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ABSTRACT

In vitro-produced embryos exhibit aberrations in development, but the reasons for
these developmental problems are unknown. Recently, a class bhemabding RNA
called microRNA (miRNA) has been described and reported to h@es in normal
mammalian embryonic development. These miRNAs are encoded in tioenge
transcribed by RNA pol Il and processed into fragments approxiyrizett in length by
ribonuclease enzymes, the final one being a protein called Dig&NA work through
the RNA-induced silencing complex (RISC), of which the argonaute ¢gmily are key
proteins. Argonaute-2 (Ago2) has been identified as the only miepdssessing
endonuclease activity, which is responsible for the breakdown of thé&lAniRrget
message. The cDNA sequences for Dicer and Ago2 have yetitierdtdied in pigs.
Our objective is to identify the cDNA sequence for porcine Dip&ider) and Ago2
(pAgo2) and verify their expression in reproductive tissue. A PIBRNg strategy was
implemented, using over-lapping primers generated to highly consenwedotide
sequences of Dicer and Ago2 known from other species. tcRNA wkdes from
porcine ovaries and subjected to endpoint RT-PCR. To generate R@Rspthe cDNA
sequences for bovine, human, and mouse Dicer and Ago2 were aligimeekspivere
generated from highly conserved regions using the Vector NOram Eight primer
sets were designed for overlapping fragments of the pDicpresee, and five primer
sets were designed for pAgo2. PCR reactions were visualized) sab gel
electrophoresis, EtBr staining, and UV-light exposure; after withay, were subcloned

into the pDrive Cloning Vector and subjected to dideoxy-sequencing atldmson
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University Genomics Institute. Sequences were submitted to BL#Sverify each
fragment as pDicer or pAgo2. Respective sequence fragmenés ageembled to
generate the complete coding cDNA sequence for pDicer and pAgsjuencing
revealed two possible splice variants for pAgo2. Two additional gorisets were
designed to confirm these splice variant sequences. The obtainegr gBquence is
5,995 nt, contains the entire coding region, and exhibits a sequence idétityo to
bovine, 90% to human, and 86% to mouse Dicer sequences. The obtained pAgo2
nucleotide sequence is 2,703 nt with a sequence identity of 94.2fdvine,92.2% to
human, and 89.4%0 mouse Dicer sequences. The sequencing data also indicate two
possible splice variants of pAgo2, which could indicate the presences ofeta
unidentified Ago2 variants in other species. Altogether, theiddieate that Dicer and
Ago2 are present in porcine ovary and that the sequences are highér $0 those
reported for other species. In addition, endpoint RT-PCR indicatebdtia Dicer and
Ago2 are present in porcine embryos during early embryonic developsogigesting a

role for miRNA in early embryonic development in pigs.
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CHAPTER ONE

LITERATURE REVIEW

Introduction

Assisted reproductive technologies (ART) have been useful tools livélseock
industry for decades; and have also been utilized in human medicimelt infertile
couples. In spite of the usefulness of these taalsjtro-produced embryos exhibit
aberrations in development including decreased developmental rateghaiadsed
chromosomal abnormalities (McCauletyal, 2003; Hyttelet al, 2000). However, the
cause/effect relationship of embryo culture to these developmesteds is unknown.
Recently, a class of small non-coding RNA has been shown to be involved
development, including embryonic development, and may help explain altered embryonic
development when using ART. These 22 nt RNA are called microRNIRNA).
mMiRNA was shown to play a key role in embryo development when the lknbokf
Dicer, an important protein in the production of miRNA, proved to bergmnlethal
(Bernsteinet al, 2003). By binding to messenger RNA (mRNA) and silencing or
degrading that message, miRNA function to regulate translatidrdoes so via another
protein known as Argonaute. Argonaute is the main protein component &NAe
induced silencing complex (RISC) which carries miRNA to itgdh message RNA
(mRNA). Four Argonaute proteins have been identified in humarsak&at al, 2003),
only one of which, Argonaute2 (Ago2), exhibits endonuclease activity tadeghe
MRNA to which miRNA binds (Meisteat al, 2004, Liuet al, 2004). Our objective is to

understand the miRNA pathway in pigs, including: identifying miRB)pressed in
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reproductive tissues (including ovary, oocytes, sperm, and embryagyibileg the
ontogeny of this pathway, and identifying the major proteins involved in the sgstimesi
action of miRNA. The nucleotide sequence for Dicer and Ago2, yetvi® be identified

in pigs. The objective of this study was to clone the cDNApfwcine Dicer and Ago2
(pDicer and pAgo2, respectively), as well as verify their expessn multiple
reproductive tissues including ovary, oocytes, sperm, and developing embvyes.
hypothesize that the Dicer and Ago2 sequences are highly conserved in pigs Hrarthat
messages are expressed in porcine embryos during the timeboyomic genome
activation. Furthernn vitro produced embryos could be compromised due to inadequate

levels or abnormal timing of expression of Dicer and Ago2 during development.

Assisted Reproductive Technology

For over three decades, ART has been used to assist both humavestodK
disciplines. In humans, these technologies are used to help overcenétynfwhile in
livestock, these technologies are useful in reducing generationalsteand increasing
the number of offspring from genetically superior animals (Boegfaal, 2000). ART
has also become an invaluable tool in biomedical research; fompéxathe technology
has facilitated the creation of transgenic disease models ussmidying dozens of
human diseases (as reviewed by Matsunari and Nagashima, 2009).

Since the birth of the first “test-tube baby” in 1978, reproductez@rnology has
come a long way in its ability to overcome infertility (Skeeml, 2005). As defined by

the Centers for Disease Control and Prevention (CDC), ART inchitié®atments or
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procedures involving the surgical removal of oocytes from a womaweésies and
combining those oocytes with sperm in order to help a woman becageapt (CDC,
2008). An ART cycle begins when a woman starts taking fertilitygs or has her
ovaries monitored for follicular development. (CDC, 2008; Wreglai, 2006) The next
step is egg-retrieval; after which, the eggs are combindu spierm in the laboratory.
The subsequent embryos are evaluated for transfer to the wothahe transfer is
successful, implantation occurs and the cycle progresses to clpreghancy to be
followed lastly by a live-birth delivery. An ART cycle couldsalbegin when frozen
embryos are thawed in preparation for transfer to a woman (0@3). These cycles
do not involve egg retrieval, because the embryo has been fertilmedarprevious
cycle. At any step in this process the ART cycle can beimtiesd, either for medical
reasons or by the patient’'s choice. In 2006, 99,199 ART cycles wei@nped,
resulting in 28,404 live births (of one or more infants) (CDC, 2008).

In human infertility clinics, common ART treatments includevitro fertilization
(IVF) and intracytoplasmic sperm injection (ICSl)n vitro fertilization (IVF) involves
extracting a woman’s oocytes, combining them with sperm, and thesfdrring the
resulting embryo into the patient’s uterus (reviewed by Wang Sander, 2006). A
specialized technique known as intracytoplasmic sperm injection)(I€S$ometimes
used when there is a male infertility factor, such as lp@rra motility or concentration
(reviewed by Steirteghemst al, 2002). For this technique, the sperm is manually injected

into the oocyte for fertilization to occur.
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Even though ART provides advantageous tools for combating infertility,

techniques have yet to be perfected. Table 1.1 is a clinic symmegort from the

Society for Assisted Reproductive Technology (SART) detailing 2007 National

Summary of ART clinics in the United States. The percentagesti embryo transfers

resulting in live births was only about 46%. (SART, 2009).

Table 1.1: Society for Assisted Reproductive Technology 2007 National
Summary of IVF Success Rates (www.sart.org) for fresh (nmteh)

embryos from non-donor oocytes.

Fresh Embryos From Non-Donor Oocytes (for women under 35)

Number of cycles

Percentage of cycles resulting in pregancies
Percentage of cycles resulting in live births
Percentage of retrievals resulting in live births
Percentage of transfers resulting in live births
Implantation rate

38,161
45.8
39.8
43.1

32.6

ART is also of great use to the livestock industry. With theli@ations ofin

vitro embryo production and embryo transfer, superior genetics can hateadltrapidly.

Also, interest is rising in producing large quantities of maturecytes and embryos for

biomedical research purposes, and given their physiologicaksitie$ to humans, pigs

have become an increasingly important livestock species for xergtmatation, disease

models, and carrying cell marker genes (as reviewed by MatsandrNagashima,

2009).

www.manaraa.com



Pigs have been recognized as excellent models for numerous sliseasariety
of areas, including: nutrition, toxicology, dermatology, diabetes, camyerdiseases,
cardiovascular diseases, degenerative joint diseases, and skeletal @s reviewed by
Matsunari and Nagashima, 2009). ART techniques such as ICSI andcsmetiatuclear
transfer (SCNT) are used for creating these transgenidigggse models. SCNT is the
process used to create genetically identical individuals (review&tlilmut et al, 2002).

In this process, the nucleus is removed from a somatic cell apdedsinto a de-
nucleated oocyte. The re-nucleated oocyte is stimulated into diadishgproceeds into
development. With SCNT, it is possible to create syngeneicewoetigally identical,
individuals. Figure 1.1 illustrates a syngeneic donor-recipient system in pigsSGNT
technology. Syngeneic siblings are genetically modified taterdisease models and
individuals with fluorescent marker genes. Because they agesygic, they are capable
of avoiding transplant rejection amongst themselves, making them valuableotcgiksh

cell therapy and transplantation research. (Matsunari and Nagashima, 2009)

Somatic Cell Cloning

Genetically modified &
non-modified siblings

|

Disease model A Disease model B Normal sibling Normal sibling with

orescent marker gene
\_}f-/‘

Cell, tissue, organ transplantation

Figure 1.1: Cloned pig model for syngeneic background for translational
research (Matsunari and Nagashima, 2009)
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In vitro: Maturation, Fertilization, Culture

A study by Kikuchi in 2004 examined the development of porcine oocytes
matured and fertilizeth vitro; subsequent embryos were developed in eithero orin
vitro conditions. For thén vivo conditions, oocytes were matured and fertilipedlitro,
and transferred to the oviducts of recipients directly aftefifation. In contrast, for the
in vitro blastocyst conditions, oocytes were matured and fertilizedro and then were
either (1) culturedn vitro for 2 days and then transferred to recipient’s oviducts or (2)
cultured 6 days without transfer to the oviducts of recipients. h®intvivo cultured
blastocysts, 37% had developed to the blastocyst stage, with acetleammber of 181.5
per blastocyst. For those culturadvitro for 2 days or 6 days only 4.7% and 20.1%,
respectively, developed to the blastocyst stage, most of whichstibra their zona
pellucida (indicating developmental delay); the mean cell nunfoerthe blastocysts
were 58.2 and 38.4, respectively. A second experiment examined ttteoéftiiration
of in vitro culture (IVC) on the ability of the embryos to develop to the f&t&de or to
term. Oocytes were matured and fertilized as in thedxperiment, and were cultured
in NCSU-37 media for 0, 24 or 48 hours. Development to fetuses, aftsfetraof those
cultured for 24 and 48 was significantly lower than those that wereutiotred (1.7%
and 2.0%, respectively, versus 6.7%). These results indicated that pMisIneF
oocytes have high potential for developing to the blastocyst stagéhdbuhé culturing
conditions used were suboptimal for embryo development. (Kikuchi, 2004)

Wang and colleagues (1999) examined porcine embryos culturetto versus

those produceth vivo and evaluated morphology and actin filament organization. The
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embryos culturedn vitro showed developmental delay, fragmentation, and a decrease in
blastocyst nuclear number, all indicative of decreased developnadriligt of embryos
cultured in vitro. No embryo fragmentation was observed in ihevivo produced
embryos. These researchers suggested the problems in develoygnemost likely

due to suboptimal culturing conditions.

In vitro culture conditions have higher oxygen concentrations inarivo
conditions, and studies have reported higher levels of reactive osygeies (ROS)
formation in these higher oxygen conditions (Get@l, 1993). A study by Yang and
colleagues evaluated the relationship between the presenceO8f &d embryo
fragmentation in embryos produced vitro (1998). They found a direct correlation
between embryo fragmentation angld4 concentration in the developing embryo.

Many studies have been conducted to examine how to improve aacyiteo
maturation (IVM) conditions for subsequent development, including evaluetfiegts of
gonadotropins (Shet al, 2009), epidermal growth factors (Akakial, 2009), leptin and
ghrelin (Suzukiet al, 2009) on porcine oocyte maturation. Sha and colleagues (2009)
found that an increase of gonadotropins, including FSH, LH, and hCG, iculiuge
medium increased the percentage of oocytes that reached Mstdphahey also noted
higher levels of nuclear and cytoplasm maturation with higher otrat®ns of
gonadotropins. Suzuki and colleagues, however, noted no improvement of maturation
with the addition of ghrelin and leptin (2009). According to a reviewnofitro
production of oocytes and embryos by Abeydeera (2002), fetaleratinsand follicular

fluid are often used successfully for the maturation of oochimsever, with the use of
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these substances, exact culture conditions are difficult to reprocheesing variability
among laboratories.

It is evident thatin vitro produced embryos experience a high occurrence of
abnormal embryo development. Consequently, though all of the ass&greductive
technologies are valuable tools in treating human infertiliting livestock production,
and advancing biomedical research, the remaining inefficien@ader their full

potential unmet.

Assessment of Embryo Quality

Embryo quality assessment has been largely based on attribatesah be
observed, such as fragmentation, evenness of cellular cleavageleandge rate.
Livestock embryos are assigned grade score numbers based on thendotoveria:
regularity of shape, compactness of blastomeres, variation irsizell color/texture of
cytoplasm, diameter of embryo, extruded cells, regularity of zohzci, and presence
of vesicles. Grade scores for cattle are as follows: Xcellent/good, 2 — fair, 3 — poor,
4 — dead/degenerating (Selk, 2009). In 1992, an embryo scoring techniquepasedr
by Steer and colleagues for human embryo assessment. This techkniowa as the
cumulative embryo score (CES) combines embryo morphology, cleaahge and
number of embryos transferred into a single figure that repretieitsoverall quality
and is applied to embryo selection prior to transfer. Theseriarihelped increase
pregnancy rates from 4% to 35% in older women (Visser and Fourie,.1983)

retrospective study of transferred human embryos indicated toptygeatibryos as:
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absent of multinucleated blastomeres, containing four or fiveonieses on Day 2,
seven or more cells on Day 3, and less than 20% fragmentation (Van &a}e1099).

A review by Ebner and colleages (2003), however, suggests that esategbon
based on morphological criteria can be imprecise, which can le#lae ttransfer of
embryos that are abnormal. For example, one study indicatedrtly 48% of embryos
that would have been chosen at Day 3 for transfer or cryopresarvegre chosen for
such on Day 5/6 at the blastocyst stage (Gragtaah) 2000). However, this is somewhat
misleading, as further culture could be contributing to the degoadait the embryo, i.e.
a viable embryo at Day 3 may no longer be viable after 2 to 3 dayvitrfo culturing.

More recently, studies have been conducted to evaluate other non-invasive
methods of determining embryo quality. For example, evaluatingulige media for
specific protein levels associated with embryo quality wogive researchers a
biochemical means to more accurately predict and measure embajity without
jeopardizing embryo viability. Such studies have evaluated emlorptatelet-activating
factor (PAF), amino acid turnover, and soluble human leukocyte antigshtGA-G)
(Roudebushet al, 2002; Brisonet al, 2004, Boothet al, 2007; Warneret al, 2008).
Embryonic PAF in the embryo culture media was measured and atedelvith
pregnancy outcomes. Patients receiving embryos producing low Bydis|had
significantly reduced pregnancy rates (60%) than those fromumeali high PAF levels
(85% and 89%, respectively) (Roudebwshl, 2002). Assays of amino acid turnover in

the culture media have also been evaluated as a possible meatectdn (Brisoret al,
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2004, Boothet al, 2007). The turnover of three amino acids, Asn, Gly, and Leu, was
significantly correlated with clinical pregnancy and live birth (Brisbal, 2004).

Gene expression studies have also been utilized to evaluate oocyte and subsequent
embryo quality. A recent study by van Montfoort and colleag2@88) used microarray
analysis to evaluate embryo viability. Using early embigavage (EEC) as a viability
parameter, gene expression was analyzed for cumulus cells frote®ttat resulted in
EEC and for those from oocytes that did not result in EEC. Th& differentially
expressed genes in the oocytes that did not result in EECgemes that are involved in
responding to hypoxic conditions or delayed oocyte maturation (van Montbalt
2008). A similar study by Assou and colleages (2008) demonstratetthéh@tpression
of specific genes — such as Bcl-2-like protein 11 (BCL2L11), phosmhoguvate
carboxykinase 1 (PCK1), and nuclear factor-IB (NFIB) — in cwsutells was
significantly correlated with embryo potential and pregnancgamé and proposed that
these genes could be biomarkers for predicting pregnancy.

Because these gene expression studies have been conducted in hurtly infe
clinics, however, researchers have been unable to compargo-produced embryos
with in vivo-produced embryos. Evaluating gene expressiomvnvo-produced embryos
versusin vitro-produced embryos would better elucidate genetic differenceseldasv
the best biomarkers for predicting thosevitro-produced embryos with the best genetic
potential. The flaws in differential expression studies detgcthRNA are that (1)

protein expression should still be verified, and (2) it is now known tiRitiAnmay be

10
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present and not expressed due to post-transcriptional regulation byodiog- small

RNA such as miRNA.

