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Introduction



1 Zebrafish

The zebrafish model system has proven to be invaluable to the study
of vertebrate embryogenesis, as human disease models, cancer models and
epigenetic research [1-3]. Many features inherent to zebrafish make the
system an extraordinarily useful and versatile framework for addressing
molecular biological issues. First, zebrafish are relatively easy to maintain,
including a comparatively low housing cost|[2, 4]. Second, there isa very high
fecundity, producing a high number of translucent embryos, which develop
rapidly and ex utero. As a result, collection of the embryos is straightforward,
asistheir manipulation. Third, they have a short generation time (3 months),
which is evidently advantageous to genetic studies [4]. Additional benefits
go hand in hand with the ongoing innovation in parallel fields of research,
adding remarkable techniques to the zebrafish genetics toolkit. The advent
of morpholino (MO) knockdown technology provided the first method
of reverse genetics [5]. This method allowed for direct, albeit transient,
interference with the translation of a target gene in embryos by morpholino
micro-injection, in contrast to forward genetic techniques, which require
multiple rounds of incrossing to perform functional gene studies. TILLING
(targeted induced local lesions in genome) provided another reverse
genetics method for generating zebrafish knockouts [6, 7] Recently, the use
of designed zinc-finger nucleases has proven to be an even more efficient
reverse genetics approach [8]. Reverse genetics applications, in their turn,
benefit greatly from the assembly of the zebrafish genome [9]. Progressions
in the field of transgenesis have developed methods for generating specific
zebrafishlines,whichhavenowbecomestandard protocols,availableinmany
laboratories [10, 11]. Further, extraordinary advances in the development
of new fluorescent markers (for a review [12]), and groundbreaking steps
in imaging technology (for a review [13]), continue to allow for a higher
resolution analysis of cellular structure, dynamics, and signaling. In this
thesis we utilized the zebrafish system to study the role of protein-tyrosine
phosphatases (PTPs) in early development.

2 Gastrulation in zebrafish

Early morphogenesis is very similar in all vertebrates. Variations
found between classes of animals are most likely due to differences in the
structure of the egg, more exactly the amount of yolk present [14]. As in all
vertebrates, fertilization of the zebrafish oocyte, results in a one cell stage
zygote. The zygote consists of a large cell on top of a bigger yolk. This stage
is followed by the morula stage throughout which six rounds of cell division
occur, resulting in a mass of cells on top of the yolk with a combined volume
roughly equal to that of the first cell. During the blastula stage, which starts
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at the 128-cell stage, cell division continues, the enveloping layer (a single cell
layer of larger cells which surrounds the entire embryo) is created and at 4 hours
post fertilization the yolk domes into the cells at the animal pole in a process
called epiboly. This process, during which the cells radially intercalate, results in
a thinnig layer of cells gradually spreading vegetally over the yolk. When the cells
have covered 50% of the yolk, internalization of cells at the margin starts and
marks the onset of gastrulation [15].

Duringgastrulation,theembryoisreshaped fromanevidentlyundiversified
blastula stage embryo to a multi-layered elongated framework consisting of
three germ layers containing clearly defined structures. During this impressive
remodeling the cells, and consequently the anlagen, are repositioned according
to their future arrangement along the anterio- posterior axis (Fig. 1 A-E) [14]. At
50% epiboly some anlagen, like the precursor cells of forebrain, midbrain and
hindbrain, are already positioned in accordance with the later conformation.
However, the extent of reorganization is perhaps best exemplified by the change
in proximity of the forebrain and the prechordal plate. These organs are, at the
start of gastrulation, at opposing poles of the embryo, the former at the animal and
the latter at the vegetal pole (Fig. 1 A). Ultimately, adjacent to each other, they will
constitute the most anterior structure of the embryo by the end of gastrulation
(Fig. 1 D).

