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Figure 9. Histochemical Localization of GUS Activity in Transgenic Arabidopsis Expressing the ARK3 Promoter::uidA Fusion.

(A) Eight-day-old seedling. Blue staining is visible in the central core of the transition zone (arrow) between the root and hypocotyl. No staining
is evident in the aerial parts of the seedling. Bar = 0.5 mm.

(B) and (C) Enlarged view of GUS staining in the root-hypocotyl transition zone (B) and at the base of lateral root initials (arrows in [B] and
[C). Bars = 1 mm.

(D), (E), and (F) Five-week-old plant. In (D), roots were stained blue at the base of emerging lateral roots. In (E), a nodal region was stained
at the site of origin of an axillary bud. In (F), a portion of an inflorescence showed staining at the base of axillary buds and flower pedicels (arrow).
Bars in (E) and (F) = 1 mm; the bar in (D) = 0.3 mm.
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and quantitatively. The ARK2 promoter was found to direct con-
sistent and relatively high expression in the leaf blade as well
as in sepals, paralleling the maturation of these structures.
No expression from this promoter was detected in anthers, pe-
tals, pedicels, petioles, stems, or roots. The ARK3 promoter
was also active in leaves but at much lower levels than the
ARK2 promoter, as revealed by the faint and variable biue stain-
ing observed in leaves of different transgenic plants. No overlap
between the sites of ARK2 and ARK3 expression was observed
in other organ systems of the plant. Thus, in roots and inflores-
cences, ARK3 promoter activity was limited to a small subset
of cells at the root-hypocotyl transition and at the base of lateral
roots, lateral shoots, and flower pedicels. Significantly, except
for the low level of ARK2 promoter activity observed in the styles
of mature flowers, the ARK2 and ARK3 promoters as well as
the ARK1 promoter (C.M. Tobias and J.B. Nasrallah, manu-
script in preparation) were not active in reproductive organs.
In particular, the observation that the ARK promoters are not
active in stigmatic papillar cells argues against a functional
association between ARK and AtST gene products and sug-
gests that, unlike Brassica SLG, AtS1 does not function in
conjunction with a receptor-like protein kinase, at least not one
with which it would share a substantial degree of sequence
identity. More generally, the absence of ARK promoter activ-
ity in stigmas, ovaries, anthers, and pollen grains argues
against a pollination- or fertilization-related function for these
receptor-like protein kinases in Arabidopsis.

Rather, the data presented in this study are consistent with
the notion that the ARK2 and ARK3 genes function during de-
velopment of the Arabidopsis sporophyte, perhaps in processes
related to organ maturation and/or the establishment of growth
pattern transitions. Based on DNA sequence analysis, the
ARK2 and ARK3 proteins are predicted to be transmembrane
proteins, with extracellular S domains that are proposed to func-
tion in the binding of a specific ligand, thereby initiating signal
transduction and eliciting the appropriate cellular response.
Biochemical evidence will be required to determine whether
the ARK2 and ARK3 proteins do in fact exhibit intrinsic kinase
activity. Nevertheless, based on the presence of the DLKASN
and GTYGYMSP consensus sequences in their kinase domains,
these proteins are predicted to have serinefthreonine rather
than tyrosine kinase spegcificity. Indeed, the Brassica SRK
proteins were shown to exhibit intrinsic serine/fthreonine protein
kinase activity (Goring and Rothstein, 1992; Stein and Nasrallah,
1993), and a similar substrate specificity was shown for the
Arabidopsis ARK1 protein (C.M. Tobias and J.B. Nasrallah,
manuscript in preparation).

The relatively high degree of sequence conservation ob-
served between the ARK kinase domains suggests that they
may phosphorylate the same or related cytoplasmic substrates.
In contrast, we found that the S domains of the ARK genes
exhibit a higher degree of sequence divergence than their ki-
nase domains (Tables 1 and 2). This was especially apparent
in the comparison of the tandemly repeated ARK? and ARK2
genes, for which the divergences in amino acid sequence iden-
tity for the S and kinase domains were 21.4 versus 7%,

respectively. This divergence of the S domains among the var-
ious ARK receptor protein kinases suggests that they may be
activated by different ligands. Taken together with the nonover-
lapping expression patterns of the ARK genes, the data suggest
that the putative receptor protein kinases encoded by these
genes have distinct functions.