MicroRNA

MicroRNA (miRNA) has been hypothesized to have fundamental rivles
mammalian embryonic development (Houbaviy, 2003). An important regulator of
translation, miRNA has a key role in RNA interference (RNidi)one of two ways:
inhibiting translation when imperfectly paired with messeng®&AR(mMRNA), or
degrading mRNA when perfect complimentarity binding occurs (Figu2g miRNA
are expressed during early embryonic development in all maammshecies examined
to date (reviewed by Ouellet al, 2006). Therefore, it is extremely likely that the post-
transcriptional regulatory mechanism utilizing miRNA is presard active during early

development.

+ P-badies
?
By ———————p W,
Near perfect | mRNA cleavage |

complementarity

Vil
._m; — — (An
{Aln
-‘-‘_-_r-_.' -‘—-—-—'-—

Partial
complementarity

| Translational repression |

Figure 1.2: lllustration of miRNA functioning in RNAI by cleavage or
repression (Wienholds and Plasterk, 2005).
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History

In 1993, Lee and colleagues uncovered a novel regulatory mechanism in t
discovery of the first miRNAJin-4, in C. elegans. Previous studies revealéuh-4
represses the translation din-14, a protein whose concentrations affect larval
development. Théin-14 transcript levels are constant throughout larval development;
the LIN-14 protein levels, however, is abundant in late stage emlmyoslecreases
dramatically by later larval stages (Wightmanal, 1993). This change in protein
abundance without a change in transcript abundance indicates a posigtianst
control mechanism.

Analysis of thelin-4 genomic sequence elucidated that4 did not encode a
protein; instead two transcripts were identified, approximateg2l61 nucleotides long
(Leeet al, 1993). These RNA were found to be complimentary to the 3'UTR region of
the lin-14 transcript (Wightmaret al, 1993), indicating thaltin-4 RNA regulatedin-14
translation via an antisense mechanism, in which the miRNA bints complimentary
target message RNA and subsequently blocks its translation.

In spite of this remarkable discovery, another miRNA was netodered for
many years, leaving the scientific community with the impoesshatlin-4 was an
oddity inC. elegans. However, the discovery of let-7 (Reinhatrial, 2000) gave rise to
MiRNA'’s establishment as a new class of regulatory molecules; thoughdlasule was
discovered irC. elegans, it is conserved throughout metazoans (Pasquigtedli, 2000).

As of March 2009, there are 9,539 miRNA sequences reported in the seiRBzgquence

database Registry online (release 13.0), representing over 10@sspegiso, the
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miRBase current target database (v5) has predicted tamgeter 500,000 transcripts for
MIiRNAs in 24 species (Griffiths-Jones al, 2008). Most of the mature miRNA

sequences, for these species, have been experimentally verified (Table 1.2).

Table 1.2: The number of published mature miR sequences from select
species; data from the 7.0 release in 2007 (Griffiths-Jeira¢s2008).

Mature miR sequences
Distinct Forms| Experimentally verified
Homo sapiens 555 546 (98%)
Mus musculus 461 455 (99%)
Daniorerio 193 183 (95%)
Caenorhabditis elegans 135 135 (100%)
Drosophila melanogaster 88 85 (97%)
Arabidopsisthaliana 199 199 (100%)
Populus trichocarpa 215 55 (26%)

It has been estimated that mammalian genomes encode up to 1,000 miRNAs
(Berezikovet al, 2005). However, in the 10.0 release of the miRBase, onlyiBMAn
sequences were reported in pigs, and none of those predicted sequendeerhad
experimentally validated (Griffiths-Jonest al, 2008; Kim et al, 2008). The first
experimental validation of pig miRNA was published only last yeawnhich 25 porcine
mMiRNAs were identified via sequence analysis of a cDNA lihréd® of those miRNA
were previously unreported (Kirat al, 2008). Currently, 77 miRNA sequences are
reported in the miRBase for pigs, 35 of which have yet to be expeatyeverified
(Griffiths-Joneset al, 2008). The number of predicted miRNA in pigs is likely to be so
low due to the incomplete pig genome database; because of this, experimeotattsgsor

are best for identifying new porcine miRNA.
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Synthesis

mMiRNA are short, non-coding, single-stranded, ribonucleic acids endcodbd
genome. mMiRNA genes may contain their own promoters and enhancbkes|omated
within introns and exons (as reviewed by Zhao and Srivastava, 2007)lushsated in
Figure 1.3, RNA polymerase Il transcribes miRNA genes intmay-miRNA (pri-
mMiRNA) several kb long (Leet al, 2002). These pri-miRNA are further processed in the
nucleus by a Ribonuclease (RNase) Il enzyme, Drosha, and its citdided RNA-
binding domain (dsRBD) protein partner, Pasha, into pre-miRNA approxdynéb-75
nucleotides (nt) in length (Lest al, 2003; Denliet al, 2004; Gregoryet al, 2004). This
Drosha-Pasha Microprocessor complex leaves the pre-miRNA vidthta3’ overhang,
which is characteristic of dsRNA cleavage by RNase Ill. phemiRNA is then
exported to the cytoplasm by Exportin-5 and Ran-GTR(él, 2003; Lundet al, 2004),
which recognizes the characteristic 2 nt overhang. Once in toelaym, the pre-
MIiRNA is further processed by another RNase Il enzyme, rDiaed its dsRBD:
Loquacious inDrosophila (Saitoet al, 2005), or therans-activator RNA (tar)-binding
protein (TRBP) in mammals (Haastal, 2005). Dicer also recognizes and binds the
characteristic 2 nt overhang and cleaves the pre-miRNA intdoable-stranded
microRNA (ds-miRNA) approximately 21 nt in length. The ds-miRidAhen unwound
and loaded into the effector complex known as the RNA-induced silenomglex

(RISC), which will carry the miRNA to its target (Faller and Guo, 2008).
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Figure 1.3: miRNA synthesis (Wienholds and Plasterk, 2005).

Function

As previously mentioned, miRNA are important regulators of tréosla Their
most noted roles have been through RNA interference (RNAI) pathttey result in
either the silencing of the target mRNA or the breakdownrgetad mRNA. (For more
detail, see the section “Mechanisms of Argonaute: RISC,” payg 3However,
Vasudevan and colleagues (2007) demonstrated that miRNA also hale ia up-
regulating translation. In their study, miR-369-3 up-regulated tumecrosis factor:

(TNFa) mRNA during cell cycle arrest. They found that, upon cellecgcrest, the AU-

15

www.manharaa.com



rich elements (ARE) in the 3’ untranslated region (UTR) of tiNd~d message was
transformed into a translation activation signal that recrudetbfs associated with the
MiRNA machinery, known as micro-ribonucleoproteins (microRNP). o Tether
MIiRNA, let-7 and a synthetic miRNA miRcxcr4, also activateghgdfation of their
respective messages. In proliferating cells, however, athede miRNA repressed
translation. This indicated that, dependent on the cell cycleoRWP may in fact

alternate between repression and activation of translation.

Regulation

A recent study by Bethke and colleagues (2009) revealed abhermediated
regulatory mechanism for miRNAs @ elegans. TheC. elegans nuclear receptor DAF-
12 regulates developmental progression in response to the environmefgvorable
environments, ligands bound to the DAF-12 receptor and development comitiouke
next larval stage; in unfavorable conditions, ligands were suppremsgé DAF-12
induced arrest in a particular larval stage. This study denabedtthat, when in
unfavorable conditions and unbound to its ligand, DAF-12 repressed miRNAssipr
and led to developmental arrest. On the other hand, in favorable enemtsmAF-12
was bound to its ligand and activated miRN#7 homologs which down-regulated their
target,hbl-1, and allowed for development to the next larval stage; illustratd-igure
1.4 (Bethkeet al, 2009). It is known that DAF-12 is down-regulated by let-7 during later
stages of development, suggesting both feed-forward and feeddwmgskfor initiating

larval transitions (GroBhare al, 2005).
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Figure 1.4: lllustration of miRNA regulation by the nuclear hormone
receptor DAF-12 (Bethket al, 2009).

Involvement in Embryonic Devel opment

In 2003, Bernstein and others demonstrated that disruption @fitkel gene in
mice was embryonic lethal, indicating an important role for miRMAembryonic
development. Th®icerl gene was functionally knocked out; afterward, chimeric mice
were created which were able to transmit@iheer 1 disruption through the germ line. Of
the mice born from these crosses, none were homozygous mutantsngdicetitrait is
embryonic lethal. In evaluating thcer1-deficient embryos at different developmental
stages, it was elucidated that development is interrupted bedsteulgtion; embryos
were arrested around day 7.5 (Bernsttial, 2003). The results of this study strongly
indicated that miRNA pathway components are required for vertebrate development.

Studies of individual miRNAs have revealed their involvement in 8peci

developmental processes. For example, miR-1-1 and miR-1-2 are aburdg@ndysed
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in the developing heart (reviewed by Zhao and Srivastava, 2007).exXpvession of
miR-1 in the developing mouse results in decreased ventricular pxbbfe and
expansion. miR-196 is involved in HOX gene regulation, which is impottant
developmental patterning. Table 1.3 lists other specific miRNAsgawith their targets

and functions (as reviewed by Wienhodtisl, 2005).

Table 1.3: Biological function of miRNA (Wienholdst al, 2005).

miRNA Function(s)
Ceanorhabditis elegans
lin-4 Early developmental timing
let-7 Late developmental timing
Isy-6 Left/right neuronal asymmetry
miR-273 Left/right neuronal asymmetry
Drosophila melanogaster
bantam Programmed cell death
miR-14 Programmed cell death and fat metabolism
miR-7 Notch signaling
Mus musculus
miR-196 Developmental patterning
miR-181 Hematopoietic lineage differentiation
miR-1 Cardiomyocyte differentiation and proliferation
miR-375 Insulin secretion
Human and other vertebrate cell lines
miR-16 AU-rich mediated mRNA instability
miR-32 Antiviral defense
miR-143 Adipocyte differentiation
SVmiRNAs Susceptibility to cytotoxic T cells
Cancer in humans
miR-15-miR-16 Downregulated in B-cell ymphocyte leukemia
miR-143, miR-145 Downregulated in colonic adenocarcinoma
miR-155/BIC Upregulated in diffuse large B-cell ymphoma
let-7 Downregulated in lung cell carcinoma
miR-17-92 Upregulated in B-cell lymphoma
18
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Houbaviy and colleagues (2003) identified possible embryonic stem d&iS)
specific miRNAs. Identified as part of a hairpin clusted ancluding miR-290, miR-
291-as, miR-292-as, miR-293, miR-294, and miR-295, these miRNA were e@iass
mouse ES cells, but were not detected in differentiated ESarefidult tissues. A more
recent study by Yu and colleagues (2006) elucidated that exprdsges of miRNA
targets are lower in all mouse and Drosophila tissues than irespecative embryos.
These studies indicated a role for miRNAs in regulating plwipot and early
mammalian development.

Knockout of Dicer (and, therefore, knockout of miRNA) studies in zedbraf
indicate that dicer mutant embryos develop normally until about@®afen maternal
Dicer is no longer present. Further studies, however, indicateevitiatembryos lacking
maternal Dicer are able to develop normally for the first 24 haodicating that
MiRNAs are not essential for early development in the firsh@4rs. These embryos
begin showing defects during gastrulation, brain formation, neuraéreiiffiation,
somitogenesis, and heart development. In mice, however, Dicer mutanyos die
prior to axis formation and demonstrate ES cell loss. The diifereetween mice and
zebra, in regards to development associated with miRNA loss, beagiue to the
developmental timing of each species (zebrafish develop much more rapidlyitiegn m

While miRNA involvement in developmental processes has been the dbcus
much research, less is known about the function of miRNA in fatidin. A study by

Amanai and colleagues (2006) identified miRNA in mouse sperm. eMats|of sperm
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MiRNA, however, were relatively low in comparison to unfertilizeld dcytes, and did
not alter the miRNA profile after fertilization, indicating a limitederah fertilization.
MIiRNA have been identified in all tissues examined to date arellbeen shown
to have important roles in developmental processes, as describegl abaming of
MIiRNA expression is also very important in these processes.n @ieeimportant roles
of Dicer and Argonaute2 in miRNA synthesis and function, the tirofrigeir expression

may be crucial to embryonic development.

Dicer

Exhibiting a molecular weight of approximately 200kDa, Dicer wast f
identified by Bernstein and colleagues in 2001 as the enzyme whiclugaess the
approximately 21 nt miRNA. Dicer is an RNase lll enzymelagscof enzymes that
show specificity for dsRNA; this made it an obvious choice when hgpkt potential
enzymes involved in the miRNA production pathway. Once identified, Es#nnand
colleagues named this RNase Il enzyme “Dicer” becausts ability to cleave RNA
into consistently short 21 nt RNA.

Interestingly, in multicellular eukaryotes, the components bfAfRnediated
silencing have significantly diversified, while in unicellular organs there seems to
have been a near complete loss of the RNA-silencing machindrys far, Dicer has
been identified in all species examined, exc@&guatharomyces cerevisiae, (reviewed by
Jaskiewicz and Filipowicz, 2008) and is highly conserved across speeiants encode

four Dicer genes, fungus and insects encode two, while mammals eachdene
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(reviewed by Ji, 2008). In plants, Dicer proteins seem to be ledawthe nucleus (Xie
et al, 2004; Hiraguriet al, 2005). InChlamydomonas reinhardtii, a unicellular eukaryote
that encodes three Dicer proteins, at least one Dicer (DCUiKely restricted to the
nucleus (Casas-Mollanet al, 2008). Mammals, however, express one Dicer protein

which seems to be only localized to the cytoplasm (Etligl, 2001; Provostt al, 2002).

Structure

A large, multidomain protein, human Dicer (hDicer) is composed of@mains,
including: helicase, a domain of unknown function (DUF 283), PAZ, two RIN&ase
domains, and a double-stranded RNA-binding domain (dsRBD) (Figure 1.%.thi
characteristic of having two RNase Ill domains that classifiesrias an RNase lll, class
Il enzyme as described by Jaskiewicz and Filipowicz (2008). erDignctions as a
monomeric protein, in which the two RNase Ill domains form a psdider-type
catalytic domain, as described below (Zhang et al, 2004; MacRae et al, 2006).

The PAZ domain, which is also found in Argonaute proteins, has been shown t
contain an oligo-binding (OB)-like fold. OB-folds specifically rgpze dsRNA ends
that have a 2 nt overhang on the 3’ end, as is characteristic espiog by an RNase lI
enzyme. In this way, the miRNA processing pathway has a miimog mechanism.
Drosha processes pri-miRNA into pre-miRNA and leaves a 2 ové&¥hang that will be
recognized first by Exportin-5 for transporting the miRNAHe tytoplasm and then by

Dicer which will further cleave the pre-miRNA (MacRateal, 2006).
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Figure 1.5. Structure ofGiardia Dicer; box notes the two active sites
formed between RNase llla domain and RNase lllb domain (MaeRage
2006).

The two RNase Il domains are only functional when they arerdiete They
fold together and two active sites are formed across the swfdbe dimer, as shown in
Figure 1.6. These active sites cleave the RNA. Theseeasites are offset from one
another, indicating the mechanism by which this enzyme will le@&/ataoverhang when
the RNA is cleaved. Interestingly, when MacRae and higaglles measured from the
catalytic active sites to the 3’ binding pocket in the PAZ donthiy discovered that it
is 65 angstroms (A), which is equivalent to about 25 nt. Consequently, gas @iter
the scissors that cleave ds-miRNA, it is the molecular rilat determines its final

length, as illustrated in Figure 1.7. (MacRaal, 2006)
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Figure 1.6: Cartoon depiction of the dimerized RNase Il domains of
Dicer; arrows indicate the two cleavage sites (Zretraty 2004).

Figure 1.7: Model of Giardia Dicer bound to pre-miRNA. Asterisk
indicates the 3’ binding pocket of the PAZ domain; arrows indicateeact
sites at which cleavage occurs. The distance from the 3’ bipdicket to
the cleavage sites is measured at 65A (Ma@Rak 2006).
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Because only Giardia Dicer has been crystallized, which |#ok&shelicase
domain, the DUF, and the dsRBD, these three domains have yet to betetzed. It
has been noted, however, that though ATP stimulates the generadi®Néfs by theC.
elegans Dicer and one of the two Drosophila Dicers, as is charaiterid an
ATPase/helicase domain, the addition of ATP has no significart @fifiethe mammalian
Dicer activity (Nyykaneret al, 2001; Kettinget al, 2001; Zhanget al, 2002; Liuet al,

2003).

Dicer Function: Plants and Drosophila

As previously mentioned, plants express four Dicer genes. Timeeser “like”
(Dcl) proteins are numbered sequentially, Dcll — Dcl4, each havuhgtinct function.
Dcl-1 processes miRNA precursors, including pri-miRNAs and pRRNAis (Kurihara
and Watanabe, 2004). Dcl-2 generates siRNAs associated with antefease. Dcl-3
generates siRNAs involved in chromatin modification and transonigkisilencing. Dcl-
4 is required for trans-acting siRNAs (ta-siRNAs) biogesessid activity (Gasciollet
al, 2005; Xieet al, 2005). Because the small RNAs produced by each Dicer are idvolve
in different processes, a mechanism must exist that mediatés ane; Margis and
colleagues (2006) suggest that the dsRBDs of Dicer fulfill this role.

