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Fertilization is the biological process through eHlife is propagated and genetic variation is
generated. Its importance to sexually reproducpegies is unrivaled, but we are far from
obtaining a complete understanding of how this @ss@ccurs. This thesis is a study of sperm
molecules involved iilCaenorhabditis el egans fertilization with the ultimate goal of elucidagin
and understanding the function of fertilization smliles across species.

The first chapter provides an introduction to tieédf of fertilization, a brief overview of what is
currently known, and it concludes with the use addantages of using. elegans as a model
system to study fertilization.

The second chapter describes a method that utdimgte nucleotide polymorphisms (SNPs) to
streamline the initial genetic mapping of newlyidged mutants. An example of this method for
linkage mapping is provided, and | compare andrashthis method to traditional and other SNP
approaches.

The third chapter describes the phenotypic chatiaateon and initial mapping of thas28
mutation resulting in a temperature sensitive liein C. el egans. The mutation causes a sperm
activation defect causing abnormal spermatid mdggyo Mapping of this mutant strain
revealed that the observed phenotype is the rektto mutations, which has complicated

characterization of this mutant phenotype.



The fourth chapter describes the cloningpef13. Mutations inspe-13 result in worms that
produce morphologically and physiologically norapérmatids that mature into spermatozoa
that are unable to fertilize oocytes. The idendifiicn ofspe-13 has proved to be difficult with
traditional mapping techniques due to its chromagrosition. Using whole genome
sequencing, we identifieghe-13 candidate genes in an effort to clone this elugame.

In the final chapter, | summarize and discuss #utlirections for each project that has been

described in this thesis work.
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CHAPTER 1
An introduction and overview of molecules involhiedertilization and

the use ofZaenorhabditis el egans as a model system



Introduction:

For many species, sexual reproduction is the omly through which genetic information is
passed from generation to generation. The uniawohaploid gametes at fertilization is the
means by which sexual reproduction occurs. Featibn research has been conducted in many
invertebrate and vertebrate systems, such as sk @and mouse. These studies have led to the
discovery and identification of several moleculesived in oocyte recognition by sperm,

sperm-oocyte adhesion and membrane fusion, andatyation [2-9].

Oocyte recognition by sperm

Mammalian sperm, upon reaching the female reproguttact, undergo a process called
capacitation, which results in the loss of membreoraeponents and hyperactive movement [10,
11]. Capacitation is required for sperm to penettaeé cumulus cells and zona pellucida to reach

and fuse with the oocyte plasma membrane durintdjiZation.

Sperm have to travel long distances to reach thgtepand this process is thought to be
facilitated by a chemical attractant released leyabcyte [12] such as asterosap in starfish and
resact in sea urchins [13-16]. These peptidesteith cyclic guanosine monophospate (cGMP)

signaling cascade in sperm hypothesized to resgpérm chemotaxis [17].

Once the sperm locates and reaches the oocyte,dleseveral barriers it must overcome to
reach the oocyte plasma membrane. The mammaliaiieoiscsurrounded by a layer of cumulus
cells; sperm must navigate and digest their wayutjin the extracellular matrix of these cells [5].
After the cumulus cells, sperm encounter the zallaigida (ZP), the oocyte extracellular matrix
that is made of 3 major glycoproteins: ZP1, ZP2| 2R3 [5]. The sperm, upon binding to the
zona, undergoes the acrosome reaction, releastrgnitymes needed to penetrate the zona

pellucida [5, 18]. It is hypothesized that sperteiiact with the zona pellucida via ZP3 due to the



inhibition of sperm-zona binding when sperm is prasbated with ZP3 [19]. This hypothesis has
yet to be substantiated due to the lack of zomadtion in ZP3 null mice and species-specific
glycosylation [5]. Finally, the sperm enters theiyitelline space, where it encounters the oocyte

plasma membrane to initiate fusion [5, 18].

Moleculesthat facilitate sper m-oocyte fusion

The molecular mechanism by which sperm-oocyte fusitcurs remains unknown. This is not to
say that this process is not well studied or urtdeds A number of molecules present on the
sperm or oocyte plasma membrane have been shdvenitwolved in the fusion process: fertilin
ap, cyritestin, and Izumo on the sperm plasma mengaaad CD?9, integrins, and
glycosylphosphatidylinositol (GPI)-anchored proteom the oocyte plasma membrane. Of these
proteins, only Izumo and CD9 are known to be diyaetquired for fusion to occur. This section

seeks to provide an overview of the molecules kntawlme involved sperm-oocyte fusion.

In mammals, two members of the ADAM daintegrin_ad netalloprotease) integrin membrane
protein family, fertilina and fertilinp (also known as ADAM-1 and ADAM-2), are known to
mediate sperm-oocyte fusion. Fertitirand fertilinp dimerize on the sperm surface and were
identified as a result of mono-clonal antibody bition of sperm-oocyte fusion [20]. Sperm
isolated from mice lacking fertilif have defects with sperm entry into the oviduahnod bind

to the zona pellucida, and have a decreased afailityse with the oocyte plasma membrane [21].
These observations suggest that ferfllis involved in sperm-oocyte membrane interactions,
perhaps fusion, and it may have roles in bindingpefrm to the zona pellucida and/or migration
of sperm in the oviduct. A putative fertilprreceptor on the oocyte membrane isdf@l

integrin [22-24], however oocytes that lack tfeintegrin are still capable of being fertilized

[25].



Another member of the ADAM family, cyritestin (ADARN), is expressed solely in the mouse
testis. Synthetic competitor peptides derived ftbendisintegrin domain of cyritestin [26, 27]
were found to inhibitn vitro fertilization. Isolated cyritestin domains [24]daantibodies to
cyritestin [27] inhibited sperm-oocyte fusion. Smdeacking cyritestin, like those that lack fertilin
B, are unable to adhere to the zonae pellucidae B2R]unlike sperm lacking fertilifi, the lack

of cyritestin does not affect the ability of thesggerm to fuse with zona-free oocytes [28].
Cyritestin is hypothesized to act during the intécm between the sperm and the oocyte zona

pellucida.

Izumo, a member of the immunoglobulin superfanlys been found to be directly involved in
sperm-oocyte membrane fusion. It is the first amdfayet, the only sperm membrane protein
identified that is essential for fusion. The protlcalizes to the sperm surface only after the
acrosome reaction [11]. Sperm derived from malelsitg Izumo are able to migrate through the
oviduct, and to bind and penetrate the zona peltufd9]. These sperm bind to the plasma
membrane of zona-free oocytes, but are unables@iith them [29]. Oocytes injected with
Izumo deficiensperm become fertilized and are able to undergweadictin and successful

implantation [29], suggesting that Izumo functismequired for sperm-oocyte fusion.

A possible partner for Izumo is CD9, a tetraspamirihe oocyte plasma membrane. Oocytes
lacking CD9 cannot be fertilized by wild-type spesperm found in the perivitelline space
(PVS) of these oocytes were unable to bind the tegalasma membrane and moved about
actively [30, 31]. Along with being distributed ¢ime oocyte plasma membrane, CD9 has been
observed to be present in vesicles found in the P323. CD9 containing vesicles from
unfertilized wild-type oocytes have been shown tmiate sperm-oocyte fusion between sperm
and mutant oocytes lacking CD9 [32]. This obséovaesuggests that the sperm-oocyte fusion

process begins before direct cell membrane interast



An association between CD9 and ti&f1 integrin has been shown [33], suggesting that CD9
may be involved in regulating other oocyte membnaioéecules. This association provides
support for the “tetraspanin web” hypothesis [4hposing that a network of interactions
resulting from the ability of tetraspanins to irerwith themselves and with other proteins, on
the oocyte plasma membrane. The molecular functid@D9 has yet to be determined and
appears to be a complicated story. It may be djr@otolved in sperm-oocyte fusion, it may
facilitate fusion that is directed by other molesgjlit may regulate a protein or proteins involved
in fusion via the “tetraspanin web”, or it may perh all these functions along with others not yet

detected.

Integrins and GPI-anchored proteins on the oodgenma membrane are also thought to be
involved in sperm-oocyte membrane fusion. Recerdtiss have shown that integrins are not
essential for fusion to occur. Oocytes which ldekd6p1 integrin have been shown to be
fertilizedin vitro [25]. The loss of GPIl-anchored proteins in oocyessllts in reduced sperm-
oocyte binding and fusion [35]. GPl-anchored prwgeaare enriched in lipid rafts, microdomains
on the plasma membrane, and the loss of thesenmaeuld disrupt these domains, resulting in

defective fusion [11].

The components identified to act at sperm-oocysefuhave been studied in great detail, but
there are components in this pathway that areoyeé identified and characterized. One way to
identify such molecules would be to identify theteins which interact with CD9 directly or
indirectly through the tetranspanin microdomainotker avenue would be to elucidate
molecules on the oocyte membrane which interadt lzitmo. Identifying additional components
will aid in uncovering the underlying mechanismsperm-oocyte membrane fusion. It will also
be interesting, and perhaps informative, to séeeifactors involved in sperm-oocyte fusion are

conserved across species.



Egg activation

After the sperm and oocyte have joined togethes, fétilized egg undergoes egg activation.
During egg activation, the egg completes meiokis,nhale and female pronuclei fuse, a block to
polyspermy is established, and embryonic developmseinitiated. This process is thought to be
induced by an increase in calcium {gaoncentration and a €awave resulting from sperm-

oocyte fusion [36].

Calcium-dependent egg activation has been showa tmnserved across animals [36]. There
exists a difference between protostomes and destitenes in how the increase in‘Cis
achieved: protostome eggs generate an increas& itoyfan external influx of G4 whereas
deuterostome eggs release intracelluld? @am the endoplasmic reticulum (ER) [37]. Calcium
is released from the ER via the inositol 1,4,5gtissphate receptor @R) at fertilization; this
mechanism is conserved among all species thatiergeran intracellular Gaincrease [38]. As
a result of the change in intracellular’Ceoncentration, the cortical granule reaction tvated.
The enzymes released by the cortical granulesthakezona pellucida glycoproteins, which is

thought to establish the block to polyspermy tovpre: penetration by other sperm [39].

Due to the timing of the Gaincrease in eggs after fertilization, it has begpothesized that a
sperm factor is involved in initiating this increa3 here are two proposals on how this is
achieved. The first model involves a sperm ligandhe oocyte plasma membrane which
initiates a signaling cascade resulting in actoratf phospholipase C (PLC) and the hydrolysis
of phosphatidylinositol 4,5-bisphosphate (P1® inositol 1,4,5-trisphosphate ¢H3]. The other
model proposes that there is a soluble sperm fadtah is released into the egg cytoplasm after

fusion; this model is dubbed the sperm factor hiypsis [36, 39, 40]. It has been observed that



injection of sperm cytoplasmic extracts into oosytigggers C& activity similar to those

observed during fertilization [41-44].

