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ABSTRACT

The unc-53/NAV2 gene encodes for an adaptor protein required for cell migrations along the
anteroposterior (AP) axes of C. elegans. This study identifies unc-53 as a novel component of
signaling pathways regulating Distal tip cell (DTC) migrations along the AP and dorsoventral (DV)
axes. unc-53 negatively regulates and functions downstream of ced-10/Rac pathway genes; ced-10/
Rac and mig-2/RhoG, which are required for proper DTC migration. Moreover, unc-53 exhibits
genetic interaction with abl-1 and unc-5, the 2 known negative regulators of ced-70/Rac signaling.
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Our genetic analysis supports the model, where abl-1 negatively regulates unc-53 during DTC
migrations and requirement of unc-53 function during both AP and DV DTC migrations could be

due to unc-53 mediated regulation of unc-5 activity.

Introduction

Cell migration is a crucial aspect of metazoan develop-
ment, organ morphogenesis, nervous system patterning,
immune response, and pathogenesis. Cells are steered by
responding to extracellular cues through transmembrane
receptors by initiating actin cytoskeleton modulation."
Genetic studies in Drosophila and C. elegans have shown
that Rac and Rho subfamily GTPases transduce the sig-
nal received at the membrane via effector proteins to ini-
tiate actin cytoskeleton remodeling.>>*>® Activity of
small GTPases is regulated by diverse set of proteins
such as guanine nucleotide exchange factors (GEFs),
GTPase activating factors (GAPs), and adaptor proteins.
unc-53/NAV2, an adaptor protein, is required during
cell and growth cone migration primarily along the AP
axes of C. elegans.”® Functional genomics, genetics, and
biochemical approaches in C. elegans have identified sev-
eral components of unc-53 mediated signaling including
sem-5/GRB-2 (Growth factor receptor bound protein-2),
an adaptor protein,” abi-1/ABI-1, Abelson interactor
protein,'” unc-73/Trio, a RhoGEF,"" mig-10/Lpd, an
adaptor protein,'” and fft-2, the C. elegans homolog of
14-3-3¢."> Recent studies in Drosophila demonstrated
that sickie, the fly homolog of unc-53 functions via a
non-canonical Rac-cofilin pathway requiring Slingshot
phosphatase (ssh) activity to regulate cofilin dependent

axon outgrowth.'* Interestingly, 14-3-3¢ plays a key role
in Slingshot phosphatase (Ssh) function."

C. elegans adult gonads are composed of 2 U-shaped
arms generated by migration of Distal tips cells (DTCs)
in a 3 phased migratory route along the AP and DV axes
of the animals. Functional genomics and genetics
approaches have identified several component of signal-
ing pathways regulating DTC migrations,'®'” which reg-
ulate reorganization of the components of the
extracellular matrix (ECM), basement membrane (BM),
and the actin cytoskeleton.'® Out of the 3 C. elegans rac
GTPases, mig-2 and ced-10 exhibit DTC migration
defects.>'” The other components of ced-10/Rac path-
way include unc-73/Trio, a GEF protein, ced-2/CrkIl, an
adaptor protein, ced-5/Dock180 and ced-12/ELMO, an
atypical GEF.>>>*"'? Cabello et al.** reported that ced-
10/Rac pathway is activated by mom-5/Frizzled a Wnt
receptor, whereas abl-1/Abl kinase and unc-5/UNC-5
receptor, function as negative regulators.23 24

This work reports the requirement of unc-53 gene
function during DTC migration. unc-53(n152) and unc-
53(e2432), the 2 null alleles display phase 2 and phase 3
DTC migration defects primarily comprising path-find-
ing defects. Analysis of double mutants support unc-53
functions as a negative regulator of rac GTPases; ced-10
and mig-2. Our conclusion, that unc-53 might regulate

CONTACT Amita Pandey @ amitap04@gmail.com e Department of Plant Molecular Biology, University of Delhi South Campus, Benito Juarez Road, Dhaula

