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ABSTRACT

Cell motility is critical for many biological processes such as cellular re-organizations

dwing organogenesis and disease states such as tumour metastasis. The secreted netrin

guidance molecule and its receptors play roles in directing cell and growth cone migrations

during axon patterning, lung and vascular development. Despite the significance of this cell

guidance pathway, there is still much to leam about the signalling and regulatory

mechanisms of netrin receptors. In C.elegans, ventrally expressed UNC-6/ltletrin and netrin

receptors LINC-5 and UNC-40 guide the migration of growth cones and distal tip cells

(DTCs) along the ventral/dorsal axis. Migrating DTCs cap each tip of the gonad arm and

direct the formation of the C-shaped bi-lobed gonad. Mutations in unc-6, unc-5 or unc-40

genes disrupt the ventral to dorsal DTC migration phase resulting in visibly misshapen

gonads providing an ideal model for studying I-INC-6/LINC-40/LNC-5 cell guidance

mechanisms invivo.

A genetic screen for enhancers of DTC migration defects generated 28 mutants. Two

of these mutants, defined by enhancer alleles mig(ev648) and enh(ev697) mapped to

chromosomal regions containing no known DTC migration genes. We have identified the

mig(ev648) enhancer as an allele of the gene mig-23 that encodes a nucleoside diphosphatase

and have shown the role of mig-23(ev648) in DTC guidance is not limited to UNC-6/[INC-

5ruNC-40 mediated guidance. enh(ev697) has been identifred ¿N an allele of sdn-l

(syndecan), a trans-membrane heparan sulfate proteoglycan. The ev697 allele encodes a

truncated form of SDN-I and sdn-l (ev697) guidance mechanisms appeff to only affect unc-S

mediated DTC guidance. sdn-I is functions cell non-autonomously and appears to be
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involved in limiting growth factor molecules EGL-I7ÆGF, UNC-129/TGF-F, DBL-I/TGF-P

EGL-2O/UINT and LIN-3/EGF within the extra-cellula¡ environment for DTC guidance.
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l.INTRODUCTION

1.1 Cell guidancp and biological processes.

Directional guidance of motile cells is required in diverse biological and

developmental processes. For example, chemokines produced during an inflammatory

response attract monocytes/macrophages from the blood stream towa¡ds the site of tissue

damage (Ridley 2001). During oogenesis in Drosophila, migration of border cells along a

specified path from the most anterior region of the oocyte to the midline is required fpr

oocyte fertility and embryonic patteming (Montell 2003). Wiring the human nervous system

involves guidance of growth cone-tipped axonal projections from neurons to specified distant

targets for the formation of neurological synapses. Cells can also acquire aberrant migratory

abilities resulting in disease states such as tumour metastasis and invasion. By modulating

cellular interactions with the extra-cellular micro-environment to favour aberrant

migration/invasion and initiating intra-cellular pathways for cellular motility, tumour cells

gain the ability to become motile and invade through tissues ultimately attaining the blood

stream or lymphatic system (Hanahan and Weinberg 2000). Despite the significance of

guided cellular migrations there is still much to learn about the temporal and spatial

regulation of cell motility and guidance.

1.2 Mechanisms of cellular migration.

In order to become motile cells execute several key processes. These include

breaking initial contacts with the ECM(extra-cellular matrix)/neighbouring cells and

extending portions of plasma membrane, remodelling the ECM in its pathway, initiating new

contacts with the ECltilneighbouring cells and retracting the trailing edge of the cell. A

12



moving cell (broadly speaking) can be segregated into two parts, a leading edge and a

retracting edge (Lauffenburger and Horwitz 1996). At the leading edge, actin filament

polymerization (Pollard and Borisy 2003) via activation of ARP2/3s(Actin Related Proteins)

forces the plasma membrane (PM) to protrude in the form of lamellipodia and filopodia.

Activation of ARP2/3 is indirectly mediated by RhoGTPases Rac and Cdc42. RhoGTPases

Rac and Cdc42(for protrusions) and Rho(for retraction) play a major role in regulating the

intra-cellular signalling pathways involved in the regulation of actin dynamics (Raftopoulou

and Hall 2004). The leading edge of a migrating cell favours the formation of focal adhesion

integrin clusters, a¡bitrated by RhoGTPases, that mediate adhesion of cell membrane

protrusions by linking actin filaments within the cell to the ECM (Lauffenburger and Horwitz

1996). tntegrin adhesion also triggers signalling pathways inducing actin polymenzatíon

regulated by cAMP/PKA (cyclic AMP-dependent protein kinase) signalling pathways (Howe

2004). Within the retracting edge, actin polymerization and the formation of focal adhesions

is attenuated and cross-linking of myosin light chains to actin f,rlaments for contraction is

mediated by Rho, ultimately causing retraction of the PM and breakage of focal adhesion

contacts from the ECM (Lauffenburger and Horwitz 1996). lncreased levels of Ca2* within

the trailing edge have been associated with the activation of contractile pathways and

detachment of adhesion structu¡es (Lee et al. 1999). In addition to the intracellular

dynamics, proteases for ECM remodelling and degradation, such as the matrix

meTalloproteÊses (Vu and Werb 2000), are required on the cell surface in order to creatp a

Oa1þway within thç FCM ttuqqgh which the cell çq.fl rnove. Confemng migr4trory direction

tp a mofifç pell lequifes sp4tiql en4 tempolq| Refivatiop q¡14 ço'oFqln4tidtt of gpçþ
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aforementioned process mediated via ligand/receptor interactions for activation of

cellular pathways.

1.3 Cell guidance molecules

Guidance cues work through their respective receptors to trigger and co-ordinate

intra-cellular events promoting cellular motility and guidance of a cell towards or away from

their source. Guidance molecules are either bound to extra-cellular substrates (contact

repulsion or attraction) or disseminated usually as a gradient throughout the extra-cellular

environment of the migrating cell (chemoattraction/chemorepulsion) (Tessier-Lavigne and

Goodman 1996). At any given moment, a cell's migration pathway can be influenced by a

number of guidance cues acting on the cell at once. The numerous cues/receptor interactions

regulating cell motility processes, coupled with the finding that most cell guidance pathways

are redundant, renders the study of cellular guidance challenging. Conserved families of

guidance molecules and their respective receptors Slit/ROBO (Roundabout),

semaphorinsÆlexin and Neuropilin, ephrinsÆphs and netrin/Uncs/Dcc (Deleted in

Colorectal Cancer) (Dickson 2002) have been identified. However, mechanisms linking

guidance receptors to the activation and co-ordination of intracellular cell motility pathways

are not well defined. In addition, regulation of the spatial distribution of guidance cues used

by these receptors within the extra-cellular environment and the integration and co-ordination

of various receptor responses within the cell required to confer direction to a migrating cell

have yet to be fully elucidated.

intra-
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1.4 Netrin/[JNC-6 and receptors UNC-40 and UNC-S

Netrins and their receptors make up one of the conserved cell guidance systems.

Orthologues of netrins and netrin receptors have been identified in Drosophila, C.elegans,

and vertebrates (outlined in Table 1) exhibit strong sequence similarities and their roles in

mediating cell and axon guidance along the ventral-dorsal axis are highty conserved.

Table 1: Orthologues of C.elegans UNC-6, UNC-S and tINC-40s.

C.elegans Drosophila Vertebrate

I-INC-6

LINC-5

LTNC-40

NetA, NetB

Unc-5

Frazzlsd

Netrinl-4, Netrin-G

TINCsA-UNCsD

DCCÀIeogenin

Adapted from (Barallobre et a\.2005)

Netrin ligands are secreted into the extra-cellular space and act as both a

chemoattractant (for cells expressing trans-membrane receptor DCC/LINC-4O on their

surface) and as a chemorepellant (for cells expressing trans-membrane receptors UNC5 and

DCC/LNC-4O on their surface). Both netrin receptors are members of the immunoglobulin

superfamily (Leung-Hagesteijn et al. 1992, Chan et al. 1996). Roles of proteins in the

immunoglobulin superfamily include mediating adhesive interactions between other

immunoglobulin family proteins, integrin recognition and binding to the ECM

(Brtimmendo{ Rathjen 1996). Although each receptor has putative intracellular protein

binding domains, it is still a mystery how these receptors work to mediate a response to

netrins for cellular guidance. Adding to the complexity of this guidance system, netrins play

the dual role of mediating cellular repulsion or attraction depending on the netrin receptor

15



expressed on the surface of the migrating cell. For the context of this project a review of the

structural and functional properties of netrins and netrin receptors will focus on UNC-6,

I-INC-40 and LINC-5 inC.elegans.

The secreted, laminin-related netrin ligand was initially identified in C.eleganr as an

axon guidance molecule and termed unc-6 (Brenner 1974; Hedgecock, Culotti and Hall

1990). C.elegans unc-6 mutants are Unc (uncoordinated, locomotion defects) due to axon

guidance defects, exhibit slight egg-laying defects and mesodermal DTC migration defects

(Hedgecock, Culotti and Hall 1990). unc-6 expression in motomeurons within the ventral

nerve cord during the first larval molt into adult stages is required for the migration of

pioneer axons and DTCs along the ventraVdorsal axis (Wadsworth, Bhatt and Hedgecock

1996). The regulation of the LINC-6 diffusion pattern from these cells, which results in a

ventralized restriction of UNC-6, is still uncharacterized. The tlNC-6 ligand consists of

conserveddomainsVl,V-1,V-2,V-3 andC(Figure 1)(Ishii etal. 1992). EachVdomain

exhibits similarities to laminin subunits while the C domain is not similar to laminins. unc-6

plays a dual guidance role by interacting with unc-40 for ventral guidance of axons (Chan er

al.1996) andwithbothunc-40and unc-S forventraltodorsalguidanceof axons (Colavitaet

al. 1998) and mesodermal cells (Merz et al. 2001). Functional analysis of UNC-6 domains

has demonstrated both V-2 and V-3 domains are involved in dorsal axon and cell guidance

while V-3 is required for ventral cell guidance, suggesting the V-2 domain possibly interacts

with UNC-5 to mediate a repulsive response to LJNC-6 (Lim and Wadsworth 2002).

Supporting this observation, the rh202 allele of unc-6 encoding a Y-2 domain deletion

behaves like an unc-5loss of function mutation during DTC guidance (Merz et al.200l).
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The C domain is not required for guidance but rather has a role in inhibiting axon branching

and deletion of V-3 and C domains abolishes UNC-6 guidance functions (Wadsworth, Bhatt

and Hedgecock 1996). The p subunit motif within the VI domain is required for all LINC-6

guidance functions, possibly via interactions with the ECM (Lim and Wadsworth 2002).

Although the roles of each UNC-6 domain have been charactenzed by genetic interaction

analysis, direct in vivo interactions of [JNC-40, UNC-5 and possibly additional molecules

with the I-INC-6 ligand have yet to be elucidated.

Deleted in Colorectal Cancer (DCC), the UNC-40 vertebrate homologue, was

identified as a tumour suppressor gene inactivated in colorectal cancer (Hedrick et al. 1994)

prior to being recognized as a netrin receptor in C.elegans (Hedgecock, Culotti and Hall

1990; Chan et al.1996) and rodents (Keino-Masu ef al.1996). C.elegans unc-40 mutants are

uncoordinated and exhibit a slight reduction in body length in addition to defects in DTC

migration patterns. UNC-40 functions cell-autonomously in migrating DTCs and axons to

guide cells along a ventral source of I-INC-6 (Chan et al. 1996). In addition, LJNC- O can

mediate repulsion from UNC-6 independently or in combination with the UNC-5 receptor in

C.elegans DTCs (Merz et al.200l). The ectodomain of C.elegans UNC-40 trans-membrane

receptor consists of four V-like immunoglobulin domains and four fibronectin type 3

domains (Figure 1). In vítro pull-down assays have demonstrated vertebrate DCC binds

directly to a recombinant form of Netrin-l via its 5'h fibronectin type III domain (Geisbrecht

et a\.2003), the same DCC domain that is for¡nd to interact with heparan sulfate (Bennett ef

al. 1997). However, binding of the recombinant Netrin-l appears to abrogate DCC and

heparan sulfate interactions (Geisbrecht et al. 2003). IJNC-40 interactions with heparan

sulfate in C.eleganç have not been charactenzed to date. The I-INC-40 cytodomain consists

of Pl, P2 and P3 domains with little resemblance to other protein domains but high sequence

18



similarities between UNC-40 homologues. In vitro experiments suggest that the DCC Pl

domain is required for DCC interactions with the tlNC5 receptor in response to Netrin-l

(Hong et al. 1999). Recently, FAK(focal adhesion kinase), a tyrosine kinase with a role in

mediating downstream signalling of integrins, was found to act downstream of DCC in a

Netrin-l dependent matter (Li et a|.2004). Additional in vítro assays have shown DCC

mediates neurite outgrowth in response to Netrin-l by associating directly with the SH3

domains of the RhoGTPase activator Nck adaptor protein (Li et a|.2002a) and via indirect

activation of Racl and Cdc42 RhoGTPases (Li et al. 2002b), suggesting a direct link

between the DCC receptor and control of actin polymerization- In vivo assays in C.elegans

have confirmed that unc-40 genetically interacts 'vtth ced-I)lRac in one pathway (possibly

through the P2 domain) and unc-34lBnabled þossibly through the Pl domain) in a parallel

pathway to mediate axon attraction to UNC-6 (Gitai et a|.2003). An additional, [JNC-6

independent guidance role of the LJNC-4O receptor in C.elegans involves direct interactions

with the ROBO receptor in mediating cellular repulsion from dorsal slt-l expression for

ventral axon and nenron guidance (Yu et al- 2002). However, [INC-40iROBO interactions

have not been defined for DTC guidance.

The UNC-5 trans membrane receptor was also initially identified in C.elegans

(Brenner 1974; Hedgecock, Culotti and Hall 1990a). unc-5 mutants are uncoordinated and

exhibit DTC migration defects similar to unc-40 and unc-6 mutants. In C.elegazs, ectopic

expression of unc-5 in migrating touch neurons turns them away from their ventral migration

pathway along an LINC-6 source (Hamelin et al. 1993) indicating that IINC-S mediates

axons guidance cell-autonomously away from an [INC-6 . This guidance role of IINC-S has

also been demonstrated in the DTCs (Su ef a|.2000). UNC-5 mediates DTC migration away

from [JNC-6 independently or in concert \¡¡ith LINC-40, although repulsion from UNC-6 is
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most efficient when both receptors are present on the surface of the migrating cell (Merz et

al. 2001). The UNC-5 ectodomain domain consists of two immunoglobulin domains

followed by two thrombospondin type 1 domains (Leung-Hagesteijn et al. 1992) (Figure 1).

In vitro assays using a recombinant form of Netrin-l have shown Netrin-l interacts with both

Ig domains of UNC5 (Geisbrecht et al. 2003), however the direct interactions between

C.elegans UNC-6 and UNC-5 have yet to be charactenzed. The UNC-5 trans-membrane

domain is followed by a short glycine tract (possibly acting as a hinge adjusting LJNC-5

conformation upon ligand or receptor binding or possibly creating conditions for homo-

dimerization) and a sequence weakly resembling an SH3 domain that is characteristic of

intra-cellular signalling molecules involved in regulating actin, suggesting UNC-5 may have

a role in directly regulating cell motility (Leung-Hagesteijn et al.1992). The cytodomain of

the LINC-5 receptor between the trans-membrane domain and the ZUs domain,

encompassing the previously mentioned regions has been named the juxtamembrane domain

(Figure 1). The juxtamembrane domain is required for llNC-4O dependent llNC-S mediated

repulsion and harbours a tyrosine phosphorylation site required for UNC-5 mediated

guidance in DTCs and motomeurons in vivo (Killeen et al. 2002). Genetic interaction

analysis in C.elegans has confirmed these results as the eI52 allele of unc-S, encoding an

[INC-5 protein with a deletion after the sixth amino acid of the ZU5 domain, retains the

UNC-40 dependent functions of LINC-5 (Merz et al. 2001). In the ZUS domain, in vivo

assays have shown that an FlA(hemagglutin) tagged UNC-5 in C.elegans is phosphorylated

on Tyrs68 upon UNC-6 stimulation and co-immunoprecipitates with the tyrosine phosphatase

Shp2 (Tong et a|.2001), which has been associated with regulating cell motility processes

including cell spreading and focal adhesion turnover (Yu et al. 1998). lnteractions between

UNC-5 and SRC-I kinases (which associate with FAKs) have been identified although the
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phosphorylated tyrosine residues within the UNC-5 cytodomain that mediate SRC-l/LINC-5

interactions are not defined (Lee, Li and Guan 2005). In addition, SRC-I was found to be

essential for UNC-5 mediated DTC guidance, ¿Ìs animals able to escape a lethal phenotype

caused by src-l RNAi knockdown exhibit DTC migration defects (Lee, Li and Guan 2005).

The UNC-5 C terminal death domain, a domain characteristic of proteins involved in cell

death signalling and innate immune responses, is dispensable for LINC-S mediated guidance.

Interestingly, the UNC-5 protein sequence does not code for a signal sequence (Leung-

Hagesteijn et al. 1992).

Several genetic screens conducted in C.elegans have identified genes that interact

genetically vnthunc-S. A screen for suppressors ofaberrant growth cone steering caused by

ectopic expression of unc-5 identified axon guidance genes unc-44lanSn and unc-

34lBnabled, novel genes sez-1(suppressors of ectopic unc-5), seu-2, seu-3 and unc-129

(TGFP (transforming growth factor)) as suppressors of aberrant growth cone migration,

suggesting these genes interact in an unc-5 mediated guidance mechanism to steer axons

dorsally (Colavita and Culotti 1998). unc-l29(TGFB) has been implicated in unc-5 mediated

DTC migrations (Merz et a\.2003) and ectopic expression of unc-I29 in ventral muscle band

in addition to the dorsal muscle band causes the aberrant DTC migration patterns observed in

unc-40, unc-5 and unc-6 mutants (Colavita et al. 1998). Thus a dorsal/ventral distribution

pattem of unc-L29 appears to be required for dorsaVventral guidance functions of the DTC.

The aforementioned genetic assays provide evidence for interactions between these genes

and the LrNC-5 receptor both in axon and DTC guidance, however their roles in the

guidance mechanisms of the I-INC-5 receptor have yet to be defined.

The study of cellular guidance mediated by netrins and their receptors is complex due

to the receptors abilities to either work together or separately to instruct a cell to migrate

21



away from or towards an UNC-6 source. In vitro analysis of UNC5 and DCC receptor

interactions in Xenopas cultured spinal neurons demonstrated that UNC5 expressing cells

were repelled from a Netrin-l source and that the intracellular domains of both DCC and

I-INC5 interact directly to mediate Netrin-l repulsion, as receptors co-immunoprecipitate

together via their cytodomains (Hong et al. 1999). In vivo assays rn C.elegans support the

direct interactions between each UNC-6 receptor (Merz et al.200I). ln addition, UNC-40

and UNC-5 both appear to signal via unc-34Ænabled in C.elegan,r axons (Colavita and

Culotti 1998, Gitai et aL.2003). Another shared signalling mechanism of UNC5 and DCC is

the ability of DCC to associate with FAK and both DCC and UNC5 to bind Src-I (Li et al.

2006). These frndings suggest FAIlSrc may be the key players in initiating the switch in

cell motility towards or away from a Netrin-l source. However, LINC-40 and FAK

associations have yet to be identified in C.elegans. Another event associated with the

directional guidance switch of netrin receptors is an apparent variation in intra-cellular Ca2*

concentrations. LTNC5 binding to DCC has been shown to modulate cyclic nucleotide

signalling pathways. Xenopus spinal neuron growth cones that are athacted to a Netrin-l

source exhibit increased intracellular levels of Ct* the via activation of oAMP sigualling

pathways. and cells expressing UNC5, in response to a Netrin-l source, exhibit reduced Ca2*

gradients by the activation of cGMP pathways (Nishiyama et a|.2003). It is still unclear how

netrin receptors are directly involved in regulating intracellular levels of Ci*, what other

proteins are involved and whether the same modulation of intra-cellular calcium levels

occurs in vivo.
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1.5 The LNCS receptor and human disease.

Netrins and the LINC5 receptor were initially identiflred and studied for their role in

axon guidance in the model organism C.elegøns. Mice homozygous for mut¿tions in Uncîc

were ataxic and exhibited small cerebella and abnormal migration of granule cells and

Pwkinje cell precursors (Ackerman et al. 1997: Przyborski, Knowles and Ackerman 1998),

indicating that the UNC5C receptor is also a key player in neuronal development of higher

organisms. Expression of UNCSA-D was detected in various tissues other than those of the

nervous system and vascular system, such as testis, ovaries, thymus, spleen, bladder and

kidney tissues (Ackerman et al. 1997), suggesting that the I-INCS receptor may have

additional roles in biological processes other than axon guidance during development.

Expression of Uncïb was observed in the endothelial tip cells located at the leading edge of

developing vessels in the vascular system (Lu et a|.2004) and Unc5b mutant mice exhibited

abnormal extension of filopodia and navigation defects in endothelial tip cells. Unc5b

mutants died at day 12.5 due to heart failure demonstrating an important role for IINC5B in

the morphogenesis of the vascular system. [n addition to various roles in development,

recent evidence suggests LINC5 is functioning as a tumour suppressor since UNC5A-C

expression was down regulated in a number of cancers (Thiebault et a|.2003). UNC5 has

been termed a dependence receptor with the ability to initiate apoptosis and prevent tumour

cell extension, invasion and/or metastasis upon exiting an environment containing the Netrin-

1 ligand. Uncilb is a target of the tumour suppressor p53 transcription facto r (Tarikawa et al.

2003) and is implicated in mediating the ability of p53 to zuppress tumour cell transformation

processes including growth and invasion. The recurring role of the LINC-S receptor in the

guidance and regulation of cell migrations is evidently conserved among various biological

processes. Using C.elegans as a model for studying the mechanisms of UNC-5 in cell
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guidance enables a simplified compilation of data and results that can later be examined in

higher organisms.

1.6 C.elegazs distal tip cells and their role in patterning the gonad morphologr.

The C.elegans hermaphrodite gonad is a tubular structure in the form of two mirror

image, C shaped arms (Figure 2). The gonad ultra-structure has been reviewed by Hall et al.

(1999). Five gonadal sheath cell pairs shape each anterior and posterior tubular arm. In the

most distal region of each gonad arm, gerln line nuclei proliferation occurs within a

syncytium and is regulated by the DTC (Kimble and White 1981). The germ cells mature

into oocytes as they migrate along the gonad arm bend and then pass through the

spermatheca were fertilization occurs. Fertilized oocytes move into the common uterus

shared by each gonad arm. Here, embryos begin to mature and are then laid through the

vulva. The structure, function and formation of the gonad in C.elegans males differs from

that of the hermaphrodite gonad and will not be addressed here.

The gonad morphology of a hermaphrodite is patterned by the mesodermal DTCs,

one of the largest cell types in C.elegans. DTC have an asymmetric shape and cap the distal

end of the forming gonad. Two DTCs are bom at Ll (larval stage 1) from Zl and 24

precursors cells located centrally along the anteriorþosterior axis and each begins their

migration pattern towards opposite ends of the animal initiating the hrst of three migration

phases (Figure 2). Interestingly evidence suggests that the posterior migration pattern of the

DTCs is regulated differently than the anterior migration pattern (l'Iishiwaki 1999). Defects

in DTC migration patterns result in aberrant gonad morphology phenotypes visible at low

magnification, simpliffing the identification of defective cell migration patterns throughout

large numbers of animals.
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Figure 2: The C,elegans hermaphrodite gortad morphologr and the DTC migration pattern. A) A schematic

aeiicting hermaphrodite gonad morphology and associated structures. B) Outline of the DTC migration pattern' In

lf , OfCs a¡ise hom T índZ+ precursors and migrate along the ventral muscle band until euly L4,where the DTCs

tum dorsally and migrate towardi the dorsal muscle band. During L4, DTCs retum towards the central

anteriorþosterior axis along the dorsal muscle band forming two mirror image, C shaped gonad arms'
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The DTC migration pattern consists of three distinct rnigration phases each occurring

along a different substrate. Migration phase I, initiated in early L2 larval stage occurs,

longitudinally and centrifugally on the ventral side of the animal along the basement

membrane of ventral muscle band. In gon-l (a secreted metalloprotease) mutants the DTCs

fail to extend away the gonadal primordium resulting in a failure to initiate the first DTC

migration phase (Blelloch et al. 1999). Migration phase II is initiated during the late L3

stage, when the DTC, now located at the furthest anteriorþosterior end, at a precise time

makes a 90 degree turn and begins migrating towards the dorsal side of the animal along the

basement membrane of the hypodermis. Initiation of this migration phase is largely

dependent on the up-regulation of unc-S expression by dof-12 (nuclear hormone receptor)

(Su ef o1.2000a). Other genes involved in the DTC migration phase II include TGFP growth

factors, dbl-I and unc-l29 (apparently in an unc-S dependent mechanism) (Merz et al. 2003),

src-l as src-l RNAi knockdown causes a failure in the DTC to initiate the second migration

phase and the third migration phase resulting in a straight gonad arm that fails to reflux back

toward the midline (Lee, Li and Guan 2005) and clr-L. CLR-I (CLeaR-l) is a receptor

tyrosine phosphatase implicated in limiting UNC-40 mediated attraction in AMV axons to an

UNC-6 source thus negatively regulating netrin attraction in axons (Chang et al. 2004).

Supporting this theory, clr-l positively regulates DTCs migration away from an UNC-6

source as clr-I enhances the DTC migration defects in unc-S(e|52) arñ unc-5(e53) mutants

indicating that clr-I functions in an UNC-5 parallel guidance pathway for DTC guidance

during the second migration phase (Merz et a|.2003} However it is still unclear exactly how

clr-l is working within the UNC-40/LTNC-6 guidance pathway in DTCs.

Once the DTC reaches the dorsal muscle band it makes another 90 degree tum back

towards the centre of the anteriorþosterior axis and migrates centripetally and longitudinally
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along the basement membrane of dorsal muscle band to complete the DTC migration phase

il. The ced-5 (Wu and Horvitz 1998) ced-2 and ced-L0 (Reddien and Horvitz 2000) genes

encode C.elegans homologues of CrkII, DocK180(associates with the Crk adaptor involved

in integrin signalling to the actin cytoskeleton) and RacGTPase respectively. Gonad

morphology defects in ced-2, ced-5 and ced-10 mutants illustrate that the DTCs in these

mutants stop prematurely along the ventral muscle band during migration phase I and make

extra turns, suggesting a role for cytoskeletal regulatory elements in DTC pathfinding. MIG-

17, a disintegrin and matrix metalloprotease is also involved in DTC pathfinding as DTCs in

mig-17 mutants either do not execute the second ventral to dorsal migration phase or do so

and are unable to migrate in a straight line along the dorsal muscle band (Nishiwaki,

Hisamoto and Matsumoto 2000).

Mechanisms regulating the spatial and temporal guidance of DTC migration are still

largely unknown and appear to be somewhat distinctive due to a lack of hallmark cell

migration structures such as f,rlopodia, lamellipodia and pseudopodia at the leading edge of

the DTC. It has been suggested that DTCs are not propelled by an inner source but rather are

pushed by developing gonadal sheath cells and guide the extension of the gonad tubular arms

by changing the substrate over which the DTC migrates, from the ventral muscle band to the

hypodermis to finally the dorsal muscle band. However these speculations have not been

proven.

1.7 UNC-6/UI\C-5/[NC-40 and their roles in DTC guidance.

Although unc-6, unc-40 and unc-S are involved in guiding several cell types in

C.elegans, their role in initiating and maintaining the second ventral to dorsal DTC migration

phase was used as the basis for ow genetic screen to identifr novel DTC guidance genes.
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Mutations in unc-6, unc-5 or unc-40 genes disrupt the ventral to dorsal migration phase

causing the DTC to reflrx and complete the third migratory phase along the ventral muscle

band. As the DTCs pattern the gonad morphology, mis-positioning of the gonad arm pushes

the intestine dorsally resulting in visibly misshapen gonads (Figure 3), thus providing an

ideal model for studlng I-INC-6/LNC-40/LINC-5 cell guidance.

In C. elegans, UNC-6 is secreted along the ventral midline. During the first vental

migration phase of DTC migration along the UNC-6 source, unc-40 is expressed at a

constant level in the DTC (Chan et al. 1996). lnterestingly, unc-40 mutants exhibit no

defects in DTC migration along the ventral muscle band (Chan et ø1. 1996), suggesting this

migration phase is regulated by ærother UNC-40 independent DTC guidance/adhesion

mechanism. Reporter constructs have not been able to demonstrate that unc-S expression in

the DTC during migration phase I, however genetic interaction assays suggest low levels of

unc-S expression occur dtring this migration phase (Su er a|.2000). At a precise time during

the late L3 larval stage, as the DTC is migrating along the ventral muscle band, expression of

unc-S in the DTC is up-regulated by DAF-12 and DAF-9 resulting in DTC migration away

from [JNC-6 towards the dorsal muscle band (Su et a|.2000). Taken together, these data

suggest unc-S expression is somehow down regulated or inhibited prior to the DTC turning

time and at the tuming time, the inhibitor is removed and expression is up-regulated by DAF-

12. Up-regulation of unc-5 expression plays a key role in initiating the second DTC

migratory phase. The initiation of DTC turning is determined intrinsically by the DTC rather

than the surrounding environment. For example, DTCs migrate the same distance along the

ventral muscle band in lon-2 mttartts with elongated body length as they do in wild-type

animals as it is only the environment at DTC turning onset has been changed ín lon-2

mutants and not the instrinsic DTC turning program (Su er al. 2000). As previously
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Figure 3 : Photographs of N2 wild-fype, unc-S, mig(ev648) and enh(ev697) mutants.
Bright field live images taken at 10X magnification for A) wild-type,B) unc-5(e152), C)

mi g (ev 6 4 8) and 20X magnifi cation for D) e nh ( ev 6 9 7 ) .
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mentioned, this migration phase is most effrciently executed when both UNC-5 and UNC-40

are present in the DTC. However each receptor can mediate this migration phase

independently (Merz et al2A03). Genetic interactions analysis suggests unc-129(TGFp) and

dbl-lTGFþ are limited to an unc-S mediated guidance mechanism during the ventral to

dorsal migration phase. However, other than the role of UNC-52/perlecan in limiting unc-129

and dbl-l distribution with the extracellular environment for the unc-S receptor, the exact

role of unc-l29 and dbl-L in guiding the DTCs along the dorsaVventral axis is not known

(Merz et a|.2003).

Defects in the second DTC migration pattern of unc-5 null mutants are not fully

penetrant suggesting a parallel unc-5 independent DTC guidance pathway is involved in

guiding the DTC dorsally, compensating for the residual DTC guidance observed in mutants

without a functional UNC-5 (a null mutant). One such pathway may involve the egl-17ßGF

(fibroblast growth factor), as it appears to be functioning in an unc-S parallel guidance

pathway for DTC guidance (Merz et a|.2003). Interestingly, the activity of C.elegans FGF-

R(fibroblast growth factor receptor) EGL-15 is attenuated by CLR-I (Kokel et al. 1998) and

CLR-I has been shown to positively regulate DTC migration away from UNC-6 (Merz et al.

2003). Thus CLR-I, FGF and the FGF-R possibly represent an additional, unc-S

independent dorsaVventral DTC guidance pathway.

It should be noted that the UNC-6/LINC-40/LINC-5 guidance system is not the sole

guidance system used by the DTC (although they do appear to be the dominant guidance

mechanism) as DTC migration defects in the second DTC migration phase are not fully

penetrant in unc-6 null mutants representing a complete loss of unc-5 and unc-40 function in

the DTC. Thus netrin independent guidance mechanisms must be functioning in the DTC to

account for the residual DTC guidance along the ventraVdorsal axis observed in these unc-6
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null mutants. In addition, slight diflerences are observed in the guidance mechanisms of the

LINC-6/[-INC-40/LTNC-5 pathway in DTCs and in axon guidance. Studying the role of IINC-

6, UNC-40 and I-INC-5 proteins in the guidance of C.elegazs DTCs provides a model for

understanding the mechanisms, the regulation and the interactions of these guidance

molecules within an in vivo system.

1.8 The genetic screen for enhancers of DTC migration defects.

C.elegans is an invaluable model system that can be employed for facilitating mass

genetic screens in order to identify alrd charactenze genetic interactions between genes

involved in a signalling pathway for a particular biological process (Jorgensen and Mango

2002). This model was used for our genetic screen designed to identiSr candidate C. elegans

genes involved in DTC guidance during the second phase of DTC migration.

unc-5(e152) (an unc-S allele causing significantly lower DTC migration defect

frequencies compared to those caused by an unc-5 null allele) were mutagenized with EMS

(ethyt methane sulphonate) to induce small deletions and point mutations, particularily GC-

AT transitions in the DNA (Meuth and Arrand lg82). Fl progeny were cloned out and

allowed to replicate. Plates with F2 progeny exhibiting higher DTC migration defect

frequencies were examined for phenotypes other than those observed in unc-S mutants.

These phenotypes dehne the alleles of candidate DTC guidance genes. For example, arr unc-

40 nt:Jl mutation (e1430) enhances the frequency of DTC migration defects in unc-S(e152),

as unc-40 is itself a DTC migration gene and is directly involved in unc-5 mediated DTC

guidance. unc-40 mutants are uncoordinated and slightly Dpy (dumpy, reduced body

length), thus these phenotypes define the DTC migration defect enhancer allele e1430 of the

gene unc-40.
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From this screen, 28 enhancers of ventral to dorsal DTC migration defects were

isolated. The majority of the enhancer alleles cloned to date have been identified as alleles of

previously charactenzed DTC migration genes (Table 2).

Table 2 : Summary of the alleles identiäed in the screen for enhancers of DTC defects in
unc-S(eL52) mutants.

Mutant LG # of Alleles Identity

unc-53

unc-52

unc-40

unc-5

lon-2

ced-5

lin-7

sma-9

enu(IVA)

ev675

ev676

II
II
II
IV
X
IV
II
x+2.5

tv+3.5

v+6.5

TII +4.1

5

J

2

J

2

I

1

1

?

?

I

actin-binding
Perlecan

netrin-receptor

netrin-receptor

novel, secreted

DOCK 180 homologue.

PDZ domain

Schnurri homologue.

?

?

2

I
7

x -2.9

x+2.0
?

?

?

?

Two enhancer mutants, mig(ev648) and enh(ev697) were genetically mapped to

chromosomal regions lacking any known DTC migration genes at the time of mapping. Thus

mig(ev648) and enh(ev697) appear to be alleles of novel cell migration genes involved in

DTC guidance either via UNC-6ÃfNC-5 or parallel DTC guidance pathways.

1.9 Project summary.

Gonad morphology patterning, regulated by the migration and guidance of DTCs in

C.elegans provides an ideal model for studying UNC-6, LINC-5, UNC-40 and additional cell

guidance molecules functioning in their endogenous environment. The capability to organize

mass genetic screens in C.elegans is a powerfi;l resource for taking the preliminary steps to
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identifr genes involved in regulating and guiding cell migrations. Once these genes are

identified further analysis can be continued in C.elegans and later their function can be

assayed in more complex model organisms. Identi$ing genes involved in regulating and

guiding cellular migrations is a crucial first step towards elucidating the fundamentals of cell

motility and cell guidance.

For this project, I propose to l)Physically map and clone enhancers nigl'evóy'8)

and ezålsvó9T and 2) Define their roles in DTC suidance.

Cloning each enhancer can result in two possible outcomes. The enhancer may be an

allele of a previously cloned gene and thus this screen identifies the genes involvement in

DTC migrations and possibly in UNC-6ruNC-5 mediated DTC guidance. However, the

enhancer allele may be an allele of a novel DTC migration gene and the identification and

charactenzation of this novel gene requires analysis of its roles in DTC guidance and its

interactions in UNC -6IUNC-40/LINC-5 DTC mediated guidance.
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2. MATER.IÂ.LS A¡ID METHODS

2.1 Solutions and media preparation.

Chemicals used for this project were purchased from Sigm4 Fisher, lnvitrogen New

England Biolabs, USB, Qiagen, Roche and Promega and a¡e all of molecular biology grade.

All solutions and media used in this project are listed in Section 6.1.

2.2Mzintenance and handling of C.elegøns.

Bristol C.elegans strains were cultured on NGM (nematode growth medium) agar in

sterile 9cm or 5cm Petri Dishes (Fisher) with a lawn of E.coli(Escherichia coli)OP5}

(Caenorhabditis Elegans Genetic Centre) on which the nematode feeds. The E.coliOPsO

strain is a uracil auxotroph with limited growth preventing bacterial over-growth on plates.

NGM agar was prepared, autoclaved, poured into petri dishes to 7mm thickness and left to

solidiff for one day. Once the medium solidified, plates were seeded with lml of liquid

E.coliOPS| cultured in LB(Luria Bertani) broth overnight in a shaker incubator at 370C. For

each plate, lml of liquid E.coliOPS} was spread using a flame sterilized glass "hockey stick"

ensuring no contact with the edge of the plate creating a centralized lawn of bacteria on each

plate. T}:re E.coliOPsO was left to dry on the plates overnight and the following day plates

were ready for use.

Animals were transferred between plates with a sterilized wonn pick; a pastew

pipette with a 1.5cm long platinum wire melted into the pipette tip. Between each animal

transfer the wire was flame sterilized and cooled on an area of NGM agar devoid of

E.coliOPS}. Animals were collected under a LeicaMZ6 dissecting microscope by gently

amassing E.coliOPS} onto the wonn pick tip and lightly tapping the sticþ E.coliOPS}
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covered pick tip on top of the animal. Once adhered, animals were transferred to new plates

by lightly pressing the pick onto the NMG agar of the new plate and allowing animals to

crawl off. Strains were gïown in a 200C incubator (VWR)'

2.3 C.elegazs strains.

The C.elegans strains utilized for this project are summarized in Table 3.

2.4 C.elegazs mutant strain generation.

For this project, the following strains were generated as outlined in Section 6.2:

6.2.1 tnIs5;mig(ev648)

6.2.2 unc-4)(e I 430) ;unc-S (e5 3) ; mig(ev648)

6.2.3 dpy-6(e I 4)enh(ev697)egl-I 5 (n484)

6.2.4 unc-5 (e I 5 2) ; sdn- I (2h20) and unc-5 (e 5 3) ; sdn- I (2h20)

6.2.5 unc- 4 0 (e I 4 3 0) ; s dn- I (ev 6 97) and unc -4 0 (e I 4 j 0) ; sdn- I (ev6 97)

6.2.6 unc-6(ev400)sdn-1 (ev697)

6.2.7 unc-S(e 152);sdn-I (2h20);opExl 159,

unc-S (e I 5 2) ; sdn- I (2h20) ; opEx I 206 and

unc- 5 (e I 5 2) ; sdn- I (2h20) ; opEx I I 98.

6.2.8 unc- I 29 (ev 5 5 4) unc -5 (e I 5 2) ; sdn- I (ev697)

6.2.9 unc-S(eI 52)egl-20(mu39);sdn-1 (ev697)

6.2.10 unc-5 (e I 5 2)lin-3 (e I 4 I 3) ; sdn-I (ev697)

6.2.1 I unc- 5 (e I 5 2) ; dbl- I (ev 5 I 0) ; s dn- I (ev 697)

6.2.12 unc- 5 (e I 5 2) ; e gl- I 7 (e I 3 I 3 ) s dn- I (ev 6 9 7)

For each mating, a ratio of five males to one hermaphrodite was utilized.
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unc-6(ev400)

unc-4}(e1430)

unc-5 (e5 3) ; mig(ev648)

EMS
(Hedgecock,

Culotti and Hall
l99o),cGC

unc-5(e I 5 2);mig(ev648)

unc-4 0 (e I 4 3 0) ; unc-5 (e 5 3)

unc-5 (e5 3) ; enh(ev697)

Uncoordinated, moderately egg-laying
defective (animals are bloated), moderate
penetrance of DTC migration defects in the
2nd DTC migration phase resulting in ventral
clear patches.

EMS
(Hedgecock,

Culotti and Hall
re90) cGC.

unc- 5 (e I 5 2) ; enh(ev697)

Merz

Uncoordinated, slightly dumpy(reduced body
length), low penetrance of DTC migration
defects in the 2nd DTC migration phase
resulting in ventral clear patches.

ly4erz

Merz.

Uncoordinated with unc-5(e53) and
mig(ev648) DTC migration defects.

Merz

Uncoordinated with unc-5 (e I 5 2) and
mig(ev648) DTC migration defects.
Severely uncoordinated, DTC migration
defects, slightly du*py and egg-laying
defective.

Merz

Stop codon before the VI
domain. (NULL)
(Wadsworth, Bhatt and
Hedgecock 1996).

Uncoordinated with unc-5(e53) DTC
migration defects and enh(ev697) embryonic
elongation defects.

Uncoordinated with unc-S (e I 5 2)

migration defects and enh(ev697)
elongation defects.

Stop codon after the first Ig
domain. (NULL) (Chan et al.
tge6)

DTC
embryonic
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evIs99*

evls99; mig(ev648)

evls99; enh(ev697)

(Su et al. 2000)

dpy-6 þ 1 Qunc- I I 5 (e 2 2 2 5)

dpy-6 (e 1 4) e gl- I 5 (n484)

Merz

Dorsal clear patches due to precocious

turning of the DTC dorsally during the
first DTC migration phase.

tnls5

Merz

Dorsal clear patches due to precocious
turning of the DTC dorsally and

mig(ev648) DTC migration defects.

Merz D,
(unpublished).

Merz D,
(unpublished).

Dorsal clear patches due to precocious
turning of the DTC dorsally and

enh(ev697) embryonic elongation
defects.

Transgenic strain with unc-S

expression regulated by the emb-9
promoter, resulting in early ectopic
unc-5 expression in DTCs during
the first, ventral migration phase.

Anay integrated on LGI.

(Hall et aI.1999),
CGC

Reduced body length (dumpy, dpy)
and uncoordinated.

Reduced body length (dumpy, dpy)
and egg-laying (egl) defective resulting
in the formation of live woûn sacs.

Gonadal sheath cells 1-4 express GFP,

outling gonad morphology.
A transgenic strain with 2.23Kb of
lim-7 upstream regulatory sequence

fused to the genetic coding sequence

for the first 61 amino acids of LIM-7
protein in frame with a GFP
sequence, resulting in expression of
the LIM-7::GFP fusion protein in
gonadal sheath cells.
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mig-23(kL80)

sdn-l (2h20)

sdn-l (ev697)

(Nishiwaki et al. 2003)
from a genetic screen for
defects in gonad

morphogenesis. (CGC).

mig-23(ev648)

EMS, (Rhiner et aI2005)
obtained from C. Rhiner
via personal

communication.

dbl-l (ev580)

DTC migration defects in the second

DTC migration phase, not fully
penetrant.

EMS, screen for enhancers

of DTC migration defects.

egl-l7(e1313)

unc- I 2 9 (ev 5 5 4)unc-5 (e Ì 5 2)

Variable egg-laying defects resulting
in bloated animals, defects in
backward locomotion and a low
penetrance of embryonic elongation
defects.

EMS, screen for enhancers

of DTC migration defects.

Embryonic elongation defects.

CGC.

CGC.

NULL (Nishiwaki et al. 2003)

(Merz et al2003).

DTC migration defects in the second

and third DTC migration phases

resulting in ventral clear patches.

Deletion of 1260bp within the
coding region. NULL (Rhiner et al
200s)

Reduced body length (fully
penetrant).

Severe bloating due to egg laying
defects (fu I lv penetrant).

A 610 G>T mutation in the sdn-l
coding sequence resulting in a
E203X creating a truncation in
SDN-1 before the trans-membrane
domain.

Uncoordinated, moderate penetrance

of DTC migration defects in the 2nd
DTC migration phase resulting in
ventral clear patches.

A 335C>T mutation in the mig-23
coding sequence resulting in a
Al l2V substitution.
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unc-5 (e I 5 2) e gl-2 0 (mu3 9)

unc-5 (e I 5 2) lin-3 (e I 4 I 3)

(Merz et al. 2003) .

opExl 159**

(Merz et al. 2003)

Uncoordinated, DTC migration
defects in the 2nd DTC
migration phase resulting in
ventral clear patches, bloated

due to defects in egg-laying.

opExI206

(Rhiner et al. 2005)
obtained from C.Rhiner via
personal communication.

Uncoordinated, moderate
incidence of DTC migration
defects in the 2nd DTC
migration phase resulting in
ventral clear patches, vulvaless

and bloated due to defects in
egg-laying.

(Rhiner et al. 2005)

obtained from C.Rhiner via
personal communication.

Strong GFP expression in the

head and tail, weaker GFP

expression in all 6 touch cell
neurons, variable egg laying
defects (bloated animals) and

embryonic elongation defects.

Strong GFP expression in the

head and tail, weaker GFP

expression in all 6 touch cell
neurons, variable egg laying
defects (bloated animals) and

embryonic elongation defects.

A transgenic strain, sdn-l (2h20) with
an extra-chromosomal array comprising
2l6bp of dpy-7 promoter fused to sdn-
.1 oDNA (hypodermal expression of
sdn-l) and a lin-48 promoter fused to
GFP as a marker. (Rhiner et al. 2005)

A transgenic sdn-l (2h20) strain with an

extra-chromosomal array comprising
2189bp of unc-l 19 promoter fused to
sdn-l cDNA (hypodermal expression
of sdn-l) and lin-48 promoter fused to
GFP as a marker. (Rhiner et al. 2005)
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opCxl 198

oplslT0

(Rhiner 2005) obtained
from C.Rhiner via personal
communication.

Note : Phenotype descriptions for each strain only describes
phenofype information for each strain can be obtained from
transgenic DNA array,**Ex: strain

(Rhiner et al. 2005)
obtained from C. Rhiner
via personal

communication.

Strong GFP expression in the
head and tail, weaker GFP
expression in all 6 touch cell
neurons, variable egg laying
defects (bloated animals) and
embryonic elongation defects.

SDN-I ::GFP expression in
hypodermis, ventral nerve cord,
nerve ring and commissures.

A transgenic strain with an extra-
chromosomal comprising 2.8Kb of sdn-
1 promoter fused to sdn-l cDNA
(hypodermal expression of sdn-l) and
lin-48 promoter fused to GFP as a
marker. In addition, a mec-4 ::gfp
transgene in integrated on LGI for
visualization.(Rhiner et al. 2005)
A transgenic sdn-l(2h20) strain with an
integrated array comprised of 2.8Kb of
sdn-I promoter sequence followed by
the entire sdn-I coding sequence in
frame with a GFP sequence.(Rhiner et
aI.2005)

the phenotypes relevant to this project. Additional
www.worrnbase.org. * 1s; strain has an integrated
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2.5 C.elegans phenotype analysis.

2.5.1 General phenofype analysis.

In C.elegans, phenotypes are used to deduce the genotype of a particular strain. For

example, animals of a mutant unc-S strain exhibit ventral clear patches and uncoordinated

movement. A LeicaNIZí dissecting microscope was utilized for the majority of the

C-elegans general manipulations such as transferring animals between plates as well as for

general phenotype analysis for deducing strain genotype. For phenotype analysis requiring

higher magnification a Zeiss Stemi M2BIO QUAD stereomicroscope with 10X and 20X

magnification was utilized. This microscope is equipped with a Zeiss AxioCam HRm and

AxioCam 4.0 software and was also used for imaging.