Studies in sea urchin egg homogenates suggesteth¢hsperm factor responsible for the release
of Ca* is a PLC present in sperm extracts [45, 46]. P(hosolipase C zeta) is a novel PLC
identified to be only expressed in mammalian sp&dag47]. Injections of PLEcDNA into
oocytes lead to Choscillations similar to those observed in fertitibn [47, 48], supporting its
role in stimulating CH release. There appears to be variations in am@@itsnd potency [50]

of PLCE from species to species, suggesting that the anamahpotency of PLEis specific to

each species and is maximized by each specieduoeregg activation in corresponding oocytes

[40].

The localization and regulation patterns of Rli€both the sperm and the egg remain unknown.
PLCE is very sensitive to Ga[40], and it is perplexing how Plids retained for long periods of
time in mature sperm which have a?Ceoncentration similar to that of eggs [51]. SifRteC

was discovered in mammalian spermatids, it woulthteresting to see if there are homologous
or analogous factors in other species which mayraishderstanding its localization and

regulation patterns.

Use of Caenorhabditiselegansfor studying fertilization

C. elegans serves as an excellent model system to studyifation. Advantages df. elegans
include a short life cycle (3.5 days when growrEscherichia coli at 20°C) [52], the ability to
generate a large number of progeny (250-300 setfgary per wild type hermaphrodite) for large
scale genetic analysis, and a transparent cubcldifect visualization oifn vivo fertilization-

associated events under the light microscope. €herge ofC. elegansis fully sequenced,



allowing for the use of both forward and reversedjie approaches to study the genes involved

in fertilization.

There are two sexes (0 elegans. hermaphrodites and males. Both hermaphroditenzaid
worms start sperm production during the last lastage (L4), but hermaphrodites stop sperm
production and switch to oocyte production uponuraton to adulthood. Sperm in the

hermaphrodite is stored within the spermatheca, thks site of fertilization [53] (Figure 1.1).

Wild-type hermaphrodite Fertilization mutant hermaphrodite
(fertile) (sterile)

uterus spermatheca oviduct uterus gpermatheca oviduct

| !

‘é}e?‘" L

shelled eggs and larvae soft opaque oocytes

Figure 1.1.C. elegans reproductive tract and fertilization mutant phemet The reproductive tract is
comprised of the oviduct (blue), spermatheca (9gresard uterus (red). In wild-type hermaphrodites,
fertilized embryos are present in thrus, which are laid on to culture plates asietheggs which hatc
into larvae. In fertilization mutants (Spe, FerEmy), the uterus is filled with unfertilized ooegt which
are laid on to the culture plate as spongy rourtytes.

C. elegans sperm characteristics

C. elegans sperm differs from mammalian sperm by being ammkiith a pseudopod and
lacking an acrosome and flagellum. Despite thefferdnces, they still carry out the same
fundamental functions associated with all sperner®pirrespective of size or shape, must be

able to acquire motility, locate and move towardanyte, bind to the oocyte, fuse with, or enter



the oocyte, provide paternal information, and wiiely, activate zygotic development. Due to the
universal nature of sperm function and the relagineplicity and accessibility of its reproductive
systemC. elegans provides a good model system to study sperm dpsetat and action at

fertilization.

C. elegans sperm undergo activation (spermiogenesis) in whicimd sessile spermatids are
transformed into motile spermatozoan with pseudejég54]. Sperm activation is necessary for
the attainment of sperm motility and localizatiorthe spermatheca. Hermaphrodite-derived
sperm are activated during the first ovulation ¢vemereas male-derived sperm are activated by
male seminal fluid [54]. During activation, Golgedved organelles called membranous
organelles (MOs) localize to and fuse with the plasnembrane. This fusion results in the
distribution of MO contents on the sperm plasma im@me [55]. Sperm are unable to fertilize
oocytes if MO fusion does not occur and its corgteme not properly distributed on the plasma

membrane.

A characteristic oC. elegans sperm is that male-derived sperm can out-compatadphrodite-
derived sperm. When hermaphrodites are crosseal@sia large percent of the oocytes are
fertilized by male sperm [53, 56]. Mutant maleshadiefects in sperm function are still able to
out-compete and suppress hermaphrodite-derivedngp@ugh they are unable to fertilize

oocytes [57].

When everything proceeds normally@nelegans, an oocyte is fertilized upon entry into the
spermatheca by a single sperm [58]. The fertilegd is then pushed out of the spermatheca into
the uterus and eventually laid through the vulysrdng. During this process, sperm are pushed
out of the spermatheca by fertilized eggs passitithe uterus; these sperm must re-localize to

the spermatheca in order to fertilize the next t®¢y3].
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The nature of the reproductive biology@felegans makes it a good model for the genetic
analysis ofspermatogenesis defectivepg), fertilization defective fer) or egg defective égg)
mutants, all of which present with a sterile phgpet(Figure 1.1). Spermatogenesis (Spe)
mutants are self-sterile; mutant hermaphroditesatself-fertilize and are unable to produce self
progeny due to a sperm defect. These sterile majtapbn mating to wild-type (N2) male worms,
are capable of producing outcross heterozygousepso(Figure 1.2). The sterile phenotype of
Egg mutant phenotypes cannot be rescued by crosinidd-type males due to defects in their
oocytes. This distinction allows for the rapid sepian of Spe and Egg mutants from screens for

fertilization defective mutations.

Spe/Fer mutant hermaphrodite Spe/Fer mutant mated to wild-type male

(self-fertilization) (outcross)
o
M% ///
e N’
= = o //"
N ®
~T—F

a %
> 9 9
F' o 39
2" o
soft opaque oocytes shelled eggs and larvae

Figure 1.2: Rescue of Spe or Fer mutant hermapte®oby outcrossing to wild-type males.
Spe or Fer mutant hermaphrodites are self-stenified® not produce progeny. When these
Spe or Fer mutant hermaphrodites are crossed dotypke males, they are able to produce
viable outcross progeny.
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C. elegans sperm molecules that function at fertilization

Some sperm genes involved in fertilization inclege9, spe-13, spe-36, spe-38, spe-41/trp-3,
spe-42, andfer-14. Brood counts of these mutamrmaphrodites showed these mutants have
decreased brood sizes when compared to wild tyfehdve normal ovulation rates. Worms with
mutations in these genes have normal mating befsaai mutant males are able to successfully
transfer their sperm to hermaphrodites after cdfmaSperm derived from mutant males of this
class are able to localize correctly to the spenew and make contact with oocytes, but are
unable to enter and fertilize them, supportingdabteclusion that these sperm genes are required
for fertilization. Sperm isolated from mutant maéesl hermaphrodites have wild-type
morphology and activation (Figure 1.4), suggestivag the defect is in sperm function and not in
sperm development or activation. Electron microgcpwed that hermaphrodite-derived
mutant sperm of these genes are not missing keneligs and are morphologically
indistinguishable from wild-type sperm. The clonemd characterization gpe-9, spe-38, and
spe-41/trp-3 have uncovered a small part of the molecular m@shadriving the fertilization

pathway;spe-13, spe-36, andfer-14 remain yet to be cloned.

v :
spe-36 spe-38

Figure 1.4: Spe mutant sperm morphology. Spernvelérirom sperm function
mutant males have normal morphology and activatiahis indistinguishable
from sperm derived from wild-type males.
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The first cloned and characterized sperm gendfinations at fertilization ispe-9 [59, 60]. The
spe-9 gene is predicted to encode a single-pass tranbra@e molecule with 10 epidermal

growth factor (EGF) domains in its extracellulagios [60]. SPE-9 has a dynamic localization
pattern: SPE-9 is found on the sperm plasma merelwfuanactivated spermatids, and after
activation, it is found on the pseudopod [61]. Miatas in the EGF repeats result in varied effects
on fertilization [62]. Some repeats seem more dispble than others, resulting in defects under
restrictive temperature conditions, and others tvieliminate SPE-9 function completely when
altered [62]. However, SPE-9 molecules which doaaitain the transmembrane domain are
non-functional and the removal of the cytoplasraitdoes not seem to affect its function [62].
SPE-9 is hypothesized to be one half of a ligawewtor pair due to the presence of EGF repeats
in many ligand-receptor molecules [63], and ital@ation on the sperm pseudopod, which is
hypothesized to be the region which contacts tlegteaduring fertilization [61]. Sperm genes

with the same mutant phenotypesps-9 are often referred to as “sperm function mutants”.

spe-38 was identified as a gene on chromosome |, anteigied to encode a protein with four-
pass integral membrane domains [64]. SPE-38 lesta the membranous organelles (MOs) in
spermatids and moves to the pseudopod during spetivation [64]. There are no apparent

homologs to SPE-38 outside of nematodes.

Localization of SPE-38 in other fertilization mutaiand of sperm moleculessgpe-38 mutants
was determined via immunostaining to determinePES38 localization is influenced by other
molecules or if SPE-38 affects localization of othwlecules. These experiments showed that
SPE-38 does not localize to the pseudopddrii mutants, in which MO fusion does not occur,

and that SPE-41/TRP-3 movement during spermiogeiigekindered iigpe-38 mutants
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(Chatterjee, personal communication). An interacbetween SPE-38 and SPE-41/TRP-3 is

hypothesized to occur due to this dependence alifation patterns.

SPE-41/TRP-3 belongs to the transient receptomtiatd TRP) family of cation channels. It has
been implicated in sperm-oocyte interactions duférglization [65]. In spermatids, SPE-
41/TRP-3 localizes to the MOs and upon activatianglocates to the plasma membrane, and the
loss of TRP-3 irC. elegans sperm is correlated with a defect in calcium irfl65]. Calcium

influx in mammals is associated with cell-cell fusi Members of the TRP family are also
expressed in mouse sperm, further suggesting fRBtproteins are involved in sperm-oocyte

interaction and fusion.

Mutations inspe-42 phenocopy other sperm function mutant phenotypB&-42 is predicted to
encode a 7-pass integral membrane protein withaplasmic N-terminal and an extracellular C-
terminal [66]. Localization of other genes belorpto thespe-9 class (SPE-9, SPE-38, SPE-
41/TRP-3) is unaffected igpe-42 mutant sperm [66]. There are SPE-42 homologs imyma
species including worms, mice, and humans; althahigbe homologs are also predicted to be
multi-pass membrane proteins, they do vary in tmaber of the transmembrane domains. The
presence of SPE-42 homologs across many specigestadhat this function of this molecule
may be conserved and that these homologs may plalg & fertilization in their respective

species.