Kuan, New Delhi-110021, India.
© 2017 Taylor & Francis


https://crossmark.crossref.org/dialog/?doi=10.1080/19336918.2017.1345413&domain=pdf&date_stamp=2017-10-06
mailto:amitap04@gmail.com
https://doi.org/10.1080/19336918.2017.1345413

196 A. PANDEY ET AL.

unc-5 activity is based on 2 observations first unc-53 sup-
presses the DTC phase 3 AP polarity reversal defect of
the ced-10 and mig-2 mutants and second unc-53(lf)
mutants display DTC phase 3 AP polarity reversal defect,
which is the hallmark phenotype of ced-10/ Rac signaling
pathway genes. Moreover, unc-53 exhibits genetic inter-
action with abl-1/Abl Abelson Kinase and unc-5/UNC-5
receptor, which are the 2 known negative regulators of
ced-10/Rac signaling during DTC migration.

Results

unc-53 gene activity is required during Distal tip cell
migrations

In this study 2 null alleles; unc-53(n152) and unc-53
(e2432) were analyzed for DTC migration defects.’
DTGCs are a pair of gonadal leader cells present at the dis-
tal extending edge of the 2 gonad arms and undergo a 3-
phased migratory route post-embryonically to generate
the adult gonad morphology (Fig. 1A). DTC migration
commences in the L2 stage and is completed in the L4
stage, generating the U-shaped gonads with 2 bilaterally
symmetric arms; the anterior arm (AA) and the posterior
arm (PA) (Fig. 1A). Aberrant DTC migration changes
the morphology of the adult gonads, which can be visual-
ized using Differential Interference Contrast (DIC)
microscopy. DTC migration defects can be broadly cate-
gorized into DTC movement defects where the DTCs
fail to migrate and DTC path-finding defects comprising

misdirected migrations. As a control, N2, wild type L4
stage animals were assessed for DTC migration defects,
where 94% of the animals displayed proper U-shaped
gonad morphology (Fig. 1B and A). Analysis of unc-53
(n152) and unc-53(e2432) mutant animals displayed nor-
mal migration during phase 1, whereas phase 2 and 3
exhibited path-finding defects. The defects observed can
be classified into DTC phase 3 AP polarity reversal defect
(Fig. 1C), a hallmark phenotype of ced-10/Rac signaling
pathway genes® and DTC phase 2 path-finding defects
(Fig. 1D). Quantitative analysis supported the require-
ment of unc-53 activity during DTC migration as 15.3%
of n152 and 15.5% of 2432 animals exhibited defects
(Fig. 2A). Both the unc-53 mutant alleles displayed mar-
ginally more defects in the posterior arm (5% in e2432
and 5% in n152) than the anterior arm (1% for e2432
and 0.3% for n152).

unc-53 acts as a negative regulator of rac GTPases
mediated signaling during DTC migration

To place unc-53 in the signaling pathways described pre-
viously to regulate DTC migration we investigated the
genetic interaction with ced-10/Rac and mig-2/RhoG,
which are known to be required for proper DTC migra-
tion.>' In this study ced-10(n1993) a partial loss-of-
function allele, harboring a missense Vall90 to Gly
mutation® and mig-2(mu28) a null allele with a substitu-
tion from W60 to opal® were assessed for DTC migra-
tion defects and interaction with unc-53(lf) mutants.