Drosophila encode only two Dicer genes, Dicer-1 and Dicer-2, fahathere are
also distinct roles. Dicer-1 is involved in processing pre-miRNAassociation with
RISC, while Dicer-2 is involved in siRNA production for the RNAI pastywLeeet al,

2004).
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Protein Interaction

Dicer has been shown to have multiple interactions with other psotthese
include interactions with double-stranded (ds)-RNA binding domain (dsRB&gins
and Argonaute proteins.

In most species examined to date, Dicer must be coupled with somef
dsRBD in order to work properly. The first dSRBD protein requigdClicer activity
was discovered €. elegans by Tabara and colleagues in 1999, and was identified as
Rde-4 by a genetic screen. Later, Grishok and colleagues (2000gd that Rde-4 was
required for the initiation step of RNAI i@. elegans, but is not required for miRNA
processing.

As previously mentioned, Drosophila have two Dicer proteins with aggpar
functions; each of these Dicer proteins partners with a diffesRBD. Dicerl pairs
with Loquacious (Logs), while Dicer2 pairs with R2D2 (Sadiocal, 2005; Liuet al,
2003). Logs plays an important role in enhancing miRNA biogenesis, thiosgdnms to
unnecessary for assembly of miRNA-RISC (Eual, 2007). R2D2, on the other hand,
does not assist in the production of siRNA but does help facilitatasgbembly of the
SiIRNA-RISC (Liuet al, 2003). R2D2 does this by forming a heterodimer with Dicer2
which senses the thermodynamic stability of the 5’ ends of Ri¢Asithe more stable of
the ends will bind to R2D2, while the less stable end binds Dicethid way, the less
stable 5’ end of the siRNA is incorporated into the RISC complex (Tatnalti2004).

In humans, two dsRBD proteins have been identified: TRBP (human

immunodefinciency virus (HIV-1) transactivating-response (TARARbinding protein)
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and PACT (PKR activator) (Haast al, 2005; Leeet al, 2006). TRBP is required for
optimal RNA silencing mediated by both siRNAs and endogenous miRiNAas also
been shownin vivo, to assist Dicer in the cleavage of pre-miRNA (Hagisd, 2005).
Before it was identified as a Dicer binding partner, TR hlready been assigned
several functions. These include inhibition of protein kinase R (PKREh is dSRNA-
regulated and interferon-induced (Daleeral, 2001), and a role in modulating HIV-1
gene expression via TAR association (Datial, 2003). The other mammalian dsRBD,
PACT, is 42% identical to TRBP and also interacts with Dickee and colleagues
(2006) isolated PACT in a complex with Dicer, TRBP, and hAgo2. dt when
demonstrated that depletion of this protein causes an accumulatioriuoé mmeRNA in
human cells, but does not affect pre-miRNA processing, indicatinghportant role in
RISC assembly.

Argonaute proteins have also been shown to interact with Dicer. Z atnoh
colleagues (2004) demonstrated that part of the PIWI domain of ang@mproteins, the
PIWI-box, directly binds to the RNase Il domain of Dicer. Tihteraction is dependent
upon Hsp90 and inhibits the RNase activity of Dieevitro. They also showed that the
interactions between Argonaute proteins and Dicer may occur ultipla cellular

compartments.

Mechanisms of Dicer
Dicer mechanisms of pre-miRNA processing have been mostsaxtéy studied

with human Dicer, which was over-expressed in insect cells andepu(Provostet al,
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2002; Zhanget al, 2002). Md" was required for the RNase activity of Dicer, but not for
dsRNA binding; cleavage did not require AiliPvitro (Provostet al, 2002; Zhangt al,
2002). In fact, mutation of an essential amino acid in the ATPasemof@combinant
human Dicer had no effect on Dicer activity (Zhahgl, 2002). This may simply be due
to lack of a fully functional recombinant Dicer protein. Zhang aoiteagues (2002)
proposed that if ATP did have a role in assisting Dicer in mdiamaells, it might be
involved in product release from Dicer, aiding the multiple turnover of the enzyme.

By using substrates with modified ends, Zhang and colleagues (2B@R2) a
showed that Dicer process dsRNA from their termini. A fevargelater, they
demonstrated that the processing of dsRNA and, specifically, thptedkt-7 RNA
occurs with a very low turnover rate. This is likely because ghoduct remains
associated with the enzyme. (Zhagl, 2004)

Mutations in human Dicer indicated the following residues arenéiss for the
cleavage activity of Dicer: Aspl320 and Glul652 from the RNdsedbmain, and
Aspl709 and Glul813 from the RNase lllb domain. These cleavagegsitesate
products with 2 nt 3’ overhangs. From these data, Zhang and celegfi04) proposed
that Dicer functions via intramolecular dimerization of its twdaRe Ill domains. The
RNase llla domain processes the protruding 3’-OH-bearing Bikdkd, and the RNase
lllb domain processes the opposite 5’-phosphate-containing strand.

These researchers went on to mutate the PAZ domain of Dibeh \greatly
reduced Dicer's dsRNA-processing activity. As mentioned eatie® PAZ domain

recognizes the 3’ overhangs of dsRNA,; this is consistent thighfinding that Dicer
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cleaves dsRNA and pre-miRNA substrates containing 3’ overhangseffciently than
blunt ended dsRNA (Zhareg al, 2004).

With this information, Zhang and colleagues (2004) proposed a modelder Di
processing (Figure 1.8), which was later confirmed by Mackaeothers (2006) when
they obtained the crystal structure of the full-length Dicer f@nntestinalis. In this
model, the 2 nt 3’ overhang on the substrate is recognized by the PAZ domain and held in
the binding pocket of the domain; Dicer formed an internal dimer leetvd®mains
RNase llla and RNase lllb, each domain processing one stratiie adisRNA, and

leaving another 2 nt 3’ overhang on the product.

.
]

 Helicase,

Figure 1.8: Cartoon depiction of the dimerized RNase Il domains of
Dicer; red arrows indicate the two cleavage sites (Zlehaly 2004).

Involvement in RISC Formation

Though Dicer is essential to the processing of miRNA andNAjRfurther
research has revealed an important role for Dicer in tleetef step of RNA silencing:
the formation of the RNA-induced silencing complex (RISC). Thustli@ majority of

research involving these intermediate steps has been condubtembaphila. Pham and
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colleagues (2004) identified three separate intermediate compleirosophila: R1,

R2, and R3 (Figure 1.9). A precursor to R2 and R3, R1 is a complex of 360kDa
consisting of Dicer2, R2D2, and possibly other unidentified proteingjntgion is likely

to process the long dsRNA and perhaps determine the guide/passtesuge asymmetry
(Phamet al, 2004). The R2 complex likely functions in dsSRNA unwinding; this may be
initiated by the Dicer2-R2D2 complex, but requires Ago2 to mdc€fomariet al,
2004). The R3 complex, also described as “holo-RISC,” requires ATRasists of:
siRNAs, Dicerl, Dicer2, R2D2, Ago2, and other proteins. Pham and aotie48004)

refer to the R3 complex as the “RNAI effector complex.”

R1 R2 R3
holo-RISC

dsRNA

unwinding
e -8 .0 -

—_—
9‘ 0" °" A\ @ @’o‘k @ cleavage
@z CONRNCE I D
siRNA duplex Guide ss siRNA
Long ds RNA
ATP

Figure 1.9: Model of RISC assembly in Drosophila (Jaroncetyél, 2005)

Mammalian RISC assembly is less understood. In fact, somendatate Dicer
may not be required for RISC assembly in mammals. Cells ddpdétDicer were still
capable of siRNA-mediated RISC activity (Martineizal, 2002). However, multiple

studies indicated Dicer does at least play a stimulatoryimdlee assembly and function
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of RISC in that 30bp dsRNAs, which are processed by Dicer to indbhi@dg, are more
efficient at triggering an RNAI response than siRNAs (Kdmal, 2005; Roset al, 2005;

Siolaset al, 2005).

Expression

Many studies have been conducted to elucidate the consequencesobDass
function using tissue-specific, conditional knockouts. These studies dhaven that
Dicer function, and therefore miRNA function, is essential foreleete development
and required for the normal function of: T cells, B cells, chondrecyein and hair
follicles, brain, heart, skeletal muscle, lung epithelium, pancresiets, limb
development, retina, spermatogenesis, spindle formation, corpus luteum aegisge

and general reproductive soundness (reviewed by Jaskiewicz and Filipowicz, 2008).

Argonaute2

Named after the squid-like phenotype of plants that lacked the fualkcpootein
(Bohmert et al, 1998), Argonaute proteins have been described as the “molecular
scaffold” presenting small, guide RNA molecules of RNA silegcto their
complementary targets (Parker and Barford, 2006). This includgs gkoteins’
involvement in the RNA-induced silencing complex (RISC) as wsllin the RNA-
induced initiation of transcriptional gene silencing (RITS), whichniglved in the

assembly and function of heterochromatin (Verti@, 2004).
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Argonuate proteins have a molecular weight of about 100 kDa (Cesutsl
2000) and have been studied in many organisms, inclufliwganosoma brucei (T.
brucei), S Pombe, Chlamydomonas reinhardtii (C. reinhardtii), Caenorhabditis elegans
(C. elegans), Drosophila melanogaster (D. melanogaster), and many mammals; the
number of Argonaute genes varies across species, from diepombe to 27 in C.
elegans (Peters and Meister, 2007; Casas-Mollahal, 2008; Shiet al, 2004). Eight
Argonaute protein genes have been identified in humans; they are dimidetivo
subfamilies: Ago and Piwi. The Piwi proteins, which total foug, e@tpressed mainly in
the testes. Of the Ago subfamily, there are four proteingf allhich are ubiquitously
expressed in human tissues. These proteins contain the same protiés (the PAZ
motif in the middle and the Piwi motif in the C-terminal @9, which have been
observed in the Ago family members of many non-human speciesllaswggesting
these may be important for the proteins’ function (Sastaddi 2003).

A study conducted by Meister and colleagues (2005) showed that AniRN
associate with all of these Ago proteins (1-4), with no preferemetween them.
However, only one of these four Ago proteins, Argonaute-2 (Ago2), hasgs
capabilities to degrade the mRNA to which miRNA binds (Meiatat, 2004; Liuet al,
2004). Also in 2004, Rand and colleagues isolated RISC and used nmassnsgiey to
identify proteins involved in RISC and concluded that only Ago2 composesotke ¢

RISC nuclease activity.
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Structure
The crystallization of Ago2 confirmed it as the once unknown “Slice#
miRNA-mediated mRNA degradation. Ago2 is one of many PAZ-PianBin (PPD)

proteins, which all have two characteristic domains: PAZ and Piwi (Figure 1.10).

Figure 1.10: Structure ofP.furiosus Argonaute (Songt al, 2004).

The PAZ domain (named after Piwi, Argonaute, and Zwilli) formmadule
characteristic of nucleic-acid-binding molecules, an oligonucleoligesaccharide-
binding fold (OB fold), that specifically binds the 3’ end of RNAg(ie 1.11). In fact,
nucleic acid binding studies have shown that PAZ has a high gffarisingle-stranded

3’ ends and double-stranded ends with 2 nt 3’ overhangs @@hg2003; Lingelet al,
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2003). These 2 nt 3’ overhangs are characteristic of miRNA miogelsy the RNase |li

enzymes Drosha and Dicer.

Figure 1.11: Ribbon structure of Drosophila Ago2 PAZ domain, forming
an RNA-binding cleft (Songt al, 2003).

The crystallization of the Piwi domain immediately eluctthhow Argonaute
functions as “Slicer.” The Piwi domain’s tertiary structaratches that of the RNase H
enzyme family (Figure 1.12) and is characteristic of enzym#s nuclease activities,
therefore indicating the Piwi domain of Ago as the enzyme redgerfair the mRNA
cleavage characteristic of RNAI. In fact, in 2005, Rivas and colleagues destexhshat
Ago2 could recapitulate RISC activity.

Similar to RNase H, three residues within the Piwi domain farcatalytic triad.
The human catalytic triad for Ago2 is D(597), D(669), and H(807), asifiéenby
mutation studies (Rivaat al, 2005; Songt al, 2004). Ago2 has been identified as the
only member of the human Ago subfamily with endonuclease activilyet al, 2004;

Meisteret al, 2004). It is interesting to note that Ago3 is catalyticatlgctive, even
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though the catalytic triad DDH is conserved (reviewed by tdeiand Tuschl, 2004).
This may indicate that posttranslational modifications or inteEnagst with specific

proteins may modify the activity of Ago proteins.

Argonaute-PIWI RNase HI

Figure 1.12: Ribbon structure of Drosophila Ago2 Piwi domain, depicting
an RNase H-like structure (Soagal, 2004).

In a study of the AGOL1 protein in the protozdarbrucei, researchers uncovered
an N-terminal domain with a high abundance of RGG repeats. @elafithis domain
blocked association of AGO1 with polyribosomes and severely affedgdAncleavage.
However, the mutant was still able to bind with siRNA. ThisNrinal domain may be
important for post-translational modifications in the RGG-rich secpgethat are critical
to the proper function of the protein. (&hal, 2004)

Another functionally important domain was discovered through x-ray

crystallography of bacterial Argonaute proteins, located betweenPAZ and PIWI
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domain, and therefore dubbed the “MID domain” (Padta, 2005; Yuaret al, 2005).
This MID domain [though one review by Parker and Barford (2006) tefé as part of
the PIWI domain] is the most conserved region in Argonaute. Tdienreontains a
highly basic pocket that binds the 5’ phosphorylated nucleotide of the MAestrand.
This 5’ phosphate group is characteristic of mature miRNAs psedesy Dicer. Rivas
and colleagues showed that this 5 phosphate group is required fortystadién in
complex with hAgo2 and ensures “slicing fidelity” (2005). Intaregy, there are only
nine conserved residues in the PIWI domain across divergent Arga@eautences, four
of which contact the 5’ phosphate group of the guide strand (Parker &ioddB2006).
This highlights the importance of the binding pocket in this region.llAstriated in
Figure 1.13, Argonaute proteins’ PAZ domain binds the miRNA; at lwpint the
mMiRNA binds its target, the Piwi domain of Argonaute cleavesdhget message (Song
et al, 2003; Songt al, 2004; Lingel and Izaurralde, 2004).

Thus far, members of the mammalian subfamily Piwi haveoybetanalyzed for
Slicer activity, although Drosophilia PIWI shows Slicer acyivit vitro even though the

catalytic triad is formed by DDK (Sait al, 2006).
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Figure 1.13: Cartoon depiction of the mechanism of Ago2. The PAZ
domain binds the 3’ end of the miRNA which binds its target mRA
the Piwi domain cleaves the target message (8oalg2004).

Mechanisms of Argonaute: RISC

As reviewed above, Dicer processes miRNA precursors into apprekynzdt nt
long ds-miRNAs. Of this ds-miRNA, one strand is the refereaistthe guide strand and
will be loaded into the Ago protein; the other strand is the pgssestrand and is
discarded. Though it was thought that a helicase may asdisthwiunwinding process,
Matranga and colleagues demonstrated that siRNAs are loattethe Ago2 protein
prior to release of the passenger strand after which Ago2eddhe passenger strand,
facilitating its displacement. (Matrangigal, 2005)

It has been noted that for most miRNAs, only one strand from the RiAni

accumulates as the mature miRNA. This asymmetric loagimgided by the relative
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thermodynamic stability of the 5’ ends of the ds-miRNA. The &ably paired of the 5’
ends in the ds-miRNA is the one preferentially incorporated intoAip@ complex
(Khvorovaet al, 2003; Schwaret al, 2003).

In Drosophila, R2D2 (the dsRNA binding domain (dsRBD) protein) forms a
heterodimer with Dicer2 and binds the more stable end of the silRiAby positioning
the duplex to allow incorporation of the correct strand, as illestrat Figure 1.14
(Tomariet al, 2004).

The human dsRBD proteins, as reviewed above, include TRBP and PAC3e The
reside independently in a complex with Ago2 and Dicer which ig &blgenerate
miRNAs from dsRNA precursors, transfer one strand to Ago2, andvele
complementary substrate RNAs. Inactivation of TRBP and PAQTtsem a loss of

mature miRNAs, insinuating their roles in strand selection or Ago loading.
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Figure 1.14: RISC assembly model for Drosophila (Matraegal, 2005).

Argonaute proteins that lack slicing capabilities can still fionctin RNA
silencing. If the miRNA guide-strand contains multiple mismatcteeits target, the
targeted mMRNA is silenced, not sliced (Matraregaal, 2005). Parker and Barford
propose that these Argonaute proteins may be involved in pathwaysfitse them to
“mismatched precursors,” such as miRNAs that would not fully conepit their target

MRNA. These proteins include hAgo4 and Hiwi2.
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The next step, after miRNA guide strand loading, is targetgreton. Many
studies have shown that all nucleotides in the miRNA sequence areeatdd equal. It
appears that nucleotides 2 — 7 or 8 of the miRNA, as measuredhiedsh énd, compose
the “seed” sequence. This seed sequence mediates thetioevath the target mMRNA
sequence (Lewist al, 2003; Doench and Sharp, 2004; Lewtigl, 2005; Birmingharret
al, 2006). It is thought that once the target strand binds the guideAniR&lrest of the
duplex continues to form onward toward the 3’ end of the guide strande Stoities
indicate this may be coupled to a conformational change in Argomawtjch the PAZ
lobe of the protein retracts to make room for the duplex and positiontlite active
“Slicer” site of the PIWI domain, which lies under the PAZ lobe (Yetaad, 2005).