2.5.2ldentiffing and scoring DTC migrafion defects.

DTCs that fail to reach the dorsal muscle band during their second migration phase

cause a gonad morphology defect that is identified by a ventral clear patch in the animal.

The clear patch is easily visualized under the LeicaMZ6 dissecting microscope at low

magnification facilitating DTC migration defect scoring.

DTC migration defects were scored in animals at the L4 larval stage of Fl progeny

from a single clone. DTC migration defects in the ventral to dorsal migration phase were

counted based on their occurrence (anterior or posterior/ventral or dorsal clear patches) for

each Fl progeny. Proportions of anterior and posterior DTC migration defects for each strain

were calculated assuming a binomial distribution. Proportions were expressed as percentages

and standard errors calculated as described in (Hedgecock, Culotti and Hall 1990).
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2.5.3 Live C.elegøns imaging.

Live photographs of animals (bright field or with a 470 GFP filter) on NGM agar

plates were taken using a Zeiss Stemi M2BIO QUAD stereomicroscope equipped with a

Zeiss AxioCam HRm and AxioCam 4.0 software. Magnifications (lOX or 20X) are

specified in each photograph. For all tive photographs, the anterior posterior axis runs from

left to right and the dorsal ventral axis runs top to bottom.

2.5.4 Stiil C.elegans imaging.

For phenotype analysis requiring higher magnifications, animals were mounted on a

2.5Yo agarcse pad dried to a thin cover slip and immobilized with lmM levamisol (Brenner

1974)- A Zeiss Axio Imager equipped with an Axiocam MRc camera and Axiovision Rel4.4

software was used and photos were taken with a 63X lens with DIC (differential interference

contrast). For all still photographs, the anterior posterior axis runs from left to right and the

dorsal ventral axis runs top to bottom.

2.6 Preparation of agarose gels

Agarose gels were prepared in either a l00xl15mm small casting tray (Fisherbrand

horizontal unit mini-plus) or l30xl50mm medium casting tray (Fisherbrand horizontal unit

midi). Appropriate amounts of agarose (Promega) were weighed out and mixed with the

appropriate amount of lX TAE (depending on the desired size and width of the gel) in a

glass 250m1 flask (Pyrex). The mixture was gently shaken and placed to boil in a microwave

until the agarose dissolved. A magnetic stir bar was added to the flask and the mixture was

placed on a P-353 sti¡rer on a low setting. Ethidium Bromide (l0mg/ml) was added to the

mixture (I0% of total TAE buffer volume) and stired. Casting trays were positioned
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vertically in the trays, combs (with various well numbers) inserted and the gel was poured

into the tray and left to set. Once the gel solidified the comb was remove and the tray was

rearranged horizontally and submerged in I X TAE buffer with l0% ethidium bromide.

Samples were loaded with an OrangeG running dye (1:6 of total volume being loaded) and

run against a lKb DNA ladder (Invitrogen). The gels were run at 80-90 volts (mini-plus) or

100-120 volts (midi) (Fisher F8300 power pack) until desired band resolution was achieved.

Gels were visualized on an Alphalmager22}} trans-illuminator and photographed with the

AlphaEaseFC software.

2.7 Cosmid microinjections

2.7.1 Cosmid preparation

Cosmids C0381, T2285, K10C2, K0487, Cl5B12, F22A3, T14E8 and T2884

(spanning the region that mig(ev648) was mapped to) and cosmids F4187, R0783, F46F6,

Zc504, c39Bl0, c33D3, F14F3, F5gF5, F57C7, M7g, Fl1A1, Fl3E6, C4685, T01C1,

R0744 (spanning the area that enh(ev697) \ryas mapped to) were obtained from Alan

Coulsan, Cambridge University LIK (Described in Section 6.3). Cosmids arrived previously

transformed n E.coli and were immediately streaked out onto LB agar (in 9mm diameter

plates) with kanamycin (75pg/ml) or LB agar plates with ampicillin (75¡rglml). Plates were

incubated at 3TDCovernight. Ampicillin/Kanamycin resistant colonies were picked with a 1-

10¡rl pipette tip and aseptically placed in 10ml sterile culture tubes (Simport) containing 4ml

of liquid LB broth with 50pg/ml of kanamycin or ampicillin. Liquid cultures were incubated

at 370C overnight in a shaking incubator. A Qiagen mini-prep kit was utilized to isolate

cosmids (as per manufacturers instructions). Cosmid identity was verified by resolving

restriction enzyme digest patterns (New England Biolabs) on a lYo agarose gel.
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2.7.2 lnjection mixture preparation.

The cosmid injection mixture consisted of lOng/¡rl of the appropriate cosmid in

elution buffer, 5Ong/pl of a pTG96GFP plasmid used as a co-transformation marker, 41ngl¡tl

pKS plasmid and ddHzO for a total volume of 20¡tl. The pTGS6GFP construct (Gu, Orita and

Han 1998) contains a GFP coding sequence regulated by the nuclear specific promoter of

sur-S inducing GFP expression in all nuclei of transgenic animals.

2.7.3 Mieroinjection.

Each cosmid mixture was microinjected using a fine capillary needle and compressed

air (nitrogen) into the syncytial distal region of adult mig(ev648) and enh(ev697) animal

gonads. Using a dissecting microscope, animals were placed in mineral oil covering a thin

pad of 2-0Yo agarose that was dried onto a 24X50 microscope cover glass (Fisher). Once the

animal adhered to the pad, the cover glass was transferred to an inverted LeicaDMIL DIC

microscope equipped with a manoeuvrable stage and injection needle micromanipulator.

Injection needles were made from glass capillaries using a needle puller. The injection

mixture was added into a capillary needle and the needle \¡ras attached to the

micromanipulator. The needle micromanipulator was connected to tubing and joined to a

Nitrogen pressure tank forcing air through the needle and ejecting the mixture in a

controllable manner. Using the movable stage the animal was positioned onto the needle

ensuring that the needle pierced through the cuticle and into the gonad syncytium. The air

\À/as activated and the cosmid mixture was forced into the distal gonad region.

Microinjection of transgenic DNA in C.elegans is reviewed in (Mello and Fire 1995).

Briefly, DNA fragments contained within the mixture microinjected into the gonad

syncytium of C.elegans undergo recombination forming multi-copy, extra-chomosomal (Ex)
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arrays of repeating GFP, pKS and cosmid DNA fragments in no particular order or number.

Arrays within the syncytium are taken up by germ cells as their plasma membrane is formed

and expressed using the animals endogenous transcription factors. The extra-chromosomal

arrays remain present in the nucleus and have a 5%;o-95Yo transmission frequency.

Injected animals were cloned onto NGM plates and Fl progeny were analysed for

GFP expression. Fl progeny expressing GFP were cloned out and the stability of the

transgene was examined in the F2 progeny. At least two independent st¿ble transgenic lines

for each cosmid microinjected were generated and used for analysis. Rescue was deduced by

phenotype analysis using a Zeiss Stemi M2BIO QUAD microscope equipped with a 470

GFP lense.

2.8 Sequencing.

2.8.1 C.elegans genomic DNÄ isolation.

C.elegans genomic DNA was prepared from N2 (wild-type), mig(ev648) and

enh(ev697) strains. Each strain was grown up on three, 150mm thick Rich Agarose Plates

until just before starvation for a total of nine plates. Each strain was washed from plates with

M9 buffer and collected into a 15ml plastic conical tube (Corning). To remove bacterial

residue, each tube was centrifuged for 30 seconds at 300-500xg, the supernatant was

removed and the pellet was re-suspended in ddHzO and centrifuged again. After three

washings, the animal pellet was re-suspended in lml H20, transferred to a l.5ml Eppendorf

tube and centrifuged for i min at 13 200rpm. The supernatant was removed and 500u1 of

genomic worrn lysis solution was added. Tubes were incubated in a -800 C dry ice bath for

30 mins, thawed and then re-incubate for 30-60 mins in a water bath at 55-650C with

occasional agitation. Lysate was then centrifuged at 13 200 rpm and the aqueous phase was
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transferred to a new tube, leaving behind the eggshells and wonn carcasses. To clean the

DNA, an equal volume (- 500p1) of phenoUCHCl3 was added to the tube and centrifuged at

13 200 rpm for I min. The aqueous phase was transferred to a new sterile Eppendorf tube,

ær equal volume of CHCIg was added and the mixture was re-centrifuged at 13 200 rpm for I

min. Addition of CHCIg followed by centrifugation and removal of the aqueous phase was

repeated for a total of three times. After the third centrifugation, the aqueous phase was

transferred into another tube and 2.5 volumes of l00o/o EtOH was added to precipitate the

DNA from solution. The mixture \ryas centrifuged for l5mins at 16,000 xg. The aqueous

phase was then removed and lml of low TE was added. The tube was sealed with parafilm

and the DNA was re-suspended into solution on a slow moving rotator at40C.

2.8.2 Primer design and PCR amplification.

Primers for mig-23, sdn-l and nas-33 sequencing were designed based in the most

recent gene sequences submitted to WormBase (www.wormbase.org). Primers for nas-33

were designed to ampli$, exonic regions and primers for mig-2-? and sdn-I were designed to

amplifr the entire gene coding sequence including introns. Primer sets were chosen based on

their melting temperatures, tendencies to form hair-pins and their abilities to homodimerize

and heterodimerize as deduced by IDT Oligoanalyzed3.0.

(http://www.idtdna.com/analyzerlApplications/OligoAnalyzerlDefatlt.aspx). Primers were

blasted against the entire C.elegans genome (NCBI BLAST) to ensure specificity. Primers

for each gene are described in Tables 4, 5 and 6 and were ordered through Qiagen(nas-33)

and Invitrogen (mig-2-3 and sdn-L).
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Table 4 : Primers used for sequencing nas-33

PrimerName Primer Sequence (5'to 3')

MSKO4-F1

MSKO4-R1

MSKO4- F2

MSKO4-R2

MSKO4 - F3

MSKO4 - R3

MSKO4 - F4

MSKO4 - R4

MSKO4 - F5

MSKO4 - R5

MSKO4 - F6

MSKO4 - R6

MSKO4 - F7

MSKO4 - R7

CAACACCACCCATTGAGACG

GC A':A,A.GC C GTC CTTGGTGAAC

GGTCTTTGAGTGGGAGCTGT

CACTCTC A.]{{GCAGCAACGA
TCGTTGCTGCTTTGAGAGTG

CAC CGTTGAACCCAGTAGACCT

GGCAGTTTATC C GATTGGTGC

GGTGATGGATGTGAJA-A.C GGT

GGTCTCGCTTGTTCATGCCA

GCTC AJAüAACGGCTTTC GTGT

CGAGACCACGTTGTTCCGTT

CTGAGCCGGA.ACCACAACAA

CCACTGGACGGGATTACAGT

CCTTGGCATCGGTGAGATTT

Table 5 : Primers used for sequencingmíg-23
Primer NamePrimer sequence #bp Tm
Mig-14
Mig-18
Mig-24
Mig-28
Mig-34
Mig-38
Mig-44
Mig-48
Mig-54
Mig-58
Mig-64
Mig-68
Mig-74
Mig-78
Mig-8A
Mig-88
Mig-94
Mig-98

TCG GAA GTG CGC TTT GAA TG 20
GACACGCATAGGATCACCGCA 2I
TCC GAA TTG CAG CGT CCG A T9

CTGAACGACCGATTTCCACCA 2I
TCC CTG fuA.A, AAC CGC CGA AA 20
CTTGGGCAGGTTTTGTTCCA 20
GTG ATG CAG GGT CAA CTG GA 20
CTT GCA TGT GCT GGC GAG GTT 21

TGGAACAJqJAACCTGCCCAAG 20
GTCTTCCCTGCATCCGAGGT 20
GATATGGGTGGAGCAAGTGCT 21

TCCGCATCATACTGTCCTCCA 2T

GTCTGTA {{GCTGAAGCGGCA 2I
AGCTGAJAACCGTGCTGCAA 20
GTACCCGAGAGCTGACGAGGA 2I
GA A.ACCfu{GGCCCAATCCCA 20
CAATGGGCTCTCGGAGCAATG 2I
GAGGACCGACGTTTGTCATC 20

2t
20

56. I
s9.6
59.7

57.4
57.5
56
57
60.9
56

59
57
57
57
s9
60
59
58

55.6
58.6
55.6

Mig-1OA TGGGATTGGGCCTTGGTTTC
Mig-1OB CATCTGGAGGTTCCTGCTTG
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Table 6 : Frimers used for sequencing sdz-l
PrimerName Primer Sequence #bp Tm

TCCTCCTCCACCACAACACCA
TTCGTCGTCGGTTGGGTAG
TTGCAGCAGGTCGAAGGAAG
CTCCTTGTCGTTTGCCGCTG
CTACAGCGGTTTGTGTCGGC
GAAGCCATTTGCCAGTGTCT
CAGAACGCCAAGGTCAGCAG
AAGAGGCCACGCCATCTGTC
CAAGC CTATCCGTTCCGTCTG
CTCTCATCGTCTTCCCACCA
CAGAATGGGGACCCCTTCGT
CTTCCGTCCCACCATCCCGA
CTGAGCAGCATCCCACATC
CACCGCAACGAGAACACCT
GTGTCTGTGAGGAJAJA.{GGGGA
GTCTTGCTTGCTTGGGTTCATC
AGGTGTTCTCGTTGCGGTG
TCC CTACC CCTAAGTGGGTCT

sdn-14
sdn-18
sdn-24
sdn-2B
sdn-34
sdn-38
sdn-44
sdn-48
sdn-54
sdn-58
sdn-64
sdn-68
sdn-74
sdn-78
sdn-84
sdn-88
sdn-94
sdn-98

2t 60.5
t9 56.9

20 57.8
20 s9.2
20 s8.8
20 55

20 58

20 60
2t 57.7

20 s6.8
20 s9.4
20 6t
19 56
t9 58
21 56.7

2t 57
t9 58
21 59

PCR fragments for sequencing were amplihed using an Invitrogen Platinum Zaq

DNA polymerase kit. For each primer set, a temperature gradient setting on the Eppendorf

Mastercycler was used to determine primer set melting temperatures for optimal and specifrc

DNA amplification. Each gene was sequenced in the C.elegans N2 wild-type strain in

addition to the mutant strain.

2.8.3 Gel extraction and quantification of DNA fragments.

PCR amplified DNA fragments to be sequenced were resolved onal.5o/o agarose gel

and excised from the gel using a clean scalpel. A Qiagen Gel extraction kit was utilized to

extract product from the gel (as per manufacturers instructions). To ensure that the final

DNA fragment concentration was at least 50ng/¡rl (as recommended by the The Centre for

Applied Genetics Sequencing Facility in Toronto), lpl of the fragment solution was diluted
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in 9ul of low TE and resolved on a l%o agarose gel against a low mass ladder (lnvitrogen).

PCR fragments were sent for sequencing (along with their respective primers at a

concentration of 5 pmoVpl and a minimum volume of 10pl) to The Centre for Applied

Genetics Sequencing Facility in Toronto. Each fragment was sequenced using both forward

and reverse primers in order to validate the accuracy of all sequencing results.

2.8.4 DNA sequence alignments.

Automated sequencing results were sent ûom Toronto to Winnipeg via email in text

format. The ClustalW alignment program provided by EBI (www.ebi.ac.uk/clustald) was

used for all alignment (sequences and protein). The most recent sequences submitted to

Wormbase (www.wormbase.org) (nas-33: GenBank Assession# U39666; mig-23:GenBank

Assession#NM_076593; sdn-L: GenBank Assession#NM_I71972) were used to compare the

sequences obtained from N2 and mutant strains for each fragment. Mut¿tions were deduced

based on observed variations in the sequences compared by alignment.

2.9 DT C migration defect enhancement/supp ression assays.

Previous studies have established a methodology for analyzing genetic interactions of

unc-5/unc-40/unc-6 with various other cell migration genes in order to deduce their roles in

cell guidance and place them within the hierarchies of cell guidance signalling pathways.

For example, the frequency of DTC migration defects in unc-S(e53);unc-6(ev400) mutants

and unc-41(e1430);unc-6(ev400) mutants is not enhanced compared when to the frequency

of DTC migration defects in unc-6(eva0q (Hedgecock, Culotti and Hall 1990; Merz et al.

2001). Eliminating unc-6 and its receptors unc-5 and unc-40 results in the same outcome as

simply eliminating unc-6 as unc-6 signals through its downstream receptors for ventral-
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dorsal DTC guidance. Placing each enhancer allele in unc-5/unc-40/unc-6 genetic

backgrounds can assess whether the roles of mig(ev648) and enh(ev697) alleles in DTC

guidance are limited to unc-5/unc-40/unc-ó or whether each allele functions in a parallel

DTC guidance pathway.

2.10 SNP mapping.

2.10.1 Selection of genetic recombination markers.

Three factor genetic mapping mapped enh(ev697) to LGX:+2.0. The genes dpy-

ó(LGX:0.0) and egl-15(LGX:2.86) were chosen as genetic markers for identifying

recombinant animals. Phenotypes of both dpy-6(e14) and egl-Lífua9! mutant strains,

reduced body length and egg-laying deficiencies respectively, are easily distinguishable at

low magnification facilitating phenotypic analysis of high numbers of animals.

2.10.2 SNP selection and amplification.

An alternate C.elegans strain, C84856 Hawaiian, bears SNPs (single nucleotide

polymorphisms) in its DNA sequence relative to the commonly used Bristol strain. These

SNPs have been identified, mapped and recorded in Wormbase (www.wormbase.org). SNPs

in the Bristol strain within the genetic region between LGX:1.8 and LGX:2.86 were selected.

Three verified SNPs were identified, pkP6l28(LGX:1.932), pkP6040(LGX:2.31) and

pkP6160(LGX:2.54) (Table 7) and primers for ampli$ing the area surrounding and including

each SNP were ordered (Qiagen).
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2.10.3 Recombinant identification.

Ã dpy-6(et4)enh(ev697)egl-15(n484) mutant strain was generated as outlined in

Section 6.2.3. Hawaiian males were crossed to a Bristol dpy-6(e14)enh(ev697)egl-15(n484)

hermaphrodite and wild-type Fl progeny (Bristol-dpy-6(e14)enh(ev697)egl-

I5(n484)/Hawaiian-+;+;+) were selected and cloned out. Recombinations occurring

between the Bristol dpy-6(el4)enh(ev697)egl-15(n484) chromatid and Hawaiian +;+;+

chromatid were recovered by isolating F2 progeny that were Egl and non þy or Dpy and

non Egl. From these progeny, seven egl-L5(n484), non-Dpy lines were isolated and labelled

Cl to C9.

2.10.4 DNA isolation from recombinant strains.

DNA from the recombinant strains was isolated using the single worrn lysis method.

Five animals from each recombinant strain were placed in 0.2m1 thin walled PCR tubes

(Biocan) f,rlled with single worTn lysis buffer. Sarnples were placed in an ethanol and dry ice

bath for l5mins. l pl of mineral oil was added to each sample and the tubes were placed in

the Eppendorf Mastercycler where they were incubated at 600C for I hour, 950C for 15 mins

and immediately stored at-20oC.

2.10.5 PCR amplification.

SNPs in each recombinant were PCR amplified with an lnvitrogen Platinum 7øq

DNA polymerase kit utilizing the appropriate primers. The temperature gradient setting on

the Eppendorf Mastercycler was used for each primer set to determine melting temperatures

for optimal and specific DNA amplification. PCR amplification products were resolved on a

lYo agarose gel to ensure that the correct fragment was ampliflred.
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TableT : SNPs used for mappins e¿

SNP Genetic Forward Primer
Name Locus

pkP6l28 LGX 1.932 ACTTGGTGAGCATTCCGCAC

PKP6O4O LGX2.38 CCGTTTGAACTTCTAGGTCG CGTCCGTATCGTTTTCCTC

pkP6160 LGX 2.54 ATTATGAACGTGGTCCTTTCCG ATACATATTTCTCGCACCGTTC 418bp Hinfl 418bp 296bpl122bp

Reverse Primer

ACCATATCAAGTGGTGTCGG

Fragment Restriction Bristol Hawaiian
Lengh Enzyme Fragments Fragments

649bp Nsil 378bp/271bp 649bp

725bp EcoRV 725bp 374bpl351bp

53



2.10.6 Restriction digest of PCR amplified DNA fragments.

PCR amplification fragments spanning each SNP were treated with the appropriate

restriction enzyme to veriff their restriction pattem and determine whether fragments were of

Bristol or Hawaiian origin. All restriction enzyme reactions were performed in Eppendorf

tubes and consisted of lpl of the PCR amplified DNA fragment, lpl of enzyme (NEB), 2¡rl

of the appropriate restriction enzyme buffer (NEB) and 16¡rl of ddHz0. All restriction digests

were performed in a370C water bath (enzyme manufacturers instructions) for at least I hour.

Digested products were resolved on a lVo agarose gel and visualize as described in Section

2.6.

2.10.7 Mapping the recombination.

The restriction enzyme digest pattern of each SNP DNA fragment was used to deduce

the origin (Bristol or Hawaiian) of each SNP fragment from the recombinant strains. Once

the origin of each SNP fragment from each recombinant was deduced, the genetic

recombination position for each recombinant strain was inferred. Recombinants were scored

for the presence of the enh(ev697) embryonic elongation phenotype and enh(ev697) was

mapped relative to the location of the recombination between the two SNPs.

2.11 RNAi media preparation.

RNA interference by feeding

HTl 15 strain X-5K23 was obtained

strain is deficient in RNAse III, can

presence of isopropylthiogalactoside

Figure 4 (Timmons and Fire 1998).

method is described in (Kammath 2001). The E.coli

from P.Roy (University of Toronto). This bacterial

induce T7 bacteriophage polymerase activity in the

(IPTG) and contains the L4440 vector described in

The vector contains an ampicillin resistance gene for
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selection and the abl-\ fragment inserted into an EcoRV site flanked with T7-polymerase

promoters allowing bi-directional transcription of the fragment to produce abl-l dsRNA'

NGM agar was prepared and carbenicillin (Fisher) [25uglml] and IPTG [lmM] (Fisher)

(l.5mg/ml) were added prior to pouring. The media \¡/¿ls poured into 9cm petri dishes

(Fisher) and allowed to solidifu for 4-7 days. A 10ml liquid culture of the x-5K23 E.Coli

was prepffed in liquid LB broth with 50ug/ml ampicillin and incubated in a shaking

incubator ovemight at i70C- The following day the plates were seeded with x-5}íJ3 E.Coli

and allowed to dry overnight. Plates were stored at +40C until used to maintain the stability

of the IpTG. enh(ev697) mutants at the L3 larval stage were cloned out onto the prepared

RNAi plates. Plates were left at room temperature and Fl progeny were analysed within

three days.
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T7 promaterrÇ T7 promoter

HT1 15(DE3)

product \
L4440

double-TT
vector

(Kamath 2001)

Figure 4 : The L4440 vector for RÀ[Ai assays in C.elegans.
Schematic diagram depicting theL4440 vector and its components in
an HTl 15(DE3) E.coli ceIl.
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3 RESULTS A}ID DISCUSSION

3.1 Cloning and characterizing the DTC guidance roles of míg(ev648).

T}lre mig(ev648) allele was identified in a genetic screen for enhancers of DTC

migration defects in unc-S(e(52) mutztrts. mig(ev648) mutants ínanunc-S wild-type ot unc-

5 mutant background exhibit DTC migration defects in the second and third DTC migratory

phases. Specifically, the DTCs fail to migrate dorsally causing the third migration phase to

occur along the ventral muscle band (as seen in unc-S, unc-6 or unc-40 mutants) or the DTC

executes the ventral to dorsal migration phase and during the third migration phase wanders

on and off of the dorsal muscle band. These aberrant DTC migratory pathways in

mig(ev648) mutants were observed upon examining differences in clear patches of unc-

5(e152) and mig(ev6aÐ SigLLte3).

3.1.1 The gonad morphology of the míg(ev648) mutants.

Phenotypic differences in the venhal clear patches of unc-S and mig(ev648) mutants

resulting from the gonad morphology defects caused by aberrant DTC migration patterns

were observed at low magnification (Figure 3). Clear ventral patches nmig(ev648/ mutants

appear blurry and the edges not well defined when compared to unc-5(e152) clear patches,

suggesting a structural gonad morphology defect (possibly due to defects in the position or

structure of the gonadal sheath cells) in mig(ev648) mutants rather than a positional gonad

morphology defect due to aberrant DTC migration patterns such as those observed in unc-

5/unc-40/unc-6 mutants. The adult hermaphrodite gonad structure has been reviewed (Ilall et

al. 1999). Five gonadal sheath cell pairs join together to form each tubular gonad arrr. The

most distal sheath cell pair enclosing the syncytium containing the germline nuclei, are
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located in the area of the gonad arrn along the dorsal muscle band pattemed by the third

phase of DTC migration. The transgenic strain tnls5 expresses GFP under the regulation of

the gonadal sheath cell specific lím-7 promoter allowing for the visualization of the distat

gonad morphology outline. T\e tnls5;mig(ev648) strain was generated as outlined in Section

6.2.I and the gonad morphology of tnls5;mig(ev648) mutants was compared to the gonad

moqphology in wild-type rz1s5 (Section 2.5.3). An inegular gonad morphology was

observed in tnls5;mig(ev648) (Figure 5). Sheath cells appeared to be normal and properly

localized in tnls5;mig(ev648) indicating gonad morphology defects observed n mig(ev64y)

appear to be a result of aberrant DTC migration patterns rather than structural defects caused

by the aberrant structure of the sheath cells. In tnlsí, DTC migrate along the dorsal muscle

band resulting in a straight, linear gonad amr. ln tnls5;mig(ev648) the DTC wanders offthe

dorsal muscle band during the third DTC migration phase resulting in a meandering distal

gonad arm. Thus the mig(ev648) allele appears to play a rolç in DTC guidance during the

second and third DTC migration phases and possibly is involved in either mediating the

DTCs or the gonadal sheath cells ability to adhere to the dorsal muscle band or is required for

selecting the substrate over which the DTC migrates.

3.1.2 Genetic interactions of mþ(ev648), unc-S and unc-6.

Our genetic screen identified mig (ev648) as an enhancer of DTC migration defects in

unc-S(e152) mutants indicating mig(ev648) has a role in guiding DTC migrations. However

it remains to be shown whether or not mig(ev648) is involved in unc-6/unc-5/unc-40 DTC

guidance mechanisms during the second migration phase or whether it is limited to parallel,

unc-S independent guidance pathways. This uncertainty can be addressed by employing
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Figure 5 : Images of tnlsS and tnls5;míg(ev648) gonad morphologies. Live, bright-field photographs.

Gonad morphology of tnIs5(A,B) and tnIsï;mig(ev649) (C,D) mutants visualized with a GFP regulated by
the lim-7 promoter for gonadal sheath cell specific expression. The gonad morphology of ø1s5 (B) is

representative of a straight DTC migration pattem whereas the gonad morphology of tnls5;mig(ev6a$ (D)
is representative of an aberant, non-linear DTC migration pathway along the dorsal muscle band.

Brightfield images depict the clear patches (representing DTC migration defects) present in mig(ev648)
mutants (C) and not observed in N2 (A). Photos were taken on the M2BIO QUAD stereoscope.

D

v
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classical genetic methods to elucidate genetic interactions of mig(ev648) with unc-S/unc-

6/unc-40 for DTC guidance (Section 2.9).

The unc-5(e152) allele encodes a truncated form of the IINC-S protein retaining

partial DTC guidance frmction. The eI52 allele was used in the genetic screen in orderto

recover DTC guidance genes otherwise undetectable with a complete loss of unc-S function

as all components directly involved in LINC-5 guidance functions and signalling pathways

are silenced. Therefore, if a gene does not enhance the frequency of DTC migration defects

in unc-5(e53)(a null), this gene must be dependent on unc-S function for DTC guidance.

Altematively, if a gene enhances the frequency of DTC migration defects in unc-5(e53l, this

gene must be functioning, at least in part, in some parallel guidance pathway that has also

been disrupted in addition to the complete loss of azc-S guidance.

To determine the role of mig(ev648) 'tn unc-S mediated DTC guidance, DTC

migration defects rn unc-5(e53);mìg(ev648l were scored and compared to the frequency of

DTC migration defects n unc-5(e53). The frequency of posterior DTC migration defects in

the unc-S(e53);mig(ev648) mutants was significantly increased in the posterior compared to

the frequency observed rn unc-5(e53) (Table 8).

Table 8 : DTC migration defects 'tn unc-î and mig-23(ev6a$ mutants.

unc-5 mig-23 Anterior DTC Posterior DTC

eI 52

WT

eI 52

e53

e53

e53;unc-40(e I a30)

e53;unc-4)(e1430)

wT 8+1
mig(ev648) 36 +2

mig(ev648) 32 +2**u

v/T 28 *2
mig(ev648) 3I t2*
WT

mig(ev648) 66 !2

40+ I
54+2

7l r2**
53 +2

76 t2**

88+l

t464
400

201

95r

407

708

u Each st¿tistical comparison is against the frequency of DTC migration defects inunc-S
or unc - 5 ; unc -4 0 stratn alone. *P<0. 05 ; * *P<0. 00 I .
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The enhancement of DTC migration defects rn unc-5(e5j);mig(ev648) double

mutants demonshates mig(ev648/ is functioning, at least in part in a parallel DTC guidance

pathway and is not limited to unc-S mediated guidance of the DTCs. To assess the

possibility that mig(ev648) is limited to unc-40 or unc-6 for DTC guidance, ar; unc-

40(e1430);unc-5(e53);mig(ev648) triple mutant was generated (Section 6.2.2). unc-

40(e1430);unc-5(e53) mutants (both null alleles) represent a complete loss of the UNC-6

guidance pathway as DTC migration defect frequencies n unc-40(e14j0);unc-5(e53) are

identical to the frequencies ln unc-6(ev400) (Hedgecock, Culotti and Hall 1990; Merz et al.

2001). An unc-6(ev400)mig (ev648) mutant is the ideal strain for this assay. However, unc-6

and míg(ev648) are closely linked on LGX and isolating recombinants would be extremely

difücult. The frequency of DTC migration defects in unc-40(e1430);unc-5(e53);mig(ev648)

mutants was calculated and compared to unc-40(e1430);unc-S(e53). The frequency of DTC

migration defects in triple mutants was significantly greater compared to the frequency in

unc-40(e1430);unc-5(e53) (Table 8). This increase is conclusive evidence confrming the

rcIe of mig-23 inDTCmigrations is not limited to the unc-6/unc-40/unc-5 guidance pathway

and that it is acting, at least in part, in a parallel DTC guidance pathway.

3.1.3 Suppression/enhancement of evls99 DTC migration defects n a mìg(ev648)

bacþround.

The previous data has indicated mig(ev648) is not limited to the unc-6/unc-5/unc-40

guidance pathway but has not ruled out the possibility that mig(ev648) is directly involved in

unc-5/unc-40/unc-6 mediated DTC guidance. To assess whether mig(ev648) has a role in

unc-S mediated DTC guidance, an evls99;mig(ev648) strain (Section 2.3) was generated.

The evIs99 transgenic strain contains an integrated DNA array with the entire unc-S coding

61



sequence regulated by the emb-9 promoter, resulting in the early expression of unc-5 during

the first ventral DTC migration phase thus causing a precocious dorsalward turn of the DTC

(Su er al2000). This aberrant DTC migration pattem is identified at low magnification by a

dorsal clear patch in the animal (Figure 6). If a gene directly involved in unc-S mediated

DTC guidance is placed in an evls99 background, the frequency of precocious DTC

migration defects is suppressed due the disruption of a component required for unc-S

mediated guidance. For example, the frequency of precocious DTC tums in evls99;unc-

6(ev400) is ÙVo for both anterior and posterior DTC compared to 66Vo (anterior) and 75%

(posterior) precocious DTC turns in evls99 animals (Su er al2000). A gene dispensable for

unc-S mediated guidance will not suppress DTC migration defects in an evls99 background

as unc-S ret¿ins its ability to tum the DTC dorsally. evls99;mig(ev648) was scored for the

frequency of precocious DTC tums and compared to evls99 alone (Table 9).

Table 9 : DTC migratíon defects of evls99 anil evls99;mig(ev648)

Anterior DTC Posterior DTC

evIs99

evls99;migþv648)

)Á.+)

3l+4

40 +2

42+4

392

108

The statistical comparison is against the frequency of DTC migration defects in the
evls99 strain alone. tP<0.05; t+P<0.001.
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Figure 6: Images of N2 wild-fype and evls99. Two clear dorsal
patches (denoted by the two arows) are visible in evls99 (B) and
are aresult of the precocious DTC turn caused by early unc-S
expression during the first DTC migration phase. These patches
are not observed in N2 (A).
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The ûequency of precocious DTC turns was not significantly changed tn evls99;mig(ev648),

suggesting that mig(ev648) does not play a role lnunc-S mediated DTC guidance.

3.1.4 Cosmid phenotype rescue in mig(ev618),

The mig(ev648) enhancer allele w¿N mapped to LGX-2.9 befween genes lon-2(-6.75)

and unc-6(-2.0), a genetic region with (at the time) no known genes involved in DTC

migrations or guidance, (Figure 7) suggesting that mig(ev648) was possibly an allele of a

novel DTC migration gene. Cloning mig(ev648) began by microinjection of wild-type

cosmids into mig(ev648) mutants and testing whether the cosmids rescued the DTC

phenotype (Section 2.7). Overlapping cosmids spanning the region LGX-3.0 to LGX_2.74

were obtained from the CGC and prepared as described in Section 2.7.1. Eight cosmid

mixtures (Section 2.7.2) were microinjected separately into individual mig(ev648) mutants

and eight transgenic lines stably expressing each cosmid (denoted by GFP expression) were

generated. Each transgenic line expressed GFP and exhibited the míg(ev648) DTC migration

defect phenotype indicating that cosmids spanning LGX-3.05 to LGX-2.74 did not rescue

the mig(ev648) DTC migration defect phenotype. This finding suggests that the mig(ev648)

enhancer allele maps to an altemate genetic region not covered by these cosmids. The lack

of rescue observed could be explained by limiøtions associated with microinjecting DNA

arrays for creation of transgenic C.elegans lines. Possible complications with DNA

microinjections include gene over-expression due to increased gene copies contained within

the transgenic array, variations in gene expression patterns from one animal to the next due to

varying amounts of the array being transmitted to progeny and the presence of a gene

silencing mechanism in C.elegans triggered by tandem s€quence repeats
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that occur within the injected anay (Praitis et aL,2001). To refine mig(ev648) mapping and

to confrm the cosmid rescue data obtained was not a result of hansformation complications,

higher resolution gene mapping using SNPs (single nucleotide polymorphisms) was

undertaken.

3.1.5 Sequencing nøs-33

Genes within the mapped mig(ev648.) region were evaluated for a potential role in

DTC guidance that has not been identified to date. The gene nas-33 located at LGX-2.9

(Figure 7) encodes an astacin-like protein (Mohrlen, Hutter and Zwilling 2003). Astacins a¡e

a family of metalloproteases with various defined roles in pattern formation, morphogenesis

and cell migrations (Basbaum and Werb 1996). As roles for metalloproteases mig-17

(Nishiwaki, Hisamoto and Matsumoto 2000) and gon-l (Blelloch et al. 1999) in DTC

guidance have been previously described, nas-33 was a putative candidate gene for the

mi g(ev 6 4 8) enhancer allele.

Tlne nas-33 gene in was sequenced in N2 wild-t)"e and mig(ev648) strains (Section

2.8) and sequencing results were aligned and analysed for any differences (Section 6.4). The

N2 wild-type nas-33 sequence was identical to the nas-33 gene sequence in the mig(ev648)

mutant strain confrming that the mig(ev648) enhancer is not an allele of the nos-33 gene.

3.1,6 míg(ev648) and míg-23 complementation test.

A paper was published in January 2004 identifuing and describing a novel gene

involved in DTC migrations, mig-2j (Nishiwaki et aL.2004). mig-23 encodes a membrane

bound nucleotide diphosphatase (NDPase) involved in glycosylating and localizing MIG-17,

a disintegrin and matrix metalloprotease with a role in DTC guidance. Gonad morphology
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defects in mig-23 mutants closely resembled the wandering gonad arm observed in our

tnls5;mig(ev648) strain. Although míg-23 maps to LGX:-4.0 (Nishiwaki et a¡.2004), the

similarities in the gonad morphology defects observed n mig-23 and mig(ev648) súongly

suggested that mig-23 was a good candidate gene.

The mig-23(k180) sftain (a mig-23 nr;lJ allele) was obtained from the CGC

(Caenorhabditis Elegans Genetics Centre). At low magnification, gonad morphology defects

in the mig-23(k180) strain closely resembled those observed in míg(ev648) (Figure 8). To

assess whether mig(ev648) was an allele of mig-23 a complementation test was performed by

crossing mig(ev648) males to míg-23(k180) hermaphrodites. If Fl progeny from this cross

were phenotypically wild-type, mig(ev648) and mig-23(k180) complement each other and

thus are not the same gene. On the contrary, if Fl progeny from the cross exhibited identical

gonad morphology defects observed in mig(ev648), mig(ev648) and mig-23(k180l do not

complement each other and thus a¡e the same gene.

Five mig(ev648) males were mated with one mig-23(k180) hermaphrodite. To ensure

mating occurred and Fl progeny were cross progeny and not mig-23(k180/ hermaphrodite

selÊprogeny, a high presence of males in the Fl progeny was used as an indication that

mìg(ev648) males mated with the mig-23(k180) hermaphrodite. In each of the four arranged

crosses, a strong presence of Fl males w¿rs observed and Fl hermaphrodites exhibited a high

frequency of the identical gonad morphology defects observed in both míg(ev648) and mig-

23(k180) mutants. Thus zþ-23(k180) and mig(ev648) do not complement each other

indicating thatmig(ev648) is indeed an allele of the gene míg-23.
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Figure 8: Images of mig-23(k180) and mig(ev648). Gonad morphology defects in mig-
23(kIB0) (A) and mig(ev648) (B) mutants bear significant similarities.
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3.1.7 Sequencing míg-23.

To confrm that enhancer mig(ev648l is an allele of mig-23, mig-23 was sequenced in

both N2 wild-type and mig(ev648) stl:ains (Section 2.8) and sequencing results were aligned

and analysed for differences (Section 6.5). The mig-23 sequence n míg(ev648/ mutants

differed from the wild-type mig-23 sequence at base pair 335 in exon 3 of the mig-23 coding

sequence resulting in a GC-AT transition. The mutation causes an amino acid substitution at

position 112 in the protein of an alanine for a valine (Figure 9). MIG-23, a member of the

apyrase protein family has 5 apyrase conserved regions and trans-membrane domains at both

the carboxy and amino termini (Nishiwaki et al. 2004). In mig-23(ev648) mutants the

alanine to valine substitution occurred in a region of the protein that is relatively conserved

but not within an apyrase conserved region described by (Nishiwal<t et a|.2004) (Figure 10).

Assays used to genetically map mig(ev648) suggested that the enhancer allele was

temperature sensitive. For example, the unc-L30(ev505) allele is a temperature sensitive null

allele, as DTC migration defect frequencies in unc-L30(ev505) gro\ryn at 25oC exhibit more

than double the percentage of DTC migration defects than unc-L30(ev505) mutants grown at

16 
oC in the posterior and more than tripte the percentage in the anterior (Nash et at.2000).

mig(ev648) mutants were grown at 16oC, 20oC and 25oC and the frequency of DTC

migration defects was determined for each temperature (Section 2.5.2). mig(ev648) mut¡nts

grown at21oC exhibited a significant increase in the frequency of posterior and anterior DTC

migration defects when compared to mig(ev648) mutants growTr at20oC and 16oC (Table 10),

suggesting the mig(ev648l allele is temperature sensitive.
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Hís-23I'lT
N2 4A
N2 4E
ev_648_4À
ev_648_4E

-?.l¡
CTTGCCGÄÀÀGÀCIiTÄTCCC,LGÀÀGÀÀ.LÀÀIiGGCCGTÄTÀCÀCCTGTTTTCiITTTTTGCC 2 9 7
CTTGCCGÄÀÀGÀCÀTÀTI]CC.LGÀ.àGAÀÀÀÀÀGGC(JGTÄT,ICÀCCTGTTTTC,ITTTTTËCI 2 6 7
ITTGICGÀÀÀGÀCÀTÀTCCCÀGÄÀGÀ.IÀÀ,LÀGGCCGTÀTÀTIACITGTTTTCIåTTTTTGCC 2 9 9
IJTTGTf,GÀ,1ÀG,åCÄT,LTCICÀGÀÀGÀ,1ÀÀÀÀGGCCGT,dTÀfÀCITGTTTTC,LTTTTTGL:f, 2 6 9
CTTGTCGAåÀLìÀC,LTÀT(lCCÀG,1'LG.å'LÀitÀÀGËriCGTÀTåCÀC,:TGTTTTCATTTTTGCTI 3 0 0

multipJ"e sequence alignrnent

I{RVSIRFTIIÀVSÀI{IFFPVIïFIYÏVEÀHTSPI(VIÀDDQERSYGVICDÀGSTGTRTFVY 6 O

I{RVSIRFTIIÀV5ÄI'ITFFPTTIi¡FTYVVEÀHTSFHVIADDQERSYGV]CDÄGSTGTRTFVY 6 O

URVSIRFTIIÀVSÀI{IFFFÏI\¡FTYïVEÀHTSPHVTÀDDQERSYGVICDÄGSTGTRIFVY 6 I]
I'IRVSIEFTIIAVSÀ}IIFFFVIVFITITVEÀHTSPKVIÄDDQERSYGV]CDÀGSTGTRIFVY 6 O

crusTÀr u (1.83)

If ig-2 3wor¡nbase
Mis-2 3TfT
Hig-2 3N2
Hig-2 3ev_6 4 8_

I'lig-2 3wor¡nbase
Hig-2 3I,lT
His-Z 3H2
Ì'f iEr-2 3ev-6 4 8-

ìf ig-2Snorîrbase
I'f ig-2 3ï1ÌT
Hig-2 3N2
l{is-2 3ev_6 4 Ë_

Figure 9: A summary of mig-23 gene and MIG-23 protein sequence alignments. A)The region taken from the fourth
mig-23 DNA fragment sequenced demonstrating the CG-TA transition. (For entire sequence alignment, see Section 6.5).
mig-23 wt is the genetic mig-23 sequence obtained from www.wormbase.org. DNA sequenced from wild-type animals is
denoted as N2, DNA sequenced from mig(ev648) mutants is denoted as ev_648 and for each, A represents sequence results
from forward primers and B represents sequence results from reverse primers. B) A region taken from the MIG-23 protein
alignments demonstrating the alanine to valine amino acid substitution at position 112 in mig-23(ev648) mutants. (For
entire sequence alignment, see Section 6.6).Mig-23wormbase: MIG-23 protein sequence from www.wormbase.org, Mig-
23WT: translated mig-23 wormbase gene sequence,Mig-23N2: translated mig-23 gene sequence obtained from the N2
strain, Mig-23ev_648_: translated mig-23 gene sequence obtained from the mig(ev648) strain.
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Figure 10: Cross species MIG-23/NDPase protein sequence alignments. A multiple
alignment of NDPase IMIG-}3 related proteins obtained from the Pfam database. The

A112V mutation encoded by mig-23(ev648) is within a relatively conserved domain of the

protein (*) although not with one of the five Apyrase Conserved Regions (ACR) defined by

Nishiwaki et al. 2004 C---ì.
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Table 10 : DTC migration defects of mig(ev648) atl6oC,20oC and 25oC.

Anterior DTC Posterior DTC

mig(ev648) @16'C 30 +2*^

mig(ev648) @20"C 36*2
míg(ev648) @25"C 53 + 3**

58 L2

54 t2
63 t3*

475

400

279

Each statistical comparison is against the frequency of DTC migration defects in
mig(ev648) grown at2}oC. *P<0.05; **P<0.001.

MIG-23 functions in the muscle cells of the body wall and is essential for the

glycosylation and localization of MG-17 for DTC guidance during the second and third

DTC migration phase. Genetic interactions between mig-17 and mig-23 demonstrated mig-

23 has mig-17 independent DTC guidance roles (Nishiwaki et al.20A4). Nishiwaki er a/.

(2004) have shown mig-23(k180) is a DTC migration gene directly interacting vnth mig-17

for DTC guidance. However mig-I Z enhances DTC migration defects in an unc-6(ev400)

background (Nishiwaki, Hisamoto and Matsumoto 2000), suggesting mig-23/mig-17

guidance mechanisms are unc-6 independent. We have confirmed the role of mig-23(ev648)

in DTC guidance is unc-S independent and have demonstrated that mig(ev648) is a

temperature sensitive allele.

3.2 Cloning and characterizing the DTC guidance roles of enh(ev697).

The enh(ev697) allele was identified in the genetic screen for enhancers of DTC

migration defects indicating that the allele has a role in DTC guidance. However, enh(e1697)

mutants do not exhibit DTC migration defects unless they are in ar unc-S(el52) background

suggesting the role of enh(ev697) in DTC guidance can be compensated by additional

guidance mechanisms. The enh(ev697) mutant strain exhibits a low frequency of embryonic

elongation defects (Figure 3) and in a heterozygous state (enh(ev697)/+), enh(e'v697)
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enhances DTC migration defects in unc-S(e|52) mutarús, suggesting this allele may cause a

dominant effect or a gain of function which in turn results in the enhancement of DTC

migration defects in unc-S (e I 5 2).

3.2.1 High resolution Sl\[P mapping

enh(ev697) \¡/as rnapped by three factor mapping to LGX between LGX 1.88 and

LG){2.86, a genetic region covered by over 40 cosmids and encompassing over 20 genes. In

order to refine the genetic mapping of enh(ev697) wttllrn this region and narrow down the

number of candidate cosmids required for phenotype rescue, enh(ev697) mapping using

SNPs(single nucleotide polymorphisms) was outlined. An alternate C.elegans strain

Hawaiian, with almost complete genome sequence similarities to the commonly used

C.elegans Bristol strain bears SNPs that are mapped throughout the entire Bristol genome.

The SNPs of each shain can be distinguished by PCR amplification and restriction enryme

digest patterns and utilized to map recombination events between a Bristol chromatid and a

Hawaiian chromatid that span a genomic region flanked by two phenotype markers for

recombinant animal identification. If a gene of interest is situated between these markers the

gene can be mapped relative to the position of the recombination (identified using SNPs)

between a Bristol and Hawaiian chromatid (Figure 11).

Genes dpy-6(eI4)(LGX:0.0) and egl-I5fuaSQ(LGX:2.86) flanking the region to

which enh(ev697) maps \¡/ere chosen as markers for recombinant animal identification as

their phenotypes (Dpy; reduced body length and Egl; egg-laying defective and bloated) are

easily distinguishable. Within the genetic region flanked by these markers, tJree verified

SNPs were identified (Figure 12) and are described in Section 2.10.2. A dpy-

6(el4)enh(ev697)egl-15@a8Q strain wrrs generated as outlined in Section 6.2.3
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and dpy-6(eI4)enh(ev697)egl-15(n484) hermaphrodites were crossed with Hawaiian males.

Seven Egl non-Dpy recombinants were identified and labelled Cl-C7 (Recombinant Clones).