The Arabidopsis S-related sequences define four genomic
regions that occur as two genetically linked clusters on two
distinct chromosomes. In Brassica, it has been shown that gene
duplication events have occurred repeatedly during the evo-
lution of the S gene family. In particular, a duplication apparently
led to the generation of the S locus gene pair SLG and SRK
(Tantikanjana et al., 1993). Duplication events appear to have
occurred in the Arabidopsis genome as well. A relatively re-
cent gene duplication event is suggested by the arrangement
of the highly similar ARK? and ARK2 genes as a tandem re-
peat. Gene duplications are also likely to have been invoived
in generating the S pseudogenes of region 3. These pseu-
dogenes show >90% identity with the AtS? gene. The S¥7
gene also shows >87.9% identity in its flanking sequences rel-
ative to the corresponding flanking sequences of AtS1. When
the S pseudogene sequences are compared with each other,
35 point mutations and two deletions relative to the AtS7 gene
are found common to both S¥7 and S¥2a, S¥283, and S¥2y.
This observation suggests that two duplication events may have
occurred to generate the S pseudogenes: an initial duplica-
tion of the AtS7 gene to an unlinked chromosomal site would
have generated S¥7 and related flanking regions; a second
duplication of S¥17 to alinked site followed by a series of inser-
tions of extraneous DNA would have subsequently generated
the split S¥2q, S¥28, and S¥2y pseudogenes. it is interesting
to note that neither S¥71 nor S¥2y contains the 1-bp insertion
that occurs in AtS7 at nucleotide position 1252, which shifts
the reading frame of the AtS7 gene relative to the Brassica
SLR1 gene (Dwyer et al., 1992). This mutation must have oc-
curred in the AtS7 gene after the initial duplication event that
generated the S pseudogenes.

Interestingly, when S pseudogene sequences are compared
with the Brassica SLR1 and SLGg genes, all consistently show
more nucleotide identity with SLR7 (high 70%) than with SLGg
(low 70%). Furthermore, no kinase-homologous sequences
occur in the vicinity of the pseudogenes, as determined by
pulse field gel electrophoresis (data not shown). These two
observations support the hypothesis that the S pseudogenes
are derived from the AtS7 gene, as suggested previously, and
intimate that these pseudogenes are not the remnants of an
Arabidopsis equivalent of the Brassica S locus SLG and SRK
genes. In fact, we found no evidence, based on either nucleo-
tide sequence or expression pattern, for the existence of an
SLG/SRK-like gene pair in the Arabidopsis genome that might
correspond to the Brassica S locus or that might function in
pollination. In particular, the AtS7 and ARKS genes, which ex-
hibit tight genetic linkage, share only 60% sequence identity,
are expressed in different cell types, and are therefore func-
tionally unrelated. Thus, if an ancestral S locus equivalent ever
existed in the Arabidopsis lineage, it has apparently been



deleted during the evolution of this self-fertile genus. It is in-
teresting to note in this context that deletion of Brassica S locus
gene sequences has been reported to result in the breakdown
of self-incompatibility (Nasrallah et al., 1994) and is therefore
an important factor in shaping breeding behavior in the largely
self-incompatible Brassica species.

In any event, the observation that the papillar cells of
Arabidopsis apparently do not express an S-related receptor
protein kinase suggests that pollination responses in this spe-
cies, although perhaps requiring a secreted glycoprotein such
as AtS1, are not likely to be mediated by signaling receptors
closely related to the Brassica S locus gene products. This
conclusion is consistent with the results of previously reported
transgenic studies in which papillar cells were specifically ab-
lated in Arabidopsis plants transformed with a gene fusion
between the promoter of the Brassica SLG promoter and
subunit A of diphtheria toxin (Thorsness et al., 1993). These
ablated papillar cells, although biochemically inactive, still al-
lowed, albeit at reduced efficiency, the development of pollen
grains in crosses to the wild type, indicating that successful
pollen tube development in Arabidopsis does not require sig-
naling by papitlar cells. Thus, the comparative analysis of
Arabidopsis and Brassica provides no evidence for the evolu-
tion of the Brassica self-incompatibility system from a signaling
system operative in compatible pollination. However, the se-

- quence and expression data presented here strongly suggest
that the Brassica SLG/SRK gene pair operative in the highly
specific discrimination between self- and cross-pollen was
recruited from vegetatively expressed genes that have a func-
tion unrelated to pollination.

METHODS

Plant Material

Arabidopsis thaliana strain C24 was obtained from M. Jacobs (Vrije
Universitsit, Brussels, Belgium) and strain RLD from C. Somerville
(Carnegie Institution of Washington, Stanford, CA). For restriction frag-
ment length polymorphism (RFLP) mapping, the recombinant inbred
lines developed by C. Lister and C. Dean (John Innes Institute, Nor-
wick, U.K.) were obtained from the Arabidopsis Biological Resource
Center at Ohio State University (Columbus, OH).