Once the guide strand is bound to its target mMRNA, the messagen#yebe
sliced or not (Figure 1.15). Whether or not the message is sitedfold. Firstly, and
simply, the bound Argonaute protein may not have an active catlgtic as discussed
previously. Secondly, the guide strand may contain mismatchés target sequence.
Studies have shown that complementarity of the guide strand #&nges ts necessary for
slicing, likely due to a necessary substrate geometry requirdtlei active site that
mismatches would disrupt (Haley and Zamore, 2004; Chiu and Rana, 200 2gher

and Zamore, 2002).
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Figure 1.15: miRNA target recognition (Wienholds and Plasterk, 2005).

In studies of human RISCs containing human Argonautel-4 (hAgol-4), only
hAgo2-RISC had any cleavage activity, even though, as previousitioned, hAgo3
possesses a full catalytic triad and hAgol a partial triagisieret al, 2004; Liuet al,
2004). As noted by Parker and Barford (2006), these experiments maatenthe
existence of other unidentified factors involved in slicing activity.

RISC has been shown to be a multiple-turnover enzyme, as indioatedtudy
by Hutvagner and Zamore in 2002. In another study, by Haley amdrég2004), the
rate of multiple-turnover activity was increased by mismatcime the guide strand
complementarity; the turnover rate was also increased withi@ddif ATP. The
structure of the Ago protein in conducive to retaining the guidmdtr containing a 3’

binding pocket in the PAZ domain and a 5’ binding pocket in the PIWI domain.

P-Bodies and Stress Granules
Localization studies have revealed that Ago proteins are edrichalistinct

cytoplasmic foci, determined by colocalization studies to be Pebddiuet al, 2005b;
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Sen and Blau, 2005). P bodies are cellular sites where mRNA pgaxgaand
degradation enzymes localize to ensure rapid and efficient mRN#owver occurs
(reviewed by Eulaliet al, 2007).

Depletion of P-body components, such as TNRC6A, TNRC6B, MOV-10, and
Dcpl/2, inhibited miRNA-guided RISC activity (Jakymatval, 2005; Liuet al, 2005a,;
Meisteret al, 2005; Rehwinkeét al, 2005). Mutated Ago proteins incapable of binding
mMiRNA do not localize to P-bodies, suggesting that Ago proteins misit e
incorporated into MRNA protein complexes (MRNPs) via miRNA-mRhAractions in
order to localize to P bodies.

Interestingly, there is a model for mMRNA storage, implying th&NA can re-
localize to the cytoplasm and re-enter polyribosomes for tramslati In fact,
Bhattacharyya and colleagues (2006) showed that the CAT-1 mRN#£h vehiepressed
by the liver-specific miR-122 and stored in P-bodies under normal carglits released
upon cellular stress and is actively translated to produce CAifoefein (which is
required for cellular stress response). Specifically, th&NAk released from Ago by
the RNA binding protein HUR, which is localized to the nucleus under ha@onditions
but is released into the cytoplasm during cellular stress.e dean experimentally
proven example that mMRNA can be stored and released for future use.

In has been shown that Ago proteins do not only localize to P-bodies, lipweve
but also to the diffuse cytoplasm and stress granules (SQs)dEeeal, 2006). In fact,
EGFP tagging of Ago2 revealed that only about 1.3% of EGFP-Agaflizes to P

bodies, and further analysis revealed that the P-body pool of Agonsreeemed to be
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static whereas the SG-localized Ago proteins demonstrated dyoi@mic behavior.
However, much is yet to be understood about the localization differences of Ago to SG or

P-bodies.

Transcriptional Slencing

Although immunofluorescence experiments have been unable to locate Ago
proteins in the nucleus, researchers suggest that it is becappagent that Ago proteins
do indeed function in the nucleus. Nuclear functions for Ago proteins haneé&eorted
in many organisms including:S pombe, plants, fungi, Drosophila, an@. elegans
(reviewed by Matzke and Birchler, 2005). In mammals, the nufileation of Ago has
been a bit more elusive; however, a study by Janowski and colleag2@86 indicated
that both Agol and Ago2 proteins associate with the progesterone repeptooter.
Also, with the depletion of human Agol and Ago2, no transcriptional sileneasy
observed, suggesting that Agol and Ago2 may be involved in transcriptienal g

silencing as well as posttranscriptional gene silencing.

Piwi Subfamily and piRNAs

The human Piwi subfamily of Argonaute proteins was originadijned after the
Drosophila Piwi gene and includes: HIWI, HIWI2, HIWI3, and HILThese proteins
have been implicated in germ cell development, stem cell-re@dfwval, and
retrotransposon silencing (Cat al, 2000; Kalmykovaet al, 2005). Members of the

Piwi subfamily have been identified in many organisms, many of which seengé&wrbe
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cell specific (indicating functional conservation). Given all thas been uncovered
about the Ago subfamily, however, the Piwi subfamily functions and pgrepenave
been less widely researched.

In the mouse, MILI and MIWI were shown to be essential fmrmatogenesis
(Deng and Lin, 2002; Kuramochi-Miyagaveh al, 2004). Interestingly, female mili
knockout mice showed no abnormalities, while male mili knockouts hadesnedtes
and were sterile (Kuramochi-Miyagawial, 2004). Similar results were seen with miwi
knockout mice, with the difference being that defects were sedatea stages of
spermatogenesis (Deng and Lin, 2002).

A novel class of small RNA has been identified that interpecifically with
members of the Piwi subfamily, and therefore have been dubbed piRMNAVI-
associated piRNA are 29-31 nt, while MILI-associated piRNA 26628 nt. Many
piRNA are not conserved from mouse to human on the sequence lévalin(et al,
2006; Girardet al, 2006; Grivnaet al, 2006; Watanabet al, 2006). The timing of
pPiIRNA expression and the phenotypes of Piwi knockouts indicate theiinradperm
development. Also, piRNA seem to be abundantly expressed. Accoodikrgvin and
colleagues (2006), there are about 8000 copies of an individual piRNA and 1 million total
piIRNA per mouse spermatocyte. The function of piRNA, however, anthether not

they function similarly to siRNA or miRNA is yet unclear.
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Expression

Liu and others published a study in Science in 2004 in which thayptest the
Ago2 gene in mice. Intercrosses of Ago2 heterozygotes produdgdwildtype and
heterozygous offspring, implicating that the disruption of Ago2 walkrgmnic lethal.
Ago2-deficient embryo phenotypes included: defects in neuras tebediac failure, and
yolk sac and placental defects. They also used mouse embryo fatsofHEFs) from
embryos from Ago2 heterozygous intercrosses to explore whether endmkiogy Ago2
were resistant to experimental RNAI, using siRNA. These eedire unable to repress
gene expression in response to siRNA, but were rescued by addiitianplasmid
encoding for human Ago2. This indicates an important role for AgoZ2, lerdfore

mMiRNA function, in embryonic development (Letial, 2004).

Implications

Given the obvious importance of Dicer and Ago2 during embryonic development
and the important role of each in the synthesis and function of miRNgan be
concluded that miRNA is essential for proper embryonic developmerterefbre,
aberrant miRNA expression could be involved in impaired embryonic devehlbpme
However, no information is currently available regarding the esgpon of Dicer and
Ago2 in pigs. It is our goal to identify Dicer and Ago2 expi@ssin porcine

reproductive tissue and obtain their full length coding sequences.
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CHAPTER TWO

CLONING AND EXPRESSION OF PORCINE DICER

Introduction

Recently, a class of small non-coding RNA called microRNARMA) has been
described and reported to have roles in normal mammalian embryonilopiagat.
These miRNAs are encoded in the genome, transcribed by RNAne@sge Il and
processed into fragments ~22 nt in length by Ribonuclease enzpmésal one being a
protein called Dicer. Dicer was first identified by Bernstein anagagllies in 2001 as the
enzyme which produces the approximately 21 nt miRNA. Dicer BNawse Il enzyme,
a class of enzymes that show specificity for dsRNA, and hasdbeswn to process pre-
MIiRNA from its 76 nt hairpin structure into mature ds-miRNA.cdDiis essential for
MIiRNA production and Dicer knockouts have been shown to be embryonic lethal
(Bernsteiret al, 2001; Bernsteiet al, 2003).

Our objective is to understand the miRNA pathway in pigs, includdemtifying
MiRNA expressed in reproductive tissues, describing the ontagfethys pathway, and
identifying in this species the major proteins involved in thel®gis and function of
MiRNA. Dicer has yet to be identified in pigs. The objectivéhef study was to clone
the cDNA for porcine Dicer (pDicer), as well as verify ggpression in multiple
reproductive tissues including oocytes and developing embryos. We hsipettieat the
Dicer sequence is highly conserved in pigs and that its messagpressed in porcine

embryos during the time of fetal genome activation.
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Materialsand Methods
RNA Isolation

Porcine ovaries were obtained from nearby abattoirs, frozemurd Initrogen,
and stored at -80° C until further processed. Sections weighing appatekr 200 mg
were obtained from the frozen ovaries and used for total cellular IRNA) isolation

using the mirVana miRNA isolation kit (Ambion, Austin, TX).

RT-PCR/Primer Design

tcRNA was subjected to endpoint RT-PCR using SuperScript™irgt-Btrand
Synthesis Super Mix for reverse transcription (Invitrogen, Gads CA). The first
strand reaction was utilized for PCR with GoTaq (Promega, Madi¢/l). All PCR
reactions were run with a total volume of 25 pl in an Eppendorf kgster gradient
thermocycler (Westbury, NY) according to the following prograrhid: 95.0°; (1)
T=95.0°, 3:00min; (2) T=94.0°, 0:30min; (3) T=(annealing temperature sperpicmer
set), 0:30min; (4) T=72.0°, 0:30min; (5) GOTO 2 Rep 34; (6) T= 72.0°, 3:00min; (7)
HOLD 4.0°. Specific annealing temperatures were obtained by rurgredjent
programs for each primer set. PCR products were subjected to matnaieg slab gel
electrophoresis, using 1.2 to 2.0% TAE or TBE gels, and visualized &imdium
Bromide (EtBr) staining and UV-light exposure.

To generate PCR primers, the cDNA sequences for bovine Dibéref), human
Dicer (hDicer) and mouse Dicer (mDicer) (accession numb#i3368968, NM030621,

and NM148948, respectively) were aligned. Primers were genefaigd highly
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conserved regions by using Vector NTI (Invitrogen, Carlsbad, CAyeve designed by
hand following Rybicki'sguidelines in Molecular Biology Techniques Manual (2001).
Eight primer sets were designed for eight overlapping fragnantke Dicer coding

sequence, as illustrated in Figure 2.1. Primer sequences are listed in Table 2.1.

5UTRL 3'UTR
508 808 984
400 | 1140 11 1422 1343V
la Il a g15 b
C
v
Figure 2.1: Dicer cloning strategy using RT-PCR. Based on bovine

Dicer cDNA sequence (approximately 5796bp, accession: AY386968).
Fragment sizes for each primer set shown.

Table2.1: Primer sequences for pDicer fragments.

Fragment
la

Forward
5-TTGAAACACTGGATGAATGA
5'-CATGACCCCTGCTTCCTCA
5-GACGGTGTTCTTGTCAACTC
5-AGCGGCAGCAGTTYGAAAGY
5'-ACAAAGCTATTGAAAAGATCTTGCG
5'-CCCAAGCCCAGCGATGAATG
5'-CCAGCATCACTGTGGAGAAA
5-TCAACTACCAGATTCAAGAATA

47

Reverse
5-TTCTAGGTTTGAGTATTCCC
5'-GGGGTGGTCTAGGATTGCAAG
5-GCTGATGTAAGCCAGCTCTG

5'-TCAGGCAACTCTCGGGTTCT
5-AAACGGCTTTTCTCCACAGT
5'-AGAAGGTAAGCCTTATTCTT
5-GTTAGCATTTCCATCAAGGT
5-GCAGAAGTGAGGAAAGAAGA
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Subcloning/Sequencing

PCR products for each fragment were ligated into the pDrive i@&joviector and
transformed into competeri.coli cells using Qiagen PCR Cloning Kit (Qiagen,
Valencia, CA). Transformed cells were plated onto agar pleitésh had been treated
with 100 mg/mL ampicillin; prior to plating cells, all platere coated with 75-100 pl
IPTG (isopropyl-beta-D-thiogalactopyranoside) and 75-100 ul X-ghr@¢so-4-chloro-
3-indolyl-beta-D-galacto-pyranoside) for blue-white screeniRtates were incubated at
37° C overnight. Subsequent colonies were selected, streaked ontogaewalap
plates, and grown in LB media at 37° C overnight. Plasmids isel@ed from cultures
using Qiagen QIlAprep Spin Miniprep Kit (Qiagen, Valencia, CA)olawd plasmids
were digested with EcoR1 at 37° C, to confirm insertion of time @é interest, and sent
to Clemson University Genomics Institute (CUGI, Clemson, SC) deguencing.
Forward and reverse reactions using M13 primers were used fonsagueFour clones
were sequenced for each fragment to rule out possible GoTaq reading errors.

Sequences were analyzed in Vector NTI (Invitrogen) and aligoebovine,

human, and mouse sequences for which percent sequence identities were obtained.

Embryo Collection

Gilts were obtained from and housed individually at Starkey Swieater,
Clemson University. Estrus detection began twice daily wheravkeage gilt weight
was approximately 118 kg. Gilts were artificially insemidad¢ standing estrus and 12

hours post-standing estrus using Duroc semen obtained from Swine c&eneti
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International (Cambridge, lowa). Inseminated gilts were slaugtit3, 5, or 7 days post-
insemination.  Reproductive tracts were collected at the timeslafighter and
immediately flushed to retrieve embryos. Tracts were flustigld approximately 100
mL solution of sterile PBS and BSA (4g/L), which was subsequdittttyed to collect
the embryos. Embryos were stored in RNAlater (Ambion, Austin, $Xap-frozen in

liquid nitrogen, and stored at -80° C until RNA Isolation.

Results

The nucleotide sequence obtained for porcine Dicer using our overlap@iRg
strategy is 5,995 bp, with the coding sequence beginning at bp 17 ang anldp 5762
(Table 2.2). Porcine Dicer has a sequence identity of 91% to b&@#eto human, and
86% to mouse Dicer sequences (Table 2.3) at the nucleotide level. protean
translation of porcine Dicer is 1,916 aa long (Tables 2.4 and 2.6), ama $eguence
identity of 94% to bovine, 94% to human, and 92% to mouse.

Figure 2.2 illustrates the correct size product for eachnfeady approximately
400 bp for Fragment la; 508 bp for Fragment I; 1,140 bp for Fragment I1p8G8r
Fragment Ill; 1,422 bp for Fragment IVa; 615 bp for Fragment; 1¥843 bp for

Fragment IVb; and 984 bp for Fragment V.
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Figure2.2: Plasmid digest of cloned Dicer fragments.

Table2.2: Nucleotide sequence for pDicer with amino acid translation.

