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A SEARCH OF BRASSICA SI-INVOLVED ORTHOLOGS IN BUCKWHEAT LEADS TO NOVEL
BUCKWHEAT SEQUENCE IDENTIFICATION: MLPK POSSIBLY INVOLVED IN SI RESPONSE
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Abstract - Self-incompatibility (SI) systems, gamethophytic (GSI) and sporophytic (SSI), prevent self-pollination in
angiosperms. Buckwheat displays heteromorphic SSI, with pollination allowed only between different flower morphs -
thrum and pin. The physiology of thrum and pin morph SI responses are entirely different, resembling homomorphic
Brassica SSI and Prunus GSI responses, respectively. Considering angiosperm species may share ancestral SI genes, we
examined the presence of Brassica and Prunus SI-involved gene orthologs in the buckwheat genome. We did not find
evidence of SRK, SLG and SP11 Brassica or S-RNase and SFB Prunus orthologs in the buckwheat genome, but we found
a Brassica MLPK ortholog. We report the partial nucleotide sequence of the buckwheat MLPK and discuss the possible

implications of this finding.
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INTRODUCTION

Self-incompatibility (SI) systems are widely
distributed among angiosperms (in approximately
60% of all angiosperm species; Hiscock and Kues,
1999). They enable the discrimination between
"self' and "non-self' pollen in flowering plants,
forming intra- and interspecies reproductive
barriers and preserving the genetic variability of
species. Basic classification of SI systems to
gametophytic (GSI) or sporophytic (SSI) is made
according to pollen SI phenotype determination -
in GSI systems the pollen self-incompatibility
phenotype is determined by its own haploid geno-
type and in SSI systems it is determined by the
diploid genotype of the mother plant.

Also, GSI displaying species are always homo-
morphic (one type of flower per species), while SSI
plant species may be homomorphic or heteromor-
phic (more than one type of flower per species).
Today, GSI systems and homomorphic SSI systems
are far better studied than heteromorphic SSI, with
research into the Primula (McCubbin, 2008) and
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Fagopyrum (Miljus-Djukic et al., 1998; Matsui et al.,
2004; Matsui et al., 2007).

Common buckwheat (Fagopyrum esculentum
Moench.) is of interest as an important nutritive
crop in Asia, Australia, the USA and Western
Europe. Buckwheat displays a heteromorphic SSI
system - it is a distylous plant with two flower types
(one flower type per plant), pin (long styles, short
stamens) and thrum (short styles, long stamens),
equally distributed among the population. Legiti-
mate pollination is possible only between different
flower morphs. In the case of illegitimate polli-
nation in thrum flower morph, self-pollen tubes are
stopped at the junction between the stigma and the
style, while in pin flower morph self-pollen tubes
grow to 2/3 of the style length (Miljus-Djukic et al.,
1998) before termination.

Although the physiological data about the SI
response upon incompatible pollination in
buckwheat are abundant (Miljus-Djuki¢ et al,
1998; Matsui et al., 2004; Matsui et al., 2007), the
data concerning the SI reaction at a molecular level
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Table 1.
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Primer name

5'>3' primer nucleotide sequence

Used in orientation / in
combination with

Annealing temperature (°C)

SRKf1 TCITTYGAYTAYCCICANGAY
SRKf2 GGIYTIYTITAYYTICAYCARGAY
SRKrl RTAIARIARICCYCKWGC
SRKr2 CATICCRAARTCIGWDATYTTN
SRKr3 CATIGCRTAYTCIGGISWCATRTAN
SP11f1 TAACTAARATHCAYTAYYTNTG
SP11f2 CACTIGAYGTWGGNGCN
SP11r TAIGAYTTIACYTTRCARCARTARC
SLGf1 GGWGATGTYTTYGARYTNGG
SLGf2 AGITGGTATYTNGGWATHTGGTAY
SLGr1 RAAICCYTGDATRCARTTRCA
SLGr2 GCAAAWGCIGTRCARTTRCARTC
FeMLPKf1 TWYAARGGDTGGATBGATG
FeMLPKrl GTRGAXACRTGRCTXTTVTCRCC

forward/SRKr1, SRKr2,
SRKr3

forward/SRKr2, SRKr3

reverse/ SRKf1

reverse/SRKf1, SRKf2

reverse/SRKf1, SRKf2

forward/ SP11r

forward/ SP11r

reverse/SP11f1 and
SP11f2

forward/SLGrl1 and
SLGr2

forward/ SLGr2

reverse/SLGf1

reverse/SLGf1, SLGf2

forward/ FeMLPKr1

reverse/ FeMLPK(f1

61 -66 (with SRKr1)
64 -66 (with SRKr2)
66 -71 (with SRKr3)