DNA w¿¡s prepared from each recombinant strain (Section 2.10.4) and all th¡ee SNP

fragments were amplified in each recombinant (Section 2.10.5). In order to identify the

origtn of each SNP, fragments were digested with their respective restriction enzymes (Table

7) and resolved on an agrrose gel (Section 2.10.6).

The first SNP analysed in the recombinants was pkP6160. From the restríction digest

pattems resolved on the pKP6l60 gel in Figure 12,the pkP6l60 SNP in all recombinants was

of Bristol origin indicating that the recombination in each strain occurred to the left of this

SNP. Analysis of the pkP6128 SNP followed as it was the furthest to the left and would

deterrnine whether or not the recombination took place before or within the group of SNPs.

The restriction enzyme digest patterns on the pkP6128 gel in Figure 12 indicated the only

recombinant line with a Hawaiian SNP at this loci was C3. As the recombination in Cl, C2,

C5 and C6 occurred to ttre left of pkP6128 and ampliffing DNA from the C4 and C7 lines

was problematic, Cl, C2, C4, C5, C6 and C7 were put aside for the time being and the C3

recombinant was used for the remaining SNP mapping analysis.

Examining egg-laying defective and bloated recombinants for the presence of the

enh(ev697) embryonic elongation defect was challenging. The enh(ev697) phenotype is

present at a low penetrance and Egl animals not only produce lower brood sizes but also form

sacs of eggs and young larvae that mask the enh(ev697) phenotype. As the recombination in

C3 was clearly mapped and I had confidently confirmed the presence of enh(ev697) Ln C3,

SNP mapping continued in this recombinant strain. The final SNP, pkP6040 was analysed in

the C3 recombinant to fufher delineate the region between the SNPs pkP6l28 and pkP6160

in which the recombination occuned. The final pkP6040 agarose gel in Figure 12
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demonstrated the pkP6040 SNP in C3 was of Bristol origin. Thus the recombination

happened between 1.932 and 2.38 on LGX in C3. Together these data confirm the

enh(ev697) allele is situated between pkP6128 at 1.932 and egl-|5 at 2.86. The genetic area

flanked by these markers contains no additional verified SNPs and thus the dpy-

6(eI4);enh(ev697);egl-L5þa]Q strain was once again mated to Hawaiian males in order to

isolate additional recombinants and continue mapping. As this was underway, the genetic

region between 1.932 and2.86 was analysed for candidate genes with potential roles in DTC

guidance.

3.2.2 øbl-l RNAi in enh(ev697) mutants.

The gene abl-I maps to LGX+2.35 and was chosen as a possible candidate gene for

the enh(ev697) allele. ABL-I is a non-receptor tyrosine kinase with SH2 and SH3 domains

and has been shown to play a role in axon guidance (Wills et al. 1999). In Drosophila Abl

(Abelson) mediates downsteam signalling of the ROBO axon guidance receptor in

combination with En4(Enabled, Abl substrate) an actin cytoskeletal regulator for cell

migrations (Bashaw et a|.2000). In a screen for suppressors of ectopically expressed unc-S,

unc-34 (a C.elegans Ena homologue) suppressed a dorsal reorientation of axon growth cones

resulting from ectopically expressed unc-S suggesting unc-34 plays a role in LINC-5

mediated axon guidance (Colavita and Culotti 1998b). Thus it is plausible that abl-I is

working with unc-34 to mediate UNC-5 responses during cell guidance.

An RNAi vector containing the C.elegans abl-l double stranded gene fragment

transformed into the appropnate E.coli strain was readily available a¡rd was kindly provided

by P.Roy at the University of Toronto. Cultures and media for the RNAi experiments were

prepared as described in Section 2.1I. Wild-type N2 animals and, enh(ev697) animals were
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picked at the L3 stage and cloned separately onto plates seeded with E.Coli expressing abl-L

dsRNA. Animals were left to lay their eggs and F1 progeny were examined at the L4 stage

for the presence of the enh(ev697) embryonic elongation defect. If enh(ev697) is a loss of

function allele of abl-L, it would be expected that RNAi knockdown of abl-I in N2 animals

would induce the embryonic elongation defect observed n enh(ev697). However, N2

progeny cloned onto the RNAi plates did not exhibit this phenotype. As our previous data

suggests enh(ev697) causes some type of dominant effect, enh(ev697) animals were cloned

onto the RNAi plates to determine whether aål-/ RNAi knockdown could rescue the wild-

type phenotype in these mutants. 11 enh(ev697) is an allele of abl-I and is causing a gain of

fi,mction mutation, silencing abl-I expression thus reducing the dominant effect of the allele

should result in the elimination of the embryonic elongation defect phenotype. This was not

the case as enh(ev697) arumals grown on abl-l dsRNA still exhibited the embryonic

elongation defect phenotype.

As enh(ev697) is suspected to have a role in DTC guidance, we assessed the outcome

of qbl-I knockdown on the role of enh(ev697) in enhancing DTC migration defects. unc-

5(e152);enh(ev697) animals were grown on E.coli expressing aól-1 dsRNA and their DTC

migration defects scored. lf enh(ev697) is an allele of abl-l,then abl-l knockdown should

suppress the enhancement of DTC migration defects observed in unc-S(e|52);enh(ev697)

mutants. Data summanzed, in Table 11 confirms abl-I RNAi knockdown does not suppress

the frequency of DTC migration defects tnunc-S(eL52);enh(ev697).

Table 11 : DTC migration defects of unc-S(eL52);enh(ev697) fed with ¿ål-/ RNAi.
Anterior DTC Posterior DTC n

unc-5 (e I 5 2) ; enh(ev697)

unc-S (e I 5 2) ; enh(ev697). abl- I RNAi

')) )- )
23 +2

64 *2
65+3

713

522
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Taken together the abl-l RNAi assays indicate enh(ev697) is not an allele of the abt-I

gene.

3.2.3 Cosmid phenotype rescue in enh(ev697).

SNP mapping refined enh(ev697) to the area between 1.932 and 2.86. Cosmids

described in Section 6.3.2 spanning this region (Figwe 13) were obtained and prepared as

described (Section 2.7.1). As previous data suggests enh(ev697) could be a gain of function

allele the cosmid rescue strategy used for cosmid phenotype rescue in the mig-23(ev648)

strain was altered accordingly for cosmid rescue in enh(ev697). If the enh(ev697) allele is

causing a gain of functior¡ microinjecting the wild-type version of the allele into enh(ev697)

mutants will likely not inhibit the dominant effect resulting in continued occurrence of the

embryonic elongation phenotype in enh(ev697) mutants. If enh(ev697) were a loss of

function allele, microinjecting the wild-type version of the allele should rescue the wild-type

phenotype tn enh(ev69l mutants. Thus each cosmid mixture in addition to being

microinjected into enh(ev697) mutants, was microinjected into wild-type N2 mutants to assay

whether increasing the gene copy and expression of the enh(ev697) allele could induce the

enh(ev697) phenotype in a wild-type background. As embryonic elongation defects in

enh(ev697) are not fully penetrant, cosmid phenotype rescue was deduced by a lack of GFP

expressing enh(ev697) "commas" on the plate, as those o'commas" appearing in a strain with

cosmid Íescue would be those that have lost the array and are no longer being rescued. On

the contrary, stable injected GFP lines exhibiting enh(ev697) "commas" with GFP indicate

that the cosmid does not rescue.

Several cloned genes are located centrally in the genomic region delineated by SNP

mapping (Figwe 13). As abl-[ wÍrs a candidate gene for enh(ev697), cosmid phenotype
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rescue assays began with the F57C7 cosmid. Four stable N2 and fow stable enh(ev697)

transgenic lines each expressing the GFP and cosmidsF57C7, M79, FllAl and F59F5 were

generated and analysed. N2 and enh(ev697) lines expressing M79, F1lAl and F59F5

appeared phenotypically normal. The presence of the enh(ev697) embryonic elongation

defect was not detected in each of the GFP expressing N2 wild-type lines and GFP

expression was detected in the "commas" of the enh(ev697) lines, indicating that M79,

FllAl and F59F5 do not rescue enh(ev697) and thus do not carry the gene of the enh(ev697)

allele. However, this was not the case for the F57C7 cosmid. Cosmid phenotype rescue of

enh(ev697) began by microinjection of each M79 and F57C7 cosmid mixtures with identical

cosmid concentrations into enh(ev697) mutants taken from the same plate. When the Fl

progeny from the hennaphrodites microinjected with the M79 cosmid were verified for GFP

expression, more than ten GFP expressing progeny \ilere cloned out to isolate stable

transgenic lines. The herrraphrodites microiqjected with the F57C7 cosmid mixture only

produced one single transgenic GFP Fl progeny which itself, produced a very small amount

of progeny, although one of those was anenh(ev697) GFP o'comma". As microinjections of

the Fl lAl and F59F5 cosmids were generating many transgenic animals, a new cosmid

mixture with the F57C7 cosmid concentration reduced from lOng/¡rl to 5ng/¡rl was prepared.

The mixture with a reduced F57C7 cosmid concentration was microinjected into enh(ev697)

animals and Fl GFP eggs were observed the following day. However, GFP expressing

larvae hatched from the eggs did not survive to produce any progeny. A new cosmid mixture

\ /as prepared with the F57C7 cosmid concentration reduced to 0.5ngipl and microinjected

into enh(ev697) animals. Reducing the F57C7 cosmid concentration resulted in the

generation of transgenic GFP Fl progeny that were cloned out to isolate stable transgenic

lines expressing F57C7- Interestingly, progeny from the transgenic, GFP expressing Fls
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exhibited an observable increase in the frequency of the embryonic elongation defects

expressing the GFP. Thus for each transgenic line, the F57C7 cosmid was being expressed

(denoted by the GFP expression), was toxic in higher concentrations and in lower doses

affected the appearance of enh(ev697) embryonic elongation defects. Together these results

strongly suggest F57C7 contains the gene of the enh(ev697) allele but could not be

complemented by phenotype rescue. The genetic area covered by F57C7 was analysed for

candidate genes while strategies for further characterizing the effects of t}e F57C7 cosmid,

including quantification of the elongation defect in transgenic animals and microinjection

tnto unc-S(eL52) mutarfts were outlined.

3.2.4 Sequencing sdn-I.

Results from the microinjections of the F57C7 cosmid in3.2.3 suggested thatF57C7

contains the gene of the enh(ev697) allele. T\e F57C7 cosmid spans a genetic region that

includes genes nhx-5 and sdn-|. nhx-5 encodes a sodium/proton exchanger and mutants

exhibit no obvious phenotype (www.wormbase.ore) and sdn-l encodes a heparan sulfate

proteoglycan and mutants are slightly egg-laying defect (Minniti et aL.2004). Although the

reported phenotype of sdn-I mutants does not resemble the phenotype of enh(ev697), a roLe

for proteoglycans in DTC guidance has previously been characterized (Merz et al.2003) and

thus sdn-I was chosen as a candidate gene for sequencing.

The sdn-l gene was sequenced in both N2 wild-t)"e and enh(ev697) strains (Section

2.8) and sequencing results were aligned and analysed for difFerences (Section 6.7). The

sdn-l sequence in enh(ev697) mutants differed from the wild-type sdn-I sequence at base

pair 610 in exon 5 of the sdn-I coding sequence resulting in a GC-AT transition and causing

a premature stop codon that truncates the protein at amino acid 203 (Figure 14). The sdn-I
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gene sequencing results in Figure 14 also demonstrated that our N2 wild-type strain had an

apparent polymorphism at the same base pair position of the sdn-I sequence in which the

enh(ev697) mutation occurs. Although the gene was not sequenced, it was presumed the sdn-

.1 sequence in the unc-5(e152) strain used for the genetic screen, in which the initial

enh(ev697) mutation would have occurred, matched the wild-type sequence in Wormbase.

This result, together with the mapping data confirms enh(ev697) is an allele of the sdn-I

gene, sdn-I(ev697).

SDN-I is a ftans-membrane proteoglycan whose ectodomain consists of conserved

serine residues that connect modifiable heparan sulfate side-chains (Minniti et a\,2004) and a

highly conserved short cytodomain containing a PDZ-binding motif (Rhiner et at.2005). An

alignment between SDN-I and syndecans proteins in other species identifies a highly

conserved endodomain of SDN-I and a highty conserved trans-membrane domain (Figure

15). As the ev697 allele encodes a stop codon that precedes the trans-membrane domain,

sdn-I (ev69ZJ mutants may be expressing an unborurd form of SDN-I.

Two sdn-I alleles have been identified to date, ok449 (Minniti et al. 2004) and zh20

(Rhiner et a|.2005). The ok449 allele encodes an SDN-I protein with a deletion from amino

acid 52 to 120 abolishing two glycosaminoglycan attachment sites. The zh20 allele encodes a

deletion of exons l-5 resulting in a presumed null. Both zh20 and ok449 mutants exhibit

egg-laying deficiencies in addition to neural cell and axon migration defects. Specifically

DDA/D commissures fail to reach the dorsal nerve cord or inappropriately branch out and

PQV axons exhibit aberrant midline crossings. The role of sdn-I in axon guidance is cell-

autonomous and different modifications on the SDN-I GAG chains are associated with SDN-

I guidance mechanisms of the different axon types (Rhiner et a\.2005).
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protein alignment demonstrating the premature truncation C) at position 203 in sdn-l (ev697) mutants.
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Figure 15 : Cross-species syndecan protein alignments. Obtained from the

Pfam database, alignment Çompares the syndecan protein sequences across

various species (C.elegans SDN-1is the first sequence). The N terminal at the

beginning of the sequence (ectodomain) and the C terminus is at the end of the

sequences (endodomain). * denotes where the truncation occurs in sdn-

I (ev697). The trans-membrane domain is located at the end of the fifth
sequence row, denoted by the blue, hydrophobic amino acids. Note the highly
conserved cytoplasmic domain at the terminal end of the sequence.
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A GFP tagged SDN-I localizes to the ventral nerve cord motor neurons, the nen¡e ring, the

vulva and the hypodermis.

The sdn-I(2h20) strun was a kind gift from C. Rhiner. Upon phenorype analysis at

low magnification the embryonic elongation defects observed in enh(ev697) were apparent in

sdn'l(2h20) although at a much lower frequency (Figure 16). A complementation test

between the alleles was attempted but not achieved due to low mating effrciencies of males

in both ev697 and zh20 strains.

3.2.5 Genetic interactions of enh(ev697), unc-S,unc4ú and unc-6,

In our genetic screen for enhancers of DTC migration defects, sdn-I(ev697) was

identified for its abilityto enhance the frequency of DTC migration defects inunc-S(elS2)

mutants indicating that sdn-I has a role in guiding DTC migrations and suggesting the

possibility that sdn-l may be involved in unc-S mediated DTC guidance. Classical genetic

methods were employed to elucidate the genetic interactions of sdn-I with unc-5/unc-6/unc-

40 for DTC guidance (Section 2.9).

An unc'S(eL52);sdn-I(2h20) mutant was generated as outlined in Section 6.2.4 arñ,

the DTC migration defects scored. As summarized in Table 12, sdn-t(2h20) enhanced the

frequency of DTC migration defects tnunc-5(e152) mutants.
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Figure 16: Images of embryonic elongation defects in sdn-1(ev697)
(A) and sdn-l(2h20) (B) mutants.
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Table 12 : DTC migration defects of unc-S, unc40, unc-6 and sdn-l.

unc-5 sdn-l Ant. DTC Post. DTC

WT

WT

el 52

el 52

el52

dml I
dmL I
dml I
e53

e53

e53

unc-40(e1430)

unc-40(e1430)

unc-6(ev400)

unc-6(ev400)

8+1

20 + 1**a

36 +2**

0.2 + 0.1

2* 0.5**

0.5 + 0.2

28 +1

25 +3

23 +2*

5+1

3+l
34 *2
4l +3*

40r 1

63 +2**

77 + l**
3+0.5

15 * l**
8 + l**
53 +2

56*3

60 + 3t'

24rl
40 * 3**

68+2

7l +3

ev697

zh20

WT

ev697

zh20

V/T

ev697

zh20

V/T

ev697

zh20

WT

zh20

WT

ev697

0

0

0

0

200

150

1464

476

249

948

708

847

951

186

32t

833

339

434

299

Each statistical comparison is against the frequency of DTC migration defects in unc-
5, unc-40 or unc-6 strain alone. *P<0.05; +*P<0.001.

ln addition, both ev697 and zh20 enhanced the frequency of DTC migration defects in

unc-S(dml l) mutants (a very weak unc-S allele) (Table l2) clearly indicating that sdn-I has a

role in DTC guidance.

To determine whether the role of sdn-I in DTC guidance is limited to unc-S mediated

guidance, unc-S(e53);sdn-I(ev697) and unc-5(e53);sdn-I(2h20) strains were generated

(Section 6.2.4) and DTC migration defects scored. As previously described, the e53 allele

represents a complete loss of unc-5 function in the DTC and thus an enhancement in the

frequency of DTC migrafion defects in unc-5(e53);sdn-I(ev697) or unc-5(e53);sdn-I(2h20)
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suggests that the role sdn-I in DTC guidance is not limited to unc-S, and the enhancement

accounts for the additional role of sdn-L. In the unc-5(e53);sdn-I(ev697) mutants, the

frequency of anterior and posterior DTC migration defects did not increase when compared

to the ûequency observed n unc-5(e53) (Table 12) and only a small increase was observed

rn unc-5(e53);sdn-L(ev697). These results suggest the role of sdn-l for DTC guidance along

the ventraVdorsal axis is limited mainly to the UNC-5 mediated DTC guidance pathway.

As a principle goal of the genetic screen was to identiff genes involved wtth unc-S

for DTC guidance, these results prompted firrther analysis of the role of sdn-I not only in

DTC guidance but in the UNC-6/LINC-40/LINC-5 guidance pathway. Thus genetic

interactions between sdn-I the DTC guidance receptor gene unc-40 were analysed to identifu

whether the role of sdn-I in DTC guidance involves unc-40. As with unc-S this entailed

putting eac,h sdn-l allele into an unc-40 mill (e1430) background and comparing the DTC

migration defect frequencies of both double mutants to unc-40(e1430) mutant. Strains anc-

40(e1430);sdn-1(ev697) and unc-40(e1430);sdn-I(2h20) were generated as outlined in

Section 6.2.5 and the frequencies of DTC migration defects scored (Section 2.5.2). The unc-

a0þ1430);sdn-[(2h20) demonstrated signiflrcantly higher frequencies of DTC migration

defects when compare to unc-40(e1430) mutants (Table 12) indicating the role of sdn-l tn

DTC guidance is not limited to unc-40, consistent with the unc-5 results. However, sdn-

1(ev697) in an unc-40(e1430) background causes lethality, thus scoring DTC migration

defects tn unc-40(e1430);sdn-I(ev697) was not possible. Taken togethero these results

strongly suggest that the ev697 allele behaves differently than the zh20 sdn-I allele. To

firrther characterize the role of sdn-l in unc-S mediated DTC guidance, an unc-6(ev400)sdn-

1(ev697) strain was generated as outlined in section 6.2.6. The null unc-6 allele ev40T causes

a complete loss of UNC-6 function (Wadsworth, Bhatt and Hedgecock 1996) and thus a loss
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of UNC-40 and [INC-5 mediated DTC guidance as unc-5(e53);unc-6(ev400) and, unc-

40(e1430);unc-6(ev400l (Hedgecock, Culotti and Hall 1990) do not enhance DTC migration

defect frequencies observed in unc-6(ev400). An enhancement of DTC migration defects in

unc-6(ev400)sdn-1(ev697) was observed only in the anterior, suggesting that the role of sdn-

/ in DTC guidance is limited to unc-6 for the posterior DTC (Table 12). Thus the genetic

interaction assays have demonstrated the role of sdn-I in DTC guidance is mostly limited to

unc-S for anterior and posterior DTC migrations and limited to unc-6 for posterior DTC

guidance.

3.2.6 Suppression/enhancement of evls99 DTC migration defects in an enh(ev697)

background.

To con-firm the role of sdn-l in DTC guidance is limited to unc-S (Section 3.3.1) an

evls99;sdn-I(ev697) strain (Section 2.3) was generated. The evls99 transgenic shain

contains an integrated DNA array with the entire unc-S gene coding sequence regulated by

the emb-9 promoter causing premature expression of unc-S dwing the first ventral DTC

migration phase resulting in a precocious dorsalward turn of the DTC. This precocious turn

is identified at low magnification by a dorsal clear patch in the animal. If a gene directly

involved wth unc-S mediated DTC guidance is placed in an evIs99 background the

frequency of precocious DTC migration defects is suppressed due to a disruption in a

component required for unc-S mediated guidance preventing the precocious DTC turn.

However if the gene is dispensable for unc-S fi¡nction placing it in an evls99 background will

not suppress DTC migration defects as unc-S still retains its ability to turn the DTC dorsally.

The evIs99; sdn-I(ev697) strain was scored for the frequency of DTC migration defects and

compared to evls99 alone. As expected, sdn-I (ev697) suppressed the precocious tum of the
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DTC in evls99 (Table l3), confirming sdn-I (ev697) has a direct role in unc-S mediated DTC

guidance.

Table 13 : DTC migration defects of evls99 anil evlsgg;sdn-1(ev697)

Anterior DTC Posterior DTC n

evIs99

evls99;sdn-I (ev697)

24 +2

9 i2**u

40t2

28 +2**

392

2s0

The statístical comparison is against the frequency of DTC migration defects
inthe evls99 strain alone. +P<0.05; **P<0.001.

However, before wç can begin to understand the link between sdn-l and unc-S, the

role of sdn-1 in DTC guidance requires further characterization.

3.2.7 Determining the presence of SDN-I within the DTCs.

The initial step taken to deduce the role of sdn-l in DTC guidance was to determine

whether sdn-L acts cell-autonomously or cell non-autonomously. Transgenic lines sdz-

1(2h21);optxl206 (sdn-I oDNA under the regulation of the unc-l 19 pan-neural promoter),

sdn-I (2h20);opCxl159 (sdn-I cDNA under the regulation of the dW-7 hypodermal promoter)

and sdn-I(2h20);opExl198 (sdn-l cDNA under the regulation of the sdn-I promoter) as the

contol (Section 2.3) were generated by Rhiner et al. (2005) to demonstrate that sdn-l acts

cell-autonomously in ærons for guidance. Our results have confirmed the involvement of

sdn-I in unc-S mediated DTC guidance and interestingly, SDN-I localization studies in both

Minniti et al. (2004) (using an anti-syndecan-4 phospho-specific polyclonal antibody) and

Rhiner et al. (2005) (using a GFP tzgged SDN-I) experiments did not detect the presence of
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SDN-I in the DTCs, suggesting that the role of sdn-l in DTC guidance is not cell-

autonomous and thus represents an uncharactenzed sdn-I cell guidance role in C.elegans

The transgenic line ophl70 (Section 2.3) with a GFP tagged SDN-I protein was a

kind gift from C. Rhiner. opß170 animals were prepared and analysed as described in

Section 2.5.4. [n agreement with the previous studies, SDN-I was not detected in the DTCs

(Figure 17) during the second DTC migration phase where it would be required for unc-S

mediated turning of the DTC towards the dorsal muscle band. However, this result requires

further analysis as Rhiner et al. (2005) have not indicated whether the GFP tagged SDN-I

can rescue the wild-type SDN-I functions. As our cosmid phenotype rescue Írssay

demonstrates the complications that occur by introducing an ectopic source of SDN-I, it is

possible the SDN-I::GFP does not accurately represent endogenous SDN-I localization

within the animal. Phenoþpic analysis suggests the SDN-I::GFP cannot rescue the egg-

laying defect tn sdn-I mutants as opIsIT} mutants are still egg-laying defective. In addition,

the GFP tag is attached to the C terminus of the conserved endodomain of SDN-I, possibly

interfering with endogenous SDN-I functions, expression orlocalization. ln order to confirm

the GFP tag is not interfering with endogenous SDN-I functíons, an oplslT|;unc-

5(e152);sdn-I(2h20) strain would have to be generated and the frequency of DTC migration

defects in this strain determined and compared to those of unc-5(e152);sdn-1(2h20). If

oplslT0;unc-5(e1S2);sdn-I(2h20) can suppress the enhancement of DTC migration defects in

unc-S(e152);sdn-I(2h20), the SDN-1::GFP tagged protein retains wild-type SDN-I

mechanisms for DTC guidance. As independent SDN-I localization studies demonstrate that

SDN-I is not present in the DTC, it is highly probable sdn-I is fi.rnctioning cell non-

autonomously for DTC guidance.
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Figure 17 : Images of SDN-I::GFP localization in the DTC of opls170 animals. A) DIC
bright-field image of an Ll animal. (Arrowhead denotes the DTC leading the gonad arm

along the second dorsal-ward migratory phase and arrow denotes the position of the wlva.)
The DTC nucleus is visible in this photograph. B) SDN-l::GFP expression in the same

animal. SDN-I expression is detected in the vulva and the ventral nerve cord (arrows) but is

not present in the DTCs (amowhead).
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3.2.8 Ilypodermal vs. axonal expression of sdn-l for DTC guidance.

As previously described, transgenic lines sdn-I(2h20);opExl206 (sdn-l cDNA under

the regulation of the unc-I19 pan-neural promoter), sdn-l(2h20);opÛxlI59 (sdn-I cDNA

under the regulation of the dpy-7 hypodermal promoter) and sdn-I(2h2});opEx[l98 (sdn-|

cDNA under the regulation of the sdn-l promoter) as the control (Section 2.3) were

generated to demonstrated sdn-I is required cell-autonomously in axons for guidance (Rhiner

et al. 2005). Results from the previous section indicate that SDN-1 is not present in the

DTCs during the second migration phase, arguing that SDN-I is fimctioning cell non-

autonomously for DTC guidance. Each transgenic ruray was separately crossed into an unc-

5(e152) background to determine whether hypodermal or axonal expression of sdn-I is

critical for DTC guidance. The unc-5(e152);sdn-I(2h20);opExl206[P,""-t1s::sdn-IJ, unc-

5(e152);sdn-|(2h20);opûxlI59[P¿oy-7::sdn-IJ and unc-S(e152);sdn-1(2h20);opEx]198[P,a^-

1::sdn-lJ strains were generated as outlined in Section 6.2.7. Each tansgenic line was

generated tn a sdn-l(2h20) background resulting in exclusive SDN-I expression from either

the hypodermis (opEx[I59[P¿py-7::sdn-Ifl ør axons (opExl206[P"n¿-¡1s::sdn-IJ). As the

control, unc-5(e152);opûxlI98[P,¿o-1::sdn-IJ should suppress the enhancement of DTC

migration defect frequencies in unc-S(e|52);sdn-L(2h20). Summarized in Table 14, sdn-I

expression regulated by the sdn-l promoter (opExl198) did not rescue the enhancement of

DTC migration defects in unc-S(e152);sdn-I(2h20) mutants and of the three constructs the

most significant rescue was observed with opExl206[Pun"-11siisdfi-IJ ndicating axonal

expression and to a lesser extent hypodermal expression of sdn-I is required for DTC

guidance.
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Table 14 : HypodermaVaxonal restricted sdn-l expression and DTC
migration defects.
unc-S Sdn-l Other Ant. DTC Post. DTC N

eI52 zh20 V/T

el52 zh20 Psdn-I::sdn-I

el52 zh20 Punc-l I9::sdn-l

el52 zh20 Pdpy-7::sdn-I

36+4

26 t3*

18 r 2**

26* 4*

78 r3

67 L4*

831

r56

52 r3+* 339

69r4* tt7

sdn- I strain alone. *P<0.05; +*P<0.00 1.

The dat¿ in this table are in agreement with the data in Rhiner et aI. (2005) as

opExlI9S[P'¿,-1::sdn-lJ did not fully rescue axon guidance defects n sdn-l(2h20) mutarús

and axonal expression of sdn-I rescued DTC migration defects to a significant extent while

hypodermal sdn-l expression rescued to a lesser extent. The inability of the [Pr¿n-¡::sdn-|J

construct to fully rescue DTC migration defects rnunc-S(e152);sdn-I(2h20) is not surprising

as cosmid rescue ¿ìssays with F57C7 (with the sdn-l gene) caused lethality when

microinjected at high concentrations. The amount of SDN-1 produced from each construct

has not been shown but could be verified using anti-syndecan-4 immunofluorescence in each

transgenic strain. In combination with the SDN-I GFP localizationresults, this data confirms

sdn-I is not required cell-autonomously for DTC guidance as axonal and to a lesser extent

hypodermal expression of sdn-l significantly suppressed DTC migration defects in unc-

5 (e I 5 2);sdn-I (2h20) mutants.

Heparan sulfate proteoglycans (HSPGs) are the core proteins, either secreted

(perlecan) or membrane bound (syndecan/glypican) for the attachment of heparan sulfate

95



(HS) polysaccharides side chains at key serine residues. These side chains are extensively

modified and vary in length accounting for the diversity of ligand/receptor interactions with

HSPGs. HSPGs have numerous diverse roles [reviewed in (Bernfield et al.1999)] including

interactions within the TGFp, WNT, EGF and FGF signalling pathways during development

(Baeg and Penimon 2000) and during uon guidance (Charron and Tessier-L¿vigne 2005).

lt C.elegans, a role for HSPG tlNC-52/perlecan in localizing growth factors for DTC

guidance has been charactenzed (Merz et a|.2003). The heparan sulfate proteoglycan sdn-L

has been shown to have a role in axon guidance by acting cell-autonomously in neurons in

C.elegans and additionall¡ a role in DTC guidance that is cell non-autonomous. As

migrating DTCs appeår to require an axonal source of SDN-I for guidance, sdn-l is most

probably acting in a manner similar to tlNC-52 by limiting or localizing growth factors for

DTC guidance.

3.2.9 Genetic interactions of sdtt--f, growth factors and unc-í.

unc-52 was identified in the genetic screen for enhançers of DTC migration defects in

unc-S(e[52) mutants. However unlike sdn-L, unc-52 is not limited to unc-5 mediated DTC

guidance as unc-52(e1421);unc-5(e53) mut¿nts exhibit significant increases in DTC

migration defects when compared to frequencies in unc-5(e53) alone (Merz et a|.2003).

The role of growth factors LINC-129(TGFp), DBL-I(TGFB), EGL-20(WNT) and EGL-

17(FGF) in DTC guidance is an apparent gain of firnction mechanism that disrupts DTC

guidance in the absence of UNC-52, suggesting UNC-52 localizes or limits these growth

factors in a specific manner required for DTC migration. For example, unc-52 enhances

DTC migration defects rn unc-S(eL52),but this enhancement is partially suppressed when

unc-52 and unc-S are in an unc-l29, dbl-|, egl-20 or egl-l Z background, QvÍerz et al.
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2003), suggesting LINC-52 is involved in suppressing a mechanism involving each growth

factor that causes disruptions in the wild-type DTC migration pattern and removal of this

suppression (unc-S2;unc-S(e152)) induces DTC guidance disruptions. However, removal of

each growth factor in addition to their suppressor reverts the DTC migration closer to wild-

type. Guidance mechanisms of growth factors, regulated by unc-52 for DTC guidance are

redundant with other DTC guidance pathways as DTC migrations defects are not observed in

unc-52 mutants nor any of the aforementioned growth factor mutants. Their guidance roles

are not apparent unless DTC migration defects are sensitized with an unc-S mutation.

Growth factors themselves are directly involved with DTC guidance as dbl-|, unc-

129 and egl-20 (posterior only) enhanced DTC migration defect frequencies inunc-S(e152)

mutants (Table l5) in a wild-type unc-52 background.

Table 15 : DTC migration defects or unc-S and growth factor rike
mutants.
unc-5 Other Ant. DTC Post. DTC n

eI52 WT

e I52 lin-3(e I4l3)

eI52 egl-[7(el3l3)

eI52 egl-2}(muj9)

eI52 dbl-l(ev580)

eI52 unc-[29(ev554)

7+l
l0 +2

9*2
21 r 1**

1A J- a**
LA!L

27 t 4**

40+ I

46 * 3*"

43 *3

^Q 
+ )**

59 * 3**

69 + 4**

1464

252

2t3

738

322

t46

Each statistical comparison is against the frequency of DTC migration
defects inthe unc-5 strain alone. *P<0.05; **P<0.001.

C.elegans growth factors UNC-129/TGFp (Colavita and Culotri 1998a), DBL-

I/TGFB, (Suzuki et al. 1999), EGL-20/\I lT (Maloof et al. 1999), EGL-I7/FGF (Burdine er

al. 1997) and LIN-3ÆGF (Hill and Stemberg 1992) were selected as candidates for

characterizing the interactions of growth factors with sdn-I for DTC guidance. Each growth
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factor gene was placed in an unc-S(eL52);sdn-l(2h20) and unc-S(e152);sdn-I(ev697)

background (outlined in Section 6.2.8). As described for unc-52, if removing sdn-I function

results in the delocalisation/gain of function of growth factors resulting in the enhancement

of DTC migration defects in unc-S(eL52);sdn-l(2h20) mutarús, removing the growth factors

should suppress the enhancement. Summarized in Table 16, suppression in unc-5(eL52);sdn-

I(ev697) by egl-17 and egl-20 and to a lesser extent unc-129 and lin-3 was limited to

posterior DTC migrations and dbl-l did not suppress the enhancement of unc-S(e152);sdn-

l(ev697). However, each growth factor partially suppressed DTC migration defects mutants

with a complete loss of sdn-1 function (2h20) in both anterior and posterior DTC, indicating a

role for SDN-I in limiting growth factors I-INC-129, DBL-I, EGL-20, LIN-3 and EGL-17.

ln addition, variation of the results between each allele was observed, further confrming

zh20 and ev697 sdn-l alleles behave differently.
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Table 16 : DTC migration defects or unc-S, sdn-l and growth factor mutants.

unc-5 sdn-l Other Ant. DTC Post. DTC

el52 ev697 V/T

eI52 ev697 lin-3(el4l3)

eI52 ev697 egl-17(e1313)

eI52 ev697 egl-20(mu39)

eI52 ev697 dbl-I(ev580)

eI52 ev697 unc-129(ev554)

eI52 zh20 IfT

e I 5 2 zh20 lin-3 (e I 4l 3)

eI52 zh20 egl-L7(el3I3)

el52 zh20 egl-20(mu39)

el52 zh20 dbl-l (ev580)

eI52 zh20 unc-[29(ev554)

20rl
)) +)

18+2

22+2

2I +2

23 L2

36 +2

17 r2**
l8 * 2**

16 + 3**

17 +2**

16 +2**

63 t2
55+5*

43 x.3**

52 +2**

68 +2

56 t2*
77 +I
55 r 3*t

49 * 3**

46 *2**
5l * 3**

45 t2**

476

400

249

512

369

407

831

330

314

502

296

453

" Each statistical comparison is against the frequency of DTC migration defects in unc-
5;sdn-l strain alone. *P<0.05; **P<0.001.

A recent review papff (Lee and Chien 2004) proposed four models for the roles of

HSPGs in axon guidance:

l) HSPGs act as co-receptors and mediate ternary receptor complex formation between a

HSPG, a ligand and its receptor.

2) HSPGs locally increase ligand concentrations at the cell surface and recruit membrane

receptors forming lipid rafts.

3) HSPGs themselves can act as axon guidance ligands and receptors.

4) HSPGs regulate and limit the distribution of axon guidance ligands.
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In the context of the DTCs and HSPG sdn-(, the first three of the four proposed

models likely do not depict the role of sdn-I in DTC guidance, as HSPGs mediate axon

guidance in these models in a cell-autonomous fashion and our results have demonstrated

HSPG sdn-I is functioning cell non-autonomously for DTC guidance. lf sdn-l were required

specifically for the mechanisms of UNC-5/LINC-40 receptor mediated guidance within the

DTC by formation of ternary complexes befween UNC-4O/LNC-5 and UNC-6 or as a ligand

itself, one would expect to see DTC migration defects in the sdn-I mutant which is not the

case. However, a role for heparan sulfate in stabilizing FGF and FGFR interactions has been

described (Ornitz 2000) and interestingly in our study, egl-L7(FGF) significantly suppressed

DTC migration defects in unc-S(e152);sdn-1(2h20) mutants, suggesting a possible cell non-

autonomous role for HSPGs in mediating FGFÆGFR interactions.

Cell guidance roles have been described for egl-17 (Sex myoblast migration, (Burdine

et al. 1997)) and egl-20 (QL/QR neuroblasts, (Whangbo and Kenyon 1999)) and a role for

unc-|29, dbl-I and egl-20 in DTC guidance has been shown (Merz et o1.2003), Table 15.

However, dbl-L, unc-|29, lin-3, egl-17 and egl-20 mutants, like HSPGisdn-I mutants and

HSPG/unc-52 mutants do not exhibit DTC migration defects in an otherwise wild-type

background, suggesting the limitation of growth factors by HSPGs in addition to the cell

guidance roles of growth factors for DTC guidance are redundant. In addition, the

limitation/regulation of one growth factor could directly affect another growth factor. For

example, lin-3(EGF) is involved in inducing vulva cell fate in the vulva precursor cells and is

expressed by the anchor cell located centrally amongst the vulva precursor cells (Hill and

Sternberg 1992). egl-L7(FGF) is expressed in vulva precursor cell P.6.p. and expression is

required for sex myoblast (sex muscle precursors) migration to the developing gonad
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(Burdine, Branda and Stern 1998). Taken together, one could speculate that lin-3 is possibly

involved in regulating egl-l Z function or expression for the formation of a functioning vulva.

A model for the role of SDN-I limited growth factor dishibution in DTC guidance

can be postulated. As we have shown the role of sdn-I in DTC guidance is limited to unc-5,

one possible model pertains to the either the regulation of unc-S expression or the activation

of UNC-5 in response to [INC-6, in that sdn-] in the ventral nerve cord or hypodermis limits

the localization of growth factors in a manner that sequesters growth factors avtay from unc-

5ruNC-5 (if the growth factors are acting as activators) or makes them available to unc-

5/UNC-5 (if the growth factor are acting as repressors) during the first migration phase and

both require a reversal at the time of DTC turning towards the dorsal muscle band. The role

of HSPGs in either restricting or facilitating diffirsion of morphogens is supported by recent

findings in Drosophila. The diffusion patterns of FIh (hedgehog) and Wgl (wingless, WNT)

are altered in sotv (sister of tout velu) and ffi (tout velu) mutants and in addition, Dpp

(Decapentaplegic, BMP/TGFp) signalling is disrupted as these mutants exhibit defects in

glycosaminoglycan (GAG) chain synthesis and thus have reduced levels of heparan sulfate

(Bornemann et a|.2004). In addition, the HSPG Dally (glypican) was found to modulate the

Dpp gradient in Drosophila (Fujise et aL.2003). lnterestingly, results in Table 16 indicate

DTC migration defect frequencies in triple mutants unc-5(e152);dbl-1(ev580);sdn-I(2h20)

and unc-[29(554)unc-5(e152);sdn-l(2h20) are much lower then the DTC migration defect

frequencies in the double mutants unc-5(e152);dbl-l(ev580) and unc-L29(554)unc-5(e152)

(Table 15). The enhancement of DTC migration defect frequencies caused by each TGFB in

unc-5(e152) mutants indicates their involvement in the ventral to dorsal guidance of the

DTC. In addition,Merz et al. (2003) have proposed the unc-129 and dbl-l DTC guidance

mechanisms are limite d to unc-S mediated guidance and that both unc-I29 and dbl-l interact
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within the same guidance pathway. Our sdn-l data suggests two possible theories, l) sdn-l

limits dbl-I and unc-129 (removal of sdn-I disrupts the dbl-I and unc-129 role in DTC

guidance) and2) dbl-I and unc-L29 can compensate for each other's guidance functions. For

example, when you take one TGFp away (unc-5(e152);dbl-1(ev580) mutant) and delimit

I-INC-129 (unc-S(el 52); dbl-I (ev580) ;sdn-I (2h20) mutant), delimited LINC-129 can

compensate for the loss of DBL-I resulting in a lower frequency of DTC migration defects

observed tn unc-S(e152); dbl-I(ev580);sdn-I(2h20)). As unc-129 is expressed dorsally and

dbl-L is expressed ventrally, it is quite possible a specific gradient of each TGFB growth

factor, limited by sdn-|, is required for DTC guidance along the venüal-dorsal axis.

However further cha¡acterization of the role for each growth factor and their respective

receptors in DTC guidance is required before we can begin to understand the complete

picture.

We have proposed that HSPG sdn-I has a role in limiting EGL-l7(FGF), UNC-

129(TGFP), DBL-I(TGFP), EGL-20(WNÐ and LIN-3(EGF) gowth factor molecules for

DTC guidance. As we have shown the role of sdn-l in DTC guidance is limited to unc-5

guidance mechanisms, our finding suggests these growth factors are functioning within an

unc-5 mediated guidance mechanism. However further analysis is require to confirm that the

role of these growth factors, regulated by sdn-L, in DTC guidance are limited to unc-S.

We have identified an allele of sdn-l encoding the truncated, SDN-I ectodomain,

which appears to be present and possibly functional in the animal as suggested by the

repeated differences between ev697 and zh20 alleles in our results. Shedding of the

syndecan-l ectodomain, induced by FGF2 and MMPT (matrix metalloprotease 7) was shown

to be associated with tumour progression in pancreatic cancer cells (Ding et a|.2005). Thus

the ev697 allele may serve as a potential model in C.elegans for fuither study of the role of
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sdn-I in the progression of this disease. Further more, sdn-I and DTC guidance provides a

system for modelling the diverse roles of sdn-l in ceil migrations.
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4.0 CONCLUSION

4.1 The míg(ev648) enhancer allele.

The enhancer mig(ev648) identified in the genetic screen for enhancers of DTC

migration defects is an allele of the nucleoside diphosphatase mig-23 gene. mig-23 is

required for the glycosylation of the matrix metalloprotease mig-17 for proper localization

during DTC migrations (Nishiwaki et al. 2004). We have identified a previously

uncharacterized allele of mig-23, ev648 consisting of a 335C-T mutation in the míg-23

coding sequence resulting in an Al 12V mutation in the MIG-23 protein. This mutation is not

within an apyr¿Ne conserved domain of the protein described by (Nishiwaki et al. 2004) but

is within a relatively conserved region of NDPases and the allele appears to be partially

temperature sensitive.

We have demonstrated the role of mig-23 in DTC guidance is not limited to unc-

5/unc-40/unc-6 gwdance mechanisms and does not have a role in unc-S mediated DTC

guidance. Genetic interactions have suggested mig-17 guidance mechanisms are not limited

to unc-5/unc-6/unc-40 DTC guidance mechanisms (l.lishiwaki et al. 2000) and genetic

interactions of mig-2-3 and mig-17 suggests mig-23 has additional DTC guidance roles

independent of mig-17 mediated guidance (Nishiwaki et a|.2004). As mig-17 did not arise

in our genetic sçreen for enhancers of DTC migrations in unc-5(e152) mutants, it is

reasonable to hypothesize that the mig-I Z independent DTC guidance mechanisms of mig-23

are perhaps associated with unc-40 or unc-6 DTC guidance mechanisms. However, further

analysis is required,
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4.2 The enh(ev697) enhancer allele.

The enhancer enh(ev697) allele identified in the genetic screen for enhancers of DTC

migration defects is an allele of the heparan sulfate proteoglycan sdn-L. sdn-I is involved in

guiding axons and neurons along specified migration patterns (Rhiner et at.2005). V/e have

identified a previously uncharacterized allele of sdn-L, ev697, consisting of a 610C-T

mutation in the sdn-I coding sequence resulting in a Q203X mutation in the SDN-I protein,

possibly resulting in a truncated, un-tethered form of sdn-I whose presence is suggested by

the differences in behaviour observed between the ev697 and null zh20 alleles. The role of

sdn-l in DTC guidance appears to be limitedto unc-5 mediated guidance. In contrast to the

rcle of sdn-,| in axon guidance, sdn-l functions cell non-autonomously for DTC guidance as

an axonal source of SDN-I rescues DTC migration defects, as does a hypodermal source but

to a lesser extent. ln accordance with these data, our genetic interaction analysis suggests

sdn-l has a role in limiting growth factors unc-129(TGFþ), dbl-l(TGFB), egt-|7(FGF),lin-

3(EGF), and (egl-2})WNT within the extra-cellular environment for DTC guidance, possibly

in an unc-S dependent manner.

Recently roles for semaphorin guidance cues and their receptors plexins/neutropilins

have been ídentified in biological processes other then axon guidance including immune

ñmction regulation, angiogenesis and cancer [reviewed in (Tamagnone and Comoglio

2000)]. As Netrins and their receptors appear to be following the same pathway, a concrete

understanding of the mechanisms and regulation of Netrins and their receptors is essential.

Identifuing genes involved in regulating cell motility and assembling genes into pathways

and hierarchies contributes to our understanding of the mechanisms of cell guidance that are

crucial for diverse biological and developmental processes.
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5 FUTURE DIRECTIONS

The roles of mig-23 in DTC cell guidance have been characterized and are relatively

well defined (Nishiwaki et a\.2004). However, the possibility that the MIG-23 NDPase is

fi.rnctioning with LINC-6 or UNC-40 for DTC guidance has yet to be investigated. Further

charactenzation of the genetic interactions between mig-23 and unc-6 or unc-40 is required

to determine whether mÌg-23/mig-17 play a role in UNC-6 or [INC-4O DTC guidance

mechanisms.

This is the first study to identiff a cell non-autonomous role for SDN-I in DTC

guidance involving growth factors. The sdn-l allele we have generated encodes a truncation

beforç the trans-membrane domain of SDN-1, potentially resulting in an unbound form of the

syndecan ectodomain. Our data suggests the ev697 form of SDN-I is present, however

Westem blot analysis would be required to confirm the presence of this truncated form of

SDN.I.

To support our finding that sdn-l is functioning cell non-autonomously for DTC

guidance, a construct with the sdn-l coding sequence regulated by the DTC specific

promoter lag-2 in an unc-S(e[52);sdn-I(2h20) would conclusively determine whether sdn-I

within the DTC is enough to rescue the enhancement of DTC migration defects in unc-

5(e152)sdn-I(2h20). In addition, (Rhiner et aL.2005) have generated additional transgenic

lines with the constructs used in this study to determine whether expression of sdn-l in axon

or the hypodermis is required for DTC migration.

Embryonic elongation defects present in sdn-I(ev697) suggests a role for sdn-l

during embryogenesis. An increase in penetrance of this phenotype in unc-41(e1430);sdn-

I(ev697) suggests unc-40 is involved in this uncharacterized role of sdn-L. Further analysis

of the HS binding abilities of IINC-40 may elucidate these potential interactions.
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As our data suggests egl-l(FGF) is possibly directly involved in unc-S mediated

DTC guidance, further analysis of the genetic interaction between clr-I and unc-S and unc-S

and egl-15 using the evls99 strain would determine whether these genes mediate DTC

guidance in an unc-5 dependent manner. As CLR-I is a tyrosine phosphatase, analysis of

UNC-5 phosphorylation rn egl-15, egl-17 ard clr-I mutants would detennine whether CLR-I

has direct interactions with I-INC-5. In addition, as egl-|7, egl-20, lin-3, dbl-I and unc-L29

suppressed DTC migration defects in unc-S(eLS2);sdn-l(2h20), analysing unc-S expression

in a mutant background of each growth factor would determine whether growth factors are

involved in regulating unc-S expression. sdn-l was originally identified, in C.elegazs for its

role in axon guidance and analysis of its interactions with growth factors in mediating axon

guidance defects would determine whether sdn-l guidance mechanisms are conserved among

diflerent cell types.