The reshaping of the embryo is coordinated by 4 morphogenetic
cell movements: internalization, epiboly, convergence and extension (Fig. 1
F-I). Internalization (Fig. 1 F, purple arrow) describes the migration of the
mesendodermal precursor cells through the blastoderm margin, which is the
position where the enveloping layer makes contact with the yolk syncytial
layer (a layer consisting of nuclei situated at the margin, lying directly beneath
the blastomeres, within the yolk). The mesendodermal precursors form the
hypoblast layer underneath an overlying epiblast (Fig. 1 F). The hypoblast cells at
the dorsal side will accumulate, thereby breaking the embryo’s radial symmetry,
and result in a bulging structure at the dorsal side called the shield, the zebrafish
equivalent of the Xenopus Spemann-Mangold organizer (Fig. 1 G) [16-18]. While
the epiblast continues epiboly, the hypoblast cells at the shield position migrate
anteriorly, moving separately from the overlying layer (Fig. 1 G, dashed turquoise
arrow ). Epiblast and hypoblast are physically separated by Brachet’s cleft. The
convergence and extension (CE) movements describe the movement of the lateral
cells towards the midline (convergence) and dorsal cell populations in the anterior
direction (extension) (Fig. 1 G-I; convergence, blue arrows; extension, turquoise
arrows). Medio-lateral cell intercalation at the dorsal side causes the anterior-
posterior axis of the embryo to extend. The ventral mesodermal cells however
do not converge toward the midline and migrate vegetally, engaging solely in
epiboly movements (Fig. 1 G, H; red arrows) [19]. Cell behaviours are variable
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depending on the position within the embryo. This difference in behaviour is also
reflected in the differences at the cellular level of these populations. During late
gastrulation, a large proportion of the mesodermal and ectodermal cells at the
dorsal side are more medio-laterally elongated than the ventral mesodermal cells
[20-22]. Active medio-lateral polarization, and intercalation of the migrating cells
are critical for proper CE movements. Moreover, analysis of cellular morphology
of the dorsal ectoderm and mesoderm in CE defected phenotypes often reveal a
loss of cell polarization.

3 Genetic regulation of CE movements

In order to choreograph simultaneous cell movements resulting in a net
displacement of an entire cell population, the cells are required to collectively
polarize in a common direction, as the sum of random singular cell movements
would sum up to a zero total displacement. This alignment of the orientations
of cells is called planar cell polarity (PCP), and it represents a basic requirement
for the establishment of the bilaterally symmetrical body axis during zebrafish
gastrulation.

Non-canonical Wnt/PCP pathway

The PCP pathway has been studied to great extent in Drosophila
melanogaster. Mutations in the components of this pathway have been shown
to result in randomization/disorganization in the surface bristles on the thorax,
the hairs on the wings, and the photoreceptors in the eye [23-28]. The core
components of this pathway identified in Drosophila are strabismus (stbm)/ van
Gogh (vang), frizzled (fz), disheveled (dsh or dvl), , starry night (stan) / flamingo
(fimi), prickle (pk), and diego (dgo) [29, 30]. More downstream components are
small GTPases RhoA and Rac, and the RhoA effector dRok [31-33]. The mechanism
for the establishment of Drosophila wing hair cell polarity is a well-studied
system utilizing the PCP pathway (Fig. 2A). In wildtype flies every cell produces a
single hair, which is aligned along the proximal-distal axis of the wing at the distal
membrane of the cell. The PCP pathway controls the number of hairs produced by
the cells as well as their subcellular position and the global alignment of the hairs
within the wing epithelium. While the mutation of the core components results
in defects of the global alignment and subcellular position, the disruption of
downstream components results in an increase in the number of hairs produced
from a single cell [31-34]. In concordance with a role in cell polarity, several core
components of the PCP pathway have a preferential subcellular localization on
either the proximal or distal membranes. Stbm and pk are mostly detected on the
proximal membrane and fz, dvl, and dgo on the distal membrane (Fig. 2B). Fmi on
the other hand is located on both membranes. Other PCP elements like dachsous
(ds) and four-jointed (fj) have been identified, which show expression gradients
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Figure 1: Gastrulation stage fate maps and morphogenetic movements. animal (A), vegetal
(VG), dorsal (D), and ventral (VN) directions are indicated in A. The morphogenetic movements
are shown using black arrows in A-D. A: Lateral view of a fate map at 50 % epiboly stage (5 hpf).
Precursors of the germ layers are arranged along the animal-vegetal axis. The layers are shown
with gradient borders since the precursor cells are interspersed at the boundaries rather than
showing clear seperation. Several ectodermal and mesodermal anlagen are indicated [105-110].
Yellow indicates both mesodermal and endodermal precursors, modified from [111]. B: Lateral
view of a fate map at shield stage (6 hpf), showing the positions of the mesodermal precursors
after internalization, inferred from [111]. Cell fates lying within the underlying hypoblast are in-
dicated by a green font. C: Lateral view of a fate map at 90% epiboly (9 hpf). Cell fates lying within
the underlying hypoblast are indicated by a green font. Position of the spinal cord is inferred from
[112], modified from [111]. D: Lateral view of a fate map at bud stage (10 hpf). Regions shown are
approximations derived from the expression of marker genes (ZFIN.org). Modified from [111].
E: Lateral view of a fate map at 24 hpf. The rearrangement of the structures (forebrain, mid-
brain, hindbrain, heart, retina, somites and vascular system) derived from the anlagen in previous
stages is shown (A-D) [15, 107, 110]. Yellow indicates endoderm. F: Cross section of 50 % epi-
boly stage embryo. Arrows indicate epiboly (red) and internalization (purple) cell movements. G:
Cross section of shield stage embryo. Epiboly (red), convergence (blue) and extension (turquoise)
movements are indicated. H: Cross section of 90% epiboly stage embryo. Epiboly (red), conver-
gence (blue) and extension (turquoise) movements are indicated. I: Cross section of bud stage
embryo. Convergence (blue) and extension (turquoise) movements are indicated. Abbreviations:
F, forebrain; R, retina; M, midbrain; H, hindbrain; E, epidermis; SC, spinal cord; N, notochord; PP,
prechordal plate; S, somites; B, blood; HT, heart.

