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2434bp in size according to the pUC19 restriction map. (Figure 2), was expected to

encode the majority of the. pUC19 plasmid sequence with the exception of the partial rop

gene open reading frame (ORF) that was excised in the digestion. 10
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LOCUS puUC19 2686 bp DNA circular 18-0CT-2007
DEFINITION Cloning vector pUCl19, complete sequence.

ACCESSION

VERSION

KEYWORDS .

SOURCE Cloning vector pUC19

ORGANISM Cloning vector pUC19
other sequences; artificial sequences; vectors.
REFERENCE 1 (bases 1 to 2686)
AUTHORS New England Biolabs.
TITLE Direct Submission
JOURNAL  Submitted (18-0CT-2007) Research Department, New England Biolabs,
240 County Road, Ipswich, MA 01938, USA

COMMENT See also GenBank accession L09137.
FEATURES Location/Qualifiers
source 1..2686

/organism="Cloning vector pUC19"
/mol_type="other DNA"

gene complement (146..469)
/gene="lacZalpha"
CDS complement (146..469)

/gene="lacZalpha"
/codon_start=1
/product="beta-galactosidase alpha fragment"
/translation="MTMITPSLHACRSTLEDPRVPSSNSLAVVLQRRDWENPGVTQLN
RLAAHPPFASWRNSEEARTDRPSQQLRSLNGEWRLMRYFLLTHLCGISHRIWCTLSTI
CSDAA"

misc_feature 396..452
/gene="lacZalpha"
/note="multiple cloning site (EcoRI-HindIII)"
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The Protein Kinase Complement of the Human Genome

G. Manningl':, D. B. Whytel, R. Martinezl, T. Hunter;, S. Sudarsanam?s3

+ Author Affiliations %" %

ABSTRACT

We have catalogued the protein kinase complement of the human genome (the “kinome”) using
public and proprietary genomic, complementary DNA, and expressed sequence tag (EST) sequences.
This provides a starting point for comprehensive analysis of protein phosphorylation in normal and
disease states, as well as a detailed view of the current state of human genome analysis through a
focus on one large gene family. We identify 518 putative protein kinase genes, of which 71 have not
previously been reported or described as kinases, and we extend or correct the protein sequences
of 56 more kinases. New genes include members of well-studied families as well as previously
unidentified families, some of which are conserved in model organisms. Classification and
comparison with model organism kinomes identified orthologous groups and highlighted
expansions specific to human and other lineages. We also identified 106 protein kinase
pseudogenes. Chromosomal mapping revealed several small clusters of kinase genes and revealed
that 244 kinases map to disease loci or cancer amplicons.
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The Protein Kinase Complement
of the Human Genome

G. Manning,'* D. B. Whyte," R. Martinez," T. Hunter,?
S. Sudarsanam’3

We have catalogued the protein kinase complement of the human genome (the
“"kinome”) using public and proprietary genomic, complementary DNA, and
expressed sequence tag (EST) sequences. This provides a starting point for
comprehensive analysis of protein phosphorylation in normal and disease
states, as well as a detailed view of the current state of human genome analysis
through a focus on one large gene family. We identify 518 putative protein
kinase genes, of which 71 have not previously been reported or described as
kinases, and we extend or correct the protein sequences of 56 more kinases.
New genes include members of well-studied families as well as previously
unidentified families, some of which are conserved in model organisms. Clas-
sification and comparison with model organism kinomes identified orthologous
groups and highlighted expansions specific to human and other lineages. We
also identified 106 protein kinase pseudogenes. Chromosomal mapping re-
vealed several small clusters of kinase genes and revealed that 244 kinases map
to disease loci or cancer amplicons.

Ever since the discovery nearly 50 years ago
that reversible phosphorylation regulates the ac-
tivity of glycogen phosphorylase, there has

been intense interest in the role of protein phos-
phorylation in regulating protein function. With
the advent of DNA cloning and sequencing in

O—k9 %

the mid-1970s, it rapidly became clear that a
large family of eukaryotic protein kinases ex-
ists, and the burgeoning numbers of protein
kinases led to the speculation that a vertebrate
genome might encode as many as 1001 protein
kinases (7). The near-completion of the human
genome sequence now allows the identification
of almost all human protein kinases. The total
(518) is about half that predicted 15 years ago,
but it is still a strikingly large number, consti-
tuting about 1.7% of all human genes.