TTGAAACACT GGAUGAAT GAAAAGCCCTGCTTTGCAACCCCTCAG
M K S P AL QP L S

CATGGCAGGCCT GCAGCTCATGACCCCTGCTTCCTCACCAATGGG
MAGL QL MTWPASSPMG

TCCTTTCTTTGGACT GCCAT GGCAACAAGAAGCAATTCATGATAA
PFFGLUPWQO QEA ATI HDN

CATTTATACGCCAAGAAAATATCAGGT TGAACTGCTTGAAGCAGC
I Y T P RKY QVE L L E A A

TCTGGATCATAATACCATAGI CTGT TTAAACACTGGCTCAGGGAA
L DHNTI V CL NTGS G K

GACGTTTATTGCAGTACTACTCACTAAAGAGCTGTCCTATCAGAT
T F I AV L L T KEUL S Y QI

CAGGGGAGACT TCAACAGAAAT GGCAAAAGGACCGTGI TCTTGGT
R GDFNIRNGI KRTVF L V

CAACTCTGCAAACCAGGT TGCTCAACAAGT GTCAGCTGTTAGGAC
NS AN OVAQOQQVSAVR RT

TCACTCGGATCTCAAGGT TGGGCGAATACT CGAACCTAGAAGT AAA
HS DL KV GEY S NULE VN

TGCATCTTGGACAAAAGAGAAAT GGAACCAAGAGT TTACTAAGCA
A S WT K E K WN QE F T K H
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CCAGGTTCTTGITATGACTTGCTCTGTCGCCTTGAATGT TTTGAA
QVvVLVMTIC CSVALNYVL K

AAATGCGTTACTTAGCACTGICAGACATTAACCTTTTGGTGI TCGA
N GY L AL S$SDI NLULVFD

TGAGTGTCATCTTGCAATCCTAGATCACCCCTACCGAGAGATTAT
E CHLAI L DHPYREI M

GAAGCTCTGTGAAAATTGTCCATCATGTCCTCGTATTTTGGECECT
K L CENZCWPSCPRI L G 1L

AACTCCTTCCATTTTAAATGCGAAATGT GATCCAGAGGAATTGGA
T A S I L NGKCDUPEEL E

AGAAAAGATACAGAAACT GGAGAAAATTCTTAAGAGTAATGCTGA
E KI Q KL E K 1T L KSNAE

AACTGCCAACTGACT TGGTGGTCTTAGACAGATATACTTCTCAGCC
T AT DL VYV L DRY TS QP

ATGTGAGATTGTGGTAGACTGTGGACCATTTACT GACAGAAGT GG
CEI VvVVDC CGPTZFTDIRS G

GCTTTATGAAAGACT GCTGATGGAATTAGAAGAAGCTCTCAATTT
LY ERLL MEILETEA AL NF

TATCAATGACTGTAACATAGCTGTACATTCAAAAGAAAGAGATTC
I ND CNI1T AV HS K E R D S

TACTTTAATTTCCAAACAGATACTGTCAGACTGTCGTGCAGTATT
T L I S K QI L S DCRAVL

GGTAGI TCTGGGACCT TGGT GT GCAGATAAAGTAGCTGGAATGAT
vV vL G P WCADI KVAGMWM

GGTAAGAGAACTACAGAAATATATCAAACAT GAACAAGAGGAGCT
V R EL Q K Y I KHEQEEL

GCACAGGAAATTTCTATTGI TTACAGACACT TTCCTGAGGAAAGT
HRKZFULLFTDTFL RKV

ACACGCGCT GTGT GAAGGGCACT TCTCCCCTGCCGCGCTTGACCT
H AL CEGHEFSPAATLUDIL

GAGATTTGTGACTCCTAAAGT CATAAAACTGCCTCGAAATCTTACG
R F Vv TPIKVI KL L E I L R

CAAGTACAAACCCTACGAGCGACAGCAGT TTGAAACCGT TGAGT G
K'Y KPY ERQQFE SV E W

GTATAATAATAGGAATCAGGATAATTACGTGTCTTGGAGTGATTC
Y NN R N QDN NY V S WS D S
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GGAGGAT GATGAGGAGGACGAAGAAAT TGAAGAAAAAGAAAAGCC
E DDEZEUDEEI EEKE K P

GGAGACGAATTTTCCTTCTCCATTTACCAATATTTTATGTGGAAT
E T NF P S P FTNI L C G I

TATTTTTGIGGAAAGAAGATACACGCCAGI TGTCTTAAACAGATT
I F VERRYTAVV L NRIL

GATAAAGGAAGCTGCCAAACAAGATCCAGAGCTGECTTACATCAG
I K E A GK QDWPEL A Y I S

CAGCAGCAATTTTATAACTGGACATGGCATTGGAAAGAATCAGCC
S S NFI1 T GHSGI G KNOQP

TCGTAACAAACAGAT GGAAGCAGAAT TCAGAAAACAGGAAGAGGT
R NK QMEAEVFRIKQE E V

ACTTAGGAAATTTCGAGCT CACGAAACCAACCTGCTGATTGCCAC
L R KFRAHETNLTILI AT

GAGCATTGT GGAAGAGGGT GTTGATATACCAAAKTGCAACCTGGT
Sl VvV EE GV DI P X CNULV

GGTTCGI TTCGATCTGCCCACAGAGTATCGATCCTACGT TCAGTC
VvV R F DL PTEYRSYV QS

TAAGGGAAGAGCAAGGEGCGCCAATCTCTAATTACGTCATGTTAGC
K GRARAPI S NY VML A

AGATACGGACAAAATAAAGAGT TTTGAAGAAGACCTTAAAACATA
DT DIK1 KSFEEUDULKTY

CAAAGCTATTGAAAAGAT CTTGAGAAACAAAT GCTCCAAGT CCGT
K Al E KI L RNIKZCSK SV

TGAGAGT GGGGAGACCGACCT TGAGCCCGT GGT GGATGACGACGA
E S GETODWLEWPV YV DDDD

CATCTTCCCCCCCTACGT GCTGCEECCCGACGAT GECGGT CCCCG
I F PP YV L RPDUDGGUPR

GGTCACCATCAACACGGCCATTGGACACATCAACAGATACTGTGC
v T1 NTAI GHI NRY CA

TAGATTACCCAGTGACCCGT TTACTCATCTGGCTCCTAAGTGTAG
R L P SDWPZFTMHLAPIKTCR

AACCCGAGAGI TGCCTGATGGTACATTTTATTCAACTCTTTATCT
T R EL P DGTF Y S TL Y L

GCCAATTAATTCACCTCTTCGAGCCTCCATTGT TGGCCCCCCAAT
P1 NS PLIRASI V GP P M
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GAGCTGTATACGATTGGCTGAAAGAGTCGTGECTCTCATTTCCTG
s ¢CI RL AERVVAL1 COZC

TGAAAAACT GCACAAAAT TGGT GAACTGGATGACCATTTGATGCC
E K L HKI G E L DDWHUL MP

GGT TGGGAAAGAGACGGT TAAATACGAAGAGGAGCTTGATTTACA
v G K E TV K Y EETEULDTLH

TGAT GAGGAGGAGACCAGT GTTCCAGGAAGACCAGGCTCCACAAA
DEEETSVPGRWPGS ST K

ACGAAGACAGT GCTACCCAAAAGCGATTCCAGAATGT TTGCGGEGA
R RQCYPIKAI PECLRD

CAGCTACCCCAAGCCCGATCAGCCCTGI TACCTGTATGTGATAGG
S YPKPDOQPTCYULY VI G

GATGGT TCTGACAACACCTCTCCCCGATGAACTCAACTTTAGAAG
MV L T TWPL P DETLNFRR

GCGGAAGCTCTATCCCCCCGAGGACACCACAAGATGCTTCGGAAT
R KL YPPEDTTRZCTF G I

ACTGACAGCCAAACCCATACCTCAGATTCCTCACTTTCCTGTGTA
L T AKZPI P QI P HFUPVY

CACACGCTCTGGAGAGGTCACCATTTCCATTGAGT TGAAGAAGTC
T RS GEV TI1I SI1I EL KK S

TGGTTTCACGCTGTCTCTGCAAATGCCTTGAGCTGATTACAAGACT
GF TL SL QML ETULTI TRIL

TCACCAGTATATATTTTCACATATTCTTCGGCTTGAGAAACCTGC
HQYl F SHI L RL EKWPA

ACTAGAGI TTAAACCCACCGACGCTGACTCAGCATACTGIGITCT
L EF KPTDADSA AYTCVL

ACCTCTTAATGTCGTTAATGACTCCAGCACTTTGGACATTGACTT
P L NV V NDSSTUL DI DF

TAAATTCATGGAAGACAT CGAGAAAT CAGAAGCT CGCATAGCCAT
K FMEUDI EKSEARI G

TCCCAGTACAAAGTATTCAAAAGAAACACCTTTTGI TTTTAAATT
P ST K Y S KETWPF V F KL

AGAAGATTACCAAGATGCAGT TATCATTCCAAGGTATCGCAATTT
E DY QDAV I I P RY RNF

TGATCAGCCTCATCGATTTTACGTACGCTGATGTGTACACTGATCT
DQPHRFY V A DV Y TDL
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TACCCCACTGAGTAAATTTCCTTCCCCTGAGTATGAAACTTTTGC
T PL S KFPSPEYETFA

AGAATATTATAAAACGAAGTATAACCT TGACCTGACCAATCTCAA
E Y Y KTKY NL DL TNTIL N

CCAGCCGCTGCTGGATGT GGACCACACATCGTCAAGACT TAATCT
QPL L DVDHTS S RLNIL

TTTGACACCTCGCCATTTGAATCAGAAGGECGAAAGCTCTTCCTCT
L T P RHLNOQ@KGI KA AL P L

GAGCAGCGCTGAAAAGAGGAAAGCCAAAT GGGAGAGT CTGCAGAA
S S A EKRIKAKWESTUL QN

CAAACAGATCCTGGT TCCGGAACTCTGTGCTATCCATCCAATTCC
K Ql L vPELZ CAI HZPI P

AGCATCACT GT GGAGAAAAGCAGT CTGTCTCCCCAGCATCCTTTA
AS L WRIKAVCL P SI LY

TCGCCTTCACTGCCT TCT GACCGCGGAGGAGCTAAGAGCCCAGAC
R L HCULULTAETETLIRARQT

GCCCAGCGATGCTGGT GTGEGAGT CAGATCACTTCCCGTGGATTT
AS DAGYV GV RS L PV DF

TAGATACCCCAACT TAGACT TCGGEGT GGAAAAAATCCATCGACAG
R Y P NL DF GWKK S I DS

CAAATCTTTCATCTCAGT TCCTAACTCCTCTTCAGCTGAAAACCGA
K S F1 SV ANZSSSAENE

GAACTACTGTAAGCACAGCCCCCTCGT CCCTGAACATGCTGCACA
N Y CKHSPLVPEWHAAH

TCGAGGT GCTAACCGACCCT CCGCTCTCGAAAAT CACGGCCACAC
R GA NRP S AL ENHGHT

GTI'CTGTGACCT GCCGAGCGCT CCTCAGCGAGT CCCCTCCTAACCT
S v T CRALULSESZPAIKIL

CCCGATCGACGT TGCAACAGATCTGACAGCAGTGAACGGTCTTTC
P 1 DV ATDULTAVNGTL S

GTACAATAAAAATCT TGCCAATGGCAGI TACGACTTAGCTAACAG
Y NK NL A NG S Y DL A NR

AGACTTTTGCCAAGGAAAT CATCTGAGT TACTACAAGCAGGAAAT
DF CQGNMHLSY Y K QE I

ACCTGTACAACCAACTACCTCATATCCCATTCAGAATTTATACAA
PV QPTTS SYPI QNLYN
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TTACGAGAACCAGOCCCAGOCCAGOGAT GAATGTACTCTACTGAG
Y ENQPOQPSDET CTTLTL S

TAATAAATACCT TGATGGAAAT GCTAACAAAT CTACCTCAGAAGG
N K YL DGNANIKST S E G

ACGT CCCACGATGCCTGGTACTACAGAGGECTGGTAAGGECGCTTTC
R P T MPGTTEAGIKATL S

GGAAAGGATGECT TCTGCGCAGAGCCCTGCTCCGEEECTACTCCCC
ERMASAQSZPAPGY SP

GAGGACTCCTGGCCCAAACCCTGGACTCATCCTTCAGGCTCTGAC
R TP GPNWPGL 1 L QAL T

CCTTTCAAACGCTAGCGACGGATTTAACCT GGAGCGGECTCGAAAT
L S NASD GFNLIEWRTILEWM

GCTCGGTGACTCCTTCTTAAAGCACGCCATCACCACGTATCTCTT
L GbSFLKHAI TTY L F

TTGCACTTACCCTGATGCTCACGAGGGCCGCCTTTCGTATATGAG
cC TYPDAMHEG GRLSY MR

AAGCCAAAAAGGT CAGCAACT GTAACCT GTATCGGCTTGGGAAGAA
S KKV SN CNULYRUL G KK

GAAGGGCCTGCCCAGCCGCATGGTGGTGTCGATATTTGATCCCCC
K GL P SRMVV SI F DUZPFP

TGTGAACTGGCTTCCTCCTGGT TATGTAGTAAATCAAGACAAAAG
V NWL P P GY V V N QD K S

TAACACAGACAAAT GGGAAAAAGAT GAAAT GACAAAAGACT GCGT
N T DK WE KD EMT KD C V

GCTGGCTAACGGCAGACT GGACGCCGACCT GGAGGAGGAGGACGC
L ANGRULUDADULETETETDA

CGCCGCCCT CATGT GGAGECCGCCCAGCGAGGAGGCCGAGGACGA
AAAL MWRWPWPRETEATEDD

CGAGGACCT CCTGGAGTACGACCAGGAGCACATCAGGT TCATAGA
E DLL EY DOQEWMHI RF I D

CAGCATCCTGATGGGGT CAGGAGCCT TCGTCAAGAAGATTCCTCT
S ML MGS GAFVKIKI AL

TGCTCCCTTCGCCGCCCCCGATCCTGCCTACGAATGGAAGATCGCC
AP F A A ADZPAYEWKMP

CAAAAAGGCCCCCCTGECGGAGCATGCCCTTTTCCGCAGATTTCGA
K K APL GSMPF S A D F E
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GGACTTTGACTACAGCTCGTGGGATGCCATGTGCTATCTGGACCC
DFDYSSWDAMCYULDFP

CAGCAAAGCCGT TGAGGAGGATGACT TTGT GGTGGGECTTCTGGAA
S K AV EEDUDUFVV G F WN

TCCATCCGAAGAGAACT GT GGT GT GGACACAGGCAAACAGT CCAT
P S EENZCGVDTGK Q S I

TTCTTACGACTTGCACACGGAGCAGT GCATCGCTGACAAAAGCAT
S YDULHTEOQTZCI A DK S I

CGCCGACTGT GT GGAAGCCCT GCTGEECTGCTACT TGACCAGCTG
A DCVEALULGTCYULTSOC

TGGCGAGCGEECCCCTCAGCTCTTCCTCTGCTCGCTGGECCTGAA
GERAAQLFUL CSUL GL K

GGT GCTCCCGEECGGET GAAGAGGACCGAT CGEGCACAGECCGCCTG
vV.LPAV KRTIDIRARQAASTC

CCOGGCCAGGGAGAGCT TCACCAGCCAACAAAAGACCCT TTCCGG
PAREGST FTSOQOQIKTTL S G

GEECCAEECCCECCECCEECTCCCACTCTTCCGEGT TGAAAGACT T
GRPAAGS SRS S GL KDL

GGAGTACGECTGT TTGAAGATCCCACCGAGATGTATGI TTGATCA
E Y GCLKI PPRCMFDH

CCCAGACGCAGACAGGACACTCAGTCACCTCATCTCGEGECTTTCGA
P DADRTULSHTULI S GF E

GAACTTCGAAAGGAAGATCAACTACAGCTTCAAGAATAAGECTTA
N F ERKI NYSFKNZKAY

CCTTCTGCAGGCCT TCACCCACGCCTCCTACCACTACAACACCAT
L LQAFTMHASYMHYNT.I

CACCGATTGI TACCAGCGCCTGGAGT TCCTGGGAGATCCCATTCT
T bDCY QRL EFL GDAI L

GGACTACCTCATAACCAAGCACCT TTACGAAGACCCGCGGECAGCA
DY LI TKWMHULYEDUPRIOQH

CTCCCCGEEEGT CCTGACCGACCT GCGCTCTGCTCTGGT CAACAA
S PGV L TDULIRSAL V NN

CACCATCTTCGCCTCGCTGECCGT CAAGTACGACTACCACAAGTA
T I F A S L AV KYDYHK'Y

CTTCAAGGCCGT GTCGCCCGAGCTCTTCCACGTCATCGATGATTT
F K A°V S P EL F HV I DDF
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TGTGCAGT TTCAGCT TGAGAAGAACGAGAT GCAGGGGATGGATTC
VQF QL EZKNTEMOQGMD S

TGAGCTTAGGAGAT CTGAGGAGGAT GAAGAGAAAGAAGAGCGATAT
E L RR S EEUDETEKE E DI

TGAAGT TCCGAAGGCCATGEGCGACATTTTTGAGTCGCTTGCTGG
EVPKAMGDI FESL A G

TGCCATTTACATGGATAGT GGAATGTCACTGGAGGTGGTTTGGCA
Al YMDSGMSL EV V WAQ

GGTGTACTATCCGATGATGCGGCCGCTAATAGAAAAATTTTCTGC
vV YY P MMRPWLI EKF S A

AAACGT GCCCCGT TCGCCT GT GCGAGAAT TGCT TGAAATGGAACC
NV PRSPVRELILTEWMEP

AGAAACCGCCAAATTTAGCCCGGECTGAGAGAACTTACGATGGCAA
E T A KZF S P AERTY D GK

GGTCAGAGT CACCGT GGAAGT CGTAGGAAAGGGGAAAT TCAAAGG
vV RV TV EV YV G K G K F K G

TGTTGGCCGAAGT TACAGGAT TGCCAAAT CTGCAGCAGCACGACG
V G R SYRI A KSAAARIR

AGCCCTGCGAAGCCT CAAAGCTAATCAACCT CAGGT TCCCAACAG
AL RSL KAN QPOQVPNS

CTGAAACCCCTTTTTAAAATAACGAAAAGAAGCAGAGT TAAGGT G

GAAAATATTTAAGT GGAAAAGGATGATTTAAAAT TGGCAGT GAGT

GGAATGAATTGAAGGCAGAAGT TAAAGT TTGATAACAAGCTAGAT

TGCAGAATAAAACATTTAACATATGTATAAAACCTTTGGAACTAA

TTGTAGT TTTAGITTTTTGCGCAAACACAATCTTGTICTTCTTTCC

TCACTTCTGC
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Table 2.3: Protein translation of pDicer cDNA aligned with bovine and
human Dicer protein sequences. Color-coded regions indicate known
domains, as reported for bovine Dicer (accession AY386968.1). Red =
DEXDc; Purple = Helicase domain; Orange = dsRNA binding domain;
Green = PAZ domain; Blue = RNase Il domains