64 -68 (with SRKr2)
68 -71 (with SRKr3)

61-66

64 -66 (with SRKf1)
64 -68 (with SRKf2)

66 -71 (with SRKf1)
68 -71 (with SRKf2)

62 - 68

62 - 68

62 - 68

65 - 67 (with SLGr1)
67 - 70 (with SLGr2)

68-70

65 -67

67-70 (with SLGf1)
68-70 (with SLG2)

52.6

52.6

are still very scarce. Considering the different SI
responses in two buckwheat morphs upon self-
pollination, it is to be expected that different genes
and different mechanisms underlying the SI
reactions in those morphs will be found.

In light of the fact that the SI response in
buckwheat thrum and pin pistils physiologically
resembles the SI response in Brassica and Sola-
naceae, respectively, that similar biochemical pro-
cesses underlay different SI systems (Miljus-Djukié
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et al, 2003) and that phylogenetically distant
flowering plant species may share ancestral genes,
we decided to investigate if the SI responses in two
buckwheat morphs involve similar SI components
as those identified in Brassica and Prunus.

For the homomorphic SSI system in Brassica and
S-RNase based GSI in Prunus, most of the SI-involved
molecular components are well known. The SI reaction
in Brassica includes S-locus receptor kinase (SRK), S-
locus glycoprotein (SLG) and S-locus cysteine rich
(SCR) protein (SP11 protein), with a myristoylated
membrane bound kinase (MLPK) as SI signal
transducer (Nasrallah et al., 1988; Stein et al.,, 1991;
Goring et al, 1993; Nasrallah et al., 1994; Suzuki et
al,, 1999; Schopfer et al., 1999; Murase et al., 2004). In
Prunus the SI response involves S-locus RNase (S-
RNase) and S-locus F-box protein (SFB) (McClure et
al, 1989; Lee et al,, 1994; Ushijima et al, 2003). In
contrast to the rapid SI response in Brassica with the
immediate inhibition of self-pollen tube growth at the
stigma surface, the S-RNase based GSI system allows
self-pollen tube growth to 2/3 of the style's length before

its termination.

In this paper we started with the identification
of buckwheat SI-involved genes through a search
for Sl-involved orthologs. We investigated the
presence of SRK, SLG, SP11 and MLPK Brassica
orthologs as well as S-RNase and SFB Prunus ortho-
logs in the buckwheat genome, using PCR primers
designed from conserved regions of Brassica and
Prunus genes. Also, for additional S-RNase iden-
tification we separated the styles' protein extracts by
IEF and stained IEF gel specifically for RNases. The
implications of the results are discussed.

MATERIALS AND METHODS

Isolation of buckwheat genomic DNA

The fresh leaves of greenhouse-grown buckwheat
(Fagopyrum esculentum Moench) were collected,
frozen in liquid nitrogen, ground into a fine powder
and used for genomic DNA isolation (DNeasy Plant
Mini Kit, Qiagen).

PCR identification of target genes

Degenerate forward and reverse primers were
designed according to published sequences of SRK,
SLG, SP11 and MLPK genes in the genus Brassica
(http://www.ncbi.nlm.nih.gov) and adjusted accor-
ding to buckwheat codone usage. All primer se-
quences and annealing temperatures used for the
search of Brassica orthologs are given in Table 1.
The PCR conditions were: 1. 94°C 2 min; 2. 94°C 1
min, Tann 1 min, 72°C 1 min; repeated 34 times; 3.
72°C 10 min. The study of Prunus orthologs was
conducted using specific primers and PCR con-
ditions as stated in Banovi¢ et al., (2009).

The PCR mixture contained (Taq DNA poly-
merase kit, Qiagen); 1X PCR buffer; 2 uL solution
Q; ImM MgCI2; 0.2 mM dNTPs; 0.25 uM of each
primer; 0.5 U Tag; 100 ng DNK.

The PCR product of the targetted MLPK gene
was purified (PCR Purification Kit, Qiagen),
ligated with deoxyadenine and cloned into the
pGEM-T Easy Vector System (Promega). Plas-
mids with inserts of an appropriate size were se-
lected by PCR amplification using MLPK specific
primers and by restriction digestion with EcoRI
and KpnI (New England BioLabs, UK).

The nucleotide sequence was obtained using an
ABI3730XL DNA Analyzer (Applied Biosystems)
(commercially done by Macrogen company).

Isoelectric focusing of stylar protein extracts
and staining for RNase activity

Whole protein stylar extracts were prepared, se-
parated by isoelectric focusing (IEF) and the IEF
gel was stained for ribonuclease activity as des-
cribed by Boskovi¢ and Tobutt (1996). The
conditions for electrophoresis were as in
Banovi¢ et al., (2009).

