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A somatic embryogensis receptor-like kinase (SERK) gene was isolated from protocorm-like bodies
(PLBs) of Rosa canina by a rapid amplification of cDNA ends (RACE) approach and was designated as
RcSERK1. The RcSERK1 encodes a protein of 626 amino acid residues with a calculated molecular
mass of 68.79 kDa and theoretical isoelectric point of 5.65. The amino acid sequence of RcSERK1
shares all the characteristic features of a SERK protein, including the signal peptide (SP), the leucine
zipper (LZ), the five leucine-rich repeats (LRRs), the pro-rich domain containing the so-called Ser-Pro-
Pro (SPP) motif, the transmembrane domain (TM), the kinase domain and the C-terminal domain. The
transcripts of RcSERK1 were more enriched in PLBs than in rhizoids and callus, but not detected in
leaflets (incubated under dark and before producing callus) and the regenerated shoots. Subcellular
localization indicated that the fluorescence of RcSERK1-GFP was recorded in the plasma membrane.
We argue that RcSERK1 is a Leu-rich repeat receptor-like kinase (LRR-RLK) and plasma membrane
localization protein.

Keywords: somatic embryogensis receptor-like kinase (SERK)1, protocorm-like bodies (PLBs), Rosa canina,

RACE, RcSERK1.

INTRODUCTION

Somatic embryogensis receptor-like kinase (SERK)
genes encode leucine-rich repeat receptor-like kinases
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10-62733315. Fax: +86-10-62733603.

Abbreviations: EX, Extracellular domain; LRRs, leucine-rich
repeats; LRR-RLK, leucine-rich repeat receptor-like kinase; LZ,
leucine zipper; PLBs, protocorm-like bodies; UTR, untranslated
region; SE, somatic embryogenesis; SERK, somatic
embryogenesis receptor-like kinase; SP, signal peptide; SPP,
serine-proline-proline; TDZ, thidiazuron; TM, transmembrane
domain; RACE, rapid amplification of cDNA ends; CaMV,
cauliflower mosaic virus; PCR, polymerase chain reaction; RT-
PCR, reverse transcriptase-PCR.

(LRR-RLKs) (Schmidt et al., 1997; Hecht et al., 2001),
and SERKSs share the canonical structure of LRR-RLKs
but have a limited number of leucine-rich repeat (LRR)
motifs (Colcombet et al., 2005). The first SERK gene
identified was reported in carrot (Daucus carota) sus-
pension cultures where it was specifically expressed in
cells which developed into somatic embryos (Schmidt et
al., 1997; Nolan et al., 2009). SERK genes have been
isolated from several plant species including Arabidopsis
thaliana (Hecht et al., 2001), Zea mays (Baudino et al.,
2001), Medicago truncatula (Nolan et al.,, 2003),
Helianthus annuus (Thomas et al., 2004), Ocotea
catharinensis (Santa-Catarina et al., 2004), Dactylis
glomerata (Somleva et al., 2000), Citrus unshiu (Shimada
et al., 2005), Oryza sativa (Hu et al., 2005) and
Theobroma cacao (Santos et al., 2005). Ectopic expres-



sion of the full-length AtSERK1 cDNA under the control of
the cauliflower mosaic virus (CaMV) 35S promoter did
not result in any altered plant phenotype. However, seed-
lings that overexpressed the AtSERKT mRNA exhibited a
3- to 4-fold increase in efficiency for initiation of somatic
embryogenesis (Hecht et al., 2001). A{SERK?7 and
AtSERKZ2 receptor kinases function together as an
important control point for sporophytic development con-
trolling male gametophyte production (Colcombet et al.,
2005). Fradin et al. (2009) indicated that tomato
SERK3/BAKT physically associates with the RLP Ve1 to
initiate verticillium immunity.

Somatic embryogensis receptor-like kinase (SERKS)
form a sub-group among LRR-RLKs, which comprise the
largest sub-family of RLKs in plants, and are involved in
key plant developmental processes. SERK genes were
isolated in several plant species suggesting the ubiqui-
tous presence of a small SERK gene family in all plants,
and moreover, their functional conservation with a
specific role in embryogenesis, and possibly other deve-
lopmental processes (Nolan et al., 2009).