So far studies of fertilization i@. elegans have been focused on elucidating and charactgrizin
sperm molecules. Since fertilization requires tleeting of two components, the sperm and the
oocyte, recent studies have shifted some of thesfemwards molecules found in or on the oocyte

that affect fertilization.
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Egg moleculesin C. elegansthat affect fertilization

Genes that regulate or are directly involved inyp@¢unction are frequently discovered via
RNAI screens. Two examples are EGG-1 and EGG-2, @bivhich encode type II
transmembrane molecules containing LDL receptorntdehrodites with loss of function
mutations or EGG-1 or EGG-2 RNAI treated hermaptteschave decreased fertility; mutations
or RNAIi knockdown in both EGG-1 and EGG-2 resultedmplete sterility [67]. This
observation suggests these two proteins play settindant roles are a likely the result of a gene
duplication event. Male worms that lack EGG-1 or@&& have wild-type fertility levels and
sperm production and morphology. Immunofluorescemzkgreen fluorescent protein (GFP)
constructs of EGG-1 show the protein to be locdliaethe oocyte plasma membrane [67].
Ovulation rates irgg-1 mutants are lower than those of wild-type, andrsgeom the
spermatheca of these mutants are lost at a raéx than wild-type. The current model is that

EGG-1 and EGG-2 are receptors which bind to speyamdls during fertilization.

Another oocyte molecule, EGG-3, does not functimaatly at, but indirectly affects fertilization.
Hermaphrodites that lack EGG-3 as a result of kdoak by RNAI are sterile, whereas males
retain their fertility [68]. It was shown thatjg-3 mutant oocytes are capable of being fertilized
by sperm, but egg activation after fertilizatiordefective [68]. EGG-3 belongs to the protein
tyrosine phosphatase like (PTPL) family. Memberthef family lack the critical catalytic
residues found in protein tyrosine phosophataseaasmthought to regulate phosophatase activity
by sequestering or competing for target molec i €35-3 is hypothesized to be a part of a

protein complex that is needed for the detectiospeirm entry and egg activation [68].

EGG-4 and EGG-5 are also members of the PTPL fatiméiresult in hermaphrodite sterility
when mutated or knocked down; these proteins a@igied to be 99.2% identical with

redundant functions. Hermaphrodites treated egth4/5 RNAI exhibited defects in egg
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activation after fertilization including eggshedirination, polarized cytoskeletal rearrangement,
and polar body formation and other meiotic deféetsry, personal communication). In
developing oocytes, EGG-4/5 is found on the plasraebrane and becomes cytoplasmic in
embryos. This dynamic localization pattern is deleen on EGG-3 and CHS-1, a chitin synthase
required for eggshell formation. Conversely, EGG&44/needed for the proper re-distribution of
EGG-3 and CHS-1 after fertilization (Parry, perdamanmunication). The current model
proposes that EGG-3, EGG-4, and EGG-5 act as antheequester molecules which release

them at the proper time during egg activation.

The importance of successful fertilization to séxearoducing species is unrivaled; optimization
of this process allows the events to occur smoathtythe propagation of genetic material, in
essence life, to the next generation. Infertilgyaicommon issue many people face today,
resulting in an entire industry based on assistedravitro reproduction. Gaining a better
understanding of the underlying molecular mecharggfertilization may enable us to uncover
the root causes of infertility in order to devetogatments or alternative methods. On the other
hand, information gathered from studies of fertilian molecules may be used to generate novel
contraceptive strategies designed at the moletitat. The benefits and knowledge gained from
studying fertilization can solve fertility issuasather species. There are a number of endangered
species that have difficulty reproducing in capyivAlso, contraceptive methods could be
designed to control the overpopulation of certaiimels, such as deer, in densely populated

areas.

The information obtained from studying the molecuteechanism of fertilization does not only
enrich the understanding of the field of reprodeeetiiology. The interactions between sperm and
oocyte have many similarities to signaling systeised in somatic cells [8, 69]. In addition, cell-

cell and membrane fusion events that are involuadany essential cellular processes, such as
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vesicular transport [70], and the fusion of spend aocyte during fertilization may be
analogous. Molecules involved in sperm-oocyte fusiay have counterparts in other cellular

fusions, making it easier to identify, study, amdlerstand such molecules and their respective

biological processes.
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CHAPTER 2

Use of single nucleotide polymorphisms to faciétgene mapping i@aenorhabditis elegans
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Introduction:

A common goal in biological studies is to underdtéite molecular mechanisms involved in
driving biological processes. To achieve this gtied, molecules involved in these processes and
pathways need to be identified and their functielngidated. One way to identify molecules is
through forward genetic screens, in which phenaygfenterest are generated and the genomic
position of the mutations are determined throughegeapping and cloning techniques.
Depending on a gene’s physical location, the tintekies to clone it can range from months to
years; there are genes that have been characterizeemain uncloned. Simple, efficient, and
accurate mapping techniques could greatly redueartiount of time spent identifying and
cloning genes, allowing for more time and resoutodse focused on determining their molecular

function and role in biological pathways.

Single nucleotide polymorphisms (SNPs) have emeagea powerful tool for fine-tuned
mapping and cloning of genes across model systéing4]. SNP mapping technique is similar
to that of traditional mapping techniques to linknatation to a chromosome, and two-factor and

three-factor mapping to map out borders for théoregh which the mutation is located.

SNP mapping has several advantages over mappihg/igible phenotypic markers: 1) SNPs do
not have visible phenotypes so they cannot be rdaskealtered by other phenotypes; 2) the
density of SNPs across genomes is higher thanethsitgt of visible markers; 3) the presence or
absence of SNPs can be easily detected and venifiedstandard molecular biology techniques.
Whole-genome sequencing for mutant allele idermiifan [75] coupled with initial linkage and
interval mapping with SNPs can greatly reduce theunt of time and effort needed to clone

genes [75, 76].
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Traditional SNP mapping involves the polymerasarcheaction (PCR) amplification of the
region containing the polymorphism and sequencfriat region for detecting the presence of
the SNP. This procedure allows for the use ofr@I$SNPs present in a genome, but it is labor
intensive and can be expensive. Strategies havedmeloped in which the PCR product is
analyzed directly with fluorescently tagged prop&q or through denaturing high-performance
liquid chromatography (DHPLC) [78, 79]. Althouglete strategies are more efficient, they can
also be costly and labor intensive. A differentrapgh utilizes SNPs that introduce insertions or
deletions (indels) or snipSNPs. Indels are eadiyiified by running the PCR product directly
on agarose gels, but they may require visualizagiohigh-resolution agarose gels or involve
large regions that are inserted or deleted in th& Bequence. snipSNPs, SNPs that result in
restriction fragment length polymophism (RFLPsMWmesn different strains, the most commonly
used lab strains being Bristol N2 and Hawaiian Ci4&re easier to verify than sequence SNPs.
The nature of snipSNPs allow for easy visual dairaif the presence or absence of that SNP
through a simple restriction digest assay of th&p@duct at a relatively low cost. The

advantages of using snipSNPs in mapping have eesuitits wide use and popularity.

The use of SNPs is an easy and efficient way terdehe genetic linkage 16. elegans [80]
chromosomes. Strategies have been developed ttwdwérnmore in-depth primer sets for high-
throughput gene mapping [81-83] to streamline tia@mng process to allow for rapid and
precise interval mapping. These strategies [81c88] many advantages which include:
generation of bulk lysates for analysis, abilityuge one lysate for multiple SNP analyses, and
optimized primer sets for identical amplificatioonditions. However, a disadvantage of these
published sets is that some of the included snipsSiésult in the digestion of both N2 and

CB4856 sequences at differing positions, makingatjgrose gels difficult to interpret.



20

The method described here provides a wide-rangghgfl primer sets for 41 snip-SNPs that
generate restriction sites only in CB4856 but ndt Selecting SNPs that digest sequence only
from one strain allows for precise and unambigumerose gel banding patterns that determine
the presence or absence of CB4856 sequence. Tusdure was designed for smaller-scale gene
mapping and for unambiguous SNP detection. TheSdiis are spread out over all
chromosomes (7 per autosome, and 6 for the X chsome), allowing for linkage assignment

and interval mapping. The purpose of developing piimer set was not to compete with

previously published works, but rather to serve gstential alternative.

Whole-genome sequencing has been shown to be la @ption for rapid gene cloning @
elegans [75]. This technique when combined with rapid &gk and interval mapping with SNP

markers can be a powerful tool in the cloning atentification of new genes.

Methods:

Culturing of C. elegans strains

Culturing ofC. elegans was done according to standard protocols descalseadvhere [52]. The
strains used in this work wergpy-5(e61), rol-1(e91), unc-32(e189), as28, Bristol strain N2
(wild-type), and Hawaiian strain CB4856. Straingevebtained from th€aenorhabditis
Genetics Center (CGC, University of Minnesota). a8 mutation was isolated in an ethyl
methanesulfonate (EMS) mutagenesis screen condogtiedirani Chatterjee and Emily Putiri.

All strains were Bristol-derived except for the Haian strain.

Genetic crosses
Adult mutant hermaphroditegy-5;rol-1;unc-32 andas28) were mated to Hawaiian males at a
ratio of 3 males to 1 hermaphrodite. F1 heteromgetere allowed to self-fertilize, and 60 to 75

homozygous mutant F2 animals were selected basptemotypes (Figure 2.1).
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Figure 2.1: Schematic of genetic cross to CB48%5@ Hdoxed regions depict
hypothetical banding pattern on an agarose gehf®SNPs listed in this work.

DNA extraction

Adult worms were selected based on mutant phenatygegrown together on a culture plate
overnight. The worms were then washed with 1X Mdmsolution and collected into tubes
containing 6Qul worm lysis buffer (50 mM KCI, 10 mM Tris-HCI pH.8, 2.5 mM MgC}, 0.45%
NP-40, 0.45% Tween 20, 0.01% gelatin,.8ml Proteinase K). The worms were lysed by
incubating at 65°C for 60 minutes, followed incubatat 95°C for 15 minutes. Worm lysates
were generated for Bristol (N2), Hawaiian (CB4856¥ original mutant strairdy-5;rol-1;unc-
32 or as28), and homozygous mutant F2 animalgyt5; CB4856 oras28; CB4856)from the

cross described above.

SNP selection
SNP information on CB4856 from the publicly avai&aBNP information site

(http://genome.wustl.edu/genome/celegans/celegapsgdnwas used to select SNPs that would
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result in RFLPs in CB4856, but without affecting tN2 sequence. SNP restriction digest
patterns were verified with N2 and CB4856 PCR potsiuThe SNPs developed and used in this

work are listed in Table 2.1.

PCR and restriction digest

PCR was carried out on 2ubof each worm lysate by adding each lysate to g a PCR
master mix (0.2%l 25 uM forward primer (listed in Table 2.1), 0.25625 uM reverse primer
(listed in Table 2.1), 22.0l sterile ddHO in a tube containing one PCR bead (GE #27-9559-01
The reactions were subjected to the following eygltonditions: 94°C 120s; 30 cycles of 94°C
30s, 58°C 60s, 72°C 60s; 72°C 420s. Restrictiorsligf each PCR was done by addingl 1@
each PCR to a master digest mixuy(20X buffer, 1ul restriction enzyme (listed in Table 2.1),
and 7yl sterile ddHO). Digests were incubated at 37°C for at leastur hDigested samples (20

ul digest reaction) were loaded onto a 1% agarokfogeisualization.