Computer-assisted analysis

The obtained partial MLPK nucleotide sequence
published in this paper was deposited at the NCBI
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data base under accession number FJ858190. The
deduced amino acid sequence was compared to
other protein sequences in the NCBI data base
using the BLASTP search program (www.ncbi.
nlm.nih.gov Web server).

RESULTS AND DISCUSSION

A search for Brassica and Prunus Sl-involved
orthologs in buckwheat genome gave further results.
We did not find evidence for SRK, SLG or SPI1I
Brassica orthologs in the buckwheat genome - all PCR
amplifications using gene specific primers (Table 1)
were without amplification product. However, PCR
amplification using MLPK specific primers (Table 1)
gave a specific amplification product.

We obtained partial a MLPK nucleotide
sequence that is 728 nucleotides long, contains 4
exons and corresponds to the kinase region of
MLPK. It shows a high similarity at the amino acid
level to the protein kinases of other plant species
ranging from 81% (Trifolium pratense) to 89%
(Populus trichocarpa).

MLPKs being orthologs and sharing a general
function in the mediation of signaling processes
does not exclude the possibility that those signaling
processes may be involved in a spectrum of
different roles, only one of which is SI response.
With respect to the similar manifestation of the SI
response in the thrum pistils of buckwheat and the
SI response in Brassica, there is a reasonable
possibility that buckwheat MLPK may be involved
in SI response as well.

Further, buckwheat's partial MLPK sequence
showed a 80% similarity to the MLPK{2 of Brassica
rapa (AB121973) and a 80% similarity to the
APKI1A of Arabidopsis thaliana (AT1G07570) at
the amino acid level (Figure 1). According to
Murase et al., (2004) molecular mechanisms that
produce two alternative MLPK (or APKI)
transcripts and regulate their expression patterns
are conserved in the genera of Brassica and
Arabidopsis. It is probable that these mechanisms
are conserved in other plant species sharing SI-
involved MLPK orthologs. Therefore, in the
forthcoming period we are going to obtain a full
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MLPK sequence and if present in isoforms, to
investigate their expression pattern. The next step
will be to deduce the possible involvement of MLPK
in the SI cascade wunderlying incompatible
pollinations in the thrum flower morph of
buckwheat.

Regarding the Prunus orthologs S-RNase and
SFB, we find no evidence of their presence in the
buckwheat genome. PCR amplifications using
gene specific primers gave no amplification
product. Also, IEF protein separation of the
buckwheat style protein extracts specifically stai-
ned for RNases revealed no presence of basic S-
RNases in either of the unpollinated buckwheat
styles or in the self and non-self pollinated styles of
both morphs. Therefore, in the buckwheat pin
morph flower that shares a similar SI response
physiology with Prunus, the SI response is not
based on S-RNases and SFB. It remains to uncover
the molecules that are SI-involved in the pin
morph as well as the thrum, through S-locus
mapping and 2D-PAGE style protein extracts’
separation and identification.

Collecting buckwheat heteromorphic  SSI
molecular data will contribute to the data
depository of components included in plant SI
systems which is necessary to elucidate the evo-
lution and preservation of SI systems in angio-
sperms. Moreover, as buckwheat is an important
nutrition crop, it will provide knowledge to
eventually gain genetic control over crosses in
buckwheat and obtain lines and hybrids with
desirable nutritional and/or physiological cha-
racteristics.
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HOBA I'EHCKA CEKBEHHA NJEHTU®UNKOBAHA KO/l XE/bJIE: MLPK CA MOTYROM
YIOTOM Y SSI OJTOBOPY

BOJAHA BAHOBIU'R, JOBAHKA MWBbYHI-BYKWR, M. KOHCTAHTVMHOBWR n
BECHA MAKCVIMOBI'h

Yuueepsumem y Beoepady, Mncmumym 3a MOneKynapHy eeHemuKy u eeHermu4ko umxervepcmso, 11000 Beorpan, Cpbuja

Kop 6mpaka 1jBeTHNUIIA TTOCTOje TeHeTHIKN ofpehenn
cucremn  cend-mHKkommarubmwiHoctn  (SI),  koju
CITpeyaBajy ~caMOONpallMBale I YKpLITame Y
CPOJICTBY Ofp>KaBajyhm TIeHeTMYKy pasHOBPCHOCT
Bpcra. SI ce jaB/ba y fBa 06/mMKa, Kao raMeTopUTHA U
cnopopurHa SI, Koje ce pasmMKyjy y HauuHy
ompebuBama SI deHotmmna monena - xop GSI je SI
¢denotnm monena onpeheH IOIEHOBUM COIICTBEHVM
XaIUTOMHNM TeHOMOM, oK je Kopx SSI oppeben
AUIIONIMTHAM T€HOTUIIOM MajKe OU/bKe.