We have successfully established a high efficiency
somatic embryogenesis (SE) system of Rosa canina,
which is an important ornamental plant widely grown in
the world, whose protocorm-like bodies (PLBs) were
induced from rhizoids by thidiazuron (TDZ) using leaflets
of tissue cultured seedlings. PLBs were also considered
to be somatic embryos, with an intermediary callus for-
mation, which sometimes is a prerequisite for PLBs
formation (Tian et al., 2008). We have studied the
development process, morphological characteristics and
microscopic structure of PLBs when compared with that
of somatic embryos from other plants, and we found that
PLBs were embryo aggregates, which were coated by
cellular tissues (Tian et al., 2008).

In this study, we isolated and characterized a LRR-RLK
gene, designated as RcSERKT. And our analyses sug-
gested that RcSERK1 was orthologous to other plant
SERKs, and the possible role of RcSERK1 would be
crucial for the explanation of somatic embryogenesis
(SE) of R. canina.

MATERIALS AND METHODS
Plant materials

Leaflets, callus, rhizoids, PLBs and the regenerated shoots of R.
canina were collected separately. All samples of plants were frozen
immediately in liquid nitrogen and stored at -80°C for RNA extrac-
tion.

Isolation of the RcSERK1 gene

Polymerase chain reaction (PCR) was performed to obtain a partial
sequence of RcSERK1 by using the first strand cDNA of R. canina
as a template. With multiple sequence alignment of related SERK
base sequences, two degenerate primers corresponding to the
amino acid sequences, FKS1 sequence (5-GTGAAY(C/T)
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CCTTGCACATGGTTY(C/T)CATGT-3') and RKS1 sequence (5'-
ATGGAR(A/G)TACAAGGAR(A/G)ACCCAR(A/G)GTH(A/T/C)ACA-
3') were used for the PCR of partial sequence. The AUAP primer
(5-GGCCACGCGTCGACTAGTAC-3) and  another  primer
corresponding to the FKS2 sequence (5-TAATGGCAGCGTT
GCCTCAGTT-3') were used for 3 RACE. Primers for 5' RACE
were: AAP sequence, 5-GGCCACGCGTCGACTAGTA CGGGll
GGGIIGGGIIG-3' and RK5-1 sequence, 5-TGGTGCTGCTTTA
CTATTTGCTGCC-3', for the first polymerase chain reaction (PCR).
And the second PCR primers were: AUAP and RK5-1.

The RACE reactions were performed according to the
manufacturer’s protocol (Invitrogen RACE cDNA amplification kit,
USA). We obtained a single full-length cDNA sequence by com-
bining the 5-RACE fragment, a partial fragment and C-terminal
fragment. Finally, a pair of primers (FK1: 5-TGGGGTGGTGGT
GAGAACAGGCTTTGG-3' and RK1: 5-ACCGCCGCAAATGA
TACAAC TTGC-3') were then designed from the putative 5' and 3'
untranslated region (UTR) of the full-length cDNA sequence. An
1881bp putative RcSERK1 fragment was generated. The nucle-
otide sequences of RcSERK1 reported in this paper have been
submitted to the GenBank under accession numbers: HM802242.
The resultant DNA fragments and RACE products were gel purified
and cloned into the pMD18-T vector (Takara) and sequenced
(Invitrogen, Beijing).

RNA isolation, DNase treatment and semi-quantitative reverse
transcription polymerase chain reaction (RT-PCR) assay

Total RNA from various R. canina tissues was extracted using
RNO09-EASY spin Kit (Biomed, Beijing, China) according to the
manufacturer’s instructions. Total RNA preparations were subjected
to an on-column DNase digestion, while simultaneously performing
RNA clean-up, using a Qiagen RNase-Free DNase-Set and Qiagen
RNeasy RNA Clean-up Midi Kit (Qiagen, Germany). The first strand
cDNA was synthesized with 1 pg total RNA and 1 pl superscriptll
enzyme (Invitrogen, USA) according to the manufacturer’s protocol.
As a control, the 18s rRNA gene (Genbank accession number:
FM164424.1) was amplified from various R. canina tissues. The
primers used for detecting RcSERKT gene expression were: for-
ward primer 5-CGTCGCTCATCCCTTATGGATCAT-3' and reverse
primer 5-AGAATTCGGATGAGGAGCTAATTC-3. The PCR was
performed as follow: pre-denaturation at 94°C for 5 min, followed by
35 cycles of 45 s at 94°C, 45 s at 55°C, 2 min at 72°C for
RcSERKT, 28 cycles for 18s rRNA and a final extension of 10 min
at 72°C. The amplified products were resolved on a 1.2% agarose
gel and then detected by agarose gel electrophoresis. All RT-PCR
experiments were repeated at least three times.