Table 2.1: List of location, primer sequence, festm enzyme, PCR and digest size for each SNPe&ch

primer pair, the forward primer is listed firstarb’ to 3’ direction. Genetic positions are from ivibase [1],
release WS196. *denotes chromosomal linkage SNies\otes CB4856 PCR size
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Linkage ~Geneti ‘ i CBA856
11 g ene. - Clone Primer Sequences PCR (bp) = Enzyme .
Group Position iy Digest (bp)
GTGGACGAGATTTTGTGGCTIGG 309, 312,
I 19 | F33G12 i 890 Eal .
GOCCACCCCCACCCAAT 578, 581
CCGCTATCTCCGCTGACCCG 487, 488,
I 8 F32B5 ) B 1058 Mboll e
TCGTATCCGCTGAGGTGAAG 571, 572
ATCTCCAATCACTAGCGACGACT
I 0 Co9D4 e T 1139 Aval
TGCGAAGAAACTGATTGTCOTGS
TGTATCATTTGTCCTGCTTCCCAC 200. 203
I 2 T23GI1* i SR T 811 Del e
GACTATTCCAACAGATGTATTCAAGCCAC 608, 611
CTGOTATECATAGTCTGCGGE 269, 273,
I 3 Y6TAGA TR e T 1007 Bell o s
AGGTAGCTGAGTTCCAGTTTTTGC 734, 738
AGACTGTAGATTGAAAAGGGGTGTAAGAGG 90, 195,
I 17 Y26D4A ABRCISLAGHTTCARANDUBET VT ABtadR 821 Hgal 220 &
AGTAACAGTATGGAGAACACCAGGAAGT £ 626, 631
CACAAGTGGTTTGGAAGTACCG _ 211, 215,
I 28 ZK909 - PO S o R 451 HindIII
CAACAAAGCGATAGATCACGGS 236, 240
CGTGATGAG! CCTGG ) 89,
I s FAGES TITGTTCGTGATGAGATTTTCCTGG s o 688, 689
AGTTTAGCCTTTGGTGGATTCATACA 584, 585
GOGTCACAAGATCACAGGTTCAA 31, 345,
i 8 Y25C1A il LA au ) 945 Agel L
TTAGGCATAGGCTTAGGCATAGGAATAG 600, 604
GTGATAAAAGTGAGTATTGATATGAGCCC
i -1 KO5F1 - A AL T ' 969 Sspl 460, 509
GCATCACATTGGACACGAGITATG
CCGTAGTTTGATTCGOAGE
I 0 ZK1290%* SRR s 1003 Agel 493,510
GOCTTTCGGACTCACGGOTT <
ACTCTGT: G “TGGACTCTCGC 500, 504,
- ; — ACTCTGTATTTTGATTTCTGGACTCTC — —— 00, 504
ATAAAGTTGGTGATGACAGTGGAGCA 514, 518
, TCTGTCCATTITCTCCCTTTGTTCS 394, 398,
i 6 Y57A10A o - ol 951 Kpnl g i
CGOTAATCOTCCATCTTCGOTTT 552, 55
GTAATCATCATCACGCAAATAGAAAGC 560, 564,
I . Fsrcn STAATCATCATCACGCAAATAGAAAGC 63 AL 60. 564
CGACAACCGAATGAACTTGGG 599, 603
i 5 o GACCGCCCAGGAGATGTGAAC - - 339, 3
ACTTATCACATTTTCGGTTGCCT 631, 633
AGGAAGTTGCCGTGTCAAATGTAA 236, 240,
M1 210 | Y71H2AM it i 1089 Xhol o
CACATCCGTAGAGCCCAATCAGA 849, 853
GOAAGAACGACAGAAAATATGGAAACA 399, 403,
I 4 C36A4 Ak Ak e 896 Aval ? i
TAAGAGAAGATGTGGRAGTTTTTTGAAC 493, 497
GOACAGAGAACCACCATTTGACC 384, 387,
M1 1 K042+ o § ) 1079 HinfT sl R
CTCTCAGCAAGCACAATCTGGTG 692, 695
TTCGGTTGGATTTTCTATGGGTTTG
Il 2 MO4D8 S 5 s i 1143 Micl 592, 551
TGOAATCAGAGACAGGAAAATGCC
ATTCCCGOCATTTTTTTTCG 449, 452
M1 11 YA1CAA i 934 Avall X
ATTATTGTTGAAGAAAGGGAGGAGGATT 482, 485
) CGGTGGTOGTAAAAGTGTAAC 268, 270,
1 21 T25C8 bt ’ sS4 | Hpylssar| T T
CAACATTCAGGCTGTGCTTTCC ? 274, 276
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Table 2.1 (Continued): List of location, primer geqce, restriction enzyme, PCR and digest sizedoh SNP.

For each primer pair, the forward primer is listiest in a 5’ to 3’ direction. Genetic positionsearom
Wormbase [1], release WS196. *denotes chromosdmade SNPs, tdenotes CB4856 PCR size

Linkage = Geneti _ _ ) CBA856
fl age JE],IE, i Clone Primer Sequences PCR (bp)  Enzyme :
Group Position . Digest (bp)
TTTCAATACGGCGTCOTG 200, 204,
vV 226 | YGGHIA ok i 494 Mbol
GATTCCGTCACTGGTTACTGAG 290, 294
TTTGTGGOGGTTGCGTCTATTC 461, 465,
v -9 TO4CA St 1005 Bell e
CGATGACCGCCTCCCACG 540, 544
COTCATCAGTCACCCOGCC 465, 469,
v 3 B0212 _ _ T 1004 Nspl e
ACTACTTATTACACAAAACATTGGCTGAAA 535,338
ATTCTCCCTCTCATTITCTCATCGCT 423, 427,
v 3 ROSGG* i e 912 Pstl ;
CCCATCTCATAATAACAGCATCCAAAAT 485, 489
GCCGACTAAGAAAGTGTCTGGAAATT 421, 423
v 5 COSF8 i o T T 1139/1142 | BseRI oy o
CCACTGTGTCACGATTCATTGATGAT 719, 721
TGCCTGTGAGACTTTATGGGAAC _ _
v 12| Y6IG10A T o S 786 Psil 390, 396
CCACCAAGCCUAAATCAAGAAG
AGCGACAACTACACTTGATGGAG 702, 706,
v 17 COGALZ i o _ 1418 BswpFl | _ 0
COTATTTTTCGCATTGTTTCCAGG 712, 716
CTTTTATGTCTCTTGAACTTGAATTGCTA 459, 463,
v -20 7KASS s e 950 BsiHK Al v,
ATCTTATTTTCAGGGCTACGC 487, 491
] TGGCTCGGOGGAAGATTTG ]
v 12 | F35F10 L T 988 Xmnl | 450,538
GOTTGCTTCTGTGGGOTTCATC
TCATGTCTAGTAGCCTTCGTTATTCCG
v 0 F13H6* B 1104 Mcl 439, 665
AAATAGGAATGGAGTCTCGGGCTT
GGTTITAGACAGCGGAGGGC 430, 434,
A% 2 C50F4 TR s 1004 BsmAl | .
TTGAAACCTAAACTCACCCATTG 570, 574
CTCCATCGTTTTITGTCGTTITCTTC
% 4 R1IDI - S 980 Sepl 398, 582
GITTTTTTGGCACGCTTGTTCG
AATCGCACTTGCCGCTACTAAA ,
% 12 F40D4 > I 1112 Noul 489, 623
GCACTGACAAATGACGGAACTT
TTCCAACTGCTAACGACGGTCAA 652, 656,
v 25 WOIF3 , : o 1351 Apol =5 5
CGATTCTTTGAGCATCTCCATACA 695, 699
AAGAGTGAACCTTTTCCGTGAG 152, 154,
X 20 RO4A9 T e 433 Mel :
TGATGCAATTTATACACACGCC 279, 281
TCTTCTTCTGGGATTACTTCGTOTTCA
% -9 7064 R A : 812 Sepl 363, 449
TTCCAATGTTACGCTACCAGCTTTTC
CCTTTCCGTCCCACTTCTCAGTCT 430, 434,
X 2 BO403* S, > 897 Belll e s
GGCTTGGAGGAAAATCATCAGGA 463, 46
ATGCCAGTTCACAATCCCAATCC 551, 555,
b’ B T05A10 . S 1221 Mfel o
CATAAAATTCCAGAGAGGAGCGACG 666, 670
- CGAGAGAGATTCAGGACAACCAATAAAGT 228, 230,
X 11 F46G10 T e o : 713 Acul !
TTGAAAATAACTCCAATGATGTATGAA 483, 485
AAACTGGCTTCACGAAATGTAAAT 612, 613,
X 2 F38E9 e A 1231 Hphl e
ATTTGTCCTCACTAACTGTATGTCC 618, 619
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Results and Discussion:

Chromosomal and interval mapping of the known gene dpy-5

The validity of this method in mapping genes wasfieel by the mapping of an already cloned
gene dpy-5. Hermaphrodite worms from a marked mapping ste#i592 dpy-5(e61) I; rol-
1(e91) I1; unc-32(e189) IlI; were crossed to CB4856 males and a lysategeagrated by
selecting homozygous F2 Dpy progeny with a N2/CEB4B&ckground. A lysate of worms from

the BA592 parent strain was also made and serva€astrol alongside N2 and CB4856.

To determine chromosomal linkagedply-5(e61), the first round of analysis was performed
using SNPs found at the center of the chromosoméstad in Table 2.1. As expected, linkage to

chromosome | was observed with no linkage to therothromosomes (Figure 2.2).

dpy-5(e6l ), CB4356
dpy-5(e6l), CBA356
dpy-5(e6l), CB4336
dpy-5(e6l), CB4336
dpy-3(e6l ), CB4356
dry-5fe6l}), CBA336

o
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—
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Figure 2.2:dpy-5 chromosomal linkage. Results of restriction digasPCR products of lysates from
homozygous N2, CB4856@py-5, anddpy-5; CB4856 worms ran out on an agarose gel are shbiSNP
used for each chromosome is listed under each dwome. Unlinked SNPs for recessive mutations will
display an equal mix of N2 and CB4856 bands, wteeliaked SNPs will display only N2 bands. Linkage t
chromosome | is indicted by white box.