Isolation of Arabidopsis S-Related Sequences and Nucleotide
Sequence Analysis

An Arabidopsis Columbia genomic library consisting of partially
digested Mbol DNA fragments and constructed in the A vector EMBL3
was obtained from Clonetech (Palo Alto, CA) and used for the first
screening with cDNA probes derived from the Brassica SLG (S Locus
Glycoprotein) and SLR7 (S Locus-Related 1) genes. An Arabidopsis
Columbia genomic library consisting of partially digested Sau3Al DNA
fragments and constructed in the bacteriophage A vector EMBL4 was
used for the second screening with Arabidopsis AtS7 and Arabidop-
sis Receptor Kinase (ARK) gene probes. The AtS7 and ARK cDNA
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probes were obtained from a cDNA library derived from Arabidopsis
floral bud poly(A)* RNA and constructed in the A vector Uni-ZAP XR
(Stratagene). The libraries were screened as described by Sambrook
et al. (1989). DNA probes were labeled with phosphorous-32 by the
method of Feinberg and Vogelstein (1983) using the random primer
fabeling system of Boehringer Mannheim. Positively hybridizing phage
from the genomic libraries were purified and their DNA isolated ac-
cording to the method of Thomas and Davis (1975). Positively hybridizing
phage from the cDNA library were purified and their DNA isolated as
pBluescript phagemids according to protocols supplied by the manufac-
turer (Stratagene). The regions that hybridized to S domain and kinase
probes found on the genomic clones were delineated by DNA gel blot
analysis (Southern, 1975) and subcloned either into pUC118/pUC119
(Vieira and Messing, 1987) or pBluescript SK+ and KS+ (Stratagene)
plasmid vectors. Nested deletions spaced at ~200-bp intervais were
generated by Exolll digestion using the Erase-A-Base system
(Promega). Nucleotide sequence was determined by the dideox-
ynucleotide chain termination method (Sanger et al., 1977) modified
for double-stranded DNA sequencing (Chen and Seeburg, 1985) and
using the Sequenase V2 kit (U.S. Biochemical Corp.). For the DNA
blot analysis used to correlate the cloned S-related regions with the
organization of the S gene family in the Arabidopsis genome, genomic
DNA from the Columbia ecotype was obtained from Clonetech. The
method used in this and DNA gel blot analyses performed to deter-
mine the chromosomal location of the S-related regions by RFLP
mapping was as described by Dwyer et al. (1992).

Detection of Gene Expression by RNA Polymerase Chain
Reaction Amplification

Poly(A)* RNA was isolated from the indicated Arabidopsis tissues
using the MicroFast Track kit (invitrogen, San Diego, CA). For amplifi-
cation by polymerase chain reaction (PCR), poly(A)* RNA was treated
with RNase-free DNasel (Boehringer Mannheim), as suggested by Grillo
and Margolis (1990). The resulting DNA-free poly(A)* RNA was am-
plified with the GeneAmp RNA PCR kit (Perkin Elmer Cetus, Norwalk,
CT) using gene-specific synthetic oligonucleotides (Midiand Co., Mid-
land, TX). PCR-generated fragments were detected by slectrophoresis
of one-tenth to one-fifth of the PCRs in 1 to 1.2% (w/v) agarose gels.