SDN-I is a heparan sulfate proteoglycan with modifiable heparan sulfate side chains.

Genetic interactions in C.elegans between sdn-I and heparan sulfate modifring enrymes hse-

5 (C5-epimerase) and hst2(20-sulfotransferase) in axons have indicated that different

heparan sulfate modifications of sdn-l are required for the guidance of different neurons

(Rhiner et a|.2005). The nature of sdn-I heparan sulfate side-chain modifications required

for DTC guidance has yet to be shown.

Thus by employing a combination of genetic interaction analysis and biochemical

assays, the model organism C.elegans can be used to further our understanding of the roles of

growth factors and heparan sulfate proteoglycans in cell guidance and axon guidance.
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6 APPENDIX

6.1 : Solutions

Nematode Growh Medium Asar
NaCI 7ç
Agar 17s
Peptone 2.5s

holesterol (Sme/ml in EtOH) 1ml
lHz0 975m1

Autoclave, then add the following using sterile technique

CaCl'' lM lrnl
MgSO¿ lM lml
potassium phosphate lM pH6 25mI

LB broth
ln¡nlone 10s
Yeast Extract 5o

NaCl 10e

Hz0 IL

0.5M EDTA loH8.0)
FDTA 14.61s
NaOH 2s
Hr0 to 80 ul

50 X TAE
Tris hase )4).ç
Glacial acetic acid 57.lml
0.5 EDTA (pH8.0) 100mI
idH20 1L
For lX TAE ( Agarose gel electrophoresis running buffer),

add 20ml 50X TAE to 1000m1dH20
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I I Asarose I rap'. I Asarose I rnp. I

l¿nzo I toomt 
I

I Stir for several hou¡s in container covered with foil. 
I

Oranse G (6X loadine dye)
ilvcerol 10ml
Cranee G 0.25s
].5M EDTA 400 pl
tH20 100m1

LB aear

l-n¡ntone 1Os

feast Extract 5e

NaCl 10e

{gar l5e
FIz0 1L
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Rich Asarose Plates l500ml:20 olates)
50mM NaCl I 56s
Sus/ml cholesterol (autoclaved) 500rrl
l.SYo aearose 7.5s

Mix in 500m1 water and autoclave.
lmM CaCb (autoclaved) 500uI
lmM MeSOa (autoclaved) 500uI
¿5 mM K-PO¿ (pH 6.0) (autoclaved) 12jml

M9 Bufler
KF{"PO, 3q
NazHPO¿ 6s
NaCl \û
MgSO¿ lM lml
Hz0 IL

Genomic Worm Lvsis Solution (store at -200C)
1M Tris lnFI R 5l lml
100mM NaCl 0.058e
O.5M EDTA 1ml
10% SDS lml
I Yo beta-merc aoto ethano I 100u1

100 up/ml oroteinase K 65.36u1
JdHz0 6.2m1

PhenoVCHCl¡ I Phenol alcohol:CHCl.:isoamvl alcohol. 25:24:l\
Phenol alcohol 250m1
lHCls 240m1
soamyl alcohol 1Oml

CHCh (24:l\
soamvl alcohol lOml
CHCIr 240m|
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l0rnM dNTP flnvinoeen kit)
lOOmM dTTP l Oul

100mlvf dGTP l0rrl
l00mM dATP 1Oul

100mM dCTP 10d
ldHr0 60pl

General mixture for 50ul PCR**
Worm lvsis )¡tl
l0 X PCR Buffer (Invitrogen) 5pl
25 mM MeCb ûnvitroeen) 3pt
10 mM dNTP 1pl

l0 pM primer I I rrl

l0 pM primer 2 lul
Iaq (DNA polymerase or Platinum, Invitrogen) 0.l25pl
CdHz0 36.875 ul
**PCR reactions were optimizedbv adiusting worm lysis and primer concentrations.

Sinsle wonn lvsis buffer (lml aliquots in -20uC)

IM KCI 0.5m1

lM Tris 0.lml
lM MsClr 0.025m1

10% Triton 0.45mI

l0% Tween-20 0.45m1

l0% eelatin 0.1mI

2Oms/ml proteinase K 3Oul

cdH20 8.345mI

Aparose2Yo
Agarose 1s

lH"0 5ml
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6.2 C.elegans mutant strain generation outlines

6.2.1 : tnls 5 : mig (ev 64 8)

migþv6as) $ tuIrs 6
-t_

n Cloneoutwild-type,GFP

-i-,!- heterozygotes.

From GFP clones, pick progeny with míg(ev648)
DTC migration defects and strong GFP

X
ü

FI

Ensure all clones carry the GFP and exhibit
nig(ev648) DTC migration defects.

From mig(ev648) clones, pick uncoordinated
progeny with mig(ev648) DTC migration

defects and clone out. func- 5 (e 5 3) ;mig(ev 648)ln{J-
F rom unc - 5 (e 5 3) ; mig (ev 6 4 8) clones, pick egl,,
dpy and uncoordinated progeny and clone out.

unc- 4 0 (e I 4 3 0) ; urrc - 5 (e 5 3) ; míg (ev 6 4 8)

mig(ev648) 6

Tl Clone out wild-type

+ heterorygotes

From clones, pick progeny with míg(ev648) DTC
migration defects and clone out.

ry
nnsì¡sþvoÆ)

unc-40(e1430);urrc-5(e53) Ö X-T-

J}
F1

tt2



dpy-6(e I4)egt-I 5(n484) Ö+ X
ü

enh(ev6e7) ô

Fl rtt'-6(et4t + eet-'s(rtL4t - $+ enh(ev697) + +
n Clone out wild-type

+ heterozYgotes

From clones pick eglnondpyprogeny
and clone out.

T-l
{J'-

Ensure egl non dpy cloneshave enh(ev697)
embryonic elongatioqJçfects in their progeny.I's\Z

enh(ev 697) egl- I 5 (n484)

enh(ev697)egl-15(n484) 6 X
J}

dpy-6 (e t 4) unc- I t 5 (e 2 2 2 s )8
+

heterozygotes

From clones, pick egl and dpy non unc progeny.

Confirm enh(ev697) in progeny of egl and dpy non unc progeny.

dpy-6(e I 4) enh(ev69 7)e gl- I 5 (n484)
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6.2.4 unc-S(el52t:sdn-I (2h20.\ 
/^

sdn-t(2h20) 0T

From clones, pick unc an

defects and clone

unc-S(e152)
+

Clone out wild-type
heterozygotes

imals with DTC migation
out. [unc-S(e152)].

X
ü

F1

J}

ô

From unc-S(eI 52) clones, pick uncoordinated
progeny that are bloated and clone out.

From the suspected unc-S(e152);sdn-l (2h20) clones,
pick at least 10 uncoordinated progeny that are bloated
from plates with sdn-[ emb¡¡onic elongation defects.n\2

Ensure all l0 uncoordinated and bloated animals chosen

have sdn-I embryonic elongation defects in their progeny.

unc-S (e I 52); sdn-1 (2h20)

unc- 5 (e 5 3.) : s dn- I (zh2 0.)

Repeat the same instructions for unc-S(eLS2);sdn-l (2h20) mutant
generation but use unc-5leí3.t $ 

s

lt4



6.2.5 unc4 0 (ev I 4 3 0t : s dn- I (ev697)
/^

sdn-t(ev6el Q X a'4oklßq6=n
{J-

F1
n Clone out wild+ype

{} heterozygotes

From clones, pick uncoordinate{ bloated progeny with
DTC migration defects and clone out.[(unc-40(e1430)]

{L
Ín unc-40(e1430) clones, look for -ev697 embryonic elongation defects

in the progent *ili3ffååtfli:JJï' out at reast 10

Ensure all l0 uncoordinated and bloated
;lones have ev697 embryonic elongation

defects in their progeny.

J}
unc-40 (ev 1 4 3 0) ; s dn- I (ev 697)

unc-40 (q I 4 3 0 : s dn- I (zh2 0)

Repeat tlre same outline for unc-41(ev 1430); sdn- I (ev697) mutant
generation but use sdn-I(2h20) I s-i-* Ç-r
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. 6.2.6 unc -6 (e 400 enh (ev 6 9 7.)
\---------.-.--.-.-.--------..---'.-*

/xl-
unc-6(ev40q Q X egt-15(n484)

-1-

ü
Fl + _ est-t5(n¿84)

unc-6(ev400) +

0

a

unc-6(ev400)egt-15(n4*r6 I enh(ev6e7) ô+ü

Clone out wild-type
heterozygotes

From clones, pick progeny that is uncoordinated
and not bloated-and clone out.

l_-L
Confirm the presence of enh(ev697) embryonic
elongation defects in unc nonægl clone progeny.

J}

Clone out wild-type
heterozygotes

From clones, pick uncoordinated
progeny that are severely bloated

and clone out.

t-t<-j,-
Check clones the following day to ensure they are egg-laying

defective and uncoordinated.

Confirm that all bloated and uncoordinated clone progeny are
bloated and uncoordinated.

unc - 6 (ev 4 0 0) e gl- I 5 (n4 I 4)

unc - 6 (e v 4 0 0) e nh (ev 6 9 7 )

F1
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sdn-I(2h20);opmZOO $T
tmc-5k152) ,^+,4. +ux

{L
FI

{L Clone out wild-type, GFP
heterozygotes

From clones pick uncoordinated progeny with strong GFp expression in
tail and head and DTC r4ielption defects and clone out.ll\Z

From tmc- 5 (e I 5 2) GFP clones, look for zh2 0 embryonic elongation
defects in the progeny ofeach clone and from these plates, clone out at

least 10 GFP /bloated/uncoordinated animals.

Ensure all 10 clones are GFP /bloated/uncoordinated and have
zh20 embryonic elongation defects in their progeny.

unc- 5 (e I 5 2) ; s dn- I (zh2 0) ; opEx I 2 0 6 IP *n,, n,,,¿,- J,

The same outline was utilized for generating:
- unc-5 (e I 5 2) ; sdn- I (zh2 0) ; opEx I I 5 9 [p *rr: : s dn- I J
- unc-5 (e I 5 2) ; sdn- I (zh2 0) ; opÛx I I 98 [P *^-, : : sdn- I J

rl7



6.2.8 unc- I 2 9 (ev 5 5 4) unc - 5 (e I 5 2 ) : s dn- I (ev 6 9 7.)

X
ü
FI
n Clone out wild-type

{-t heterozygotes

From clones, pick uncoordinated progeny with DTC
migration defects and clone out.

Look for ev9gTelongation *r#rn" progeny of each clone and
from these plates, clone out at least 10 uncoordinated animals.

t-t
Ensure all l0 clone, u.. u*o=.dinated and have ev697

embryonic elongation defects in their progeny.

unc-5 (e I 5 2) ; unc- I 2 9 (ev 5 5 4) ; sdn- I (ev697)

6.2.9 unc- 5 (e I 5 2.) e gl- 2 0 (mu 3 9 ) : s dn- I (ev 6 9 7 )

^
sdn-t(ev697) Çf \ unc-s(e152'eel-f0(mú9) $

f-l Clone out wild-type

{} heterozvgotes

From clone,s pick uncoordinated bloated progeny
with DTC cell migration-dpfects and clone out.

t-L
Look for ev697 elongation defects in the progeny ofeach clone and from these

plates, clone out at least 10 uncoordinated and bloated animals.

unc-129(ev554)unc-5 (e I 52)

Ensure all 10 clones are uncoordinated and bloated and have
ev697 elongation defects in their progeny.

unc-5 (e I 5 2) e gl-2 0 (mu3 9) ; sdn- I (ev697)

sdn-I(ev6s7) ô-1-

/\
Ò

J}
F1
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6.2.10 unc-5 (e I 5 2.) lin- 3 (e I 4 I 3) : s dn- I (ev 6 9 7)

X
ü

F1

ü

unc-S k I 5 2) lin-3 k I 4 I 3)

Clone out wild-type
heterozygotes

From clones, pick uncoordinated, bloated and valvaless
progeny with DTC migration defects and clone out.

Look for ev697 embryonic elongation defects in the progeny of each clone and
from these plates, clone out at least 10 uncoordinated and bloated animals.

Ensure all 10 clones are uncoordi¡ated and bloated and have
ev697 embryonic elongation defects in their progeny.

^
sdn-t (ev697) l)

T

unc-5 (e I 5 2) ; sdn- I (ev69l $+

,4\

0

tmc- 5 (e 1 5 2) Iin- 3 (e I 4 I 3) ; sdn- I (ev6 97)

6.2.1 I unc - 5 (e I 5 2.) : db l- I (ev 5 I 0.) : s dn- I (ev 69 7 )

X
ü

F1

Look for ev697 elongation defects in the progeny ofeach clone and from
these plates, clone out at least l0 dumpy and uncoordinated animals.

dbl-1 (ev580)
+

,,N

0

I--l Clone out wild-type

From cl ones, pi"r auffi #ï"î,t"Jïroseny
with DTC migration defects and clone out.

Ensure all l0 clones are unc/egl and have ev697 embryonic
elongation defelts 

in 
their progeny.

!-J,-
unc- 5 (e I 5 2) ; dbl- I (ev 5 B0) ; sdn- I (ev697)
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6.2.12 unc-S (e I 5 2 ) : egl- 1 7 (e I 3 I 3) : s dn- I (ev 697 ).

X
ü
FI
[-l Clone out wild-type

{} heterozygotes

From clones, pick bloated and uncoordinated progeny with
DTC misration defects and clone out.-n

<-->
Look for ev697 elongation defects in the progeny ofeach clone and from

these plates, clone out at least 10 bloated and uncoordinated animals.n
{}

Ensure all 10 clones are unc/egl and have ev697 embryonic
elongation defects in their progeny.

mc-5 (e I 5 2) ; egl- I 7 (e I 3 I 3) ; sdn- I (ev69 7)

esl-|7(e/313) -
+

tmc-S (e I 52) ; sdn- t þv697) $+
,4\

Ò
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6.3 Cosmid descriptions.

6.3.1 Summary of the cosmids used for mig(ev648)
rescue.

6.3.2 Summary of the cosmids used for enh(ev697)
rescue.

Cosmid Approximate size
(Kb) Kan/Amp?

CO3Bl 43 AMP
T2285 34.5 KAN
Kl0 34 KAN
K07 1l KAN
cl5Bt2 44 AMP
F22A3 30 KAN
TI4E8 37 KAN
T28F.4 27 KAN

Cosmid
Approximate size

(Kb) Kan/Amp?

F4IE7 36 KAN
RO7E3 40 AMP
F46F6 25 KAN
z,c504 38 AMP
c39810 38 AMP
C33D3 t8 AMP
F14F3 35 KAN
F59F5 35 KAN
F57C7 30 KAN
}'f79 34 AMP
F11A1 40 KAN
F13E6 40 KAN
C4685 1.6 AMP
TOlCI 28 AMP
RO7A4 37 AMP
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6.4 Alignments of nas-33 sequencing results.

GÀTCCTTAGÀCAGTTÀTCTGAAGGITÀÎÀGATGÍTATGÀTTCÀÀÀCTAGATrcCGCTrcT 6 O

CqIICTATTITTCITÀTTCAGTTCGGÀTGCGIC^A,CCCCTGTrcTCACTGGA.AC.â,CÀGÀCA 1 2 O

ccrcmcAAAcÀÀcÀ-AÀTcrcccAcAAcÀccAcccÀTTGÀcAcGTTrrÀcÀcc,ATGTGAq 1 8 o

TTTTACTNGÀ¡¡TÍGAry 15
--qIITIùTA.A.àNCCA.è,CNCCACCCATTGÀG.ANGTrITÀCÀNGA$iTGAq 4 7

::::::::_:_:**,**.;;il;;;;;*;;;ffiffi:ffiffi I å
*""**tlT*"11 

ì " I

c,usta,w.20031 208., 80e 4, 2 ar n IøøZ 
*C¡s¿jd ffi 

Ol,bn rrt hr*

CLUSTÀ¡ !ù (1.82) mrltipJ_e sequence alignnrent

N2

1N1-F1
1N1-R1
1E5-F1
]-E5-R1

N2
i.N1-F1
1N1-Rl
1E5-F1
185-R1

N2

lN1-F1
1N1-RI
185-F1
185-Rl
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N2

1N1-F1
1N1-R1
185-F1
lE5-R1

N2

1N1-F1
1N1-R1
185-F1
1E5-R1

N2
lN1-F1
1Nl-Rl
185-F1
185-R1

N2

lN1-F1
1N1-R1
185-F1
185-R1

N2

lNl-F1
LNl-R1
1E5-r1
1E5-R1

N2

lN1-F1
1N1-R1
1E5-r1
185-Rl

N2

lN1-FI

ÀCTGA,AfIIICGGAÀGTTATCÀÀ,ÎTTAAATTTTTCAGTICCTAGTrcTTÀCTCTçÀGTTTG 2 4 O

ÀCTGAATrIC¡IGAå,GTT.ê,TCA.â,TTTAÀ.ê,TTTTTCAGII:TC TÀGTrcTTÀCTCTGÀGTTTG 75
ATTGAÀ TTNGGÀÀGTTATCAATTTÀÀATTrITCAGTTCCTAGTI€TTÀNT¡TC€AGTTTG 1 O 7

ACTGAÀTTTCGC-AÀGTTATCÀATTTÀÀÀTTTTTCÀGTTCCTAGÍTCrI.A,CTCTGAGIruG 7 4

ACTGAATTTCGGAAGTIAICÀAÎTTÀA.àITTTrcAGTTCCTAGÏrcTTASrcTGAGTTTG 1 O 8

*l*******f a********************************r*****l* I (*******:{
ÀAcaÀcAcrcccrrrrccccrccrccrrccrrçTcc¿c¡rccêrcecrÀTTAcÀc¡crcr 3 0 o

AÀG.AACACTGCGTTTICCCCTGGTGGTrcCTIGTGCACÀTGGCTGAGTATTACÀGACTCT I 35
A.åGAACANTGNGTTTrcCCCTC.GNGGTTCCI,"IGNGCACATGGGNGÀGTATTÀCNGANTNT 1 6 7

AÀGAACÀCTGCGTTTrcCCCTGGTGGTrcCTTGTGCÀCATGGCÎGAGTATTACÀGACTCT 1 3 4

ÃAGAÀCÀCTGCGTTÏICCCCTGGTGGTTCCÎTGTGCÀCÀTGGNTGAGTÀÎTÀCAGÃCTCE I 6 8
*******?**f ************1*********l********l f*********l **l * t*

*
TGlTiGT TTAGCTGATCTTcTGGÀ.AA.AÀAAÀACTGTTÀ.AATTA.ATIAGGA TITmAÃÀG
TqTMçTf TAæTGATCTTC TC.GÀÃAAÀ.AAÀAC TGTTÀÀÀTTAAÎTAGGÀCTTTTTAAÀG

TGTTÎGTTTAGNÎGATNTTNTGGAÀAAÀAÀ.AAC TGITÀÀATTAAITAGGÀC"TTISITAÀÀG
TGTTÍGjnTTÀGCTGATC TTCTGGAAAÀÀAÀÀÀC TGTTÀÀAÍ TÂ.ATTÀGGÀCTTTITÀÀÀG
TGTTT\3TTTÀC.CTGATNTTCTGGAÀA.AAÀAAACTGTTÀAATTAATIAGGAqTTÎITAAÀG
** ** ******* t**** t**l ****** *** * ****** ******************* *****

CTTAC.AAGCÀATTCGTlGlACTTGTÀCATCTTrclC TATACTGÀGTACCACåÀGAACCÀC

CÎTACAÀGCAÀTTCGI TGTACTTGTÀCÀTCrITCTC TÀTACTGÀGTACCACAAGAACCÀC

CTTACÀÀGCÀATTCGTTGTAC:rTGTÀCÀTCrITCTCTÀTACTGÀGTÀCCACAAGAACCÀC

CTTACÀÀGCA.ATTCGTTGTÀCTTCTACATCTTTCrcTATA,CTGÀGTACCACA.AGAACCAC

C1TACAAGCÀATTGTTGTACfTGTACÀTCTTrcTCTÀTÀCTGÀGTACCACAAGAÀCCAC
************************************************************

360
r95
227
L94
228

420
255
287
254
288

,L 'ii 'V

.AATÏPTCÀGAGCATCTTGTCCAACCGGÀCCACAGIAÀÀGÀATAÀCITiTTGGAGCÀGCAA 4 8 O

A.ATTTTCAGAC'CATCTTGTCCÀÀCCGGÀCCACAGTAÀÀI{ÀAITAÀCI]CTTGGAGCANCAA 3 1 5

AÀTTTI'CAGÀGCATNTTGÍCCåÀCCGGACCACAGTAÀÀGÀÀTAÀCTTNTTGGAGCAGCÀA 3 4 7

AATÎTTCAGÀC'CATCTTGTCCAACCGGÀCCACAGTAAAGÀÀTAÀCTrcTTGGÀC€AGCAÀ 3 1 4

AÀTTITCÀGAC'CATNTTGICCAACCGGÀCCÀCÀGTAÂ.AGAÀTÄ.ANTTNTTGGAGCAGCÀA 3 4 8

540
3'15

407

374
408

TICÀÀ.4.è.àTCAC.AÀÀTA.ATA.AÀCCTrcrcTATÀTCTGÀGTÀCÀ.A.A.TTGTGAGTT-CTGAG 599
TICÀÀ.4À.ATCÀCAAÀTAÀIA.AACCTrcTCTÀTÀTCIGÀGTACÀAÀTTGTGAGTT-CTGAG 4 34

********** ****1*********** *** **** *** *ï**** Í**i********1***

***t ************ l*******

t23



1N1-Rl
185-F1
1E5-R1

N2

1N1-F1
1N1-R1
185-F1
185-R1

N2

lN1-F1
lN1-Rl
185-F1
185-R1

N2

1N1-r1
1N1-R1
185-F1
185-R1

N2

1Nl-F1
1N1-Rl
LE5-F1
185-R1

N2
1N1-F1
1N1-Rl
lE5-F1
1E5-R1

N2

1N1-F1
1N1-R1
185-F1
185-R1

TTCAÀÀAAICACAAÀTAÀTA.AÀCCTTCTCTATATCTGÀGTACAÀ.ATTGTGAGTÏICTGAG 4 6 7

rrcÀÀ.AAÀICACAÀÀTA.å,TAAACCTTCTCTÀTATCTGAGTACAAATI13TGAGTT-CÍGAG 4 3 3

fiCA.AÀAÀTCACÀAATAATA.AACCTTCÍCTÀTÃ,TCTGAGTACAÀATIGTGÀGTTrcTGAG 4 6 8
******************************************************t*****

ç
T

TAGCTTTÍGAÃÀTÀAÎCAGAACACTGTTICC TTGCTÀÀTrcGTTCÀCCÀAGGACGGCTT 6 5 9

TAGCITHTGAÀÀ.TAÀTCANAACACTGTITICCITTGCTÀÀTTCGSTACCÀAGGACNGNTT 4 9 4

TAGCTrITGAAÀTAATCAGA.ACÀCTGTTINNÀTTGTTÀTT -----.--- 507
TAGCTTTTGAÀÀTAATCAGAACACTGTSTCCTTTGCTÀÀTTCGÎrcACCAAGGACGGGTT 4 9 3

TAGCTTTTC'AAAIAÀrcAGAÀCACIIGTTTCÀ-TTGTTATTC-- -.---- 508
******************1*****t****l I *** ** *

TGCÀACÀCTGCCGGTATCC GGTTGCTTCATGACTATATrcTT'cTTTCATCTGAÀ.A.âCAGG

TTTCÀAAÀÀAÀAÀ

7L9
507

À.ATGGTATTAAÀÀ AACAÀÂÀ.AAGGTTAAACA.A.AATÀCCTCAÀCAAÀCTCTTCÀCATÀCT 7 7 9

GGAG,AACArcTÀTACÀTCÀCATAC'GTGÀGCTCAA.AACGTACATTGCCGCCGTTIGCCTGÀ 8 3 9

ÀÀTAÀÀ,AATITATTCGÀÀAÀGTÀGCAAGCCAGAATTTGATÂÀAÀTAGGÀ.ACAÀfISTTAAÀÀ 89 9

GCGTTCAÀTçTCGTTCAATTAÀGTCGTTCAÀTAAÀGTATCAGGGGCÀCAGAACTGTTAGA 9 5 9
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N2

2N2-F2
2N2-P2
285-F2
2F5-F'2

N2

2N2-I.2
2N2-R2
285-F.2
2F5-R2

N2

2N2-F.2
2N2-R2
285-î2
285-R2

N2

2N2-F.2
2N2-R2
2F5-F2
285-R2

N2
2N2-F'2
2N2-R2
285-¡'2
285-R2

N2
2N2-î2
2ñ2-PJ
2E5-F.2
285-R2

N2

2N2-r2

ACTGÀ.è,TTTCGGÀAGTTATCÀ.A,TTTÀAÀTTTTTCÀGTTCCTÀGTTCITÀCrcTGAGTITG 2 4 O

AAGÀACACTGCGj TSICCCCTGGTC.GTTCCTT€TGCACÀ:TGGCTGAGTATTACÀGACTCT 3 O O

TGTTTGTTTÀGCTGATCTrcTGGAAAAAÀÀAACTGTTAAÀTTAÀTTAGGÀCTTflTTAÀAG 3 6 O

CTTAC.AÀGCAÀTrcGTTGTACTTGTACATCTTrcTCTATACTGAGTACCÀCAÀGAÀCCAC 4 2 O

AÀTTTTCAGAGCÀTCTTGTCCåÀCCGGACCACAGTÃ.èAGAATAÀCTTCTTGGAGCAæAÀ 4 8 O

CCCTGACAGGGGGTGGTCTTTGAGTCGGÀGCTGTACCATCTAÀ.AÀCTTGTCGTGGTTÀGA 5 4 O

--ACATCTAÀ--CTTGTCGTGGTTÀGÀ 2 3

--- - -TTTCCNNTTGTTCTTGNÀGTCGGAG TGTACCAÍCTAAÀACTTGrcGTC.GTTÀGA 5 5

:--:-r*";;**':**;;;""*""*;;;äffi iffiäffiil:ffiäïä 3 ;******* **************
tt I

TICA.â.AAÀ,TCACAAATAAIÀ.AACCTTCTCTATÀTCTGAGTACAAAITGTGÀGTrcTGAGT 6 O O

TTCAAA.A.ATCACA.â.ATÀÀTAÀACCTrcIETÀTÀTCTGAGTACAÀATTGTGAGTrcTçAGT 8 3
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2N2-R2
285-î2
285-F2

N2

2ñ2-F.2
2N2-R2
2E5-î2
285-R2

N2

2N2-F'2
2N2-R2
285-Ê2
2F,5-¡.2

N2
2ñ2-F2
2N2-F.2
2E.5-î2
2F,5-R2

N2
2N2-I'2
2N2-F.2
285-F2
285-R2

N2
2N2-î2
2N2-R2
285-F2
2F5-P.2

N2
2N2-F2
2N2-R2
2F5-î2
2F5-R2

TrcÀÀÀAATCACÀAÀTÀÀTA.AÀCCTI.ICTNTATAÍCTCIAGTÀCAAÀTtrIGTGAGTTCTGÀGÍ 1 I 5

TTCWCTTCrcTÀTATCTGAGTACA.AATTGTGAGTTCTçAGT 8 3

ITCWCII1rcTETATÀTCTGAGTACÀÀ.A,TTGTGAGTTCTGÀGT 1 1 5

* ** * ** * * * * * ** * * * * * ** **** * '* * . * ** * * * * ** * * * **** ** * * * * *** * ** * * *
tR.

AGCÎITTGÀÀÀTAATCAGAACACTGTTTCCTTTGCTÀATTCGfICACCÀÀGGACGGCTTT 6 6 O

AGCTTTTCA.âÀ,TÀÀTCAGÀÀCÀCTGTTICCTTII3CTÀÀTrcGTrcÀCCAAGGACGGCTÎI' 1 4 3

AGCSTrfGAÀÀT.AÀTCAGAACACTGTTICCTTTGNTAAfTGTTCÀCCÀAGGANGGNTTT 1 7 5

ÀGCT:TTIGAÀÀÎAÀTCAGAACACTGTTrcCTI1TGCTÀ.àTTCG1TCACCÀAC'GACGGCTTT ]. 4 3

AGCTI TTGA.èATAÀTC.ê,GAÀCÀCTGITTCCTTTGNTÀÀTTCGTrcACCÀAGG.B'CGC'CTTT 175
**********************************ît****************** l** 1***

GCAACÀCTGCCGGTÀTCCCÆT1IGCTIrcÀTGÀCTAIÀTTCTC'CÍTTCÀTCTGA.AÀACAGGÀ 7 2 O

GCAÀCÀCTGCCC,GTÀTCCGG:I:rcCII1TCATGÀCTATÀTT€TGCTTTCAICTGAÀÀACAC'GÀ 2 O 3

GCAACACTGCCGGTÀTCCGGTITGCTTCÀTGÀCTATATTTTGCITrcATCTGÀÀAÀCAGGA 2 3 5

GCÀÀCACTGCCGGTATCCGGTTGCÍITCATGÀCTÀTATTCTC'CT{rI'CATCTGAAÀÀCAGGA 2 O 3

C.CAÀCÀCIGCCGGTÀTCCC,GTTGCTTCATGÀCTÀTAIIIìCTGCTTrcATCTçAÀÀACAGGÀ 2 3 5

**************************************{** *******************

ATGGTATTAÀAATAÀCA.AAAÀAGGTTAÀACAAÀÀTÀCCTCAACAÀÀCTCTTCÀCÀTACIG 7 8 O

ATGGTÀTTÀÀÀATÀÀCAAAÀÀAC,GTTAAACAAÂATÀCCTCAÀCAAACTCTTCACATACTG 2 6 3

ATGGTÀTTA.AÀÀTAÀCAAÀ.4.à.A,GGÍTAÀACÀ.4ÀÀTACCTCAACAÀÀCTCT:ITÀCÀTÀCTG 295

ATGGTÀTTAÀA.è.TÀACAÀÀÀÀÀGGITAAACAAÀATACCTCAÄCÃAACTCÏrcÀCATACIG 2 6 3

ÀTGGTAITÀA.AÀTAACAAÀAÀÀGGTTA.AACAA.AAIACCTCÄÀC.A.A.A.CTCTTCACATAC1TG 295
************************************************************

cÀcAÂcATcrATAcATc.a,cATAGGÍçAGcrcAÀÀAcGTÀcorr."..".ot t".ry6#4Jn?n
GAGAÀCA,TCTATACATCACÀTÀGGTGAGCTCA.A.AÀCGTACÀTIIGCCGCCGTTTGCCTGAÀ 32 3

GÀGAÀCÀTCTATACATCACÀTÀGGTGAGCTCA.AÀ.àCGTACÀTTGCCC€CG1rNTGCCTGA.â' 3 55

GAGÀÄCArcTATACATCÀCÀTAGGTGAGCTCÀ.4.âÀCGTÀCATTC'CCGCCGIITTGCCTGAå' 3 2 3

GAGAÀCATCTATACATCACÀTÀGGTGAC€5CAAAÀCGTACATTGCCGCCGTTTC'CCTGAÀ 3 5 5

************************************************************

ATÀ.AÀAÀIITÀTÍCGAAAAGTAGCAÀGCCAGÀÀTTTGATAAÀATÀC'GÀÀCAAÎIf TTÀÀÀÀG 9 O O

AÍIA.AÀAÀTTATTCGAAÀÀGTAGCÀAC,CCÀGAATTTGET¡¡¡¡TEC'G¡ECÀATTTTAAÀÀG 383

ATAÀÀ.èÀTTÀTTCGÀA.AAGIAGCÀÀGCCAGÀATTTGATAAÀÀTAGGAÀCAÀIT{TAA.AÀG 4 15

ATA.AÀAAÍTATTCNAAÀAGTAGCAAGCCAGÀATTTGATA.AÀÀTAGGAACAATTTTAÀAAG 3 83

ATÀA.AÀA TÀTTCOÀÀ.AÀGTÀGC.êAGCCAGÀAYTTGATWG 4 1 5

*************l**********************************************

cc*rcA^r=rcorL**r*orccrrcAA:rAÀActor#*AcåcAÀcr.rr^G^ 9 5 9

CGTTCAATGTCGTTCÀÀTTÀÀGTCGTI¡CåÀTAÀÀGTATC-AGGGGCÀCAGÀACTGTTAGÀ 4 4 2

CGTTCAATGrcGT:TCAASTÀAGTCGI]TCAÀTAÀÀGTATC-.AGGGGCÀCAG.A'ACTGTTÀGA 4 7 4

CGîrCAA:IGTcGrICAAÍTÀAGTCGTTCAATA,AAGTATC-AGGC'C'CACAGAACTGTTAGÀ 4 4 2

CGTTCÀÀTGrcGTrcÀÀTTAÀGTCGTTCAATAÀAGTATCCAGGGGCÀCÀGÀACTGTTÀGA 4 7 5
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N2

2N2-î2
2N2-R2
285-F'2
285-P.2

N2

2N2-P2
2N2-R2
285-Y2
2F,5-F2

N2

2N2-F2
2N2-F2
285-I.2
285-R2

N2

2N2-F2
2N2-P2
285-F.2
2E5-R2

N2
2N2-l'2
2N2-R2
2F'5-r'2
285-F-2

N2
2N2-F.2
2N2-R2
285-r.2
285-P2

N2

******************************lr******** ********************

I
GGAA}.1ATGÀTÀ.ATCTTGA.AÀAITGÀÀTÀ.AÀTTAGÀÍTTCGTTGCTGCTTTGAGAGTGIT 1019
GGAÀATAIICATÀÀTCTTGAAÀÀTTçÀÀTA.AÀ1TTÀGÀTTrcGTTC'CTGCITTTNA.AAÀGG- 5 O 1
GGÀÀÀTNTGÀTAÀTACTGAÀÀ--TGÀÀ1TAÀTNGTT------_- ------ 507
GGAAÀTAIIGATÀÀTCWÀTTICGÍIGCTGCT,TIANÀGTNGA 502
GGAÂAÎÀITGÀTÀÀTCTGAAÀA--TNAATÀÀT -.----- 504*"**"*lä*ttil *** * *****
rrGTcrrcdATATÀfrcrÀcrrÀcÀAcÀÀWtcrc¡ÀcÀlrrr I o 79

I

ANAGNANÀA-- _____ 51r

CÀATATGÀTÀ1AG.â.A.AATGTCTTTTÀGITGTAÀTTATIÀTGTA.AATTTT.GTGC.AÀÀ.A1ÀA 1 1 3 9

TGATAA.è,TTCAATG.AÀ.ACTT1rc^AÀÀ,CTGTÀTACTGÀÀÀ,1C.AÀ.AÃAGGTGA.AÀTGTTrcAA 1 199

GATCGAÀ.âCTG.ATTGÀÀGTTTCTTTI1ITAÀTAIACACCTACCGAÀAC.âATrcTCCAÀTA 
1 2 5 9

ÀCÀGTCAGATGÀrcCCGAATÀGGÀÀATÀTIflTCTCCÀTGÀGTÀ.ATCTGCCCGTGGAAGITTC 
1 3 1 9

CACÀCCGCAF,TCTGAATTrcTTCÀCCGÀTGAÀÂÀTCCTCTAIC.GAÀÃ¡^TGÀCTCÀCTÀGA 
1 3 7 9

rzt



N2

3N2-F3
3N2-R3
3E5-F3
385-R3

N2

3N2-F3
3N2-R3
385-F3
385-R3

N2

3N2-F3
3N2-R3
385-F3
3E5-R3

N2

3N2-F3
3N2-R3
3E5-F3
3E5-R3

N2

3N2-F3
3N2-R3
3E5-F3
385-R3

N2

3N2-F3
3N2-R3
385-F3
3E5-R3

N2

â\?Triïï-:T:Tnîrrä#ffiriri i# i:"
-CTCTTTPTTNNGGNNCTTTGÀGAGTGTTT 2 9

rcrcrrc.ae{arÀrrcrÀcmAcÀÀcaÀGcAaAcaca.AÀcÀÀÀsmcÀrcTcÀAcArrrc 108 0
TGGCCTGTNTÀTÀTTGTACTT-CÀÀCAAGCA.AAGÀCÀ.AACAÄATTTGÀTCTGÀACATIIC 6 1

TGTCTTGÄAÍTATATTGTACTTACÂÀCÀAGCÀ.AAGACAA.àCÀÀÀTTTG-TNTGAÀCATTTC 8 7

----------ÀTAINGTACTT_CAACAå,GCAÀAGÀC.AÀ.âCÀ.AÀTTTGATCIGAÀCÀTTrc 4 9

TGTCTTGÀAÎÀTATÍGTÀCTTACÀACÀÀGCÀÀAGÀCÀÀACA.AATTTGÀTCTGÀACÀTTTC 8 9
****1 ****** 1*************************?*l**********

AATÀ1çATATAGAAAATGÎC TfITTÀGITGTÀ.A,TTÀTTATGTAAÀTTTTÆTGCA.AÀÀTA.AT

AÀTÀTGATATAGAÀÀ¡^TçTC j TTTAGTTGTAATTATTATGTAÀÀTTTGGTGC.AÀAÀ, TAAT
AÀTATGÀTATÀGA.AÀÀTçTC TTTNÀGTTGTÀ.ATTÀ1TÀNGTÀ.AATTTGGTGCÀAÀÀ, TAÀT
AAÎATGÀTATÀGAÀAÀTGTC rfÍTÀGTÎGTÀÀÏTATTÀTGTAÀÀTTTGGTGCAÀ.AATAAT
AATATGÀTÀTÀGAÀÀÀIGTCTlTTAGTÍGTAATTÀTTATGTAAÀTTTGGTGCA.AÀATAÀT
****** **** *** **** ******Q** ** ********** l********* * ***** ******

1'

GÀTAÀATTEÀÀTGÀÀÀCTruCAAÀCTGTATÀC TGÀÀATCÀÀÀAÀGGTGÀAÀTGTT{TCAÀG

GAÎAÀÀTTCAÀTGÀÃÀC TTCAAAClçÎAÎÀCTGÀAÀTCAÀÀÄAGGTGÀÀÀTGTTTCAÀG
GATAÀAÎTCÀÀ1I'(]AÀÀC TTTCåACCT€TATÀCTGÀAÀTCAÀ.âAÀGGTGAAÀTqTTTCÀÀG

GATÀAATrcÀÀTGÀÀAC TTTCåÀÀCTGTÀÎÀCTGAAÀTCAAA.AÀGGTGAÃÀTGTTTCAÀG

GÀTAÀÀTICAÀ1IGAÀÀCIrII|CåAACTGTATACTGAÀÀTCAÀÀÀÀGTG.AÀÀTGTITTCÀÀG
******************* "ät{t;î* * ** ** * ****#************ ******

AlCGÀÀACTGATTGÀAGmTCTITTHITAå,TÀTACACCTAgCGA.AÀCAATTC TCCAATAA
ATCGÀAACTGÄTTGAAGTTTCTTHTTTTAATÀTACACCTACCGÀAÀCÀÀTTCTCCÀÀTAA

ATCG.AÀ.AI{TGÀTTGÀÀG1ÍTTCTTTTTTTAÀTÀTACACCTACCGAÀÀCAÀTrc TCCÀÀÎAÀ
ÀIEC,AAACTGATTGÀÀGITTCTf TTr1TÀAIÀTÀCÀCCTÀCCGÃ.AACAATrc TCCAATAA
ATCGÀÀACTGA. T'GAÀG TTCTITTTÍ TÀÀTATACACCTACCGA.âACAATICTCCAATÀÀ
*******f ***************************************************

I

CAGTCAGATGATCCCGAÀTAC:GAÀATÀ:ITTCTCC.ê,TGÀGTAATCTGCCCcTC'GAAGÍTCC

CAGÎCAGATGATCCCGAÀTAGGA.AATATTICrcCATGÀGTAATCTGCCC GTGGAÀGTTCC
CAGTCAGATGÀTCCNGAATÀæÀÀATÀTTTCTCCAÎGÀGTÀÀTCTGCCCGTGGÀÀGTÎCC
CAGTCÀGATGÀTCCCGÀÀ,TAGGA¡¡,T¡,TTTCTCCÀTGAGTÀÀTCTGCC CGTGGAAGTICC
CAGTCAGÀTGÀrcCCGAÀTAGGA.èÀTATfl rcTCCÀ,TCAAGTAAT'ClrcCCGTGGÀ.AGTTCC
**************l *********************************************

I

ÀC.ACCGCÀATCTGÀATTTCTTCå,CCGÀTGAÀAAIrcCTCTAÍGGAAÀÀTGACrcACTAGÄÀ

1140
T2L
r47
109
149

t200
18r
207
169
209

1260
24t
267
229
269

132 0
301
327
289
329

1380

r28



3N2-F3
3N2-R3
3E5-F3
385-R3

N2

3N2-F3
3N2-R3
3E5-F3
385-R3

N2

3N2-F3
3N2-R3
385-F3
385-R3

N2

3N2-F3
3N2-R3
385-F3
385-R3

N2

3N2-F3
3N2-R3
385-F3
385-R3

N2

3N2-F3
3N2-R3
385-F3
385-R3

N2

3N2-F3
3N2-R3
3E5-F3

1500
481
507
469
509

1560
541
567
529
569

ACACCGCAATCTGÀA1TTTCÎTCACCGÀTGAÀAÀ1rcCTCTATGGAAÀÀTGÀCrcACTÀGÀA 3 6 1

ACACCGCÀAÍçTGAÀ1TTTCTrcÀCCGÀTGAÃAÀ1I€CIETATGGÀÀAA,TGACTCACTAGAA 3 8 7

ACACCGCÀ.ê,TCTGÀÀ1Tf1CTrcÀCCGÀTGAÀÀÀIrcCTCTATGGÀ.4ÀATGÀCTCÀCTÀGAÀ 34 9

ACÀCCGCAATCTGÀÀTTTCYT€ACCGAÍçAÀ.AÀIrcCICTATGGÀÀAÀTGACrcACTAGA.A 3 8 9
************************************************************

G TTC€AGTCGÎTCÀCÀATAIGTTCCTrcCÀGTCCTGTCGGÀCACGTACATTC'CCCACAÀ 1 4 4 O

GTTTGCÀGrcGTTCÀCAÀTATGTTCCTrcCAGTCCTGTCGGÀCACGTACATIGCCCÀCÀÀ 42 1

GTTTGCAGTCGITCAC.âATÀIII3TTCCTTCCÀGÍCCTGTCGGÀC.ACGTÀCÀTTC€CCÀCAÀ 4 4 7

GTTIISCASICGTICÀCÀ.âTÀTGTTCCTTCCÀGTCCTGTCGGÀCACGIÀCÀTTGCCCÀCÀÀ 4 O 9

GItrHTGCAGTCGTTCAC.AÀTÀTGTTCCTTCCÀGTCCTGTCGGACÀCGTÀC,A,TIGCCCACAÀ 4 4 9
************************************************************

TTGTTGC,GÀ, TC CGCGTAÀCCGCCGTGTTGGCAGTTTATCCGATITGGTGCAÀATGrcÎGÀÀ

TTGTTC.GGATCCGC GTAÀCCGCCGTGTTGGCAGTTTATCCGÀTrc-GTGCAÀÀTGrcTGÀÀ

TTGTIGGGÀTC CGCGTA.ACCGCCGTGTTGGCAGTTTAÎCCGATTGGTGCAAÀTGTqIGAA

TIGTTGGGATCCGCGTAÀCCGCCGTGTTGGCAG. TTATCCGATIGGTGCAÀATCTCTGAÀ

TTGTTGGGATCCC'C GTAÀCCC.CCGTGTTGGCAGTPTATCCGATTGGTGCÀÀ.A,ITGTCTGAA
**********lr*************************************************A
cr$eereeacGTGGA.AÀÀÀlrrArrc ccrÀÀAc rcÀcrÀcaÀcÀcAÀÀcc cGTATTcAGC

GTGAÀATÀÀÀCGTC'GAÀAÀAÎfATTCCGTAÀACTGACTAGÀÀCÀGÀÀÀGCCGTATTGAGC

GTGAÀÀTAÀ.ACGTGGAAÀÀÀIHTÀTTCCGTAÀACTGÀCTAG.A.ACAGAAAC'CCGTATTGÀGC

GTGAÀATÀÀÀCGTGGAÀ.AAAITTATTCCGTAAACTGACIAGA.å,CAGAÀAGCCGTÀTTGÀGC

GTGÀÄ.âTÀA.A,CGTGGA.âAAAfTATICCGTAÀAC TGACTAGAACAGAÄAGCCGTATTGAC'C
************************************************************

AÀCTTÀÀGÀTC-AAGGAATGA.âGG:rrcCACTCTGTTTCCAATAGTGTTÀ,ATGÀÀIIGCAGG I 6 19

A.ACTTAÀGATC-ÀÀGGAÀ.TC'ÀÀGGTTCCACTCTSTTTCCAÀTAGTGÍTAÀIGAATGCAGG 6 O O

AÀCTTAAGÄ,TCCÀÀCÆÀÀTGÀÀGGT-CCÀCT---- --- 597
AACTTAÀGATC-AÀGGÀÀTGAÀGGTTCC.ê,CrcTGTTrcCAÀTÀGIGTTÀATGÀATGCÀGG 5 8 8

AACTTA.A.GÀTC-AÀGGAÀTGAÀGGT-CC-.------ -- 595
***********a************* **

I

ATCTÀCTC€TTCåÀCGGTGITCATTGTTGAÀGÀIIITTC'GÀA.AAÀGÀCTGÀAÀÀTGGTTAÀÀ 1679
rCTÀCTGGGGGTMTNG----- ----- 6T7

TCTACTGC,GGGTTTTNG-.