along the proximal-distal axis. Ds shows a high expression in the distal region,
which gradually declines towards the proximal region and the situation has been
shown to be inverted for the expression of fj (Fig. 2B). A third gradient is formed
by the inhibitory activity of Ds on fat (ft), which shows an even expression along
the tissue. The interaction results in an activity gradient with the highest activity
in the distal region (Fig. 2B) [35, 36]. It has been hypothesized that Ft and Ds
form asymmetric heterodimers, which interact with the PCP core components
resulting in the observed asymmetric distribution [35, 37]. Another hypothesis
suggests that Fj is a Golgi kinase which regulates Ft and Ds by phosphorylation
[38].

In vertebrates, homologs of the core components of the Drosophila PCP
pathway, are required for the generation of the highly organized structure of the
auditory and vestibular epithelia. Structurally reminiscent of the Drosophila wing
epithelium, these epithelia consist of hair cells with clear planar polarization of an
asymmetrically located kinocilium and adjacent stereocilia. The hair cells in the
semicircular canals of the vestibular labyrinth are unidirectionally oriented along
the long axis of each canal. The cochlear hair cells within the auditory system
are organized in V-shaped patterns, which point to the periphery of the cochlea
(Fig. 2C). The characteristic orientation of the hair cells in these tissues showed
a disrupted phenotype in mice harboring core PCP component mutations [25,
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39-43]. The parallels of these tissues with the Drosophila wing epithelium are
even clear at the subcellular level, where components of the mammalian systems
mimic the Drosophila subcellular organization to a very high degree: Pk and Vangl
on the medial side and Fz, Dvl and Dgo on the lateral (Fig. 2D). Due to duplication
events in vertebrates, not all single mutations in core PCP components result in
a PCP- related phenotype [44]. The existence of redundant gene duplicates of
several PCP core components like fz3 and fz6 [41], and dvi1 and dvIZ [45] make
it necessary to interfere with the expression of both genes to generate a PCP-
related phenotype.

Non-canonical Wnt signaling, which shares many components with the
PCP pathway, is activated by Wnt5 and Wnt11 and is distinguished from canonical
Wnt signaling in the fact that it transduces its signals independent from —catenin
[46, 47]. Upon binding of Wnt5 or Wnt11 to Fz, Dsh is recruited to the plasma
membrane where it interacts with Daam1 [48, 49]. This activation of Daam1
results, through interaction with RhoGEFs like WGEF, in the activation of the
small GTPase RhoA, which propagates the signal to Rok2 [50-52]. Non-canonical
Wnt signaling, through direct interaction with the Fz-Dsh complex, also activates
the small GTPase Racl, which transduces the signal to C-Jun N-terminal kinase
(JNK) (Fig. 3) [53, 54]. This signaling ultimately results in the remodeling of the
cell cytoskeleton and, as a consequence, the establishment of polarization. Non-
canonical Wnt signaling regulates CE movements by establishing the necessary
polarization of the ectodermal and mesodermal cells during gastrulation [19].
Mutants, which harbor mutations in components of the non-canonical Wnt
pathway, display defects in CE movements, and a loss of cell polarization in dorsal
neurectoderm, and paraxial and axial mesoderm (Fig. 2E) [19, 22, 55-57]. Very
similar to the situation in PCP signaling, several components are subcellularly
localized in the migrating cells, with Fz and Dsh at the distal membrane and Pk
and Vangl at the proximal membrane [58-60]. While the subcellular localization
of these components is reminiscent of PCP signaling as it is found in epithelial
tissues, it remains to be shown whether these elements perform a functionally
similar role within these embryonic tissues.