To identify the region on chromosome | that cordaipy-5, a second round of PCR and

restriction digest analysis was performed. Theselt®show thadlpy-5 is found towards the
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middle of the chromosome, and is not located aettts of chromosome | (Figure 2.3 A), as

A o o o o o o o
8 2 2 2 3 g 2
) o3 o« o« o ca o«
@ & & & & & &
E o ) 5] [ _E o [ OE
k & E o o © & o B & B F o o B © g oE %
2 E e g B2a g5 2 28 8 & g &8
- 299 ) I T - SR B S ¥ 9 9 B g o
Ao b REREof BEEc 8 BEREgD BEEY 28 EEgf BEEod R ES
moE LD R Y O DWW E DWW &S DWW o [ T SR A A & B A M- S R A |

F53G12 F32B5 C09D4 T23G11 Y67A6A  Y26D4A ZK909
B
-19 2 1] 2003 17 18
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Figure 2.3.dpy-5 interval mapping on chromosome I. A) Results strietion digest on PCR products of
lysates from homozygous N2, CB485By-5, anddpy-5; CB4856 worms ran out on an agarose gel are
shown. The SNPs used are labeled at the bottohedfdl. Unlinked SNPs for recessive mutations will
display an equal mix of N2 and CB4856 bands, wheliakied SNPs will display only N2 bands. B)
Genetic positions of SNP markers on chromosomeH thie region reported this data to contpg-5
outlined by dashed lines.

The SNP markers outlined a region that centersnarthe middle of chromosome | whedgy-5
is located (Figure 2.3 B). The published genetisitmn fordpy-5 is zero, matching the region
outlined by the SNP data. SNP markers within amlasome provide boundaries allowing

further, more in-depth mapping.

Chromosomal and interval mapping of an unknown mutation
Mapping ofas28, an unknown mutation affecting fertilization@ elegans, was performed to

demonstrate the effectiveness of this method tralrgene mapping. Results from the
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chromosomal linkage step were inconclusive in linkage to a specific chromosome was not
observed (Figure 2.4). Although linkage to a specfiromosome was not determined by this

analysis, it does not demonstrate the failure isfritethod.

as2&;, CB4856
as2d; CB4856
as2&;, CB483a
as28;, CB4834
as2&;, CB483a
as28;, CB4834
2-Log Ladder
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as23
2528
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HEEEE L
]
|

ALUAREE | |

I I m v v X
T23G11 ZK1290 K04C2  ROSG6  FI3HE  BO403

Figure 2.4:as28 chromosomal linkage. Results of restriction digesPCR products of
lysates from homozygowss28, andas28; CB4856 worms ran out on an agarose gel are
shown. The SNP used is listed under each chromoddntimked SNPs will display N2
anddigested CB4856 bands, whereas linked SNPs wilaysonly an N2 ban

Theas28 mutation may be at the end of a chromosome, wiialid allow for the occurrence of
recombination towards the middle of the chromosqoméere the SNP markers are located,
resulting in band patterns that do not show linkiagany chromosome. To resolve this linkage
issue, SNPs located at the ends of left and righs &f each chromosome were selected as
markers to determine chromosome linkage. This aisatgvealed linkage to the left arm of

chromosome |V along with weak linkage to the righth of chromosome Ill (Figure 2.5).
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Figure 2.5:as28 chromosomal linkage with SNP markers at ends ofrobbsomes. Results of restriction

digest on PCR products of lysates from homozygs8, andas28; CB4856 worms ran out on an agarose

gel are shown. The SNPs used are listed underassomosome. Unlinked SNPs will display N2 and

digested CB4856 bands, whereas linked SNPs wilalysonly an N2 band. Linkage to the left arm of

chromosome IV and weak linkage to the right armtobmosome Il are indicted by white boxes.
Further analysis of SNP markers on chromosomestllV was performed to confirm linkage
analysis and to narrow the region containing theegeith theas28 mutation. For chromosome
IV, the data shows clear-cut linkage to the uppestmegion of the left arm of the chromosome,
with only N2 bands present and no CB4856 bandstit€Figure 2.6). For chromosome llI,
there is a digested CB4856 band present at thefaheé right arm, but this band is fainter than
the rest of the observed CB4856 digested bandseosame chromosome (Figure 2.6). The faint
band could be a result of ineffective PCR cyclesitaminated samples, or the result of a
dominant mutation. If the PCR cycles had errors,régsulting bands would not be as bright as
bands resulting from error-free PCR cycles. Contateid samples would contain CB4856
sequences, but not at a high concentration, wdstdrasult in fainter bands. Replicates of PCR
and restriction digests contain the same faint ptratefore failed PCR or sample contamination
does not explain this occurrence. Along with segtieg ratios (56 sterile out of 457 total worms
examined, 12.25%), the data suggest thahsh®@ phenotype is a result of two mutations; a

dominant mutation on the right arm of chromosonmeaihd a recessive mutation on the left arm

of chromosome |V.
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Figure 2.6:as28 interval mapping with SNP markers from chromosoitiesnd 1V. Results of restriction
digest on PCR products of lysates from homozygs8, andas28; CB4856 worms ran out on an agarose
gel are shown. The SNPs used are labeled at thenbof the gel. Unlinked SNPs will display N2 and
digested CB4856 bands, whereas linked SNPs wilalysonly an N2 band.

The multi-gene nature of tras28 mutation makes it difficult to clone with curremgpping
strategies and technologies, making it a candidateutant allele identification with whole-

genome sequencing.

Conclusion:

Despite the advantages of using SNPs in linkagardadsal mapping over using physical
markers in traditional linkage mapping, the us&NP for linkage and interval is still not as
widely practiced as physical markers. The previppsiblished protocols are designed for mass-
scale linkage and interval mapping, involving paplication [82] and automated robotic
platforms [84]. However these conditions are neaidor mapping of a single gene or smaller-
scale analysis. The method presented in this wieksoan advantage over previously published
protocols [80, 82-84] for smaller-scale, individeédning studies by providing a way to present
mapping data in a clear-cut and unambiguous maitheragarose gel banding patterns that
result from this method make it easy to interphnetpresence or absence of the out-crossed
CB4856 sequences when compared to the endogenaossgN2nce. The results produced from

this method do not pin-point a harrow region inethihe mutation of interest is located, but
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instead provides a general region for more fineetumapping. This method can also be used to
facilitate whole-genome sequencing for gene clowingiutant allele identification for which fine

scaled mapping is not required.
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CHAPTER 3
Phenotypic characterization and mapping of a nésdlated temperature-sensitive mutation

affecting fertilization inCaenorhabditis elegans
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Introduction:

The transfer of genetic information to the nexteyation requires the formation of a zygote from
two gametes. For fertilization to occur, sperm andyte must meet and interact with each other
in a meaningful way. Sterility can result from mahings, including the absence of sperm and/or
oocytes, defective sperm development, activatiod,fanction, or from defective oocyte
development and/or maturation. Many of these psEsbhave been described and studied in
depth using model systems. However, a full undedstey of how these processes coalesce for a
successful fertilization event remains elusivethese are many molecules and their roles have
yet to be elucidated through these studizgnorhabditis elegans serves as an excellent
paradigm for studying these potential factors #ratinvolved in and events related to
fertilization due to their rapid reproductive atyilialong with real-time visualization @f vivo

events.

Sperm activation, or spermiogenesis, is an impbgestess by which immotile spermatids

obtain motility to become mature spermatozoa. phisse of sperm differentiation occurs after
the completion of meiosis. 18. elegans, the round, symmetrical spermatid acquires motility
generating a pseudopod. No mRNA molecules or pretaie synthesized during this process, yet
the spermatid undergoes a dynamic morphologicabamgdiological change to become a mature

spermatozoa [4, 85].

It is speculated that multiple pathways are invdlireregulatingC. elegans sperm activation due
to differences observed between hermaphroditesraiel worms. In hermaphrodites, spermatids
are activated upon entry into the spermatheca;easan males, spermatids are activated upon
ejaculation and entry into the uterus [54]. Thents@f sperm activation for both male-derived
and hermaphrodite-derived sperm are the same ddhpit different origins. During

spermiogenesis, Major Sperm Protein (MSP), whigirésent in the fibrous bodies (FBSs),
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depolymerize to become the sperm cytoskeletonMfi is found to cluster at the pseudopod to
facilitate sperm movement [86, 87]. Simultaneou€lgl|gi-derived membranous organelles
(MOs) localize to and fuse with the plasma membfabg This fusion allows the MOs to
exocytose its contents on the sperm plasma membFaedmportance of MO fusion is
delineated by defects that may occur during spegemesis. For example, defects in MO fusion
result in spermatozoan with abnormally short pspode with motility defects, such gse-10

[87] andfer-1 mutant sperm, which are unable to fertilize oogyte

In this work, we present the phenotypic and linkagelysis foas28, a mutation that results in
defective sperm activation. Hermaphrodite wormshieas?8 mutation are self-sterile due to a
sperm specific defect. Bots28 mutant males and hermaphrodites produce morptualbgi

abnormal sperm that we hypothesize to be the reSdkfective MO fusion.

Methods:

Culturing of C. elegans strains

Culturing ofC. elegans was done according to standard protocols descalseavhere [52]. The
as?8 strain was maintained at 16°C and shifted to 28t@xperiments. The strains used in this
work include:as28, him-5(e1490), dpy-5(e61), rol-1(e91), unc-32(e189), unc-5(e52), dpy-

11(e224), lon-2(e678), Bristol strain N2 (wild-type), and Hawaiian stratB4856. Strains were
obtained from the Caenorhabditis Genetics Cent&QQJniversity of Minnesota). Thas28
mutation was isolated from an ethyl methanesul®(@EMS) mutagenesis screen conducted by
Indrani Chatterjee and Emily Putiri; descriptiori@b other strains can be found on Wormbase
[1]. All strains were Bristol-derived except foretiawaiian strain which was used in
chromosomal linkage analysis. As28;him-5(e1490) double mutant was created to increase the
frequency ofas28 mutant males; for experiments involving this strahehim-5 strain is

considered wild type.
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Progeny and ovulation counts

The number of progeny for N2 (wild type) aasP8 was determined by placing individual worms
on separate culture plates and counting an emntiligidual’s brood. Ovulation rates were
determined by combining the total number of embitog unfertilized embryos laid during the
entire lifetime of a worm [57, 64, 65, 86, 88]. Bcband ovulation counts were performed at

16°C, 20°C, and 25°C.

Germline mor phology
Germline morphology for wild type ara$28 hermaphrodites was determined by mounting

worms in 7l 200uM NaN; onto 2% agarose slides for visualization with Neskaimaging.

Sperm loss assay

The amount of sperm cell nuclei present in therspéteca over a specified time period was
examined to determine the rate of hermaphroditenspess. Worms were fixed in cold methanol
for 5 minutes, stained with Quj/ml 4,6-diamidino-2-phenyl-indole (DAPI; PierceNB binding
dye, then mounted on 2% agarose slides for visatadiz under both Nomarski and fluorescence

imaging.

Sperm isolation and in vitro activation

Sperm morphology and activation was assessed bopsdy describe methods [4, 85, 89]. The
testis or spermatheca was dissected in 1X sperrar{@il) pH 7.8 with and without 2Qg/ml
Pronase, a knowim vitro sperm activator [85]. To examine membranous ordaiielO) fusion,
the fluorescent lipophilic styryl dy-(3-triethylammoniumpropyl)-4-(4-

(dibutylamino)styryl)pyridinium dibromide (FM 1-48/olecular Probes) was added to 1X SM at
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a concentration of M to visualize membranes [90, 91]. Dissectionsparmn were examined

with both Nomarski and fluorescence imaging.