A AA  DTC jA
= =] =
Phase 1 D L2

Phase 3

— |

Figure 1. unc-53 gene activity is required for proper Distal tip cell migrations: (A) The graphic depicts the U-shaped morphology of the
adult gonads and the three migratory phases of DTCs. Phase 1 commences during the L2 stage along the anteroposterior (AP) axes fol-
lowed by Phase 2 in the L3 stage along the dorsoventral (DV) axes. Cessation of migration occurs in the L4 stage in the midbdoy region,
where the two gonad arms migrate centripetally along the AP axes. Representative Differential Interference Contrast (DIC) micrograph
of L4 stage animal, where midbody region () is on the left, with dorsal side up, displaying the normal U-shaped adult gonad morphol-
ogy. (B) N2, wild type animal with proper U-shaped morphology of adult gonad posterior arm exhibiting the three migratory phases.
(Q) unc-53(n152) animal, exhibiting DTC phase 3 AP polarity reversal path-finding defect, where during phase 3 the posterior gonad
arm migrates centrifugally. (D) unc-53(n152) animal, exhibiting DTC phase 2 path-finding defect. Scale bar: 50 pm.
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Figure 2. unc-53 Mutation suppresses DTC phase 3 AP polarity
defects of ced-10 and mig-2. (A) L4 stage mutant animals were
assessed for DTC migration defects using DIC microcopy as described
in Materials and Methods. The bars represent percentage of animals
with misshaped gonad arms. p values for single mutations are given
on the outside end of the bars and were calculated by comparing
with N2. p values for double mutants were calculated by pairwise
comparison with single mutations. (B) Representative DIC micro-
graph of ced-10(n1993) L4 stage animals with anterior and midbody
() on the left, dorsal side up, displaying DTC phase 3 AP polarity rever-
sal defect in the posterior arm. Scale bar: 50 p«m. (C) The graph shows
the percentage of animals exhibiting DTC phase 3 AP polarity reversal
defects. Statistical analysis used TTEST. *p < 0.05, **p < 0.005, and
***p < 0.0005.

CELL ADHESION & MIGRATION 197

DIC microscopy of the rac GTPases revealed DTC
movement and path-finding defects. Quantitative analy-
sis supported requirement of rac GTPase function for
proper DTC migration as 37.5% of ced-10 and 52% of
mig-2 animals exhibited misshapen gonads (Fig. 2A).
Out of the total migration defects observed 10% of ced-
10 and 31% of mig-2 animals exhibited DTC phase 3 AP
polarity reversal defect (Fig. 2B and C). We did not
observed any bias for the requirement of ced-10(n1993)
function between the anterior arm and the posterior
arm. Whereas, for mig-2(mu28) animals the anterior
arm (17%) exhibited less defects when compared with
the posterior arm (44%). mig-2 and ced-10 have been
previously shown to function redundantly during DTC
migration or movement and in the same pathway to reg-
ulate DTC phase 3 AP polarity reversals."

To investigate the possibility of a genetic interaction
between unc-53 and ced-10 in regulation of DTC migra-
tion, a double mutant was constructed. unc-53(n152);ced-
10(n1993) animals displayed significant suppression of
DTC migration defects with 18% of the animals exhibiting
defects (Fig. 2A). Notably, unc-53 mutation suppressed the
DTC phase 3 AP polarity reversal defect observed in ced-
10(n1993) animals as only 1.5% of the animals displayed
the defect (Fig. 2C). Unlike ced- 10 mutant animals for the
double mutant the defect observed in the posterior arm
(14%) exceeded that of anterior arm (5%).

Similarly, unc-53(n152);mig-2(mu28) double mutant
was generated to assess genetic interaction between
unc-53 and mig-2 during DTC migration. DIC micros-
copy of L4 stage animals revealed suppression of mig-2
mediated DTC migration defects where only 18% of the
animals exhibited defects (Fig. 2A). unc-53 suppressed
the DTC phase 3 AP polarity reversal defect observed
in mig-2 mutant animals (Fig. 2C). The percentage of
DTC migration defects observed in the anterior arm
(7%) were less than that observed in the posterior arm
(13%).