Protein Immunoblot Analysis

To produce an AtS1 fusion protein, we generated a 982-bp Bglll frag-
ment containing AtS?7 coding region sequences from position +314
through +1291 bp and subcloned this fragment into the BamHI site
of expression vactor pGEX-3X (Pharmacia). The resulting cione, pKDX9,
determined to have the corract orientation of the AtS7 insert by Hindlll
and Sstl digestion, contained the glutathionine S-transferase coding
region fused to that of AtS7 commencing 106 codons downstream of
the start codon and ending at codon 430. The pKDX9 fusion protein
was expressed in Escherichia coli JM109 after induction with 0.1 mM
isopropyl B-D-thiogalactopyranoside for 4 hr at 30°C. Cells were lysed
by sonication in phosphate-buffered saline, pH 7.4, containing 1% (v/v)
Triton X-100, and the bacterial extracts were subjected to SDS-PAGE
on 10% (whv) polyacrylamide preparative gels and detected by Coomas-
sie Brilliant Blue R 250 staining. The fusion protein was isolated by
electroelution according to the procedure of Hunkapillar et al. (1983)
and was used to immunize a rabbit at the Cornell University Polyclonal
Antibody Production Facility.
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For immunoblot analysis, Arabidopsis stigmas were ground at lig-
uid nitrogen temperature in an Eppendorf tube with a fitted pestle.
Proteins were extracted either in 10 mM Tris-HCI butfer, pH 7.2, or in
a sample extraction solution containing 80 mM Tris-HCI, pH 6.8, 1%
(wiv) SDS, 1.5% (wiv) dithiothreitol, and 10% (v/v) glycerol. Routinely,
three stigmas were extracted in 25 uL of buffer, and the entire extract
was loaded in one gel lane for electrophoresis. Stigmas of Brassica
napus were processed in the same manner, except that proteins from
two stigmas were extracted in 50 pL of buffer and one-tenth of the
final volume was loaded per lane. SDS-PAGE, electrophoretic trans-
fer to nitrocellulose membrane, and treatment with primary antibody
followed by treatment with alkaline phosphatase—conjugated anti-rabbit
IgG secondary antibody were performed as described earlier (Umbach
et al., 1990).

Construction of Reporter Gene Fusions, Plant Transformation,
and Histochemical Analysis of -Glucuronidase Activity

DNA fragments containing 5’ upstream sequences of the AtS7, ARK2,
and ARK3 genes were generated by PCR amplification using the
GeneAmp PCR kit and the appropriate promoter-specific primers (Mid-
land Co.). To facilitate cloning, a BamH restriction site was incorporated
into the synthetic primers. All of the antisense primer sequences were
chosen to locate the ATG start codon of the B-glucuronidase (GUS)
reporter gene at the same relative position as the ATG start codon
of the corresponding S gene. The DNA fragments thus made were
cloned into the pCRII vector using the TA Cloning kit (Invitrogen). Each
of the promoter inserts was excised from this vector by BamHi diges-
tion and cloned into the BamHl site of the GUS expression vector pBH01
vector 5 of the uidA gene encoding the GUS protein followed by a
polyadenylation site (Jefferson et al., 1987). The correct orientation
of the promoter relative to the GUS coding sequences was verified
by restriction enzyme digestion, by PCR amplification with appropri-
ate primers, and by DNA sequencing.

The resulting chimeric constructs were intraduced into Agrobacterium
tumefaciens pClB542/A136 (derived from helper plasmid pEHA101;
Hood et al., 1986). Transformation of Arabidopsis C24 was performed
by the method of Valvekens et al. (1988), and transgenic plants were
selected on the basis of kanamycin resistance. Stable integration of
the transgene was confirmed by DNA gel blot analysis.

GUS assays were performed histochemically with the chromogenic
substrate 5-bromo-4-chloro-3-indoyl glucuronide (X-gluc; Jefferson et
al., 1987) as detailed by Toriyama et al. (1991). To monitor GUS activity
at early stages of plant development, T, seeds generated by the self-
ing of primary transformants were sterilized, sown on Murashige and
Skoog plates (Murashige and Skoog, 1962), and vernalized for 3 days
at 4°C. The plates were then transferred to a 25°C growth chamber
for germination and subsequent growth. Staining for GUS activity was
performed on developing seedlings starting 1 day after transferring
the plates to 25°C. GUS activity at later stages of development was
assayed in growth chamber— or greenhouse-grown plants.

ACKNOWLEDGMENTS
This work was supported by the National Science Foundation through
RUl (Research at an Undergraduate Institution) Grant No. IBN-8108232

to K.G.D. and Grant No. IBN-9220401 to M.E.N. and by a grant from
the U.S. Department of Agriculture to J.B.N.

Received August 22, 1994; accepted October 18, 1994.

REFERENCES

Boyes, D.C., Chen, C.-H., Tantikanjama, T., Esch, J.J., and Nasrallah,
J.B. (1991). Isolation of a second S locus related cDNA from B. oler-
acea: Genetic relationship between the S locus and two related loci.
Genetics 127, 221-228.

Chen, C.H., and Seeburg, P.H. (1985). Supercoil sequencing: A fast
and simple method for sequencing plasmid DNA. DNA 4, 165-170.

Dwyer, K.D., Lalonde, B.A., Nasrallah, J.B., and Nasrallah, M.E.
(1992). Structure and expression of AtS7, an Arabidopsis thaliana
gene homologous to the S locus related genes of Brassica. Mol.
Gen. Genet. 231, 442-448.

