvely in the papilla cal (McCubbin
and Kao , 1996) . In Arabidopsis, ARK2 and ARK3 were
thought to function in gecific agpects of plant growth or
development but that their ecific role in the plant was
ot known yet (Dwyer et al , 1994) . Another possble
function of S gene family members in vegetative tissues
was suggesed by the numerous Smilarities between sdif-
incormpatibility and the plant’ s regponse to pathogens at-
tack (Hodgkin et al , 1988) . Pagtudia e a (1997) had
shown that SFR2 , a novel member of the S gene family ,
is encoding a receptor-like kinase which is to be induced
by a range of gimuli that induced plant defense genes.
These gimuli included both wounding and bacterid at-
tack. These results indicated that this gene might play a
role in the regponse of the plant to mechanica and biolog
icd atack. Wound inducement , bacteria irfection and
SA treatment of rice are in detection to € ucidate whether
this gene cluger isinwlved in the plant defense.
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