Genetic mapping

Initial chromosomal linkage mapping fas28 was performed by crossi@ag28 into two triply
marked strains BA5921py-5(e61) I; rol-1(e91) II; unc-32(e189) Ill) and MT464 (nc-5(e62) IV;
dpy-11(e224) V; lon-2(e678) X). Results from these crosses were ambiguousaaradternate
technique was employed to determine chromosomiddje. Chromosomal linkage fas28 was
determined by examining SNPs that result in aigtgn fragment length polymorphism (RFLP)
in the CB4856 Hawaiian straias28 hermaphrodites were crossed to Hawaiian malesadtoaof
3 males to 1 hermaphrodite, the heterozygous psogene allowed to self-fertilize, and F2
homozygous sterile progeny were isolated to geaerfgsate which was analyzed for

chromosomal linkage.

Results and Discussion:

as?28 mutant hermaphrodites are self-sterile

as28, a newly isolated mutation, was uncovered in aetifor temperature sensitive sterile
mutations. Brood counts showed thg28 mutant animals have reduced fertility and decreéase
ovulation compared to wild type (N2) controls a tlestrictive temperature of 25°C, with normal
levels of fertility and ovulation at the permissiegnperature of 16°C (Figure 3.1). This strain
was determined to have sperm defects due to ilisyabiviable cross progeny when mated to
wild-type males, indicating that there are no defét oocytes produced [ag28 mutants.
Heterozygouss28/+ worms are fertile, makings28 a recessive mutation. Aside from the
sterility, there are no other visible mutant phgpes associated wits28 animals;as28 mutant

hermaphrodites have wild-type morphology and apfeandergo spermatogenesis and
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oogenesis normally (Figure 3.2). These observasoggest that thas28 mutation only affects

sperm.

350 @2
B asd8
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16°C a0°c 25°C 16°C a°c 5°C

Figure 3.1: Brood and ovulation counts for unmats8 mutant hermaphroditeas28 animals have normal
levels of fertility at lower temperatures (16°C &@fC), but have greatly reduced fertility whenftgd to a
higher temperature (25°C). Ovulation rates areaffected inas28 animals. n = 19-24 per allele.

young adult

spermatocytes uterus spermatheca oviduct

Figure 3.2: Nomarski DIC pictures of wild type aam®8 hermaphrodite germlineas28 mutant
hermaphrodites appear to undergo spermatogenasmliyduring the last larval stage, La&28 mutant
young adult hermaphrodites are sterile, with uiifeetd oocytes present in their uteri, in contrtasthe

presence of developing embryos in wild-type utdiagnification at 60X.
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as28 hermaphrodite-derived sperm are not maintained in the spermatheca

The ovulation rate foas28 mutant hermaphrodites at the restrictive tempegatti25°C is

slightly lower than that of wild-type animals. l$been shown that the presence of spermatids or
spermatozoa in the spermatheca is needed for amulkents to occur [92, 93]. To determine if
the lower ovulation rate fas28 mutant animals is a result of an inability to netsperm in the
spermatheca, age-matched DAPI-stained wild-typeag2®imutant young adult hermaphrodites
were examined for the presence of sperm cell nutlie spermatheca. The number of sperm
present in the spermathecas of wild-type asit mutant animals shortly after the animals reach
adulthood at 25°C is comparable (Figure 3.3). Hewewmas28 mutant young adults, there is a
marked reduction in the number of visible spermi@idound in the spermatheca when compared

to wild-type animals (Figure 3.3).

8 hrs post T4 24 hrs post L4

Figure 3.3:as28 sperm loss phenotypas28 mutant sperm are lost from the reproductive taact cannot
fertilize oocytes. Dashed ovals denote the positicihe spermatheca, sperm nuclei are visible ightr

dots inside the spermatheca. Orientation of theotkptive tract from left to right is uterus, spaititeca,
oviduct. Magnification at 60>

These observations suggest #28 mutant sperm are unable to crawl back to the spaeoa

after being swept into the uterus by passing oacylibe absence of sperm in the mutant
spermathecas could be the result of a defect imspetivation resulting in mutant sperm that do
not acquire full motility or it could be the mutasgerm are unable to properly sense the presence

of the spermatheca and are unable to move towhedsite.
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as28 mutant animals produce mor phologically abnormal sper matids

To characterizas28 spermatids, dissections of wild-tygent-5) andas28; him-5 males were
performed and examined under Nomarski imagingagd®; him-5 double mutant strain was
generated to increase the occurrence of malesseedtions; théim-5 mutation allows for an
increase in the number of male progeny producedonttgenerating any adverse effects on
sperm [4]. Homozygouas28; him-5 males produced spermatids that had an abnormal
morphology (Figure 3.4) that remains unchanged #feaddition of Pronase, a known sperm
activator [85]. Sperm dissected from unmads2B mutant hermaphrodites have the same
phenotype, suggesting that these mutant spermtdandergo normal sperm activati@as28
mutant spermatids have a distinctive cratered acdalated appearance as opposed to the
smooth surface found on wild-type sperm, which ddé the result of improperly fused MOs.
Vacuolated spermatocytes have been observgmbia [94] andspe-5 [95] mutants as a result of

abnormal FB-MO development, but they rarely progtesbecome spermatids.

him-5 as28; him-5

Figure 3.4:as28 sperm activation phenotype. Spermatids derivenh frtales were dissected in 1X sperm
medium. Worms were grown at 25°C; L4 males werkaisd the night before dissections for spermatid
accumulation. Magnification at 100X.
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To investigate the nature of the cratersas28 mutant sperm, a fluorescent membrane marking
dye, FM 1-43 (Molecular Probes), was used deteatnaties on the surfaces of spermatids and
spermatozoa. FM 1-43 has been shown to be a potmier of cell membrane surfaces [90], and
an effective indicator for the presence of MOslmdperm plasma membrane [91]. Wild-type
spermatids visualized with FM 1-43 display a rifidgleorescence which corresponds to the
spermatid plasma membrane. After activation, thesNl3e with the plasma membrane and are
concentrated on the cell body of the spermatozbahnis observed as bright punctae in wild-
type spermatozoa when dyed with FM 1-#8:1 mutant sperm that have defective MO fusion
with the plasma membrane do not contain these panbut instead have the same fluorescent

ring seen in spermatids [91].

Spermatids derived frors28; him-5 mutant males are not encircled by the fluoresagagt
observed in wild-type spermatids (Figure 3.5).dast bright punctae associated with fused MOs
are observed on the surfaceas®8 spermatids that are normally observed with actidat
spermatozoa (Figure 3.5). These punctae, unlikpihetae on spermatozoa, are spread out and
are not confined to a specific area28;him-5 spermatids that are dissected in the presence of
Pronase to underga vitro activation have the same characteristicasd8 mutant spermatids
dissected without Pronase. This data suggest tlafudion does occur ias28 mutant sperm,

but it does so prematurely and asynchronous wiilkigion cues. The fused MOs produce a

cratered appearance on spermatids and preventrmogen activation.
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FM 1-43

Figure 3.5:as28 MO fusion phenotype. Sperm were dissected fronesia 1X sperm medium + FM 1-43
and 1X sperm medium + FM 1-43 + Pronase. Magnificaat 100X.

The as28 phenotypeistheresult of two mutations

To identify and determine the natureas®8, genetic mapping was performed. Chromosomal
linkage mapping was performed with the triply matlstrains BA592dpy-5(e61) I; rol-1(e91)

II; unc-32(e189) Ill) and MT464 (inc-5(e52) IV; dpy-11(e224) V; lon-2(e678) X) with

ambiguous results. Tight linkage to a specific aimwseome was not observed, instead weak
linkage to Chromosomes Il and IV was observedréBmlve this ambiguity, linkage was
determined by a set of SNP markers that resultstriction fragment length polymorphisms. The
as28 mutant phenotype was found to be linked to regamthe right arm of chromosome lll, and
the left arm of chromosome IV. The segregatiororfdi theas28 mutant phenotype is

approximately 1/8 or 12% (56 sterile out of 457at@nimals examined) suggesting that it is not a
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single recessive mutation; if this phenotype wasrésult of two recessive mutations, it would
segregate at a ratio of 1/16 or 6%. Data fron8N® linkage analysis along with segregation
ratios suggest that tlas28 mutant phenotype is the result of the combinatioa dominant and a
recessive mutation on Chromosome Ill and IV, retipely. Further analysis afs28 segregation

patterns would provide more insight into the gemesture of this mutant phenotype.

Conclusion:

The multi-gene nature of tles28 mutant phenotype makes it difficult to clone thgeaes with
current mapping strategies and technologies, makien candidates for mutant allele
identification with whole-genome sequencing. Orfeedenes are identified, it would be possible
to generate antibodies and transgenic construdstaymine the cellular localization patterns of
the protein products. Localization patterns andids homology to known proteins will provide
clues to the molecular function of the28 gene products. Epistatic analysis of #28 genes

with other genes that have been shown to be indalvé10 fusion, such aspe-10 or fer-1, will
provide insight into their positions in the MO fasipathway and the relationship between these

molecules.

Electron microscopy (EM) is needed to determirteéf MOs inas28 mutant sperm undergo

fusion properly and to identify the observed vaesoEM analysis will also be able to detect any
defects inas28 mutant sperm that are not detected under lightasoopy. The localization
patterns of other MO fusion or sperm activationacales inas28 mutant will be observed to
determine if their localization patterns and fuons are altered. These observations could reveal
relationships between tlas28 gene products and proteins known to be involvezpa#rm

activation and MO fusion.
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The cloning of the genes responsible fordak28 mutant phenotype, and the subsequent
characterization of the molecules involved, woulddsmore light on the elucidation of the role
and method action of MO fusion duri@ elegans sperm activation. These genes are unique in
that the mutant phenotype is observed in both naadd-hermaphrodite-derived sperm, and unlike
many other FB-MO defective mutants, these spernalaleeto mature to become spermatids. An
interesting element is that these genes act in tw@tibn to produce the observed phenotype, and
the cloning of these genes would identify a pathefMO fusion pathway involved in
spermiogenesis. Gaining an understanding of theentdr mechanism of the pathways involved
in sperm activation i€. elegans would provide insight for studies in other modgdtems due to

the homologous and analogous nature of varyingocetiesses.