Dzelzkalns, V.A., Thorsness, M.K., Dwyer, K.D., Baxter, J.S., Balent,
M.A,, Nasrallah, M.E., and Nasraliah, J.B. (1993). Distinct cis-acting
elements direct pistil-specific and pollen-specific activity of the Bras-
sica S locus glycoprotein gene promoter. Plant Cell 5, 855-863.

Feinberg, A.P., and Vogelstein, B. (1983). A technique for radiolabeling
DNA restriction endonuclease fragments to high specific activity.
Anal. Biochem. 132, 6-13.

Goring, D.R., and Rothstein, S.J. (1992). The S-locus receptor ki-
nase gene in the self-incompatible Brassica napus line encodes a
functional serine/threonine kinase. Plant Cell 4, 1273-1281.

Grillo, M., and Margolis, F.L. (1990). Use of reverse transcriptase poly-
merase chain reaction to monitor expression of introniess genes.
Biotechniques 9, 263-268.

Hackett, R.M., Lawrence, M.J., and Franklin, F.C.H. (1992). A Bras-
sica S locus related gene promoter directs expression in both pollen
and pistil of tobacco. Plant J. 2, 613-617.

Hanks, S.K., Quinn, A.M_, and Hunter, T. (1988). The protein kinase
family: Conserved features and deduced phylogeny of the catalytic
domains. Science 241, 42-52.

Hood, E.E., Helmer, G.L., Fraley, RT., and Chilton, M.D. (1986). The
hypervirulence of Agrobacterium tumefaciens A281 is encoded in
a region of pTiBo542 outside of T-DNA. J. Bacteriol. 168, 1291-1301.

Hunkapillar, M.W., Lojan, E., Ostrander, F., and Hood, L.E. (1983).
Isolation of microgram quantities of proteins from polyacrylamide
gels for amino acid sequence analysis. Methods Enzymol. 91,
227-236.

Isogai, A., Yamakawa, S., Shiozawa, H., Takayama, S., Tanaka, H.,
Kono, T., Watanabe, M., Hinata, K., and Suzuki, A. (1991). The
cDNA sequence of NS1 glycoprotein of Brassica campestris and
its homology to S locus related glycoproteins of B. oleracea. Plant
Mol. Biol. 17, 269-271.

Jefferson, R.A., Kavanaugh, T.A., and Bevan, MW. (1987). GUS
fusions: -Glucuronidase as a sensitive and versatile gene fusion
marker in higher plants. EMBO J. 6, 3901-3907.

Lalonde, B.A., Nasrallah, M.E., Dwyer, K.G., Chen, C.-H., Barlow,
B., and Nasrallah, J.B. (1989). A highly conserved Brassica gene
with homology to the S-locus-specific glycoprotein structural gene.
Plant Cell 1, 249-258.

Murashige, T., and Skoog, F. (1962). A revised medium for rapid growth
and bioassays with tobacco tissue cultures. Physiol. Plant. 15,
473-497.

Nasrallah, J.B., and Nasrallah, M.E. (1993). Pollen—stigma signal-
ing in the sporophytic self-incompatibility response. Plant Cell 5,
1325-1335.



Nasrallah, J.B., Kao, T.H., Chen, C.-H., Goldberg, M.L., and
Nasrallah, M.E. (1987). Amino-acid sequence of glycoproteins en-
coded by three alleles of the S-locus of Brassica oleracea. Nature

' 326, 617-619.

Nasrallah, J.B., Yu, S.M., and Nasrallah, M.E. (1988). Self-
incompatibility genes of Brassica oleracea: Expression isolation
and structure. Proc. Natl. Acad. Sci. USA 85, 5551-5555.

Nasrallah, J.B., Rundle, S.J., and Nasrallah, M.E. (1994). Genetic
evidence for the requirement of the Brassica S locus receptor ki-
nase gens in the self-incompatibility response. Plant J. 5, 373-384.

Sambrook, J., Fritsch, E.F., and Maniatis, T. (1989). Molecular Clon-
ing: A Laboratory Manual, 2nd ed. (Cold Spring Harbor, NY: Cold
Spring Harbor Laboratory Press).

Sanger, F, Nicklen, S., and Coulson, A.R. (1977). DNA sequencing
with chain terminating inhibitors. Proc. Natl. Acad. Sci. USA 74,
5463-5467.

Stein, J.C., and Nasrallah, J.B. (1993). A plant receptor-like gene, the
S locus receptor kinase of Brassica oleracea, encodes a functional
serine/threonine kinase. Plant Physiol. 101, 1103-1106.