Protein kinases mediate most of the signal
transduction in eukaryotic cells; by modifica-
tion of substrate activity, protein kinases also
control many other cellular processes, includ-
ing metabolism, transcription, cell cycle pro-
gression, cytoskeletal rearrangement and cell
movement, apoptosis, and differentiation.
Protein phosphorylation also plays a critical

'SUGEN Inc., 230 East Grand Avenue, South San
Francisco, CA 94080, USA. 2Salk Institute, 10010
North Torrey Pines Road, La Jolla, CA 92037, USA.
3Genomics and Biotechnology, Pharmacia Corpora-
tion, 230 East Grand Avenue, South San Francisco, CA
94080, USA.

*To whom correspondence should be addressed. E-
mail: gerard-manning@sugen.com
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Abstract

Phytosterols are classified into C24-ethylsterols and C24-methylsterols according to the different C24-alkylation levels conferred by two types of sterol
methyltransferases (SMTs). The first type of SMT (SMT1) is widely conserved, whereas the second type (SMT2) diverged in charophytes and land
plants. The Arabidopsis smt2 smt3 mutant is defective in the SMT2 step, leading to deficiency in C24-ethylsterols while the C24-methylsterol pathway
is unchanged. smt2 smt3 plants exhibit severe dwarfism and abnormal development throughout the life cycle, with irregular cell division followed by
collapsed cell files. Preprophase bands are occasionally formed in perpendicular directions in adjacent cells, and abnormal phragmoplasts with
mislocalized KNOLLE syntaxin and tubulin are observed. Defects in auxin-dependent processes are exemplified by mislocalizations of the PIN2 auxin
efflux carrier due to disrupted cell division and failure to asymmetrically distribute PIN2 after cytokinesis. Although endocytosis of PIN2-GFP from the
plasma membrane (PM) is apparently unaffected in smt2 smt3, strong inhibition of the endocytic recycling is associated with a remarkable reduction in
the level of PIN2-GFP on the PM. Aberrant localization of the cytoplasmic linker associated protein (CLASP) and microtubules is implicated in the
disrupted endocytic recycling in smt2 smt3. Exogenous C24-ethylsterols partially recover lateral root development and auxin distribution in smt2 smt3
roots. These results indicate that C24-ethylsterols play a crucial role in division plane determination, directional auxin transport, and polar growth. It is
proposed that the divergence of SMT2 genes together with the ability to produce C24-ethylsterols were critical events to achieve polarized growth in
the plant lineage. This article is protected by copyright. All rights reserved.

This article is protected by copyright. All rights reserved.
KEYWORDS: Arabidopsis thaliana ; C24-ethylsterols; auxin; cell division; sterol methyltransferase; B-sitosterol
PMID: 26426526 [PubMed - as supplied by publisher]
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The suspensor is a temporary supporting structure of proembryos.
It has been proposed that suspensor cells also possess embryo-
genic potential, which is suppressed by the embryo as an effect
of the embryo-suspensor interaction. However, data to support
this hypothesis are not yet available. In this report, using an in vivo
living cell laser ablation technique, we show that Arabidopsis sus-
pensor cells can develop into embryos after removing the embryo
proper. The embryo proper plays a critical role in maintaining sus-
pensor cell identity. However, this depends on the developmental
stage; after the globular embryo stage, the suspensors no longer
possess the potential to develop into embryos. We also reveal that
hypophysis formation may be essential for embryo differentiation.
Furthermore, we show that, after removing the embryo, auxin
gradually accumulates in the top suspensor cell where cell division
occurs to produce an embryo. Auxin redistribution likely repro-
grams the fate of the suspensor cell and triggers embryogenesis
in suspensor cells. Thus, we provide direct evidence that the em-
bryo suppresses the embryogenic potential of suspensor cells.

.......... I call 4a call tntbacactine | acmbhciananacis | acuia |

pioneering studies showed that the active dividing embryo is
more seriously injured than the highly differentiated suspensor,
and a second embryo may be observed after several days of ovule
culture. However, the exact origin of the second embryo has
remained unclear and whether the radiation or the acid treat-
ment leads to gene mutation in the suspensor cells has remained
unknown (16-18).

Phenotypes of some mutants suggest that the embryo proper
suppresses the developmental potential of the suspensor. When the
embryo proper is abnormal, the suspensor cells can start dividing.
Some mutant suspensors can develop into proembryos (e.g., twin,
twin2, iyo) or globular embryo-like structures (e.g., SUS, raspberry).
These data provide circumstantial evidence for this hypothesis;
however, the role of the gene mutation itself or the abnormal em-
bryo in triggering suspensor cell division requires further study
(7, 12, 13, 15, 19, 20). In addition, some available data are contra-
dictory. Expressing LTP1::DTA (LTPI, lipid transfer protein 1;
DTA, diphtheria toxin A chain) in the protoderm domain of em-
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