CHAPTER 4

Cloning ofspe-13, a gene needed for sperm function during fertilirain C. elegans
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Introduction:

Mutations that result in morphologically and physgically normal sperm i€. elegans that are
incapable of fertilizing oocytes are said to bergpfinction mutations. Worms that hasme-9

like mutations have small brood counts as a redulie defective sperm, but these worms

ovulate at rates comparable to wild-type. Becadisieeonormal morphology and physiology

found in mutant sperm, it is hypothesized thatgialucts of these genes are ligands or receptors
needed for signaling to oocytes during fertilizatispe-13, one of the earlier genes discovered to
belong to this class, remains uncloned; this wodsents an update of the progress being made in

an effort to clone this elusive gene.

Methods:

Culturing of C. elegans strains

Culturing ofC. elegans was done according to standard protocols descalsedvhere [52].The
strains used in this work includgoe-13(as8), spe-13(as9), spe-13(as31), spe-13(as32), spe-
13(as33), spe-13(hc137), and Bristol strain N2 (wild-type). Strains wetg@ned from the
Caenorhabditis Genetics Center (CGC, Universityliminesota). Descriptions of all strains can

be found on Wormbase [1]. All strains were Brislekved.

Progeny and ovulation counts

The number of progeny for N2 (wild type) agm-13(hc137) was determined by placing
individual worms on separate culture plates andhting an entire individual's brood. Ovulation
rates were determined by combining the total numbembryos and unfertilized embryos laid
during the entire lifetime of a worm [57, 64, 6B, 88]. Brood and ovulation counts were

performed at 16°C and 25°C
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Preparation of genomic DNA
Preparations of N2 argbe-13(hc137) genomic DNA were prepared according to a protocol
modified from Andy Fire’s lab that is publicly acstble

(http://www.genetics.wustl.edu/tslab/Protocols/geimI@NA_prep.htn). The genomic preps

were then subjected to SOLID sequencing (Applieasigstems) for whole genome sequencing.
Genomic DNA of othespe-13 alleles, includings8, as9, as3l, as32, andas33 were prepared
using the DNeasy Tissue Kit (Qiagen Cat# 69504R BCcandidate genes was performed using
allelic genomic DNA and the purified reaction protiusent to Genewiz (South Plainfield, New

Jersey) for sequencing.

Results and Discussion:

spe-13 hermaphrodites are self-sterile at restrictive temperature

Mutations inspe-13 results in temperature sensitive hermaphroditgsaie completely sterile at
the restrictive temperature of 25°C and producg ardmall number of progeny at the permissive
temperature of 16°C (Figure 4.1). Of g#pe-13 alleles,hc137 hermaphrodites produce more
progeny at 16°C than the other, more recently geadr alleles. This discrepancy may be
because the newer alleles may still contain extrasenutations, as a result of the mutagenesis
process, that may indirectly affect fertilizatiavhereascl137 has been in existence for more
than 20 years and would have eliminated other namst The new alleles may also be the result

of the same mutation or mutations that are in chpsgimity to each other.
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Figure 4.1: Brood counts for unmatgze-13 mutant hermaphrodites at 25°C and 16°C. n = 2@l64fer allele.

I nitial sequencing of spe-13 candidate genes

Table 4.1spe-13 candidate genes. Candidate genes fepe-13 were
N T o — selected from the first 1.5 Mbp region
Jene
Chromosome I on the left arm of Chromosome | based
5 73412
FARCAL.B 123412 on their spermatogenesis-enriched
(C'53D35.3 280120 _ )
expression patterns (Table 4.1). This
YoSB4A 2 645454
; region was chosen based on results of
Y18HIA 1 688282
Y1SHIA 6 (pif-l) 20014 genetic mapping performed by Pavan
T06A4.2 (mps-3) 761838 Kadandale [96]. Sequences of these
YO95B8A 4 907467 genes were generated and compared to
Y9SBSA.1 (nas-20) 942414 wild-type (N2) and published
TASGR AT 22028 .
THEGEALAS 1222283 sequences. Alignments of these

sequences showed no differences ingieel3 sequences from wild-type sequences.
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Verification of SNPs detected by SOLiD sequencing

Whole genome sequencing was employed to identifyentide differences between tme-
13(hc137) and wild-type (N2) genomes to facilitate the cianpofspe-13. SOLID sequencing
(Applied Biosystems) yielded 684 single nucleopadéymorphisms (SNPs) on Chromosome |
between wild type anshe-13(hc137). Out of that number there were eight promising SkRthe
first 2.5 Mbp region (Table 4.2). Sequencing of thigerspe-13 alleles determined that 6 of the 8
reported SNPs were deviations from the publishgdesgce, but were not detected as deviations
in the wild-type lab strain. The wild-type lab strand thespe-13 alleles contained the same
nucleotide change for these candidates. Sequentihg other two SNPs, in YO5B8A.6 and
Y39G10AR.15, revealed true variants. For the SNIdoin Y95B8A.6, sequencing of abe-13
alleles revealed that all of tispe-13 alleles contained the same G to A change, witbther
deviations or changes from wild type detected enrtist of the predicted gene. For the SNP
found in Y39G10AR.15, only one allelgge-13(hc137), had the G to A change, the rest of the
alleles had the published wild-type sequence atgbsition. There no were other changes

detected in the predicted exons of Y39G10AR.15ufEgt.2).

Table 4.2:5pe-13 SNPs detected by SOLID sequencing. *denotes SNRsth true variants from the
wild-type lab strain.

Phyzical Nucleotide o Location of Amino Acid
Location Change Change Change
361325 Cto A R119.1 Eston undetermined
732640 Tto G Y1I8HIA 15 Intron N/A
887955 Gto A* Y95BSA.6 Exon E39K
1074697 Gto A ga-1 3'UTR N/A
1089199 Gto A ROGALD.5 Intron N/A
1142103 Cto A Y48GSAL. 10 Exon undetermined
2326505 Gto A* Y39G10AR 15 Exon E138KK
2379643 CtoT Y39GI0AR 17 Exon undetermined
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YO5B8A.6

ACGTGCTTOCTGGGACGAGGAAGAGTGGGAGCAGGGCGA WT (1M2)
ACGTGCTTGGTGOGACGAGRAAGAGTGGGAGGAGGGCGA spe-13 (hel37)
ACGTGCTTGGTGGGACGAGRAAGAGTGGGAGGAGGGCGA spe-13 (as8)
ACGTGCTTGGTGGGACGAGALAGAGTGGGAGGAGGGCGA spe-13 (a50)
ACGTGCTTGGTCGGACGAGRLAGAGTGGGAGGAGGGCGH pe-13 (asil)
ACGTGCTTGGTGGGACGAGRAAGAGTGGGAGGAGGGCGA pe-13 fasid)
ACGTGCTTGGTOOGACGAGRAAGAGTGGGAGGAGGGCGA spe-13 (asid)

Y39G10AR.15

ATTGCTGGTGGTGCTGGC TETGGTCTAGCTAGTGGTCTC WT (M)
ATTGCTGGTGGTGGTGGCTATGGTCTAGCTAGTGGTCTC spe-/3 (hel37)
ATTGCTGGTGGTGGTGGCTETGGTCTAGCTAGTGGTCTC spe-13 (2s8)
ATTGCTGGTGGTGGTGGC TETGGTCTAGCTAGTGGTCTC spe-13 (ash)
ATTGCTGGTGGTGCTGGC TEGTGGTCTAGCTAGTGGTCTE spe-i3 (as3i)
ATTGCTGGTGGTGGTGGC TETGGTCTAGCTAGTGGTCTC spe-13 (as32)
ATTGCTGGTGGTGGTGGCTETGGTC TAGCTAGTGGTCTC spe-13 (as33)

Figure 4.2: Sequence alignmentspé-13 alleles for Y95B8A.6 and Y39G10AR.15.

The difference between the YO5B8A.6 and Y39G10ARull&lic sequencing results makes it
difficult to discern which one contains tgae-13 mutation. It could be possible that tpe-13
mutation is very fastidious and that the mutantnoitgpe only results from a specific change at a
specific nucleotide position, resulting in all bktalleles containing the same nucleotide change
in the same position as in the YO5B8A.6 SNP. I§ ikithe case, then the SNP found in
Y39G10AR.15 could be the result of a change thaats/e to the strain that was mutagenized to
create thespe-13 mutation. It could be possible that #pe-13 mutation is found in
Y39G10AR.15, and that the deviations from the wjlde sequence in the other alleles have not
been uncovered by sequencing of this gene’s demotmas and instead are found in the intronic
sequence. Also, the exons in Y39G10AR.15 may neidserately predicted, and the changes in
the other alleles would be found in sequencesntiagtbe mislabeled as intronic or they may not

be annotated as being part of the gene.
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Conclusion:

In order to determine the gene that $he-13 mutation is in, transgenic rescue with constructs
containing Y95B8A.6 and Y39G10AR.15 should be cantéd. If one of these constructs is able
to rescue the sterile phenotype foundpe-13 mutant animals, then it can be conclusively
established as ttgpe-13 gene. Once the gene has been identified, itsikatain pattern will be
determined via antibody staining, transgenic caiess; or with both methods. Localization
patterns of other sperm function mutants with amttibs availablespe-9, spe-38, andspe-41/trp-

3) in spe-13 mutants should also be observed to determigaeil3 belongs to the same pathways
that these proteins function in or if it is invotven a separate fertilization pathway in sperm.
Searches for similar amino acid sequence in ofexiss for homology should be conducted to
establish if the protein is conserved between sgeand provide clues to its function. These
further characterizations of tispe-13 gene product after it has been identified will isid

determining its function and its role @ elegans fertilization.



CHAPTER 5

Future directions
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Contrary to popular belief that fertilization isenf the more defined and understood biological
processes, the underlying molecular mechanismrtliZation still remains unknown. The events
leading up to and including fertilization have betundied in many model systems, and therefore
are well explained. However the molecules involtbdijr function, how they interact with each
other, and how they drive the main fertilizatioreevstill remain unknown. With advances in
biochemistry, forward and reverse genetics, itheme easier to manipulate and study
moleculesn vitro as well asn vivo. These advances combined with the use of genetitem
systems, such & elegans, allow for a straightforward way to identify andtdrmine the

function of molecules involved in fertilization.

My work involved the characterization of a newlglated mutationas28, which results in

worms that produce defective sperm that cannot temfertilization. Linkage mapping of this
mutant produced inconclusive results, which leatthéodevelopment of a set of SNP markers to
determineC. elegans chromosomal linkage and interval mapping. Theltegumethod provides
chromosomal linkage in an efficient and clear-canmer. After performing linkage analysis with
the SNP markers cas28, it was determined that tlas28 phenotype is in actuality due to two
mutations. This discovery was surprising and prissaimurdle for the cloning of these genes.
Whole genome sequencing would have to be utilizedane these genes. Once these genes have
been identified, experiments will be designed tedeine the function and action of these gene
products including determining the localizationtpats for the gene products via GFP constructs
and immunofluorescence. Homology searches bas#tkagene sequences will determine if

there are homologs within other species.