Sequence alignment and phylogenetic tree analysis

The sequence alignment of ReSERK1 and other SERK amino acid
sequences were compared by DNAMAN (ver 5.2.2) and the
phylogenetic tree was constructed by neighbor-joining method with
MEGA program (ver 4.0).

Subcellular localization

The RcSERKT open reading frame (ORF) were cloned into the Hind
Il and Smal sites of the pSAT6-GFP-N1 vector. This vector
contains a modified red-shifted (green fluorescent protein, GFP) at
Ncol-Xbal sites. The RcSERK1-GFP construct was transformed
into onion epidermal cells by particle bombardment as described
earlier (Wang and Fang, 2002). The transient expression of the
RcSERK1-GFP fusion protein was observed using confocal
microscopy.
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1 TGAGALAGAGAGAGR GAG AR A AR AGA GRECAAGET TTGEC AARA A GAR GEAGCAGCAGAACCAGARAGA GARTAAAATGTTOLARRR
51 TCTGTGTTTTTTTTTAAG GEGETCTTT TREETHET GETGAGARCA GEC TTT GETTGAGT GELT GTT TTAGAT TTTTTITITITITITGTGE
181 GTAATGGTGELGTTTG TTE GET TEAGAC TTGAGACAGAGR TTG GAGTEC GEE TTT T TTGEEEAT GET GTETTT GEGGLTGATGTACCATTT
2mn GEATCTGAGAGACAC CTA ARARGE GOC TEAGAT GEATAG CAG GCT TEC CAG TTCACT TTGTCCCTT GTT GAT COT OGTCOUTCATCCCTT
1 M D S R LAS S LCUPILILTITILTYRHETPL
el ATGEATCATAATGET GCT TTCAAATAT GGARGGTGATEC CTT GCATAG TCT ARGGGCCAACTT AGA GEACCC GARCAAT GT CTTGCAGAL
21 W I I HVvV LS HNMETSGDSATILUBHESILEA MAMMSNTELETDTZPUHNUNUYILOQS
451 TTGEEATCCARCTCT TET TAACCCGTG TACATGET TTCATET MAC ATGCARNCARTGAGAATAG CET TAT TAG MET TGATCT TCEARATEC
51 WD PTLV N PCTWFHVYTECNUB®NEHMSNSZSETYIRUYDILGHNA
541 AGCCTTETCTGETCART TET MC CNC COT TECOC T TOT AR GAR TTT ACAATATTT CEACCT CTACAC TAL TARCATARC CECRACCART
81 A L 5 6 @ L ¥V P 8 L 6 L L E N L ¢ ¥ L E L ¥ 5 N N I T G P I
631 TECTAGTGARCTTGGGAR TCT AAC CAME CIT COTGAGCTT CRATCT TTATTT GAATAGTTT TACTCE TCAART CCCAGATACCTTOGGCAR
111 P S E L G N L TS5 L V 5LDLYLHNSPFTGOQQIPDTTILG K
T3 GCTGTCAAARACTGOGATT CCT CCGGCT CARCAACRACAG CTT GET GGG TEGCCATTCCTATGTCATT GACTAA TAT CTCCTCTCTTCARGT
141 L S K LRFILREILHNUENWMNSTIL VY GATIUPMSTILTNTISSTILQYV
a11 ATTGGATCTATCARATAR CCACCT CTCAGGRAGAAG T TOC AGACAATGG CTCCTTCTCTT TATT CAC TCCCAT AAGTTT TG CARCARCCT
1m L DL § NN HLSGEVYPDHNOGSFSSLFTTZPISFAIHNEHL
201 H L C G PV T GEE P CPGEGS PP F S PFFPFP P F Y P PPP IS
551 ARCACCAGGEEGARATAG TEC CACGEG GECTATTGCTEE TG AGT TEC TEC TEETGLTGCTTIT ACT AT TTGE TRECCCTGCAATTGCATT
m T P G G N S ATGAIAGSGVYVAAGAATLTLTPFADRMTDPRARTILIRBATF
1081 TECATGGTGECECCGCAG ARARCCTCARGAATTTT TCTT TEATGT ACC TR GEAGGAGGATCC TEAMST ACA TCT GEGGCAGCT TAAGAL