Other pathways

Stat3 signaling has been implied to regulate CE movements. It has been
suggested that Stat3 non-autonomously activates non-canonical Wnt signaling in
neighbouring cells by enabling the expression ofan as of yetunknown downstream
target in the shield region, which forms an extracellular gradient. This gradient
is required for lateral mesendodermal cells to sense the direction of convergence
movements via the activation of RhoA downstream of Dsh [61].

15




s
.

B -

Pl

)

SthmVang

—_— Fz

Activity gradients

Dl
Dgo

Figure 2. Planar cell polarity pathway. A: Schematic representation of Drosophila wing epi-
thelial cells producing one hair each (presented in green). Proximal (P) and distal (D) directions
are indicated. B: Schematic representation showing the subcellular distribution of PCP proteins
Prickle (Pk), Strabismus (Stbm), Frizzled (Fz), Dishevelled (Dvl), and Diego (Dgo) and activity
gradients over the wing epithelium of Dachsous (Ds), Four-jointed (Fj), and Fat (Ft). Proximal
(P) and distal (D) directions are indicated. C: Schematic representation of cochlea hair cells with
a big kinocilium (indiciated in red), and stereocilia (indicated in blue) organized in a V-shape.
Lateral (L) and medial (M) directions are indicated. D: Schematic representation of intracellular
distribution of PCP components Pk, Stbm, Fz, Dvl, and Dgo in cochlea hair cells . E: Schematic rep-
resentation of the distribution of PCP components Pk, Stbm, Fz, and Dvl in polarized mesodermal
migrating cells in CE movements. Proximal (P) and distal (D) directions are indicated.

Bmp signaling has also been proposed to contribute to CE movements.
It is expressed as a gradient, which is high at the ventral side and low at the
dorsal. As Bmp signaling negatively regulates Ca?**/cadherin-dependent cell-
cell adhesiveness, the gastrula is subdivided in different migratory regions. The
resulting lower cell-cell adhesion at the ventral side and higher adhesiveness at
the dorsal side contributes to cell migration towards the dorsal side [62].

Csk, Fyn and Yes have been shown to activate RhoA in parallel to non-
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Figure 3. Non-canonical Wnt signaling
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canonical Wnt signaling [63, 64]. Other factors which have been implicated to
have a role in CE are ephrins [65], Slit/Robo [66], Scribble-1 [67], Widerborst
[68], Cyclooxygenase [69], and Has2 [70].

4 Ptps in zebrafish development

Reversible tyrosine phosphorylation of proteins is a key mechanism for
transducing inter- and intracellular stimuli, and acts as a highly dynamic molecular
switchbetween differentactivation states of signalingmolecules,and consequently
plays an important role in cellular processes like migration, proliferation, and
differentiation [71-74]. Given its elemental role, it is not surprising that disruption
of the synergy between protein-tyrosine kinases (PTKs) and phosphatases (PTPs)
underlies many human diseases and developmental defects [75-80]. While great
advances have been made in the field of research of PTKs, our understanding of
the function of PTPs is lagging behind. This discrepancy is largely attributable
to the wrongful assumption that PTPs are mere household enzymes with low
substrate specificities, which plainly counter the effects of the PTKs by continuous
dephosphorylation [75]. By now, many studies have acknowledged PTPs to be a
very diverse family of proteins with highly specific roles in both development
and disease [81]. For example, following the demonstration of direct interaction
between the insulin receptorand PTP1B [82], the first PTP purified and sequenced
[83], PTP1B knockout mice were shown to have enhanced insulin sensitivity,
specifically in liver and muscle tissues [84]. Furthermore, the PTP1B locus maps to
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a chromosomal region, 20q13.1-q13.2 [85], identified as a quantitative trait locus
linked to diabetes and obesity [86]. PTPRO, a type III transmembrane PTP, plays
an essential role in the development and function of the sensory nervous system
[87].This PTPis expressed in mouse dorsal root ganglion neurons. Ablation results
in both a significant decrease in the number of peptidergic nociceptive neurons,
and concomitant aberrations in their spinal pathfinding. Adult PTPRO knockout
mice showed defects in nociception and sensorimotor coordination [87]. Mouse
knockout models have contributed greatly to the elucidation of PTP functions.
However, their in utero development constitutes an obvious complication when
investigating events during early embryogenesis.