TrcÀTÀCGGÀÀCAÀ,CA.ê^TGTÀAGAÀCACå.CTTTTGGT€CGTÀÀTGCATÀACCGATCCÀTA I 7 3 9

605
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4N2-F4
4N2-R4
485-F4
485-R4

N2

4N2-F4
4N2-R4
4E5-F4
485-R4

N2

4N2-F4
4N2-R4
485-F4
4E5-R4

N2

4N2-F4
4N2-R4
485-F4
485-R4

N2
4N2-F4
4N2-R4
485-F4
485-R4

N2
4N2-F4
4N2-R4
485-F4
4E5-R4

N2

4N2-r4
4N2-R4
485-F4

GrITGCÀGTCGITCACÃATATGTrcCTTCCÀGTCCTGTCGGACÀCGÍACAÍTGCCCÀC.A.A, 144 O

-iïïi-i-ï--i-riT-#trrtäffiffi i:"
.-------TTGGCÀ_TNNÀTECGÀTTGGTGCAÀAT€TCTGA.ê, 3 3

GTGÀÀATAAÀCGTGGÀAÀAÀTTÀTICCGTÀ.AÀCÍGÀCTAGAACAGÀÀ.AGCCGTÀflTGÀGC 1 5 6 O

-CNAAÀTAÀÀ,CGT.GGA.A.â.AÀTTÀTTCCGTÀAÀCTGÀCTÀGAACÀGÀÀÀC,CCGTÀTTGÀGC 70
GTGAÀÀTÀAÀCGTGGAÀÀAATf.ATTCCGTÀ.AACTGACTÀGÀAC.AGAÀÀGCCGTATTGÀGC 9 6

- -GAAÀTA.Ð,-CGTGGAÀÀAÀTTÀTTCCGTAAÀCTGACTAGÀACÀGA,AÀGCCGT.à,TTGÀGC 5 7
GTGÀAÀTAÀÀCGTGGAÀAÀÀ,TTATTCCGTA.AÀ.CTGÀ TAGAACAG.AÀÀGCCGTATTGAGC 9 3******1**************************************************

t JÐ
ÀÀcrrÀAcÀTcåÀccAÀrcaeccrrc$crcrcrÌrrccaaTAcrcrrÀÀTçÀÀTrcAccA 1 6 2 0
.A.ACTTÀÀGATCAÀGGÀÀTGÀÀGGTTCCACTCTG TTCCAå,TAGTGTTAÀTGAÀTGCÀGGA 1 3 O
.AÀCTTAAGATCÀÀGGÀATGAÀGGTTCCÀCTCTGÏITCCAA,TAGTGTTÀÄ,TGAAIIGCAGGA 1 5 6
ÀÀCTTÀ.AGAICAÀGGAAÎGAÀ,GGTTCCÀCTCTGTTTCCÀÀTAGTGTTAÀTGAÀTGCAGGA 1 1 7
AÀCTT.A.åGÄTCAÀGGÀ.ATGAÀGGITCCACTCTGTTrcCAATÀGÍGTTAATGAATGCAæA 1 5 3************************************************************

TCTACTGGTTCA.A,CGGTGTTCATTGTTGAÀGATTIGGÀÀ.AAÀ,GACTGAA.AÀTGGITAAÀT 1680
TCTACTGGjIIrcÀÀCGGTGTTCATTGTTGAÀGATÏTGGAA.AÀ.A,GÀCTG.AA.AÀIGCTTÀÀÀT 1 9 O

TCTÀCTGGTTCÀACC'GTGTTCAÏIGTTGÀÀGÀTÏIçÆAAÀÀAGÀCTGAAÀÀTGGTTAAÀT 2 1 6
TCTÀCIGGTTCÀÀCGGTGIT.CÀTTGWTGA.AÀÀTGGTTÀÀAT ]. 7 7
TCIACTGGTTCAÀCæIGTTCATIGTTGAÀGATTTGGÀA.AAÀGACTGÀÂÀÀTGGTTAÀAT 2 1 3************************************************************

TCATÀCGGÀÀCÀÀCAAÎGTÀAGÀACACACT1¡TTCGTCCGTÀÀîGCÀTÀÀCCGÀrcCÀTAA 1 7 4 O

TCATACGGAÀCÀACÀÀTçTA.AGAÀCÀ,CACTTTTGGrcCGTÀå,TGCÀTAACCGATCCÀTAÀ 2 5 O
Tca'TAcGGAAcÀAcÀÀrGrÄ.4'cAÀcÀcAcflnrTGGTcccTÀÀÐcc,âTÀÀccc,ATccÀTÀA 226
TCATACGGAÀCAÀCÀATGTAAGÀACÀCÀCTTTTGGrcCGTAAÎGCATÀÀCCGÀTCCATAA 2 3 7
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485-R4

N2
4N2-F4
4N2-R4
4E5-F4
485-R4

N2

4N2-F4
4N2-R4
485-F4
485-R4

N2

4N2-F4
4N2-R4
485-F4
485-R4

N2
4N2-F4
4N2-R4
485-F4
485-R4

N2

4N2-F4
4N2-R4
485-F4
4E5-R4

N2

4N2-F4
4N2-R4
485-F4
485-R4

TCATACGGÀ.ACAÀCAATGTÀÀGAÀCACACTTTTGGTCCGTÀATGCATÀÀCCGATCCATA.ê, 
2 7 3************************************************************

TCÀTÀAGGTA.A.GCTGTÀTrcGTTÀÀCTTCCGACCÀCGArcTCITGTCGAÀTTGGCCTrcA I 8 O O
TCÀTAÀGGTAAGCIGTÀTrcGTTAÀCTrcCGÀCCÀCGATCTCTTGTCGÀ.è,grC.GCCrrcÀ 3 1 O

ÎCATÃAGGTAÀGCTGTÀfiEGTTAÀCÍICCGACCÀCGÀrcTCÍTGICG.AATTGGCCTTCA 
3 3 6

TCÀTÀAGGTAÀGCTGTATTCGTTÀACTTCCGACCÀCGATCTCrIGTCGAÀITGC'CCÎrcÀ 
2 9 7

TCÀTAAGGTÀAGCTGTATTCGTTAACTTCCGACCÀCGATCTCTIGICG.A.A,TTGGCCTTCA 
3 3 3************************************************************

AGÀCCATTTAIÀGCÀITTTGC'CG.AÎIGÀTTCTGATA.AACIGGCÀ,TGTTTTÀ1TTTrcAÀT 
1 8 6 O

ÀGÀCCÀTTTÀTÄGCÀÍTTTGGCGATTGATTCTGÀTÀÀÀCIGGCÀTGTTTTATTrITCÀÀT 
3 7 O

ÀGACCATSTATAC'CATTTTGC'CGATIGÀTrcTGATAAÀCIGGCAIGTTTTÀTTTTTCAAT 
3 9 6

ÀGACCATTTATÀGCATTTTGGCG.ê,ÎIçÀ,TTCTGATAÀ.â,CTC,GCATCTTTTÀITTTICAÀT 357
AGAccATTTATÀGcATTTI\Î'ccc.âTTGATTcTGATÀÀAcrcccATGrtrrATrTrrcÀÀT 

3 9 3
+***********************************************************

TTPCÀ.àÀÀCTCACCTÀÀCGTATGAÀICTCGTrcAC,GTCTCGCTTGTTCATGCCÀÀAÀTCC 
1 9 2 O

TTTCAA.èÀCTCACCTAÀCGTÀTGÀAIrcTCGTTCÀ,GGrcTCC'CtIGFTCÀTC,CCÀÀAÀTCC 
4 3 O

TTTCÀ.AÀÀCTCACCTÀÀCGTÀTGAÀIrcTCGITCAGGTCTCGCTTGTTCAIGCCÀÀAArcC 
4 5 6

TTrcAAÀÀCTCÀCCIAACGTÀTGÀÀIrcTCGTTCAGGrcrcGCTTGITCATGCCÀAAè,TCC 
4 1 7

TMCÀÀ.AÀCTCÀCCTAÀCGTATGAÄIrcTCGT1rcAGGTCTCGCTTGTrcATCiCCAÀÀÀTCC 
4 5 3************************************************************

^,tâ)
GüI

IþAACCATCACCCACTTCÀIGAGTÀÀTAA,TTCCGAGCTÀAÀÀTTACÀCCATIICCACTÀT 
1 9 8 O

TÀÀÀGCAÍGÀCCCÀCTTCå,TGAGTAÀTÀ.A,ITCCGAGCTÄ.AÀATTACACCATTTCCACTAT 
4 9 O

TA.AÀGCATGACCCACTTCATGAGTAÀT.A.ATTCCGAGCTÀÀ.AÀTTACACCATTTCCACTAT 5 1 6
TÀÀ.4'GcATGAcccAcTTcÀTc'AGTÀÀTÀÀTTcccAcf TÀÀ.AÀTTÀcAccÀTfTccAc T AT 4 7 7
TAAÀGCÀTGÀCCCÀCTTCÀTGÀGTAATÀÀÎIrcCGÀGCTÀAÀÀTTACÀCCATTT€CACEÀT 

5 1 3************************************************************

TÀAA.A.AÀGTÀATTTCCAGTAÃATATÀTGÀAAÃÀÀATITCTAÀCCGTTTCACÀTCCATCÀC 
2 O 4 O

TAA.AÀAASIÀÀTTTCCAGTAAATÀTATGAAÀA.AÃÀTTTCT.AÀCCGTTTCACÀTTTCÀCCC 
5 5 O

TÃÀåÀÀÀG1AÀTTTCI'¡CAAA.AATNTTGA.AAAÀTTTCTA-------- --- 554
TAÀAÀ.âÀGTAÀT|TCCÀGTAÀÀTATATGÀAÀAAÀAITTCTAÀCCGTTrcACÀTTTCANCC 

5 3 7
TA.AAAAÀGTAÀÍTTCCNGNÀÀATCTÀÍG--_-__- --- 541**********i****!ff r*** *

CAÀTAGAÀÀTTICCTGÀ,C€C€CTCCCÀÀTCTGCCÀACÀCTÀGÀÀTAGCÀTCTAAÀÀ.TCÀÀ 
2 1 O OcNÀÀA------ _____ 555
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585-R5

N2

5N2-F5
5N2-R5
5E5-F5
585-R5

N2

5N2-F5
5N2-R5
585-F5
585-R5

N2

5N2-F5
5N2-Rs
585-F5
585-R5

N2

5N2-F5
5N2-R5
585-F5
5E5-R5

N2

5N2-F5
5N2-R5
5E5-F5
585-R5

N2

5N2-r5
5N2-R5
585-F5
5E5-R5

rcATAÀccrA.accrcTÀT:IccrrAAcrrcccAccAccATcrcTTcrccAÀTrcrc,ccTTcA I B 0 o

AGACCATITATÀGC.ATTTTGGCGÀTIGÀTTCTGATAAÀCTGGCÀTGTTTTATTTTTCAÀT 1 86 O

ï-ïr:--i-î---T:rriî#;i:#niffii: l:' 
"

____A 1

------TTTIÍTGGTTCGCTTGTÍCATGCCAÀÀÀ1CC 3 2

TA.âÀGCÀTGÀCCCÀCTTCATGAGTAÀTÀÀTTCCGAGCIAAAÀTTACACCATTTCCACTAT 1 9 8 O
CTÀAG}flTTGÀCC_ÀCTTCÀTGÀGTÀ.è,TÃÀSTCCGAGCTÀÀÀATTACACCAÍTTCCÀCTAT 6 O

TAAAGCATGACC-CANTTCATGÀGÎAÀTÀATTCCGAGCTAAÀATTACå,CCATTrcCACTAT 9 O
CTÀÀGITNGÀCC--CTÍCÀTGAGTAAÎA.ATrcCGAGCTAAÀ.ê,fl¡ACÀCCATTTCCÀCIAT 5 9
ÎAAAGCATGÀCCCàCTTCATGÀGTÀÀTAÀTrcCGAGCTAÀÀATTÀCACCÀTTTCCACTAT 9 2

* * * . c . * * * * ¡r. * * ** * ** * ** * * * * * ** * * * * * * * * *** ** * ** * ** * * * * * * * * *b rt .. I
4-

T^ÀÀ.ãAÀcr^Àrrr""oor aor{^rc^ÀÀ^^A^rrrer.ÀcccrrrcAc^TccÀrcÀc 2 o4o
TAÀA.AÀ,è,GTAÀTTTCCAGTAÀAIATÀTGA.AÂAAÀAfTTCIAACCGTTrcACå.TCCATCÀC 1 2 O
TÀÀÀÀAAGTAÀTTTCCAGTAÀ.ê,TATATGAÀÀ.AÀ.AATTTCTAACCGTTTCÀCArcCATCAC 

1 5 O
TAA.âÀAAGTÀÀTTICCÀGTA.AÀTÀTÀTGAÀÀ.AÀÀÀTTTCTÀACCGTITCACATCCÀTCÀC 1 1 9
TÀÀÀAAAGTÀÀTflrcCAGTA.AÀ,TAIATG.A.AÀÀÀ.AAITTCTÀACCGTIITCACATCCÀTCÀC 152************************************************************

CÀÀTAGA^AÀT:TTCCTGAGGGCCTCCCAÀTCTGCCA.ACÀCTAGAÀTÀGCATCTÀ.AÀ.ê.TC.AÀ 21OO
CAAIAGAÀATTrcCTGAGC'GCCTCCCAÀîCTGCCAÀCACIÀGÀÀTÀGCÀrcTÀAAA,TCÀÀ 

1 8 O
CA.àTAGÀÀAITrcCTGAGGGCCTCCCAÀTCTC.CC.àÀCÀCTÀGAÀTAGCÀTCT.A.AÀÀTCAÀ 2 1 O

CÀATAGAAATTrcCTGÀGGGCCTCCC.AÀTCTGCC.AÀCÀCrAGÀÀTAGC.ê,ÏC1À.A.AÀTCAÀ 179
CåÀTAGAåÀÎTTCCTGÀGGGCCICCCÀÀÍCTGCCàÀCACÎÀGAå,TAGCATCTA.ê.àÀÏCÀÀ 2 12************************************************************
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N2

5N2 -F 5
5N2-R5
585-F5
585-R5

N2

5N2-F5
5N2-R5
5E5-F5
585-R5

N2

5N2-F5
5N2-R5
585-F5
585-R5

N2

5N2-F5
5N2-R5
585-F5
585-R5

N2

5N2-F5
5N2-R5
585-F5
5E5-R5

N2

5N2-F5
5N2-R5
585-F5
585-R5

N2

5N2-F5
5N2-R5

TCÀATÀTITGCTGTTGITATTtrTTTTTCTA.AAÀÀCAÀ.AÀCGGACCCTTCTCCTTTGCTÀÀ 2 1 6 O

TCÀA1TÀTTTGCTGTIIGTTATTCTTTTTCTÀAÀAÀCAÀAACGGACCCTrcTCCTTTGCTAA 
2 4 O

TCåA'TATrIGCÍGTTGTTATTCTTTTTTÀ.AÀÀÀCA.A.AACGGÀCCCÎIIqIrCCSrIGCTÄÀ 2 7 O
TC.AÀTA.ÏMçCTGTTGTTÀIrcTTTITCTAAÀ.AACAÀ.AACC€ACCCTTrCCTTTGCIÀÀ 2 3 9
TCAÀTÀTTTçCTGTTGTTATTCTTTITCTAÀAÀACAÀAACGG.ê,CCCTrcTCCTTTCCTÀÀ 2 7 2************************************************, ***********

AAACCAGGTAATCCGAGCCACCÎCCÀTTGAGÀGAÀAÀÀCGTÀTGCAÀGTGTTTCTIIITAT 2 2 2 O

.AAAccÀccTÀÀTccc'AGccAccTccATTGAGÀcÀÀÀÀÀccrATGcAÀcTGEflrcTTTcÀT 
3 o 0

AA^A'ccÀccrAATcccAcccAccrccÀlTG.A,cAcaÀÀÀÀÀccrÀTGc.AAcrGTmcrI'TcÀT 330
AÀå,CCAGGTÀATCCGAGCCACCTCC.A,TTGJIGÀGA.A.AÀ,âCG1ÀTCiCAÀGTGITTCTTICAT 299
AÀ.AccAGGTÀÀTccc'AcfcÀccrccÀTIGAcÀc'ÀÀÂ.4ÀccrATGcAÀcrGTTrcTrrcAT 3 3 2************************************************************

AGTGTCTTÀ^AÀCCGTTTGTTATTTGAGATTGCCAGTTÀCCTGAAAC.ATGTT€ÀTÀÂIrTT C 22 8 O
AGIGTCTTAÀACCGTTTCTTÀITTGAGATTGCCAGTTACCIGA.AÀCÀIGTTGATÀÀTTTC 3 6 O
AGT13rcTTAÀÀCCGTTTGTTATTTGÀGATTGCCAGTTACCTGÀÂACATGTTGÀTÀAÍTrc 3 9 O

AGTGTETTAÀACCGTTTGTTATTTGÀGÀTTGCCÀGTTACCTGÀÀÀCATGTTGATAÀTTrc 3 5 9
AGTGrcTTAAACCGTTTGTTÀTTTGÀGÀTTGCCAGTTACCÍGAÃÀCATGTTGATAATPrc 3 9 2************************************************************

2340
420
450
4L9
452

2394
478
47r
477
480

TTÀTrcATTTGTGÀÀÀcccrTAÀÀc'ccTGÀ4.ê.âAAAÀmArrc¡,ccATTTTrrAÀÀccrT 2 4 5 IA__________ _____ 4.19

CTÀÀACTÀÀCCATATCACÎTrcÀÀÀCÀTÀÀCTGCAGCÀÀTTITGCTATTTGCAGCCATfT 2 5 1 A

í"|,¡"1..., ' );
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AGATAAÀCÀTTÀTÎTGTACATÀCCATCAGTÀTCTAÀ.AÀA.ACGATA.AGGÀÀÍGTTTCGAGA

AGATÀÀÀCATTATTTGTACATACCÀTCAGTÀTCTÀ.AÀÄÀÀCGATAÀGGAÀTGTTrcGÀGÀ

AGATÀAÀCå'TTÀTTTGTACÀTACCATCAGTÀTCTAAÀ.AÀÀCGAIÀÀGGÃÀTGjITrcGAGA

AGATÀÄ-aCATTÀTTIGTACATÀ'CcÀTcÀcrÀTcrÀA.AÀÀÀccATÀAc,cAÀTGTTrccAcA
À'c'arAAÀcÀTTÀTTTcrAcÀTAcCÀTCAGTATCTAA.AAA.ACGATAÀGGAÀTGTrrccAcA
* * 

" " 
* * * 

" 
*¿{*f1Í * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

J-AÀTTCÀTTTNTCGT grcAC.âCGÀ.AAC,CCGTITrGAC,CTAC r



N2

6N2-F6
6N2-R6
6E5-F6
685-R6

N2

6N2-F6
6N2-R6
6E5-F6
685-R6

N2

6N2-F6
6N2-R6
685-F 6

6E5-R6

N2

6N2-F6
6N2-R6
6E5-F6
685-R6

N2
6N2-F6
6N2-R6
685-F6
6E5-R6

N2

6N2-F6
6N2-R6
6E5-F6
6E5-R6

N2

5N2-F6
6N2-R6

2400
4L
74

43
70

TCAAIATTTGCTGTTGTT]\T]CTTSrICTAÀÀÀACÂÀÀÀCGGÀCCCTrcTCCTTTGCTAA 2 ]. 60

AAÀCCAGGTAATCCGAGCCÀCCTCCAITGAGAGAA.A.AÀCGTÀTGCAÀGTGTTrcTIrcÀT 2 2 2 O

AGTGI"CTTAÀÀCCGTTTGTTATITGÀGATTGCCAGÎTÀCCTG.AÀÀCATGTTGÀTAÀT1TTC 2 2 8 O

ÀGATAAACÀTTATTTGTACATACCÀTCAGTÀTCTÀÀÀ.AÀACGATÀÀGGAÀTGTTTCGÀGÀ 2 3 4 O

--------TTTTTTTTTCGÀGA 14

------TTITTTCGAGÀ ].0

***rr **l r ********, . ******,*******************

ATTCATTTGTGAAÀCCGTTÀ.AAGCCTGA.AÀÀAÀAÀTTATrcAGCAIÎITTTA.AÀ,CCTrcT 2 4 6 O

ATICATTÍCTçAAACCGTTAÂ.AGCCTGå.A.àÀ.A.AÀÀTTÀTrcÀC'CÀTTTTTTAÀ.ACC1ÍCT 1 O 1

ATTCATTTGTGAAACCGTTAAÀæCWTTTTTAÀACC TCT 134
ATrcATrIGTGAAÀCCGTTÀAAGCCTGAAÀÀ,AAAÀTTÀTTCAGCATTTTTTA.AACCIIrcT 1 O 3
ATTCATTTGTG.AÃ.ACCGTTAÀÀGCCWTTA.AÀCCTTCT 13 O

************************************************************

ÀÂÀCTAACCÀTÀTCACTTI€AÀ.ACÀTÀÀCTGCAGCÀATTf,IGCTÀTITGCACæCÀrIrcÀ 2 5 2 O

AAACTAACCAIÀTCåCTTTCAÀACÀTAAqrcCÀGCAÀTflMGCTATTIrcÀC.CCATTTCA 1 6 1

AAÀCÎAÀCìCÀTATCACffrcAÀACÀÎÀACTGCAGCAATTMGCTATNiGCAGCC¿,TTrCÀ 194
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685-F6
6E5-R6

N2

6N2-F6
6N2-R6
685-F6
6E5-R6

N2

6N2-F6
6N2-R6
685-F6
685-R6

N2

6N2-F6
6N2-R6
6E5-F6
6E5-R6

N2

6N2-F6
6N2-R6
685-F6
685-R6

N2

6N2-F6
6N2-R6
6E5-F6
685-R6

N2

6N2-F6
6N2-R6
6E5-F6
6E5-R5

163
190

2580
22r
254
223
250

ÀAÀCTÀÀCCATÀTCÀCTÍTCÀÀÀCÀTAÀCTGCAGCAÀTTTTC.CTÀTTTGCÀGCCÀErICA

ÀÀå.CTA.ACCATAÍCACTITCAA¡,CÀTÀ.AC TGCAGCAATHrTGCTATI TGCAGCCATTTCA

IÍTGTTGT^A.AÀTCCCÀC TGGACGGGÀTT TA

T:ICITGTÀAÀTCCCAC Îf'GACGGGATTÀCÀGÍGTTTATÀTCCTGCAÎAGGAÀAÏfTTÀTÀ

TÎG.rTGÎÀAÀTCCCÀCTGGÀCGC,GA TÀCÀGTGTTTATÀTCCTGCÀTÀGGÀ.AATTTTATÀ

TTGTTGTÀ.A.ATCCCACTGGÀCGGGATTACAGTGII:TTÂTATCCTC€ATÀ,GGAAATTTTA,TÀ

TTGTTGTÀÀÀTCCCÀCTGGÀCGGGATTÀCÀGTGTTTÀTÀTCCTGCATAGGÀ.AÀÏfTTATA
************* ***********************************************

ÀAAAIÀT.ÎrcAAÀÀ.AÀ,TGACrcÀCATATIGAGATECTGATTTTCGATTÀÀÀATAAGÀÀCT 2 6 40
AAAA1TATTrcAÀAÀAÀTGACÎCACATATTGAGArcCTGAT TTCGATTAÀÀATAÀGÀÀCÎ 2 8 1

A.AAÀTATÍTCAAAA.AÀTGACTCACÀTÀTIISAGATCCTGATTTrcGATTA.AÀÀTAÀGAACT 3 1 4

AÄAÀTATTTCA.AAAAÀ,TGACTCÀCÀTÀIICAAGATCCTGATTTrcGATTÀÀ.AÀTÀÀGÀÀC1 2 8 3

ÀAÀÄTÀTIIC.A.AAÀ.AAITGACTCA,CATÀTIGÀGATCCTGÀTTTfCGATTA.AAATÀAGAACT 310
************************************************************

CÀTÀÀTCIGGATAÀCTTTATCATAACTTrcrcCGCGGCGCTGGÀÀCGCÀGCTçTATTCTG 2 7 OO

CATÀÀÎCTGGATAÀCÎÎTATCATÀACTTrcrcCGGGGCGCÎGGÀÀCGCAGCTGTÀÎTCTG 34 1

CATAATCIGGAITA.ACTTTATCATÀACTTTCTCCGGGGCGCTGGÀÀCGCAGCTGTÀTTCTG 3 7 4

CÀTAATCIGGAITAÀCITTAICATAACTTrcTCCGGGGCGCTGGÀ.B,CGC.å,GCTGTATrcTG 3 4 3

CATAÀICTC'GÀTAÀCTTTÀTCATAÀCT TCTCCGGGGCGCTC.GA.A,CGCAGCTGTATTCIG 3 7 O

************************************************************

G.ÎrcACACTATTGÀCAÀCCTGAÀTrcTAÀCGTATTTGCATAÏTHTTrcTATTÀ.è.ACTAAC 2 7 6 O

G1rcÀCÀCTATTGÀC.AÀCCTGAATICTAACGTÀTTTC.CA,TAITTHTTTCTÀ TÀÀÀCTAÀC 4 O 1

GTTCACACTÀTTGACÀÀCCTGÀATTCTÀÀCGTA TTGCATATHTTTTCTÀÍTAAÂCTAAC 4 3 4

GTTCACACTAÎTGACÀACCIGÃÀ1flrcTÀACGTÀrf1çCÀTÀTryTTTCTATTAAÀCTAAC 4 O 3

GTTCACACTATIIC'ACAACCTGÀÀTICTAACGTATTIGCÀTÀTTTTTTCTÀTTÀAACTAÀC 4 3 O

************************************************************

CfiGrcTÀTÀTçCIGÀCTÀÀÀCATAÀCTTGCGGCTGATCTTGTTGIGGTT€CGGCTCAGG 2 8 2 O

CTTGrcTATATCCTGACTAAACATAÀCTTGCGGCTGATCTTGTTGTGGTTCCCGCTCAGA 4 6 1

CTTGrcTÀTATCC.GACIAÀÀCTÀÀCTGGGTGIrC--- ------------ 467

CTTGTCTATATCCÍEÀCTAAÀCATÀACTTGCGGCTGÀTCTTGTTGTGGTTCCCC{TCAGA 4 6 3

C TGTCTAIATqA_GAATA.è,CTGÀATGCGGTGIC--------- ------ 463
************l 

i"*T***' ll 1-llt 1* 
* *

CGGÀGGAGæGGTGæGGGAGACCCTTAAÀCCTÎIGÀTGAAAA,TTTGT.CGÍTTfAGGCTG 2 8 8 O

AÀAA.A.è.à---- ----- 468
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7F5-87
785-R7

N2

7N2-r'7
7N2-R7
785-î7
785-R7

N2

7N2-I'7
7N2-R7
785-F7
7E5-R7

N2

7N2-F7
7N2-R7
785-F7
785-R7

N2

7ñ2-F7
7N2-R7
'1I'5-F'7

7E5-R7

N2
'1N2-î7

7N2-R7
785-F7
7E5-R7

N2

7N2-F'7
7N2-R7
7P5-I.7
785-R7

2820
264
29r
268
29t

2 880
324
351
328
351

t
ÏIGTIGTÀÀÀTCCCÀCTGGACGGGÀTTÀCAGTGÎ|TATÀTCCTGCATÀGGA¡ASTTTÀTÀ 2 5 B O

-TGTTAÀNCTTCÀ--ANGÀÀTT1ÎA1A 2 4

---------TCCCCCCGÀGGGGGGÀTTACAGTGTMATATCCTGCATÀGGÀAÀTTTTATA 5 1

_:::_::_:il;;;*."""*;;;;;äffiä1ffä#å;;ffiffiäi Í i*'.**...*, *¡.¿ .¡*********

AAAÀTÀ,TTTCÃÀ.AAAÀTGACTCÀCÀTATICÀGATCCTGAT TTCGATTÀÀAA,T^A.âGAÀCT 2640
ÀÀAÀTA:TTrcÀÀÀÀAATGACTCAC.â,TATTGAGATCCTGAT TrcGÀTTA.AAÀTÀAGAÀCT 8 4

WTCÀCAÎAÏTGAGÀTCCTGATTTrcGÀÍIPAÀÀATÀJTGAACT 1 1 1

ÀAÀÀTATHrcÀ.å.AAA¡.TGACTCACATAÎIGAGÀTCCT€ATTPTCGATTAAA¡.TÀAGAACÍ 8 8

AAAÀTATTTCAÀAAÀAIGACTCÀCÀTATTGÀGÀTCCTGAT TTCGÀTTAÀAÄ,TAAGÀÀCT 1 1 1
************************************************************

CAIAArcT(€ÀTAACTTTATC.A.IAÀCTISTCTCCGffi GCÍTAACGCÀGCTGTAÎrcTG 2 7 O O

CATÃÀrc1ç'GATAACTITATCATAÀCTTTCrcCGGGC,CGCTGGAÀCGCAGCTGTÀSICTG I 4 4
CATÀÀTCTGGATAÀCITTÀICATåÀCTSrCTCCGGGGCGCT(€.AÀCGCAGCTGTATTCTG 1 7 1

CATAATCTGGÀ:TAÀCTTTATCÀTAÀCTTrcICCGGGGCGCTGGAÀCGCAGCTGTÀTÍ€IG 1 4 8

CÀTÀATCTGGA:TAÀCTTTATCÀT^âÀCTTTCTCCGGGGCGCTCGÀ.âCGCAGCTGTÀ,TrcTG 1 7 1
************************************************************

GTTCÀCACTÀTTGACAACCTGAÀTTCTAACGTA.ÎTTGCATÀTTTrIrcTA1TÀAÀCTAÀC 2 7 6 O

GSÎTCACACTAITGACÀACCIGAÀTTCTAÀCGTAT:¡TGCå,TAÏTrcTTCTÀTTAåÀCTÀAC 2 O 4

GTTCÀCÀCTATTGACAÀCC1T,ÀÀTTCTÀÀCGTÀrI"IC'CÀTÀTTTTÎrcTATTÀÀ.ACTÀAC 2 3 1

GIIICACACTATIGACAÀCCTGAATTCTAÀCGTATflTGCð,.TÀITTTTTTCTÀTTÀAACTAÀC 2 O 8
GÍTCACACTÀTTGACÀÀCCTGAÀ1rÍETAÀCGTATST€CA.TAIHTTTTTCTATTAÀACTAAC 2 3 1
************************************************************

þ1
cTTGTCTATAT(FTGÀCTAÄACATAÄC mc'cGGCTGÀTC TTGTIICTGGTICCcccTCAGG
CTT€TCTATATCCTGACTÀ.AÀCATÀÀC TTC.CGGCIGATCTTGIIGîC.GTTCCGGCTCANG

CTTGTC TAÎATCCTGÀCTAÀACATÀÀCTTGCffi TGATCTIGII\STGGTICCGC,CTCÀC,G

CTIGTC TÀÎATCCTGÀCTÀ.è.ACATAÀCTTGCGGCTGAÎCTTGTÎGTGGTTCCGGCTCANG

CTTçTCTATATCCTGACTAÀACÀTAÄCf TGCGGCTGATCTTGTTGTGGTrcCGGC TCACG
**********************************************************f *

CGGA,GGAGGCGGTGGCGGGAGACC CTTA.AACCTTTGÀTGÀAÀÀTTTGTAGTTTIÀC,GC TG

CGGÀGGAI{GCGGTç.GCGGGÃGACCCTTA.AACCTTTGATG.èÀ.AÀTTTGTAGTITTAGGCTG

CGGÀGGAGGCGGTGGCGGGAGACCCTTÀÀÀCCTTTGATGAAÀA1TTTGTAGTITTÀGC,CTG

CCiG.A,GGAGGCGGTGGCGGGÀGACCCTTA.AACCTETGÀTGÀA.AÀTTTGTAGTfl FIAGGCTC
CGGÀGGAGC'CGGTGGCGC'GAGACCCTTAÀÀCCTTTGATGAÀAÀITTIGTAGTf ITTAGC,CTG
* ** *** *?****************** ************************** ** ******
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N2

7N2-F7
7N2-R7
785-I'7
785-R7

N2

7N2-r7
7N2-R7
785-î7
785-R7

N2

7N2-F7
7N2-R7
785-F.7
785-R7

N2

7N2-I'7
7N2-R7
7l'5-87
7E5-R7

N2

7N2-¡'7
7N2-R7
7E5-F7
785-R7

N2

7N2-F7
7N2-R7
785-F7
785-R7

N2

7ñ2-F'7

crrÀccc^Tr,c^ccrcrrcr^TcccJ\T* *"&**cAÄccrcccccr€GTccATcc z 9 4 o'T-

GTT.A,CCCATCGAGGTCTICTATC.CCATGGAGGTCTrcC'CCAAGG"ISGCGGIGGTCGArcC 3 8 4

GTTÀCCCATGGAC.GTCTICTATGCCATC€å,GGTNTTCGCCAÀGGTGæGGTçGTCGAICC 4 1 1

GTTACCCATGGAGGTCTTCTATGCCATGGÀGGTCTTCCiCCAÀGGTGGCGGTGGTCGÀTCC 3 8 8

GTTÀCCCÀTC'GÀGGTCTrcTATGCCATC'GÀGGTI{TrcGCCAAGGîCTGCGGTGGTCGATCC 4 I 1

************************rr******** l**************************

CATGGAGGTGGGGGTCCGAà,TGGCGGÀGGACCTCGGTTrcTAÀÀÀCTTTGTTTIÀ.A,TATG 3 O O O

CATGGAC.ETGGGGGTCCGAAIWGGANGACCTCC'GTTrcTAÀAÀCTTTGTTTTÀÀTATG 4 4 4

CATGGAGGTGGGGGÍCCGAATC€CGGAGGACCTCGGT: TCTAÀÀACTTTGTflrIÀÀTÀTG 4 7 1

CATGGAGGTC.GGGGTCCGAÀTGGCGGAGGACCrcGGTTTCTAÀAACTTTGTTTIAATÀTG 4 4 8

CATGGAGGTGGGGGTCCGÀÀTGGCGGÀGGACCTCC'GTTTCTAA.AÀCItrfTGTTTTAÀÎÀTG 4 7 1

***************************l ********************* ***********
I

.AÀAÀCCTIGGCATTCTACACGÍGCGÀAAÀCGTGCTTTTÀCAÀAGTTCTÀTÍTÀTATÀTTC 3 O 6 O

À.AAACCTICGCATrcTACACGTGCGA.A.AÀCGTC'CTTTTÀCA.à.AGITTCTATTTATATATrc 504
A.AAACCTTC.C'CÀÎ1CTÀCACGTC'CGAAÀÀCGIGCTTTTACAAAGTrcTÀ TTÀTÀTATTC 5 3 1

AÀ,AACCTT€GCATTCTÀC.ACGTGCGAAÃACGTGCITITACAÀAGTrcTÀTTTÀTA,TATTC 5 O 8

A.àAACCTI\SGCATTCT.ACACGTGCGA.AA.âCGTGCTTTTACA.A.AGTICTATTTATÀTAITC 5 3 1

********************************************J.***************

TTGGA:IÎAGCÀTrcTGATTTTTT€ÀÀATTCÀGTTÀTGÎflTC'CÃÀTrcTrcIGGAATCAAA 3 1 2 O

TIGGATfAGCATGCTGATTTTITCAAATTCAGTTÀIGTT1rC'CAÀTTCTTCTGGÀÀ CAÀÀ 5 6 4

TTGGATTAGCATGCTG-TTTTTIICÀÀA,]rrcAGTTÀTNG----ÀACAIT--TTNAI'IrcAÀG 5 8 4

Trc,GATTÀGCAFCCTE¡TTTT:TTCÀAATTCAGTTATGTTTC'CAÀTTCITCTC'GA¡.TCAÀÀ 5 6 B

T1IrcATTÃ,GCATGCTGÀTTITTTCÀÃATrcAGÍ{ÀTNT----AÀCATTCNTNAÀNTNAAG 5 8 7

****************c*******************
I
I

GTGAÀÀrcTCACCGATC'CCAÀGGTGGÀGGCGGrcCCCAÀGGCCCaAÀGAGGTCCTGGAA.èÀ 3 1 I 0

GTGAAÀrcTCACC--CNCNAGCGNGGÀÀNA----- --- 592
c----------:---------- ----- 585
GÍGAAATTCÀCC--CCCNAGCGC'GGA.ANÀ---------- --------- 596
c---------- ----- 588

AACCAATCTGTÀÀÀCCGGAÀ,CGTATTTCÀTTÀTTTTTAIÀCTTCCGTTTTTATCAAATrc 3 2 4 O

CAGGCA.AAÀ1flTTfTCÀÀTITTCAGATAAAÀÀAATAÀGTAAGTGÍCAæTGATGGCGAIAA 33 O O

** * * * * **
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6.5 Alignments of mig-23 sequencing results.

lig-2 31WT
I2IA
'v_64 8_14
,v 648 1B

Iig-2 31WT
r21A
:v 648 l-A

'v 648 18

Iig-231WT
t2LA
:v_64 8_14

'v_64 8_18

tig-2 31WT
12LA
,v_64 8_14

'v_64 8_18

lig-2 3l-tlfT
12IA

'v_6 4 8_14
,v-648_LB

rig-2 31WT
12LA
:v 648 1A
,v--Oa e-te

Iig-231wT
I21A
,v_64 8_14

'v_6 4 8_18

tiq-23LWT
I2IA
'v_64 B_14
,v 648 18

CTGMG T CATTMGGATATATT G T C A'UUU\CAACAÀÀT GT GAGAÄGCGACMAGGATAT T GAG 6 O

_ _ TCGGAAGTGCGCTT TGAATG AÃATACAGGCAÀACCTGT T T 4 O

----CA.AGGCACTGT 11

;;;^*"; ;;; ;;;;; ;;*"; ;;;; ; ; ; ;;; ;^*;il;;;;ffiääii ii i,,
*^ | * *

TGÀAT T T CAAT T AA.AATG AAAGT C A,UU\TATAAT T T T TAÀAAC T T TTATA.AAIT TAT T T T 1 O O

T T GAT T T CAT T - _AAATG NU\GT C AJ\,U\TATAAT T TT T NUU\C T T 1 TATAAAT T TATT T T 6 9
TTGATTTCATT-- A'U\TGA,U\GTCAì\jU\TATAATTTTTA'\'\i\ClTTTATAAATTTATTTT 67
TGA-AT 1 T CAÀTT NUU\T G NU\GTCAÀAATAT N\T TTTT A,UU\CT T T TATAAAT T TAT TT T 1 B O

* ****** * ****t(***************************t(**************

TGGTACTTATGTAGGAGCCATACCACAJU\ATTTTAjUU\CCATTTTl AiU\i\GTTGCAGTGA 1 6 O

TGGTACTTATGTAGGAGCCATACCACAJUU\TTTT AJUU\CCATTTlTAAAAGTTGCAGTGA 12 9
TGGTACTTATGTAGGAGCCAÎACCACAAAÃTTTTAi\U\CCATTTTTA'UU\GTTGCAGTGA L2'1
TGGTACTTATGTAGGAGCCATACCACA.A.A.ATTTTAAAACCATîlTTAAAAGTTGCAGTG A 2 40
* * * * * * J. * * * * * * * * * * * * ** * * * * ** * * ** * * * * *** * * * * * * * * * * * * * * Jr* ** Jr ** *

CCTTTlTTTACAATGGTATGCTTTGAÄATAGTGGTTTTTAÀGCGTAÄAAATACAACATAA 2 2 O

CCTTTTTTTACAATGGTATGCTTTGAAATAGTGGTTlTTfu\GCGlAJUUU\TACAACATAA 1 8 9
CCT T T T 1 ÎTACAAT GGTAT GCT T T G A]U\TAG T G GT T T T TAAGC GTAÀ.A.AATACAACATAA 1 8 7

CCTTTTTTTACAATGGTATGCTTTGAAATAGTGGTTTTTAAGCGTAÃÂAATACAACATAA 3 O O

* * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * ** * ** * * * + ** * * * * * * * * *ìk ** Jr *

CAT CAAGAT TCGAT TAGACTAGAAT TTA.AT G GAAATTAÃAT T T TTAGGTACAGCTACÎAC 2 8 O

CAT CAAGAT T CGAT TAGACTAGAAT T TAATGGAAATT AJU\T T T T TAGGÎACAGCTACTAC 2 4 9
CAl CAAGAT T CGAT TAGACTAGAAT TTAAT GGAÀATTAAAT T T T TAGGTACAGCTAC TAC 2 4 7
CAT CAAGAT TCGAT T RGACTAGAAT T TA.AT GGAAATÎAÄAT T T T TAGGÎACAGCTAC TAC 3 6 O

* * * * * * * * * * * * * * * * * * ** * * * + ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** *

ACCAGTACCGTAAT lTTAT TGTTCTCAATAT CCTTGTCGCT lCTCACAT T TGTTGT TTTT 3 4 O

ACCAGTACCGTA.AT TTTATTGTlCTCAATAT CClTGTCGC T TCTCACATTTGlTGT TTTT 3 O 9

ACCAGTACCGTAATTTTATTGTTCT CAATAT CCTTGTCGCT TCTCACATTlclTGT TTTT 3 O 7

ACC------ ------ 363

TGACAATATTATTCCGAATTGCAGCGTCCGAATGCGGTGAT C CTATGCGTGTC - - 3 9 3

TGACAATAT TATTCCGAATTGCAGCGTCCGAÄTGCGGTGAT CClATGCGTGTCA- 3 6 3

TGACAATATTATTCCGAJ\TTGCAGCGTCCGAATGCGGTGATCCAATGCGTGTMAA 3 62
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tíg-23LwT
r27A

'v_6 4 8_14
,v_6 4 8_18

tíg-23IWT
12IA

'v_6 4 8_1A'
:v_64 8_18

Iig*2 31WT
t21A
:v_64 8_14
'v_6 4 8_l-B

tlg-231WT
t21A

'v_6 4 8_14
'v_64 8_18

tig-2 31ûrT
I2IA
:v_64 8_1A'
:v_64 8_18

rig-2 31tüT
12tA
:v_64 8_14
:v_6 4 8_18

tig-23lWT
12TA
:v_64 8_14
,v_64 8_18

lig-231WT
I2LA
:v 648 1A
,v 648 1B

CTGMGTCATTMGGATATATTGTCA.A.AAACAACAÀATGTGAGAAGCGACMAGGATATTGAG 6 O

- - T CGGAAGT GCGCT 1 TGAAT GAAATACAGGCAAACCT GT TT 4 O

----CAA,GGCACTGT 11

;;;^ *;;;;;;;;;;;;;;;;;;;;;;;;;^Ã;;;;^ffiäå;iii i,,
*^ r ì * *

T GAÀT T T CAAT T AJUA ATG A¡\'\Gl CAAAATATA.AT T T TTAAAACTT TTAT AAATT TATT T T 1 O O

T TGAT T T CAT T - _A,AAT GAÄAGT CAÀAATATAAT T TTTAAÀACTT T TATAAATT TAT T TT 6 9
TTGATTTCATT--AÄATGAi\i\GTCAJU\ATATAATTTTTA'UU\CTTTTATAAATTTATTTl 67
T GAAT T T CAAT T A'U\ Aî GA'U\GT CAåAATATzu\T TTT T A,UU\CT T T TATAAÀ.T T TATÎ T T 1 8 O
* *J.**** * ****J.***************Jr**************************

TGGTACTTAIGTAGGAGCCATACCACAA.AATTTTNUU\CCATTTTTAÀAAGTTGCAGTGA 1 6O
TGGTACTTATGTAGGAGCCATACCACAA.AATTTTAAAACCATTTTTAN\i\GTTGCAGTG A Lzg
TGGTACTTATGTAGGAGCCATACCACzuUU\TTTTAJUU\CCATTlTTNU\i\GlTGCAGÎG A I2-T
TGGTACTTATGTAGGAGCCATACCACAJUU\TTlTAAAACCATTTTTAÀAAGTTGCAGÎG A 2 4 O************+***********************************************

CCTTTlTTTACAÀTGGTATGCTTTGAAATAGTGGlTTTTfu\GCGTêJUAAJ\TACAACAIAA 2 2 O
CCTTTTTTTACAATGGTATGCTTTGAAAÎAGTGGTTTTTAJ\GCGTAAJUU\TACAÄCAT.AA 1 8 9
CCTTTTTTTACAATGGTATGCTTTGAAATAGTGGTTTTTAAGCGTA.A.AÀATACAACATAA 1 8 7
CCTlTTTTTACÄATGGTAlGCTTTGAAÀTAGTGGTTTTTÆTGCGTA'U\N\TACAACATAA 3O O
************************************lr***********************

CAT CAAGATTCGAT TAGAC TAGAAT TTAAT GGAAAT TAÄÀT T T TÎAGGTACAGCTACTAC 2 8 O

CAT CAAGAT T CGAT TAGACTAGAAÎ T TAATGGAAAÎ TAÄAT T T TTAGGTACAGC TACTAC 2 4 9
CATCAA,GATTCGATTAGACTAGAATTTAÄTGGA.AATTAAATTTTTAGGTACAGC T ACT AC 2 4-Ì
CAT CAAGAT ÎC GAT T RGACTAGAAT T IAATGGAAATÎAÀAT T 1 T TAGGTACAGC TAC TAC 3 6 O
* * * ** * * * * * * * * * * tr* * ** * * * * * * * ** * * * * * * ** * * * * * * * ** * * * * * ** * * * * * *

ACCAGTACCGTAATTTTATTGTTCTCAATATCCTTGÎCGCTTCTCACATTTGTTGTTTTT 3 4 O
ACCAGTACCGTAATTTTATTGTT CTCAATATCCTTGTCGCTTCTCACATTTGTTGTTTTT 3 O 9
ACCAGTACCGTAATTTTATTGT TCTCAATATCCTTGTCGCT TCTCACATT lGTTGTTTTT 3 O 7
ACC-_____ ______ 363

TGACAATATTATTCCGAATTGCAGCGTCCGAATGCGGTGAT CCTATGCGTGTC- - 3 9 3
TGACAATATTATTCCGAATTGCAGCGTCCGAå,TGCGGTG.ATCCÎATGCGTGTCA- 3 6 3
TGACAATATTATTCCGAATTGCAGCGTCCGAATGCGGTGATCCAATGCGTGTMAA 3 6 2
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lig-23Ì{T
t2-2A
t2-28
:v6482A
:v64828

tig-23wT
12-2A
t2-28
:v6482A
,v64828

Iig-23t^iT
t2-2A
t2-28
:v6482A
:v64828

li g-2 3vüT

t2-2A
t2-28
s6482A
:v64828

íg-23V11
t2-2A
t2-28
'v6482A
:v64828

rig-2 3ldT
12-2A
12-28

'v6482A
,v64828

tig-239lT
t2-2È
12-28
.v6482A

:v64828

tig-2 3wT
t2-2A
t2-28
:v64I2A
:v64828

lig-2 3vùT
12-2A
t2-28
'v6482A
,v64828

.TCCGAATTGCAGCGTCCGAATGCGGTGATCCTATGCGÎGTC.AGTCTTAGATTCACCATT 5 9
-_ --GGCAKCGTGTM_GTCTTAGATTC-CCAYT 2 7

TTYCGAATTGCAGCGTCCGAÀTGCGGTGATCCTATGCGTGTCAGT YTTAGATTCACCA.IT 6 O ¡

- - : - - - - - : : - - - ;;; ;;;;; ;ä:å;3äffii:3313iË;3i ?iiå8åiiä;::åii ; +
.r, , **, **' '** ******* ***'+

CTTGCCGTTTCGGCAATGATATTCTTTCCAGTTATTGTAT T TATTTATGTGGTAGAA.GCA 1 1 9
CTTGCCGT TTCGGCAATGATAT TCYTlCCMGT TATTGTAT TTAT TTATGTGGTAGAAGCM 8 7
CTTGCCGTTTYGGCAATGATATTCTTTCCAGTTATTGTATT TATT TATGTGGTAGAAGCA 1 2 O

CTTGCCGT TTCGGCAATGATAT TCTTTCCAGTTATTGTAT TTAT TTATGTGGTAGAAGCA 9 1

CTTGCCGT TTCGGCAATGATATTCl TTCCAGTTATTGTATT TATT TATGTGGÎAGAÀGCA 1 O 7
* * * * ìt * * * * * Jr * * * * * * * * * * * * , * * * * J * * * * * * * * * * * * * * * * * * * * * * * * * Jr * * *

CACACATCTCCA'\¡U\GTGATAGCAGATGGTGAGÎTGTTTGGATTTTTGAAGTTTTTATTA 1 7 9
CMCMCMTCYCCMAAAGTGATAGCMGATGGTGAGTTGTTTGGATTTTTGAAGTTTTTATTA 1 4 7
CACACAÎCTCCAÀÄAGTGATAGCAGATGGTGAGTTGTTTGGATTTTTGAAGTTTTTVTTTA 1 8 O