261 A W W EREREEK®PQEFFFDVY PAEEDTPEUVHILGSG QILERHR
1171 GITTTCTTTGCGAGAATT ACARGT TGCAACAGATAGTTT CAG CAACARAARCATTCTGEEGEAG AGG TEEATT THEETAAGGT CTATARRGE
291 F S L REILGSEVYATTUDSF S N ENTIILGERTGSGTEGEFTEGZETWZYZKG
1261 GOGCCTGECAGACES TTC TOT 66T TEC TETGAAARMGACT GAARGRAGAGOG CACACCTEETEE CEAGTT GCA GTT TCARACCGAAGT MER
ki | B L A DG S L vV AV EELTETETETERTU®PG®SGETLG TFUGQTE V E
1331 GRATGAT AAGCATGECCOT GCATCGARMA TCT TCT TCGGTT ACG TREGT T TTG TATGACACCARC TEAGCGGTT ACT TGTTTATCCTTATAT
351 M I 5 H AV HRSNTILTILETILERTGTFOCHMTFPTETERETILTELTVY?YTPYH
1441 GGCTAATGECAGCET TEC CTCATCTTT AAGAGARCGCOC ACCATC CCARCC ACCTCTTCATTCGCCARC TOG GARGCGART TCCAT TGEG
381 A MG S5 VA S CLREEHRDPPSOQPPILDWUPTRIEH ERTIHA AGBILG
1531 ATCTECCAGCCGCOT TTC TTATTT CCACCAT CACT CTERCCC AAAGRT TAT TLACCCTCATCT GAAMEC TEC AAACATTTTCOTCOATER
411 S A BR G L 5 Y L HD HCDP KE I I HEREDVYZER MASNTIIELTELTDE
1edi GOAGTTTGAGGCTET TGT TEGAGACTT TG TTGECTARACT TAT CRACTA TAAAGACACCCACET AAC TAC TGC AGTACG TGGANCART
441 E F E A ¥V VvV & D F 6 L A KE L M DY E DTMH V¥V TT A V EG T I
1711 TGEACATATAGCTCCAGR GTACCT CTC CACT GGGRAATC TTC TEAGAAAAC TGACGTGT TOGE TTATGEGETAT CAT GCTTTTGGARCT TAT
4T1 & H I A P E Y L &8 T G E & 8 E ET D VWV F G Y 6 I M L L E L I
1801 CRCTEETCAGAGEECCTT CRATCT TGC TCGGCT TG CAAA TEA T GA TGA TET CATGTTEET TEA T TG GET ARA AGGACTGCT GAARGAGAR
a0 T 449 R AF P LAPERLAMBNDERDRDDRDYHLLDWY EGLELEREER
1851 ARAGCTAGARATGET TET TEGATCCTGATCT GCAARGAAR TTA TGT AGATGC TGAAGT AGAGCAACT TAT TCA AGT TECACTGETCTGCAL
311 E L EMILVYV DPFPDILOGQEMNTYVV¥DAEV YEO QT LTIOGQYATLTLTCT
1581 ACAAGGCTCECCART GGA ARG GCCGARAGAT GTCAGARGT GET GAGART GCT TGAAGGTGATEE CTT GECAGA RAG ATGGEGATGAGT GGCA
561 O 6 8 P HERUDPEMSEWWYEMILEOGDS GEGILAEIERNWDEWNGQ
2071 ARAGETCAAAGT ACT OCG COAGGARGT GEAATTAGCTCC TCATCC GAATTC TEATTEGAT TET TEGACTC AR TGARRAT TTGCATGCGET
551 K ¥ E ¥V L BE ¢ EYEDLAPHTENSDWWTIUVDSTEUHNTELHAV
2161 TEAGTTATCTGETCCARS GTGRACC TTGETAT GECAGAAG TCEAAR TGG GAG AGT TAT TT TCGACTT AAT TTT TTCARCT GTAATATGTTT
621 E L 5 G P R
2251 TTTCATCAGATATGATAC CATCCT TAT TART GTATCTTG TAAGTC CAT TTT TECATT TAT TCG TTATACTTG TECATATTARGT TCCARG
2341 TTGTATCATTTGCEG 066 TTT GAC ARAGECGTART TTTT ART ATT TAAGAR GCC GO GCAGTARNA AAR ARR AAR ARAAARRAARNAARA
2431 ARAAARMA
Figure 1. Nucleotide and deduced amino acid sequences of RcSERK1 (GenBank No. HM802242). The canonical
structure of the RcSERK1 proteins is the presence of the extracellular SPP motif in combination with precisely five
LRRs, which is underlined.