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

Southern, E.M. (1975). Detaction of specific sequences among DNA
fragments separated by gel electrophoresis. J. Mol. Biol. 98, 503~517.

Tantikanjana, T., Nasrallah, M.E., Stein, J.C., Chen, C.-H., and
Nasrallah, J.B. (1993). An alternative transcript of the S locus gly-
coprotein gene in a class |l pollen-recessive self-incompatibility
haplotype of Brassica oleracea encodes a membrane-anchored pro-
tein. Plant Cell 5, 657-666.

Thomas, M., and Davis, R.W. (1975). Studies on the cleavage of bac-
teriophage A DNA with EcoRl restriction endonuclease. J. Mol. Biol.
91, 315-328.

Arabidopsis S Locus-Related Genes 1843

Thorsness, M.K., Kandasamy, M.K., Nasrallah, M.E., and Nasrallah,
J.B. (1993). Genetic ablation of floral cells in Arabidopsis. Plant Cell
5, 253-261.

Tobias, C.M., Howlett, B., and Nasrallah, J.B. (1992). An Arabidop-
sis thaliana gene with sequence similarity to the S locus receptor
kinase of Brassica oleracea: Sequence and expression. Plant Physiol.
99, 284-290.

Toriyama, K., Thorsness, M.K., Nasrallah, M.E., and Nasrallah, J.B.
(1991). A Brassica S locus gene promoter directs sporophytic ex-
pression in the anther tapetum of transgenic Arabidopsis. Dev. Biol.
143, 427-431.

Trick, M., and Flavell, R.B. (1989). A homozygous S genotype of Bras-
sica oleracea expresses two S-like genes. Mol. Gen. Genet. 218,
112-117.

Umbach, A.L., Lalonde, B.A., Kandasamy, M.K., Nasrallah, J.B.,
and Nasrailah, M.E. (1990). immunodetection and post-transiation
modification of two products encoded by two independent genes
of the self-incompatibility multigene family of Brassica. Plant Phys-
iol. 93, 739-747.

Valvekens, D., Van Montagu, M., and Van Lijsebettens, M. (1988).
Agrobacterium tumefaciens-mediated transformation of Arabidop-
sis thaliana root explants by using kanamycin selection. Proc. Natl.
Acad. Sci. USA 85, 5536-5540.

Vieira, J., and Messing, J. (1987). Production of single-stranded plas-
mid DNA. Methods Enzymol. 153, 3-11.

Walker, J. (1993). Receptor-like protein kinase genes of Arabidopsis
thafiana. Plant J. 3, 451-456.

Walker, J.C., and Zhang, R. (1990). Relationship of a putative recep-
tor protein kinase from maize to S locus glycoproteins of Brassica.
Nature 345, 743-746.

Weinstein, J.N., Blumenthal, R., van Renswoude, J., Kempf, C.,
and Klausner, R.D. (1982). Charge clusters and the orientation of
membrane proteins. J. Membr. Biol. 66, 203-212.



A superfamily of Slocus-related sequencesin Arabidopsis. diverse structuresand expression
patterns.
K G Dwyer, M K Kandasamy, D | Mahosky, JAcciai, B | Kudish, JE Miller, M E Nasralah and JB
Nasrallah
Plant Cell 1994;6;1829-1843
DOI 10.1105/tpc.6.12.1829

Thisinformation is current as of March 2, 2021

Per missions https://www.copyright.com/ccc/openurl.do?sid=pd_hw1532298X & issn=1532298X & WT.mc_id=pd_hw1532
298X

eTOCs Sign up for eTOCs at:
http://www.plantcell.org/cgi/alerts/ctmain

CiteTrack Alerts Sign up for CiteTrack Alerts at:
http://www.plantcell.org/cgi/alerts/ctmain

Subscription Information Subscription Information for The Plant Cell and Plant Physiology is available at:
http://www.aspb.org/publications/subscriptions.cfm

© American Society of Plant Biologists
ADVANCING THE SCIENCE OF PLANT BIOLOGY


https://www.copyright.com/ccc/openurl.do?sid=pd_hw1532298X&issn=1532298X&WT.mc_id=pd_hw1532298X
https://www.copyright.com/ccc/openurl.do?sid=pd_hw1532298X&issn=1532298X&WT.mc_id=pd_hw1532298X
http://www.plantcell.org/cgi/alerts/ctmain
http://www.plantcell.org/cgi/alerts/ctmain
http://www.aspb.org/publications/subscriptions.cfm