CACACATCTCCAAAÃGTGATAGCAGATGGTGAGTTGTTTGGATTlTTGAAGTTTTTATTA 1 5 1
CACACATCTCCA,\,U\GTGATAGCAGATGGTGAGTTGTTTGGATTTTTGAAGTTTTTWTTA 1 6 7
* { + ì* : * * :** 1******** *** : *************** * ***Jr******* ***** ! ***

TACAi\¡U\GTATAJU\iUU\GATTATA,\'\TAATITTTGGNUVUUUU\CTTTGAIACATAÄAT1 2 3 9
TACMAAAG TAT A,\iUUU\GAT TAÎAÀATAAT T T T T GG A'\'UUUUU\C T T TGAT AC MTAAAT T 2 0 7
TACryUU\GTATAìUU\,U\GATTATAJU\TÄATTTTIGGAJUU\JUU\ì\CTTTGATACATAAATT 2 4 O

TAC AÃAAG TAT AJU\iUU\GAT TATAÄATAAT 1 T 1 T GG AAAAAJ\AÄC T T T GATACAT AÀAT T 2 1 1
TACAÃAAGTATAAAAA AGATTATAAATAATTTTTGGAAAAÄÀ.AACTITGATACATAAAT T 2 27
*** -r *************************************************, ******

TGAAACAATAGAATCCGTATTATCAGAÄCCTATTGA'U\jU\CATCATT.AATAACGTGTAÀT 2 9 9
TG{ì\,\C2\TAGAATCCGTAT TATCARAÃCCYATTGNU\ AJ\CMTCATTAATAACGTGTAÀT 2 61
TGAAACAATAGAATCCGIATTATCAGAACCTATTGAJUUU\CATCATTAAIAACGTGTAAT 3 O O

TGA.AACAATAGAATCCGTATTATCAR.A.ACCTATTGAi\¡UU\CATCATTAATAACGTGTAÀT 27 L
TGNU\Cru\TAGAAICCGTATTATCAGAACCTATTGruU\,\J\CATCATTAATAACGKGTAAT 2 8 1
******* ******* *********tr*( ****' ***ìkìk***+ *, *** *********' *** * *

TGGCTAå,TAGA'\'\CGTTzu\CTAATTAÀGTAATITCGATA.ACTAACCGAGCAGGACCGTGT 3 5 9
TGGCTAATAzuUU\CGTTzu\CTAATTAAGTAATTTCGAÎAACTAACCGAGCAGGACCGTGT 3 2 7

T GGCTAATAGAAACGT TAA,C TAATTAAGTAAT T T CGATAACTA.AC CGAGCAGGACCGT GT 3 6 O

T GGCTAA}IAzuUU\C GT Tzu\CTAAT TAAGTAAT T TCRATAAC TAACC GAGCAGGACCGT GT 3 3 1
KGGCTAATAGA'U\CGT TA¡\C TAAT TAÀG TAAT T T SGATAACTAACCGAGCAGGACCGKGK 3 4 7
o****** 6 * .************************ .****+**************** I * /

GTAAC 1 T C C C T GA.AA,AACC G C C GÃAAG TAT T G T lAG T T T T 1 G AJU\T T C TT T G CAAAC T T T 4 1 9
GTAACTTCCCTGN\ÌUU\CCGCCRJUU\GTATTGlTAGTTTTTGAJU{TTCTTTGCAAACTTT 3 8 7

GTAACTTCCCTGAiUU\¡\CCGCCGA.AAGTATTGTTAGTTTTTGAJ\'\TÎCTTTGCAAACTTT 4 2 O

G TAAC T T C C C T G AJUUU\C C G C C RiUU\G TAT T G T TAKT T T T T G ÐU\T T C T T T G C 4ü\\C T T T 3 9 1
GTAÃCTTCCCTGAJUU\ACCGCCGAAÃGTATTGTTAGTTTTTGAAATTCTTTGCA'\i\CTTT 4 O 7
* * * * * * * * * * * * * * * * * J. * * * * . * * * t * * t< tr * * * * * * * * * * * * * * * * * * * * * * + * * * * *

ACTTTAAÄTGATTTCAi\¡\i\i\TAìUUU\'\'qCAATTA,AAGCTTCACAGACTTIGTTAGTTTTG 4 7 9
ACTTTAAATGATTTCAJ\i\i\i\TA,\'UUUU\CAATTAAAGCTTCMCAGACÎTTGTTAGTTTTG 4 4 7
ACTTTAAATGATT_CA.A.AAATAI\'\'\UU\CAAT_AAAGCT-CACAGACTTT.-----.__- 461
ACTTTA.AATGATTTCAJ\JUU\TAJ\iUUUU\CAATTAÃAGCTTCACARACÎTTGTTAGTTTTG 4 51
ACTTTAÄATGATTTCAjU\¡U\TAìUU\iU\,\CA,r\T-A]U\GCT-CACAGACTT----------- 454
*************È***Jr**********Jr***, ****** I * - **. ****

GIGGAJ\¡\TCGGTCGTTCAG- 4 98
GTGGAATG- -- 455

GTGGAAATCGGTCGTTCAGA 4 7 1

140



Iig-233?üT
t23A
t23B
:v64I3A
'v64 8 38

lig-233WT
t23A
r23B
:v64I3A
:v64I38

lig-2 3 3WT
123A
f23B

'v64 8 3A
v64838

rig-233WT
23A
'238
v6483A
v64 838

.Lg-233wT
23A
238
v64I3A
v64 I 3B

ig-233WT
23A
z3B
v6483A
v64 8 38

ig-233WT
23A
238
v64 I 3A
v64 I 38

ig-2 33v{T
23A
238
v6483A
v64 I 38

iq-233WT
23A
238
v64 I 3A
v64 I 38

: : : : I :ïT: : :: : :T: Iiï: I lå:äi iä:fi ffii: : _ i Ë i i 3 :ffi : i i iå 3i 2l
: ::::::::ÏÏ:.".CGAAAGTATTGTTAGTTTT 

TG AiU\T TCTT T GCe¿ÄCT TTAC T 5 8
----GCGCARCTTTGA---TCTTTGCAA-CTTTACT 28

- - - - _CCGCCG AAAGTATTGTTAGTTT T TGAiU\TTCT 1 TGCAAACT T TAC T 4 6*********; *******

T T A'U\TGAT T T C AA AÀAT A.AAÀÄÀACÃAT T AA.AGC T T CACAGACT 1 TGT TAG T T T T GGT G 1 1 7
TTAA-TGAÎTTCAAAAATNUUUU\¡\Cru\TTAAAGCTTCACAGACTTTGTTAGTTTTGGTG 8 6
T T AAAT GAT T T C AJUU\¡\T AJUUUUU\Cru\T TAAAG C T T CACAGAC T T T G T T AG T T T T G G T G 1 1 8
TTAiU\TGATTTCAJqJ\'\'\TN\,UUU\¡\CAJ\TTAAAGCTTCACAGACTTTGTTAGTTTTGGTG 8 8
T TAÀAT GAT T T C A'UA N\T A A'UUUU\Cru\T TAA.AGCT T CACAGAC T TT G T TAGT lTT GGT G 1 O 6
* * **;r * *** * * * * )k J. * * * * ** ** * * ** * * * * * * * ** * * * ** * * * * * * * * * * * * * * * * * * *

GAAATCGGTCGTTCAGTATTTGCTTTATTATGTAÎT TTATTATTCACAJ\CGGA,qiqTTTGA 1. 7 7
GAAATCGGTCGT TCAGTAT TTGCT TTATTATG TATT T TATTATÎCACAACGGAÀAT TTGA 1 4 6
GAAATCGGTCGT TCAGTATT TGCT T TATTATGTATT TTATTATTCACAACGGAÃAT TTGA 1 7 8
GA'U{TCGGTCGT TCAG TAT T TGC T T TAT TAT G TATT T TAT TAT TCACAACGGAAJ\T T T GA 1 4 8
GAi\¡\TCGGTCGTTCAGTATTTGCTTTATTATGTATTTTATTATTCACAACGGA'\' TTTGA 1 6 6
* ** * + * ** * * * * * ** * * * * * * * * * * ìk* * * ** * ** ** * *.i(** * * * * * * * * * * * * ** * * * * *

GGTTTGACAGACTTGAGAAGlTTAAAîTllGCAGTAÀÄATlAÀTGTTCGGTAATACT CAl 2 31
GGTTTGACAGACTTGAGAAGTTTAÂATTllGCAGTAJUU\TTAATGTTCGGTAATACTCAT 2 O 6
GGlTTGACAGACTTGAGAAGTTTAÄATTlTGCAGT AÀAATTAATGTTCGGTAATACTCAT 2 3 8
GGlTTGACAGACTTGAGAAGTTTAÀATTTTGCAGTAAÀATTÄA,TGTTCGGTAATACTCAT 2 O 8
GGTTTGACAGACTTGAGAAGTTTAi\'\TTTTGCAGTA A'\'\TTÀATGTTCGGTAATACT CAT 2 2 6
*************+**********************************************

TTCAGTACTATTTGCATTATTG]\GCTTA¡.CTTTlTCACAATTAGTACACAÎATTTAGAAA 2 9 7
TÎCAGTACTATTTGCATTATÎGAGCTTAACTTTlICACAA,TTAGTACACATATTTAGAAA 2 6 6
TTCAGTACTATTTGCATTATTGAGCTlAÀCTTTTTCACAATTAGTACACATATTTAGAAA 2 9 8
TTCAGTACTATTTGCATTATTGAGCTTAACTTTTTCACAAÎTAGTACACATATTTAGA'U\ 2 6 8
TTCAGTACTATTTGCATTATTGAGCTTAACT TTT TCACAATTAGÎACACATATTTAGAAA 2 8 6************************************************************

CA,UU\TCîA/\TACGCCAACTCAÀTCCTÎATTTTTACAGATCAAGA,AAGGTCGTATGGGGT 3 5 7
CAJU\ATCTAJ\TACGCCAACTCAATCCTTATTTTTACAGATCAAGAAAGGTCGTATGGGGT 3 2 6
CA'UU\TCTA'\TACGCCAACTCAÀTCCÎTATlTTTACAGAICA,¡\GA'U\GGTCGTATGGGGT 3 5 8
CAAAATCIAATACGCCAJ\CTCAAÎCClTATTTTTACAGATCAAGAÃAGGTCGÎATGGGGT 3 2 8
CAA.AATCTAATACGCCAACTCAATCCTTATTTTTACAGATCAAGA.AAGGTCGTATGGGGT 3 4 6**************************** ********************************

GATTTGTGATGCAGGGTCAACTGGAACACGGTTATTCGTTÎACAACTGGATTAGTAClTC 4 1 7
GATTTGTGATGCAGGGTCAACTGG.AACACGGTTATTCGTTTACAACTGGATTAGTACTTC 3 8 6
GATTTGTGATGCAGGGTCAACTGGAACACGGlTATTCGTTTACAAClGGATTAGTACTTC 4 1 8
GATTTGTGATGCAGGGÎCAACTGGAACACGGlTATTCGTTTACAACTGGATTAGTACTTC 3 8 8
GATTTGTGATGCAGGGTCAACÎGGAACACGGTTATTCGTTTACAACTGGATTAGTACTTC 4 O 6
* ** * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * tr * tr* * *tr *

AGGTTTTACTTTAAATTATAÐ\i\CTru\TACATTTTTCACAATTGTTTCTAGACTCCGAAÎ 4 7 7
AGGTT T TAC T T T AJU\T TAT A,UU\C T Ð\TACAT TT T T CACAAT T G T T TCTAGAC ÎCCGAAT 4 4 6
AGGTTTTACTTTA'\i{TTATAJUU\CTA,\TACATTTTTCACAATTGTTTCTAGACTCCGAAT 4 7 8
AGGTTTÎACTTTAÀATTATAAAACTAATACATTTTTCACAATTGTTTCTAGACTCCGAAT 4 4 8
AGGTT T TAC T T T A¡U\T TAT AJUUqC TAJ\TACAT T T T T CACAAT T GT TT C TAGACT CCGAAT 4 6 6
**********************+***************J.*********************

TGATCCAÃATTGAÀCCAGTGATATACGATAACAAGCCGGTCATGAAGAAGATCAGTCCCG 5 3 7
lGATCCAAATÎGAACCAGTGATATACGATAACAAGCCGGTCATGAAGAÀGATCAGTCCCG 5 O 6
TGATCCAAATTGAÀCCAGTGATATACGATAACAAGCCGGTCAK-AAGAAGATCATGTATùY 5 37
TGATCCAJU\ITGAACCAGTGATATACGATAACAAGCCGGTCATGAAGAAGATCAGTCCCG 5 O 8
TGATCCAÄATTGAACCAGTGATATACGATAACAAGCCGGTCAK-AAGAÀGATCATATGAA 5 2 5
*************r.************************Jr*** i ! **********
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_ _:l:l1::iilî: liï:l::ï:T::l:å:ä:Tä:i:H:i::ffi iffi it:ii:å3 ; ;
TTKTGATGCMRGG- TCA.ACTGGAACACGGTTATT YGTTTACAACTGGATTAGTACTTCAG 5 9

*- - -GCGMCATCGCTCCTGGATTAGTACTTCAG 2 9

TTKTGATGCMARGGTCAACTGGAACACGGTTATTYGT TTACAACTGGATTAGTACT TCAG 6 O
***************ì/r*

GTTTTACTTTA,U\TTATAAi\i\CTA.ATACATTTTTCACA.A.TTGTTTCTAGACTCCGAATTG 117
GTlTTACTTTAJ\AlTATAJ\¡U\CTAATACATTTTTCACAATTGTTTCTAGACTCCGAATTG 8 7

GTTTTACTTTru\'\TTATA¡\i\\CTAATACATTTTTCACAATTGTTTCTAGACTCCGAÀTTG 1 1- 9

GTTTTACTTT A'U\TTATfu\'AACTAATACAÎTTTTCAC^AATTGÎTTCTAGACTCCGAATTG 8 9

GTTTTACTTTNU\TTATAJUU\CTAATACATTTTTCACAATTGTTTCTAGACTCCGAATTG 1 2 O
****rr*******************************************************

ATCCAAATTGAACCAGTGATATACGATAACAAGCCGGTCATGAAGAAGATCAGÎCCCGGA 1 7 7

ATCC AJU\TTGAACCAGTGATATAC GAÎAÀCAAGCCGGT CAT GAÄGAAGAT CAGTCC CGGA 1 4 7

ATC C AAAT T GAACCAGT GATATACGATAACA.AGCCGGT CAT GAAGAAGAT CAGT CCCGGA 1 7 9
ATCCAAATIGAA.CCAG TGATATACGATAACAAGC CGG TCAT GAÀGAAGAT CAGTCCCGGA ]. 4 9
ATCCA.AATTGAACCAGTGATATACGATAACAÂGCCGGTCATGAAGAAGATCAGTCCCGGA 1 8 O

* * * * J<* * *** * * * * ** **** ** ** * J< * * * * * * * * ** * * * J.* * * * * * ** ** * * ** Jr* * * * *

CTGAGCACATlTGGzu\CA¡UN\CCÎGCCCAAGCTGCAGA-ATATCTGAGGCCACTTATGGAÄ 2 3 7

CTGAGCACATTTGGAACAAAACCÎGCCCAAGCTGCAGA.A.TATCTGAGGCCACTTATGGA¡. 201
CTGAGCACATTTGGAACAAA,ACCTGCCCAAGCTGCAGAATATYTGAGGCCACTTATGGAA 2 3 9
CTGAGCACATTTGGAACAA.A'ACCTGCCCAAGCTGCAGA.ATATCTGAGGCCACTTATGGAA 2 O 9
CTGAGCACAîTTGGAACAAAACCTGCCCA.AGCIGCAGAATATYTGAGGCCACTTATGGAA 2 4 O
* * * * * * * * * * * * * * * * Jr J. * * * * * * * * * * * * * * Jr * * * * * * * * * ìl * * * * * * * * * * * * * * * *
t' 

,

CTTGCCGAAAGACATATCCCAGA'\GAJUUUU\GGCCGTATACACCTGTT TTCATTTTTGCC 2 91
CTTGCCGAAAGACATATCCCAGAì\GAJUUU\i\GGCCGTATACACCTGTTTTCATTTTTGCC 2 61
CTTGCCGAAAGACATATCCCAGA¡{GN\UUU\GGCCGTATACACCTGTTTTCATTTTTGCC 2 9 9
ClTGTCGA'U\GACATATCCCAGAAGAAAÄA,AGGCCGTATACACClGTTîTCATTTTTGCC 2 6 9
ClTGTCGA.AAGACATATCCCAGzu\GAJUUUU\GGCCGTATACACCTGTTTTCATTTTTGCC 3 O O

* * * * 
-.r* 

* * * Jr* * * * * ** * * Jr * * * * * * * ** * * ** * * * * * * * * * * * * * * * * * ** ** * * * * * *

ACTGCTGGAATGAGATTGATÎCCTGACGAGTAÎGTTTTAATCGGGTGATATCATGGTTTC 3 5 7

ACTGCTGGAATGAGATTGAT TCCTGACGAGTATGTTTlAAlCGGGTGATATCATG GTTT C 3 21
ACTGCTGGAATGAGATTGATTCCT GACGAGTATGTT TTAATCGGGTGATATCAf GGTTTC 3 5 9
ACTGCTGGAATGAGATTGATTCCTGACGAGTATGTTTTAATCGGGTGATATCATGGTTTC 3 2 9
ACTGCTGGAATGAGATTGATTCCTGACGAGTATGTTTTAATCGGGÎGATATCATGGTTTC 3 6 O
* * * * * * * * * * * * * ** * * * * J.* * * * * * * * * * * * * * * * * * Jr * * ** * * * ** * * ** * Jr * * * ** *

C T T T TTC TAÄÀAT T T C A]U\C TT TCAGAC AJUUU\GAAGCT GT T CT CAÀAAACCTACGTAÃT 4 1 7

CTTTTTCTAiUU\TTTCNU\CTTTCAGACAÂAAAGA.AGCTGTTCTCAiU\J\¡\CCTACGTAAT 38 7
C T T T T T YTAAAAT T T CAA.ACT T T CAGAC A'UUU\GAAGCTGT T C TCAAAÀÀCC TACGTAAT 4 1 9
ClT TTTCTAAAÀTTTCAÀACTTTCAGACAJU\,U\GÀAGCTGTTCTCAiUUqACCTACGTAAT 3 8 9
CT T 1 T T YT AIUU\T T T C A'U\CT T T CAGACA.AAÀAGAAGC T G T T C ÎC A'UUU\CCTAC GTAAT 4 2 O
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * t< * * * * * * * * * * * * * * * * * * * * * * Jr * * * * * *

AAGCTACCAÄÄÄATTACATCGATGCAAGTACTGAAAGAGCATATCAGGATAATCGAAGG¡. 47'Ì
N\GCTACCA'UUU\ITACATCGATGCA.AGTACTG AJU\GAGCATATCAGGATAATCGAAGGA 4 4 1

A¡\GCTACC AJUUU\TTACATCGATGCAAGTACTGAAAGAGCATATCAGGAIAATCGAAGGA 4 7 9
AAGCTACCAAA,AATTACATCGATGCAAGTACTG A'\i\GAGCATATCAGGAIAATCGAÀGGA 4 4 9
fu\GCTACCNUUAATTACATCGATGCAAGTACTGAiU\GAGCATATCAGGATAAÎCGÀAGGA 4 8 O
************************************************ ************

AAATGGGAAGGAATTTATAGÎTGGAÎTGCAGTCAA,TTATGCTCTTGGTAAGGTTTTCAAT 5 3 7

AAATGGGAAGGAATTTATAGÎTGGATTGCAGTCAATTATGCTCTTGGTAAGGTTTTCAAT 5 O 7

Ai\i\TGGGAi\GGAATTTATAGTTGGATTGCAGÎCAÃTTATGCTCTTGGTAAGGTTTTCAÀT 5 3 9
AAÀTGGGAAGGAATTTATAGTTGGATTGCAGTCAÀTTATGCTCTTGGîAAGGTTTTCAAÎ 5 O 9
AÄATGGGAAGGAATTTATAGTTGGATTGCAGTCAATTATGCTCTTGGTAAGGTTTTCAAT 5 4 O

tr * * ** ** * * * * * * * * * *ìk * Jr * * **ìlr * ** * ** * * ** * * Jr * Jr ** * * * * * * * * * * * * * * * * * *
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AlTTTCTTTGTATTTATTTTTTTGATATTTAGG.AAAGTTCA'\CA'U\j\CAGCTACATTGGê, 5 97
ATTTTCTTTGTATTTATTTTTTlGATATTTAGGzu\'\GTTCAJ\CAJ\\i\CAGCTACATTGGA 5 6 7
ATTTTClTTGTATÎTATTTTTTTGATATTTAGGAAAGT-CAACAÀAACAGCTACAGAACC 

5 98
ATTTÎCÎTTGTATTTATTTTTTTGATATTTAGGAAAGTTCÃACI\AAÀCAGCTACATTGGA 5 6 9
AT T T T CTT T GTAT T TAT T T T T TT GATAT ÎTAGGAÀAGT - CAAC A.A AÀCAKCWCGAKT - CC 5 9 8
************lr************************Jr ******./r*** * *

TTTCCCGGGAACCICGCCê,GCACATGCA- -- 625
TTTCCCGGGAACCTCGCCASA---------- 58 8
GGTA----- ---- 602
TTTCCCGGGAACCTCGCCAGCACATGCAAGA 6 O O

Gc------- ---- 600
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--TTGCGTA-CTTGCCGAA 1 6

ï::ï:ïïï::::::ï::l::i:äiil:ffff 3::å:iiii33r:ii3;:3ffi 5:
- -ACCTGCCCAAGCTGCAGAATATCTGAGGCCACTTATGGAACTTGTCGAA 4 9

l;**i.'*,* .jr*** ****

AGACATATCCCAGAI\GAJUUUU\GGCCGTATACACCTGTT TTCATTTTTGCCACTGCTGGA 1 1 8
AGACATATCCCAGAJ\GfuUUU\i\GGCCGTATACACCTGTTTTCATTTTTGCCACTGCTGGA 7 6
AGACATATCCCAGAJ\GAJUUU\i\GGCCGTAÎACACCTGTTTTCATTTTTGCCACTGCTGGA 1 2 O

-GACATATCCCAGAAGAAÃAAAGGCCGTATACACCTGTTTTCAlTTTTGCCACTGCÎGGA 9 1
AGACATATCCCAGzu\GAJIUU\\GGCCGTATACACCTGTTTTCATTTTTGCCACTGCTGGA 1 O 9

**************************tr*************************** * ****

ATGAGATTGAT TCCTGACGAGTATGTTTTAATCGGGTGATATCATGGTTTCCT T T T TCTA 1 7 8
ATGAGATTGATTCCTGACGAGTATGTTTTAÀTCGGGlGATATCATGGTTTCCTTTTTCTA 1 3 6
ATGAGATTGATTCCîGACGAGTATGTTTTAATCGGGT GATATCATGGTTTCCTTT TTCTA 1 8 O
ATGAGATTGAT TCCTGACGAGTATGTTT TAATCGGGlGATATCATGGlTTCCTlT T TCTA 1 5 1
ATGAGATTGATTCCTGACGAGTATGTTTTAATCGGGTGATAÎCATGGT 1 TCCTTT TTCTA 1 6 9
* J. * * * * * * J.* * * * * * * * ** ** * * * ìt * * * J. * * ** * * * * * * ** * * * * *** * * * * ** * * * * * tr

AJU\TT TC ruU\C TT TCAGACAÄAÄAGAAGC T G T TCTC AJ\ A¡U\CC TACGÎAATAAGC TACCA 2 3 8
NU\TT T C NU\CT 1 TCAGAC NÐUUqGfu\GC T GT T CÎ CAAAAACC TACSTAATAAGC TACCA 1 9 6
AÄAT T T CAAAC T T T CAdAC qJUUV\G N\GC T G T T C T CA.AAAAC c TACG T AÄTAAGC TAc C A 2 4 o
AAATTTCAÄ.A.CTTTCAGACfuU\'\'\GA'\GCTGTTCTCru{'UqJ\CCTACGÎAATAAGCTACCA 211
AAATTTCAAACTTTCAGACAAAAÄGAAGCT GTTCTC N\;{l\j\CCTACGTAATAAGCTACC A 22 9
****,k*****************************************a.*************

AAAÃTTACATCGATGCAAGTACTGAJ{'\GAGCATATCAGGATAATCGAAGGAAAATGGGAA 2 98
AAÀ.AT TACAT C S AT GCAAG TAC T G Aì\AGAG CATAT CAGGAT AÀ.T C S zu\G G NUU\T G G GAA 2 5 6
AA.A.A,T TACAT C GAT G CAÃG TAC T GAÄAGAG CATAT CAGGATAAT C GAAG GAÀAAT G G GAA 3 O O

A,UU\TTACATCGATGCAÄGTACTGAJU\GAGCATATCAGGATAATCGAJ\GGA'U\'\TGGGAA 27 7
AAAÃT TACAT C GAT GCAAG TAC T G A'U\GAG CATAT CAG GATAAT C G A'\GG Al\'N\Î GG GAA 2 8 9
Jr * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * Jr * * * * * * * * * * * * +

GGA,ATTTATAGTTGGATTGCAGTCAATTATGCTCTTGGTAAGGTTTTCAå,TATTTTCTTT 3 5 8
GGAÃTTTATAGTTGGATTGCAGTCAATTATGCTCT TGGÎAAGGT TTTCAATATTT TCTTl 3 1 6
GGAATT TATAGTTGGAT TGCAGTCAÄTTATGCTCTTGGTAAGGT TTTCAÀTATTlTCTl? 3 6 O
GGAATTTATAGTTGGÀTIGCAGTCÀATTATGCTCITGGTAAGGf TTTCAATATTTTCTTT 3 3 1
GGAÀTTTATAGTTGGA,TTGCAGTCAÄTTATGCTCTTGGTAAGGlTTÎCAATATTTTCTTT 3 4 9
,. * * * * * * ** * * ** * * * * * ** * * * * * tr* * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * *

GTATT TAT T T T T T TGATAT T TAGGA'U\GT TCzu\C AìUU\CAGCTACAT T GGAT TT CCCGGG 4 1 8
GTATTTATTTTTTTGATATTTAGGN\i\GTTCAACAAÃACAGCTACATTGGATTTCCCGGG 3 7 6
GÎATTTATTTTTTTGATATTTAGGAAAGTTCAACAÀAACAGCTACATTGGATTTCCCGGG 4 2 O
GTATTTATTTTTTÎGATATTTAGGAA,AGTTCAACAAA,ACAGCTACATTGGATTTCCCGGG 3 9 1
GÎATTTATlTTTTIGAT.ATTTAGGAJU\GTTCAACA.AA.ACAGCTACATIGGATTTCCCGGG 4 O 9
** ************lr**********J<**********************************

AACCTCGCCAGCACATGCzu\GGCAìUUUU{CTGTTGGAATGATTGATATGGGÎGGAGCAAG 4 7 8
AAC C TCGCCAGCACAT GCA¡\GGC AJUU\,¡U\C TGT TGGAAT GAT T GATAT GGGT G GAGCAAG 4 3 6
AACCTCGCCAGCACATGCzu\GGCN\¡UUU\CTGTTGGAATGATTGATAÎGGGTGGAGCAAG 4 8 O

AACCTCGCCAGCACATGCÆ\GGCAJU\,\,U\CTGTTGGAATGATTGATATGGGTGGAGCA¡,G 4 5 1
AACCTCGCCAGCACATGCA'\GGCAi\A'U\,\CTGTTGGAATGATTGATATGGGTGGAGCAAG 4 6 9
********************************************9r***************

TGC TC 4AAT T GCAT T T GAGC T T CC TGACACT GACAG T T T TAGCAGTAT TAAT GT GG A Nq'\ 5 3 8
TGCTCAÄATTGCATTTGAGCTTCCTGACACTGACAGTTTÎAGCAGTATTAAÎGTGGA'UU\ 4 9 6
TGCTCAJq'\TTGCAÎTTGAGCTTCCTGACACTGACAGTTTTAGCAGÎATTA-ATGTGGAJUU\ 5 4 O

TGCTCÃAÃTTGCATTTGAGCTTCCTGACACTGACAGTTTTAGCAGTATTA.ATGIGGA'UU\ 5 1 1
TGCTCA,A.ATTGCATTTGAGCTTCCTGACACTGACAGTTTTAGCAGTATTAJ\TGTGGNUU\ 5 2 9
* * + * * *'t * * * * * * * * * * * * * tr * ** * * * * * * * ** ** * * * * * * * * * * * * * ** * * * * * * *** *
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iíq-23SWT TGTGAGTTTTGCTTTA.AGTAACTACTTTTTAAATATGTGCAATTTTAAGATTAACCTCGG 5 98
25A TGTGAGTTTTGCTTTAÄGTAACTACTTTTTAAATATGTGCAATTTTAAGATTAAMMSCRR 55 6

258 TGTGAGTTTTGCITTAAGTAACIACT-__TN\,\TATGCATTCT-- ------ 580
v 648 5A TGTGAGTTTTGCTTTAAGT.AACTACTTTTTAÄATATGTGCAATTTTAAR.ATTAACCTCGG 571
v 648 58 TGTGAGITTTGCTTTAAGTAACTACT---TAÀATATGCATGG--- ------ 568

****ìl*******lr************tr' ! ********

is-235WT ATGCAGGG-AAGAC---- 611
25A
258

SWAI{AGGGGAARACCAMA 5 7 4

V_648_54 ATG.ARGGG-AARÀCCA-- 586
v 648 5B
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v_64 8_64
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v-64 8-68
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26A
268
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v_64 8_68
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26A
268
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v_64 8_68

ig-23 6wT
26A
268
v 64 8_64
v_64 8_68

iq-23 6!ùT
26A
268
v 648 6A

leea-ee

Lq-236wT
26A
268
u 648 6A
o O¿g-Oe

-GATATGGGTGG-AGCÃAGTGCTC NU\TTGCAÎTTGAGCTTCCTGACACTGACAGTTT TA 5 8

-----TTKCR--_CTCTGACC-TGACAGTTT TA 2 4

TKATATGGGGKKGAGCAAGTGCTCAAAT TGCAÎT TGAGCTTCCTGACACT GACAGTTT TA 6 O

- - _ - - -CGRRKTRK- RCRT S GCA!34TGR- _ -CTC TGMC - - TGAC- GTTT TA 3 8

TKATATGGGKKG-AGCAAGTGCTC AIU\TTGCATTTGAGCTTCCTGACACTGACAGTTT TA 5 9
*** 0*t-¡****e******

GCAGÎATTAATGTGGAAAAÎGTGAGTTTTGCTTTAAGTAACTACTTTTT AJ\'\TATGTGCA 1 I 8

GCAGTATTAÀTGTGGAAÃATGTGAGTTTTGCTTTAAGTAACTACTTTTT AJU\TATGTGCA 8 4

GCAGTATTAATGTGGAÀÄ.ATGTGAGTTTTGCTTTAAGTAACTACTTTTTAAÄTATGTGCA 1 2 O

GCAGÎATTAATGTGGAAAATGTGAGTTTTGCTTTAAGTAACîÀCTTTTTAi\iqTATGTGCA 9 8

GCAGTATTAÀTGTGGAJU\i\TGTGAGTTTTGCTTTAAGTAACTACTTTTT AJU\TATGTGCA 1 1 9

********************ìk***************************************

AÎTTTA.AGATTAACCTCGGATGCAGGGAAGACGACTCGTTATTCAAGTATAJ\'\CTGTT TG I 7 8

ATTTTA.AGATTA.ACCTCGGATGCAGGGAAGACGACTCGTTATTCAAGIATAÀ.ACTGTT TG I 4 4

AT T TTAAGAT TAÀCC T CGGATGCAGGGAAGACGAC T CGT TAT T CAAGTATAAACÎ GT T T G 1 B O

AT 1 T TAÀGAT ÎAACC T CGGATGCAGGGAÀGACGACÎ CGT TAT TCAAGTAT A'U\CTGT T TG 1 5 8

ATTTTAAGATTAACCTCGGATGCAGGGAAGACGACTCGTTATTCAAGÎATAAACTGTTTG 1 7 9

* * * * * * *** * ** ** * * * * * * ** * * * * * * * * * * * * * * * * ** * * * * * * * * * * ** * * * * * * * *

T GACAACAT TTC T T GGCTAC GGAGT CAAC G.AÀGGAAT CCGGAAGTACGAGCACAT GT T GC 2 3 8

TGACAACATTTCTTGGCTACGGAGlCAACGAAGGAATCCGGAÀGTACGAGCACATGTT GC 2 O 4

ÎGACAACAÎ TTCT T GGCTAC GGAG T CAACGAAGGA.A,TCCGGAAG TACGAGCACAT G T T GC 2 4 O

TGACAACATTTCTTGGCTACGGAGTCAACGAAGGAATCCGGAAGTACGAGCACATGTlGC 2 ]. 8

TGACAACATTTCTTGGCTACGGAGTCAACGAAGGA.ATCCGGAAGTACGAGCACATGTT GC 2 3 9

***ìk*************+*****************Jr****,r*******************

T G TCAAÄÀT T GAAAGAT C A,UU\T GGA¡\CAG T CAT T CAAGAT GAT T G CAT G C CAC T GA.AC T 2 9 8

T GT CAÂÄAT ÎGAAAGAÎ C fuUU\T GGA'\CAGT CAT T CAAGATGAT T GCAT GCCÀCT GAAC T 2 6 4

TGT CAAAAT TGAÀAGAT C NUU\T GGAACAG T CA,T TCAÄGAÎGAT T GCATGC CACT GAACT 3 O O

T GT CAÄAAT T GA.AAGAT CAAAAT GGÃACAG T CAT T CA.AGAT GAT T GCAT G C CAC T GAAC T 2 7 8

TGTC NUU\T TGAAAGAT CAAÄAT GGAACAGT CAT T C.AAGATGAT TG CATGCCAC T GAAC T 2 9 9

**********'r***********************'<*************************

TACATAIUU\CCGTCACACTGGAJUU\CGGAGA¡UU\TTTTGTGCGAAGAGTATGTTGTTT TT 3 5 B

TACAT AJUU\CCGTCACACTGGAi\¡U\CGGARJUUU\TTTTGTGCGAAGAGTATGTTGTTT T1 3 2 4

TACATAÃAACCGTCACACTGGAAAACGGAGAJUU\TTTTGTGCGAAGAGTATGTTGTTT TT 3 6 O

ÎACAÎAAAACCG TCACACT GGAÄAACGGARAAWATT T TGT GCGAAGAGTAT GT TGT T T T T 3 3 8

TACATAAAÄCCGTCACACT GG AJU\J\CGGAGA.AAAT T T TGT GCGAAGAGTAT GT TG T T 1 T T 3 5 9

*****************************r**:*********ìk*****************

TGGGCTTATTTGAjU\j\TTCGAJ\IAJUU\TTATTTTTAGGGTACCGGA:U\CTGGzu\lACTTG 418

TGGGCTTATTTGAiUU\TlCR'\/\TAJUU\TTATTTTTAGGGTACCGGAAACTGGAATACTTG 3 8 4

ÎGGGCTTATTTGAJU\j\TTCGAATAAÀATTATTTTTAGGGTACCGGAiU\CTGGru\TACTTG 4 2 O

TGGGCTTATTTGAA,A,ATTCGAì\TA'\i\J\TTATTTTTAGGGTACCGGAAACTGGAATACTTG 3 98

TGGGCTTATTTGN{,¡U\TlCGAATA.A.AATTATTTTÎAGGGTACCGGAJ\,\CTGGAi\TACTTG 4 19
* * * * * * * * * * * * * * * Jr * * * , * J. * * * * * * * * * * * * * * * * * * * * ìk * * * * * * * * * * * * * * * * ir

TTCAAÀTGAAGTGA]U\JU\GCTTCTCÄATCCGGAATCAÀGTTCGGAAGTCTGTA.AAGCTGA 4 7 8

TTCAA.ATGAAGTGNU\¡U\GCTTCTCAATCCGGAÀTCAAGÎTCGGAAGTCTGÎAAAGCTGA 4 4 4

TTCAAÀTGAÀGTGAJUUU\GCTTCTCAATCCGGAATCA.AGTTCGGAAGTCTGTAAAGCTGA 4 8 O

TTCAiU\TGN\GTGN\ìUU\GCITCTCÃATCCGGA.AICAÀGTTCGGAAGTCTGTAAAGCTGA 4 5 8

TTCAJ\j\TGAi\GTGAAAAAGCTTCTCA.ATCCGGAATCA.AGITCGGAAGTCTGTAÄAGCTGA 4 7 9

* ** ** * * ** ** * * * * Jr** * * ** * * * * * * * * ** * * * * * * * Jr * * * * + *** * * * * * ** * * * * t(

AGCGGCAAAATGCTAÎTTTGGAGCTGTTCCTGCTCCGAGTATACCACTGTCGAACATTGA 5 3 8

AGCGGCAAÀÀTGClATTlTGGAGCÎGTTCCTGCTCCGAGTATACCACTGTCGAÄCATTGA 5 O 4

AGCGGCNUV\TGCTATTTTGGAGCTGTTCCTGCTCCGAGÎATACCACTGTCGAACATTGA 5 4 O

AGCGGCAAAATGCTATTTTGGAGCTGTTCCTGCTCCGAGTATACCACTGTCGAACATlGA 5 1 8

AGCGGCAAAATGCTATTTTGGAGCÎGTTCCTGCTCCGAGTATACCACTGTCGAJ\CAT TGA 5 3 9

**************************************JÉ*********************
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liq-236WT GATGTATGGGTTCTCAGAATACTGGTACTCAACCCATGATGTATTGGGTCTTGGAGGACA 598
126A GATGTATGGGTTCTCAGAATACTGGTACTCAACCCATGATGTATTGGGTCTTGGAGGACA 5 64
f26B GATGTATGGGTTCTCAGAATACTGGTACTCAACGCAKAKTGG_-_-- ---- 582
:v_6 4 8_64 GATGTATGGGTTCTCARAATACTGGTACTCAACCCATGATGTATTGGGTCTTGRA,GGACA 5 7 I
'v-648-68 îiT:iii:::TT:i:i:iTiîTî::t:i:i:T:i*cccc----- --- 582

Iiq-236WT GTATGATGCGGA_ 610
t26A
t26B

G-AWG-------- 568

:v 648 6A GTATGATGCGGAA 591

'v 648 6B
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v_64 8_78

íg-237WT
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27A
278
v 648 7A
v 648 7B

ig-237WT
2'7A
278
v_648_1A
v_64 8_78

ig-237wr
27A
278
v_648_'7A
v_64 8_78

Lq-237wT
27A
zlB
v_648_7A
v_64 8_78

íg-237rñ1
27A
278
v 648 7A
v eqe-fe

:::l:::ïï::l:T:::::ïït:;i,xffii;8åF:i:ii::i3:i:::i:iffå: : i
l:::::::ïr:l:ï:::fi :ffiffiT3:åå:äH3iåi:i3ii::i::i:::î:itÏffi 33
- -GTCTGTAJUU\CTGAAGCGGCAAAATGCTATTTTGGAGCTGTTCCTGCTCCGAGTAÎAC 5 8

* ****** ****+^********

CACTGTCGAACATTGA,GATGTATGGGTTCTCAGAATACTGGTACTCAACCCATGATGTAT 1 1 B

CACTGTCSAACATTGAGATGTATGGGTTCTCAGAATACTGGTACTCAACCCATGATGTAT 9 1
CACTGîCGAACATTG.A.GATGTATGGGTTCTCAGAATACTGGTACTCAÄCCCATGATGTAT 1 2 O

CACTGTCGAACATTGAGATGTATGGGTTCTCAGÀÃTACTGGTACTCAACCCATGATGTAT 9 9
CACTGTCGAACATTGAGATGTATGGGTTCTCAGAATACTGGTACTCAACCCATGATGTAT 1 1 8
Jr * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ìk * * * * * * * * * * * * * * * * * * * * ìr * * * *

TGGGTCTTGGAGGACAGTATGATGCGGA.AAATATTGCGA'VUU\GACGCAGCAGTATTGTA 1 7 8
TGGGTCTTGGAGGACAGTATGATGCGGAJU\'\TATTGCGAiUU\AGACGCAGCAGTATTGTA 1 5 1

TGGGTCTTGGAGGACAGTATGATGCGGAJU\i\TATTGCGA'\'U\ì\GACGCAGCAGTATTGTA 18 O

TGGGTCTTGGAGGACAGTATGATGCGGAAAATATTGCGAJU\i\;\GACGCAGCAGTATTGTA 1 5 9
TGGGTCTTGGAGGACAGTATGATGCGGAAAATATTGCGAìUUV\GACGCAGCAGTATTGTA 1 7 B
* * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *ìk Jr* * * * * ** * * ** ** * * * * ** * * * * *

GTAAA.AGATGGTCCACGATCCAAGCAGAGTCGÄAGAAACAGTTGTACCCGAGÀGCTGACG 2 3 8

GTAAAAGATGGTCCACGATCCAAGCAGAGTCGzuqGAJU\CAGTTGTACCCGAGAGCTGACG 2 1 1

GTA,\¡U\GATGGTCCACGATCCAAGCAGAGTCGAAGAAACAGTTGTACCCGAGAGCTGACG 2 4 O

GTAi\iqlr\GATGGTCCACGATCC.A.AGCAGAGTCGAjqGAiU\CAGTTcTACCCGAGAGCTcÀCG 219
GTA'\iU\GATGGTCCACGATCCAAGCAGAGTCGAÃGAAACAGTTGTACCCGAGAGCTGACG 2 3 8*** r(********************************************************

AGGAAAGAT ÎAAGAACT CAG T GC T T TAAGT CGGCATGGATAACAT CAG TGT T G CAT GAl G 2 9 8

AGG AAAGAT TAAGAACT CAG T GC 1 T ÎAÀG T CGGCAÎGGAÎAACAT CAGT G T T G CAT GAT G 2 ? I
AGGA,U\GAITAA,GA.ACTCAGTGCTT TAAGTCGGCATGGATAACATCAGTGTTGCATGATG 3 O O

AGGAÄAGATTAAG.AACTCAGlGClT TAAGTCGGCATGGATA.ACATCAGTGTTGCA'T GA"T G 27 9
AGGA.AA,GATTAAGAÃCTCAGTGCTT TAAGTCGGCATGGATAACATCAGTGTÎGCATGATG 2 9 B
* * * * * * * * * * Jr* * * * * * ** * * * * * * * * * * * * * * ** Jr * * * * * * * * * * * * * * * * * * * rk * * * *

GGT TC 1 CAGTAGATAAGAC T CACAACAAAT ÎCCAGGTAATACAAT T T GAACAÀATC T T GA 3 5 8

GGT TC 1 CAGTAGATAÃGAC TCACAACA.AAT T CCAGGÎAATACAAT T TGAACAAATCT T GA 3 3 1

GGT T C T CAG TAGATAA,GAC T CACA,\C AJU\T TCCAGGTAATACAAT T TGAACAAATC T T GA 3 6 O

GGTTCTCAGÎAGATAAGACTCACAACAAATICCAGGTA.A,TACAATTTGAJ{CAÌU\TCTTGA 3 3 9
GGT TC T CAGÎAGATAAGAC T CACA,\C A¡U\T TCCAGGTAÀTACAå.T T TGAACAÀAT C T T GA 3 5 8
* * * * * * * * * Jr * * * * * * * * * * * * * * t * * * * * * * * * * J. * * * * * * * * * * * * * * * * * * * * * * * *

ATAAGTTGAGCATTGATCG.AATGAÀAAAGTACCTTAATTAGCAÎAATTATTTTGAATTAA 4 1 8
ATAAGTTGAGCATTGATCGAJ\TGAAJUU\GTACCTTAÀTTAGCATAATTATTTTGAATTAA 3 9 1

ATAAGT î GAGCAT T GATC GAÀT GAAAÀAG TAC C T TAATTAGCATAÄT TAT T T T GAÃÎ TAA 4 2 O

ATAAGTTMAGCATTGATCGA'qTGAiU{'\'qGTACCTTAATTAGCATAATTATTTTGAATTA.4 399
ATAAGT T GAG CAT TGAT C Gzu\TG AJUUU\G TACC T TAAT TAGCATAAT TAT T T T GAAT TAÀ, 4 1 8
* * *** rk* ¡ * * ** ** ** ** * * *ìr ** * * * ** ** ** * ** * ** ** * * * *** *** * * * **ìr** **

TTTTTCGCCACCGCTAAACTATTGTGGTCAAGGTTTGAAATTGCAGCACGGTTTCAGCTT 4 7 B

TTTTTCGCCACCGCT A,¡\\CTATTGT GGTCAAGGTTTG AiU\T TGCAGCACGGTT TCAGCT - 4 5 O
TGT_-CGCCACCGCTAJU\CTATGTCATKI-----_- _----- 44'7
TTTTTCGCCACCGCTAÀACTATTGTGGTCAAGGTT?GA.AAlTGCAGCACGGTTTCAGCTA 4 5 9
TAT--CGCCACCGCTÄAACTATTGAACT-------- ------ 444*ô* *****************.
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- - : :i::::i:i::l:l::i::ï:i:li:ä:i;1:i::iiiË:i::::i;33åiå ; 3

r r1:T:::i::::r:i:::::i:iÏffi:ffi ;1:i::iiiË:i å:::åi33åii i 3
TTKTACCCGAGGGCTGRCGRGGAAAGATTAAGAAMTCAGTGCTTTAAGT YGGCATGGATA 6 O

*:*! ******** +* **********

ACATCAGTGTTGCATGATGGGTTCTCAGTAGATAÀGACTCACAACAi\¡\TTCCAGGTAATA 1 1 8

ACATCAGTGTTGCATGATGGGTTCTCAGTAGATAAGACTCACAAC AJU{TTCCAGGTAÀTA 8 8

A¡,IATCAGTGTTGCMTGATGGGTTYTCMGTAGATAAGACTCMCÃACAAAT TCCMGGTAATA 1 2 O

ACATCAGTGTTGCATGATGGGTTCTCAGTAGATAÀGACTCACAACAJ\,\T TCCAGGTAÄTA 8 9

ACATCAGTGTTGCMTGATGGGTTYTCMGTAGATAAGACTCMCAAC AjU\T TCCMGGT.AAIA 1 2 O

*. ***********, *****tr***, **' *************. ***********. *******

CAÃT T T GAACAAAT CT T GAATAAGT T GAGCAÎ T GAT CG Ð\T G NUUU\GTACC T TA]\T TAG 1 7 8

CAAT T TGAACAAAT CT T GAATAAGT T GAGCAT TGAT CGÆ\T G NU\ Ai\G TÀCCT TAAT TAG 1 4 8

CAAT T T GAACÀÀÀT YT T GAATAART T GAGCMT T GAT YGAAWGAAÀAARTACC T TAAT TAG 1 8 O

CÄÂT T TGAACAAAT CTT GAATAAGT TGAGCAT TGATCG A'{T G A'UUU\G TÄCC TTAAT TAG 1 4 9
CAJ\TTTGAACA'\'\TYTTGAATAARTTGAGCATTGATYGAAV,iGAÀAAARTACCTTAATlAG 180
***tr******+***. ****Jr*** 