Sperm derived fromas28 mutant animals have an abnormal cratered appeatiaaics
hypothesized to be improperly fused membranousneltgs (MOs). To determine if the vacuoles

found onas28 sperm are indeed prematurely fused MOs, immunadiksence with 1CB4, a
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known MO marker, will identify these vacuoles as 84@&lectron microscopy will need to be
performed to definitively determine if the MOs @m@perly fused iras28 mutant sperm. Images
obtained from electron microscopy will also be ableletect any defects that are not visible

under light microscopy.

It would also be of interest to examine the loelan patterns of gene products that require the
proper MO fusion products @s28 sperm to see if their localization patterns areuglited and if
their function is impaired. If the vacuolesds8 are prematurely fused MOs, then the
redistribution of SPE-38 and SPE-41/TRP-3 to tHestceface of activated sperm would not be
affected. If they remain sequestered in the MCOss@8 sperm and are not found on the sperm
surface, then it would suggest that there may Ifectiein membrane trafficking. MO fusion and
translocation has been hypothesized to triggevatdin of these molecules. If these molecules
are found to be inactive on the sperm surface, ith@auld suggest that MO fusion alone is an

insufficient stimulus.

The fusion of sperm-oocyte membranes at fertilimais analogous to cell-cell fusion that occurs
during other cellular processes, and the changexiased withC. elegans sperm activation

could be similar to post-translational modificagahat occur during cellular differentiation and
morphogenesis. It is easier to study the moledolesdved in processes that occur during
fertilization due to the lack of other functionssperm or oocytes that would be present in
somatic cells. Manipulation of a single moleculesématic cells could have an indirect impact on
other unrelated processes due to the connectikityeacellular processes. Results from
experiments conducted @ elegans can compliment data obtained in other model osrasito
provide a general picture, as it may be easieotmact certain experiments in specific model

organisms compared to others.
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The information gained from studying fertilizatibas real-world applications. Infertility is a
prominent issue in our society; difficultly in caiging has resulted in an entire industry focused
on aiding people via assisted anditro reproduction techniques. Gaining a better undedstg

of the underlying molecular mechanism of fertilisatmay enable us to uncover the root causes
of infertility develop treatments or alternative tiheds. This knowledge is not constricted to the
realm of human infertility; there are numerous $geof endangered species in captivity that are
also facing reproductive issues. On the other hiafokmation gathered from studies of
fertilization molecules may be used to generateehowntraceptive strategies designed at the
molecular level. Also, contraceptive methods cdagddesigned to control the overpopulation of

animals.

The knowledge obtained from fertilization studies la wide-range impact on other disciplines.
This information would provide more insight intdén-cellular as well as intra-cellular
interactions with the ultimate goal of obtainingwarderstanding of how these building blocks are
arranged to create complex organisms. It is wdtttlysng biological processes in model
organisms even if the molecules and pathways areamserved in other species; the information
obtained about these molecules and pathways wooldde us with general knowledge

increasing our understanding of the world that iwe in.



APPENDIX

List of primers, purpose, and location.

Primer stocks are at a concentration of D Primer sequence and information can be found

on the specification sheets in the binders lab&i#gos”.

Primer(s)
BO035
BO212
B0403

co5C12.1
C05C125
CO6A12
CO8F8
CO9D4
C10C63
c16C8
C18H9
€30612
C36A4
C44E1
C50F4
C53D5.3
D1022
EEEDS
FO8B1
FO9C6
FO9D1
F13H6
F25F2
F32B5
F35B3
F35F10
F37B12
F37H8
F38E9
F40D4
F43C11
FA6F5
F46610
FA8F5

Purpose
spe-36 SNP
Linkage SNPs (working)
Linkage SNPs (working)
spe-36 sequencing
spe-36 sequencing
Linkage SNPs (working)
Linkage SNPs (working)
Linkage SNPs (working)
spe-36 sequencing
Linkage SNPs (11 - additional)
Linkage SNPs (11 - additional)
Linkage SNPs (II - additional)
Linkage SNPs (III - additional)
Linkage SNPs (test)
Linkage SNPs (working)
spe-13 sequencing
Linkage SNPs (working)
Linkage SNPs (test)
Linkage SNPs (II - additional)
Linkage SNPs (test)
Linkage SNPs (test)
Linkage SNPs (working)
Linkage SNPs (working)
Linkage SNPs (working)
Linkage SNPs (test)
Linkage SNPs (working)
Linkage SNPs (11 - additional)
Linkage SNPs (II - additional)
Linkage SNPs (working)
Linkage SNPs (test)
Linkage SNPs (test)
Linkage SNPs (working)
Linkage SNPs (working)
Linkage SNPs (test)

Location
Box 1
Box 2
Box 2
spe-36 Candidate Primers
spe-36 Candidate Primers
Box 2
Box 2
Box 2
spe-36 Candidate Primers
Box 3
Box 3
Box 3
Box 3
Box 1
Box 2
spe-13 Candidate Primers Box 3
Box 2
Julie Primers Box 1
Box 3
Julie Primers Box 1
Julie Primers Box 1
Box 2
Box 2
Box 2
Julie Primers Box 1
Box 2
Box 3
Box 3
Box 3
Box 1
Box 1
Box 2
Box 2
Box 1



Primer(s)
F53612
F53612

F54D1
F54D1.1
F54D10

F56C11.6

F57¢C2

F57G8

gsa-1_R0O6A10.3

KO4cC2

KO5F1

K12B6
MO3A1
MO4B2
MO4D8

mep-1
ok300
ok375
ok421
ok750
q660

RO4A9

RO5G6
RO6A105

R1191

R11D1
TO4C4
TO5A10
TO6AI0

TO6A4.2
TO6A4.2

T13H5
T17A3
T22F7
T23611
T23G7
T24H10
T25C8
T25D3

T25D3b

T28D6
tm1049
tm1191
tm1463

Purpose
spe-13 sequencing
Linkage SNPs (working)
spe-36 SNP
spe-36 sequencing
Linkage SNPs (II - additional)
spe-13 sequencing
Linkage SNPs (working)
Linkage SNPs (test)
spe-13 sequencing (SOLID)
Linkage SNPs (working)
Linkage SNPs (working)
Linkage SNPs (test)
Linkage SNPs (11 - additional)
spe-36 SNP
Linkage SNPs (working)
spe-36 comp testing
spe-36 comp testing
spe-36 comp testing
spe-36 comp testing
spe-36 comp testing
spe-36 comp testing
Linkage SNPs (working)
Linkage SNPs (working)
spe-13 sequencing (SOLID)
spe-13 sequencing (SOLID)
Linkage SNPs (working)
Linkage SNPs (working)
Linkage SNPs (working)
Linkage SNPs (test)
spe-13 sequencing
spe-13 sequencing (SOLID)
Linkage SNPs (11 - additional)
Linkage SNPs (test)
Linkage SNPs (working)
Linkage SNPs (working)
Linkage SNPs (11 - additional)
Linkage SNPs (working)
Linkage SNPs (working)
Linkage SNPs (test)
Linkage SNPs (test)
Linkage SNPs (test)
spe-36 comp testing
egg-3 sequencing

spe-36 comp testing

Location

spe-13 Candidate Primers Box 3

Box 2
Box 1

spe-36 Candidate Primers
Box 3

spe-13 Candidate Primers Box 3

Box 2
Box 1
Box 3
Box 2
Box 2
Box 1
Box 3
Box 1
Box 2
Box 1
Box 1
Box 1
Box 1
Box 1
Box 1
Box 2
Box 2
Box 3
Box 3
Box 2
Box 2
Box 2
Julie Primers Box 1
spe-13 Candidate Primers Box 1
Box 3
Box 3
Box 1
Box 2
Box 2
Box 3
Box 2
Box 2
Box 1
Box 1
Box 1
Box 1
Box 1
Box 1
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Primer(s)
1m1855
tm446
tm464
tm566
WO1F3
W10611

Y18H1A 1
Y18H1A 15
Y18H1A6
Y18H1A6
Y25C1A
Y26D4A
Y37A1B
Y38C98

Y39G10AR 15

Y39610AR 17
Y41C4A
Y41D4A

Y47D3A

Y48G8AL 10

Y4868AL 13
YA9F6A
Y5IH1A

Y57A10A
Y64G10A
Y65B4A2
Y66H1A
Y67A6A
Y71H2 AM
Y95B8A 1
Y95B8A 3
Y95B8A 4
Y95B8A 6
Zco4
ZK1290
ZK488
ZK666
ZK809
ZK809.1
ZK909
T28D6
tm1049
tm1191
1m1463

Purpose
spe-36 comp testing
spe-36 comp testing
spe-36 comp testing
spe-36 comp testing
Linkage SNPs (working)
Linkage SNPs (11 - additional)
spe-13 sequencing
spe-13 sequencing
spe-13 sequencing
spe-13 sequencing (SOLID)
Linkage SNPs (test)
Linkage SNPs (working)
Linkage SNPs (fest)
Linkage SNPs (test)
spe-13 sequencing (SOLID)
spe-13 sequencing (SOLID)
Linkage SNPs (working)
Linkage SNPs (test)
Linkage SNPs (test)
spe-13 sequencing (SOLID)
spe-13 sequencing
Linkage SNPs (II - additional)
Linkage SNPs (fest)
Linkage SNPs (working)
Linkage SNPs (working)
spe-13 sequencing
Linkage SNPs (working)
Linkage SNPs (working)
Linkage SNPs (working)
spe-13 sequencing
spe-13 sequencing
spe-13 sequencing
spe-13 sequencing (SOLID)
Linkage SNPs (working)
Linkage SNPs (working)
Linkage SNPs (working)
Linkage SNPs (II - additional)
spe-36 SNP
spe-36 sequencing
Linkage SNPs (working)
Linkage SNPs (test)
spe-36 comp testing
egg-3 sequencing

spe-36 comp testing

Location
Box 1
Box 1
Box 1
Box 1
Box 2
Box 3
spe-13 Candidate Primers Box 1

spe-13 Candidate Primers Box 2

spe-13 Candidate Primers Box 1
Box 3
Box 1
Box 2
Box 1
Box 1
Box 3
Box 3
Box 2
Box 1
Box 1
Box 3

spe-13 Candidate Primers Box 2

Box 3
Box 1
Box 2
Box 2

spe-13 Candidate Primers Box 2

Box 2
Box 2
Box 2

spe-13 Candidate Primers Box 3
spe-13 Candidate Primers Box 3
spe-13 Candidate Primers Box 3

Box 3
Box 2
Box 2
Box 2
Box 3
Box 1
spe-36 Candidate Primers
Box 2
Box 1
Box 1
Box 1
Box 1
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spe-36 mapping

dpy-13 unec-22

B0035 ZK792

SNP mapping ofpe-36 has it being found in a 341kb region (indicatedhs dashed region in
figure) on chromosome IV between the SNPs BO035Zb2 ( physical positions of
11,327,085 and 11,668,085, respectively). A douidyked straindpy-13 spe-36 unc-22) was

created for SNP mapping.
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