abl-1 negatively regulates unc-53 mediated
signaling during DTC migration

Previously, abl-1/Abl has been shown to act as a negative
regulator of ced-10/Rac signaling pathway during DTC
migration.”> In this study abl-1(ok171) a null mutant
allele,?® harboring a deletion from exon 8 to exon 12 was
used to investigate genetic interaction with unc-53 dur-
ing DTC migration. 15.3% of abl-1(ok171) L4 stage ani-
mals exhibited DTC migration defects mainly
comprising path-finding defects (Fig. 2A). Whereas, unc-
53(n152);abl-1(0k171) double mutant when analyzed for
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DTC migration defects exhibited significant suppression
of DTC migration defects. These observations support
that either of the gene could negatively regulate the other
during DTC migration since both unc-53(n152) and abl-
1(0k171) exhibited DTC migration defects. To examine
whether unc-53 and abl-1 functions in the same pathway
to regulate ced-10/Rac signaling, unc-53;ced-10;abll tri-
ple mutant was generated and assessed for DTC migra-
tion defects. The triple mutant exhibited enhancement in
DTC migration defects including extension of both the
arms on the same side of the animals (loss of symmetry),
short gonad arms, and abnormal morphology (distended
arms) (Fig. 2A), however no significant enhancement
was observed for the DTC phase 3 AP polarity reversal
defect when compared with wunc-53;ced-10 double
mutant animals (Fig. 2C).

unc-5 and unc-53 function in same signaling
pathway to regulate DTC migration

It has been shown that chemorepulsive activity of UNC-6
via its receptors UNC-5 and UNC-40 guide DTCs to com-
plete the phase 2 migrations.””*® More recently, it has been

shown that unc-5 activity is inhibited by mom-5/frizzled
and ced-10/Rac pathway during DTC migration and unc-5
negatively regulates the ced-10/Rac pathway genes.** Since
unc-53(lf) mutations exhibited DTC phase 3 AP polarity
reversal defect, we investigated possibility of a genetic inter-
action with unc-5. unc-5(e53) mutant allele, harboring a
substitution to a stop codon (W28STOP) in the extracellular
domain was assessed for DTC migration defects.”® unc-53
(e53) animals revealed DTC phase 2 DV defect (Fig. 3A),
where 78.2% of the animals exhibited DTC migration
defects (Fig. 3B). Of the total defective animals, 86.5% of ani-
mals displayed DTC phase 2 DV defect where the phase 3
was completed on the ventral muscle (Fig. 3C). A bias was
observed for the defects observed in posterior arm (65%)
than for the anterior arm (29%). unc-53(n152);unc-5(e53)
double mutant animals exhibited an enhancement in DTC
migration defects (91% animals exhibited defects) (Fig. 3B),
though no significant enhancement in DTC phase 2 DV
migration defects was observed over the unc-5(e53) single
mutant animals (Fig. 3C). For the double mutant the poste-
rior arm (81%) exhibited more defects than the anterior
arm (37%), a trend similar to unc-53(n152) and unc-5(e53)
single mutant animals.
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Figure 3. (A) Representative DIC micrograph of unc-5(e53) L4 stage animals with anterior and midbody () on the left, displaying DTC
phase 2 DV defect. Scale bar: 50 um. (B) L4 stage animals were assessed for DTC migration defects using DIC microcopy as described in
Materials and Methods. The bars represent percentage of animals with misshaped gonad arms. (C) The graph shows the percentage of
animals exhibiting DTC phase 2 DV defects. Statistical analysis used TTEST. *p < 0.05, **p < 0.005, and ***p < 0.0005.



Discussion

UNC-53 is an adaptor protein and C. elegans homolog of
human Neuron navigator 2 (NAV2), harboring multiple
domains, which enables the protein to bind to actin and
complex with other proteins to regulate migrations of
diverse cell types along the AP axes of C. elegans.”® This
research work shows the requirement of unc-53 gene
activity for proper migration of the DTCs, which are a
pair of gonadal leader cells present at the extending end
of the 2 gonad arms. The DTCs under go a 3-phased
migratory route to generate the adult gonad morphology.
The 2 mutant alleles: unc-53(n152) and unc-53(e2432)
when assessed for DTC migration defects, exhibited
DTC path-finding defects including DTC phase 3 AP
polarity reversal defect, where the gonad arm take an
extra turn and migrate centrifugally to complete migra-
tion and DTC phase 2 associated path-finding defects.
Detection of DTC phase 2 defects, which occurs along
the DV axes of the animal is an interesting observation
and supports previous report, where unc-53 has been
proposed to play a minor role in dorsal process out-
growth of DA and AS motoneurone.” Observation of
defects associated with both phase 2 and phase 3 DTC
migration implicates that unc-53 gene activity might be
either required in more than one signaling pathway or
regulating a common signaling component, which is
required for both phase 2 and phase 3 DTC path finding
and migrations.