' ****** ***** *** ****+* ************

CATAATlATTTTGAATTAATTllTCGCCACCGCTAAACTATTGTGGTCAAGGTTTGA'\'\T 2 3 8

CATAATTATTTTGAATTAATTTTTCGCCACCGCTA'U\CTATTGTGGTCAAGGTTTGAÀAT 2 O 8

CATAATTATTTTGAATTAÀTTTTTYGCCMCCSCT Aj\i\IVITATTGTGGTCAAGGlTTGAAAW 2 4 O

CATAÀTTATTTlGAATTAATTTTTCGCCACCGCTA¡U\CTATTGTGGTCAÀGGlTTGÄÄAT 2 O 9
CATAATTATTTTGAAITAATTTTTYGCCMCCSSTAJUUIITATTGTGGTCAÀGGTTTGAJU\I^] 2 4 O
******lr**********ìt*****ìt *** ** **** ìk********************

T GCAGCACGGTTTCAGCTTT T TTCGAT lTTlT TTTGAA.ACGC TATATTT TCT TTTT A.AAÀ 2 9 8

TGCAGCACGGTT TCAGCTTT T TTCGATT TTT TTT TG AJ\'\CGCTATATTT TCT TTTT AlU\ A 2 6 8
TGCAGCMCGGlT TYAGCTTT TTTYGAT T TTTTT TTGAAÃCGCTAÎATTTTCT TTT TÀÀÀA 3 O O

TGCAGCACGGTTTCAGCTTT T TTCGATlTTlTTT ÎGAÄACGCTATATT TTCT 1T TT A'U\'\ 2 6 9
T GCARCMCGGTT TYARCTTT T TTYGATT TTTTTTTGAAACGCTATATTTTCT TTTT AìUU\ 3 O O
****î* ****** * *ir***** j**************ìk****************.rr****

lTTlT NUU\TGTCTCCTTTA'\¡\TTCTCGATCCGTCTAGACAÀTTTTTAGGAÎTNUUU\AJ\ 3 5 8

TTTTT \¡UU\TGTCYCCTTTAÀATTCYCGATCCGTCTARACAATTTTTAGGATTAAA.AÄAA 3 2 8
TTTTTN\iU\TGTCTCCTTlAAAlTCTCGATCCGTCTAGACAATTlTTAGGATT AjU\iUUU\ 3 6 O

TTTTTru\i\\TGTCTCCTTTAAATTCTCR.ATCCGTCTARACAAT?TTTAGGATTA,AAAAAA 3 2 9
TTTTTAAÄATGTCTCCTTTAJU\TTCTCGATCCGTCTAGACÄÄTlTTTAGGATTAAAAAÄÃ 3 6 O
************* . *********** ¡ *, ******tr** . **********************

ATTC GCCAC CACAT GTATAAATAATT TAGAG T GT TT CCACAATAGCAGGACAAGAAGT T C 4 1 8

A1 TC S CCMCCACAT GTATAAATAÀT T TARAG KGT T T CCMCAÀT{AGCAGGACAARAAKT TC 3 8 8

ATT C GCCACCACAT GTATAAÀTAAT T TAGAGTGT 1 TC CACAATAGCAGGACAAGAAG T T C 4 2 O

ATTC S CCMCCACAKGTATAAATAAT T TARAGKGT TT C CMCAAWAGCAGGÄCAÀRAã,KT T C 3 8 9
ATTCGCCACCACATGTATA¡U\TAi\TTTAGAGTGTTTCCACAATAGCAGGACAAGAAGTTC 4 2 O
**** i **r *****ì ***ìt********** **. ******. *** ********** **.. ***

AATGGGCTCTCGGAGCAATGATCTATCATATGAGATTCTTTCCCCTTCGGGATTCTTCTA 4 ? 8
AAKGGGCTCYCGRAGCÀÀTGATCÎATCAWATGARATTCTTTCCCCTTCGGGATTCTTCTA 4 4 8

AATGGGCTCTCGGAGCAATGATCTATCATATGAGAT TCTTTCCCCTTCGGGATTCTTCTA 4 8 O

AÃKGGGCTCYCGRAGCAATGATC TATCAWATGAR.A'TTCT?TCCCCTTCGGGÀT TCTTCTA 4 4 9
A.ATGGGCTCTCGGAGCAATGATCTATCATATGAGATTCTT TCCCCTTCGGGAT TCT TCTA 4 8 O
** ****** *Jr Jr*Jr************.*.rr**.**************************

GAAATCTCATCGTT A.AAGAGTATGTTCCTA/UUU\TGGGATTGGGCClTGGTTTC - 532
R.AAATCTCAICGTl AAARAGTATGTTCCTAÀÄAAKGGGATTGGCCTTKGGTTYCA 5 O 3
GAJ\'\TCTCATCGT-AAAGAGWACTC-. _ 504
Ri\i{,\TCTCATCGTTAAÀRÀGTATGTTCCTAJUUUryKGGGATKGGGCCTTGGTTTMA 5 O 4

GAAATCICATCGT-AC-GAGWTCC__- - 502,************ * **
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_:ïr:::: 1:::::T:T::ir:li::ffi*i:å:ti:;ii:::::ii::33åil:ii: ; 3
_ _AAWRCRGATCTTT_ -CCCTTCGGGAT -CTTC 2 8

TTAATGGGCTCTCGGAGCAATGATCTATCATATGAGATTCTTlCCCCTÎCGGGATTCTTC 6O

;;;ä;;;; ; ;;;;;;Hififfi;äåff :å:üiäiÏ ;;3::ii::3:åii:ffi : ; ;
; . ¡ j¿ r ': ì+ ** \Jr********** ¡****

TAGAAAT CT CAT CGT TA¡ÂGAGTAT GTT C CT 4JU\]U\TGGGAT T GGGCCT T GGT T T CATAT ]- 1 9

TAGAA-TCTCATCGWTAÀAGAGTATGTTCCT A'UUU\TGGGATTGGGCCTTGGT TTCATAT 8 7

TAGAA-TCTCATCGWTAAAGAGTATGTTCCT A'U\]U\TGGGATTGGGCCTlGGT TTCATAÎ 8 7

TAGAåÀTCÎCATCGTTAÄAGAGTATGTTCCT A'Ð{,\'\WGGGATTGGGCCTTGGT TTCATAT 1 2 O

TAGAJqJ\TCTCATCGTTAAAGAGTATGTTCCT AiUUU\TGGGATTGGGCCTTGGT TTCATAT 9 7

TAGA.AATCTCAT CG T TAÂAGAGTAT GT T CC T Ai\iUU\TGGGAT T GGGCC T T GGT Tl CATAT 1- 1 9
* * * * * ¡ * * * J. * * * * : * * * * * * * * * * * * * * * * * * * J< J< . * * * ìk * * * * * * * * * Jr * * * * * * * * *

TTTGGGTTATTCCAGGACTCAT TCT TCCTCCGAAAGCTTATGGGC TCCGCTAT TCTT CCT I 7 9

TTTGGGTTAT TCCAGGACTCATTCT TCCTCCGAJU\GCTTATGGGCTCCGCTAT TCTTCCT 1 4 7

TTTGGGÎlATTCCAGGACTCATTCT TCCTCCGA.AAGCTTATGGGCTCCGCTAT TCTTCCT 1 4 7

TîTGGGTTATÎCCAGGACTCATTCTTCCTCCGAÄAGCTTATGGGCTCCGCTAT TCTTCCT ]. 8 O

TTTGGGTTAT TCCAGGACTCATTCT TCCTCC zuUU\GMTTATGGGCTCCGCTATTCTTCCT 1 5 7

TTTGGGTTATTCCAGGACTCATTCTTCCTCCGA.AAGM!']TATGGGMTCCGCTATTMTlCCT 1 7 9
******Jr************************ : **** \ r****** L******** * I *****

TTCCGCCGTTTTCTGTCTTTTCGTCTTGGTATGCGCTAÀGGAGCAGTCTGTACTATGCTT 2 3 9

TTCCGCCGTTTTCTGTCTlTÎCGTCTTGGTATGCGCTAAGGAGCAGTCTGTACTATGCTT 2 O 7

TTCCGCCGTTTTCTGTCTTTTCGTCTTGGTATGCGCTAAGGAGCAGTCTGTACTATGCTT 2 O 7

TTCCGCCGTTl?CIGTCTTTTCGTCTTGGTATGCGCTAAG-AGCAGTCRWCAC- - - - _ - - 2 32
TTCCGCCGTTTTCTGTCTTTTCGTCTTGGTATGCGCTAAGGAGCAGTCTGTACTATGCTT 2 17

TTCCGCCGTTTTCTGTCTTTTCGTCTTGGTATGCGCTAÀG-AGCAKTCWI'ITCC- - - - - - - 23I
*****************ì***J.*************lr***** f**Jr* ** ); r '. *

TGATGACA.AÃCGTCGGTCCTC- - -_ 2 60
TGATGACA'U\CGTMRGTCCTC- - - _ 228
TGATGACAAACGTMRGTCCTC- _. - 228

TGATGACAAACGSCSRTCCT CCAAA 2 4 2
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lig-2 31OvûT
1210A
,2108
v 648 104
v-64 B-1 0B

:ig-2 310[.lT
2 10A
2 108
v_6 4 8_1 0A
v_64 8_108

ig-231OwT
210A
2108
v_64 8_104
v_64 8_1 0B

ig-2310WT
2 10A
2 10B
v_64 8_1 0A
v_64 8_108

tg-2310WT
2 10A
2 108
v_64 8_1 0A
v_64 8_l-08

ig-23lOWT
2t0A
2 108
v 648 104
n 64I l-08

ig-231-OWT
2 10A
2 108
v_64 8_104
r¡_64 8_108

i g- 2 31- OvùT

2 10A
2 108
q_64 8_10À'
v_64 8_108

ig-231OWT
2 10A
2 108
u 648 10.A
r-648-1OB

:l:::i:l:::::::::l:::iliT:ll:::T:ffii:;ffiiä:;fiii:ii::i:::ffi ; :
TTKGGATTGGGGCTT GGTTT CATAÎTTTGGGTTATTCCAGGACTCAT TCTTCCTCCG AJU\ 6 O

- NU\TGGCTTWAATGACTMTTCTTCCTCCGAA- 31
T ÎKGGATTGGGCCTT GGTTT CATATlTTGGGTTATTCCAGGACT CATTYTTCCT YCGAAA 6 O

J. r¡*:t:rl****:****¡

GCTTATGGGCTCCGCTATTCTTCCÎTTCCGCCGTTTTCTGTCTTTTCGTCTTGGTATGCG 1 1 9

GCTTATGGGCTCCGCTATTCTTCCTTTCCGCCGTTTTCTGTCTTTTCGTCTTGGTATGCG 8 6

GCTTATGGGCTCCGCTATTYTTCCTTTCCGCCGTTTTCTGTCTTTTYGTCTTGGTATGCG 1 2 O

GCTTATGGGCTCCGCTATlCTTCCTTTCCGCCGTTTTCTGTCTTTTCGTCTTGGTATGCG 9 1

GCTTATGGGCTCCGCTATTYTTCCTTTCCGCCGTTTT YTGTCTTTTYGÎCTTGGTATGCG 1 2 O

*** **** **** ** * * * * ** , * **** Jr* * * * * ****** * * ***** * * * * * * * * ***** *

CTAÄGGAGCAGTCTGTACTATGCTTTGATGACAÄÄCGTCGGTCCTCTTTTGGGATGTCAC 1 7 9

CTAAGGAGCAGTCTGTACTATGCTT TGATGAC A]U\CGTCGGTCCTCTTTTGGGATGTCAC 1 4 6

CTAAGGAGCAGTYTGTACTATGCTTlGATGACA'U\CGTCGGTCCTYTTTTGGGATGTCAC 1 8 O

CTAAGGAGCAGTCTGTACTATGCT T TGATGACAAACGTCGGTCCTCT lTTGGGATGTCAC 1 5 1

STAAGGAGCAGTYTGTACTATGCTTTGATGACAJ\ì\CGTCGGTCCTYTTTTGGGATGTCAC 1 8 O
, * * * * * * * * >ç * * ; * * * * * * * * * * * * * * * * * * * * * Jr * * * * * + * * * * j * * * * lr * * ¡r * * * * * *

GCAGÎCAATACTCCTACAJUU\TGCTTA.AÀGNUU\CCGTACTTCTTCTTCATTTCTTGAGA 2 3 9

GCAGÎCAATACTCCTACAAÀ.ATGCTTAÄAGAAAÂCCGTACTTCTTCTTCATTTCTTGAGA 2 O 6

GCAGTCA.ATACTCCTACAJ\,U\TGCTTA,AÀGNU\ì\CCGTACTTYTTYlTCATTTYTTGAGA 2 4 O

GCAGTCAATACTCCTACA'\,U\TGCTTÆU\GAAAÀCCGTACTTCTTCTTCATTlCTTGAGA 2L1.

GCMGTCAATACTCCTACAA.AÀTGCTTzuU\GAAA.ACCGTACTTYTTYTTCATTTYTTGAGA 2 4 O

**o **t ******Jr******************Jr********** t** ¡ ******* ******

ACTTTGCCTAGTCAATCTTT CTAATCGTGTGTGTTCCAATACGÎGTT TTATTGTC NqJ\TC 2 9 9

ACTTTGCCTAGTCAATCTTT CTAA.TCGTGTGTGTTCCAATACGTGTT TTATTGTCA.AATC 2 6 6

ACT TTGCCTAGTCAATCTTT YTAATCGTGTGTGTTCCAATACGTGTT T TATTGTCAAATC 3 O O

ACT TTGCCTAGTCAATCTTl CTAATCGTGTGTGTTCCAATACGTGTT T TATTGTCAAATC 2 7 ].

ACTTTGCCTAGTCAATCTlT YTAATYGTGTGTGTTYCAÀ,TACGTGTTTTATTGTCAAATC 3 O O

* * * * * ,< * * * * * * * * * * * * * * . * * * * i * * * * * * * * t( r Jr * * * * * * * * * * * * * * * * * * * ìk * * *

ACATCGCACTTCAÃTTGCCT TCC AJ\i\GTT TTATTGTCCTGTCTTTTTTGTTAGATCTTAC 3 5 9

ACATCGCACTTCAÄTTGCCTTCCAAAGTTTTATTGTCCTGTCTTTTTTGTTAGAÎCTTAC 32 6

ACATCGCACTTCA.ATTGCCTTCCAAARTTTTAÎTGTCCTGTCTTTTTTGTTAGATYTTAC 3 6 O

ACATCGCACTT CAAT TGCCTTCCNU\GTTTTATTGTCCTG TCTT TT T TGTTAGATCTTAC 3 3 1

ACATCGCACTTCAAT TGCCT TCCAÀARTTTTATTGTCCTGTCTl TTT TGTTAGATYTTAC 3 6 O

*********** ** ** *** ****** * * l*** ** * ***L** * * * ***** * * ** * * * * ** **

GGGTTTAGTAATTTATATGTGATACTTTTTAÄTGTATTG.AAAATAATTÎATCTTGACATG 4 ]- 9

GGGTTÎAGÎAATTTATATGTGATACTTTTTAAÎGTAÎTGNUU\Tzu\lTTATCTTGACATG 3 8 6

GGGÎÎTAGTAATTTAÎATGTGATACTTTTTAATGTATTGAAAATAATTTATCTTGACATG 4 2 O

GGGTTTAGTAATTTATAîGTGATACTTTT TAATGTATTGAÀAATAATTTATCTTGACATG 3 9 ].

GGGTTÎAGTAATTTATATGTGATACTTTTTAATGTATTGAÄAATAATTTATCTTGACATG 4 2 O

* * * * * Jr * tr** * * * * * * * J.* * * ** * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * ** * *

TAATCAGT TACGATT TATAT T T 1 TACCGGGAAT TT TGATAAT T T T T CAAT TCTAAATAAJ\ 4 7 9

1AÀT CAG 1 TACGATT TAÎAT T T T TAC C GG GAAT T T TGATA.ATTT T T CAAT T CTAAÀTAAA 4 4 6

TAAT CAGT TACGATT TATAT T TT TACCGGGAAT T T T GATAÀT T T T T CAATTCTAÄÀTAÀA 4 8 O

1AÀTCAGTTACGATTTATATTTTTACCGGGAATTTTGATAATTTTTCAATTCTA AATAAA 4 5 1

ÎAATCAGTTACGATTTATATTTTTACCGGGAATTTTGATAATTTTTCAATTYTAÀATAÀA 4 8 O

** * ******** ** ** ** * ****** * ** **** * * ***tr** * * * ** ** * * * ** ? * * **** **

TTTTTAlTTATTTATTTTTTAATGGCAACAATACAAGTTCGAGATACAAGTGTCTAGTAT 5 3 9

TTTTTATTTATTTATTTlTTAATGGCAACAATACAAGÎTCGAGATACAAGTGTCTAGTAT 5 O 6

T T T T TAT T TAl T TAT T T T T TAAT GGCAACAATACAAGTT C GAGATACAAG T GT Y TAGTAT 5 4 O

TTTÎTATTTATTTAlTTlÎTAATGGCAACAATACAAGTTCGAGATACAAGTGTClAGTAT 5 1 1

T T TTTWT T TAT TTVJT T TT T TAATGGCAACAATACAAGTT C GAGATACAAGT GT Y TI/ÙGTAT 5 4 O

* * * * * , * * * * * * * , * * * * * * * * * * * * * * * t * * * * * * * * * * * * t( * * J. * * * * * * * , * * * * *
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iig-2 31OWT
r2LOA
t2108
,v_64 8_1 0A
,v_64 8_108

lig-2 31OWT
I2lOA
12LOB
:v_6 4 8_104
:v_6 4 8_108

Iig-2 31OvfT
1210A
f 2108
,v_64 8_10A

'v_64 8_108

ACAÀTTAÎGACCCGCAATCGGAAJU\ì\TTAÄCTTTCA.A¡,TGCCCACCAJU\'\,U\CGAATGTA 5 99
ACA.ATTATGACCCGCAATCGGAÀÀA.ATTAACTTTCAAATGCCCACC AJUUUU\CGAATGTA 5 6 6
ACAAÎ TAT GAC CC G CAAT CG G AJUUU\T TAAC T T T CAAAT G C C CAC C AjUUU{'\C GAAT G TA 6 O O
ACAATTATGACCCGCAATCGGAiUqfu\TTAACTTTCAAATGCCCACCAAAÃAACGAATGTA 5 7 1
ACAÄTTATGACCCGCMATCGGAI\IUU\TTAA.CTTTCAAATGCCCACCA.AA,AAACGAATGTA 6OO
* * * * * ** * * * * * * * * 0 * * * * * * * * * * * * * *** ** * * * * * * * ** tr* * ** ** * * * * * * * Jc * *

TGTTTTCTGTTTATTGCTACCA;UUUqN\i\TATCCAAAGACAATCTCCAi\iqJU\ì\TATCAAG 6 5 9
IGTTTTCTGTTTATTGCTACCqJUUU\ A'U\TATCCÄÀAGACAATCTCCAA'U\,AATATCAAG 6 2 6
T G T T T T C T G T T TAT T GCTACC A AiUU\¡UU\W- TCCAAAGACA- - - 1 CWTCAGGT TAGARAT 6 5 6
T GT T T T C T G T T TAT T G C TACC ryUUU\¡\ AJ\TAT CCA.AÀGACAATC T CCA.AAAAATAT CARG 6 3 1
TGTTTTYTGTTTATTGCTACCruUU\ N\¡U\T_WCCAÃ-GACA-_-lCCAGMACAATGCGRT 6 5 5****ìr* *+**t ***************** I I :****' **** **

CAGGAACCTCCAGAIG- 675
CAGGCC----------- 632
c---------------- 65i
CAGGAÃCCTCCARAKGA 648
T---------------- 656

rs2



mig-23wormbase
mig-23WT
mig-23N2
mig-23_ev648

mÍg-23wormbase
mig-23wT
mig-23N2
mig-23_ev64 B

mig-23wormbase
mig-23WT
mì-g-23N2
mig-2 3_ev64 B

mig-23wormbase
mig-23ülT
mig-23N2
mig-2 3_ev64 I

rnig-23wormbase
mig-23!ùT
mig-23N2
mj-g-23_ev64I

mig-23wormbase
mig-23WT
mig-23N2
mig-23_ev64 I

mig-23wormbase
mig-23WT
mig-23N2
mig*23_ev64 I

mig-23wormbase
mig-23v'lT
mig-23N2
mig-23_ev64 B

mig-23wormbase
mig-23l.1lT
mig-23N2
mig-23_ev64 B

mig-23wormbase
mig-2 3ÍlT
mig-23N2

6-6 MIG-23 protein alignments from translated mig-2J sequences.

ÇLUSTAL W (1.83) multiple sequence alignment

MRVSLRFTILAVSAMIFFPVIVFTYWEAÍTTSPKVIADDQERSYGVTCDAGSTGTRLFVY 6O
MRVSLRFTTLAVSAMTFFPVIVFTYWEAÍITSPKVTADDQERSYGVTCDÄ,GSTGTRLFvY 6O
MRVSLRFTILAVSAMIEFPVIVFIYWEAHTSPKVIADDQERSYGVTCDAGSÎGTRLWY 

6 O
MRVSLRFTII,AVSAI,Í I FFPV]VFIYWEAHTSPKVTADDQERSYGVICDAGSTGTRLFVY 6o
****'/r******************************************* ****È*******

NI¡T] STSDSELTQTEPVIYDNKPVMKK] SPGLsTFGTKPAQAAEYLRPLMEI,AERHT PEEK 12 O
NWISlSDSELTQIEPVIYDNKPVMKKISPGLSTFGTKPAQAAEYLRPLMEI,AERHI PEEK 1 2o
NWTSTSDSELTQIEPVIYDNKPVMKK]SPGf,STFGTKPAQAÀEYLRPLMEI,AERHT PEEK 12 O
NWISTSDSELIQTE PVTYDNKPVMKKTSPGLSTFGTKPAQA.AEYLRPLMELVERHI PEEK 12 O** * * * * * * * ** ** * ** * * * * * * * * * * * ** * * *** * ** * * * * * * *** * * * * * ** ** * * * *

RPYTPVFI FATAGMRLIPDEQKEAVIKNLRNKLPKIlSMQVLKEHIRT IEGKWEGIYSi/ùT ]- BO
RPYTPVFI FATAGMRLIPDEQKEAVLKNLRNKLPKITSMQVLKEHTR] TEGKÌ^IEGIYSWl 1 BO
RPYTPVFI FATAGMRLI PDEQKEAVLKNLRNKLPKTTSMQVLKEHIRI IEGKWEGT YSWI 1 B O
RPYTPVFIEATAGMRLIPDEQKEAVLKNI.RNKLPKITSMQVLKEHTRI IEGKWEGTYSVüI 1 BO************************************************************

AVìf YATGKFNKTATLDFPGTSPAHARQKTVGMIDMGGASAQIAFELPDTDSFSS TNVENI 2 4 O
AVNYA],GKFNKTATLDFPGT S PA-IIARQKTVGMT DMGGASAO IAFEL PDT D S FS S INVENI 2 4 O
AVNYALGKFNKTATLD FPGT S PAJIARQKTVGMI DMGGASÃQTAFEL PDTDS FS S INVEN T 2 4 O
AVNYALGKFNKTATTD EPGT S PAHÀRQKTVGM I DMGGASAQIAEEL PDT D S FS S TNVEN I 2 4 O************************************************************

NLGCREDDS LFKYKLEVTTFLGYGVNEGIRKYEHì,fLLSKLKDQNGTVI QDDCMPLNLHKT 3 O O
NLGCREDDSLFKYKLE'VTTFLGYGVNEGTRKYEHMLLSK¡KDQNGTVT QDDCMPLNLHKT 3 O O
NLGCREDDSLFKYKLFVTTFLGYGVNEGTRKYEHMLLSKLKDQNGTVIQDDCMPLNLHKT 

3 O O
NLGCREDDSLFKYKLFVlTFÌ,GYGVNEGIRKYEHMLLSKLKDQNGTVIQDDCMPLNLHKT 

3 Oo************** *********** ******************************* ****

VTLENGENFVRRGTGNWNTCSNEVKKLLNPESSSEVCKAEAAKCYFGAVPAPSIPLSNIE 
3 6O

VTLENGENFVRRGTGNVÙNTCSNEVKKLLNPESSSEVCKAEAAKCYFGAVPAPST PLSNIE 3 6O
VTLENGENFVRRGTGNWNTCSNEVKKLLNPESSSEVCKAEAAKCYFGAVPAPSIPLSN]E 

3 6O
VTLENGEN FVRRGTGN!']NTCSNEVKKI,LNPE S S S EVCKAEAAKCYFGAVPAPS I PLSNTE 3 6 O************************************************************

MYGFSEYhIYSTHDVLGLGGQYDAENIAKKTQQYCSKRWSTIOAESKKQLYPR¡.DEERLRT 
4 2O

MYGFSEYWYSTHDVIGLGGQYDAENIAKKTQQYCSi<RWSTIQAESKKQLYPR.ADEERLRT 
4 2 O

MYGFSEY!ÙYSTHDVLGLGGQYDAENTAKKTQQYCSKRWSTTQAESKKOLYPRADEERLRÎ 
4 2O

MYGFSEYI,ÙYSTHDVI,GLGGQYDAENIAKKTQQYCSKRWSTTQAESKKQLYPRADEERTRT 
4 2o

*************************************************f 
**********

QCFKSAWI TSVLHDGFSVDKTHNKFQSVSTTAGQEVQWALGAM]YHMRFFPLRDS SRNL I 4 B O
QCFKSAI{ITSVLHDGFSVDKTHNKFQSVST IAGQEVQWALGAMIYHMRFFPLRDS SRNLT 4 B O
QCFKSAWITSVLHDGFSVDKTHNKFQSVSTIAGQEVQWALGAMIYHMRFFPLRDSSRNLI 4 8O
QC FKSA!{ I T SVLHDGFSVDKTHNKFOSVS T IAGQEVQWALGAM I YHMRFEPLRDS S RN L T 4 B O************************************************************

VKETHSSSESL[.¡APLFFLSAVFcLF]/LVCAKEQSVLcFDDKRRSSFGMsRsQYsYKMLKE 
5 4 O

VI(ETHSSSESLWAPLFFLSAVFCLFVLVCAKEQSVLCFDDKRRSSFGMSRSQYSYKMT,KE 
5 4 o

VKETHSSSESLVÍAPLFFLSAVFCLFVLVCAKEQSVLCFDDKRRSSFGMSRSQYSYKMLKE 
5 4 O

VKETHSSSESLWAPLFFLSAVFCLFVLVCAXEQSVLCFDDKRRSSFGMSRSQYSYKMLKE 
5 4 O************************************************************

NRTSSSFLENFA 552
NRTSSSFLENFA 552
NRTSSSFLENFA 552
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6.7 Alignments of sdz-1 sequencing results.

lSdn- 1WT

2 Sdn- 1N2B
3Sdn- 15E 68Aas i-s
4Sdn-158688

lSdn- l"WT

2 Sdn- 1N2B
3Sdn- 1 5E 68Aas is
4Sdn-158688

lSdn- 1WT

2 Sdn- 1N2B
3Sdn- 15E 68Aas i s
4Sdn-158688

lSdn-1WT
2Sdn- 1N2B
3Sdn-15E68Aasis
4Sdn-15E68B

l- Sdn- 1WT

2 Sdn- 1N2 B

3Sdn-15E68Aasis
4Sdn-158688

l Sdn- lvùT
2 Sdn- 1N2B
3Sdn-15E68Aasis
4Sdn-15E688

1 Sdn- 1WT

2 Sdn- 1N2 B
3Sdn- 1 5E 68Aas is
4Sdn-15E688

LSdn-1WT
2 Sdn- 1N2 B

3Sdn-15E68Aasis
4Sdn-158688

1 Sdn- 1WT

2Sdn-1N28
3Sdn- 1 5E 68Aas is
4Sdn-15868B

lSdn-1WT
2Sdn-1N28
3 Sdn- 1 5E 68Aas i s
4Sdn-15E688

-TCCTCCTCCACCACAACACCAATTGCTTTTTCAGGGGT NU\GAGAGTTTCCzu\J\GAGAT 5 9

_ :::l ::1:::T:i:ï:i::ï1 l:::l ïl:1::::1ffi:î:å:Tii::ffi 8ffiåi ; ;
?TCCTCCTCCACCACAACACCAJ\TTGCTTTTTCAGGGGTAAÃGAGAGTTTCCA,U\GAGAT 6 O

************* È****

GCCGGTCAGGTGATTACACCAACAÂGACAATATGATTCTGA,U\CTCAATTTCTGCCTGTC 1 1 9

GCCGGTCAGGTGATTACACCAACAÄGACAATATGATTCTGAAACTCAATTTCTGCCTGTC 1 1 9

GCCGGTCAGGTGATTACACCAACAÄGACAATATGATTCTGA]U\CTCAATTTCTGCCTGTC 7 9

GCCGGTCAGGTGATTACACCAJ\CAAGACAATATGATTCTGA'U\CTCAATTTCTGCCTGTC 1 2 O

* * * J. * * * + * * * * * * * * * * * * * *** * * * * * * * * * * * * * * * * * * * * * )¡( * * * * * * * * * * * J.* *

GACTTACT CGGTCCT CAT TCTCCTATCCTTATCTACACAAGCT T TCGCCGCA.AATCAAGC 1 7 9

GACTTACT CGGTCCT CAT TCTCCTATCC TTATCTACACAAGCTTT CGCCGCAAATCAAGC 1 7 9

GACTTACT CGGT CCT CATlCTCCTAT CCTTATCTACACAAGCTT T CGCCGCAAATCAAGC 1 3 9

GACTTACT CGGTCCTCATTCTCCTAT CCTTATCTACACAAGCT TTCGCCGCAAATCAAGC 1 8 O

** *./. * * * * * ** * ** * ** * ** * *** * * ** *** ** * * * * ** ** tr** ** ** *** * * * * ** ** *

NUUU\CGAJU\GTGGTCCCTTCGTCAACTATTTCTACGA'U\i\GCTTGA'\'UU\TGGAJ\TATC 2 3 9

A'UUU\CGA'U\GTGGTCCCTTCGTCAACTATTTCTACGA,UU\GCTTGAJ\JUU\TGGAJ\TATC 239

A¡UUU\CGA'U\GTGGTCCCTTCGTCAACTATTTCTACGAAÄAGCTTGA¡UUU\TGGN\TATC 1 9 9

AAÄAAC GAAAG T G G T C C C T T C G T CAAC T AT T T C TAC G NUU\G C T T G A'UUU\T G GAJ\T AT C 2 4 O

**tr** * * * * *** *** * ** * * * *** * * * * * ** * * * *** * ***** *,¡r*** ** * * * ** *** * +

T GAAGTÄAGT TAT TATAT AJ\ì\T T TAT CATAAT GT TACAATACGATACTAC GAAAT T CAT T 2 9 9

T GAAGTAAGT TAT TATAT AìU\T TTAT CATAAT GT T ACAATACGATACTAC GÄ.AAT T CAT T 2 9 9

T GAAGT AAG T TAT TATAT AJV\T T T AT CATAAT G T TACAATACGATACTAC GA.AAT T CAT T 2 5 9

1 GAAG TAAGT TAT TATATAAAT T TAT CATAAT GT TACAATAC GATAC TACGAÄAT T CAT T 3 O O

***J.************+*****Jr*************************************

CACCAGCGCACTTTTTGTTTGCGC AJ\'\GCAGGCTCGAATCTGAAGCGCGGCAAATGCGCA 3 5 9

CACCAGCGCACTTTTTGTTTGCGCAÀÄGCAGGCTCGAATCTGAAGCGCGGCAÀATGCGCA 3 5 9

CACCAGCGCACTTTT TGTTTGCGCAJ\AGCAGGCTCGAATCTGAAGCGCGGCN\'\TGCGCA 3 1 9

CACCAGCGCACTTTTTGTTTGCGCAAAGCAGGCTCGAATCTGAAGCGCGGCAAATGCGCA 3 6O

*********J.*********************ìk****************************

CCA¡UU\TATTTGCATTATTCAJU\CAGATATAATGGGCGATGGAGCGCGCGTAACATA'U\T 4 1 9

C C NUU\TAT T ÎGCAT TAT T CAÀACAGATATA.AT GGGC GAT GGAGCGCGCGTAÄCAT AJÐ\T 4 1 9

CC A]UU\T AT TT GCAT TAl T CAÄACAGATATAAT G GGCGAT GGAGC GCGCGTAACAT NU\T 3 7 9

CCAiUU\TATTTGCATTATTCAJU\CAGATATAATGGGCGATGGAGCGCGCGTAACATAAAT 4 2 O

****** * * * *** ** * ***** * * ** * * * * * ** ** * * * * t * + *** * **+*** + * * * * **** *

AATAATAT TAATAATAATAACGAATAATAT T TAT T TAAATAATAT AATAATAATAT TGGC 4 7 9

AATAATAT T AATAAT AATAACGAATAATATT TAT T T A,U\T N\TATA.ATAATAÀTAT TGGC 4 7 9

AATAATAT TAATÄATAATAAC GAATAATATT TAT T TAÄATAATATAATAATAATAT TGGC 4 3 9

AATAATAT TAATAATAÀT AACG AAT AATAT T TAT T T A,U\T AJ\TAT AATAATAATAT TGGC 4 8 O

** ** ** * * * * Jr* * * * * * * ** ** * * * * * * * * *** * * * ** * * * *** * * ** * * * * ***t(** **

AATATGAATAATTTGAAACTTTTGCAGCAGGTCGAAGGA'T\GTGCAJU\CATTCCCGGCAGG 5 3 9

AATAT GAAT AJ\T T T G A'\\CT T T T GCAG CAGGT C GAAGGAAG T GCAAACAT - C CCGGCAGG 5 3 8

A,ATATGAATAATTTGfu\ACTTTTGCAGCAGGTCGAA(;GAAGTGCAAACATTCCCGGCAGG 4 9 9

AATATGAATAATTTGAAACTTTTGCAGCAGGTCGAAGGAAGTGCAÄACAT -CCCGGCAGG 5 3 9

*+***+******** *****+******************** ********** :.**** *****

T TAGCAGACAT C GAAGT CAAT GGAT CC G GC TAC C CAACCGACGAC GAA- - 5 8 7

T-AGCAGACAT------- ----- 548
TTAGCAGACAT CGAAG T CAAT GGAT CCGGCTAC CCAACC GAACGACzuUU\ 5 4 9

T-AGCAGACA',T------- ----- 549
+ *++*+*+l* 

ß4



t.
t., -!, \.,^

- - - -rr TccaGCAGGTCGAACþeaCrCCe Z aSdn-2VtlT
Sdn-2N24
Sdn-2N2Brevcomp
Sdn-258 684
Sdn-25E688

Sdn-2V'IT
Sdn-2N24
Sdn-2N2Brevcomp
Sdn-258 684
Sdn-2 5E 68 B

Sdn-2WT
Sdn-2N24
Sdn-2N2Brevcomp
Sdn-25E684
Sdn-258688

Sdn-2WT
Sdn-2N24
Sdn-2N2Brevcomp
Sdn-25E68A,
Sdn-2 5E 68 B

Sdn-2WT
Sdn-2N2A'
Sdn-2N2Brevcomp
Sdn-25E684
Sdn-25E68B

Sdn-2WT
Sdn-2N24
Sdn-2N2Brevcomp
Sdn-25E684
Sdn-25E688

Ï:liTÏ: :::T::::]Ï:: 1:: 1:Ï]'''qT TGCAGCAGGTCGAAGGAÃGTGCA 2 O 1----t----
TCCATÎGAGWCGATGTSTGCAACMGCKGGA}{TGTAT1TTGCAGCAGGTCGAAGGAAGTGCA 2 3 5

I

,í
AACATTCCCGGCAGGTTAGCAGACATCGAÂGTCAATGGATCCG+TnCICeaCCGACGAC 8 4

- - - -AGC TAGCAGACATC GAAG T CAAÎ G GATC CGGC TAC CCÀAC CGACGAC 4 7

AACATTCCCGGCAGGTTAGCAGACATCGAÀGTCAATGGATCCGGCTACCCAACCGACGAC 2 6 1
l

- - - - - GCTAGCAGA- ATCGA- G T CAAT G GATCCG GC TACCCAAC CGACGAC 4 4

AÀCATTCCCGGCAGGTTAGCAGACATCGAAGTCAAÎGGATCCGGCTACCCMACCGACGAC 2 95
*r **** *** / * ****..¿* *ìk********** i *t ****'* * **** ***

I

GAAGACGGTGATGATGTCCATGGGT CAGGTGGGTATT TTGAAT TGTTCTTGACAACTGTG 1 4 4
I

GAAGACGGTGATGATGTCCATGGGTCAGGTGGGTATTTTGAATTGTTCTTGACAACTGTG 1 O7
CA¡iCACEETGATGATGTCCATGGGTCAGGTGGGTATTTTGAATTGTTcTTGACAACTGTG 32 1

I

GAAGACGGTGATGATGTCCATGGGTCAGGTGGGTATTTTGAAT TGTTCTTGACAACTGTG 1 O 4

GAAGACGGTGATGATGTCCATGGGTCAGGTGGGTAT TTTGAAT T GTTCTTGACAACTGTG 3 5 5
* ** * * * * * * * * * * ** *.** * ** ** * * * * * * * * * ìk* * * * * *.,¡r* * * * ** * * * * * * * * * * * * J. *

AGAAATCCTGTTAGAAAAGCGTTAGTCCAGATGCA'U\TTTAATTGTGTGCGCCGCTTGCA 2 O4

AGA]\ATCCTGTTAGA'UU\GCGTTAGTCCAGATGCAJU\TTTAATTGTGTGCGCCGCTTGCA 1 67
AGAÄATCCTGTTAGAAAARCGTTAGTCCAGAWGCA,AA,WTTAATTGTGTGCGCCGCÎTGCA 3 8 I
AGAA.ATCCTGTTAGAAÄ¡,GCGTTAGTCCAGATGCAA ATTTAATTGTGTGCGC CGCTTGCA 1 64
AGAAATCCTGTTAGAAAARCGTÎAGTCCAGATGCAAAWTTAATTGTGTGCGCCGCTTGCA 4 1 5
*** ** * ** ** ***** * * * rr** * ** ** *** ** r-*** * *V** JrJ. * **** ** * ** * ** * ** * *

GTTTTCAATCTGTGACAGACAAATTTGAÃAACCTTT TTTAGGCAAGCCGCCATCTTCAGC 2 64
GTTTTCAATCTGTGACAGACNU\TTTGA'UAACCTTT TTTAGGCAAGCCGCCATC'TT CAGC 227
GT T T T CAAT C T GT GACAGACAAAT T T G NU\,\CCT TT T T TAGGCÃAGCCGCCAT CT T CAG C 4 4 1

GTTTTCAATCTGTGACAGACAìU\TTTGAAAACCTTTTTTAGGC,AÄGCCGCCATCT T CAGC 2 2 4

GTTTTCAATYTGTGACAGACAAAI.]TTGA'UU\CCTTTTTTAGGC.AAGCCGCCATCTTCAGC 4 7 5
* * * Jr * * * * * rl * * * * * * * * * * * * * ìl * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

TACCACAJUU\TCGGACAAGGTTACATClCCAAGCCATGCTGTTGTGACTGCAAÃGCCGAC 3 2 4

TACCAC AÄÄATCGGACAAGGlTACATCTCCAÀGCCATGCTGTTGTGACTGCA.AAG CCGAC 281
TACCACAAAATCGGACAAGGTTACATClYCA.AGCCATGCTGlTGTGAClGCA.AJ\GCCGAC 5 O 1

TACCACAJUU\TCGGACAå,GGTTACATCTCCAAGCCATGCTGTTGTGACTGCAÄAG CCGAC 2 8 4

TACCACAìUU\TCGGACAAGGÎTACATCTYCAARCCATGCTGTTGTGACÎGCAAARCCGAC 5 3 5
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Sdn-2WT
Sdn-2N24
Sdn-2N2Brevcomp
Sdn-25E684
Sdn-2 5E688

Sdn-2VùT
Sdn-2N24
Sdn-2N2Brevcomp
Sdn-25E684
Sdn-2 5E 6 8B

Sdn-2hIT
Sdn-2N24
Sdn-2N2Brevcomp
Sdn-2 5E6BA
Sdn-2 5868 B

AACGGTACCTACTACTACAGCGGTTTGTGTCGGCTTTTTCTTTTGATGTGTTTTACCGCA 
3 8 4

AACGGTACCTACTACTACAGCGGTTTGTGTCGGCTTTTTCTTTTGATGTGTTTTACCGCA 
3 4 7

AACGGTACCTACTACTACAGCGGTTTGTGTCGGCTTTTTCTTTTGATGTGTTTTACCGCA 
5 6 1

AÀCGGÎACCTACTACTACAGCGGTTTGTGTCGGCTTTTTCTTTTGATGTGTTTTACCGCA 
3 4 4

AACGGTACCTACTWCTACAGCGGTTTGTGTCGGCTTTTTCTTTTGATGTGTTTTACCGCA 
5 9 5* * * * * * * * * * * * + + + * * * * * * * * * + * * * * * * * * * * * * * * * * * * * + * * * * * * ,< * * * * * * Jr

ATCTTlCATTCTTCAGAGCT TCAAGCCTCCTG TTCAGCCCAAGCCTAAGCCAGCGGC A Ð\ 4 4 4
ATCTTTCATTCT TCAGAGCT T CAAGCCTCCTGTTCAGCCCAAGCCTAAGCCAGCGGCAAA 

4 O 7ATCTTTCAT--CTCAGAGCT-CAAGCTCC_______ ______ 587
ATCTTTCATTCTTCARAGCTTCAAGCCTCCTGTÎCAGCCC.AAGCCT.AAGCCAGCGGCA'\'\ 

4 O 4A,TCTT-CAT--CTCAGAGCT-CAAGCTCAT______ ______ 62L***** -¡l.** *** .****, ìk****

CGA-CAAGGAG- 454
CGA-CAAGGAGA 418

CGAACAAGGAGA 416
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sdn3
sdn3N2A
sdn3N2B
sdn35E68A
Sdn3 5E68 B

sdn3
sdn3N2A
sdn3N2B
sdn35E68A
Sdn35E68 B

sdn3
sdn3N2A
sdn3N2B
sdn35E68A
Sdn35E68B

sdn3
sdn3N2A
sdn3N2B
sdn35E68À
Sdn3 5E68 B

sdn3
sdn3N2A
sdn3N2B
sdn35E68A
Sdn35E68 B

sdn3
sdn3N2A
sdn3N2B
sdn35E6BA
Sdn3 5E68 B

sdn3
sdn3N2A
sdn3N2B
sdn35E68A
Sdn35E68B

sdn3
sdn3N2A
sdn3N2B
sdn35E68A
Sdn3 5E 68 B

sdn3
sdn3N2A
sdn3N2B
sdn35E68A
Sdn35E 68 B

i
i--Tacecccc - T T TGTGTCGGc TTTTTCT TTTGAT GTGTTT TACCGCAATCT TT CATTCT T 5 9
I - A^--õA ññ 1 ô
i -- - - - - - - - -- - TACCGCA- -'I',U'i"L"L'tq'i"l'u'r"¿ -t u

ptacencSccTTTGTGTCGGCTTTTTcTTTTcATGTGTTTTAccGCAATCTTTCATT YTT 60

-;;;;;;-;;;;;;;;;;;;;;;;;;;;:åiffi äiiiiiå:::il;äiii:Tiff ii 3;
* *lr** ** ** **

.i-
cAGAccTTCAAGCCTcCTGTTCAGCcCAÀGCCTAA.cccAGCcccÀA,\CGAcAAcGA(PTc r r s
CAGAGCTTCARGCCTCCKGTTCAGCCCARGCCWARGCCAS'CGGYAÄACGACAAGGAGATC 7 8

CAGAGCTTCAAGCCTCCTGTTCAGCCCAAGCCTAAGCCAGCGGCAJU\CGACAAGGAGATC 1 2 O

ÇlçaccrrcARGccrccKGTTcAGCccaÄcccrAAGccMGccGcAÄ-A.cGACAAccAGATC 8 6

rÁceccT tcAARC C T Cc T GT T CAGccCAÄGCc TAAGCCAGC GGCAÀAC GACAAGGAGAT C 1 1 8
'-þ******* ***** -********** *Jr* * *** .*** ****************

ti'
AAGGTCGAGGAGGACGAGGACGATGATGAAGATGAGGATGAAGATGATGAGGATGATGAA 17 9

ARGGTCGAGRAGGACGAGGACRATGATGAARATGAGGATGAAGATGATGAGGATGATGAA 13 8

AAGG T CGAG GAG GACGAGGAC GAT GAT GAAGAT GAGGAT GAAGAT GAT GAGGAT GAT GA.A 1 8 O

AAGGT CGAGGAG GACGAGGAC GATGATGAAGAT GAGGAT GAAGAT GATGAGGATGATGAÀ 1 4 6

AAGGTCGAGGAGGACGAGGACGATGATGAAGATGAGGATGAAGATGATGAGGATGATGAA 17 8
*,******* *********** ******** ****+************************

GAAGATTTTGCTGATGAGAATATTCATAATGATGAAGATTTCTTCACAACTACTACTACA 2 3 9

RAAGAT T T T GC T GAT GARAATAT T CAT AAKGAT GAARAT T T C T ÎCACAAC TACWACTACA 1 9 8

GAAGATTTTGCTGATGAGAATAT TCATAATGATGAÃGATTTYT TCACAACTACTACTACA 2 4 O

GAAGATTTTGCTGATGAGAATATTCATAATGATGAAGATTTCTTCACAACTACTACTACA 2O 6

GAAGATTTTGCTGATGAGAATATTCATAATGATGAAGATTTYTTCACAACTACTACTACA 2 3 8
,**************** *********** ****** **** *********** ***J<**

ACAÀ,CGTATCGACCTATTGTTGTAGCTACCACCTCGTATGTTTTTCATTTGAAC A'UU\U\ 2 9 9

ACAACGTATCGACCTATTGTTGTAGCTACCACCTCGTATGTTTlTCATTTGAACfuUU\\'\ 2 5 8

ACAACGTATCGACCTATTGTTGTAGCTACCACCTCGTATGTTTTTCATTTGAACNUU\j\'\ 3O O

ACAACGTATCGACCTATTGTTGTAGCTACCACCTCGTATGTTTTTCATTTGAACA'U\'\A/\ 2 6 6

ACAACGTATCGACCTATTGTTGTAGCTACCMCCTYGTATGTTTTTCATTTGAACAJU!\U\ 2 9 8

* * * * +* * ** *** * * ** * *** * * * ** *** * * ,*** . * * *Jr* * * * * * ** ** ** * * * * *,¡(*J. *

CAÄAACTATTCTAATGCCCTCCAGGGCCCAGGATTTATGCATCTAGNU\TGTATTAATTA 35 9

CA.AAAYTATTCTAATGCCCTCCAGGGCCCAGGATTTATGCATCTAGAAAKGTATTAATTA 3 1 8

CAA.AACTATTYTAATGCCCTCCAGGGCCCAGGATTTATGCATCTAGAAATGTATTAATTA 3 6 O

CÄÄÄAC TAT TC TAAKGC C C T C CAGGGCC CAGGAT T TAT GCAT C TAzuqJU\T GTAT TAAT TA 3 2 6

CAi\iU\CTATTYTAATGCCCTCCAGGGCCCAGGATTTATGCATCTAGA'U\TGTATTAATTA 3 5 8

************.,k********************'(******************jr**

T c r r GT çAAT c AAC AAAT ccc c G Aiuqi\cAT crAccAGccAAT T TAAT T T T çAAT T TT cbA 4 1 9