RESULTS tained by employing rapid amplification of the 3'-cDNA

Isolation of the RcSERK1 gene from PLBs of R.
canina

Using the homologous regions of the SERK1 genes, a
partial cDNA was isolated from PLBs of R. canina by
using degenerate PCR. The full-length cDNAs were ob-

end (3'-RACE) and the 5'-cDNA end (5'-RACE), and were
designated as RcSERKT (Genbank accession No.
HM802242). Sequence analysis showed that the
RcSERKT cDNA was 2438 bp in length, including a com-
plete ORF of 1881 bp flanking with a 5-UTR of 301 bp
and a 3'-UTR of 256 bp (Figure 1). The predicted protein
of ReSERK1 comprises 626 amino acids with a calculated
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Figure 2. The alignment of the identified RcSERK1 with other plant SERK proteins including the SP, LZ, five LRRs, SPP matif,
TM, kinase domain (DI to DXI) and the C-terminal domain. Positions containing identical residues are shaded in navy blue,

while conservative residues are shaded in pink.

molecular mass of 68.79 kDa and its theoretical isoe-
lectric point was 5.65.

As shown in the Figure 2 alignment, RcSERKT belongs
to the LRR-type cell surface RLKs, which possess a
number of characteristic domains. These include an
extracellular domain (EX) containing a variable number of
LRR units immediately followed by a single trans-
membrane domain (TM) and an intracellular kinase
domain responsible for phosphorylating downstream
proteins (Hecht et al., 2001). The amino acid sequence of
RcSERK1 shows a high percentage of identity with

AtSERK1 (88.52%) and DcSERK (77.32%). The
predicted protein structure of the RcSERK1 protein
shares all the characteristic features of that protein, and
starts at the N-terminus with a signal peptide (SP) follo-
wed by a LZ, the five LRRs, a pro-rich domain called the
serine-proline-proline (SPP), a single TM, the 11
conserved subdomains of a Ser-Thr kinase and a C-
terminal leu-rich domain (Hanks et al., 1988). The hall-
mark of the SERK proteins is the presence of the extra-
cellular Ser-Pro-Pro motif in combination with precisely
five LRRs (Albrechta et al., 2005). Upon comparison of
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Figure 3. Phylogenetic tree analysis of ReSERK1 and other plant SERK proteins. The tree
was constructed by neighbor-joining method with MEGA program (ver 4.0). Branch numbers
represent percentage of bootstrap values in 1000 sampling replicates and scale indicates
branch lengths. The accession numbers are as follows: CsSERK (Citrus sinensis)
(FJ851422), CuSERK (Citrus unshiu) (AB115767), RcSERK1 (R. canina) (HM802242),
StSERK (Solanum tuberosum) (EF175215), AtSERK1 (Arabidopsis thaliana) (NM_105841),
AtSERK2 (A. thaliana) (AF384969), AtSERK3 (A. thaliana) (AF384970), DcSERK (Daucus

carota) (DCU93048), CnSERK (Cocos nucifera) (AY791293), ZmSERK1 (Zea mays)

(NM_001111662), ZmSERK2 (Z. mays)

(NM_001111663), OsSERK1 (Oryza sativa)

(AY652735) and PtSERK (Populus tomentosa) (DQ680855).

the amino acid sequences with other species, it was
found that ReSERK1 had very high identity including the
LZ, LRRs, SPP motif, TM, kinase domain and the C-
terminal domain, except for the SP (Figure 2).