Given the many advantages of using zebrafish for studies of early vertebrate
development, enumerated earlier, we used the zebrafish model to elucidate
functions of PTPs in CE cell movements during gastrulation. Previously, we have
identified all members of the family of classical PTPs in the zebrafish genome by
blasting human PTP domains against the zebrafish Ensembl genome sequence
(Zv8). With the exception of three PTP genes, homologs of the entire family of
classical PTPs has been identified (Fig. 4). Fourteen genes have been found to
have undergone duplication, which is not uncommon in zebrafish [88]. These
duplicates have been hypothesized to result from a genome duplication event
during teleost evolution [89]. Comparative sequence analysis of the human
and zebrafish PTPs demonstrated that both protein families are closely related
and highly comparable. Furthermore, detailed analysis of the spatio-temporal
expression patterns of the 48 PTPs during early embryonic development revealed
that most zebrafish PTPs are maternally contributed and are broadly expressed
during early development, supporting the view of a potential role for PTPs
during these stages [88]. A study using very potent generic PTP inhibitors, like
peroxivanadate, already indicated that many aspects of egg activation require PTP
activity [90]. Here we will review earlier work, which demonstrated that specific
zebrafish PTPs are indeed essential for normal development.

The first zebrafish PTP to be cloned was PTP1B. Functional analysis in
vivo using ectopic expression of wild type and dominant negative PTP1B C213S
mutant, demonstrated that expression of wild type PTP1B, but not the catalytically
inactive form, resulted in defects in somite formation [91].

[tis unclear wether Pez, a FERM domain containing cytosolic PTP, encoded
by Ptpn14 in the zebrafish genome, contains a PTP domain [88]. This protein is
transiently expressed at multiple sites, in developing brain, heart, pharyngeal
arches, and somites during development. Knockdown by injection of ATG MOs,
produces defects in these organsystems. Additionally, overexpression of Pez in
epithelial MDCK cells causes epithelial-mesenchymal transition (EMT). Ectopic
expression of Pez induces TGFf signaling in MDCK cells, and, in zebrafish
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embryos, TGFf3, which is coexpressed with Pez, is lost upon knockdown of Pez.
These results indicate a critical role for Pez in organogenesis by induction of TGFf3
signaling and EMT [92].

Knockdown of ptpra, which is maternally contributed and broadly
expressed during early development [93], using ATG MOs resulted in specific
defects in eye development, which were visible at 3 days post fertilization (dpf).
The eyes were smaller and the layered structure of the retina were absent.
Interestingly, at 5 dpf concomitant with the loss of knockdown efficiency of the
MOs, the lamination of the retina was restored, although significant gaps in the
amacrin layer were still observed [94]. In Chapter 2, we demonstrate that ptpra
-/- mutants and morphants display, next to eye defects, CE defects.

Ptprua, which encodes the protein PTPy and has an ohnolog ptprub [88]
is shown to be critical for the normal functioning of the somitogenesis clock.
Injection of ATG MOs in one cell stage embryos resulted in a disruption of the
segmental pattern of the embryo. Analysis of the cyclic genes in ptprua morphant
embryos indicates regulation of the somitogenesis clock upstream or in parallel
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with Delta/Notch signaling. Moreover, in situ analysis of several markers revealed
that ptprua morphants display CE defects [95]. In chapter 6, by confocal imaging
of the presomitic mesoderm during gastrulation and subsequent polarization
analysis, we provide direct evidence of the loss of cell polarization during CE
movements in ptprua morphants.