TClTGTCAATCAACAAATCCCCRIUUU\CWTCTAGCAGCCAWTTTAWTTTTCAb]TTTTC'CA 37 8

TCTTGTCAATCA;\CAJU\TCCCCGA'\'{¡\CATYTAGCAGCCAATTTAATTTTCAATTTTCCA 4 2 O

TCTTGTCAATCAi\CA'U\TCCCCRÄAAACATCTAGCAGCCAATTTAATTTTCAATTTÎCCA 3 8 6

TCTTGTCAATCA¡\C A,U\TCCCCGruUU\CATCTAGCAGCCAATlTAÀ,TTTTCAATTTTCCA 4 1 8

********************** ***** * ********* **** ,****** ****'.**

GA-ACGCCAÀCCTCACþa{CACAiU\TCCACCTCGACAGCAõCCACCAATGGTCACATCAA 4 7 9

RA.ACYCCAAGGTCAGCAS.CCECE¡ATCCACCTCGACRGGAGCCACCAAKGGTCACATCAA 4 3 8

GAACGCCAAGGTCAGCAGCCACAÄATCCACCTYGACAGGAGCCACCAATGGTCACATCAA 4 8 O

RAACGC CA.A,G G T CAGCAG CCAC fuU\T CCACC T CGACAG TAGC CAC CAATGG T CACAT CAA 4 4 6

GAACGCCAAGGTCAGCRGCCACAAATCCACCTCGAC#TAGCCACCAATGGTCACATCAA 4 7 8

*** **Jr******** *J<************ *** # ********* *********J.*

CCATCTCAT CTGGACCAT TCTCGCCAT TCCATGAGACACTGGC AJU\TGGCT TC I 5 3 2

CCAYCTCAT C KGGACCAT TCTCGCCWTTCCATGARACAC KGGC A]U\KGG __ _ - 4 8 7

CCATCICATCTGATCATYCSACGCCA- -------- 506
CCATCTCAT CKGGACCAT TCTCGCCAT TCCATGARÀCAC TGGCAAÀKGGCT YM 4 9 9

CCATCTCATCTGAGCAT- -------- 495
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sdn4WT
Sdn4N2A
Sdn4 N2 B

Sdn4 58684
Sdn4 5E 68 B

sdn4[ùT
Sdn 4 N2A
Sdn4 N2 B

Sdn4 5E 684
Sdn45E68B

sdn4WT
Sdn4N2A
Sdn4 N2 B

Sdn45E68A
Sdn45E68B

sdn4 !,IT
Sdn4N2A
Sdn4N2B
Sdn4 5E 684
Sdn45E68B

sdn4WT
Sdn4N2A
Sdn4N2B
Sdn4 5E 684
Sdn4 5E 688

sdn4WT
Sdn4N2A
Sdn4N2B
Sdn45E68A
Sdn4 5E688

sdn4WT
Sdn4N2A
Sdn4N2B
Sdn4 5E684
Sdn4 58688

sdn4WT
Sdn4N2A
Sdn4N2B
Sdn4 5E 684
Sdn45E68B

- -CAGAACGCCAAGGTCACcn&ceCezu+T CCACCTCGACAGCAGCCACCAATGGTCACA 5 I
- -- -r* - - - -- - - - ---crcGAC-GGAGCCACCAATGGTCAcA 2 5

- TAGAACGCCCCAGGTCAGCAGCCACAAATCCACCT CGACAGGAGCCACCAÀTGGTCACA 5 9

;;;il;;;;-;;;;;;ä;;^""; ;;:i::TË;3iå333i::ffii::;:â:å 3 ;
**** ìÈ.*****J<********t(**

T CAACCATCTCATC TGGACCAT TCTCGCCATTCCATGAGACACT GGCAAATGGCTTCTAT 1 1 8

TCAACCATCT CATC TGGACCAT T CT CGCCATTCCATGARACACT GGCAAATGGCTTCTAT 8 5

TCAACCATCTCAT YTGGACCAT T CT CGCCAT TCCATGAGACACT GGCAAATGGCTTCTAT ]- 1 9

TCAACCATCTCATC TGGACCAT T CT CGCCATTCCATGARACACT GGCAAATGGCTT CTAT 8 5

T CAACCATC T CATYTGGACCAT T CT CGCCAT TCCAT GAGACACT GGCAAATGGCTTCTAT 1 1 9

* * )¡< + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ìk * *

GCAGGTATGTGTGAAGCAAAACTCATTTCAATTAAT T T TGCATTGGGACC T TTGAT CGT C 1 7 8

GCAGGTATGTGTGAAGCAAAACT CAT TTCAATTAATT T TGCATT GGGACCTTTGAT CGT C 1 4 5

GCAGGTATGTGTGAAGCAAAACT CAT TTCAATTAATT T TGCAT T GGGACC T TTGATCGTC 1 7 9

GCAGGTATGTGTGAAGCAAAACT CAT TTCAATTAATT T TGCAT T GGGACCTTTGATCGTC 1 4 5

GCAGGTATGTGTGAAGCAAAACTCATTTCAATTAATTTTGCATTGGGACCTTTGATCGT C L1 9

*****************************************t'******+***********

CGGAGTGTAACTAÎCAT TAGTGGGAGCAGAT GCAAAT GTACATAAATCGCCCGGTCAGT G 2 3 8

CGGAGTGTAACTATCATTAGTGGGAGCAGATGCAAATGTACATAÀATCGCCCGGTCAGTG 2 O 5

CGGAGTGTAACTATCAT TAGT GGGAGCAGATGCAAATGTACATAAATCGCCCGGTCAGT G 2 3 9

CGGAGTGTAACTAlCATTAGTGGGAGCAGATGCAJU\TGTACATAAATCGCCCGGTCAGTG 2 O 5

CGGAGTGTAACTATCATÎAGTGGGAGCAGATGCAAATGTACAT A'U\TCGCCCGGTCAGTG 2 3 9

***Jr***********************'r********************************

TGATGGCGT CGGCGAAT GATT T GT T GCGAGAT GATAAATTGAT GTCT TCTCGTCAATCGA 2 9 B

TGATGGCGT CGGCGAAT GATTTGTT GCGAGATGATAAATTGATGTCTTCT CGTCAATCGA 2 6 5

TGAT GGCGT CGGCGAAT GAT T TGTTGCGAGATGATAAATTGATGT YT TYTCGTCAAT CGA 2 9 9

TGATGGCGTCGGCGAATGATTTGTTGCRÀGATGATA,AATTGATGTCTTCTCGTCAATCGA 2 6 5

TGATGGCGTCGGCGAATGATT T GTT GCGAGATGAT NU\T TGATGTCT TCTCGTCAAT CGA 2 9 9

*****J<******************'(*+ ***************** ** ***********

AGGCAACACGGTTGCATTCAATATATTCGGCCACTGTATTCCGGGGGAATATGCÎGCCTC 35 B

AGGCAACACGGTTGCATTCAÂTATATTCGGCCACTGTATTCCGGGGGAATATGCTGCCTC 325

AGGCAACACGGTTGCAT TCAATATAT TCGGCCACTGTATTCCGGGGGAATATGCTGCCT C 3 5 9

AGGCAACACGGT TGCAT TCAATATATTCGGCCACÎGTATTCCGGGGGAATATGCTGCCT C 3 2 5

AGGCAACACGGTTGCATTCAATATATTCGGCCACTGTATTCCGGGGGAATATGCTGCCTC 35 9

* * * Jr * ** * * ** * * * * ** ** ** * * ** * *** * * ** ** ** * ** *** * * * * * ** * *Jr* * * * J< * *

AAGCCTATCCGTTCCGTCTGTTCCGGATGGGCAAATATACACAAAAATATGAGACTTGCA 4 1 8

AAGCCTATCCGTTCCGTCTGTTCCGGATGGGCAAATATACACAA]\AATATGAGACTTGCA 3 8 5

AAGCCTATCCGTTCCGTCTGTTCCGGATGGGCA'U\TATACACAÄÄ]\ATATGAGACTTGCA 4 1 9

AAGCCTATCCGTTCCGTCTGTTCCGGATGGGCAAATATACACAAAAATATGAGACTTGCA 3 8 5

AAGCCTATCCGTTCCGTCTGTTCCGGATGGGCA'U\TATACACAAJ\AATATGAGACTTGCA 4 1 9

*************************t(*******************************t<**

T AJUU\GTATGCATACT T TT TGCATT CCGGACACTCATCCCGTCCATTTT TCGCGACCAGT 4 7 B

T N\iU\GÎAT GCATACT TTT TGCATT CCGGACACTCATCCCGTCCAT T T TT CGCGACCAGT 4 4 5

T A¡UUqGTATGCATACT T TT TGCATTCCGGACAClCATCCCGTCCATT T T TCGCGACCAGT 4 7 9

T NUU\GIATGCATAC T T TT TGCATT CCGGACACTCATCCCGTCCAT TTT TCGCGACCAGT 4 4 5

TAAÄAGTATGCATACT T T T TGCAT T CCGGACACTCATCCS GTCCATTTT TCGCGACCAGT 4 7 9

*************************************¡l*******ìL***********'<**
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sdn4WT
Sdn4N2A
Sdn4 N2B
Sdn4 5E684
Sdn4 58688

sdn4!{T
Sdn4N2A
Sdn4N2B
Sdn4 5E684
Sdn45E68B

CTATCAATCAATGTGTACAGCTCGAGGATGTGCTAGT TTGT TGTCGAGCTGTTTCT TAÀT 5 3 8
CTATCAATCAAT GTGTACAGCTCGAGGATGTGC TAGTT T GT TGTCGAGC TGTT TCT TAÃT 5 O 5
CTATCAAT CAAT GT GTACAGCTCGAGGATGTGCTAGTT - GTG_ -CGAGCTC- - - _ _ _ _ - _ 5 21
CTATCAATCAATGTGTACAGCTCGAGGATGTGCTAGTTTGTT GTCGAGCTGTTTCT TAÃT 5 O 5
CTATCAATCAAÎGTGTACAGCTCGAGGATGTGCTAGTT - GT G - -CGAGGC - - - - _ - - _ * - 5 2 6
* * * **** ** ** * ** ***** *** * ** * * * **** * * **** * * * * + *

GACAGATGGCGTGGCCTCTT--- 558
GACAGATGGCKKGGGCCTCTATG 5 2 8

GACAGAIGGCKKGGGCCTW'I A_ - 526
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Sdn5WT
Sdn5N2A
Sdn5N2B
Sdn5 5E 6BA
Sdn55E6BB

Sdn5WT
Sdn5N2A
Sdn5N2B
Sdn55E 684
Sdn55E68B

Sdn5WT
Sdn5N2A
Sdn5N2B
Sdn55E68A
Sdn55E 688

Sdn5!'fT
Sdn5N2A
Sdn5N2B
Sdn5 5E684
Sdn5 5E 688

Sdn5WT
Sdn5N2A
Sdn5N2B
Sdn5 5E 6 8A
Sdn55E68B

Sdn5vùT
Sdn5N2A
Sdn5N2B
Sdn5 5E684
Sdn55E68B

- :T::::i::::: ::::]:]:Ï::::1T:'"'*TATACACAÄÄAATATGAGACTTG 5 9

- __ -CA,\i\\TATGAGACTTG 1 6
TCAAGCCTATCCGTTCCGTCTGTTCCGGATGGGCA,AATATACACAì\i\;U\TATGAGACTTG 6O

-GCATTAIVICAGAATATGAGACTTG 2 3
TCAAGCCTATYCGTTCCGTCTGTTCCGGATGGGCAJU\TATACACA'\'\'U\TATGAGACTTG 6 O

* **********ìt**

CATAiUU\GTATGCATACTTTTTGCATTCCGGACACTCATCCCGTCCATTTTTCGCGACCA 1 1- 9
CAT AA AAGTATGCATACTTTTTGCATTCCGGACACTCATCCCGTCCAT T TTT CGCGACCA 7 6
CAT AJU\ AGTATGCATACTT TlTGCAT TCCGGACACTCATCCCGTCCATT TTTCGCGACCA 1 2 O

CATAA AAGTATGCATACT TTTTGCATTCCGGACACTCATCCCGTCCATT TT TCGCGACCA 8 3
CATAÄÄ]\GTATGCATACTTTTTGCATTCCGGACACTCATCCCGTCCAT T TTTCGCGACCA 1 2 O
*ìk* * * * * * * * * * * * * ** * * * * * * * * * ** * * * * * * * * + * * * * * * * * * * * * * ìk * * * * * * t<* *

GTCTATCAATCAATGTGTACAGCT CGAGGATGTGCTAGTTTGT TGTCGAGCTGT TTCTTA 1 7 9
GTCTATCAATCAÀTGTGTACAGCTCGAGGATGTGCTAGTTTGTTGTCGAGCTGTTTCTTA 1 3 6
GTCTATCAATCAATGTGTACAGC TCGAGGATGTGCTAGT TTGT TGTCGAGCTGT T TCTTA 1 8 O
GTCTATCAATCAATGTGTACAGC TCGAGGATGTGCTAGTTTGTTGTCGAGCTGTTTCTTA 1 4 3
GTCTATCAÀTCAATGTGTACAGCTC GAGGATGTGCTAGTTTGTTGTCGAGCTGT TTCTTA 1 8 O
**** *** * * * * ¡¡(*** ** * ***** * * * ** * * * -l ** * * * ** *** ** * * * * * * * ** * * * * * * *

ATGACAGATGGCGTGGCCTCTTCTTCGTCTTCTTGTGCTTGTGTCACAGAATGGGGACCC 2 3 9
ATGACAGATGGCGTGGCCTCTTCTTCGTCT TCTTGTGCTTGT GTCACAGAAT GGGGACCC 1 9 6
ATGACAGATGGCGTGGCCTCTTCTTCGTCTTCTTGTGCTTGTGTCACAGAATGGGGACCC 2 4 O
ATGACAGATGGCGTGGCCTCTTCTTCGTCTTCTTGTGCTTGTGTCACAGAATGGGGACCC 2 O 3
ATGACAGATGGCGTGGCCTCTTCTTCGTCTTCTTGTGCTTGTGTCACAGÀATGGGGACCC 2 4 O
*Jr******* *******************J.*******************************

CT TCGTATGAATGATGCACCACCACACATACTCT TCTTTCCCCCATGTGTCTAATTATTC 2 9 9
CT TCGTATGAATGATGCACCACCACACATACTCT TCTTTCCC CCATGTGTCTAAT TAT TC 2 5 6
CTTCGTATGAÀTGATGCACCACCACACATACTCTCTTACCCCC__ -__--- 283
CTTCGTATGAATGATGCACCACCACACATACTCT TCTTTCCCCCATGTGTCTAATTATTC 2 6 3
CTTCGTATGÄATGATGCACCACCACACATACTCTCTCCCCC_--- --_--_ 287**********************************

CTGGTGGGAAGACGATGAGAG- 32 O

CTGGTGGGAAGACRATGAGAGA 21 8

CTGGTGGGAÀGACRATGAGAG_ 28 4
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Sdn 6Vri T

Sdn6N2A
Sdn6N2B
Sdn65E68A
Sdn65E68B

Sdn6WT
Sdn6N2A
Sdn6N2B
Sdn65E68A
Sdn65E68B

Sdn 6[VT

Sdn6N2A
Sdn6N2B
Sdn65E68A
Sdn65E68B

Sdn6V{T
Sdn6N2A
Sdn6N2B
Sdn 65 E 684
Sdn65E68B

Sdn6WT
Sdn 6N2A
Sdn6N2B
Sdn65E68A
Sdn65E68B

Sdn 6WT

Sdn 6N2A
Sdn6N2B
Sdn65E68A
Sdn65E68B

Sdn 6WT

Sdn6N2A
Sdn6N2B
Sdn 65E6 8A
Sdn65E68B

Sdn6WT
Sdn6N2A
Sdn6N2B
Sdn65E68A
Sdn65E6 8 B

_CAGAAT GGGGACCCCTTCG TATGAATGAT GCACCACCACACATACTCT T CT T TCCCCCA 5 9

ACACACATACTCTTCTTTCCCC-A 2 3

TCAGAATGGGGACCCCT T YGTATGAAT GATGCAC CACCACACATACTCT T CT T TCCCCCA 6 O

;;;;;il;;;;;;;;;;;;il;ilä;;;;;;;å:tiå:i;ffi:iii3333;t å3
*** ** * *****ìt* *

TGTGTCTAÃTTATTCCTGGT GGGAAGACGATGAGAGCTCT T CT TT CT TAT TGAAAGAJU\C 1 1 9

TGTGTCTAATTATTCCTGGTGGGAAGACGATGAGAGCTCTTCTTTCTTATTGAAAGA'U\C 8 3

TGTGTCîAAT TATTCCTGGT GGGAAGACGATGAGAGCT YT TCT TT YT TAT TGAAAG AAAC 1 2 O

TGTGTCTAATTATTCCTGGTGGGAAGACGATGAGAGCTCTTCTTTCTTATTGAÄAGAAAC 7 9

T STGT S TAAT TAWTCCTGGT GGGAAGMCGAT GASAGCT YT TCTTTCTTAT TGAAAG AÄAC 1 2 O

* *** ****** **********t(Jr* ****** **** ****** **********ìl***

CAACAAGTATTGGTGAATGACACGCCAGAi\i\TTATATTATTGAAAÄCGGAGAGATGATGA 1 7 9

CAACAAGTATTGGTGAATGACACGCCAGAAATTATATTATTGAj\]U\CGGAGAGATGATGA 1 4 3

CAACAAGTATTGGTGAATGACACGCCAGAAATTATATTATTGAAÄÀCGGAGAGATGATGA 1 8 O

CAACAAGTATTGGTGAATGACACGCCAGA'U\TTATATTATTGAJUU\CGGAGAGATGÀ'TGA 1 3 9

CAACAAGTATTGGKGAATGACAMGCCAGAAATTATATTAWTGAAAACGGMRAGATGÄTGA 1 8 O

************* ****+*** *t(************** ********* *********

T GAT GATGAGGAT CAAGAT G GGT CCAÄAT TATATATGAG T GCCAC TGAACGAGACAC T T C 2 3 9

T GAT GAT GAGGAT CAAGAT GGGT CCAAAT TATATAT GAGT GCCAC T GA.AC GAGACAC TT C 2 O 3

T GAT GAT GAGGAT CAAGAT GGGT CCA.AAT TATATAT GAGT GCCAC T GAACGAGACAC T T Y 2 4 O

TGATGATGAGGATCAAGAT GGGTCCAÄAT TATATATGAGT GCCACTGAACGAGACAC TT C 1 9 9

T GAT GAT GAGGAT CAAGWT GGGT C C A'U\T TATATAWGAGT GCC YC YGAÄCGAGACAC T T Y 2 4 O

*Jr*****J.********* **********'(****** )k****t<* * *************

TCAAGT TTT CTAT TTT GGCGCA'UUU\TGTAGGCAGAGATGTTTAGTTTT T T TCT TT CCAC 2 9 9

TCAAGT TTTCTAT TTTGGCGC A'UUU\TGTAGGAAGAGATGTTTAGTTT TT T TCTTT CCAC 2 6 3

TCAÀGTTT T Y TATT T TGGCGC Ai\iVU\TGTAGGAAGAGATGTTTAGTTTTT TÎCT T T CCAC 3 O O

TCAAGTTTTCTATTTTGGCGCA'UUU\TGTAGG.AJ\GAGATGTTTAGTTTTTTTCTTT CCAC 2 5 9

T CAAGTIÍ TT YTAT TT TGGCGC NUUU\TGTAGGAAGAGATGTTTAGTTTT T lTCT T T CCAC 3 O O

**t(** * ** ******** **** *** * ***** * *** **** **** ****** ****** ****

AACACT TGC TTTGAACAAÀCTT TT T TGTGTT TACTGCCT TTTGT GAGGAAGTACAGATGC 3 5 9

AACACTTGCTT T GAACAÄÄCTTTT T T GTGTT TACTGCYT T TTGT GAGGAAGTACAGATGC 3 2 3

AACACT TGCTTTGAÃCAÄACTT T T T TGTGT T TACTGCC TTTTGTGAGGAAGTACAGATGC 3 6 O

AACACT TGCTT T GAACA.AÄYTT TT T T GTGTT TACTGCC T TTTGT GAGGAAGTACAGATGC 3 1 9

AACACTTGCTT T GAACAAACTT TT T T GTGTT TACTGCC TTTTGT GAGGAAGTACAGATGC 3 6 O

***** **** ******** * * t(********** ****** ** **** ************ *** *

CTTGAÄATGGGTTTTTAA.AGAJUU\CATAGACCCClTATGACGCGTGTCTCAÃÄATGTGGG 4 1 9

CTTGNU\TGGGTTTTTAÄAzuUUU\CATAGACCCCTTATGACGCGTGTCTCAAÀATGTGGG 3 8 3

CTTGAAÀTGGGTTTTTAÀAGA'UU\CATAGACCCCTTATGACGCGTGTCTCAAAATGTGGG 4 2 O

CTTGAÄATGGGTTTTTAÀÄGNUU\CATAGACCCCTTATGACGCGTGTCTCAiUU\TGTGGG 3 7 9

CTTGAAATGSGTTTTTAAAGNUU\CATAGACCCCTTATGACGCGTGTCTCAAÄATGTGGG 4 2 O

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * Jr * * * * * * * * * * * * * * * * * * * * J< * * * *

G AìU\GAC G A'\T T GT T CAG T A¡U\G T T GACAT C T C T TC T C AJUU\C T T GC TAT G C T T T CT T C T 4 7 9

GAAAGAC RAAT TGT TCAGTA]\AGT T GACATCT CTTCTC AJUU\CT TGCTATGCTT T CTTCT 4 4 3

GAAAGACGAATTGT TCAGT NU\GT T GACATCT CTTCT CAÄAACT TGCTAT GCT T T CTT CT 4 8 O

G AAAGAC R,AAT T GT T CAGTAAAGT T GACAT C T CT T C T CAAAAC T T GC TAT GC T T T CT T C T 4 3 9

GA.AAGACGAAWT G T T CAGTAAAGT KGACATC T C T T C T CAAAAC T T GC lAT G CT T T CT T C T 4 8 O

***+*** ** ********ìk**** ******************************Jr****
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Sdn6WT
Sdn6N2A
Sdn6N2B
Sdn65E68A
Sdn65E68B

Sdn6WT
Sdn6N2A
Sdn6N2B
Sdn65E68A
Sdn65E68B

TTTGlGGTTATCAlU\ATCTGAGCAGCATCCCACATCTÀ.ACAA AGGAGCCCCAGCTCTATT 5 3 9
TTTGTGGTTATC A;UU\TCTGAGCAGCATCCCACATCTA,ACAAAGGAGCCCCAGYTCTATT 5 O 3
TTTGTGGTTATC ruU\ ATCTGAGCAGCATCCCACATCTAJ\CAJU\GGAGCCCCAGC TCTAT - 5 3 9
TTTGTGGTTATCAAAATCTGAGCAGCATCCCACATCTA'qCAìU\GGASCCCCAKYTCTATl 

4 9 9
lTTGlGGTTATCAAAAÎCTGAGCAGCATCCCACATCTAACA,A AGGAGCCCCAGCTCTATC 5 4 O************ **++ ******* ***** ********* ***** * *** ***** **** *

CTCTTGAG AÃ A.AAGGGCC TGAGG T T CGGGAT GGTGGGACGGAAG - 5 8 3
CT CÎ TGAGAAAÀARGGCCÎ GAGGT T CGGGATGGT GGGACGGAAGA 5 4 8
CTCKAGAÄATTCTT---- -----____ 553
CTCT TGAGAå,WAÄ'G GGC YT KARG T T C G GRATGGT GGGACGGAAG - 5 4 3
TCTKVTKAAAÀACGÎ------ --_____ 554**
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SdnThiT
SdnTN2A
SdnTN2B

iSdn75E68A
Sdn75Ë68B

SdnT!ùT
SdnTN2A
SdnTN2B
SdnT 5E684
SdnT 5E 68 B

SdnT!{T
SdnTN2A
SdnTN2B
SdnT 58684
SdnT 5E 68 B

SdnTWT
SdnTN2A
SdnTN2B
SdnT 5E684
Sdn75E68B

SdnTWT
SdnTN2A
SdnTN2B
SdnT 586 8A
SdnT 5E 68 B

SdnTWT
SdnTN2A
SdnTN2B
SdnT 5E684
SdnT 5E 688

SdnTWT
SdnTN2A
SdnTN2B
SdnT 5E 684
Sdn75E68B

SdnTWT
SdnTN2A
SdnTN2B
SdnT 5E 684
SdnT 5E 68 B

SdnTWT
SdnTN2A
SdnTN2B
Sdn75E68A
Sdn75E68B

- CTGAGCAGCATCCCACATCTzu\CA'\,\GGAGCCCCAGCTCTATTCTCTTGAGN\\,U\GGG 5 9

-CTTGAGAJ\AAGRKC 14
TCTGAGCAGCCACCCACATCTAACAAAGGAGCCCCAGCTCTATTCTCTTGAGA'UUU\GGG 6 O

-GCAGCTCTATTCTCTTGAGA'\;\- -GGG 2 5

CCTGAGGTTCGGGATGGTGGGACGGAAGCCGCTGAAGA'U\G2\GGAAGGCAAGGTCAAGG 1 1 9
CKCRARGTTCRGGATGGTGGGACGSAAGCCGCI{GAW-MÄASMAGGAMRGCAAGGTCAAGG 7 3
CCTGAGGTTCGGGATGGTGGGACGGAAGCCGCTGAAGAJU\GA¡\GGAAGGCAAGGTCAAGG 1 2 O

CCTGAGGTTCGGGATGGTGGGACGGAAGCCGCTGAAGA,U\Gru\GGAAGGCAAGGTCAAGG 8 5

G TCGCATTT TGTGCATATTTGAT T T TATGACACTGAGTGGAGGAAGIGTCTGTGAGGAiU\ 1 7 9
G TCS CAT TT TG YGCATATTTGAT TTTMTRACACTGAS TGGAGGAAGKGYCWG YGAGGAMA 1 3 3
GTCGCATTT TGTGCATATTTGAT T T TATGACACTGAGTGGAGGAAGTGT YTGTGAGGAAA 1 8 O

GTCGCATTT T GTGCATATTTGAT TTTATGACACTGAGTGGAGGAAGTGTCTGT GAGG,AAA 1 4 5

AGGGGAACCTTTTGAATGAAAGGTTTTGAGAGAAGATGACGGTTTTGAJU\GGATTTAGTG 2 3 9
AGGGGA}4CC T T T TGAAKGAJU\GGT T Y T GMGAS AAS AT GAC S G T T T T GAAMGGAT T KAGT G ]- 9 3
AGGGGAACC T T T T GAAT GAAAGG T T T T GAGAGAAGAT GAC G G T T T TG AAAG GAT T TAGT G 2 4 O

AGGGGAACCTTTTGAATGAAAGGTTTTGAGAGAAGATGACGGTTTTGAAAGGATTÎAGTG 2 O 5

AGTTGGAÀAGGAl\jU\CTA'\'U\TTTTTTTTCACTTAGTTACAAAATTAAACTCTTATTG AA 2 9 9
AS TTGGAJ\'\GGAAiU\CTA,UU\TTTTTlTTCMCTTAKYTACAÀÄATTAÄACSCTTATTGAA 2 5 3
AGT TGGAÄAG G A,UU\C T AJ\U\T T T T T T T T CAC T TAG T TACAÄAAT TAAAC T C T TAT T GAA 3 O O

AGT T GGAAAGG AiUU\C T AjUU\T T T T T T T T CAC T TAGT TACAÄAAT TAJ\ACT C T îAT T GAA 2 6 5

ATTATTCAC TACCAÀGAAAGT TCAATTTAGGACAATGCAATAÎTTCTTACAT GCATCGCA 3 5 9
ATTATTCACTACCfuqzuUUqGTTCAATTTAGGACAATGCAATATTTCTTACATGCATCGCA 3 1 3
ATTATTCACTACCAJ\GN\i\GTTCAATTTAGGACAATGCAATATTTCTTACATGCATCGCA 3 6 O

ATTATTCACTACCAAGAAAGTTCAATTTAGGACAATGCAATATTTCTTACATGCATCGCA 3 2 5

TTACTGATATTATATGTTGTCCTTACGGGTTGAGATCATAAÀAATATGTTTGGAATAÃAG 4 1 9
TTACTGATATTATATGTTGTCCTTACGGGTTGAGATCATA'U\A,\TATGTTTGGAATAAAG 3 ? 3
T TAC T GATAT TAÎAT G T T G T C C T TACGGG T T GAGAT CAT AiUUU\TAT G T T T GGAÄTAAAG 4 2 O
TTACTGATATTATATGTTGlCCTTACGGGTTGAGATCATAÀAAATATGTTTGGAATAAAG 3 8 5

CACAÄAG CT TATT TAT T T T T TAG TAACGAJ\ÄAGAT T TAAAG T T GTAGAAT TAT C TAT T T T 4 7 9
CAC A,U\G CT TATT TAT T T T T TAKTAACGAÄAAGAT T TAAAG T T GTARAAT TATC TAT T T T 4 3 3
CAC AÄAGC T TAT T TAT T T 1 T TAGTAÀCGAÄAAGAT T T A¡U\GT T GTAGAÄT TAT C TAT T T T 4 8 O

CAC AAAGCT TATTTAT TTTT TAGTAACGAAAAGAT TT NU\GT TGTAGAATTATCTAT TT T 4 4 5

AATT TGATT TAATT TGATAT TTTCAGCTATTGCCGGAGGT GT TCTCGTTGCGGTG- 5 3 4
AATTTGATT TAAT T TGATAT T TTCAGCTAT TGCCGGAGGTGTTCTCGTlS CS GKG - 4 8 8
AÃTTGA-_TTAATTGAATG_-----_- _- 491

ï::l:iIÏTïr:î:ïlll::::liï:::::i::l:ll:::::T::::l:1 
T 
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SdnBWT
SdnSN2A
Sdn8N2B
SdnS 5 E68A
Sdn85E68B

SdnS!'lT
SdnBN2A
SdnSN2B
SdnS 5E684
Sdn85E68B

SdnSWT
SdnSN2A
SdnBN2B
SdnS 5E684
SdnB 5E6BB

SdnSWT
SdnSN2A
SdnSN2B
SdnB 5E684
Sdn85E68B

SdnSV,iT
SdnBN2A
SdnSN2B
Sdn85E68A
Sdn85E68B

SdnBWT
SdnSN2A
SdnSN2B
SdnB 5E 684
SdnS 5E 68 B

SdnSWT
SdnSN2A
SdnSN2B
SdnS 5E 6 8A
SdnS 5E 68 B

SdnSWT
SdnSN2A
SdnBN2B
SdnS 5E 684
SdnB 5E 68 B

_ - :::::] :::i::TÏ::::T::TT : ::ÏT:T::::: ]:TAGAAGATGACGGT 
5 8

---------cccT 4

TTKTGTYTGTTGGGA.AAAGGGGAACCTTTTGAATGAÄAGGTTTTGAGAGAAGATGACGGT 6 O

--TGAGAGAGATGAC 13
- _GTGTYTGTGAGGzu\\,\GGGGAACCTlTTG¡'T\TGAiU{GGTTTTGAGAGAAGATGACGGT 

5 8
*

T - T T GAAAGGAT T TAG T GAGT TGGAÄAGG fuUU\CT A,UU\T T T T T T T T CAC T TAGT TACAÀ 1 1 7

T T T YGAAAGGI¡JT T YMGTGAG T TGGAAAGG NU\,\C T AiU\ AT T YT T T Y Y YAC T TAG T TACAA 6 4

T - T TGAAAGGAT T TAG T GAGT TGGA'U\GG A A'U\CT A'U\'\T T T T T T T T CAC T TAG T TACAA 1 1 9
GGT T T T GAAG GWT TAG T GAG T TGGA.AAG G AJUU\C T A'UU\T T T T T T T T CAC T TAG T TACAA 7 3
T - T T GAAAGGAT TTAGT GAGT T G GAAAG G A'UU\C T A'UU\T T 1 T T T T T CAC T TAGT TACAA 1 1 7

* * * * *******t ****************** *** ************

AAT TAAACT C T TAT T G N\i\T TAT T CAC TAC CAAGAAAGT T CAAT T TAG GACAAT G CAATA 1 7 7
AÄT TAAAC T C T TAT TGAÀAT TAT T CAC TACCAAGAAAGT T CAAT T TAGGACAAT GCAATA 1 2 4

AAT TAAACT C T TAT T GAÀAT TAT T CAC TAC CAAGAAÀGT T CAAT T TAG GACAAT GCAATA 1 7 9
AAT TAAAC T C T TAT TG A'U\T TAT T CAC TACCAAGAAAGT T CAAT T TAG GACAAT GCAATA 1 3 3
AÀT TAAAC T C T TAT T G fuU\T TAT T CAC TACCAAGAAÄGT T CAAT T TAGGACAAT GCAATA 1 7 7
**************************************************t(*********

TTTCTTACAT GCATCGCATTACÎGATAT TATATGTTGTCCTTACGGGT TGAGAT CATAAÀ 2 3 7
TTTCT TACATGCATCGCATTACTGATATTATATGTT GTCCT TACGGGT TGAGATCAT A'U\ 1 8 4
TTTCTTACAT GCATCGCAT TACTGATAT TATATGT TGTCCT TACGGGT T GAGAT CAT A'U\ 2 3 9
TTTCT TACATGCATCGCATTACTGATAT TATATGTT GTCCTTACGGGT TGAGATCAÎAAA 1 9 3
TTî YT TACATGCATCGCATTACTGATAT TATATGT TGTCCTTACGGGT TGAGATCATAÃA 2 3 ?
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * ** * * * Jr * * * * * * * * * * * * * * * * *

AAlAl G T T T GG AJ\T N{i\GCAC AJU\GC T TAT T TAT T T T TTAG TAACGAÄAAGAT T T A AAGT 2 9 7
AÀTAT G T T T G G Ai\T A,\i\GCAC A'U\GCT TAT T TAl T T T T TAG TAACGAAAAGAT T T AAAGT 2 4 4
AATAT G T T T GGAAÎAAAGCACAAAG C T TAT T TAT T T T T TAGTAAC GAAÄAGAT T T AAAGT 2 9 9
AATATGTTTGGA.A.TAÀAGCACAi\i\GCTTATTTATTTTTTAGTAACGAAÄAGATTTAJ\\GT 2 5 3
AÄTAT GT T T GGAAT AÀAGCACAAAG C T TAT T TAT T T T T TAG TAACG AÄ AAGAT T TAÀ.AGT 2 9 7
*********t(*********************************************** ***

TGTAGAATTAT C TAl T T TAAT TTGAT TTAATTTGATATTT T CAGCTAT TGCCGGAGGTGT 3 5 7
TGTARÀATTATC TATTTTAATT TGAT T TAATT TGATATT TTCAGCTAT TGCCGGAGGTGT 3 O 4

TGTAGAATTATCTAT TT TAATl TGATTTAATTTGATATTTT CAGCTAT TGCCGGAGGTGT 3 5 9
TGTAGAAT TATCTATTT TAAT TTGATTTAATT TGATATT TT CAGCTAT T GCCGGAGG TGT 3 1 3
TGTAGAATTATCTAT TTTAATTTGATTTÄATTTGATATT TTCAGCTAT KGCCGGMKGW- T 3 5 6
**** ******+************************************ ***** * *

TCTCGT TGCGGTGAT TACAGCCATTCTACTCGTGCTCTT TGTAGTCT TTCGAATCAGGAA 4 1 7
TCTCGTTGCGGTGAT TACAGCCATTCTACTCGTGCTCTTTGTAGTCTTTCRAATCAGGAA 3 6 4

TCTCGTTGCGGTGATTACAGCCATTCTACTCGTGCTCTTTGTAGTCTTTCGAATCAGG- - 4 1 ?
TCTCGT TGCGGT GAT TACAGCCATTCTACTCGTGCTCTT TGTAGTCT TTCRAATCAGGAA 3 7 3
TCT S GTTGMGWTGRYTMYWMCCMT YWTACTS GTGCTCKT TGTbiTCSAKGMWWCWGAG SMI/ü 4 L 6*** **** * ** * ** * **** ****** ****

AÄ,A-AGAT GA.AG GG T CATAC GCAT T GGATGAACC CAAGCAAGCAAG AC _ 4 6 4

AAA -ARAT GAAG GGT CATACGCAT T GGATGAACC CAAGAIU\G CAJ\zu\T,f Y 4 L 2

AAA-AGAT GAAGGG T CATAC GCAT T GGAT GAAC C CAAGAJU\GCAJ\R¡UVÍ Y 4 2 L
AGACAAGTRI/ùWRI¡¡KTCCMRYKYGC--- ---- 440
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Sdn9!'/T
Sdn9N2A
Sdn9N2B
Sdn95E68A
Sdn95E68B

Sdn9l'lT
Sdn9N2A
Sdn9N2B
Sdn95E68A
Sdn95E68B

Sdn9WT
Sdn9N2A
Sdn9N2B
Sdn95E68A
Sdn95E68B

Sdn9WT
Sdn9N2A
Sdn9N2B
Sdn95E68A
Sdn95E68B

Sdn9WT
Sdn9N2A
Sdn9N2B
Sdn 958 6 8A
Sdn95E68B

Sdn9WT
Sdn9N2A
Sdn9N2B
Sdn95E68A
Sdn95E6BB

Sdn9WT
Sdn9N2A
Sdn9N2B
Sdn95E 68A'
Sdn95E68B

Sdn9WT
Sdn9N2A
Sdn9N2B
Sdn95E68A
Sdn95E68B

_ _:::l:il:1:::::."crGArTACAGccArrcrAcrccrccrcrrrGrAGrcrrrcGA s 8

CGGMMGTC- -r¡ICTCGTGCTCTTTGTAGTCTTTCGA 3 3
TRJ\I/¿GKGKTYYYSKKGSGGGGRWT!{MT,ISSCMWTYTWMTYKKGKTTTTTKiffiRKYTTTYGR 6O

- - _ -- - _ -AGCMATC- -WCTCGTGCTCTTTGTAGTCTTTCGA 3 2
TSWRWGKKTYYYGKKGSGGKGRI/ùTVùIqllRSCM!{TYTWMTYGKKSTYTTTKKWRTYTTTYGR 6O

* * *** +** *

AT CAGG NU{I\,U\GATGAAGG GTCATACGCAÎ TGGAT GAÃCCCAAGCAÀG CAAGACCATAT 1 1 8
- T CAGG NUUUU\GAT GAAGGGT CATAC GCAT T GGAT GÀACCCAAGCAAG CAAGACCAT AT 9 2
AWYMRGzuUUUU\RR!{GRARGGKYVüWWMSCMWTGGR!']KRAMCCMARCMARRMARRMCMWWT{ 120
-TCAGGA'\'UUU\GATGAAGGGTCATACGCAT TGGATG.AACCCAÀGCAÀGCAAGACCATAT 9 1
AWYMRGzuUUUU\RRWGRARGGKYWWWMSCMI¡JTGGRWGRÀ¡4CCMÀRSMARRMARRCCMIvWÛT 12 O* ***** * * ** * *** * ** * * ,¡. *

GCCTCGTATGGT TATACC A'U\GCAT CGAC AÄ AAGAAÎTTTACGCGTAAT CTCTACTG TCA 1 7 8
GCCTCGTATGGTTATACCA,U\GCATCGACA¡UU\G¡ \TTTTACGCGTAATCTCTACTG TCA 1 5 2
KCCTYGKWWGGKTh,ITWMCMÄARSMbIYSRMMAÄAGRAWTTTV{MGSGKh/AWYTYTW-ITIYKKYM 18 0
GCCTCGTATGGT TATACC A'U\GCATCGACAAÄAGAÀTTTTACGCGTAATCTCTACTG TCA 1 5 1
KCCTYGKVüVùKGKTVùWWMCMAARSKT'IYGRMMA.AARRAV'ITTTWRGSGKWAI'IYTYTWMYKKYM 180

*** * * ìk * ** *** * *** * * * * *

TTTGTTCAAAATCTTCTATCACTCAATCACCTT TCAÃATCAT T TlTATGAT ?CT GT T CTC 2 3 8
TT TGT TCAAAATCT T CTATCACTCAÀT CACCTT TCAAÀTCAT T TTTAT GAT TCTGT T CT C 2 12
WTTKKTYI4AAATTTTYT!ùWCMMYYMAI/ùYMCCYTTYMAATYMWTTTTWhIKRh/TYYKKTTTy 240
TT TGT TCAiUU\T CTT CTATCACTCAATCACCTT TCAAATCAT T TTTAT GATTCTGT T CTC 2 1 1
i{TTKKTYMÄÄA!ÙYTTYT!ÙTüCMMYCMATYMCCYTTYAAA!{YMWTTTTVÙVüGRWTYSGKTYTY 240** * *** ** * * * ** ** ** ***

AGACTTCATTCCAATCTGCCATACC TTTCAATTTGTTTTTTTCCCACTCCCATTTT T TTC 2 9 8
AGACTTCATTCCAATCTGCCATACCTTTCAATTTGTTTTTTTCCCACTCCCATT TT TTl C 21 2
MRRMYT YMWTYCMAT TT KSCMWWCC YT T YMAWTTKKTTT TT T YCCMMYYCCMWTT T T TTY 3 O O

AGACT TCAT TCCAATCTGCCATACC TTTCAATT TGTT TT T TTCCCACTCCCAT TTT TTTC 2 7 1
SRRMTTYM!']TYCMATTTKCCM!']WCCYTTYMAVÌTTKKTTTTTTYCCMMYYCCMWTTTTTTY 3 O O

* * * ** * * ** ** * ** ****** ** ** ****ìk*

AAÀCCCTCCCCCCCCCCGCCTTCCT TTCGTA¡U\GGTCATTAC TCTCTGT TCTACTCGTGA 3 5 8
AAÀCCCTCCCCCCCCCS S CYT YCYTT YCK!ùAARGGYMI/ùTWAYYYYYKKTYYYYYYS KWRA 3 3 2
MAAMCCYYCCCCCCCCCGCCT TCCTTT CGTA.AAGGTCATTACTMT S TGTTCTACTCGTGA 3 6 O

A AACCCTCCCCCCCCCCS CYTYCYT T YCSWAARGKYMhITWYYYYYYKKSYCWYYYCKKRW 3 3 1
MAAMCCYYCCCCCCCCCGCCT TCCT T TCGTAAAGGTCATTACTCTCTGTTCTACTCGTGA 3 6 O** ** ******** * * * ** * ** * *

TAAT T T GAT N\TAT N\i\C TGAT C T GAC T CCATGG TGC C AiU\TAT T T GAATATAAT CT T T 1 4 1 8
WAWTTKRAhIAAWAWAAT4YKRYYYKRA.YYCMRKGGKGCCAAAhIüITTKRA!{WWh]AI{YYTlTK 392
TAATTTGATAATATAAACTGATCTGACTCCATGGTGCCAì\j\TATTG--AAWI¡/hIIVYCTT- - 4 16
WAWTTTRA!{Aj\WAWNN\YKRAYYKRMYYCC!'TKGGKGCCNU\WI¡¡TTTRAAWWT^IAWYYTTTK 3 91
TAAT T TGAT AJ\TAT A,N\C TGAT C T GAC T C CATGGT GCC AJU\TAT K- - _ -AATWI{T C T - - - 4 1 3* ** * ** * ** * ** ****** *

GTAGACCCACTTAGGGGTAGGGA-- 44 1
GWAÄMCCCMYTWAGGGGKWRGGRÀÀ 4 1 7

GRARMCCCMYTWAGGGKWRGGRAA- 4 1 5
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Sdn!{ormbase
Sdnilt
SdnN
SdnEv

SdnWormbase
SdnWt
SdnN
SdnEv

SdnWormbase
SdnWt
SdnN
SdnEv

SdnWormbase
Sdnlrlt
SdnN
SdnEv

SdnWormbase
SdnWt
SdnN
SdnEv

6.8 SDN-I protein alignments from translated sdn-l sequences.

MT LKLNFCLS TYSVLT LLSLSTQAFAANQAKTKVVPSST I STKSLKNG] SEQVEGSANI P 6 O
MI LKLN FCLS T YSVL I LLS LS TQAFAANQAKTKVVPS S T I S TKS LKNG I S EQVEGSAN I P 6 O

MI LKLNFCLS TYSVLI LLS LSTQAFAANQAKT KVVPSS T I S TKSLKNGT SEQVEGSANI P 6 O
MI LKLN FCLSTYSVLI LLSLS TQAFAANQAKTKVVPS S T I SlKS LKNG] SEQVEGSANI P 6 O
*+************************i(********************************+

GRLADI EVNGSGYPTDDEDGDDVHGSGKPPSSATTKS DKVTS PSHAVVTAKPTTVPTTTA 1 2 O

GRLADI EVNGSGYPTDDEDGDDVHGSGKP PSSATTKSDKVTS PSHAWTAKPTTVPTTTA 1 2 O
GRLADI EVNGSGYPTDDEDGDDVHGSGKPPS SATTKS DKVTS PSHAVVTAKPTTVPTTTA 1 2 O
GRLADI EVNGSGY PTDDE DGDDVHGSGKPPSSATTKS DKVTS PSHAVVTAKPTTVPTTTA 1 2 O
* * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * t * * * r. * * * * * * * * * * * * * * * * * * * * ****

S FKPPVQPKPKPAANDKEIKVEEDEDDDEDEDEDDEDDEEDFADENIHNDEDFFTTTlTT 1 8 O

S FKP PVQPKPKPAANDKE T KVEE DEDDDEDEDEDDEDDEEDFADENI HNDEDFFTTTTTT 1 8 O

SFKPPVQPKPKPAÄNDKEIKVEEDEDDDEDEDEDDEDDEEDFADENIHNDEDFFTTTTTT 180
S FKPPVQPKPKPAANDKEI KVEEDEDDDEDE DEDDEDDEEDFADENI HNDE DFFTTTTTT 1 8 O
*************************************************J.**********

r YRP IVVAT T S T PRSAATN P PRQQ PPMVT S T I S S G P FS P FHET LANG FYAAIAGGVLVAV 2 4 O

T YRP IVVAT T S T PRSAATN PPRQQ P PMVT S T I S S G P FS P FH ETLANG FYAAI AGGVLVAV 2 4 O

TYRP IVVATTST PRSAATNPPRQE PPMVTST I S SGPFS P FHETLANG FYAATAGGVLVAV 2 4 O

T Y RP I WATT S T PRSAATN P PRQ - P PMVT S T I S S G P FS P FH ETLANG FYAAIAGGVLVAV 2 3 9
* * * * ** * * * * * **** * **** * ** *** * **** **** * * * * * * ** * * * * ***

ITAILLVLFVVFR]RKKDEGSYALDEPKQARPYASYGYTKASTKEFYA- 2
I TAI LLVL FVVFRI RKKDEGS YAL DE PKQARPYAS YGYTKAS TKE FY A- 2
ITAILLVLFWFRIRKKDEGSYALDEPKQARPYASYGYTKASTKE EYA- 2
I TAI LLVL FVVFRT RKKDEGS YAL DE PKQARPYAS YGYTKAS TKE FY A_ 2************************************************
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