The DTC phase 3 AP polarity reversal defect observed
in unc-53(lf) mutant animals is reminiscent of the defects
observed in the ced-10/Rac signaling pathway genes such
as ced-2/Crkll, ced-5/Dockl180, ced-12/Elmo, unc-73/
Trio, ced-10/Rac, mig-2/RhoG, and mom-5/Frizzled. >*’
Also, it has been previously shown that gonadal expres-
sion of UNC-5 causes AP polarity reversal defect and
removal of unc-5 activity suppresses mom-5, ced-12, ced-
10, and mig-2 associated DTC phase 3 AP polarity rever-
sal defect.”>** Taken together, these findings implicated
ced-10/Rac signaling pathway in inhibiting unc-5 activity
during phase 3 for proper back to midbody DTC migra-
tion. To test the possibility of existence of a genetic inter-
action between wunc-53 and signaling components
required during DTC migration, double mutants were
generated and analyzed for DTC migration and path-
finding defects.

The 2 C. elegans rac GTPases, ced-10 and mig-2, previ-
ously shown to regulate DTC migrations, exhibited DTC
Phase 3 AP polarity reversal and migration defects. ced-
10 and mig-2 have been shown to act redundantly to reg-
ulate migration but act in the same pathway to regulate
path-finding. Assessment of DTC migration defects in
unc-53;ced-10 and unc-53;mig-2 double mutant animals
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Figure 4. Molecular model depicting UNC-53 mediated regula-
tion of UNC-5 in Rac GTPase dependent and independent path-
ways required for proper DTC migration: The genetic data
supports UNC-53 functioning in Rac GTPase dependent and inde-
pendent pathways for proper DTC migration by regulating the
activity of UNC-5 receptor. We propose that UNC-53 primarily
regulate UNC-5 activity by 2 pathways, first by negatively regulat-

ing CED-10 and MIG-2 mediated signaling and second pathway
includes ABL-1 and most probably ABI-1.

\ Distal tip

cell migration

revealed partial suppression of the DTC migration
defects, particularly the DTC phase 3 AP polarity rever-
sal defect. These results support unc-53 functioning as a
negative regulator of ced-10 and mig-2 signaling. Our
analysis suggest that unc-53 functions downstream of
mig-2 since unc-53(lf) mediated suppression did not
required functional mig-2 allele. Similar conclusion can-
not be drawn for ced-10 since the ced-10(n1993) is not a
null allele, although the possibility that unc-53 might
function in conjunction with ced-10 to regulate DTC
migration cannot be excluded. These results support a
model where UNC-53 negatively regulates a downstream
component of CED-10/ Rac signaling pathway, which is
activated by CED-10/Rac, hence when both UNC-53
and Rac GTPase function are removed the negative regu-
lation is relieved resulting in proper DTC migration
(Figure 4). Since unc-53 suppresses the DTC phase 3 AP
reversals this negative regulation might be by regulating
unc-5 activity, however this regulation of unc-5 activity
occurs via a downstream signaling component of ced-10/
Rac pathway and not by direct inhibition of unc-5 activ-
ity because if unc-53 was acting independent of rac
GTPase pathway there would be an increase in DTC
phase 3 AP polarity reversals due to increased unc-5
activity, as 2 pathways will be simultaneously compro-
mised, the rac GTPase and the unc-53 pathways. Our
conclusion is further supported by a recent report in
Drosophila, where Sickie, a fly homolog of UNC-53,
functions downstream of Rac GTPase via Slingshot
phosphatase in a Pak-independent non-canonical
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pathway to activate coffilin dependent axon growth."*
However, recent studies have shown that the RhoGEF
specific isoform and not the RacGEF isoform of unc-73/
Trio is associated with unc-53 in excretory canal exten-
sion."" unc-73/Trio function has also been shown to be
required during DTC migrations exhibiting DTC phase
3 AP polarity reversals activating the Rac GTPases. Pre-
viuosly, unc-73 was shown to regulate the 3 GTPases;
mig-2, ced-10, and rho-1 during P cell migration.”*”° It is
possible that during DTC migration unc-53 might act via
the both RhoGEF and RacGEF specific isoforms of unc-
73 or preferentially with RhoGEF isoform. Currently, we
are performing experiments to identify other compo-
nents of wunc-53 mediated signaling during DTC
migrations.