Bovi ne MKSPAL QPL SMAGL QL MTPASSPMEPFFGL PWQQEAI HDNI YTPRKYQVEL LEAAL DHNT
Human MKSPAL QPL SMAGL QL MTPASSPMEPFFGL PWQQEAI HDNI YTPRKYQVEL L EAAL DHNT
Porci ne  MKSPALQPL SMAGL QL MIPASSPMGPFFGL PWQQEAI HDNI YTPRKYQVEL LEAAL DHNT

R R R R R R R R R R R R R R R R R R RS R R R R R R EEEEEEREEEEEREEEEEEEEEEES

Bovi ne I VCLNTGSCGKTFI AVLLTKELSYQ RGDFNRNGKRTVFL VNSANQVAQQVSAVRTHSDLK
Human I VCLNTGSCKTFI AVLLTKELSYQ RGDFSRNGKRTVFL VNSANQVAQQVSAVRTHSDLK
Porcine | VCLNTGSGKTFI AVLLTKELSYQ RGDFNRNGKRTVFLVNSANQVAQQVSAVRTHSDLK

R R R R R R R R R R R R R R R R RS E R EEE R EEEEEEREEEEREREEEEEEEESEEES

Bovi ne VGEYSNLEVSASW KEKWNQEF TKHQVL T MTCYVALNVLKNGYLSLSDI NLLVFDECHLA
Human VGEYSNLEVNASW KERWNQEF TKHQVLT MTCYVALNVLKNGYLSLSDI NLLVFDECHLA
Porci ne  VGEYSNLEVNASWIKEKWNQEFTKHQVLVMICSVALNVLKNGYLALSDI NLLVFDECHLA

kkkkkkkhkkikk k(khkkhkkhkhkk: - khkhkhkikhkhhkhhhhk:hhkk *hkhkkhkkkkhkkhkkhkkkkhkkhkk ik kikikikikikikk*k

Bovi ne | LDHPYREI MKLCENCPSCPRI LGLTASI LNGKCDPEEL EEKI QKLEKI LKSNAETATDL
Human | LDHPYREI MKLCENCPSCPRI LGLTASI LNGKCDPEEL EEKI QKLEKI LKSNAETATDL
Porci ne | LDHPYREI MKLCENCPSCPRI LGLTASI LNGKCDPEEL EEKI QKLEKI LKSNAETATDL

khkkkkkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhhhhhhhhhhkhhkhkhkhkhkhkhkdkkkhkkhkkrkrk khk ki, k k * k k k%%

Bovi ne  VWWLDRYTSQPCEI VWDCGPFTDRSGL YERLLMELEEALNFI NDCNI SVHSKERDSTLI SK
Human VVLDRYTSQPCEI VWDCGPFTDRSGL YERL LMELEEALNFI NDCNI SVHSKERDSTLI SK
Porci ne VWLDRYTSQPCEI VWDCGPFTDRSGL YERLLMELEEALNFI NDCNI AVHSKERDSTLI SK

LR R R R R R R R R R R R R R R SRR R RS R R R R EEEEEEEEEEREEENIEEREEEEEEEESEEES

Bovi ne Q LSDCRAVL VWL GPWCADKVAGVIWREL QKHI KHEQEEL HRKFLLFTDTFLRKI HAL CE
Human Q LSDCRAVL VWL GPWCADKVAGVIWREL QKYI KHEQEEL HRKFLLFTDTFLRKI HAL CE
Porci ne Q LSDCRAVLVWVLGPWCADKVAGVWREL (KY| KHEQEEL HRKFLLFTDTFLRKVHAL CE

R R R R R R R R R R R R EEE RS EE SRR EEENIEEEEEEEEEEEREEEEEEEESEIIESESEEE]

Bovi ne EHFSPASLDLKFVTPKVI KLLEI LRKYKPYERQQFESVEWYNNRNQDNYVSWEDSEDDEE
Human EHFSPASLDLKFVTPKVI KLLEI LRKYKPYERQQFESVEWNNRNQDNYVSWSDSEDDDE
Porci ne  GHFSPAALDLRFVTPKVI KLLEI LRKYKPYERQQFESVEWYNNRNCQDNYVSWSDSEDDEE

EEEE RSN R EEE R EEE SRS REE SRR EEEEEEEEEREEEESEEREEEEREEEEREREEINS

Bovi ne DEEI EEKEKPETNFPSPFTNI LCGA | FVERRYTAVVLNRLI KEAGKQDPELAYI SS- NFI
Human DEEI EEKEKPETNFPSPFTNI LCG | FVERRYTAVVLNRLI KEAGKQDPELAYI SS- NFI
Porci ne DEEI EEKEKPETNFPSPFTNI LCG | FVERRYTAVVLNRLI KEAGKQDPELAY| SSSNFI

khkkkkkkhkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhhhhkhhhhhhhhkhhhhhkhkhkkdkkhkkkkrk k k,* *k k k * %% **%*%

Bovi ne TGHE GKNQPRNKQVEAEFRKQEEVL RKFRAHETNLLI ATSI VEEGVDI PKCNLVVRFDL
Human TGHE GKNQPRNKQVEAEFRKQEEVL RKFRAHETNLLI ATSI VEEGVDI PKCNLVVRFDL
Porci ne TGHG GKNQPRNKQVEAEFRKQEEVLRKFRAHETNLLI ATSI VEEGVDI PXCNLVVRFDL

khkkkkkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhhhhhhhhhkhhkhkhkhkhkhkhkhkkkhkkhkkkkrkdk k %k, ** * *k k k%%
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Bovi ne PTEYRSYVQSKGRARAPI SNYVM_ADTDKI KSFEEDL KTYKAI EKI LRNKCSKSVDTGEA
Human PTEYRSYVQSKGRARAPI SNYI M_LADTDKI KSFEEDLKTYKAI EKI LRNKCSKSVDTGET
Porci ne PTEYRSYVQSKGRARAPI SNYVM.ADTDKI KSFEEDLKTYKAI EKI LRNKCSKSVESGET

EEEEEEEEEEEEEEEEEEEEENIEEEEREEEEEEEEEESEEEESEERESEEEEEEESE XIS X

Bovi ne DTEPVVDDDDVFPPYVLRPEDG- PRVTI NT
Human DI DPVIVDDDDVFPPYVLRPDDGGPRVTI NT 659
Porci ne DLEPVVDDDDI FPPYVLRPDDGGPRVTI NT 660

L SRR NS E R EEE NSRS EEE RN EEEEEEREEEREEREEEEEREEEEEES

Bovi ne 718
Human 719
Por ci ne 720

khkkkkkkhkkhkkhkkhkkhkhkhkkhkhkhkhkhkhkhkhhhhkhhhhhhhkhhkhkhkhkhkhkhkdkkhkkrkrk k,* k k k k k * k k k%%

Bovi ne EEEL DL HDEEETSVPGRPGSTKRRQCYPKAI PECLRESYPRPGOPCYLYVI GWLTT 778
Human EEEL DL HDEEETSVPGRPGSTKRRQCYPKAI PECLRDSYPRPDOQPCYLYVI GWLTT 779
Por ci ne EEEL DL HDEEETSVPGRPGSTKRRQCYPKAI PECLRDSYPKPDQPCYLYVI GWLTT 780

khkkkkkkhkkhkkhkkhkkhkhkkhkkhkhkhkhkhkhkhkhhkhhkhhhhhhkhhkhkhkhkhkhkkk:* kk,k+* *kk ki, k ki, k k k%%

Bovi ne PLPDELNFRRRKLYPPEDTTRCFG LTAKPI PQI PHFPVYTRSGEVTI SI ELKKSGFTLS 838
Human PLPDELNFRRRKLYPPEDTTRCFG LTAKPI PQI PHFPVYTRSGEVTI SI ELKKSGFMLS 839
Porci ne PLPDELNFRRRKLYPPEDTTRCFG LTAKPI PQ PHFPVYTRSGEVTI SI ELKKSGFTLS 840

R R R R R R R R R R R R R R R R RS EEE R EEEEEEEEEEREEEEEEEESEREEE IS

Bovi ne LQVLELI TRLHQY! FSHI LRLEKPALEFKPTDADSAYCVLPLNVWNDSSTLDI DFKFVED 898
Human LQVLELI TRLHQY! FSHI LRLEKPALEFKPTDADSAYCVLPLNVWNDSSTLDI DFKFVED 899

Porcine LQWLELI TRLHQYI FSHI LRLEKPALEFKPTDADSAYCVLPLNVWNDSSTLDI DFKFVED 900

R R R R R R R R R R R R R R RS R RS R R R R R R R EEEEEEREEEEREREEEEEREEESEEES

Bovi ne | EKSEARI Gl PSTKYSKETPFVFKLEDYCQDAVI | PRYRNFDQPHRFYVADVYTDLTPLSK 958
Human | EKSEARI Gl PSTKYTKETPFVFKLEDYCQDAVI | PRYRNFDQPHRFYVADVYTDLTPLSK 959
Porci ne | EKSEARI G PSTKYSKETPFVFKLEDYQDAVI | PRYRNFDQPHRFYVADVYTDLTPLSK 960

R R R R R R R R RS SRR RS SRS R R R R R R R EEEEEEREEEREEREEEEEREEEEEES

Bovi ne FPSPEYETFAEYYKTKYNLDLTNLNQPLLDVDHTSSRLNLLTPRHLNOKGKALPLSSAEK 1018
Human FPSPEYETFAEYYKTKYNLDLTNLNQPLLDVDHTSSRLNLL TPRHLNOKGKALPLSSAEK 1019
Porci ne FPSPEYETFAEYYKTKYNLDLTNLNQPLLDVDHTSSRLNLLTPRHLNOQKGKALPLSSAEK 1020

khkkkkkkhkkkhkkhkkhkhkhkhkhkhkhkhkhkhkhhhhkhhhhhhhhkhhhhhkhkdkkkhkkhkhkkrkrk khk ki, k k * k k k%%

Bovi ne RKAKVESL ONKQ LVPEL CAI HPI PASLWRKAVCLPSI LYRLHCLLTAEELRAQTASDAG 1078
Human RKAKVESL ONKQ LVPEL CAI HPI PASLWRKAVCLPSI LYRLHCLLTAEELRAQTASDAG 1079
Porci ne RKAKWESLONKQ LVPELCAI HPI PASLVWRKAVCLPSI LYRLHCLLTAEELRAQTASDAG 1080

khkkkkhkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhhhhhhhhhhkhhkhkhkhkhkhkhkhkkkdkkhkkrkrk k k k k k k k * k k k%%

Bovi ne  VGVRSLPVDFRYPNLDFGWAKKSI DSKSFI SI ANSSSAENENYCKHSTI VVPENAAHQGAN 1138
Human VGVRSLPADFRYPNLDFGAKKSI DSKSFI SI SNSSSAENDNYCKHSTI VP- ENAAHQGAN 1138
Porci ne VGVRSLPVDFRYPNLDFGWKKSI DSKSFI SVANSSSAENENYCKHSPLVP- EHAAHRGAN 1139

kkkhhkhkk Khkdkrrhkddkrhkhkdkddhkrkrkhdhdd: - kxdkhhdkhk xhkdkhrx - % ko kkk o okk Kk

Bovi ne RTSPLENHDQVBVNCRTLFSESPGKLQ EVSTDLTAI NGLSYNKSLANGSYDLANRDFCQ 1198
Human RTSSL ENHDQVBVNCRTLLSESPGKLHVEVSADL TAI NGLSYNCONLANGSYDLANRDFCQ 1198
Porci ne RPSALENHGHTSVTCRALLSESPAKLPI DVATDLTAVNGLSYNKNLANGSYDLANRDFCQ 1199

* x K*kkx - ¥k kk ke kkkkhk kk ke kkhkk Kk hkkkk. *khkkkkhkhhkkkkhkhxx
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Bovi ne GNHLNYYKQEI PVQPTTSYPI ONL YNYENQPKPSDECTL L SNKYL DGNANT STSDGSPVT
Human GNQLNYYKQEI PVQPTTSYSI OQNLYSYENQPQPSDECTL L SNKYL DGNANKST SDGSPVM
Porci ne  GNHLSYYKQEI PVQPTTSYPI QNLYNYENQPQPSDECTL L SNKYL DGNANKST SEGRP- -

ko hk khkkkhkdkhkhkhkhkdkhkhkk Fhkhkkkx Fhhkkk: kxkdkhkhkdhdrxhkdhhkrkrddd *xk. %k %

Bovi ne AAVPGTTETGEAPPDRTASEQSPSPGYSSRTLGPNPGLI LQALTLSNASDGFNLERLEM-
Human AVVPGITDTI QVLKGRVDSEQSPSI GYSSRTLGPNPGLI LQALTLSNASDGFNLERLEM.
Porci ne - TMPGTTEAGKAL SERVASAQSPAPGYSPRTPGPNPGL| LQAL TL SNASDGFNLERLEM-

s kkk k. . . * * kk k. kkk kk kkhkkhkkhkhkhkkhkhkkhkhkhkkhkkhkkkkikkikkhkkhkkikkikkikkhkkhkk*k

Bovi ne GDSFLKHAI TTVSLSALI LDAHEGRL SYMRSKKVSNCNL YRL GKKKGLPSRMWSI FDPP
Human GDSFLKHAI TTY- LFCTYPDAHEGRL SYMRSKKVSNCNL YRL GKKKGLPSRMWVSI FDPP
Porci ne GDSFLKHAI TTY- LFCTYPDAHEGRL SYMRSKKVSNCNL YRLGKKKGLPSRWVSI FDPP

kkkkkkkikkkk* * kkkkkhkkhkkhkhkhkhkhkhkhkhkhhkhhkhhhhkhhhkhkhkkkkkkk*kk ik kk*k*x*%

Bovi ne  VNGLPPGYVVNQDKSNTEKWEKDEMI KDCMLANGKL DDDFEEEEEEEEDL MARAHKEDAD
Human VNV PPGYVVNQDKSNTDKWEKDEMI KDCMLANGKL DEDYEEEDEEEESL MARAPKEEAD
Porci ne VNW.PPGYVVNQDKSNTDKWEKDEMI KDCVLANGRLDADL EEED- - AAAL MARPPREEAE

kk hhkkhkkkkhkdkhkrkhkdkdk kxkdkdkhkrkrkhhhx: khkhx k% * *k*k. * k% % sk ko

Bovi ne DEDDFLEYDQEH! KFI DNMLMGSGAFVKKI SLSPFSATDSAYEVWKMPKKSSL GSLPFSSD
Human YEDDFLEYDQEHI RFI DNVLMGSGAFVKKI SLSPFSTTDSAYEVWKMPKKSSL GSMPFSSD
Porci ne DDEDLLEYDQEHI RFI DSMLMGSGAFVKKI ALAPFAAADPAYEVWKMPKKAPL GSMPFSAD

ek khkhkhkkhkhk ks kkk hAkkkkhkhkkkkhkk ke kke ook kkkkhkhkok k. kkk - kkk- K

Bovi ne FEDFDYSSWDAMCY L DPSKAVEEDDFVVGFWNPSEENCGVYDTGKQSI SYDLHTEQCI ADK
Human FEDFDYSSWDAMCY L DPSKAVEEDDFVVGFWNPSEENCGVYDTGKQSI SYDLHTEQCI ADK
Porci ne FEDFDYSSWDAMCYL DPSKAVEEDDFVVGFWAPSEENCGVDTGKQSI SYDLHTEQC! ADK

R R R R R R R R R R R R R R R R R RS R R EE R R R R EEEEEEREEEEEREREEEEEREEEEEES

Bovi ne SI ADCVEAL L GCYLTSCGERAAQL FLCSLGLKVLPVI KRTDREKAMCPTRENFT SQQKNL
Human S| ADCVEALLGCYLTSCGERAAQLFLCSLGLKVLPVI KRTDREKAL CPTRENFNSQOKNL
Porci ne S| ADCVEALLGCYLTSCGERAAQLFLCSL GLKVL PAVKRT DRAQAACPARESFTSQOKTL

kkkkkkkhkkhkkhkhkkhkhkhkhkhkhkrkhkhkhkhhhhhhhhkhkkkkk*k*%x s kkk k% rk kkkk k kkkk %

Bovi ne SGSRAAASGAGYRASVLKDLEYGCLKI PPRCMFDHPEADRTLRHLI SGFENFEKKI NYRF
Human SVSCAAASVASSRSSVLKDSEYGCLKI PPRCMFDHPDADKTLNHLI SGFENFEKKI NYRF
Por ci ne SC-IGRPAA— - - GSRSSGLKDLEYGCLKI PPRCMFDHPDADRTLSHL I SGFENFERKI NYSF

* % * * *kk % **************** ** * % ********** *xk k% *

Bovi ne KNKAYLLQAFTHASYHYNTI TDCYQRLEFLGDAI LDYLI TKHL YEDPRQHSPGVLTDLRS
Human KNKAYLLQAFTHASYHYNTI TDCYQRLEFLGDAI LDYLI TKHLYEDPRQHSPGVLTDLRS
Porci ne  KNKAYLLQAFTHASYHYNTI TDCYQRLEFLGDAI LDYLI TKHL YEDPRQHSPGVLTDLRS

R R R R R R R R R R R R R R R R RS R R R R R R EEEEEEREEEEEREREEEEEEEEEEES

Bovi ne ALVNNTI FASLAVKYDYHKYFKAVSPEL FHVI DDFVOQFQL EKNEMQGVDSEL RRSEEDEE
Human ALVNNTI FASLAVKYDYHKYFKAVSPEL FHVI DDFVOQFQL EKNEMQGVDSEL RRSEEDEE
Por ci ne  ALVNNTI FASLAVKYDYHKYFKAVSPEL FHVI DDFVQFQL EKNEMQGVDSEL RRSEEDEE

R R R R R R R R R R R R R R RS R RS R R EE R R R EEEEEEREEEREEREEEEEREEESEEES

Bovi ne KEEDI EVPKAMGDI FESLAGAI YNDSGVSLETVWQVYYPMVRPLI EKFSANVPRSPVREL
Human KEEDI EVPKAMGDI FESLAGAI YNDSGVSLETVWOVYYPMVRPLI EKFSANVPRSPVREL
Porci ne KEEDI EVPKAMGDI FESLAGAI YNDSGVEL EVVWVYYPMVRPLI EKFSANVPRSPVREL

R R R R R R R R R R R R R R SRR RS R EEEEEEEEEEREEEREEREEEEEREEEEEES
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Bovi ne LEMEPEI TKFSPAERT YDGKVRVTVEVWGEKGKFKGVGRSYRI AKSAAARRAL RSLKANGQP 1918
Human LEMEPETAKFSPAERT YDGKVRVTVEVVGEKGKFKGVGRSYRI AKSAAARRAL RSLKANQP 1917
Porci ne LEMEPETAKFSPAERTYDCGKVRVTVEVVGKGKFKGVGRSYRI AKSAAARRALRSLKANQP 1910

R R AR EE R R R R R R R RS R R EE R R R R EEEEEEREEEEREREEEEEREEESEEES

Bovi ne QVPNS 1923
Human QVPNS 1922
Porcine QVPNS 1915

* k% k%

Table 2.4: Percent identity of the pDicer nucleotide and amino acid
sequences in comparison to bovine, human, and mouse.