SSI ce jaBpa kao xomoMmopdHa (jemaH THII
1BeTa y Ou/baka jefHe BpcTe) 1 XerepoMopdHa (Ba
WIM TpPY TuUIA LiBeTa y Owbaka jegHe BpCTe).
Xerepomopdua SSI je y mopehemy ca xomo-
MopduoM SSI n GSI n3yseTHO Majo IpoydYeHa u 3a
cajia je yIo3HaBame Ha MOJIEKYJTapPHOM HUBOY TeK
3a1oyero.

Kon xempme je mpucyTHa JMUCTM/IHA XeTepo-
MopdHa SSI, 0 K0joj je caKkyI/beHO JJOCTa IofaTaka
Ha (pM3MOIOLUIKOM HUBOY, &M O K0joj 3a cajia HeMa
MOJIeKy/IapHMX nofjaTaka. Ha ocHOBY dusmomnomke
cmmyHoctu SI ogroBopa 6upaka ponosa Brassica u
Prunus ca TpaMm ¥ T1MH MOppOM  XeJpje,
PECIeKTUBHO, 3aTVM Ha OCHOBY TOIa HITO IIOCTOje
JOKa3M fla CIMYHM OMOXeMMjCKM MeXaHU3MMU JIeXe
y ocHOBM pasmuuuTux SI ofiroBopa M Ha OCHOBY
TOTa WITO M €BOJYTMBHO yHabeHe SI BpcTe Mory
MOCeoOBaTU MCTe WM CAudHe Ipefauke SI reHe,
MU CMO ONIYYWIM Ja MCIOUTaMO IIPUCYCTBO
OPTOJIOTMX TeHa YK/bydeHuX y SI oprosope Brassica
u Prunus y renoMy xempe.

Ynorpebom nspohennx npajmepa Ay3ajHUpaHNX
Ha OCHOBY €BO/TYTMBHO ouyBaHux pernona SRK, SLG,
SP11 n MLPK cexBeH1u Brassica rapa, xao u S-RNaza
u SFB rena popa Prunus, poctynaux y NCBI 6asu
HOfjaTaKa, MCIUTAHO je ITIPNUCYCTBO OPTO/IOra OBMX
reHa y reHoMy xesbfie. Taxobe je mpucyctBo S-RNaza
VICHMTAHO y IPOTEMHCKMM M30/IaT¥IMa HEOIpalIeHNX
¥ KOMIIATMOVWIHO M VIHKOMIIATMOWIHO OIpaIleHNX
Ty4KOBa XeJblie 06a Mopda.

PesynTatu cy nokasanu fa Hema opTonora SRK,
SLG, SP11, xao Hu S-RNaza u SFB y reHOMY XeJbJie,
amm pga mocroju MLPK opromor Kop Xesbfie.
VsBemeHa aMMHOKMCENHCKA CEKBEHI]A IIOKa3ana je
80 % cmumunHoctu ca MLPKf2 cexBeHuoM Brassica
rapa u APK1A Arabidopsis thaliana, norsphyjyhu
fla Cy y IUTamy OPTOI03M KOju 6M MOITIM Ja UMajy
u cmmyny ynory. Ham cnesehu kopak je mobujame
Lerne HykneortupHe cekseHue MLPK xeppe y3 Mc-
OUTHUBamkbe IOCTOjalba aATepPHATMBHMX MecTa JcC-
Kpajama 1 ofpehuBame HUBOA eKCIIpecuje 10 TKHU-
BUMa, Kao 1 ucnurusamwe Moryhe ymore y SI ogn-
TOBOPY Xe/ble.

OsBu oprosopu omoryhuhe 6ome ynosHaBame
xerepoMopduux SSI cucrema Koju cy jour yBek y
CBOjOj HajpaHMjoj ¢asu ucCTpaxuBamwa U o00es-
6emuhe moparke Hy)XHe 3a yBupj y eBomyuujy SI
cucrema 6wpaka nserHuna. Hajsan, pacser/baBa-
meM SSI cucrema xerbfie, Koja ce KOPUCTU y MCXpa-
HI, O6uhe Moryhe reHeTwdYKM KOHTpONIMCATH YKp-
IITalbe Xe/bfle M HoOMjame JMHUjA Ca >KebeHUM
XPaH/BYBYM 1/WM PM3MOIOIIKIM OCOOMHAMA.