Observation of low penetrance DTC phase 3 AP
reversals in unc-53(lf) mutants indicates the requirement
of unc-53 activity in regulating unc-5 activity in a rac
GTPase independent manner. This regulation is most
probably by inhibiting unc-5 activity because when unc-
53 function is removed the unc-5 activity increases
resulting in DTC phase 3 AP reversals. unc-5/UNC-5
and unc-40/DCC genes are known to regulate DTC
phase 2 migrations occurring along DV axes in response
to unc-6/Netrin guidance cue. Loss of unc-5 function
causes failure of DTC phase 2 DV migrations,*® whereas
overexpression of UNC-5 in gonads results in precocious
DTC phase 2 DV migration and DTC phase 3 AP rever-
sals.”* Since both the mutant alleles of unc-53 exhibit
DTC phase 3 AP reversals, which from previous studies
have been associated to increased unmc-5 activity we
examined the possibility of genetic interaction between
unc-53 and unc-5. We propose that unc-53 and unc-5
might function in the same pathway, where unc-53 regu-
lates unc-5 activity based on the following observations.
Firstly, assessment of DTC migration defects in unc-53;
unc-5 mutant animals revealed no enhancement in the
DTC phase 2 DV defects when compared with unc-5 sin-
gle mutant animals, placing unc-53 and wunc-5 in the
same genetic pathway to regulate DTC migrations, in
particular phase 2 DV migrations. Secondly, the double
mutant did not exhibited DTC phase 3 AP reversals,
which were observed in unc-53(lf) animals, supporting
unc-53 might inhibit unc-5 activity. Although an overall
enhancement in DTC migration defects was observed,
which can be explained by assuming that unc-53 and
unc-5 might regulate certain other aspects of DTC
migration or regulation of unc-40 activity by unc-53. The
model for UNC-53 mediated regulation of UNC-5 is fur-
ther supported by previous reports, where UNC-53 has
been implicated in receptor trafficking supported by 2
independent studies where unc-53(lf) mutant display
defects in receptor uptake including the coelomocyte

uptake (CUP) assay and receptor-mediated endocytosis
assays (7, Pandey and Garriga, unpublished results). This
model is also supported by previous studies in which
unc-53 and unc-6 double mutant animals exhibited ven-
tral process outgrowth defects in AVM and HSN neu-
rons. It was shown that this was caused by
mislocalization of UNC-40:GFP. These studies showed a
genetic model where unc-53 and unc-5 act in parallel
pathways to inhibit unc-40 activity by affecting its distri-
bution.’® In our study we propose that unc-53 might
inhibit unc-5 activity for proper phase 3 and phase 2
DTC migrations. Analysis of wunc-53;unc-40 double
mutant is being performed to furher support our
hypothesis.