Porcine

Nucleotide

Amino Acid

91

94

90

94

86

Expression Data

92

Preliminary expression data of pDicer in sperm, oocytes, and embrglicated

that pDicer is expressed in porcine MIl oocytes and hatchedbtyass. The data also

indicated that pDicer is not expressed, in detectable quantity, im speB-cell embryos

(Figure 2.3).

61

www.manaraa.com



(-} (+) Sp MIlL 8 HB HB

Aochp
30Chp

20Chp —>

L1odkp

Figure2.3: Agarose check-gel for Dicer endpoint PCR in sperm, oocytes,
and embryos. Lanes: molecular weight ladder; (-) negativeatoR20O
blank; (+) positive control: Ago2 in MIl oocytes; Sp: Sperm; MMl
oocytes; 8c: 8 cell embryo; HB: hatched blastocyst.

Discussion

Cloning and sequencing of pDicer indicate that Dicer is highlyerord among
species. Our data confirm the presence of Dicer in porcine ,ovacytes, 8-cell and
blastocyst embryos. The data indicate that the pDicer mesdagaternal origin is lost
or drastically decreased at the 8-cell stage but rebounds Wyath& blastocyst stage.
These data support other observations identifying miRNA pathwaysnprdseng
embryonic development and the possible impact miRNA has on porcine amaory
development. At the hatched blastocyst stage, the embryo is pikadiypicing its own
Dicer protein. Many studies have shown that the knock-out of Dicaits léo
abnormalities in the early embryo. This is consistent with odmgrary data in pigs,

which indicate that Dicer is produced by the embryo veryeartievelopment. Further
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work is needed to elucidate Dicer expression in other earlyg siadpryos (i.e. 16-cell,
morula, expanded blastocyst, etc.) and to determine if the ontogeryebrof Dicer
expression can impact embryo development and differs betimeeno andin vitro
produced embryos.

Research has clearly indicated that Dicer is requirethéoprocessing of miRNA
and essential for normal development. Characterizing Dicer ontotienughout
porcine embryonic development will begin elucidating miRNA involvendening early
development in this species. Furthermore, once normal Dicer expressing porcine
embryonic development has been described, studies can be done toeeataduedtions
in Dicer expression that may occur during in developmentally campeal embryos.
Ultimately, characterizing the miRNA pathway during porcambryonic development

may offer valuable insight into potential causes of aberrant embryonic developme
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CHAPTER THREE

CLONING AND EXPRESSION OF PORCINE ARGONAUTE-2

I ntroduction

Recently, a class of small non-coding RNA has been shown to be idviolve
embryonic development, and may help explain altered embryonic develomprhent
using ART techniques. These 22nt RNA are called microRNA (miRNAIRNA was
shown to play a key role in embryo development when the knock-out ef,Cao
important protein in the production of miRNA, proved to be embryo leBeinSteinet
al, 2003). By binding to messenger RNA (mRNA) and silencing or deggathe
message, miRNA function to regulate translation and does so via anotherf gesgins
known as Argonaute. An Argonaute protein is the main protein componédrg BINA
induced silencing complex (RISC) which carries miRNA to itgeéa Four Argonaute
proteins have been identified in humans (Sastkal, 2003), only one of which,
Argonaute-2 (Ago2), exhibits endonuclease activity to degrade the mtN#hich
MiRNA binds (Meistekt al, 2004; Liuet al, 2004).

Our objective is to understand the miRNA pathway in large anjnratkiding:
identifying miRNA expressed in reproductive tissues, describingottiegeny of this
pathway, and identifying in these animals the major proteins involvedei synthesis
and function of miRNA. Ago2 has yet to be identified in pigs. Theaive of this
study was to clone the cDNA for porcine Ago2 (pAgo2), as welleady its expression

in multiple reproductive tissues including oocytes and developing embryds
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hypothesize that the Ago2 sequence is highly conserved in pigs dnththeessage is

expressed in porcine embryos during the time of fetal genome activation.

Materialsand Methods
RNA Isolation

Porcine ovaries were obtained from nearby abattoirs, frozemurd Initrogen,
and stored at -80° C until further processed. Sections weighing apatekr 200 mg
were obtained from the frozen ovaries and used for total cellular IRNA) isolation
using the mirVana miRNA isolation kit (Ambion, Austin, TX).

For verification of possible deletions, two additional porcine osamere
collected from separate gilts and two samples were takendemim ovary. tcRNA was

isolated from all four samples and subjected to endpoint PCR.

RT-PCR/Primer Design

RNA was subjected to endpoint RT-PCR using SuperScript™ [l Straird
Synthesis Super Mix for reverse transcription (Invitrogen, Cat|sBa). The first strand
reaction was utilized for PCR with GoTaq (Promega, Madison, \Al).PCR reactions
were run with a total volume of 25ul in an Eppendorf Mastercychatignt thermocycler
(Westbury, NY) according to the following program: Lid: 95.0°; (1) T=953000min;
(2) T=94.0°, 0:30min; (3) T=(annealing temperature specific to premgr 0:30min; (4)
T=72.0°, 0:30min; (5) GOTO 2 Rep 34; (6) T= 72.0°, 3:00min; (7) HOLD 4.0°. Specific

annealing temperatures were obtained by running gradient profpamach primer set.
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PCR products were subjected to non-denaturing slab gel electraphargag 1.2 to
2.0% TAE or TBE gels, and visualized using Ethidium Bromide (EtBrhstg and UV-
light exposure.

To generate PCR primers, the cDNA sequences for bovine, human carsg m
Ago2 (BC151491, NM012154, and NM153178, respectively) were aligned. Primers
were generated from highly conserved regions for each respe@NA by using the
Vector NTI program (Invitrogen, Carlsbad, CA) or were designeddnyd following
Rybicki’s guidelines in Molecular Biology Techniques Manual (2001). Given thgthe
of the coding sequence for Ago2, four primer sets were designdduiooverlapping
fragments, as illustrated in Figure 3.1. Primer sequenedssted in Table 3.1. Further
primer sets were designed for Ago2 to confirm possible deleti These primers were
designed to the porcine sequences obtained and were designated D& (&mddeletion
2 and deletion 3). The following primer sets and corresponding fragmemé used to

generate the complete coding sequence for pAgo2: la, Il, D2, and iM€RdL).

5UTREZ e, 3'UTR
769bp p 1434bp
———75——— [l IV
1277bp
D2

Figure 3.1: pAgo2 cloning strategy using RT-PCR; based on bovine
Ago2 cDNA sequence (approximately 3579bp; accession: BC151491).
Fragment sizes shown.
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Table3.1: Primer sequences for pAgo2 fragments and deletions.

Fragment Forward Reverse

Ia 5-CGGCGGCGCCACCATGTACT | 5-GAGGTTTCTGTTGTTCTTCAATACT

II 5-TGGTTTGGCTTCCATCAGTC 5-TCCTTGAAGTACTGGGCCAC

111 5'-CAAGGATATGCCTTCAAGCC 5'-ATGACCACCACCAGCTGCAG

1\Y% 5-CCTCTACGGGGGCAGGAATAA | 5-TCATGTTCGATGCTGGCTGTC

D2 5-TTGGGGATCGGAAACCAGTG 5-CGTACGTGTTCTTCAGGTGC

D3 5-TGTGTAGCCATGCTGGCATCCA| 5-CCTTCGGCACTATCATGTTC

Subcloning/Sequencing

PCR products for each fragment were ligated into the pDrive @jovector and
transformed into competeriE.coli cells using Qiagen PCR Cloning Kit (Qiagen,
Valencia, CA). Transformed cells were plated onto agar plabésh had been treated
with 100 mg/mL ampicillin; prior to plating cells, all plategre coated with 75-100 pl
IPTG (isopropyl-beta-D-thiogalactopyranoside) and 75-100 pl X-ghrgio-4-chloro-
3-indolyl-beta-D-galacto-pyranoside) for blue-white screeniRtates were incubated at
37° C overnight. Subsequent colonies were selected, streaked ontogaewalap
plates, and grown in LB media at 37° C overnight. Plasmids iselaed from cultures
using Qiagen QIlAprep Spin Miniprep Kit (Qiagen, Valencia, CA)olated plasmids
were digested with EcoR1 to confirm insertion of the gene ofdsteand sent to
Clemson University Genomics Institute (CUGI, Clemson, SC)dquencing. Forward
and reverse reactions using M13 primers were used for sequereémg clones were
sequenced for each fragment to rule out any GoTaq reading errors.

Sequences were analyzed in Vector NTI (Invitrogen) and aligoebovine,

human, and mouse sequences, from which percent identities were obtained.
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Embryo Collection

Gilts were obtained from and housed individually at Starkey Swieater,
Clemson University. Estrus detection began twice daily wheravkeage gilt weight
was approximately 118 kg. Gilts were teased with a boar arfidiality inseminated at
standing estrus and 12 hours post-standing estrus using “mixed dark” Saman
obtained from Swine Genetics International (Cambridge, lowa).minsg¢ed gilts were
slaughtered 3, 5, or 7 days post-insemination. Reproductive tractcolleaed at the
time of slaughter and immediately (within 2 hours) flushed toenetrembryos. Tracts
were flushed with approximately 100 mL solution of sterile RRB8 BSA (4 g/L), which
was subsequently filtered to collect the embryos. Embryos stered in RNAlater
(Ambion, Austin, TX), snap-frozen in liquid nitrogen, and stored at -80° C useid for

RNA Isolation.

Results
Sequencing

The nucleotide sequence obtained for pAgo2 using our overlapping PCRystrate
is 2,703 bp, with the coding sequence beginning at bp 14 and ending at bpT25i86 (
3.2). The translation of the pAgo2 cDNA sequence is 860 amino acidke (I8) and
has a sequence identity of 99.6% to bovine, 99.5% to human, and 99.2% to mouse (Tabl
3.4). For the coding sequence, alignments of pAgo2 with bovine, human, and mouse
Ago2 sequences showed a sequence identity of 94.2%, 92.2%, and r88ptxdtively

(Table 3.4).
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Table3.2: Nucleotide sequence for pAgo2 with amino acid translation.

CGGECGECGCCACCATGTACT CGEGAGCCGECCCCGT GCTCGCGECC
MY S GAGPVL AP

TCCTGCACCGCCACGGECCGCCCATCCAAGGATATGCCTTCAAGCC
P AP PRPPI QGY A F K P

TCCACCTAGACCCGACT TCGGGACCT CCGGGAGAACAATCAAGT T
P PRPDZFGTSGRT I KL

ACAGGCCAACTTCTTTGAAATGGACATTCCAAAAATTGACATCTA
QA NFFEMDI P KI D1 Y

TCATTATGAGT TGGATAT CAAGCCAGAGAAAT GCCCAAGGAGAGT
HY E L DI K PEIKTCZPRRYV

TAACAGGGAAGTAGT GGAACATATGGT TCAGCACTTTAAAACACA
NREVV EHMYVQHFKT Q

GATCTTTGGGGATCGCGAAACCAGT GT TTGATGGAAGGAAGAATCT
I F G DR KUPV F DGRKNL

GTACACAGCGATGCCGCT TCCCAT CCGGAGGGATAAGGT GGAGCT
Y T AMPLUPI GRDIKV EL

GGAGGT CACACT GCCCGCGAGAGGEGAAGGACCGCATCTTCAAGGT
E VTLPGEGI KD RI F KV

GTCCATCAAGT GGGT GT CCTGCGT GAGCT TACAGGCGT TACACGA
S I KWV S CV SL QALHTD

TGCACTTTCGGEECGEECT GCCCAGCGT CCCCTTCGAGACGATCCA
AL SGRLUPSVPFETI Q

GCCCCTCGATGT GGTCATGAGGCATTTGCCGTCCATGAGGTACAC
AL DVVMRHLPSMRYT

CCCTGI GGGCCGCTCCTTCTTCACGGECGT CTGAGGEGECTGCTCCAA
PV GRSFFTASEGT CS N

CCCCCT CEECEEEEECCEAGAAGT GTGGT TCGECTTCCATCAGTC
P L GGGREVWFGFHOQS

GGTGCGECCTTCCCTCTGGAAGATGATGCTGAACATTGACGTICTC
vV RP S L WKMML N1 DV S

GGCAACAGCGT TTTATAAGGCACAGCCAGTCATCGAGITTGTIGIG
AT A FY KAQPV I EFVC
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TGAAGTCTTGGAT TTTAAAAGTAT T GAAGAACAACAAAAACCTCT
EVLDTFI KT SI EEGQOQEKPL

GACAGATTCCCAAAGGGTAAAGT TTACCAAAGAAATCAAAGGTCT
T DS QRV KFTIKEI K GIL

CAAGGT GGAAAT AACGCACT GCGGGCAGAT GAAGAGGAAGTACCG
K v ElI T HCGAQMIKRK Y R

CGT CTGCAATGT GACCCGGECEGECCCECCAGT CACCAAACGT TCCC
vV C NV TIRIRPASHOQTFP

GCTGCAGCAGGAGAGCGGGCAGACGGT CGAAT GCACGGT GGCCCA
L QQE SGQTVETCTVADQQ

GTACTTCAAGGACAGGCACAAGCTGGTTCTGCGCTACCCCCACCT
Y F K DRHIKUL VL RY P HL

CCCATGTTTACAAGT TGGACAGGAGCAGAAACACACCTACCTTCC
PCLQVGOQETU QKU HTYTLEP

CCTCGAGGT CTGTAACATAGT GGCGGGACAGAGATGTATAAAAAA
L EV CNI VAGQQRTCI KK

GCTGACCGACAATCAGACCT CAACCATGATCAGAGCCACAGCCAG
L T DNQTSTMI RATAR

GTCAGCCCCT GATCGGCAGGAAGAGATTAGCAAACT GATGAGAAG
S A PDROQEIEI S KL MR S

TGCCAGT TTCAACACAGACCCATATGT TCGTGAATTTGGAATCAT
A°S F NTDWPYVREFGI M

GGTCAAAGACGAGATGACAGAT GT GACCGGECCGGEGT CCTCCAGCC
vV X-. DEMTWDVTGRVL QP

GCCCTCCATCCT CT ACGGGEGECAGGAATAAAGCGATCGCCACCCC
P SI LY GGRNIKAI ATP

AGT CCAGGECGT CTGEGACAT GAGGAACAAGCAGT TCCACACGEG
vV Q GV WDMRNIKOQFHT G

CATCGAGAT CAAGGT GT GGEGCCAT CGCGT GCTTCGCCCCCCAGCG
I EI KV WAI A CFAP QR

CCAGT GCACGGAGGT GCACCT CAAGT CCTTCACGGAGCAGCTCAG
Q CTEVHLTIKSTFTETZ QLR

AAAGAT CT CGAGAGACGCGGEGAAT GCCAAT CCAGGGECCAGCCGT G
K1 S RDAGMPI QG QPC

CTTCTGTAAAT ACGCCCAGGGGECGEGACAGCGT GGAGCCCATGT T
F CKY AQGADSVEWPWMF
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CAGGCACCT GAAGAACACGT ACGCCGEGECCTGCAGCTGEGTCGTGGT
R HL KNTYAGLOQL V VYV