We chose herbaceous and woody dicots and mono-
cots, with different families and genera, to investigate the
evolutionary relationship among plant SERK proteins. A
phylogenetic tree (Figure 3) was constructed using the
neighbor-joining method with the full-length amino acid
residues. The results showed that ReSERK1 was tightly
clustered with CsSERK and CuSERK, and StSERK were
grouped into a cluster, and henceforth, designated as
RcSERK1, whereas AtSERK1 and AtSERK2 formed
another cluster.

Expression analysis of ReSERK1

The expression profiles of ReSERK1 gene in various R.
canina tissues were investigated using a semi-quanti-
tative RT-PCR assay. Various tissues were respectively
collected, as described in materials and methods.
RcSERK1T mRNA was detected in PLBs, callus and

rhizoids, but not in leaflets and the regenerated shoots,
and mainly in the PLBs but weak in the callus and rhi-
zoids (Figure 4).

Localization of ReSERK1 in the plasma membrane

To examine subcellular localization of RcSERK1 protein,
the RcSERK1-GFP fusion protein was introduced into
onion epidermal cells by particle bombardment. As
shown in Figure 5, the RcSERK1-GFP fusion protein was
recorded in the plasma membrane, whereas the control
GFP alone was distributed throughout the cytoplasm.
These results show that the RcSERK1 protein is a plas-
ma membrane localized protein.

DISCUSSION

In this study, a LRR-RLK gene RcSERKT has been
isolated from PLBs of R. canina, and its expression has
been investigated in leaflets, callus, rhizoids, PLBs and
the regenerated shoots. To our knowledge, this is the first
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Figure 4. Expression patterns of RcSERK1 in different tissues.
Expression patterns of ReSERKT in leaflets (LEA), callus (CAL), rhizoids
(RHI), PLBs (PLB) and the regenerated shoots (REG). Ethidium bromide
staining of PCR products using RceSERK1-specific primers with (top) and
without (middle) prior reverse transcription and the RT-PCR products with

18S rRNA-specific primers (bottom).

Bright field Dapi

.
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Merge
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Figure 5. RcSERKT1 localizes to the plasma membrane. Onion epidermal cells were transformed with 35S::GFP and
35S::RcSERK1-GFP. Transformed cells in the bright light (A and E), in the dark for cell nucleuses stained with DAPI (B and F),
in the dark for the GFP-fusion proteins (C and G) and the merge of A, B and C (D) / E, F and G (H) were visualized, after

incubation for 20 h.

Report of cloning of a SERK gene in R. canina and the
study of its expression.

Sequence analysis of ReSERKT revealed high levels of
similarity to other plant species of SERKSs, and it contains
the signal peptide (SP), the leucine zipper (LZ), the five
leucine-rich repeats (LRRs), the pro-rich domain con-
taining two tandemly repeated SPP sequences, the TM,
the kinase domain and the C-terminal domain. Its sub-

cellular location was verified as a membrane protein,
consistent with previous reports (Shah et al., 2001), and
implied the role of ReSERKT as a functional gene. The
sequence alignment and phylogenetic tree analysis both
were consistent with ReSERK1 being a functional SERK
orthologue, for the hallmark of the SERK proteins is the
presence of the extracellular SPP motif in combination
with precisely five LRRs.



4017 Afr. J. Biotechnol.

Furthermore, RcSERK1 clustered most closely with
SERK gene family members such as CsSERK1, CuSER-
K1, AtSERK1 and StSERK, which is implicated in
evoking somatic embryogenesis. Monitoring of SERKT
expression during progression of R. canina SE revealed
RcSERKT1 expression not only in PLBs, but also in callus
and rhizoids, however, not detected in leaflets and the
regenerated shoots. It showed that RcSERK1 was
expressed at the beginning of the callus of leaves in vitro,
but under artificial stress-induced, such as dark and 2,4-
dichloro-phenoxyacetic  acid (2,4-D), and then
disappeared at the stage of protocorm-like bodies
(PLBs). So expression analysis suggests that the isolated
RcSERKT could be a functional SERK orthologue and an
important embryogenic correlation factor. Transformation
of the RcSERKT1 into plants and further analysis should
reveal its possible functions in SE of R. canina.
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