abl-1/ABL1, Abelson Kinase besides unc-5/UNC-5 is
the other known negative regulator of ced-10/Rac signal-
ing pathway. It has been shown that abl-1(lf) partially
restores normal DTC migration in the ced-10/Rac path-
way gene mutants.”” The same study also proposed that
abl-1 functions by inhibiting abi-1/ABI-1, an Abelson
Interactor protein, where ABI-1 is required for proper
DTC migration and has been previously shown to inter-
act with actin modulatory proteins such as N-WASP,
Scar/WAVE, and Ena/Mena.*>**** In C. elegans, unc-53
and abi-1 have been shown to interact genetically and
physically to regulate excretory canal extension.'” Analy-
sis of unc-53;abl-1 double mutant animals exhibited sup-
pression of DTC migration defects. Since unc-53 and
abl-1 mutant animals exhibit DTC migration defects, it
is possible that either of the genes can inhibit the others
function. We favor the conclusion that abl-I might func-
tion as a negative regulator of unc-53 mediated DTC
migration. Furthermore, this negative regulation might
be through abi-1.*> Introduction of abl-1 mutation in
unc-53;ced-10 double mutant animals resulted in
enhancement of DTC migration defects, although the
path-finding DTC phase 3 AP polarity reversals did not
exceeded to that observed in wunc-53;ced-10 double
mutant animals. These results suggest that unc-53 and
abl-1 might function redundantly to regulate DTC
migration but act in the same genetic pathway to regulate
DTC path finding.

In summary, our data presents unc-53 as a novel regu-
lator of ced-10/Rac signaling pathway during DTC
migration. unc-53 regulates DTC path-finding by regu-
lating unc-5 activity in a rac GTPase dependent and
independent manner. UNC-53 might be regulating
receptor levels by regulating rac GTPase function in a
manner similar to VAB-8 and CRML-1, which regulate
UNC-40 and SAX-3 levels at the membrane.’>***” Addi-
tionally, we also propose that the unc-53 and abl-1 act in
the same pathway to negatively regulate DTC path-find-
ing and abl-1 functions a negative regulator of unc-53 in



the rac GTPase independent pathway, which might
occur via abi-1.

Materials and methods
Nematode strains

All nematode strains were cultured on nematode growth
medium (NGM), fed OP50 (mutant of E. coli B and a
uracil auxotroph), and maintained at 20°C as described.®
The N2 wild type strain is Bristol and the other mutations
used for this study include: LG II: unc-53(n152), LG II:
unc-53(e2432), LG IV: ced-10(n1993), LGIV unc-5(e53),
LG X: mig-2(mu28), LGX abl-1(ok171). Genotyping of the
mutations containing a single base pair change was per-
formed using polymerase chain reaction (PCR) using
allele specific primers harboring a single base pair mis-
match at the third last base at the 3'-end of the primers.”
Genotyping of the deletion mutations was performed with
primers flanking the deleted region. A list of the primers
is provided in Supplementary Table 1.

Qualitative and quantitative analysis of DTC
migration defects

Distal tip cells (DTCs) are present at the leading edge of
the 2 U-shaped gonad arm (anterior arm and posterior
arm) and the migratory route followed by the DTCs
determine the final morphology of the adult gonads
(Fig. 1A). For qualitative analysis of DTC migration
defects, L4-stage animals were anesthetized in M9 con-
taining sodium azide (0.05%-0.1%) and visualized using
Differential Interference Contrast (DIC) microscopy as
described.’”” Olympus U-RFL-T fluorescent microscope
was used for visualizing animals and imaged using Pro-
gRes® Capture Pro 2.7.7 software. A total of 156 animals
of each genotype for which both the gonad arms were
completely visualized were scored for the DTC migration
defects. Defective DTC migration was determined based
on any change in the morphology of the gonads includ-
ing gonad arms exhibiting extra turns, DTCs with abnor-
mal trajectories, length of the gonad arms, and arms with
abnormal morphologies. The animals were observed at
100X, 200X, and 400X magnification to confirm DTC
migration defects. For comparative quantitative analysis,
p-values for pairwise comparisons were calculated by
TTEST (tails 2 and type 3).

Strains generated for this investigation are available
upon request.
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