CATCCTGCCCGGGAAAACCCCCGT TTACGCCGAGGT CAAGCGT GT
I L P GK TP VY AEV KRV

GGGAGACACGGT GCT GGGCAT GGCCACGCAGT GOGT GCAGATGAA
GDTVLGMATG QG CVQMK

GAACGT GCAGAGGACCACGCCGCAGACCCTGTCCAACCTCTECCT
NV QRTTWPQTUL S NULCL

GAAGATCAACGT CAAACT GGEGEGECGT CAACAACATCCTGCTGCC
K1 NV KULGGVNNI L L P

GCAGGGCAGGCCT CCAGT GTTCCAGCAGCCCGTCATCTTTCTGRG
Q GRPPVFQQPVI FL G

AGCGGATGT CACT CACCCACCCGCCGEEGACGECAAGAAGCCTTC
A DV THWPWPAGUDGIK K P S

CATCGCCGCCGT TGT GGGCAGCAT GGACGCCCACCCCAACCGCTA
I AAV V GS MDAMHUPNRY

CTGCGCCACCGT COGT GT CCAGCAGCACCGGCAGGAGATCATCCA
CATVRVQOQHRIOQETI I Q

GGACCT GGCGGECCAT GGT GCGCGAGCTGCTCATCCAGI TCTACAA
DLAAMYVRETLTILI QF YK

GTI'CCACGCGCTTCAAGCCCACGCGCATCATCTTCTACCGCGACGG
S TRFKWPTWRI I F Y RDG

CGTCTCCGAGGGCCAGT TCCAGCAGGT CCTTCACCACGAGTTGCT
VSEGOQF QOQVLUHHETL'L

GGCCATCCGCGAGGCGT GCAT CAAGCTAGAGAAGGACTACCAGCC
Al REACI KL EIKDYQFP

GGGGATCACGT TCATCGT GGT CCAGAAGAGGCACCACACGCEECT
GI T FI1 VV QK RHHTRL

CTTCTGCACGGACAAGAACGAGCGGGT TGGCAAAAGCGGAAACAT
F C T D KNERV G K S G N I

TCCAGCAGGCACAACCGT GGACACGAAAAT CACCCACCCCACGEA
P AGTTVDTIKI T HWPTE

GITTGACTTCTACCT GTGTAGCCATGCTGGCATCCAGGGAACAAG
F DFY L CSHAGI QGT S

CAGGCCTTCCCACTATCACGTGCTTTGGGATGACAATCGTTTCTC
R P S HY HV L WDUDNR F S
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TTCOGATGAGCTGCAGAT TCTCACCTACCAGCT GT GT CACACGTA
S DELO QI L TVYQLG CHTY

TGIGCGCTGIACGCGCT CCGT GT CCAT CCCGGCGCCAGCCTACTA
vV RCTRSV SI P APAYY

TGCTCACCTGGT GGCCT TCCGGGECCAGGTACCACCT GGTGGATAA
AAHL V A FRARYMHTLV DK

AGAACAT GATAGT GCCGAAGGAAGCCATACCT CCGEGCAGAGCAA
E HDSAEGSMHTS G QS N

TGGACGCGACCAT CAGGCCT TGGCCAAGGCCGT GCAGGT CCACCA
GRDHOQALAKAVOQV HDOQ

GGACACCCTGCCCACCATGTACTTTGCGTGACAAGT TTCAGTGI T
DT L RTMYF A *
TACGCTTGTGTACCGAGGT GGATTCACACGAGACCAGCTACACTC

AGACCAACAAAT GCCCAGCCCT TCCATGACAGCCAGCATCGAACA

TGA

Table 3.3: Protein translation of pAgo2 cDNA aligned with bovine and
human Ago2 protein sequences. Orange and blue fonts indicate sequence
deletions (orange = D2; blue = D3). Domain regions highlightetiow

= DUF; green = PAZ domain; pink = Piwi domain.

Bovi ne MYSGAGPAL APPAPPPPPI QGYAFKPPPRPDFGT SGRTI KLQANFFENMDI PKI DI YHYEL
Human MYSGAGPAL APPAPPPP- | QGYAFKPPPRPDFGT SGRTI KLQANFFENMDI PKI DI YHYEL
Porci ne  MYSGAGPVLAPPAPPRPPI QGYAFKPPPRPDFGTSCRTI KLQANFFENMDI PKI DI YHYEL

LR EE R R S RS EEEEE LSRR EEEEEEEEEEEEREEEEREEEEEEREEEEERESEEESES]

Bovi ne DI KPEKCPRRVNREI VEHWQHFKTQ FGDRKPVFDGRKNLYTAMPLPI GRDKVELEVTL
Human DI KPEKCPRRVNREI VEHWQHFKTQ FCDRKPVFDGRKNL YTAMPLPI GRDKVELEVTL
Porci ne DI KPEKCPRRVNREVWEHWCQHFKTQ FGDRKPVFDCGRKNL YTAMPLPI GRDKVELEVTL

kkkkhkkhkkhkkhkhkhkhkhkhkhkh - hhkhhhhhhhkhhkhkhkhkkhkhkhkhkhkdhkhkhkkrk k khk ki, k khk hhhhhkhhhkkk*k*x

Bovi ne PGEGKDRI FKVSI KW/SCVSLQALHDAL SCRLPSVPFETI QAL DVVMRHLPSMRYTPVGER
Human PGEGKDRI FKVSI KW/SCVSLQALHDAL SCRLPSVPFETI QALDVVMRHLPSMRYTPVGER
Porci ne PGEGKDRI FKVSI KW/SCVSLQALHDAL SGRLPSVPFETI QAL DVWNRHLPSVRYTPVGR

kkkkhkkhkkhkkhkhkhkhkhkhkhkhkhhkhhhhhhhhkhhkhkhkhkkhkhkkhkhkhkkhhkkhkhkkrkrk khk ki, k khk hhhhhkhkhkkk*k*x

Bovi ne SFFTASEGCSNPL GGGREVWFGFHQSVRPSLVWKMVLNI DVSATAFY KA SN
Human SFFTASEGCSNPL GGGREVWFGFHQSVRPSLVWKMVLNI DVSATAFY KA E
Porci ne SFFTASEGCSNPL GGCREVWFGFHQSVRPSLVWKMVLNI DVSATAFYKASREERSEED

kkkkkhkkhkkhkhkhkhkhkhkhkhkhhkhhhhhhhhhhkhkhkhkhkhkkhkhkhkkhhkkhkkrkrk khk ki, k khk hhhhhkhkhhkkk*k*x
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Bovi ne
Human
Por ci ne

Bovi ne AGQRCI KKLTDN
Human AGQRCI KKLTDN
Por ci ne AGQRCI KKLTDN

LR R R R R SRR SRR SRR R R SRS EE R R EEEEEEEEEREEEEEEREEEEEREEESESES

Bovi ne QISTM RATARSAPDRQEEI SKLNVRSASFNTDI
Human QISTM RATARSAPDRQEEI SKLVRSASENTDI
Porci ne QISTM RATARSAPDRQEE! SKLVRSASFNTD

R S R R R I R R

Bovi ne
Human
Por ci ne

R R R R I I I R S R R

Bovi ne
Human
Por ci ne

Bovi ne
Hurman 599
Por ci ne 600

Bovi ne 660
Hurman 659
Por ci ne 660

LR R R R R SRR SRR SRR EE R R SRS EEEEEEEEEEEEEEEEREEEEEEREEEEERSEEESESE]

Bovi ne 720
Human 719
Por ci ne 720

R S I I R R R

Bovi ne 780
Human 779
Por ci ne 780

R I R R I I R R

Bovi ne DKEHDSAEGSHT SGQSNGRDH 840
Human DKEHDSAEGSHT SGQSNGRDH 839
Por ci ne DKEHDSAEGSHTSGQSNGRDH 840

LR R R R R SRR SRR RS SRS EEE R E SRS EEEEEEEEEEEREEEEEEEEEERESEEEERSEEESESE]

Bovi ne
Human
Por ci ne
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Table 3.4: Percent identity of the pAgo2 nucleotide and amino acid
sequences in comparison to bovine, human, and mouse.

Porcine

Nucleotide

Amino Acid

Bovine

94.2

99.6

Human

92.2

99.5

Mouse

89.4

99.2

The original primer sets for pAgo2 fragments included la, ll, &nd V.

Fragment sizes for each primer set are illustrated in Figure 3.2@ad &ollows: 769 bp

for Fragment la; 347 bp for Fragment II; 1,507 bp for Fragmentid 1,434 bp for

Fragment IV. PCR product of Fragment Il revealed two other ptecatc877 bp and

575 bp. These products were sequenced and determined by BLAST and sequenc

alignments to be shorter fragments of Ago2, with deletions oogun the center of the

fragment. Sequence alignments for the smaller products (at 8&@dop75 bp) showed

deletions of 603 bp and 932 bp, respectively, occurring in the middieeo$equence

(illustrated in Figure 3.3). Sequence alignments of Fragiwerdgvealed a third deletion

in the pAgo2 sequence, this one much smaller at 70 bp (Figure 3.3).
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A B C
0 85kb 1.3kb —>
0.5kb

D E F
1.5kb 100k
1.0kb 1.63kb 200bp
0.5kb 1.0kb 100bp

0.3kb

Figure 3.2: PCR products of primer sets used for sequencing pAgo2.
(A) Fragment la, 769 bp. (B) Fragment I, 347 bp. (C) Fragmént

1,277 bp. (D) Fragment lll, three products at 1,507 bp, 877 bp, and 575
(E) Fragment D2, two products at 1,277 bp and 345 bp. (F)
Fragment D3, two products at 232 bp and 162 bp.

bp.
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‘4 _- :— -------------------------

Figure 3.3: lllustration of pAgo2 sequence deletions. The top line is the
complete sequence for each fragment. (A) Fragment Il segsieric507

bp, 877 bp, and 575 bp respectively. (B) Fragment IV 70 bp deletion.
The solid strands indicate where the sequences align with théraop;s

the dotted sections represent deleted sequence in the alignment.

Primer sets D2 and D3 were designed to these deleted sectign=e (B.4) in
order to confirm the presence of these deletions in the pAgo2 sequeresuming the
deletions are present, the primer sets would amplify three psotucD2 at 1,277 bp,
962 bp, and 345 bp and two products for D3 at 232 bp and 162 bp. We weablertly
reproducibly amplify and clone two products for D2, which were 1,277 bp and345
(Figure 3.2). Both D3 products were visible upon re-amplificatioh@fRCR product
(Figure 3.2). Sequencing and BLAST confirmed all of these pro@scfgo2. Deleted

segments are noted on the pAgoZ2 translation alignment in Table 3.3.
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Figure 3.4: lllustration of primers designed for pAgo2 sequence
deletions. (A) D2 primers should give three products. (B) D3 primers
should give two products.
Expression Data
Preliminary expression data of Ago2 in sperm, oocytes, and emingizsited
that Ago2 is expressed in porcine MIl oocytes and hatched blastocyste data also

indicated that Ago2 is not expressed, in detectable quantisgerm or 8-cell embryos

(Figure 3.5).

A0Ghp
300kp

200bp

1aokp

Figure 3.5 Ago2 endpoint PCR agarose check-gel in porcine sperm,
oocytes, and embryos. Lanes: molecular weight ladder; (-) inegat
control: H2O blank; (+) positive control: Dicer in MIl oocytes; Sp:
Sperm; MIl: MIl oocytes; 8c: 8 cell embryo; HB: hatched blastocysts.
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Discussion

Cloning and sequencing of pAgo2 indicate that AgoZ2 is highly conservedgam
species. Sequencing also revealed two possible deletions, in tb2 pdding sequence,
that have not previously been reported in the literature. This isntictlg surprising,
however, since many reported sequences are computer-generdietigme that are not
often verified experimentally. Furthermore, given that Ago2 ghllgiconserved among
species, it is predicted that these variants are likely expressed inpetherssas well.

The first deletion (Variant 1) occurs in the 5’ region, encompassidgmain of
unknown function and the PAZ domain (illustrated in Figure 3.6). As ainumbtid
binding domain, the PAZ domain is responsible for binding the 3' end oNAIR
Without this domain, the Ago2 protein would, theoretically, be unable toriRINA.
The implications of having this type of Ago2 variant could be of gmearest. For
instance, if during certain stages of development the generafulatien of mRNA is
necessary, splicing of the Ago2 message into a variant incapalimding miRNA
would act much like an inhibitor to the inhibitor (miRNA). That Agyo2 would be
unable to carry miRNA to its target, and therefore the mRNA avowtt be degraded
(illustrated in Figure 3.7).

The shorter deletion (Variant 2) in the 3’ region occurs in the Piwi domainré~igu
3.6). The Piwi domain of Ago2 is the nuclease responsible for Ri¥Acleavage that
is characteristic of RNAIi. Similar to RNase H, threddeass within the Piwi domain
form a catalytic triad. The human catalytic triad for AgoP{597), D(669), and H(807)

(Rivas et al, 2005; Songet al, 2004). The deletion in this region of pAgo2 does not
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encompass these active sites, and therefore may have fette @i the nuclease activity
of this domain. However, Ago3 is catalytically inactive even ¢othe catalytic triad is
conserved (reviewed by Meister and Tuschl, 2004). This may inditae
posttranslational modifications or interactions with specific pmetenay modify the
activity of Ago proteins. The implications of this type of Age&riant are also of
interest. If the Piwi domain of pAgo2 Variant 2 is inactive, pmstein would retain its
ability to bind miRNA (unlike Variant 1) but would not be able to degrtmetarget
MRNA. In this case the Ago2 variant might function to sequestetatiget mMRNA,

which could then be released at a later time (illustrated in Figure 3.7).

DUF1785 PAZ Piwi
A n
175 227 238 348 1 sis
DUF1785 PAZ Piwi
- —
175 227 235 348 1 818
DUF1785 PAZ P
175 227 235 348 1 818

Figure 3.6: Schematic of pAgo2 sequence deletions. (A) Full length
pAgo2, (B) 5’ deletion, (C) 3’ deletion.
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+ 5, (INNININI RN NN NN NE Y] 3!
Target mRNA 6 I M

Ago2 Ago2
(Intact) l Variant 1 l
1 5 LWL 3
3 Target mRNA
51

M TRANSLATION

’ sy

5, LULLU LG L 3!

Target mRNA
Ago?
Variant 2 k /

5, LULLL UL LG L LG 3!

+ TRANSLATION

Figure 3.7: Proposed mechanisms for Ago2 Variants 1 and 2.

Our expression data indicated the presence of Ago2 in porcine ovary, ooggites, a
blastocyst embryos. These data indicated that the pAgo2 messagegeafal origin is
lost or drastically decreased at the 8-cell stage but rebdundlse Day 7 blastocyst
stage. These data support other observations identifying mipatAways present

during embryonic development and the possible impact miRNA has on porcine
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embryonic development. This indicated that maternal Ago2 isrdraseocytes, but is
depleted by the time the embryo reaches the 8-cell staigéhe Aatched blastocyst stage,
the embryo is likely producing its own Ago2 protein. Further worleisded to elucidate
pAgo2 expression in other early stage embryos (i.e. 16-cell, moexjpanded
blastocyst), as well as to determine if the ontogeny or lel/@lAgo2 expression can
impact embryo development and differs betwaevivo andin vitro produced embryos.
Research has indicated that Ago2 is required for the miRNAatesticleavage
of mMRNA and is essential for normal development. CharacterigiggR ontogeny
throughout porcine embryonic development will begin elucidating miRiNAlIvement
during early development in this species. Furthermore, once npiAgal2 expression
during embryonic development has been described, studies can be done tte evalua
aberrations in Ago2 expression that may occur in developmentally oonged
embryos. Ultimately, characterizing the miRNA pathway myirporcine embryonic
development may offer valuable insight into potential causes of asmbeembryonic

development.
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Appendix A

Various Methods

Southern Blotting and Detection

For southern blotting procedures, protocols outlinedCunrent Protocols in
Molecular Biology (1999) 2.9.1-2.9.20 were used; details and changes are as follows.
PCR product was subjected to slab gel electrophoresis using a 1.2 tGd BE%garose
gel; products less than 300 bp were run on a 2% gel, all othersweoa a 1.2 to 1.5%
gel. Gels were blotted overnight onto Sigma Nylon BioBond Membrédes_ ouis,
MO) using a Whatman wick setup. Membranes were UV cross-linkied,tleft to dry,
and stored until detection.

Amersham Biosciences’ Gene Images AlkPhos Direct Labe#limdy Detection
System (Piscataway, NJ), used in conjunction with (GXaP-chemiluminescent detection

reagents, were used for southern blot detection.
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Appendix B

Various Results

TableA.1: Protein properties of pDicer.

Analysis

EntireProtean

Length

Molecular Weight

1 microgram =

Molar Extinction coefficient

1 A[280] corr. to

A[280] of 1 mg/ml

Isoelectric Point

Charge at pH 7

TableA.2: Protein properties of pAgo2.

Analysis

Entire Protein

Length

860 ag

Molecular Weight

97,378.32 m.

1 microgram =

Molar Extinction coefficient

1 A[280] corr. to

A[280] of 1 mg/ml

Isoelectric Point

Charge at pH 7
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