Zebrafish Shp2a, encoded by the gene ptpnllia, is broadly expressed in
early development [96]. A potential ohnolog, ptpn11b, has been identified [88],
however its expression and function are still undetermined. MO mediated Shp2a
knockdown causes CE defects, demonstrated by in situ analysis of well-established
markers for CE and cell tracking experiments using caged fluorescein dextran.
Successful rescue experiments wherein Shp2 MOs were coinjected with mRNA of
constitutively active variants of the Src family kinases Fyn and Yes, and the small
GTPase RhoA, provided evidence that Shp2a signals upstream of these signaling
molecules [96], in concordance with the mouse knockout model. Shp2 null mice
die at mid-gestation, displaying defects in the node, notochord and posterior
elongation, indicating severe gastrulation defects [97]. Shp2 mutations underlie
human Noonan and LEOPARD syndrome [98, 99]. These two conditions have a
set of overlapping symptoms, including short stature, craniofacial abnormalities,
and cardiac defects. Intriguingly, embryos injected with Shp2a mRNA harboring
Noonan or LEOPARD mutations display CE defects during gastrulation and at
later stages, defects reminiscent of the symptoms of human patients [96]. These
results indicate that zebrafish can be used to model human diseases.

5 Image processing approaches for autosegmentation

Remarkable advances are being made in the field of biomedical imaging.
New lightsheet technology is pushing the envelope regarding speed, sensitivity,
spectral and depth resolution [100]. This is being complemented by the
development of a veritable rainbow of brighter and more sensitive fluorescent
probes. Nowadays, most standard laboratories have access to confocal and multi-
photon microscopes, able to generate 3-D and 4-D (timelapse) data sets. A vast
amount of morphological information at cellular resolution can be extracted from
these huge data sets. This situation echoes a similar problem, which posed itself
with the enhancements in sequencing technology in the post-genomic era. The
massive availability of genomic information, found in online databases, warranted
the development of data mining, which was facilitated by the advent of fast and
accurate search algorithms. While complex formulas and sophisticated hardware
and software have been developed for detecting cellular features in images
[100-104], these technologies are usually not available in standard biological/
biomedical laboratories.

Critical parameters in determining CE defects on a cellular level
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are migration patterns and cell shape/polarization [19]. However, since the
gastrulation cell movements involve the migration of entire layers of cells,
individual cell readings are less relevant than the determination of the net
movement of a group of cells. For a similar reason, a relatively high number of
cells needs to be analyzed for polarization, to be able to determine whether a
randomization of polarization has occurred. Manual collection of these types
of data from confocal data sets is tedious, time-consuming, error-prone, and
subjective.

6 Outline of this thesis

In this thesis we use the zebrafish system to identify members of the PTP
family, having a role in CE movements during gastrulation. The aim is not only
to identify, characterize the function and interactions of these genes, but also to
generate fast and reliable methods to quantify morphological parameters of CE
movements like tissue migration and polarization.

Tail length is a simple but effective morphological measurement used
to identify CE phenotypes. While it is not a conclusive parameter to identify CE
defects, we argue that it can be used to identify proteins involved in the same
biochemical pathway by combining partial gene knockdown. Applying varying
MO concentrations, this method is used to identify molecules regulating RhoA
activity independent of non-canonical Wnt signaling in Chapter 2 and 3. In these
chapters we also introduce an algorithm for automated detection of cell migration
and a new method for more efficient detection of cell polarization.

In chapter 4, we identify a novel Noonan-associated gain-of-function
NRAS mutation. Using mRNA- injections, we go on to show that this mutation and
other Noonan-associated mutations can also be used to model Noonan syndrome
in zebrafish. Moreover, we demonstrate the relative ease-of-use (addition to
the water) of chemical compounds in zebrafish to modify aberrant RAS-MAPK
signaling.

In chapter 5, we introduce an automated algorithm for detection of
mesodermal cell membranes, and a novel method for presenting polarization data,
providing a more straightforward representation of orientation and elongation of
cells within a layer.

In chapter 6, we perform a screen of the entire PTP family. Candidate
genes are analyzed in detail for convergence and extension defects, by tail
length measurements, in situ hybridization and confocal microscopy-based cell
shape analysis, yielding one bona fide novel PTP with a role in convergence and
extension cell movements. We also provide direct proof of the cell polarization
defects underlying the CE defects in ptpnl1a and ptprua morphants.
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